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The Last Word In Transformers

The Pacent

Super-Audioformer

We announce the “giant brother” of our
No. 26 audioformer—the Pacent No. 27
Super-Audioformer. A man-size trans-
former for a man-size job, the result of
several years’ experience and engineering
research.

The ratio is 3 to 1—being high enough
for energy amplification of 500 to 1 per
audio step (using 201-A tube or equiva-
lent) and yet low enough so that higher
frequencies are not distorted. Uniform
amplification down to 100 cycles and up
to 8000 cycles.

Especially designed with power amplifi-
cation requirements in mind, with insula-
tion to stand plate potentials up to 500
volts.

Characteristic Pacent solidity, rugged-
ness of construction, and neatness of appear-
ance. Shipped in all standard types.
MANUFACTURERS OF BETTER SETS—

We have the right transformer for you.
Manufacturers, Jobbers and Dealers
WIRE OR WRITE FOR PARTICULARS.

Pacent

> I s 0 . )
%IlgIIIEI 0 %cluments

THIS SOCKET WILL TAKE

UV 200 UX 112 UX 200
UV 201 UX 120 UX 210
TV 201-A UX 199 UX 216-B
WD 12 UX 201-A

OV 199 (with Pacent No. 20 Adapter)
C 199 (with Iacent No. 20 Adapter)

Also new types to come.

Pending

— @3

The Last Word In Sockets

The Pacent

Universal Socket

No need to worry about the change in
radio tube bases. Pacent progressiveness
and forethought have resulted in the devel-
opment of this UNIVERSAL SOCKET
to give you an interchangeaole tube holder.
It will take the new X tvpe tubes as well
as the old standard U. V. and C types.
(Excepting old 199 types, which require
Pacent No. 20 Adapter.)

The socket being, with the exception of
its metal parts, entirely of Isolantite, negli-
gible dielectric losses and negligible capacity
effect between plate and grid naturally
follow.

One piece phospher bronze contact mem-
bers, with exclusive Pacent self cleaning,
side wiping contact for each tube prong.

Supplied in popular mounting type and
also for mounting on sub-panels.

MANUFACTURERS OF BETTER SETS—

We have the right socket for you.

Manufacturers, Jobbers and Dealers
WIRE OR WRITE FOR PARTICULARS.

Do you know about the PACENT TRUE
STRAIGHT LINE FREQUENCY CONDENSER?

Do you know about the PACENT MICRO-

VERN?

PACENT ELECTRIC CO.,,Inc., 91 Seventh Ave., New York City

OFFICES: CHICAGO—MINNEAPOLIS—BUFFALO—BOSTON—PHILA.—WASH., D. C.—SAN FRANCISCO—ST, LOUIS—PITTSBURGH
JACKSONVILLE—DETROIT—CANADIAN LICENSEE—WHITE RADIO LTD., HAMILTON, ONTARIO

A H DONT ITMPROVISE — PACENTIZE' w
\\ g .
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Look What These Cooke
Trained Men Are Earning

Makes $700in24
| Days in Radio
““Thanks to your interesting
§ Course I made over $700 in 24
days in Radio. Of course, this
is a little above the average
but I run from $10 to 840 clear
profit every day, so you can
see what your training has
done for me.”*

FEED G. McNABB, 848 Spring St., Atlanta, Georzia

] $70to$80a
week sor Jacquot

“Now I am specializing in
Auto Electricity and battery
work and make from $70 to
$80 a week and am just getting
started. Idon't believethere
is another school in the world
like yours. Your lessons are
~ a real joy to study.”

ROBERT JACQUOT, 2005 W. Colorado Ave,

Colorado Springs, Colo.

$20 a Day for
Schreck

*Use my nameas a reference
and depend on me as a boost-
er. The biggest thing 1 ever
did was answer your adver-
tisement. | am averaging bet-
N ter than $500 a month_from
my own business now. [ used
to make $18.00 a week.”

A, SCHRECK, Phoenix. Arizona

Plant Engineer—
Pay raised 1509

“Iwas a dumbbell in electric-
ity until I got in touch with
you Mr. Cooke, but now I
have charge of a big plant in-
cluding 600 motors and direct
a force of 34 men—electri-
cians, helpers, etc. My salary
has gone up morethan 150%."

big Calumet Road,
outfits

Holyoke, Maasa.
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‘ ic Cooke Trained Man is
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no extraé%,&iz .
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>"Tt’s a shame for youtoearn $15 or $20 or $30
aweek, when in the same sixdays as an Elec-
trical Expert you could make$70t0$200—and
do it easier—not work half so hard. Whythen
remain in the small-pay game, in a line of work that offers no chance,
no big promotion, no big income? Fit yourself for a real job in the
great electrical industry. I'l show you how.

Be an Electrical Expert
Earn $3,500 to $10,000 a Year

Today even the ordinary Electrician—the “screw driver” kind—is making money—Dbig
money. But it's the trained man—the man who knows the whys and wherefores of
Electricity—theElectrical Expert—whois picked out to “boss”the ordinary Electricians
—_to boss the Big Jobs—the jobs that pay $3,500 to $10,000 a Year. Get inline for one
of these“Big Jobs.” Start by enrolling now for my easily learned, quickly grasped, right-
up-to-the-minute, Spare-Time Home-Study Course in Practical Electricity.
Get Started Now=—Mail Coupon
Age orNL:cl;‘r:f”E:cp;r‘ence I want to serd my L.L. Cooke.‘éhief Engineer

Electrical Booioun nd . & .
Youdon’t have to be aCollege Man; youdon't have Chicago Engineering

Proof Lessons, both

to be a HighSchool Graduate. AsChief Engineer of :’o"t‘hiz'&“s".‘:’? b0 Works
theChicaro Engineering Works, I knowexactlythe you'll enjoy 2150 Lawrence Ave.,

kind of training_you need,and I will give you that
training. My Course in Electricity is simple,
thorough and complete and offers every man, re-
gardless of nge, education, or previous experience, the
chance to become, in a very short time, an*'Electrical Ex-
pert.”” able to make from $70 to $200 a week.

No Extra Charge for Electrical
Working Outfit
With me, youdopractical work—athome. Youstart
right in after your first few lessons to work at your
profession in the regular way and make extra money ia
your spare time. For this you need tools, and 1 give thera
to you—b6 big complete working outfits,with toois, measur-
ing instrumsents, and a real electric motor—>5 outfits in all.

Your Satisfaction Guaranteed
Sosure am I that you can learn Electricity—so sure am {
that afterstudymr with me, you, too, can \tetmto the “"big
money"* class in electrical work, that B will guarantee un-
der bond toreturn every single penny paid me in toition.if,
when you have finished my Course, you are not satisfied ®
was the best investment you ever made. | And back of ma

them. Make the

Dept.216
start today fora

a bright future Chicago
inElectricity.

Send in

Coupon=—

NOW

in my guarantee, stands the Chicago Engineer-

hluz Works, Inc..atwo mill‘;on;iollmhi:dslimtio?. L'[;‘;S(;?GKE' ‘;’rl?:mzl?a;
thus assuring toevery stvdentenroi notoniy & A

a wonderfut training in Electricity, but an uo- MAIL 2150 Lawrence ‘‘Big-Pay”
surpassed Student Service as well. & Ave., Chicago Mean

COUPON
FOR MY '

Send meat once without obligation
your big illustrated book and com-
& plete details of your Home Study
Course in Electricity, including your
outfit and employment service offers.
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A NEW ELECTRICAL LIBRARY

for ambitious electrical men

This new library has been specially prepared for ambitious electrical men who wish to go ahead and prepare
themselves for the bigger, better and more advanced positions in the electrical field. [t has been written by Terrell

Croft, the country's foremost writer on practical electricity.

The six books are:

Vol. [.—Conduit Wiring Vol. IV.—Lighting Circuits and Switches
Vol. Il.—Alternating-Current Armature Winding Vol. V.—Circuit Troubles and Testing
Vol. 11l,—Electrical Machinery and Control Diagrams Vol. VI.—Electrical-Machinerv Erection

Examine this new, practical pay-raising set for 10 days FREE.

AMERICAN ELECTRICIANS’ LIBRARY

Six volumes—over 2000 pages—fully illustrated—special, durable library binding—$2.00 in ten duys and $2.00

monthly for

The six volumes of AMERICAN ELECTRICIANS' LIBRARY
bring you step-by-step directions for the installation of every
type of conduit wiring job; they tell you just how to handle
every kind of lighting circuit and switch job; they give you
stunts for saving time on maintenance routine; they give you
usable tips on electrical machinery erection; they offer you
practical, clear explanations of all kinds of A.C. armature
winding jobs; they bring you a thousand armature winding and
electrical machinery and control diagrams; they show you the
surest, quickest methods of locating and remedying circuit
troubles. They cover a thousand and one problems that you
have to face daily They give you the kind of practical job
information that has made all of the Croft books famous. They
are hooks of useful hows and whys and wherefores for wiremen,

Six reasons why you should examine

this new library FREE

1—This library is made up of the latest electrical baoks, presenting the
latest data on circaits, circuit troubles and tesring armature winding.
clectrical machinery erection, control and mainteninee and  wiring
problems generally.

2—1It offers you nearsly a thousand wiring diagrams—many
available anywhere else in such convenient form.

I—It gives vou step-by-step. practical information on pretty nearly every
phase of electrical wiring and connecting.

4—1¢ interprets and explains National Electrical Code rules in cach -case
as they apply.

§5—1It shows diagrams and gives descriptions of many complicated cirenits
amd control methods, many special wiring problems and many unusual
armature winding problems for which experienced electricians are
constantly looking.

6—It shows how to locate circuit troubles quickly and surely and how
hest to remedy them.

Over 1000 wiring diagrams you need

The thousand wiring diagrams in these six books are alone®*worth the
price of the entire library to any practical electrician.  Many of these
diagrams are unobtainable elsewhere; many more are very hard to get
from any other source; all of them are much clearer and more helpful
than most wiring diagrams available. These wiring diagrams a one make
Croft's AMERICAN ELECTRICIANS' LIBRARY a great set of books,

»f them not

are over a thonsand diagrams in these six books, ‘neluding:

There
300 conduit wiring diagrams.
9 single-phase armature winding diagrams.
52 two-phase armature winding diagrams.
100 three-phase armature winding diagrams.
570 electrical machinery and control wiring diagrams. .
300 lighting circuit diagrams, and a number of other speeial diagrams.

Free examination — no money down —
small monthly payments
Just let us know that you would like to look at this new practical, pay-

raising electrical library., No obligation to purchase.  Fxamination s
free. Mail just this couponl

seven months

trouble shooters, armature winders, electrical maintenance men
and electrical contractors,

The publication of this hbrary is without question the biggest
publishing event of the year in the field of electrical books. In
it you get the helpful detailed information you need every day
on the job if you are concerned in any way with electrical wiring
work. Even special problems like theatre lighting—conduit
wiring in glue houses, in cold storage plants, in dry kilns—
determination of insulation resistance, etc, are thoroughly cov-
ered. And all the common methods, practices, troubles and
remedies in circuits are explained and described in detail.
Nearly a thousand good-sized wiring diagrams—many of them

such convenient form—are

in

not available anvwhere rlse
included.

Reemicows’ b T b e
UBRARY | Lngay | ,

Examine the AM
MER
HETRICIANS LlBRAilcél;{REE

AT
TG Lacricyr

S —

Cowpusr

W CumneNT -lGHTING
IRINE AdaTURE _“‘E‘vm "’I-I'I?JCBGNI‘:W.
—_— . Dugnaes SwiTcHES Co.: tnes
TR e 370 Seventh
Avenue,
New York.

Gentleinen—Please send
me  the American  Elec-
tricians' Libra (shipping
charges prepaid), ?(,)r 10 davs’
tree exaunination. If satisfactory,
T will send $2.00 in ten days and
$2.00 per month until $16.00 has been
paid. Tf not wanted, T will write you for
retirn shipping instructions,  (Write plainly
and fE in all lines.)

° Nante

o® Address. .
Position . ..
Company ...

S eossteosenauseas

Exp. 9-1--5; :

]
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THE EXPERIMENTER READERS’ BUREAU

Time and Postage Saver

N every issue of THE EXPERI-

MENTER you- undoubtedly see
numerous articles advertised about
which you would like to have further
information.
To sit down and write an individual
letter to each of these respective con-
cerns, regarding the article on which
you desire information, would be quite
a task.
As a special service to our readers, we
will write the letters for you, thus sav-
ing your time and money.
Just write the names of the products
about which you want information,
and to avoid error, the addresses of the
manufacturers, on the coupon below
and mail it to us.

If the advertiser requires any money
or stamps to be sent to pay the mailing
charges on his catalogue or descriptive
literature, please be sure to enclose the
correct amount with the coupon.

We will transmit to the various adver-
tisers your request for information on
their products.

This service will appear regularly
everv month on this same page in
THE EXPERIMENTER.

If there is any Manufacturer not ad-
vertising in this month’s issue of
THE EXPERIMENTER from
whom you would like to receive lit-
erature, write his name, address and
the product in the special section of
the coupon below.

s TEAR ALONG THIS LINE -

READERS’ SERVICE BUREAU,
Experimenter Publishing Co., Inc., 53 Park Place, New York, N. Y.

Please advise the firms listed below that I would like to receive detailed information on their

product as advertised in the........................ issue of THE EXPERIMENTER.

NAME

ADDRESS
(Street—City-—State)

List here specific article on
which you wish literature.

1f Catalogue
of complete
line is wanted
check in this
column.

Use this space if you desire information from a manufacturer whose advertisement does not appear in this month’s issue.

NAME ADDRESS
(Street — City — State)
YOUT MAMIE . et e enn Dealer’s name ........oooiviiieeeeeeeeeeneee.
Your address.......oooeomeieeeeeeeee e His address................
[ Mo are adealer e State............... City e State......cooeeennn.

-y
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To Practical Men and Electrical ‘Students:

[

Yorke Burgess, founder and head of the famous
electrical school bearing his name, has prepared
a pocket-size note book especially for the practical
man and those who are taking up the study of
electricity. It contains drawings and diagrams of
electrical machinery and connections, over two
hundred formulas for calculations, and problems
worked out showing how the formulas are used.
This data is taken from his personal note book,
which was made while on different kinds of work,
and it will be found of value to anyone engaged
in the electrical business.

The drawings of connections for electrical appa-
ratus include Motor Starters and Starting Boxes,
Overload and Underload Release Boxes, Revers-
ible Types, Elevator Controllers, Tank Controllers,
Starters for Printing Press Motors, Automatic
Controllers, Variable Field Type, Controllers for
Mine Locomotives, Street Car Controllers, Connec-
tions for reversing Switches, Motor and Dynamo
Rules and Rules for Speed Regulation. Also,
Connections for Induction Motors and Starters,
Delta and Star Connections and Connections for
Auto Transformers, and Transformers for Lighting
and Power Purposes. The drawings also show all
kinds of lighting circuits, including special controls
where Three and Four Way Switches are used.

The work on Calculations consists of Simple

THE McCLURE PUBLISHING CO.

Electrical Mathematics, Electrical Units, Electrical
Connections, Calculating Unknown Resistances,
Calculation of Current in Branches of Parallel
Circuits, How to Figure Weight of Wire, Wire
Gauge Rules, Ohm’'s Law, Watt's Law, Informa-
tion regarding Wire used for Electrical Pur-
poses, Wire Calculations, Wiring Calculations,
[llumination Calculations, Shunt Instruments and
How to Calculate Resistance of Shunts, Power
Calculations, Efficiency Calculations, Measuring
Unknown Resistances, Dynamo and Dynamo
Troubles, Motors and Motor Troubles, and Calcu-
lating Size of Pulleys.

Also Alternating Current Calculations in finding
Impedance, Reactance, Inductance, Frequency,
Alternations, Speed of Alternators and Motors,
Number of Pcles in Alternators or Motors, Con-
ductance, Susceptance, Admittance, Angle of Lag
and Power Factor, and formulas for use with Line
Transformers.

The book, called the ‘Burgess Blue Book,” is
published and sold by us for one dollar ($1.00)
per copy, postpaid. If you wish one of the books,
send us your order with a dollar bill, check or
money order. We know the value of the book
and can guarantee its satisfaction to you by return-
ing your money if you decide not to keep it after
having had it for five days.

Dept. CB-720 Cass St.,, CHICAGO, ILLINOIS
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Noted Instructor, Lecturer and
Author. Formerly Treasurer Am

Experimental Equipment
Furnished to Every Student

We pire to every student without additlonal charge this
chemteal equipment, including forty-nine pieces of labora-
tory apparatus and supplies, 1 forty ditferent chemicals
and reagents. These comprise the apparatus and chemicals
used for the experlmental work of the course. The fitted
heary wooden box serves not only as a case for the outtit
but alse as a useful liboratory accessory for performing
countless experiments.

CHEMICAL INSTITUTE
OF NEW YORK, Inc.

Home Extension Divislon 9
66-X—WEST BROADWAY NEW YORK CITY

TREASURE

can still be found in

CHEMISTRY /|

Good Chemists Command High Salaries

and you can make yourself [what Some of Our_
independent for life by un- |Students Say of This
earthing one of chemistry’s | e e et o v v
yet undiscovered secrets. e e b o il ot

- way in which they are written malkes me wsit
Do you remember how the tales of pirate gold used to fire e e e o R LA S "Cots
your imagination and make you want to sail the uncharted ENS.
. H - ? d tt i 1 wish to express my appreclation of your
re? And then you
seas in search of ”easu.le and adventure A ¥ )‘ prompt reply to iy letter and to the recom-
would regret that such things were no longer done. But that mendation to the General Eleetrle Co. 1 in-
[~ H H . — P S tend to start the student englneering course &t
1S a ml.slake. They."'f done !Pdﬂy and ey e.ryday notgom tlte works. Thils s somewhat along electrieal
desert islands, but in the chemical laboratories throughout lines, but the fact that T liid a_ recommends-
. i . . on from a reliable school no doubt a enn-
your own country. Quietly, systematically, the chemist works. siderahle influence in helping me to secure the
His work is difheult, but more adventurous than the blood- Jubd e V’A“ gh\ﬂ"‘s'l":-\- leased with
. . . . o k ¥ e 7 A
curdling deeds of the Spanish Main. Instead of meeting an | ot course UL LY G S TN
early and violent death on some forgotten shore, he gathers %roll)‘tka‘glrﬁ:uor graduate this year.—J. M.
T. O'CONOR SLOANE, wealth and honor through his invaluable contributions to hu- Tifinalsonsicoursslexcellentiana sotelnstone.

AB. AM.,LLD., Ph.D. manity. Alfred Nobel, the Swedish chemist who invented | tion. truthfully, the clearest and bLest assem-
dynamite, made so many millions that the income alone from one I've studied —J A MES J.° KELLY.

2?.‘:3:";"‘;‘.‘.}.s°§,‘:.'.”":?;;\"‘::2&1’ his bequests provides five $40,000 prizes every year for the poFrom the time I was haring Chemlstey it

achlevements to his credit. Not ndvnm;emeut of science and peace. C. M Hall, the c})er.mst ,::;;“_""l",,,l,',"','.'“:,'.',‘.‘,’..‘.s.fx'::?;n;%..wm';’.-'u‘:lynsm“n:;

palysbes D"-Sb‘“‘;: Pkt chemiss who discovered how to manufacture aluminum made millions friend<, and urging them to_bheenme members

try for years but he was for m 'l . N . of such an organization —CHARLES BEN-
yoars u;ngnz;d in commercia/ through this discovery. F. G. Cottrell, who devised a valu- JAMIN.
mistry work. . .

oo able process for recovering the waste from flue gases, James T shall always recommend sour schonl to my

H frlends and let them know how simple your lcs

Gayley, who showed how to save enormous losses in steel o ey e DAL S

manufacture, L. H. Baekeland, who invented Bakelite—these I am more than pleased. You dig right in
are only a few of the men 1o whom fortunes have come [ (rom the start. 1 am woing 1o get stmenhera
through their chemical achievements. you.—A. A. CAMERON.

BURIED

Course:

anticipations, Since 1 have beeo studying with

ash by proximate analysls. The lessons are
helping me wonderfully, and the interesting

bled 1 have ever taken. und yours is the fifth

with thls course. 1 am so glad that 1 found

I use vour lessons constantly as [ find It
more thorough 1han most text books | can

Now ls the Time to -“:K"‘r::;l.kl‘v::‘_;‘ozl.r:l:'w“l:rs.lm,sons. whieh T find

. not only clear and concise, but wonderfully

Stud ‘ hemlstr interesting. I am- -ROLBT, H. TRAYLOR
y y I received employment in the Consolidated

Gas,l l.‘or J uoplwcllute' very much the good

Not only sre there boundless opportunities for amassing service of the school when a recommendation

wenith in Chemistry, but the profession afTords congenial Was asked for.—I0X. DECKER,
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Easy Monthly Payments / Please send me at once,
You dont have to have eren the small price of the course to start. You ean without any obllgation on my
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The cost of cur course s very low, and includes everything, even the tles for- Chemists.”” and (ull par-
chemistrv outfit—there are no extras to buy with our course. Our plan ticularg about the Experimental Equlp-
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Special 30 Day Offer
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right now while it is fresh In your mind. Or |
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A Million Dollars for An Idea

By Hugo Gernsback

“An ounce of experimenting is worth a pound of theorizing”

pA| LSEVWHERE in this issue we are publishing an
i intensely interesting document, that every experi-
menter should read and reread as often as he finds
time to do so. 1t shows how it paid one young
man to do a little original thinking, a little original
experimenting. and how, finally, one of our great industrial
corporations thought it wise to pay him a fortune for an idea
so ridiculously simple chat the event staggers the imagination.

As the writer has mentioned many, many times in his writ-
ings, it 1s not the invention involving a complicated and far-
fetched idea that always counts. Rather, it is the simple thing
which, if it is in demand and is good, usually wins out. This
has shown itself to be true a great many times in the past.
Notable examples of simplicity are the safety pin, the metal
bottle-cap, the pencil eraser, the fountain pen, the magazine
pencil, and dozens of others, all of which have made fortunes
for their exploiters.

The Spencer Thermostatic control described elsewhere in
this issue is no exception to the list.  Spencer, when a vouth,
noticed a boiler door, part of which snapped in and out under
the influence of the heat, acting like the bottom of an oil can.
which snaps in under the influence of pressure applied and
springs back when released. There was nothing new to the
principle, as it had been observed hundreds and thousands of
times.  Millions of mechanics have operated oil cans with
spring bottoms for many vears, but not one of them stopped
to think what it was all about. Spencer applied his analytical,
as well as thinking, mind to the problem and found that here
indeed was a device that would hold great promise if properly
worked out.

He also knew that there was a big market for electrical
contacting make-and-break devices, that under a certain varia-
tion in heat would become operative. While all of this sounds
simple, it took the experimenter many months of patient labor
to find out all about the snapping contact. and while the final
product looks simple, nevertheless a good deal of experimental
work had to be done in order to get the desired results. Here
again the experimenter emerged triumphant. and we now have
to thank Nr. Spencer for a really wonderful electrical device
of great simplicity that becomes operative under practically
any desired degree of heat change. by which the contact can
be either made or broken as desired for different purposes,

All this sounds very crude and easy. vet evidently it is not
so, because. if it were. the device would have been in use long
ere this. It will be noticed that in this series of evperiments
there are a number of features which we should contemplate
thoughtfully.

First, there was a principle. well known by evervone—
namely, the snapping bottom of an oil can.

Second. there was the same principle. where the pressure of
the hand or thumb was replaced by heat.

Third. there was the original idea of putting to use one or
both of the two familiar principles, by applving them to elec-

trical devices for heat regulation, for which there was a great
need. Not evervone knew that under the action of heat any oil
can bottom would snap into a different position. Some few
probably had noticed this, but paid no attention to it. It will
therefore he seen that there are three important points in the
problem which had to be correlated before the experiment be-
came a success,

The same thing is probably true of most inventions and most
experiments that have proven successful. There are hundreds
and thousands of simplc and well-known phenomena all around
us that every one of us notices day in and day out. How these
phenomena or principles will act if heat, cold, light, sound,
electrical current, or other agencies are brought to bear upon
them may make all the difference in the world. This is also
well known, but comparatively few people pay much attention
to such things.

How many people ever take into consideration the expan-
sion and contraction of practically every material we know
under the influence of heat and cold? Evervone knows that,
with few exceptions, all metals expand a good deal under the
influence of heat. and centract under the influence of cold, but
how many experimenters ever stop to think that this property
can be used in dozens of different wavs, some one of which
may be worth a million dollars or more if there is a great use
for it? g

There is a surprisingiv large number of appliances and in-
struments made in which the makers never have paid the
slightest attention to the contraction and expansion of mate-
rials, although its influence upon the device may be tremen-
dous. Take, for instance, the ordinary loud speaker, as used
for radio purposes. The casing is usually of some metal. and
the thin diaphragm. measuring from .007 to .01 inch think.
is also metal. Now then, in loud speakers, as we all know,
we find that a difference of .002 inch more or less between
pole picces and diaphragm makes a tremendous difference in
the quality of operation of a loud speaker. Yet. temperature
differences are enough to count more than this .002 of an inch,
so that on a hot day the loud speaker will work entirely dif
ferently from what it does on a cold day. Some manufac-
turers have tried to get around this trouble by making the
loud speaker adjustable. usually by moving the pole pieces up
or down, so that the user can find the best point. but how many
people have ever thought of having the compensation right in
the diaphragm itself. <o that no regulation would be necessary
if the temperature changes? Here is an idea that might he
worked out with good results by anv first-class experimenter.

As Spencer found out in his thermostat, two different pieces
of metal, when welded or attached together. will curve sur-
prisingly under the influence of heat and cold. but how many
people know that when the compound metal strip begins to
curve a tremendous amount of force is also let loose? The
inventive experimenter cauld find many ways of utilizing this
force.

Mr. Hugo Gernsback speaks every Monday at 9 P. M. from Station WRNY on various radio and scientific subjects.
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A Million~Dollar Invenhon

This electric flat-iron Is provided with s Spencer disc thermostat for which the inventor
recelved $1.000,000. The convex dise (A\) is made of bi-metal, which dise under .the influence

of heat will ansume a concave shape at a predetermined temperature,
sudden and results in the breaking of the contact at (15).

The Phenomenon

A mill in the Maine forests was equipped
with a “fire tube” boiler with a large smoke-
stack. At the bottom of this stack was a
right-angled elbow which had a large circu-
lar disc-shaped cover on hinges, for access
for cleaning out the boiler, etc. At ordinary
room temperatures, this disc was always
convex or “bulging out” in shape. When the
fire was burning brightly, however. it would
suddenly snap, for some unexplained reason,
to the concave or “bulging in” position, and
would snap back again when the fire became
tow. This snapping operation gave warning
that the fire needed attention and served as
an alarm clock.

Of 10,000 people that might observe this
event, about 1,000 will comment on it. Of
this 1,000 about 100 will be curious enough
to inquire into the cause of this action. Of
this 100 about ten will, by correct analysis,
discover the principle of the action. And
of this ten about one will apply that prin-
ciple to new uses. This one is the inventor.

All inventions of this sort, that is to say,
suchi as are suggeésted by some observed
phenomenon must pass through these four
stages: 1. observation of the event; 2. anal-
ysis of causes; 3. disassociation of the basic
principle from the circumstances of the par-
ticular phenomenon under observation; 4.
the synthesis, that is, the application of the
basic principle to new uses. It is true that
the inventor is seldom aware of these feur
steps in invention, but he succeceds because
his mind has been disciplined to apply this
four-fold process unconsciously. The reader
will find it an interesting discipline to
analyze by this method the inventive process
through which the invention discussed in this
article or other interesting inventions have
passed.

That the application of this method is not
merely a stimulating mental exercise but
also a profitable occupation is demonstrated
by the case of Mr. John A. Spencer, who,
while still a young man, finds himself today

The change is very
The rapid hreak eliminates all arcing.

a millionaire by virtue of a very simple,
very elementary, but, nevertheless, very use-
ful invention.

The Story of the Invention
Something happened in this wood-working
mill in the backwoods of Maine. John, 15
years old, worked there and saw millions of
clothespins turned out. Clothespins are not

- in themselves recognized as stimulants of

the imagination, but young Spencer’s imagi-
nation was so active that it needed no stimu-
lus. It absorbed everything of interest, and
in after years John A. Spencer became a
wealthy over night, because of this active
imagination.

He was one of the few who absorbed into
his mind and memory the snapping action
of the man-hole cover. The fact that the
noise gave warning of the state of the fire
was also observed by him. The action was
an absolute temperature alurm. or a fire
control, The motion of the disc took no
part in operating the chimney damper, so it
was not a thermostat. It took an inventor
to develop a thermostat from it, to recog-
nize in it a way to overcome the difficulties
incident to the construction of an electric
make-and-break regulator of heat and cur-
rent, and to dispose of the troubles, espe-
cially of the arcing, by going back to the
observations of his boyhood days.

Years afterward Mr. Spencer was work-
ing on thermostats. His memory being as
acute as his observation he recalled the
phenomenon of the old boiler cover and
started, on that basis, a line of experimental
work which ultimately led to the disc type
thermostat. The utter simplicity of this
highly efficient thermostat the reader will
note in the illustrations. The very high
value attached to this device is evidenced
by the fact that the Westinghouse Electric
and Manufacturing Company promptly
offered £1.000,000 for Mr. Spencer’s in-
vention.

It was in !923 that his patent was issued
covering a quick-make and quick-break ther-

mostat in which the temperature-control ele-
ment was itself the moving part without the
use of levers, springs, or other subsidiary
parts. This patent covers. among other con-
trols, a disc type thermostat which does
away with the necessity of complications so
common to ordinary thermostats, and per-
mits the thermostat itseli to break without
the use of a relay, power units as high as
3,500 watts, either on alternating or direct
current.
The Analysis

To cause a movement of the disc which we
described above, a force is obviously neces-
sary. What was the nature of the force
and where was it applied?

What were the outstanding external cir-
cumstances which accompanied or immedi-
ately preceded the motion of the disc? The
rise in temperature of the boiler strikes us
at first thought as the most important event
preceding the action of the disc. We know
that heat is capable of setting up stresses in
solids. These stresses are in the nature
of ordinary mechanical forces and would
account for the phenomenon under analysis
if we understood exactly the direction and
point of appiication of the forces.

Under the actio. of heat stresses, the
metal disc tends to expand. Let us sup-
pose that its expansion toward its edges is
prevented and that further bulging outward
is also impossible. The effect of increased
temperature will then be to develop the
stresses in the disc until these internal forces
are great enough to strain the disc into a
concave position. This action will be very
sudden and its rapidity accounts for the
snap. with which the disc changes from a
convex into concave state. \We might. there-
fore, conclude with reasonable certainty that
the stresses induced in the disc by rise in
temperature are the cause of its peculiar
behavior.

‘The analysis then suggests the possibility
of actuating metallic discs in this fashion
by means of changes in temperature

The Principle

_Suppose. instead of a convex disc of a
single metal. we employ two convex discs of

—
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The upper figure sliows the Spencer dise
thermostat as it is applied to an electric flat-
iron. The disc thermostat itself forms part
of the electric circuit, The dotted lines indi-
cate the high temperature position when the
electrical contact is broken, The lower figure

shows another form of the same device.

metals having different co-efficients of expan-
sion brazed or welded together as shown in
the illustration (Fig. 1). Then it will not
be necessary to provide means for the pre-
vention of expanding movement of the disc
toward its periphery. For, suppose that at
normal temperature, the two metals are so
arranged that the inner one has the larger
cn-efficient of expansion. This means that
for a given rise in temperature the inner
disc will expand more than the outer. Now,
ubytously, the curvature of the outer disc
being greater, it spreads over a larger area
than the inner disc. Of course, this dif-
ference is extremely small, but sufficient to
cause the action we desire.




The Experimenter for September, 1925

As the temperature rises, and the inner
disc expands more rapidly than the outer,
the former will tend to take an outer posi-
tion in order to allow for its increased size.
When this tendency becomes strong enough.
the compound disc will snap over into a
new position, as shown in the illustration.

Now. as the temperature falls again, the
contraction of the metals is again unequal.
The now outer metal contracts more rapidly
than the inner and will tend to occupy a
position in which it has a smaller surface.
In other words, it will tend to resume its
former (inner) position. The result is that
when the normal temperature is reached the
disc will suddenly snap back into its normal
position.

The principle of compound metals used
for controls of various sorts under the in-
fluence of changes in temperature is not at
all new. It is, for instance, used to main-
tain a constant length oi clock pendulums.
The pendulum rod is made of two ditferent
metals, as illustrated below. with the result
that the unequal expansians acting in oppo-
site directions maintain the pendulum at a
constant length. .

The similarity between the present iuven-

A—v

Some applications of bi-metals. The figure
at the left indicates a compensated clock pen-
dulum in which the metal (I13) expands ap-
proximately twice as much as (A) and wro
maintainy the pendulum length constant. The
tigure at the right shows a compensated chro-
nometer balance wheel. Under the influence
of an increase in temperature the loaded ends
of the discontinuous wheet curve inwards and
&0 counter-balance the expansion of the hair
spring and the spokes.

tion and the compensating balance wheels of
chronometers is even more striking. The
rim of the balance wheel is made of two
metala say brass and steel. of unequal ex-
pansion, that with the less expansion being
inside and the wheel is discontinuous, as
shown in the figure. The outer rim expands
more than the inner and the two loaded ends
therefore curl inward with a rise of tem-
perature. The loads are so adjusted that
the mass is thrown inward by a sufficient
amount to compensate for the weakening of
the hair spring and the expansion of the
spokes.

These are but a few of numerous exam-
ples which could be cited to show that the
principle on which the Spencer disc thermo-
stat is based was well known long before
Mr. Spencer's time.

Mechanically, the principle on which this
style thermostat works is similar to that of
the bottom of an oil can. In an oil can the
bottom is mechanically pushed from a convex
to a concave position. When the push or
strain is released the bottom snaps to the
original or convex position. In each opera-
tion there is a quick “snap.” due to the in-
ternal strains in the metal.

We have now derived from the behavior
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Another form of
the Spencer disc
thermostat em-
bodied in an elec-
tric flat-iron, In
this instance, three
contacts are pro-
vided to render the
breaking of heavy
currents possible,

At e
I

of the boiler cover a general principle for
the operation oi convex discs. We have
found that if the bottom of an oil can, say,
is made of bi-metal upon the application of
heat the bi-metal would tend to alter its
“bulge” or convexity until it came to the
critical or “snap through” position, when it
would suddenly snap to the concave position.
Then, when it cooled off. it would snap back
to its normal or convex position.

The Synthesis

Having abstracted the general principle
underlying the behavior of a metallic man-
lole cover, which gave rise to this line of in-
vestigation. we proceed to the next step in
the inventive process. that is, the invention
proper—the synthesis of the general prin-
ciple with new functions. In this. Mr.
Spencer’s ingenuity is notably displayed. He
chose for the field of application of this
principle one which long stood in need of
just the device which Mr. Spencer origi-
nated. He selected. to begin with, the ther-
mostatic control of electrical cirenits.  Be-
ing of reasonably heavy construction, the
bi-metallic disc may form a part of the
electrical circuit which it controls.

We illustrate here the application of the
Spencer disc thermostat to an_ electric flat
iron. The bi-metallic convex disc (A) con-
trols the contact (B). the disc itself carry-
ing the current. When the temperature
within the iron reaches a predetermined
value, the d'sc (A) snaps over and opens
the contact (B). The speed wi:h which the
thermostat operates is so great that it is
practically impossible to measure it. It is
estimated that the time of the actual opera-
tion of the thermostat is approximately
00016 second. The speed at which the con-

tacts move approximates that of a bullet
issuing from the muzzle of a high-powered
rifle.

\With such speeds there can be no doubt
about the pr-iive action of the contact.
Under normal temperature, the bi-metal disc
exerts a pressure of approximately 50
ponnds.

To illustrate the force which this disc
can develop, 2 disc three inches in diameter
was heated. reversed in shape, and inverted
over a tack just started in a board. The
disc, when cooled to its operating tempera-
ture. would drive the tack flush with the
hoard with its positive snap.

It should be noted that this speed of
action is an essential feature of the Spencer
thermostat. Thermostatic cut-outs have been
known before. but they were of a simple
bar construction, whose action being very
slow caused considerable damaging arcing
at the break of a contact. This is obvi-
ously eliminated in the Spencer disc ther-
mostat.

Suech is the story and analysis of one of
the most remarkable inventions of recent
vears. Remarkable not merely because the
device is one of extensive usefulness, but
ecause it illustrates that careful observation,
that keen analysis. and that ready seizure
of opportunity that characterizes the in-
ventive mind. It is precisely these elements
whirh  Tue FExXPERIMENTER., through its
editorials and other articles, tries to impress
on its readers.

Other applications which undoubtedly will
appear within a very short time are waffle
irons. percolators. heaters, etc., in the do-
mestic field. and glue pots. solder pots, water
heaters, ovens, motor and generator protec-
tion. etc., in the industrial field.

A Historic Cell

HE cell here illustrated was built by

the writer for the old D. S. Greeley
Company, Dey Street. a well-known supply
house at the time (January or lebruary,
1803), and submitted for test against prob-
ably two hundred other batteries, to he used
in the initial circuit for starting the World's
Fair.

President Cleveland pressed the key and
(as the D. S. Greeley Co. advertised exten-
sively at the time) the Excita Dry battery
did the rest.

While nothing definite is known of the
construction of this cell. it is safe to assume
that it is made along lines similar to that
of present day cells. The cell here shown
has been retained intact since that memor-
able Fair.

Through the courtesy of Mr. Louis
Auerbacher. who was the store manager at
the time mentioned. in 1893. this cell was
lnaned to the writer a few days ago who
thought Tne EXPERIMENTER readers might
be interested in it.

That this was one of the two original
cells used in the circuit referred to can he
proved through the oral testimony of a half
dozen people that known to be living, in-
cluding the eontributor.

Contributed by B. Roche.

This old  dry
cell was used in
the electrical
circuit whieh
gave the signat
for the starting
of ‘he World’s
Fair in 1803,
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The Bombardment of Atoms

By Jacques Boyer

vent,
by the discharge,

SING a poweriul X-ray camnon work-

ing at 600,000 volts, Proi. Jean Perrin

oi the Sorbonne hopes to discharge
“projectiles” capable of demolishing the
atomic nucleus.

Like the ancient alchemists, the physicists
of today are actively working on the dis-
covery of the law of the transmutation of
matter, but instead of employing the em-
pirical nrethods and the cabalistic formulas
of their predecessors, they call upon national
processes for exploring hitherto unknown
atomic regions. They are approaching closer
and closer to the besieging of the citadel
which constitutes the atom. They are trying
to get to the heart of this inviolate fortress,
to reduce the central nucleus, bombarding it
with rapid cathodic “projectiles” or electrons.
These indefatigable pioneers hope sooner or
later to succeed in disintegrating the atom.
In any event, if they do not succeed in re-
sulving the problem in the course of the
methodical siege which they are carrying on,
they will undoubtedly make unanticipated
discoveries.

Up to the present time, however, the range
of their electric “cannons” is limited by the
defects of insulation, which prevent them
from utilizing high potentials.

These classes of generators frequently used
today in radiotherapy for the treatment of
cancer, for example, are based on the fol-
lowing phenomenon discovered by Edison.
As the great American electrician has shown,
if a filament brought to incandescence 1is
contained in a vacuum tube, and if there is
an insulated metallic electrode there also
(the plate), the electric current will circu-
late between this electrode and the filament,
when the latter is at negative potential re-
ferred to the plate electrode. The transfer
of electricity is done by the action of calo-
rific ions, called thermions, emitted by the
incandescent filament.

Among other radiologic or wireless appa-
ratus based on this action, the kenotron is
the best known. It consists essentially of a
glass vacuum tube supplied with two dia-
metrically opposite connections. Each of
these contains two electrodes, one a filament

of tungsten raised tu incandescence by an
auxiliary clectric current; the other consist-
ing oi a concentric cylinder of molybdenum.
1f an alternating current is connected to the
kenotron, one-hali of the cycle will pass
from the plate to the filament. the other half
being rigorously cut off. Such a rectifier
will furnish a direct current in small in-
stallments. In connecting in series. on a
high tension alternating current circuit, a
kenotron and a condenser, a current always
in one direction will result.

Availing himself of these facts, and bring-
ing very well developed improvements into
models of rectifiers based on the preceding
principles, some French constructors, Gaiffe-
Gallot and Pilon, have augmented the range
of their “‘atom-bombarding cannons.” Prof.
d’Arsonval, at one of the recent meetings
of the Academy of Sciences at Paris, ex-
hibited their new constant current generator
which can produce a potential of 600,000 volts.
Using this potential in the laboratory, for
whose uses this “heavy artillery’ was con-
structed, Prof. Perrin hopes to discharge
cathode projectiles, able to demolish the first
outworks of the entrenched camp where the
atoms are in hiding.

The increase of potential is easily obtained
by connecting to the terminals of a 300,000-
volt generator two groups of 130,000 volts.
all insulated from the earth by a platform
carried on insulators.

So far the builders utilized only the poten-
tials between two spheres of 50 centimeters
(20 inches) diameter. which are seen in the
photograph in the middle of their impres-
sive installation, and are capable of discharg-
ing a spark 1.20 meters (about 4 feet) long.
With this formidable apparatus. Prof. Perrin
is going to undertake a series of researches
on the positive nucleus of atoms. Starting
with an element it will be enough to intro-
duce a supplementary positive discharge, to
give an elementary substance of higher rank
in the scale of atomic values established by
Moseley. Also this new X-ray cannon has
not only a scientific interest of the first
order, but it effects an advance of consider-
able practical importance. We¢ may say that

An apparatus recently exhibited in Paris before the Academy of Sciences, capable of giving a discharge four feet in length by direet cur-

An alternating current is rectified and a potential of 600,000 volts is attained. It is hoped to go far higher than this and to disrupt atoms

it permits us to foresee i a future time, more
or less distant, the discovery of the philoso-
pher’s stone. If success is reached in aug-
menting the range of the marvelous engine,
up to 10,000,000 volts, and if the energy.
which is set iree at the moment of the cessa-
tion of the positive charge on the nucleus,
could be stored, we could supply factories
and combine or decompose bhodies  almost
without limit.  Machinery would be driven
at low expense. Qur present crude methods
would become an archaic myth, and the crea-
tion of gold would sooner or later become
child’'s play. The noble metal would no
longer govern the world.

Prof. Perrin,
cathode projectiles, to demolish the atom, some-
what in the line of Prof, Miethe’s work., Tle

who is experimenting with

hopes to exceed the above

potential event-
ually.




The Experimenter for September, 1925

Photographing A Rifle Barrel Interior

N order to $tudy the progress of the ero-

sion in the .30 caliber service rifle and
machine gun barrels, a camera has been de-
signed for photographing the interior sur-
face of the barrel. The apparatus consists
essentially of a periscope of unit magnifica-
tion of such dimensions as to permit entry
thto the bore of the rifle.

A small electric lamp, also placed in the
bore of the gun, provides the illumination.
The periscope projects an image of a small
portion of the bore on a strip of motion
picture film. The barrel to be photographed
is slowly drawn along the periscope and
simultaneously the film is moved at such a
rate that there is no relative motion between
images projected by periscope and film.

If tlie barrel is drawn its entire length
along the periscope, one obtains a picture
on the hilm showing a strip of the interior

GUN BARREL

TUBE CARRYING LAMP

SCREW FOR MOVING GUN
BARREL LONGITUDINALLY

ELECTRIC LAMP

MIRROR

GUNREAREEL PROJECTOR

SENSITIZED FILM

PERISCOPE AND

FILM BOX —»

suT

LENS -
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A very interesting apparatus which photographs the interfor of a

rifle barrel.

By the use of & reeled tape film and shifting the gun

barrel the entire length is photographed with a width of one-pixth of

the circumierence of the barrel,

surfnce.

- e ) e (A ) -

Diagram showing
how the apparatus
ka; the barrel is

v
with the speed of
travel of the sensi-
tized flim. The elec-
tric lamp and peri-
KSCOPE MIFFOr Are 8-
pecinlly to be noted.

) > S () G () -

Nix exposures cover the entire inner

of the bore of the same length as the bar-
rel and including approximately one-sixth
of the circumference. Six such pictures pro-
vide a photographic record of the entire sur-
face of the bore upon which the detailed
defects arising from the erosion can be
clearly seen.

The instrument is also excellently adapted
for a visnal cxamination of the interior of
the barrel. A microscope magnilying 20 or
30 diameters can be used to view the image
in the focal plane and the different char-
acteristics of the surface of the bore stand
out clearly in good contrast. This camera
is iutended to be used to stiidy the manner
in which different steels resist erosion.

A Novel and Practical Coil Winder

HA\’ING need for a coil winder which
would materially aid students in wind-
ing coils, a practical machine was evolved
by Mr. George Heald, an insteuctor in ma-
chine shop practice at Seneca Vocational
School. Buffalo, N. Y. Honeycomb coils
can be wound in exceptionally quick time,
in sizes ranging from a mere 15-turn coil to
the large 1,500-turn coil .
Mounted on a heavy brass pedestal are
two right-angle bevel gears in mesh, one
of them being equipped with a small handle.
An cccentric arm is driven backwards and
forwards by means of a cam attached to the

other gear. Fastened to the shaft which
turns with the handle is a small drum upon
which the bakelite coil form is placed when
ready for a winding operation. A small
roller held against the coil form by a spring
action keeps the wire taut.

If it is desired to change the width of
the coil to be wound, all that is necessary is
a smaller or larger cam, which can be placed
on by the mere tightening of a set screw.
As can be seen in the accompanying photo-
graph, a turn of the handle carries the wire
through the zig-zag f{ormation in which the
coil is wound. Notice that the wire, as it
passes from its spool, goes through what is
known as a tension adjuster, which simply
consists of four spools through which the
wire is interwoven and then passes on
through the winding machines. This ar
rangement kceps uniformn tension on the
wire and eliminates in large measure the
chance of breaking it.

Students weork in a Buffalo schaeol.
The young experimenters are winding
honeycomb coils. The apparatus is
very simple and gives excellent results.

s “g
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How to Make a 1~-IMMeter Radio Transmitter

Of late, much experimental work
hax been done on wave-lengths of
and around five meters. Teo obtain
these wave-lengths has been rela-
tively easy, but to go down further
has become a difficuit taxk. The
construction of the osecillator tube
itnelf has impeded progress, hut by
deviating from the beaten path, suec-
cesn has been achieved,

Here Is the complete oscillater

HE construction of a short-wave
oscillator presents numerous minor
difficulties which usually are over-
come through originality on the part
of the builder. Whether the oscillator is
designed for 40 meters, 20, 10, or even 5
meters, some special circuit will give best
results. No two hook-ups have the same
characteristics and the radio irequency out-
put of each varies with a given power input.
For as low as 40 meters, the Colpitts oscilla-
tor will give excellent performance. Below
40 meters, the new Reinartz circuit has been
shown to produce remarkable results.

To the one who has built a successful 5-
meter oscillator or transmitter and who
found it a relatively ecasy task, the l-meter
oscillator described in this article will offer
opportunity for further adventure in ex-
ploring new territory.

As far as is known, the lowest wave-
length as yet reached by means oi a 3-ele-
ment tube has been approximately 4 of a
meter. This was done by using a type
UV-199 tube, and measuring its highest har-
monic frequency when operating at 2 meters,
In the case of which we speak, it was pos-
sible to record with certainty the f{fourth
harmonic. Such a frequency as this,
1.200.000.000 cycles per second presents num-
erous difficulties in its generation.

In the experiment we are about to describe
it was decided not to depend upon the chance
of picking up harmonic frequencies, but to
build an oscillator which would have a fun-
damental period as low as possible. Thus,
it would be possible to obtain and measure
even higher frequencies and more closely
approach the frequency of light. (The gap
between the frequency of the shortest radio
wave and that of light is 10,000 times the
frequency of the former.) It was, there-
fore, decided to cast about for the best
available materials to go into the Reinartz
circuit.  Great care was exercised in the
selection of the accessories and a multi-

plicity of insulators, condensers and different
kinds of wire were tried and tested beiore
being allowed to remain as part and parcel
of the oscillator. Although the greatest
care was exercised, it must be admitted that
it is a very difficult task to prevent the radio
frequency energy from being dissipated to
a large extent due to absorption losses.

Considerations

The very first concern was the tube itself.
What was wanted was one having a very
low inter-clectrode capacity, the character-
istics of a powerful oscillator, and the ability
to withstand high voltages. A high powered
tube was not cssential, since it was desired
for laboratory experimental work only and
not for communication purposes. Unable to
find one which would serve the purpose, a
special tube was constructed having the fol-
lowing characteristics:

h'z T. 8"DIA.
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The cireait
diagram of the
ultra = short
wave oscilla-
tor. It will he
recognized as
the latest «e-
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which generates a fundamental
frequeney of 300,000,000 cycles per
second, Notice the careful and
simple design. The special tube
was made for us through courtesy
of Mr., Hunter of the DeFeorest
Tel & Tel, Co. It was through
the use of this cleverly designed
tnbe that the I-meter oscillator
was possible,

Filament voltage ....... 8 volts
Filament current ....... 2 amps
Plate voltage .......... 1000 volts
Plate current .......... 100 mils
Grid-plate capacity ..... 3 mmid
Power output (approx.). 10 watts
The inductance was then considered.

Would it be best to employ two or three
turns of copper ribbon, wound in a small
diameter, or to wind a single turn in a
larger diameter? Rather than follow pre-
cedent by taking others’ advice, a series of
experiments soon proved that the larger
diameter wire produced a much stronger
field and gave better results. Round brass
and copper tubing, square bus-bar, stranded
phosphor-bronze and aluminum wire were
tried in succession, but the best results were
obtained by utilizing edge-wise wound cop-
per strip from a discarded oscillation trans-

[ .
I5T. 8" DIA.

/ ﬁ

.000125 MF. V4 METER
RIEC

velopment of

John L. Reln- R.F;.C. 100T. ISOJ'.2 OT
::’{.i'..? ...T.,:‘.. P NS. 36 S.S.C. N2.28 D.CC.
clllatory c1r- 0- 200
obe S Sk REC.— MILLIAMMETER
LA T S LAl 0-5
he .n n U . %
s connter: DSC. WIRE AMMETER
FRlo T o
SWITCH
KEY
+ nAn e e 'BI +




3l

The Experimentor jor Scptember, 1923

tormer.  One and a hali turns tor the grid
mductance and the same for plate mductance
will allow a variation in range irom one to
fitteen meters when used with a ¢ mdenser
Laving a capacity of 000125 mid.

The coupling condenser, wlneli i~ inter-
posed between grid and plate  induciunces.
his much to do with the enerey cuiput and
frequency of the oscllator. Dazans of con-
densers were  tricd—high  capacity,  low
capacity, “mud end plite.” low loss, square
law. straight-line  frequency and straight-
line wave-fength, grounded rotor, isolated
irame and, in fact, every conceivable size,
shape and manner of condenser  available
The facilittes of Raptio News  laboratory
ffered a remarkable storchonse of  appa-
ratus, instruments and materials, awd soffi-
cient inspiration was instilled so that the
vinple procedure of testing an endless num-
her of condensers and taking measurements
was made possible.

Insulation—the beat was none teo good.
In order to keep the oscillatory circnit away
irom all objects, even the wooden baseboard.
vlazed porcelain insulators of the stand-off
type were used. The oscillator tube itseld
was suspended high on top of twa of these
and in order to prevent vibration with con-
sequent effects on the irequency ol the oscil-
lator, cotton padding was inserted hetween
the tube and the insulators. A couple of
rubber bands passed around both iurnished
a firm mounting.

Materials

It will be neccessary to procire the ma-
terials as outlined m the following hst:

Cloge-up view of the oseillator. The tube
and vibgation is preveatel by carefolly packing catton around it.
zrid radio frequeney ehoke coil behind the telegraph key.

of clips.

wirns o1 S-inch dimmetar edgewise-wound
capper strip.

000125 mid. Bruno condenser.

0001 mind. Dubilier fixed eonlensers.
0 to 200 milliametrer.

3000 ohm Crescent grid leak.

0 to 5 ammeter.

single-pole, single-throw knife switch.
standird telegraph key.

sluzed poreelain acrial insuliors.
clazed porcelain stand-off niaers
bischoard.

o
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The special tube and the motor generator
which delivered the thomsand volts to the
plate circuit may be available to some ex-
perimenters.  Others not having these ma-
terials should have recourse to the mwse of
the type UV-199 tube with its base removed
and should use upward of 300 volts of "B”
hattery potential.

The radiv frequency chokes can be made
hy the c\pvrnmntcr. The correet values
for the various chokes are given herewith,
The radio frequency choke coil which is
used in the plate circuit consists of 150 turns
of No. 28 D.C.C, together with a similar
mimber of turns spaced three inches further
away on the tube having a diameter of 114
inches. It is supported by a pin which keeps
it at least two inches above the suriace ol
the basehoard, and is mounted out of the
field of the oscillatory ciraut. The grid
choke is much smaller and is of as much
importance, if not more, than the plate
choke. 1t is made by winding, evenly, 100
turns of No. 36 S.S.C. wire on a short
leneth of glass tubing 34 «f an mch in

— T TR AN T

is supported by glazed poreetain insulaters
Note the grid leak and
The inductance is varied by means
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diameter. It is connected in series with
the grid leak. The radio frequency chokes
jor the filament of the tube are made into
a single unit by winding 175 double turns
of No. 20 1D.S.C. wire on a cardboard tubing
1v5 inches in diameter.

As regards the grid condenser and plate
stopping condenser, the lower their value

D'CK an ELATE OR GR)
oo Nor. [  INCUCTANCE on
TLIINS) OSCILLATOR
,Mr T
l 5 F ‘ -
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The Lecher wire system of measuring wave-
length,

the better.  1n this case, two .0001 mid.
mica condensers were used.  Although it
wus necessary to test several of them before
heng put to use, the high voltage is likely
to break down their insulation and great
care must be taken to use good condensers.

Nothing more need be said concerning the
wiring of the o=cillator except that it is a
prime requisite to keep the leads as short as
is possible and as is consistent with a neat
layout. No wire smaller than No. 22 should
be msed for m.xl\m" connections, although
copper ribbon is to be preferred.

Operation

Having carefully cellected, assembled and
wired up all the necessary parts, the fila-
ment oi the tube is Iit and the filament am-
meter noted to see whether the tube s
drawing the normal amount of current. The
mmtor-generator is then started up and the
1000 volts of the plate circuit are applied
to the tube. 1f the telegraph key is then
pressed, a reading of from 75 to 150 mils
should be the value recorded by the plate
nuilliammeter.

The simplest way to test for oscillations
is to note carefully the reading of the plate
milliammeter when the tuning condenser
capacity is a maximum and when it is a
minimum. More than likely, it is possible
that, without further adjustment, the tuhbe
will oscillate over only a part of the con-
denser capacity and will thus read higher
when not oscillating. 11 the meter drops
te a lower scale reading while tuning the
condenser, one can be reasonably sure that
the tube is oscillating.

A more positive way is to construct a
s‘mple resonator or wave-meter. In this
case, it will be necessary to procure a small
flashhight lamp and a low value variable con-
denzer.  As scen in the photo, an old zinc
svark-gap fitted with aluminum plates was
used and afforded an excellent vernier con-
denser. A single turn inductance at the
center of which is soldered a flashlight lamp
constitntes the wave-meter. Of course, by
bringing the wave-meter in proximity to
tne oscillator inductance, it is possible to
pick up the radiated energy. Not only the
rimdamental, but even one or two harmonic
frequencies can be picked up in this manner.
[nstead of using a small flashlight lamp, a
current-squared meter having a range of 0
to 100 will give much better results and will
allow picking up as many as 8 or 10 har-
monics.

[t 1s interesting to note that although the
~uccessive harmonics are appreciably weaker,
the odd numbered ones are stronger than the
preceding even ones. Just why this should be
has never been explained satisfactorily. The
wse of a ~traight-line frequency condenser
will greatly aid in taking note of the har-
monics, since a slight capacity change means
a wgreat frequency variation. Although it is
a simple matter to pick up the fundamental
and its harmonics, we do not have the

(Continned on page 748)
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Sound and Audio Frequency Amplification

ORE and more, as the the quality of

broadcasting programs improves, the

critical radio listener judges the per-
formance of radio receivers on quality of
reproduction, We may saiely predict that
this attitude will become more and more
pronounced. ,

While it remains true as ever that the
reception of distance always gives a thrill of
accomplishment, the demand f{or quality
grows more and more insistent. Distance
reception alone cannot satisfy the buying
public.

/VIBRATING BOOY N

S o

A\ vibrating body creates a series of candene
sations and rarefactions in the air around It.

It is for this reason that quality in pro-
duction is made the subject of intensive
study, both by progressive manufacturers
and serious radio experimenters. On all
sides we sce evidence of this tendency. This
study centers specifically on amplifying ap-
paratus and the reproducer itself, the loud
speaker.

It is intended in this series of articles to
deal with sound in general, and the means
available to attain quality sound production.
An endeavar will be made to keep the arti-
cles as simple as possible, still trying to
analyze the reasons underlying this work.
At the same time, we will give constructional
data on different amplifiers that will give
the best quality attainable at the present
time. PO

To approach the subject at a proper angle.
we will first of all consider sound itself,
which then will enable us to establish the
demands which have to be satisfied by an
amplifier, in order to give perfcct reproduc-
tion.

We are all familiar with the fact that most
bodies will vibrate when they are agitated
in some way or other, i.e. if they are struck.
There are a few materials that will not do
so, an example heing sponge rubber, which
is nearly deadbeat. as it is called, and sub-
stances like putty.

But the majority of bodies and sub-
stances will vibrate when agitated; in some
cases. we do so on purpose as when we play
musical instruments, tafk, sing or whistle:
but most of us would be only too grateful
if no vibrations were caused by street cars.
elevated cars, riveting machinery, etc.

Now what happens when we have caused
a body to vibrate?

We know the body is completely sur-
rounded by air, the same air we breathe,
which we feel in the form of wind. This
air is a mixture of gases, and gases have one
most remarkable property: perfect elasticity.
By this is meant that a gas always is able
to regain its original volume. no matter how
it is treated, whether it is compressed or ex-
panded. Completely eclastic air. then. sur-

®*Rescarch Enginecr, Radiall Co.

By Theodore H. Nakken*

rounds the vibrating body: and thns every
vibration of the latter is imparted to the air
particles directly adjacent to it.

But as these particles are perfectly elastic,
they transmit the vibration imparted to then
by the vibrating body at once. and without
any change whatsoever, to their next door
neighbors, other air particles.  And these m
turn repeat the same process, and in this way
the original vibrations are, so to say, in-
stantancously transmitted into ever widenirg
lavers of air, ever expanding and probably
never ending.  But as the transmission takes
place in all directions, the consecutive layers
of air grow larger and larger. so that the
intensity of the vibrations of the individual
air particles decreases till we cannot detert
them any more.

et 115 now assume that the vibrating body
is a piano string. When we strike the key.
we impart a smart blow to the corresponding
string, and it starts to vibrate.  We may
now say that it gives a series of successive
impulses to the surrounding air particles,
which in turn transmit these impulses to ad-
joining layvers, etc. [Every vibration of the
string is accompanied by a certain loss of
energy, so that after a time, the string comes
again to rest,

When we are at a small distance from the
string, the vibrations created in the sur-
rounding air will have progressed, after a
definite interval of time, to the place where
we are standing. At that moment, the air
particles adjoining our ecardrum will be
agitated and reproduce the successive im-
pulses from the string on the eardrum. In
this way, the eardrum itself will start to
vibrate and transmit its vibrations over an
extremely delicate mechanism, which need
not he discussed here, to our aural nerves.
These nerves will thus feel vibrations, and
we describe this sensation by the word “hear-
ing.” The sound we hear is then the same
as the vibrations felt.

That this is true, we can casily prove to
ourselves by the following experiment: If
we take a tuning fork and after striking it
place the handle against our front teeth we
hear the sound very strongly. Another very
casy way of observing this is to take a
spoon or fork, which is tied to a string.
We now take this string between the f{ront
teeth and let the string and spoon hang
freely. When we now rap the spoon with a

stick, we will hear a sound like the striking
of a larae clock.

VIBRATING
TUNING FORR

FIG. 3

Sound can be
heard by placing a
vibhrating tuning
fork Dbetween the
teeth,

The explanation is in hoth cases that the
vibrations are concentrated upon the teeth
and by them transferred to the hony struc-
ture of the skull.  This transmits them in
concentrated form to the aural nerve centers.
and because the vibrations are localized, the

sound sensation is very strong. Yet one can-
not very well say that this is hearing in the
true sense of the word.

It is interesting to know that this principle
has been put to practical use for those people.
whose aural nerves are not damaged, but
who have some deicct in the ear mech-
anism. Often such deaf people can hear, or
rather feel sound perfectly, by taking a kind
of small sounding board with a handle, and
placing this handle against or between their
front teeth. By so doing they expose a
comparatively large surface to the vibrations

EARDHUM AND
HEARING ORGAN

Sound waves trans-
mitted by the me-
dium of air strike
the auditory nerves
and create the sea-
sation of sound.

of the air, and transmit these vibrations in
concentrated form thirough the bones of the
skull to the nerve center.

We can thus say, that the sound has been
transmitted by the air from the vibrating
body to the listeners ear, and also that the
sound, or vibration in the ear is in every
respect a duplicate of the original vibration.
In serving as transmitting medium. the air
has not changed any of the original proper-
tics of the vibrations: outside of serving as
the carrier, its action has been completely
neutral, which is due to the fact that it is
a perfect elastic medium. We also know
that the source is some vibrating body, im-
parting its vibrations to the surrounding air.

We will now consider the properties of
vibrating bodies, and therefore of sound. a
little closer, so as to form a better menta!
picture of what happens,

Different bodies possess entirely different
properties, and this difference is also ap-
parent in their vibrations. One bnady will
vibrate at a very low frequency rate. it will
be ponderous, so to speak. while the other
one will vibrate at a very high rate. But all
of them will show ons common property:
They very rarely will vibrate at only one
single rate. Careful and painstaking experi-
ments by one of the world’s greatest scien-
tists, Clerk Maxwell, have proved conclu-
sively that almost any body will vibrate at
different frequencies, as the number of vi-
brations per second is called. The lowest of
these frequencies is called its natural or
fundamental frequency, and it is this vibra-
tion which determines the so-called pitch of
the sound observed when. feeling or hearing
the vibrations from that body. This pitch,
or height. determines the place of the sound
in the musical scale. Tn addition to this
fundamental frequency the body vibrates at
several more frequencies which are all mutti-
ples of the fundamental. So when we make
a tuning fork, which vibrates at a funda-
mental frequency of 1,000 vibrations 2
second. it will also vibrate at frequencies of
2.000. 3.000, 4.000, 5000, 6.000, etc. Hence
the air will transmit from such a tuning fork
not only the fundamental frequency. but all
the ather ones, which are called harmonics or
overtones. Tt will faithfully preserve all

(Continned on page 774-B)
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Conducting an Amateur Station

OR ycars the amateur has offered the

public a free message service to all

parts of this country.  Of late, it has

been extended to forcign countries and
will eventually cover the globe. It has been
well used, and un(lonlm‘ lly is gm\\mg This
amateur service is not in compulllon with
the commercial services; the amateur, in the
main, gets the type oi message that other-
wise would have been trusted to the mails.
Fhe amateur service is becoming recognized
as a staple, a part of our daily Tife.

This message service provides a definitely
genuine purpose for the owner of a radio
station if he is sincere in his hobby. Tt is
performing a service to humanity in leading
to inter-citizen communication the  world
over.

A RELAY STATION

A relay station. as the name suggests, is
one that will accept messages to forward
them on their way to, or to their destination.
If the relay station is located in the place
marked as destination. its owner will deliver
the message to the addressee.

A good relay station consists of two things:
the works and the man behind them, the
operator,

‘The man should make it a point to be
versed in operating procedure.  prompt,
fricndly and dependable: qualitics not difh-
cult to attain, 1i{ he is up on procedure,
time and cffort are conserved and he will be
respected as a capable operator, which is the
best and most favorable ad. that he can get
—it will create dependable friends on the
air. 1i he is prompt in message relaying
or delivery, he gains friends both in other
radiomen and in the laymen, for whom and
to whom the messages are delivered. By
being friendly, he makes certain that there
will always be a welcoming fist when he
rets on the air.  And. by being dependable
he makes certain of the thing, his place on
the air. Tle knows then that no matter what
comes ta bat he will be very likely called
upon to he one of the hatters—they know
he'll do his hit.

The works are less important. Put a
good man in any kind of radio-shack and
he will get something ot of it. Neverthe-
less, it is desirable to have the station in
facile operating condition, if only for the
convenience and comfort of its owner. It
needs, too, every facility that the owner can
achieve for active aperation, Tt should
always be ready at the throwing of a switch,
and can generally be kept that way or put
that way after changes, This applies to the
times it is to he depended upon, to the
schedules,

If at all possible, the station sheuld have
regular working periods. let us say, as an
example, two days a week with specified
time periods during which there is certainty
that the station will be on the air. As much
other work as the operator could get in
could be done, of course: bt he ought to
have schedules with certainty. The station
shonld stick to one wave in a particular
wave-band. Tt should net change. there is
no need. This wave will become its land-
mark and <nmcth|nq for thoce stations which
are operated by air-acquaintances to look
for, easy to find and rely upon. But—let
me sav again with additional emphasis—
abave all comes the requxrement of a receiver
and transmitter alwayvs in operating condi-
tion at times designated on the operating
<chedule.

OPERATING PROCEDURE

Operating procedure is the methods used
in calling and handling of traffic. To be

By L. W. Hatry, 1 OX
PART 1

versed in the proper thing to do and the
“how™ to do it. is the hall-mark of a good
operator.
CALLING

The best place ifor observing good calling
procedure is the commercial wave-length: on
about 600 meters.  Although we amateurs
are playing a dificrent game, we certainly
can learn from the men who pride them-
schves on heing operators above all, if only
for husiness reasons, It will be noticed that

WRNY

RADI1O STATION
OF
THE EXPEKIMENTER
PUBLISHING COMPANY
2585 METERS—1160 KILOCYCLES
Experimentr]l Call—=2XAL after 12 A.M.
- HOTEL ROOSEVELT
Madison Avenue and 45th Street, N, Y. C.

they eonnine themselves oiten to a three-one
ssstem: e, K11 KTI KTl de KUX ar.
(ar. by the way, means that a particular
transmission is c¢nded, or can be used to
terminate a message, thought, ete.)  This
is in calling. and is generally answered by
a onc-ore acknowledgment ending with a
taconic k: e.g. KUXN de KI'l k. We can-
not get away with such a minimum oi key
exercise in our sharply tuned sphere, but the
bushel hasket of calls that most of the fel-
lows unload in trying to rai<e someone is
needless.

A sensible and approved procedure is to
use a double three-three system: e.g.. SKR
SKK SKKN u 2KKN 2KK 2KK SKK 5KK
SAK u 2KKN 2KK 2KK ar. This is fol-
lowed by a short period of listening-in.  \s
it would take less than thirty seconds for a
reply to this call to be made. that length of
time is long enough to wait before rcpc'lt ng
the call.  This repetition of calling is done
as often as the need of communication with
a particular station demands—or. until some-
one other than the one called answers.

A\ second procedure, from a practical view-
point, s goad, Tt consists of a six-three
used once. This allows a lone call with a
shart sign. Tt <hould be used in a manner
similar to the foregoing. FEither way elim-
inates the giving of a leng and ORMing
call.  And. after several vea-s of aperatinn,
anyone will feel certain that the long calls
indulged in regularly are not only not nee-
essary, hut are hoth tiring and bothersome
to others, Desides, such action makes the
performer an object of ridicule and one to
avoid,

The calling of CO should be confined to
a simi].lr svstem.  The generally approved
CO call is a triple three-three: e.g.. CO CO
CO u 2KK 2KK 2KK CO CO CO u 2KR
2KK 2KK CQ CO CO w 2KK 2KK 2KK
ar. Peeause, in general. the thing to be put
across is what is being called. it is much
preferred to sign one’s own call only twice,
After a person’s attention is attracted. his
everv fibre is focused on learning who the
caller is: thne there is no need for a long
sign,

ANSWERING A CALL

In acknowledging a eall. if the station
calling has or has not stated whether it has
messages (trafic, abbr. tfc). the answer
should consist of a double three-three. If
previous communication justifies a certainty
of the reception of the answer with depend-

able QRK, it can be limited to much less,
say, simply a three-two, This answer should
include complete information. The informa-
tion counsists of indication of willingness to
relay, readiness for copying the message if
there is such and a mention of the signal
strength of the station that called; e.g., 2R K
2RKK 2KK u SKK SKNK SKK 2KK 2KK
2KK u 5SKKN SKK S5KK OSA QSR QORI k.
Or, as a matter of courtesy—and a good
precedent, well established—one might start
the remarks with a salutation of some sort,
such as ge om—good evening old man, or
hello om. More than this should be avoided,
for the man who called might have been in
a hurry and, as a mere matter of consider-
ation for the other one, his time should not
bhe wasted. If. on the contrary, the calling
station is weak, possibly toa weak to make
capying casy, warn him. 11 impossible to
copy with any certainty, by all means refuse
an attempt at a message unless urgency de-
mands trial.  Possibly, however, the signal
strength justifies a trial and the transmis-
sion o1 each word twice might prove suc-
cessful.  Mention these things: eg., QRZ
om tri QSR QRIT OSZ k. (your signals
are weak, old man, let's try, will forward
message, am ready, send each word twice,
go ahead),
TAKING CARE OF THE ANSWER

While calling a station, it is easy to in-
corporate in the call the signal signifying
that one has a message, or messages, going
his way. This can be indicated by the use
of one of two abbreviations; QTC, the inter-
national abbreviation medning “I have some-
thing for you,” or msy (plural. msgs) which
15 in general use to mean “I have a message
for you.” incorporated in the call—5KK SKK
SKK w 2KK 2KK 2KK QTC ar. or 5KK
KK 5KK u 2KK 2KK 2KK msqg ar. The
commercial operators usc one of these two,
or c¢lse another that is just as prevalent,
perhaps more so, They use a single number
to indicate both that they have messages and
the quantity of them; e.g.. KSK de KPI 2.
ASK knows from that, that APl has two
messages for him. The system is certainly
short and snappy in a profession where
brevity and snap are required.

After the station called has answered with
the “go ahead.” there are certain courtesies
that ought to be observed in addition to
the business of <cmhng messages. These,
too, take up but little time. He should be
given an idea as to the strength of his sig-
nals and the character of his note. This
action may he considered as self-defense, for
it will bhe asked for anvhow. as well as
courtesy, Consider the audibility scale given
below which is in mare or less general use:

R1—Weuak signals barely readable.

R2—\Weak signals easily readable,

R3—-Signals readable and fair strength.

R4—Gond, clear, but easily interfered with,

R5—Fuirly strong signals,

R6—Strong signals, not bothered by aver-
are QRN

R7=Very strong and dependable strength.

R&—Extra strong signals, audible several
feet from phones.

R9——Trcmcndnns signal strength.

Tf he is being received well, using the
international .lhhrcvmtmn for that, add the
“r" signal that denotes how well, eg.,
ORK «S.

In referring to the tone of the received
<1zna1 the international ahhrevnatlon QSB is
in use. Tts correct meanmg is, “How is my
tone?”  Ulsed this way, it is followed by an
ahhrevnanon indicating the character of the
note; viz.

( (‘ ontined on page 774-B)
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An All-Wave Short-Wave Receiver

O MUCH interest has been shown in
the writer’s series of articles which
appeared under the title of “Getting
On the Air” that it has been decided
to continue to present information and de-
tails on short-wave work from time to time.
as important phases of the subject arise or

may be requested by readers. Recently.
several requests have been received by those
interested in amateur reception asking for
full information on the construction of a
receiver that will be more gencral in use
than the one published in the April issue of
THE ExpERIMENTER. The writer, using ac-
cumulated data, has constructed a receiver
that he is sure will fulfill all the require-
ments for a set capable of tuning in all of
the short waves used by amateurs and which.
furthermore, can, with a few changes, be
adapted to broadcast reception as well,

The set that has been designed and con-
structed and that is illustrated in the photo-
graphs herewith is oné emploving a rather
unusual circuit. At first glance it appears
to be a combination of several types. and
that is just exactly what it is. A feed-back
arrangement is used for regencration and
oscillation, but the control of this part of
the circuit is not the usual movable tickler
coil. The coil is, of course, present in the
set, but is fixed in its relation to the sec-
ondary. The regeneration, or oscillation, is
controlled by means of a variable by-pass
condenser and the results are astonishing.
Instead of the usual home-made, rickety,
flimsy, movable tickler coil with its trouble-
some pigtails and unstable operation, all we
have to do to control the set is to rotate
a smooth-running and easily operated vari-
able condenser. In this way, many of the
defects of the standard three-circuit coupler
are overcome. When the writer finished
the set illustrated, a great surprise was in
store. When everything had been correctly
adjusted, it was found that the oscillation
control was the smoothest of any set that
he had ever operated. By rotating the vari-
able feed-back condenser, the circuit could
be brought up to the oscillation point and
would go into oscillation with a smoothness
that was astonishing. Only a soft hiss was
heard in the phones when the circuit started
to oscillate and after a CW. signal was
tuned in with the tuning condenser it could
he brought up to its maximum volume, with
relative ease. All of this action, of course.
depends upon the correct adjustment of one
or two of the parts, In the first place, a
variable grid leak must be used in order to
get the very best of results. Of course. if
you have two or three dozen fixed grid leaks
on hand, of various rated capacities, vou
could probably find one of them that will
suit the purposes of this set. However. it
is far better to use a good standard type

By A. P. Peck, 3MO, Assoc. L. R, E.
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of variable grid leak, such as the one illus-
trated. \With different tubes, vou will have
to change the value of this device and.
therefore, a continuously variable leak
comes it handy. Inasmuch as it it not often
used, it was located on the baseboard. This
was done not only for the reason mentioned,
but also so that the lead from the combina-
tion grid leak and condenser to the grid
binding post on the socket will be as short
as possible. This is another important point
to remember. If this lead is long, the set
will be hard to control and unstable in op-
eration. Therefore, make it as short as is
physically possible.

The distance between the tickler coil and
the secondary coil must also be determined
by experiment. The position shown in the
photographs is approximately correct for the
particular coils that the writer used. A
small variation of this distance may mean
the difference between an unstable and a
stable one. The third point to be careiully
watched in the operation of this set is the
capacity of the tiny antenna coupling con-
denser. This device is built of two small
sheets of aluminum with active areas about
Va-inch square. The space between them is
approximately !4 of an inch and must be
varied until the best signal strength with
good control is obtained. It can be varied
merely by pressing the top sheet down and
bending it a little so that it stays closer to
the bottom sheet.

Let us next consider the construction of
the coils. The one which is the combina-
tion primary and secondary should be of the
low-loss type. An excellent method of con-
structing coils of this nature can be seen
in the various photographs of the set and in
the close-up of the coil in Fig. 5. This only
applies to the secondary coil. The tickler
need not be wound in this fashion and was
wound on a standard basket-weave form
for convenience sake. It was then tied
together and used as shown.

L
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VARIABLE GRID LEAK
o

The complete method of constructing the
low-loss secondary coil was as follows
Double cotton-covered No. 12 wire was
used. although this may be slightly smaller
The form for making up the coil was first
made as shown in Fig. 6. A tube 4 inches
in diameter and of arbitrary length was
slotted for 3% inches with four slots, each
4 of an inch wide and spaced evenly around
the circumference. The heavy wire was
then wound on a 3-inch form, being careful
to straighten the wire out as the winding is
being done. Wind 3 or 4 more turns of
wire than you will need on your finished
coil.  Upon releasing this wire, after it is
wound on the 3-inch form, it will spring
out slightly and will form a spiral about
3! inches in diameter. This can now beé
worked over the 4-inch form, and will be
found to hug that form closely. By follow-
ing this procedure, the usual difficulty ex+
perienced in holding the turns in place on
the 4-inch form will be eliminated. Put as
many turns of wire on the form as you will
need for the particular band that you have
to cover, consulting the table of turns be-
low. Now cut up some strips of fairly
heavy celluloid, 3/16 of an inch wide and
about %3-inch longer than the length of the
coil. Four strips will be necessary and the
material from a draftsman’s discarded tri-
angle will be found excellent. Clamp the
four strips in a vise, allowing the edges to
project about half of their width. Hold
three hacksaw blades together and cut slots
through half the width of the strips. The
number of slots necessary will be determined
by the number of turns on the coil and their
distance apart should be equal to the thickness
of the wire used. Now take these prepared
strips of celluloid and hold one of them
under and against the wire wound on the
form, using one slot for this purpose. Work
the wire into the notches cut in the strip
until you have every turn in its correct
position. Fasten them with collodion or
amyl acetate. In case you find trouble in
holding the strip to the wire with this ma-
terial, dissolve a small quantity of cellu-
loid in the liquid. This will make it heavier
and of a consistency that will surely serve
the purpose. After all four strips are se-
curely fastened in place, allow the coil to
dry for several hours, whereupon it can be
slipped off the form and the ends shaped:
for mounting. In the particular coil that
is illustrated, which was designed for 40-
meter work, the coils happened to be wound
in the wrong direction and. therefore, the
leads had to be crossed, as shown in Fig. 5.
Inasmuch as the ends were cut too short,
an additional length had to ‘be soldered on.
as shown. Probably, however, the reader
can profit by the writer’s mistakes and wind
the coils correctly the first time.

(Continued on page 745)
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An All-Wave Short-Wave Receiver

The mounting for the two inductances
consists of a square of hard rubber, bake-
lite, radion or celeron, supported from the
haseboard by four battery nuts and equipped
with five binding posts. Two of these hold
the tickler coil; two, the secondary induc-
tance, and one, the upper plate of the an-
tenna coupling condenser. The antenna is
also connected to this latter binding post
and the ground to the same post as the
opposite end of the coil.

When the writer built this set, only one
single section Bruno condenser was at hand
and later one of the two-section types was
pressed into use. However, only one of
the units is used for the oscillation control
and, therefore, you can use any condenser
with a maximum capacity of .00025 mf. that
vou may have at hand. The tuning con-
denser. however, is much smaller in size so
that the range will be spread over a greater

35—

Left: The
form used for
winding the
low-losa coils
used in this
tuner.

FIG 6

space on the dial. A standard 1l-plate con-
denser was taken apart and reduced to
S plates by the mere process of tearing out
the surplus plates. The result can easily
be seen in the photograph in Fig. 3.

In case the reader desires to adapt a sct
of this nature to broadcast reception, it 1s
not advisable to use the capacity coupled
antenna scheme shown. In fact, an induc-
tively coupled primary should be incorporated
and may consist of four or five turns of
No. 16 D.C.C. wire, wound in the same low-
loss style as the secondary. This will pre-
vent radiation, which would cause trouble
if the capacity coupled antenna system were
used on broadcast wave-lengths. For this
work, the cir-uit described and the method
of regeneration control used will be found
to be very good. The control of volume,
as the condenser C2 might be called, gives
very good results. A signal can be brought
up to its maximum strength and held at
that point without the usual distortion that
takes place when a tickler.coil is brought
up to full regeneration or suddenly spills
over into oscillation.

The following sizes of coils will cover
the amateur bands very effectively:
\\Wave-length. Secondary turns. Tickler turns.

6 1 2
15 38 3
30 7 3
50 9 3
125 18 4
220 25 6

For the broadcast band the type of coil
described will be rather bulky, although it
can be used. In such an event, use 45 turns
of No. 20 D.C.C. wire in the secondary, 10
in the tickler and a .0005 tuning coundenser
with a .0005 feed-back condenser.

In the above table, the lowest range that
can be reached with the smallest coil or the
one-turn coil is much lower than you will
ever need. The maximum wave-length to
which this will tune is approximately 10
meters. From there on up to the 23-turn
coil you will be able to cover every band
of ivave-lengths used by amateurs today.

Do not forget, however, if you wish to
adapt this set to broadcast reception that
you must use a loose-coupled primary. Fail-

(Continued from page 736)

ure to do this will make you most unpopular
with your neighbors, inasmuch as a sct of
this type with a capacity coupled antenna
circuit will radiate terrifically. If you so
desire, a little ingenuity will enable you to
fix up a switch or plug arrangement where-
by you can quickly change your set from
short-wave to broadcast-wave reception. In
fact, it is entirely possible, and some ama-
teurs prefer, to make this set inductively
coupled over its entirec range. Some do not
like the capacity coupled antenna system
and, therefore, a separate primary can be
used for all waves. In such an event, use
the primary mentioned above for broadcast
reception and a 3-turn coil for short-wave
reception. We are sure that a set of this
nature will furnish all your expectations
for a short-wave set and will give you all
the satisfaction that is possible.

When you start tuning down around the
20- and 40-meter wave-length bands, you
will find that the tuning is extremely sharp.
In fact, you will be able to do much better
work if you incorporated an external ver-
nier on the panel of the set. The cheap
types using a rubber wheel in frictional con-
tact with the dial are perfecily satisfactory
and give excellent results. Possibly one will
say that they do not look as good as standard
vernier dials, but on the other hand they
work just as well, so why worry about looks?

In tuning this set, place the oscillation con-
trol dial at a point where the set is in quiet
oscillation. You can test for this point by
listening for the “pluck” that will be heard
if vou touch your finger to the grid binding
post of the socket when the set is in oscilla-
tion. You will find that the oscillation con-
trol dial need only be varied over a space

Fig. 3

Fig.

Above: One of the low-loss coils showing the
supporting strips and Jeads.

of possibly ten degrees on either side of
this point, and it should be varied simultan-
eously with the tuning dial as you cover the
entire range of the set. After you have
worked the set for a short time you will ac-
quire the knack of tuning it correctly. as it is
very simple to handle. Because of the type
ofi oscillation control that is used in this set,
varying such control has little if any effect
on the tuning of the set. Therefore, you can
log this tuner quite accurately and can check
your transmitter with it.

Considering the fact that there are quite
a few fareign amateurs on the air using
20 and 40 meters, the ona who constructs this
tuner will find himself amply rewarded for
s labors. Certainly orte cannot help feeling
thrilled by the signals from some far-distant
country !

The top view of this highly efficient recelving set showing the layout of the varlous instru-
ments and the straight connections between them.
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CThe Sacred Palm

K BROTHER MCGURGLE

' ALL SET FOR HIS

MAIDEN SPEECH
S—

By Robert Hertzberg

{ GENTLEMEN, GENTLEMEN ! |
WHAT SEEMS TOBE THE
DIfFl(ULTY?———THlS 1
UPROARIOUS ARGUEFICATION |

// ’é‘ MUST CEASE - -._ BROTHER |

[
- MCGURGLE WILL ELUCIDATE

N\

AJ¢="| ON THAT RADIO RIDDLE -
6;)? = —SILENCE !-- OR [
¢ | SHALL HAVE TO spEaK
,,x,-ro YOU~ 1y
i S |
\ES-

| \th?/?

The auspicious occasion on which the Palm of the Prodigious Prevaricator is awarded always
brings to life the scanty-halred and fossilized old gentlemen of the Ananiasx Radio Club.

¢6 ENTLEMEN, gentlemen, pray
be seated,” pleaded the evening-
clothed man on the platform at
the end of the room, as he vig-
orously rapped his gavel on the table.
“Gentlemen, please take your seats. It is
time this meeting commenced. There is im-
portant business on hand.”

The tumult in the smoke-fogged room
gradually quieted, and the little groups in
the corners broke up as the men filed into
the rows of chairs that faced the raised
platform,

“In the name of the Ananias Radio Club,”
briskly declared the man with the gavel,
when the last straggler had finally stretched
his legs, *“I call this meeting to order.”

Followed in quick succession the usual
trivialties of parliamentary procedure. Then
the president arose. He carefully smoothed
his rebellious shirtfront, turned half way
to his right to smile benevolently at four
dinner-coated men fidgeting uncomfortably
in small chairs, and then started to speak,
slowly and grandly.

“Gentlemen,” he said, and he swept the
gathering with an inclusive gaze, “we are
assembled here this evening for the purpose
of awarding our annual and eagerly sought-
for medal, our far-famed P. P. P., our
sacred Palm of the Prodigious Prevari-
cator.”

Murmurs of “Yes, yes,” “Go on, spill the
rest” and “We know all about that,” drifted
disturbingly across the platform.

“You will recall, gentlemen,” proceeded
the president, unperturbed, “that our 1924
medal went to Mr. Eustace B. Blatherskite,
for receiving Honolulu on his home-made
one-tube radio set. This yvear it appears that
the marvelous radio is again to be honored,
for. gentlemen, all four candidates are radio

members of the club. Allow me to introduce

them: Mr. Claudius J. Grimp, Mr. Archi-
bald Blister. Mr. Herman Q. McGurgle and
Mr. Horace B. Whimple.”

FEach of the respective gentlemen jumped
to his feet as his name was announced,
smiled mirthlessly at the small sea of faces
in front of him, and then sank quickly back
in his seat.

A buzz of speculation arose from the club
members. The man who won the 1922 palm
for killing a deer at 535 yards with a .38

caliber autumatic and the man who took
the 1923 prize for purchasing a ticket for
the opening oi the “Follies” at the box
office on the very evening of the event,
snorted contemptuously and exchanged
superior smiles. They started to say some-
thing to each other, but Mr. President
silenced everyone with sharp raps oi the
gavel—on the table, of course.

“As has always been our custom, “we will
let the P. P. P. candidates tell their own
stories. We will hold the open vote later.
Mr. Grimp will be the first to present his
qualifications.”

A light patter of applause, insidiously
ironic in its slow tempo, greeted Mr. Grimp
as he arose. He mumbled the standard pre-
liminaries in the direction of Mr. Chairman,
coughed a bit, and then essayed speech:

“On the evening of IFebruary 18, 1925
he began, “I was experimenting with my
super-flex. The set had always given me
excellent service, but lately it had been act-
ing queerly. 1 examined the batteries and
found them to be all right. I decided to
switch the bulbs around, thinking this might
do some good. I removed the first bulb,
with the set going, and prepared to ex-
change it for the second, but, gentlemen, I
never got that far, for the instant I lifted
the bulb out of the socket, station WIMP,
to which I was listening, came through the
horn twice as loud as it ever did,

“I thought this might be a temporary
phenomenon, and remained immovable with
the bulb in my left hand, but the nusic
continued. I then pushed the tube back in
place, and the music died to half of what
it was. I again removed the bulb and
presto! WIMP was again twice as loud.”

Mr. Grimp stopped, turned, and sat down
abruptly. A deathly silence prevailed over
the audience, but was broken in two or

three moments by a low babel. Cries of
“Piker " “Cheap skate!” “Is that all>”
made themselves audible. Mr. Chairman

banged for order.

“Gentlemen, gentlemen,” he boomed, re-
provingly. *“Reserve your comments for
afterward. The time is getting short. \Ve
will now hear from Mr. Blister.”

An attentive silence greeted Mr. Blister,
a perfectly ordinary man.

“On the evening of January 13, 1925, I

was entertaining some friends with a radio
concert. [ tuned in various stations with
the aid of the earphones before plugging
in the horn, as is my usual practice. One
of my guests had picked vp the loud speaker
and was examining the name plate under a
wall light. I was at the set at the time,
and hearing a particularly good number, I
turned around to rescue the horn. I re-
moved the earphone plug from the set. but
left the phones on my head as I walked
across the room. As I opassed a china
closet, I stopped suddenly. Gentlemen, I
was hearing the very selection I had ju-t
tuned in! I held the phone plug straight
up in the air, and so help me, Hannah!
tellow members, I Jicard that music! |t
was only when I was near the closet that
I could do so; if T walked away the music
would stop.”

A thunder of applause drowned out any-
thing else Mr. Blister might have had to
~ay. He blinked for a second at the audi-
ence  and then resignedly reclaimed his
chair.  Shouts of *“Bravo! Bravo!” re-
sounded through the hall, and even the
pistol expert and the “Follies” patron
joined in the commotion. Finally Mr. Blis-
ter, realizing that the demonstration was a
iriendly one, got on his feet, bowed gra-
ciously and sat down a second time, a glint
of satisfaction in his eyes.

Only after smashing the water pitcher
and hitting the sccretary on the thumb did
Mr. President restore peace. He screamed,
“Order, Order!” and finally got it aiter
five minutes of expostulation.

“Mr. McGurgle will now take the floor.”
he announced shortly and sat back to mop
his brow.

Mr. McGurgle, a meek looking little fel-
low, had been watching the proceedings
apprehensively, and when he now spoke he

was extremely nervous.

“My experience is a very modest one,”
he squeaked apologetically. The crowd,
now in good humor, listened attentively.
“One evening when I got home from the
office I found that the batteries of my set
had been entirely disconnected. My wife
told me the maid had just pulled them all
out when cleaning my room.

“I untangled the mess and finally got the
set working. However, I was a little un-
certain about the polarity of the “B” bat-
tery wires, so while the set was pouring
forth music, I deftly unhooked the plus and
minus wires and quickly reversed them.
Gentlemen, you may believe it or not, but
my set kept right on working as if nothing
had been done to it!”

Mr. McGurgle had raised his voice as he
finished this sentence and he now sat down,
apparently exhausted by his brief exertion.
The club remained quiet and did not change
its attentive attitude. It was only after a
few minutes that they realized that Mr.
McGurgle had said his say. Then heads
turned to each other in interrogation, and
questions were asked. “What's he talking
about, anyway?” “Is that all he has to
say?”  “Isn’t that thrilling?” “How'd he
get voted in as a candidate by the Board
of Governors?” etc.

“Gentlemen.” addressed the President. be-
tween blows of the gavel on the uncom-
plaining table. “I am afraid you do not
appreciate the technical significance of this
accomplishment.  However, it is not my
place to defend candidates. We will now
listen to Mr. Whimple.”

Mr. Whimple eved the gathering sharply
as he shook the wrinkles out of his trouser
knees. He was an executive-looking man,

(Continued on page 774-4)
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A Successful Three-~Stage Amplifier

By Herbert E. Hayden

740

dises of cardboard 3 inches in dinmeter. A long

completed, the form is disearded,

screw and battery nut are fastened through the center
and allow the winding form to be placed in the chuck
of a hand drill.  After the winding operation has been

To the top and bottom of the pill box are pasted twe

machine

More than two stages of transformer-coupled aundio frequency am-
plification added to any radle receiver have never been used. The
main reason for this has been the excessive distortion and unearthly
howling that has resnlted. By introducing into the input of the first
transfarmer what is known as a variable impedance, it becomes possi-
ble to regulate the Huctuating audio frequency currents. A pill box, 8
15-point inductance switch, a pot of paste, and a pair of scissors
together with one-quarter pound of No. 28 enameled copper wire and
o sheet of cardboard are needed.

NOIDIOINIOINTOTIOIOIOTIOTIO

@\ (@) (@

The completed coil and the discarded
form. tmmediately after finishing the

off the last tap,

wires from loosening., If desired, the coil
dipped inte molten paraftin for several

clarity control that it affords.

winding
winding

coil 1s tightly
» & strong siring so as to prevent the

may be
minutes

and then will remain impervions te moisture. You
will be surprised at the wonderful volume and

Here we see the winding jig with the cail about half way completed.

are taken off at every 20 turns, there being 300 turns in all. It will be very
easy to keep count of the number of turns since the step-up ratio between
thie driving handle and the chuck facilitates the work. The taps should be
carefully soldered and taped. In order to eliminate the possibility of mak-
Ing a mistake, the taps should be numbered successively and be connected

to their respective switeh points.

P 3 P s P S
B
{ il:l |
i e
o lh|
=3
[}
&
(W
v |
¥ ]
) .
= A +  <B 90V

The completed variable impedance ready for use,

At the

left, we note in the diagram the input of which may be the
famitiar three-circuit tuner, the connections for the device.

The degree of contro! cannot bhe

phasized too strongly,

but even as an experiment, the device is worth making.

#
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Piano as Loud Speaker

By WaLLace R. Turner

READING about a physical law stating
that a piano string or a tuning fork
sets another string or fork of the same fre-
quency into sympathetic vibration when it
15 struck, led me to experiment, by placing
the phones upon the hammers of our up-
right piano, a hali-inch from the strings,
10 see if a station miles away broadcasting
a piano recital wouldn't set the strings of
our piano into vibration, thus amplifying the
music.

1 found that the strings would not vibrate
in sympathy with those in the studio, but I
discovered that the sounding board of the
piano amplified the music coming from the
phones sufficiently to be heard all over the
house. The music was found to be repro-
duced faithfully, which cannot be said of
many loud speakers on the market.

This discovery will prove to be a boon to
those who possess a piano and a powerful
radio set, but who either do not like the
conventional loud speaker, or cannot afford
one. The procedure for using the piano as
a reproducer is as follows: If the piano
is of the upright type, the music rack is
opened wide, and left in that position, and
the phones (without removing the headband)
are placed on top of the keys, one-half
inch from the strings, and facing the sound-
ing board. Two or more pairs of phones
can be used to beiter advantage, by placing
them at equal intervals along the tops of the
keys. If the piano is of the grand type, the
phones are merely laid on top of the strings
with a ring of felt or other shock-absorbing
material between to keep the strings from
rattling, 0

By keeping the piano closed and conceal-
ing the wires, one could lead a friend into
believing that spirits are playing the piano.
Not only does the piano reproduce piano
music, but it reproduces other musical in-
struments and speech equally as well.

A Rotary Tuning Coil

ONE of the most unsightly pieces of radio
apparatus is doubtless the tapped coil.
The many taps and switch arms that are
used on the average homemade set can be
eliminated very effectively by the use of the
rotary tuning coil as illustrated below.

The instrument described is very ecasily
censtructed by cutting a circle four inches
in diameter from a piece of heavy cardboard.
An inner circle is cut out, leaving a rim one
inch across as indicated below. The rim is
wound in toroidal fashion with No. 24 S.C.C.
wire.

This rotary coil may be easily buili by a few
minutes’ careful study of the illustration.

{1t lu

The anbove drawing shows you how to place
this rotary tuning coil in the cirecuit,

The arms are of !4-inch square brass.
Sliders, mounted on the ends of the long
arms, are kept in place by set screws. The
insulation is removed on the top of the coil
where the arms make contact.

—Contributed by IV m. E. Gilbertson.

Coil Winding Board

ERE is a little device which I have
found very useful in aiding me in
winding coils quickly.

It is bothersome to hammer nails into a
board, sometimes getting them out of align-
ment, every time one desires to wind a
basket weave coil.

Procure a board of soft wood, about 18
inches long, 6 inches wide and approximately
1 inch thick. Next, take a good sized,
round saucer or bowl, about 4 inches in
diameter, and draw a circle on one end of
the board, using the circumference of the
bowl] or saucer for drawing the circle. Now
take about nineteen 5-penny nails, cut the
heads off and file the rough edges smooth.
Larger nails and larger shafts make larger

15 MEADLESS rianS
A n
o cmcLs 10 NAILS ON A

WHMHEEL, MOUNTED

This coil
troublesome remaking of forms of practically

winding board eliminates the

all ‘types of colls. The 15 nalis ut the left of
the board are for basketweave coils; the 11
nails on the rotary base are for the spider-
weh or stagger-wound coils. The two head-
less nails make an effective bus bar bender
while the pliers held to the board by staples
are for cutting.

coils. Drive these nails evenly along the
circle.  This completes the winding form
of the basket weave coil.

The next step will be to make a wooden
spider-web coil form. As this has been de-
scribed so many times in past issues of THE
EXPERIMENTER, it is not necessary to re-
peat the process. After the spider-web has
been wound on the form, it may be secured
by passing a thread in and out of the aper-
tures, tying the two ends together. By the
use of this coil winding board it will not be
necessary to cut out new forms for each
spider-web coil, for the process may be re-
peated as often as desired.

The board may be made a bit more elabo-
rate by arranging a system of all convenient
size wire on rolls and mounting them at the
back of the board. This will save time and
make it far more adaptable to wind large
numbers of coils,

—Contributed by Cyril A. Bast.
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Transmitling with a Crysta

By NEeiL THoMPsON

S[NCE the average radio fan has no ex-
pensive apparatus to work with, the parts
used in this experiment consisted of a crystal
set and a three-tube regenerative set. In
this experiment the crystal was used as a
transmitter, voice being received with very
good volume in the tube set. The trans-
mission was made either by direct wire or
a form of wired wireless.

The crystal set, which acted as the trans-
mitter, consisted of a Baldwin loud speaker
unit, a home-made 3.000-meter tuning coil
and a standard crystal detector. When the
electric light line is used to connect the sets,
it is necessary that a fixed condenser be
placed in the aerial lead of the set. This
was necessary as a protection for the set
as well as the fuses in the house. The tube
set is a standard single circuit regenerator.
The condenser was used here also in the
aerial lead.

The connection to the light line is through
a standard socket and plug. The wire from
the plug was connected to a fixed condenser,
thence to the set. This was followed out in
both the transmitter and receiver. When
the experiment was started, the tube set was
made to oscillate. The crystal set was then
adjusted to the wave by the oscillation of
the tube.

The headphones of the crystal set were
spoken into and were picked up by the tube
receiver. The speech was picked up very
loudly owing to the sensitivity of the re-
ceiving set.

When instead of the electric light line
direct wire connection was used, the signals
were stronger. However, in either case the
signal strength was unusually loud. The
two accompanying diagrams explain thor-
oughly how the set is wired.

There certainly must be some energy radi-
ated by the crystal. No doubt, this energy
is very small, but due to the fact that the
two 110-volt lines ran parallel and very
close together, from my home to the home
of my friend, this energy was enough to
cause a transmission from one wire to the
other.

This simple experiment, I believe, should
lead to bigger things in the way of crystal
transmission, and I feel that there is really
something in this idea that should be carried
further.

110 Vv LINE

©oc0

TuBE SET
=
1OV LINE
=‘—.
=
=

You may be able to spend many pleasant
hours, speaking with your friends, using thie
system of crystal transmission, utilizing the
110-volt line for “aerlal” It was found that
two eryatals in series resulted in & more pow-
erful transmlesion. This wrinkle presents
meat for the radio experimenter.
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1. Fuse 10 grams of sodium or potassium acetnte over a small flame, 2.
hydroxide nnd 10 grums of esaleium oxide (gquick Jhve).

ing the gax evolred over water.
face is produced by rubbing with vaseline.

HE simplest carbon series in organic

chemistry is known as the paraffin

group and it contains gases, liquids

and solids, many of which are mem-
bers of wvital interest to all walks of life.
There are a number of reasons why this is
so; one, and probably the most emphatic, is,
that they are so common and easily obtained,
while the other is based upon their com-
parative inertness. This latter factor is both
an advantage and a disadvantage.

The mineral oil wells, which are found in
many parts of the world in large quantities,
make up this series which are obtained from
sand or conglomerate known as “sand rock”
by boring and pumping. The origin of such
oil deposits has not, as yet, been established,
although many interesting theories have been
advanced to account for their presence. One
calls attention to the fact that aluminum
carbide gives methane, or march gas, the
simplest of the paraffins, by the action of
water, and, therefore, presupposes that un-
derground deposits of such carbide, acted on
by steam, may have resulted in the forma-
tion of the rock oil. Others claim that their
presence is due to the decomposition of the
remains of marine life under pressure and

Mix thoroughly.

4. A rust preventive solution is prepared with benzol, kerosene and parafim wax,
Save your walls und paint.

this view is supported by other experiments
whereby a quantity of parafiins have becen
obtained by heating the blubber of fish under
pressure.

The simplest parafhin is marsh gas, or
methane, and it occurs in oil wells, bogs and
swamps, coal mines, where it is known as
fire damp, etc. It also is produced by de-
composition under water by means of cer-
tain bacteria, and this is a special process
of fermentation. Then, too, methane forms
about 35 per cent. of the gas produced by
the distillation of bituminous coal for the
production of illuminating gas.

There are many ways in which methane
can be prepared in the laboratory. The
most common method uses soda lime and
fused potassium or sodium acetate, which
are heated together, whereby the acetate
gives up its methyl group. Fuse about 10
grams of sodium acetate and cool. Grind
together equal quantities of this fused mass
with about 10 grams of quicklime and 8
grams of sodium hydroxide. Place the mix-
ture in a large test tube, stopper and pass
a bent glass tube through the stopper to
the end of which a rubber tube is connected
with its other end under water. Heat

The fused and eooled ncetate is mixed with 3 grams of sodium
3. Pluce the mixture in a large tent tube sand heat the mixture, collect-
5. An unti-match strike sur-

the test tube strongly and collect the gas.
It will be methane, the simplest of all the
paraftins. The gas is collected over water.

Fill a small bottle or large test tube full
of water, carefully invert over the pneu-
matic trough so that no water is spilled.
No air should be in the tubes when they
are niverted. Let the gas bubble into the
inverted tube or vessel; this will displace
the water and the pure gas is thus easily
collected. After the first test tube full has
been collected, collect more gas in a small
flask in the same way. Place a match near
the open end of the test tube; a slight ex-
plosion will result. This is due to the mix-
ture of air and gas. the air coming from
the gas generator. The gas also burns with
a luminous flame, due to impurities present,
which can be removed. Into the flask con-
taining the collected gas pour a few cc. of
conc. sulphuric acid. Do this very quickly
and stopper as rapidly as possible, for no
air should be allowed to mix with the gas.
Rinse the flask with the acid. Then add a
few cc. of fuming sulphuric acid and repeat
the rinsing after quickly stoppering again.
Let the closed flask remain for about an

(Continued on page 777)
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Combustible Gas and Uapor Detection

By E. F. Bacon

\,

CEILING

ONGLAZE D*POROUS
PORCELAIN TUBE

TUBING —

"' U-CAUCE —»
)

GASOLENE VAPOR

.0001" ORIFICE IN
PLATINUM
CAP

AR TO BE TESTED

AIR ESCAPING
DRAWN IN \y?7

AIR-GAS ]
MIXTURE

i

. l,.\"

X}

(e

DULL RED-+(ass

FIG. 3
N

coiL

N
A;METER {';\,/

GALVANOMETER

U GAS OR

1 varor

FIG. 3-A A

Fig. 1. Unglazed porcelain vessels are placed one at the ceiling and one on the floor.

There is u difference in pressure in two limbs of

a U gauge, if one is in air and the other In gas or gasolene, Fig. 2. Effusion of gus or contaminated nir through a small orifice under pressure

indicates the specific gravity by the time it takes to escape detecting contamination,
bustion as of alcoholic vapor in air. Immersion in & mix
it. Finely divided platinum will light a Bunsen burner.
and combustible vapor or gas iy heated if placed in a com
same principle may be made to operate a thermo

Fig. 3. By catalytic action platinum produces slow com-
ture of alcoholic vapor and air heats the wire and affects the current geing through
Fig. 3a., A bulb coated with finely divided platinum if immersed in a mixture of air
bustible mixture and moves a little column of mercury in a connecting tube, or the
-electric couple producing a current shown on right. Fig. 4. By heating the coil as shown, it

combustible gas is present mixed with air it will be burned up and reduction in volume will indicate ity presence. The water should be alkaline.

GREAT many fires and explosions

can be directly traced to the accumu-

lation in closed spaces of combustible
gases or vapors.

The only common means of detecting
these gases and vapors is by the sense of
smell. Carbon monoxide, for instance, the
deadly gas present in automobile exhaust
gases, is practically odorless. and for this
reason, impossible to detect without suitable
apparatus. In view of this widespread dan-
ger to life and property. it is pertinent to
consider the characteristics of these gases
and vapors, especially those characteristics
which could be most easily used as a means
of detection. Two such distinctive charac-
teristics are density and combustibility, and
many instruments can be conceived which
use either of these qualities as the activat-
ing medium. The several schemes outlined
below and shown are laboratory methods of
measuring the density or the combustibility
of gases. Anyone with an inventive mind
should be able to incorporate one of these
principles into a simple, practical instru-
ment for gas detection.

Fig. 1 shows the method of detecting a
heavy vapor, such as gasoline vapor, by
means of two porous porcelain chambers,
connected to a U-gauge or other differential
pressure gauge. The gasoline vapor dif-
fuses through the chamber near the floor,

and causes an increase in pressure which is
indicated on the gauge. This type of in-
strument could also be used in detecting
gases which concentrate near the ceiling.

~ The use of two chambers compensates for

temperature changes.

The method of determining density wh.ch
is illustrated in Fig. 2 is a common labora-
tory procedure. The time for any two
gases to escape under the same conditions
of temperature and pressure has a relation
to their densities. Two gases. S and S,
take time t and t, to pass through the orifice.
The density varies with the square of ‘he
times.

If air is taken as 1. then density of <he
gas tested can be casily determined.

The remaining diagrams illustrate the pos-
sihilities of employing the combustibility
characteristic of the gases and vapors. The
catalvtic action of platinum, paltadium and
rhodium on combustible gases and vapors is
of great wvalue for their action. These
metals, under certain conditions. greatly
accelerate the comhustion of gases, especial-
ly those which contain hydrogen or hydro-
carbons. Fine wires of these metals, when
heated to a dull red, and then exposed to a
combustible mixture. will glow brightly, due
to the burning of the gas by flameless com-
bustion on the surface of the wire. When
finely powdered forms of the metals are

used, such as the so-called black or spouge,
the metal when exposed at ordinary tem-
peratures to an explosive mixture ot hydro-
gen and air will glow brightly. A pellet
composed of platinum and rhodium black
will ignite a stream of illuminating gas. The
preparation of this black or sponge is 2
simple process which is outlined in any
standard book on chemistry.

While this catalytic action at room tem-
peratures is most noticeable on hydrogen
and illuminating gas. the black is slightly
heated by alcohnl and gasoline vapors. In
the case of these latter vapors, the catalyz-
ing action soon bhecomes sluggish and fails
For this reason most satistactory results
can be obtained by the use of the metal in
the form of wire heated to a dull red. Fig
3 illustrates a few experiments on the cata-
lytic effect obtained with these metals in
combustible mixtures.

Fig. 4 shows a method of determining the
per cent. of combustible gas present in the
air by measuring the shrinkage of volume
after burning the combustible element. The
products of combustion. principally CO,
and water vapor, have a smaller volume than
the combustible gases.

Fig. 5 represents an apparatus which de-
tects combustible gas by indicating the pres-
sure drop across orifice plates before and
after burning the combustible elements with

-
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ORIFICE PLATE

|| AIR UNDER TEST

=il

L
l LI HEATING CIRCUIT —

FIG S

TO BATTERY

q AIR PUMP
—
$
/?= e
o RED HOT
AIR TO BE TESTED -~ U
DRAWN IN GAUGE. PLATINUM COIL

WHEN ~LOWER GAUGE READS HIGHER
JJTHAN: LIPPER _COMBUSTIBLE GAS IS PRESENT

THER}MOCOUPLES

PLATINIZED ASBESTOS

@jGALVANOM ETER

F1G. 6

WHITE LIGHT

L SCREEN” .
DETECTOR_ELEMENT SENSITIVE RELAY,
U 2 l|“ REO LIGHT
FIG. 7 FIG. 7-A
Fig. 5. If air under test contains gas, its volume will be reduced and the difference of pressure on two sides of the diaphragm will in-

dicate its presence.

and indicates the presence of gas, Fig. 7.

poned to pure mir and two to the air to be tested;

oxygen of the air. An increase in pressure
at the lower gauge and a decrease at the
upper shows gas to be present.

In the apparatus shown in Fig. 6 the air
to be tested is heated to 300° C. (572° F.)
and passed through a cage containing platin-
ized asbestos. The platinum causes flameless
combustion, and a higher temperature re-
.ults in the air which has passed through
the cage. Differential thermo-couples meus-
ure this rise in temperature which is pro-
portional to the amount of gas present in
the air.

Flg. 6. Nere platinized axbestos acting on a gas mixture affects ity temperature so as to affect a thermo-couple or battery
An apparently complicated set of connections which act as a Whentstone bridege.

Two arms are ex-

all four arms are kept at a low red heat, and the presence of gns throws the bridge out of
balance and operates a relay, the dlagram of connections being shown on the right.

Fig. 7 shows a method of utilizing the
change in resistance which accompanies the
rise in temperature of heated platinum wires
when they are exposed to combustible gases
or vapors. This instrument 1s essentially
a Wheatstone Bridge, the arms of which
are fine platinum or palladium wires. A
battery is connected across twe corners of
the bridge and a relay galvanometer across
the other two. Sufticient current is passed
through the bridge to heat the arms to a
dull red heat. If now, two opposite arms
of the bridee are exposed to pure air, and

Ammonium Amalgam
By J. Harold Byers

AMMONIUM

CRUCIBLE OF
»~ MERCURY

LOw FLAME <o o

AMMONIUM
CHLORIDE
SOLUTION _|

" NOT WHOLLY CONVERTED

Amalgam of sodium acting on an amonium
chloride solution is supposed to produce an
ammoniom amalgam, s most interesting dem-
onstration.

MMONIUM amalgam, NH,—Hg, is

an allov of the ammonium radical
with mercury. It may be made from sodium
amalgam and concentrated ammonium chlor-
ide (sal ammoniac) solution.

First prepare the sodium amalgam by
adding sodium to about 10 times its volume
of mercury which has been heated to 70 to
100 dearees C. (138° to 212° 17y lHaving
carefully removed the oil from the sodiun
with blotting paper, plunge it quickly into
the mercury.

Take precautions to protect yurself
against flving bits of mercury, as the re-
action is violent.

When cool. drop the sodium amalgam into
ammonijum chloride solution. An astonish-
ing increase in volume will he noted.  The
metal will rise to the surface ard froth over
the mouth of the test tube. due to liberation
of hydrogen and anunonia gas from unstable
ammonium.

Since only metals alloy with mercury,
ammonium  must act like and represent a
metal, although it is not known to exist
alone. It differs from ammonia guas ouly
by one atom of hydrogen. Ammonium
amalgam is the probable means by which
the chemical experimenter will eventually
effect the isolation of hypothetical metallic
ammonium.

the other two to the air-gas mixture, the
bridge becomes unbalanced by the catalytic
action of the hot platinum on the combusti-
ble vapors. The vapors are burned upon
the surface of the wires with flameless com-
bustion, thercby heating the two wires ex-
posed to the vapors., and increasing their
resistance.  This  unbalanced condition of
the bridee causes the relay galvanometer to
clore a circuit containing alarm  devices,
such as a red light, or an electric bell. The
twa wires which are protected from the
gases are encased in a thin copper cylinder,

Experiment in Deflaqration

ROCURE a tin can cover. Place on it
a mixture of two measures of zine dust
and two measures oi sulphur.

Run two wires from a dry cell, one to the
tin can cover: on the other attach a needle
Rub the needle around in the mixture unuil
it ienites, and, presto! it will 2o off with
a flush, followed by a lot of smoke.

Be careful to keep the hands and face
away; do not touch the remains while the
combustion is still active.

In this and in the preceding experiments
it iz well to hold a pane of gluss v front
nf the face. ’

Contrivuied Iy T aroro Yousa,

MIXTYRE OF ZINC
AND SULPHUR

Detlagrating a mixture of zine and suiphar
with a spark directly produced from a battery
without any spark coil being required.
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Experimental Cracking Of Oils

FIG. |
WATER OUTLET

LIEBIG CONDENSER

VAPOR THERMOMETER-af

By W. A. Sperry

+LIQUID THERMOMLTER

STEAM
GENERATOR
~a

Petroleum is rectified not only by fractional distillation, hut also by processes of cracking,

which cause chemical decomposition.

liquidt and one for the vapor.

HE so-called “cracking” of oils is a

term used to denote the breaking up

of the hydro-carbon molecule. It is

generally applied only to those proc-
esses which make use of this decomposition
for the production of light, valuable gaso-
lenes and naphthas from heavier, more com-
plex mineral oils. The refining industry
considers any means of accomplishing the
above rcaction a cracking process, and this
includes the use of heat, pressure, chemicals
and electricity.

At the present time there are two broad
systems employed commercially for crack-
ing, aside from chemical methods; these
are known as cracking in the wapor phase
and cracking in the liquid phase, but the
former holds out so many difficulties to the
commercial refiner that it has been largely
relegated to the production of gas from oil.
Cracking in the liquid phase is the principle
on which practically all the successful mud-
ern cracking processes operate, and their
reproduction in the laboratory is easily
executed. A somewhat fuller explanation is
necessary before attempting the experiments
submitted below, and this should be care-
fully read and digested.

Petroleum refining is a treatment consist-
ing of fractional distillation, chemiecal
processing, filtering and  compounding,
while there are often supplementary crack-
ing processes involved between these opera-
tions. The oils used as cracking stock are
distillates or ‘‘cuts” taken off after the
naphthas, gasolenes and kerosenes naturally
contained in the crude petroleum have dis-
tilled over and are called “gas oil,” “fuel
distillate,” etc.

There are two elements in cracking that
are important and should always be con-
sidered. They are: temperature and the
time during which the molecule is sub-
jected to that temperature. In accord with
Boyle's law, the pressure and temperature
are functions of each other, so that as the
pressure is increased the time element is
decreased. Every petreleum hydro-carbon
has a characteristic temperature at which
decomposition takes place; for the gas-oil
and fuel-oil distillates mentioned above this
temperature is between 280° C. and 315° C.
(536° F. to 599° F.) Heavy oils crack
with comparative ease. while the lighter cuts
require extreme temperature and pressure.
Commercially, therefore, the cuts above the
kerosene fraction are seldom cracked.

Theoretically, the cracking reactions are
but vaguely understood, The following
formula is advanced* in explanation of
them :

Above is shown a simple apparatus for studying the
subject in the laboratory, using familiar apparatus.

Note the two thermometers, one for the

2CnHun + ,=2C (.n-m) 1, (n-m) 4 mC H,
4 mC
Applying this to D’entadecane (Ci i) :
oHoy = 2CH,e 4+ 7CH, + 7C

Pentadecane, Octane Methane Carbon
The application of this formula in experi-
mental work helps in the determination of
the constituents of a cracked oil

R

The apparatus neceded for experimental
cracking in the laboratory is quite simple,
and comprises only standard equipment. A
fractional distillation set is built up as in
Fig. 1. and will suffice for cracking under
ordinary pressure or wit.. the use of chemi-
cals. 1f the Liebig condenser or the rather
rare Classen flask cannot be obtained, the
arrangement shown in Fig. 2 will work
practically as well. This is casily sect up
from materials not hard to get; the con-
denser is made from a length of glass tub-
ing, pipe, or even rubber garden hose, amdl
has its ends plugged by rubber stoppers pro-
vided with holes for the condenser tube,
and water inlet and outlet. It is imperative,
however. to have at least one thermometer,
preferably Centigrade, of either half or total
immersion, in order to adequately control
temperature. 1f only one is available, it
should be so arranged as to record the vapor
temperature. and then to read the liqud
temperature it must be forced down into
the solution. Besides the outlets for ther-
mometers and vapor, the flask should be
provided with a gas or steam inlet.

Before attempting to do any cracking it is
best to use the apparatus as a simple still,
not only to test it but also to familiarize
oneself with its manipulation, Pour about
250 ccs. of crude oil, if you have it, into
the flask and proceed to raise the tempera-
ture gradually to about 210° C. (410° F.)
The first distillate that comes over is crude
benzine (gasoline and naphtha). When the
temperature of the oil has reached 104° C,
(219.2° F.), it is wise to introduce steam or
some inert gas inte the still: this not only
brings over the distillate at a lower tem-
perature. but also swectens and deodorizes
it.  Incidentally. in working with oils, one
must expect to be assaulted by unpleasant
odors most of the time. After the mercury
in the thermometer has remained at 210° C.
(410° F.) for a few minutes. raise the vapor
temperature to approximately 300° C.
(572° F.), when the next fraction (kero-
sene or water-white distillate) will come
over. l.eave the steam generator connected.
as the steam will prevent cracking and con-
sequent discoloration of the product. The
next cut s distillate oil or gas oil and the

*(Cross: Bulletin 16, Kansas City Testing l.aboratory.

distillation is continued under higler tem-
perature and increased pressure for some
time, but as the experimenter will doubtless
have no miethod of ascertaining the specific
gravity of the residium, at this peint the
experiment must ceasc.

The process so far has paralleled typical
refining practice, save that in the industry,
cuts are controlled by Baumé gravity in-
stead of entirely by temperature. The resi-
due in the flask will vary according to the
source of the crude, possibly there will be
a wax base, or it may consist of asphaltic
material or “coke.””  IFrom this residuum,
lubricating oils and parafin wax are made,
dependent, however. on the percentage of
original wax in the crude.

Now for cracking. IFor stock, practically
any oils one has may be used. Moreover.
in the process which 1 shall describe, ordi-
nary cylinder oil, universally obtainable, is
utilized for this demonstration. A quantity
of this is put into the flask and the steam
inlet closed, at the same time making sure
that all other conmections are tightly fitted.
Since a fairly high pressure is necessary, the
condenser tube is also closed. A suggestion
which decidedly hastens the reaction is the
idea of building a “pressure cracking bomb”
from pipe fittings, which is capable of with-
standing a markedly higher degree of pres-
sure than the flask. Hecat is applied until
400° C. (732° F.) is reached, when crack-
ing will begin. Thirty minutes at this tem-
perature should suffice to bring about partial
decomposition, sn that there will then be
light products in the flask, which will distill
over upon lowering the temperature and
opening thie condenser tube. These products
are synthetic gasolenes and naphthas, and this
is the process by which a large part of the
present artificial gasolene is made, only the
pressure in the commercial still is well up to
200 atmospheres. which, of course, cannot
be accomplished by our apparatus, although
the pressure in our bomb at the end of an
hour may be as much as 100 atmospheres.
To make up for this deficiency, a longer
time is required, so that at 400° C. (752° F.)
at least three to five hours are necded.

If the experimenter has saved the cuts
taken from the distillation experiment, he
may further duplicate refinery processes by
placing some of the gas-oil or some of the
water-white distillate in the flask or bomb,
proceeding as in the above experiment. The
results will yield considerable gasolene and
other distillate, having densities ranging all
the way from far ahove the original stock
gravity to those having low densities repre-
senting high-grade naphthas.

By mecans of the Cross process of  crack-
ing, a synthetic crude oil is produced, which
is then fed back and mixed with the natural
crude. To do this in the laboratory, use the
same flask but disconnect the condenser tube
and construct a reaction chamber from a
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A high pressure iron cell or still for operat-
ing at higher temperatures to crack petroleum
products.
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section of iron pipe, as in Fig. 3. The stock
is gas-oil or kerosene distillate and is|
heated in the flask to a temperature of 480°
C. (896° F.), at which point it is trans-
ferred to the reaction chamber by shoving
the tube (a) down into the oil so that the
vapor pressure will force the oil out into,
the pipe. Here the cracking reaction takes:
place with the disposition of carbon in the
chamber. Upon opening the cooled pipe, an
artificial crude o1l resembling the source
crude will be found. This may be distilled
or cracked again at pleasure.

Here's something peculiar.  Since paraffin
wax is a derivative of petroleum, it is easily
possible to crack the same and thus to
manufacture an excellent quality of gaso-
lene! To do this follow the procedure of
the first method outlined above.

There are several chemicals which have
the property of decomposing, by catalysis,
hydro-carbons heated n their presence.
Aluminum chloride has proven the best and
most active reagent, but other metallic
chlorides exhibit the same catalytic action.
The anhydrous chloride is mixed with the
stock which, is then heated to about 260° C.
(536° F.); at this stage the solution prob-
ably will volatize and it is needful to keep
the temperature just below this point. De-
composition takes place. yielding octane,
heptane and hexane as constituents of the
resultant light oils, whose recovery is ac-
complished in the usual manuer, with, how-
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Fig. 2 shows a simpliied construction, dispensing

shown as u more eiaborate apparatus in Fig. L.
still, for the heavier products.

ever, the omission oi further chewical
processing.

The question of where to sccure the
necessary oils with which to perform these
experiments may prove troublesome, as it
did to the writer. Many service stations
keep on display, racks of samples of the
different crudes, distillates, etc., from which
its gasolene is make, and it is highly prob-
able that the earnest experimenter can ob-
tain one of these, or part of one. Of course,

there are always kerosene, cylinder oil and
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FIG. 3

with one of the thermometers, of what is
Fig. 3 shows the u«e of the high temperature

many kinds of lubricating oils that may be
utilized.

Thus far. only petroleum products have
becn mentioned in connection with cracking.
It is pussible, however, to crack animal oils,
suclt as lard, butter, etc.,, and, as a result,
a batch of more or less complex, volatile
oils is obtained, and by following the sug-
gestion given for cracking petroleum oils
the ¢xperimenter may be able to obtain these
products and duplicate the operation of the
grea' oil refinery.

Preparation of Fluorescein

TO make fluorescein powder, mix 4 gm.
of naphthalene. or moth balls, as such
are sometimes called, with 8 gm. of potas-
sium chlorate. Put this in a beaker and
add slowly 38 c.c. of hydrochloric acid,

¥ NAPHTHALENE
TETRACHLORIDE
BUNSEN — CRYSTALS

BURNER

Treatlng napthalene tetrachloride with nitric
acld, a step in the produaction of the beautiful
fluorescein, a minute quantity of which devel-
ops high fluorescence In water.

sp. gr. about 1.18. Operate either out of
doors or under a hood, on account of
chlorine gas generation.

Naphthalene tetrachloride fs formed and
sinks to the bottom of the beaker as crystals.
Wash with water and add slowly to 35 c.c.
of nitric acid, sp. gr. about 1.42, and boil
in a retort with the neck upright. When
the crystals are dissolved, evaporate the
acid and distill the residue: phthalic anhy-
dride passes over. Recrystallize from water
and add from 5 parts to 7 parts resorcinol.
Heat in a test tube to about 200° C. (392°
F.) or until the mass fuses and boils, then
cool. Fluorescein is formed.

Dissolve the fluorescein in a solution
of sodium hydroxide, -also in a solution of
potassium hydroxide. Notice that while

they are different, the two solutions show
a wonderiul fluorescence, one color by re-
flected light; another color by transmitted
light.

Put about vs grain of the fluorescein in
a test tube and add about 2 drops of bro-
mine (prepared according to auy standard
texthook®. When the reaction is over,
drive off the bromine if in excess, by a
gentle heat. Put 5 c.c. of this solution in
a test tube and boil, adding potassium car-
bonate from time to time until the beautiful
tint is properly intensified. The exquisite
colors and flunrescence are due to the potas-
sium salt of cosin (tetra-bromo-thiorescein)
which is sometimes used as a dyve. Add some
gum arabic to the solution and use it as ink.
Drop a few drops in a test tube of water
z;n(l notice the delicate pink of the early
dawn.

Contributed by Edward Mackey.

N chemical experiments where an alcohol.

lamp or Bunsen burner are needed. inex-
pensive ones may be made which will do the
work.

For the alcohol lamp an ink bottle serves
as the container. A strip of tin bent into a

FIG. 1

An aleohol lamp for the laboratory extem-
porized from an ink bottle.

Simple Laboratory Burners

shape as a metal tube !4 inch in internal diam-
eter and 1 inch long will make the holder
for the wick which is made of string doubled
up a number of times. A glance at Fig. 1
will show the arrangement of parts with (A)

‘8 TIN RING

FI1G. 2

A simple Bunsen burner made of the most

primitive inaterinls with adjustment for the

air m.zture.

the wick, (B) the tube, (C) the cork and
(D) the ink bottle.

The Bunsen burner is made of a real metal
tube about Y4 inch inside diameter and 6
inches long. A small hole a short distance
from the bottom is drilled through the tube.

A tin ring wide enough to cover the hole
just drilled. fitting snugly yet so it will slip
up and down on the tube. is needed to regu-
late the air supply. A wooden base may be
constructed as 1s shown, In Fig. 2 (A) is
the metal tube. (B) the tin slide ring. and
(C) the rubber tube leading to the gas
supply.  In lighting this burner it is rather
imporiant to cover the air aperture with the
sliding ring first.  Then after lighting it
vou must gradually give more air until the
desired non-luminous flame appears.

—Contributed by Carl V. Fischer.
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Six Interesting Chemical Experiments

By Milton L. Keyes
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Fire on ice with metallic potassium.

\/IAKE a small, deep cavity in a piece of
)\ ice and into it drop a small piece of
potassium. Immediately a flame, tinged with
purple, appears. A sharp explosion follows,
so it is imperative to stand at a distance.
The flame is produced by the burning of
hydrogen, which has been pushed out of the
water molecules by the potassium, and the
color is due to the metal vapor.

To make “rock candy” dissolve enough
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Making rock candy in the laboratory.
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sugar in hot water to give a saturated solu-
tion. Suspend a string in this solution and
crystals will form on the string. When the
crystals cease growing, suspend them in a
fresh solution and they will again grow.

Spontaneous combustion of metals in chlorine.

Put a small piece of potassium chlorate in
a test tube, cover with a few drops of hydro-
chloric acid and warm gently. Collect some
of the chlorine gas given off in a jar and
throw into the jar a small quantity of iron
powder. A shower of brilliant sparks is
produced as the two elements combine. Alsa
try powdered antimony.

The reaction is exothermic; that is, it
generates heat and causes the incandescence
of the iron particles.
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Suger and potassium chlorate ignited by ncid.

In a clean porcelain mortar pulverize a
small quantity of potassium chlorate. Avoid
heavy pressure in doing so. Place the poy-
der on a paper and mix with an equal
amount of dry sugar which has been crushed
to powder. Do not rub the two materials
together, as they are liable to explode. Place
the mixture on a stone and let fall upon it
a drop of sulphuric acid. Immediately a
violet colored flame appears. This is due to
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Flames from water with floating potassium.
Into a glass tumbler a third full of water
drop a piece of potassium. This causes hy-
drogen to be given off which is set on fire
by the heat from the chemical action. The
flame is tinged with a bright violet as above.

7

the vapor of the potassium salt.
i

3] AHOLNNN
Chemical smoke with hydrochloric acid and
ammonia,

Rinse one tumbler with ammonium hy-
droxide and the other with hydrochloric
acid. Cover one with paper and bring it to
the mouth of the other. The white solid
formed is ammonium chloride.

Making Oxygen and Hydrogen by Electrolysis

HE accompanying illustration shows

how oxvgen ard hydrogen can be made
in large quantities in the laboratory by elec-
trolysis.

The main part of the generator consists
of a large beaker or a wide mouthed bottle
fitted with a cork to prevent the escape of
gas. Since twice as large a volume of hydro-
gen is made as of oxygen, the hydrogen
must be made in this part of the generator.
An iron ring, fastened tightly in the beaker
about half way from the bottom, serves as
the negative electrode. The ring must be
above the bottom of the glass tube in which
oxygen is generated to prevent a mixture
of gases which would explode when used.

The oxygen generator is made of a piece
of glass tubing inserted in a hole in the
cork, which may be an inverted test tube
with the bottom cut off and a one-holed cork
with a delivery tube fastened in the end.

By Lester S. (Thomas

THISTLE
*—TUBE

WATER

HYDROGEN —

GLASS TUBE

BEAKER—>

COPPER =
RINCS

WATER
AND H,50,

|=SSSNOSS

The bottom of this tube should be about
one and one-half inches below the level of
the liquid. An iron ring is also used here
as the positive electrode. Rubber covered
wire should be used to connect the electrodes
to a battery.

A very neat arrangement for producing oxy-
zen and hydrogen gas by e¢lectrolysis is shown
here. By adding water us fast as the solu-
tion is expended the apparatus can be used
indefinitely.

The electrodes should be covered with the
liquid at all times. A thistle tube in the
large cork serves to introduce a solution
of sodium hydroxide or water and its lower
end should be under water. A delivery tube
is also provided in the large cork to collect
the hydrogen. All corks should fit tightly
and should be shellacked. The solution is
made by adding caustic lye to water until
it will easily pass a current. A battery of
from 6 to 8 volts is used:
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Dacuum As Insulator
By G. Lagerquist

OST people that think of vacuum in

connection with electricity have the

idea that it is a good conductor of
clectric current.  This assumption is main-
tained even among a great number of engi-
neers. And they are right if by vacuum
we mean the best evacuation that could be
attained twenty years ago or let us say the
degree of vacuum we have in a Crookes
tube.

EVACUATED
GLASS
-
VESSEL

INSULATOR

BLARING —
N-MAGNETIC
MATERIAL

CLOSING COIL —

opennG con — [l

F1G. 1

The figure illustrates a circuit breaker whose
contacts are placed in a vacuum., The disad-
vantages arising from the use of oil in circuit
breakers is here eliminated. At the same time
adequate provision is made for preventing ex-
cess. ‘e temperature rise of the electrodes while
the circuit is broken under heavy load.

What is vacuum then? Nacuum is gas
at any pressure below the atmospheric. All
gases except neon and argon are pretty good
insulators  at  atmospheric  pressure and
higher; but when the pressure is lowered,
:he resiztance drops and rcaclies a minimum
at about «ne-tenth of a millimeter of mer-
cury column. When lowered still more, the
resistance starts to increase again and will
undoubtedly reach infinity at absolute
vacuum.  Absolute vacuum nobody has yet
been able to attain, only pressures as low as
one billianth part of a bar or about 8 ten
million mullionths (8 X 107%) of a milli-
meter mercury column. The one means of
passing electric current through vacuum of
‘his degree is by heating cither one or bhoth
« { the clectrades to the temperature at which
they emit electrans. By means of these
Jlectrons the current can pass through the
cvacuated space.

\We now may ask how the insulating qual-
ities of vacuum can be utilized,

Everyone now-a-days knows about the
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Vacuum has not been employed ars much as
it deserves in condensers, In that ~hown above,
two pieces of glaxe tubing are senled together
with metal coatings between them, The nar-
row eylindrical chamber w0 formed is then
exhausted,

vacuum tubes and so much has been written
about them :hat 1 will not waste any words
on that subject. I will show the reader
other and probably not less important pos-
sibilities for the use of vacuum space.

In the generation and distribution of elec-
tricity, so-called oil circuit breakers are used
partly to switch off and sectionalize parts
of the system and partly to protect gener-
ators and transformers. It happens occa-
sionally that such a breaker explodes when
efforts are made to break a heavy current.
When this occurs, burning oil is thrown
around and ignites everything, Many a sub-
station has burned down as a result of an
oil switch failure.

Several years ago I started to figure out
how to avoid these failures, which are such
a danger both for the operator and for the
cquipment in generating stations and in sub-
stations, I considered all kinds of substi-
tutes for the oil and at last I came to think
of vacuum. I made the most careful calcu-
lations in order to find out whether or not
the contact surfaces of the switch would
heat up enough to emit a considerable amount
of clectrons while opening it. According to
my calculations the switch could be opened
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The multiple plate condenser illustrated

above makes use of vacuum (thai i~ to say,
pure ether) as its dielectrie. The wulls of the
condencer are made of glass. The experi-
nenter after a little practice in gin~~ hlowing
building wsuch

shonld  find ne
condensers,

difficulty in

>0 fast that «ven under very licavy currents
the temperature would hardly go up to 400°
C. (752° F.) and copper does not emit any
great amount of electrons before it is at a
white heat. 17ig. 1 shows the vacium switch.
Calculations made me think of what a won-
deriul condenser there could be built with
vacuum as dielectric. 1 started in on new
calculations and designed three  different
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FIG. ¢

Another form of vacuum condenser. The
Klusn walls are here eliminated, the external
copper cylinder being made air-tight. As in-
dicated, alternate copper cyiinders are con-
nected to each other. The only glass part
required is the terminal support. This, how-
ever, may be made of some other insulating
material.

types.  Fig. 2 shows a type that can be
built in small cylindrical unmits of increasing
dianieter and placed concentrically and out-
sude of each other to any convenient size.
IFig. 3 shows a later design which I thought
could be built at once in large units. When
designmg these condensers I had in mind a
110,000-volt power system in which they
could be used with great advantage for
powcr-factor correction. The space between
the condenser plates nced not exceed one
mullimeter for this high voltage, but the
condenser has to be so designed that the
glass walls do not intersect the electrostatic
fiecld. If they do, they will have to be very
thick or they will be pierced through by
sparks and the vacuum will be lost, and if
they are heavy enough to withstand this
they will heat up due to so-called electro-
static hysteresis.  Fig. 4 shows a design
which it was thought could be built entirely
of copper except for one terminal outlet and
an evacuating opening.

Many different uses can be found for high
voltage static condensers. The power-factor
correction, of course, ought to be the main
one, but another place where a vacuum con-
denser could be of advantage is where carrier
current telephone waves are impressed on a
power line. The condensers now used for
this purpose are very expensive and very
clumsy looking affairs. In the high voltage
testirg and research laboratory the vacuum
condenser will surely be accepted with accla-
mation because the cost does not increase
with the voltage as is the case with paper,
mica, glass, porcelain and oil insulated
condensers.
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High Capacity Chromic Acid Battery

UDGING by recent numbers of the

L'XPERIMENTER, compact “block” type

batteries have again come into fash-

ion. Many years ago. when the stor-
age battery was in its infancy, such “block”
batteries were the only means of generating
heavy currents, if a dynamo was not avail-
able. and the latter were then few and far
between.

Irom the experimenter's point of view,
the “block” batteries have many advantages:
they are small and compact and require but
little room for storage. In addition, they
can be built far more cheaply than the
standard types of batteries.

Before describing the construction of the
new battery, we might do well to glance
back and review the stages through which
the chromic acid battery passed during its
development.

The high potential of over two volts in
a cell attracted the research workers’ atten-

«CONTAINER FILLED
WiTH CHROMIC ACID

CHROMIC ACID
FROM CONTAINER

SOLUTION [

ENO5 DRAWN OUT
,/0roes or acD

=~ GLASS TuBL

3 e— DROPS FALLING

m ON CLASS
WwOOL
CLASS WOOL
ZING -
PLATES E0CES CONTEC

WITH WAL

CLass wooL =

FILLING 3+-ConsUnLo aACIo

FiG 2

The illustrations show the construction of
the chromic acid battery. The battery is made
up of alternate layer of zinc and carbon plates
weparated by a thin layer of glass wool.

FiG.1

tion at quite an early date, and many at-
tempts were made to improve this powerful
hattery. Although ¢ven a comparatively
small chromic acid battery can supply a
current of over twenty amperes, it dropped
out of use more or less, as far as commer-
cial purposes were concerned., on account of
lack of constancy. After a few minutes the
original twenty amperes would fall to fif-
teen, to ten, and then to a more or less steady
four or even less . . . the battery had be-
come polarized!

Every avenue was traversed to find a
means of preventing polarization, and many
new designs were the result. Air was blown
into the battery jars to keep the acid mov-
ing, small lead pumps circulated the acid
constantly, and many other ingenious con-
trivances saw the light of day. Unfortu-
nately, the battery and accessories became
more and more complicated and expensive.

To show what the large chromic acid
batteries of over forty years ago were cap-
able of, two instances may be given.
large bank in Paris. then the home of elec-
trical research, decided to install electric
lichting. A dynamo was out of the ques-
tion, as a gas engine would have been too
noisy, and a steam installation needed far
more space than could be spared.

So 2 huge chromic acid battery was de-
cided on; the jars were over three feet high
and cappble of supplying a steady current
for hours on end. The battery was located
in the cellar. where also the storage tanks
for the acid were placed. A small pump
circulated the acid through the numerous
battery jars; after the acid” had passed
throngh two or three times it was strength-
ened and used a few times more. Finally it
was discarded.

The installation proved a great success,

By C. A. Oldroyd

although the cost of running this plant was
very high.

The other case that comes to the writer's
mind is even more interesting in this age
of aviation. for it concerns one ot the very
first dirigible balloons or airships that ever

sailed through the air under their own
power.
In 1882, M. Tissandier. of Paris, con-

structed what we would today call a very
small airship capable of lifting a total
weight of about a ton and a quarter. The
propeller of this ship was driven by a Sie-
men's electric motor. then quite a novelty!
It weighed just under a hundred pounds
and gave approximately one and a third
horsepower.

Current was supplied by a battery of two
dozen cells, needless to say of the chromic
acid type. Charged with acid, the batteries
weighed close on five hundred pounds, an
immense figure for the small airships of
that time. Using fresh solution for every
ascent, the batteries were able to keep the
motor going at full speed for two and a
hatf hours. Propelled by this small motor,
the airship attained a speed of about seven
miles per hour.

And just as the chromic acid battery
appcared to become the battery of the
future, rivals appeared: the Bunsen type
with its porous cup, later the storage bat-
tery, and finally the power driven dynamo.
The chromic acid battery disappeared from
the maker’s lists, and only a few experi-
menters used it for their work. Very
little progress has been made since that
time with this battery, although many be-
lieve that it may yet re-appear in a new
guise and score heavily over the batteries
we are generally using just now.

“Well, granted all that,” the reader may
say, ‘“when are we going to hear some more
about that new type of battery?” The an-
swer is “Right now.” but the writer hopes
that the reader will not consider the pro-
logue a waste of time, for it has shown
that once research workers and experi-
menters alike were more or less dependent
on the good old chromic acid battery.

As you may have guessed, the battery
now to be described is of the “block” type
(I'ig. 1). The set is built up as follows:
First comes a carbon plate, then a laver
of absorbent material, next a zinc plate.
This is followed by the carbon plate of the
next cell, then comes the absorbent layer,
and so on, until the last zinc plate is
reached.

I‘or clearness’ sake a battery of only
three cells is shown, but quite large sets
can be built up in the manner indicated
here. Owing to the high voltage of the
chromic acid battery, which is twice that
of a Daniel cell, fewer cells are needed for
a specific voltage than with other types.
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To prevent electrical leakage around the
edges of the electrodes, the plates are dipped
Into paraffin as shown. The edges are in this
way given a thin coating of insulating paraffin.
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A view of the assembled chromic acid bat-
tery. Note how the electrodes are lield be-
tween clamps. The chromic acid whieh forms
an electrolyte in the battery is supplied by
small feeder tubes.

The three-cell set shown in the illustration
has a voltage of six, for twelve volts a six-
cell battery would be needed. The latter
should be ample for the ordinary needs of
the experimenter.

The novelty of this battery lies to a great
extent in the nature of the absorbent mate-
rial, as glass wool is used for this. Glass
wool is finely spun glass, and is commer-
cially used for the manufacture of non-
spillable storage cells for pocket lamps; it
can be obtained from electrical dealers.

Its price will seem high, as it is sold by
weight, but a quarter of a pound costs only
a few cents and will be more than ample
for even a large battery. This glass wool
is “teased” and placed in an cven laver be-
tween the plates; the thickness of the layer
should be about a quarter of an inch at
least, as the latter is compressed when the
plates are clamped together.

Two sets of clamping bars press the
plates against each other. as shown in Figs.
4 and 5. The upper clamps are longer than
the lower ones, as thev also support the
battery as it hangs in the glass jar. ’

Only sufficient pressure to hold the plates
in position should be used when clamping
up, to prevent the glass wool being com-
pressed too much. After the set is assem-
bled. the glass wool is tucked in at the
cdges so as to be about 4-inch from the
edge of the plate. The lower side of theé
glass wool layer is then drawn out to form
a “tail.” as shown at “X” in Fig. 2. This
allows the used acid to drain off in one
point only.

The completed set is then hung from the
longer clamping strips in a wide glass jar
(Figs. 4 and 3). The acid is contained in
a glass bottle placed inverted over the cells.
Tts neck rests on a small board: into the
Iatter a slot is cut so that the acid con-
tainer can be easily placed in position and
withdrawn,
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Through the cork pass as many thin
glass tubes as cells are used, in our case
three. The center tube is straight, the
others are slightly bent so that the open-

;-{/—/,ff:f;; #—W000 STRIPS

TOP EBONITE CLAMPING BAR

FIG 6

ings are immediately over the glass wool
layers. The ends of the tubes are drawn out to
fine points, about the diameter of a foun-
tain pen filler; the actual diameter oi these
tubes need not cause the constructor any
trouble, as long as they are not too fine.

Finally some wood strips are screwed to the
slotted hoard supporting the acid storage
jar; the lower edges oi these strips rest
on the upper clumps and can be noiched to
fit securely.

To make our battery work, we set it up
as shown in Fig. 4, after the storage jar
has been charged with chromic acid solu-
tion. Then we invert the jar and turn the
glass tubes in their holes in the cork until
they are just above the glass wool lavers.
To supply air to the jar, a bent glass tube
is also passed through the cork; this
reaches nearly to the upper end of the acid
jar; the outside end is bent over and a
short length of rubber tube is slipped over
it. If we fit a pinch-cock over the free
rubber tube, we can adjust the air supply
within fine limits,

The acid will now trickle out of the ends
of the glass tubes and saturate the glass
wool; it will spread through the whole
layer in an even stream. and finally re-
appear at the bottom “tail” (X), whence
it will fall into the large jar which sur-
rounds the cells.

The Kingsland Cell

THE Kingsland cell employs for its de-
polarizer lithanode (stony anode). This
is a composition devised by Mr. Desmond
Fitzgerald, and consists of a mixture of

—— LITHANODE

—ZINC

- ELECTROLYTE

le-GLASS JAR

U R I R R0 T R

L g
A battery ualng lithanode for the positive
plate; it can be recharged over and over again,

oxides of lead with glycerine. ammonium
sulphate or dilute sulphuric acid.
The composition i< placed in moulds of

1f the flow is carciully adjusted, the
acid will be spent by the time it has
passed through the cell, and the accumu-
lated acid in the large jar can then be

SET OF PLATES
AS SHOWN IN FIG. )

WOOD STRIPS REST
ON ENDS OF
CLAMPING BARS

Fig. 6 and 5 show
various details of
construction of this
battery. They should
he studied in con-
nection with the
preceding illustra-
tions to get a clear
idea of the settting
up,

I NOTCHED
" TO FIT OVER
CLAMPING BARS

FIG. 7

thrown away. The heavier the load, the
greater must be the flow of acid; for aver-
age work drop should follow drop without
more than a perceptible interval )

It will be seen that such a battery is
very economical, as only a minimum of
acid is used. Storage jars for used acid
are no longer required, and the action can
be interrupted at any time by closing the
pinch-cock on the air tube, The upper jar
serves also as a storage jar for the fresh
acid when the battery is not in use; it is
then simply iaken off and inverted, so that
the bottle now stands on its base and the
tubes are pointing upwards.

After use, the cells are cleaned by filling
the large jar which surrounds them with
clean water, renewing the water several
times, then the glass wool will be clean
and the assembled set can be stored to dry.

If the cells are carefully washed in this
way, they need not he taken to pieces every
time they have been used, and the greatest
drawback of the “block” type of battery
is overcome.

If a large number of cells is used, it will
be found difficult to arrange for the great
number of feed tubes for the acid. In
this case a perforated lead pipe, one end
of which bhas been closed, can be placed
horizontally over the tops of the cells,
From the holes in this pipe, the acid will

the size desired and the mass is then sub-
jected to great pressure in a hydraulic press.
The compressed plates are transterred to a
drying room and when perfectiv set and
hardened are immersed in a solution of
chloride of lime (calcium hypochlorite),
which converts the surface into lead per-
oxide.

Finally, the peroxidization is carried to
the highest possible point by electrolysis in
a bath of magnesium sulphate. Some of the
best plates contain as much as 10 per cent.
of lead peroxide. The lithanode plate thus
prepared is said to be the only one which
does not disintegrate when placed in an
electrolyzing fluid.

When used in the Kingsland cell against
a zinc plate acted on by dilute sulphuric
acid, sp. gr. 1.170, the EMF is 2.5, and this
remains constant for a long time. As the
cell is sealed, this form is convenient for
testing purposes, as it may be recharged
when exhausted by passing .5 ampere
through it from lithanode to the zinc.

Contributed by Davin TERRIERE.

OI\’E of the simplest motors ta construct
is the "“mercury motor.” The materials
needed are a base of hardwood 4 inches by
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flow into the glass wool layers. The other
end of the pipe is, of course, connected to
a large jar comtaining the acid.

It will sometimes be found, particularly
when the battery has to supply a great deal
ol current and the flow of acid is heavy,
tha: the acid will leak around the upright
edges of the carbon and zinc plates, from
one cell to another. This must be pre-
vented, or else the current will fall ofl,
for the cells will be partly short-circuited.

The simplest means of curing this is
shown in Fig. 3. Before assembling the
cells, the carbon and zinc plates are im-
mersed, at their sides, for about Y4-inch in
a bath of melted paraflin wax, and then put
up to allow the paraffiin wax to harden.
This should be done on every side cf the
carhon and zinc plates. As paraffin repels
aqueous fluids, no leakage will take place
aroond the sides, from cell to cell, if the
plates are treated as described above.

The wax is melted in a suitable tin 1lid,
the latter resting on a layer of sand to dis-
tribute the heat evenly. This wax layer
must be carefully scraped away at the back
of the carbon and zinc plates, where they
join when assembled, in order to enable the
plates to make gond contact with each other,

_— CHROMIC ACID
LEVEL

AIR TUBE

CORK
IN SECTION

DISTRIBUTOR TUBES

X
PINCHCOCK FOR ADJUSTING FLOW
OF ACID

FIG. 8.

The electrolyte bottle arranged to supply
the exciting solution drop by drop to the bat-
tery; by adjustment of the opening of the alr
inlet the rate of feed Is regulated.

Simple Mercury Motor

2 inches; a brass plate 2 inches across; a
horseshoe magnet, and some mercury.

Cu a small groove an inch long and 4-
inch across and fill it with mercury; make
two uprights for the bearings of iron; punch
a hole through the disk and put a needle
through it.

Wthen a direct current circuit is con-
necte¢ to the posts. the disk rotates relative
to the poles oi the magnet. To reverse, turn
the magnet over or use a reversing switch
and reverse the current,

—Contributed by O. Fairchild.

MERCURY
IN GROOVE

CURRENT

A version of a well-known motor; a radial
current through the disc causes it to rotate.
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Low Tension Magmneto Grinding Set

By William L. Jones

OST workshops are dead without a

motor. There is hardly a job that

does not take twice the time by hand
that it would take with machinery.

The following is a description of a home-
made electric grinding-set driven by an old
low tension magneto. It has been giving
constant service for the past vear, running
on the average of about six hours a day.
The motor has also been used for many
other purposes, such as driving a fan blower,
etc.

Fig. 1 gives the general view in side ele-
vation showing how the structure is fastened
' its base: the different part. are described
by the wording on the diagrams.

FFig. 2 shows an end view of the relation
of armature, field and pole pieces. and below
the main figure is shown the commutator,
which is in two sections of brass tubing,
and the brushes.

Fig. 3 gives the construction of the arma-
ture. which is to be studied out in connection
with the cross-section shown in Fig. 2. The
winding should be between 3%% and 5 ounces
of No. 19 to 22 wire. The motor is made
irom an old low tension magneto or an old
telephone magneto; in the latter case the fine
wire on the armature is removed and the
wire mentioned above. simgle or double cov-
ered, is substituted therefor

A wooden cylinder shown in Figs, 4 and 5
is driven on with a verv tight fit and
cemented on the end of the shaft. Brass
tubing shown in Fig. 6 is sawed into two
pieces longitudinally: this is cemented or
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Fig. 1. Side elevation of the magnetos. Note
particularly the spool for the belt.

Fig. 2. End view showing relations of fleld,
armature, commutator and brushes.

Fig. 3. The scheme of winding the arma-

ture & bi-polar one, more or less of the oldt
shuttle variety.

screwed to the hollow wooden cylinder, and
the ends of the armature winding are con-
nected, one to each section of the tube. This
gives the commutator connection. .\ thick

. ,__\‘/A\ %‘ HOLE FOR SHAFT solution of shellac will be found a satisfac-
p . d> P tory cement. The position of the armature
N ™ 7 oA and commutator section in relation to each

other is shown in Fig. 2.

In the motor used in the writer’s shop the
magnet came from an old telephone mag-
neto, wound with 5 ounces of single covered
magnet wire. [t is simplicity itself: in
order to start it. the electricity is switched
on and a stight twist is given by the fingers
to the armature. when it will run by the
hour. No flv-wheel is required.

The armature wires come through the
hollow end ot the shaft and are soldered to
the commutator segments as shown in the
lower diagram of Fig. 2. The bearings for
the aramature shaft are two plates of 34-inch
brass, ¥4 inch thick, with holes as shown
in Fig. 7. The oil hole must not he forgot-
ten.

Figs. 8 and 9 show the layout for the
srinding and sanding wheel mounting. Tt i3
wonderful how much can be done with a
sand-wheel as compared with the slow work
of the detached sheet of sandpaper. The

‘I. FIG.8 pLan view

FIG.9 sipe view

edge and the face of the wheel can hoth be
used ; it must be remembered that the action
of sandpaper is a cutting not a grinding

action. so that hard pressure is not required.

Fig. 4. The two-piece commutator; the two sections of tube cemented or screwed to a hol- i ic eIl not to have the emery wheel nf

low wooden shaft, the latter Is shown in Fig. 5.

Fig. 6 shows the tubing before and after

ing into two pleces. Flg. 7 1s the bearing for the shaft. Fig. 8 and 9 are plan and side
of the complete appllance for grinding and sanding.

viws  large diameter: it is shown on the left end

of the shaft in Fig. 8.
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Generator for Static Electricity
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A very odd version of the okl-time fric-

tional electric machine which gives good re-
sults and is of the simplest construction.
Fig. 1 shows s section of the tube and Fig.
2 iv a view of the apparatus.

OR simplicity and efficiency, as well

as for workmanlike appearance, the

novel static  electricity  generator

shown cannot be excelled. It can he
constructed in less than five minutes, if the
necessary materials are at hand, and its out-
put is at least equal to that of an amateur-
butlt static machme with a rotating glass
disc.

The illustration shows the machine in scc-
tion; the body oi this generator is formed
by a glass tube having an external diameter
of from 3} inch to 1 inch, and a length of
about 20 ‘inches. A copper or brass spiral
spring is next required: its external diam-
eter should be such that it just fits into the
glass tube. One end of the spring is straight-
ened out, as shown on the right; the remain-
ing coils are then opened out by pulling at
the end. so that the adjoming turns are
about one-half inch apart.

A brass wire, spring tempered, is best
for this purpose: ome end is slightly an-
nealed by holding it over a Bunsen flame,

By C. A. Oldroyd

and the first two or three turns can then be;
readily straightened out. The end oi this
straight part is threaded for a brass ball. 1

\We can now assemble our generator. The
elass tube is well cleaned and dried in front
of a fire or in any other warm spot. To
give the best efficiency, both inside and out-
side of tube must be kept perfectly dry.

One end, the left one in the illustration,
is permanently closed by a well-fitting cork
stopper ; after insertion, the stopper can be
cut off flush with the tube end. Insert the
spiral spring into the glass tube so that u
extends for a length of approximately 12
inches. The other end of the tube is closed
by a second cork stopper provided with a
hole throuzh which the straight end of the
spring passes. It is well to paint over the
faces of the corks with a touch of shellac
varnish, or with sealing wax to ensure an
airtight joint.

If the brass ball is now screwed on tle
threaded end of the straightened end of the
spring, our generator is complete. It is
used n the following fashion:

The section under which the spiral spring
lies is rubbed well with a picce of silk or
flannel, holding the tube in the lett hard
at the handle end (the left 8 inches, see illus-
tration), after a few seconds rubbing strong
sparks can be drawn from the brass hall.

The working principle of this generator i~
as follows: The rubbing produces an elec-
tric charge on the outside of the tube, this
charge induces a second one in the metil
spring. As the tube is held by an insulating
handle, the external charge, on the outside
of the tube, cannot be dissipated. In turn,
this will induce new charges in the spring.
and quite a number of sparks can be ob-
tained without further rubbing.

All static electricity apparatus work best
when slightly warmed, and the least filin
of moisture tends to rednce the charge in
the outside of the tube. Bear this in mind
when using the new generator, and warm it
well before a fire or near a radiator.

As the ends of the tube are closed by cork

stoppers, which have been fitted after the
interior of the tube has been warmed, the
interior part will maintain its perfect insula-
tion for long periods.

The size of tube mentioned at the begin-
ning serves well for average experiments
which do not require much electricity; if
large levden jars are to be charged. and for
experunents making a great demand on the
capacity of the generator, much larger tubes
can be used, say about 25 inches long and
of about 2 inches diameter. Instead of the
glass tube, ebonite tubes can be employed,
resulting in an almost unbreakable gen-
erator.

If a small fan motor or a similar small
mntor is available, we can easily convert
our hand operated generator into a power

L
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Attachment of the shaft to the tubes in the
tubular frictional electric machine,

driven one. The arrangement is very
smple and shown in Fig. 2. Ou the left,
the end of the glass tube is attached to the
motor spindle by a simple coupling, details
of which will be given later.

In a power driven generator, the spiral
spring can extend for nearly the whole
length of the glass tube, except for the last
two or three inches from the coupling end
with its metal parts.

(Continued on page 775)

Hedgehoq CTransformer

By William French

TWINE

F1G. 3

Iiow to make the
well known hedge-
hog transformer. If
properly construet-
ed in accordance
wlith the description
here given it makes
a neat piece of ap-
paratus and the
disposition of the
ends of the core
wire is characteris-
tic of its type.

THE following instructions for making a
transformer, if carried out, will produce
a very efticient piece of apparatus, which
will serve for short telegraph lines, minia-
ture lamps, small electric motors, Christmas
tree lamps and other things.

It is a piece of apparatus that requires no
attention at all and uses up very little power.
It is a tvpe of apparatus known as a “hedge-
hog” transformer, consisting of two coils of

insulated copper wire wound one on top of
the other on a spool through which passes
a bundle of soft bare iron wires.

The dimensions of a suitable spuol upon
which to wind the coils are given in Fig. 1.
The spool is best made in the lathe by turn-
ing it out of a solid piece of hardwood, but
a good one can be made by gluing two
wooden heads on a tube of pasteboard or
else hy winding several layers of stiff

maper around a 34-inch rod and gluing them
together,

For lighting circuits of about 110 volts,
60 cycles, the primary coil should be wound
with 4800 turns of No. 28 double cotton-
covered wire, which will weigh about one
pound. Wind the wire in smooth, even lay-
ers, like thread on a spool, passing the end-
through holes in one head.

The secondary coil is to be wound on top
of the primary coil, the latter being first
covered with two lavers of tape. For 8
volts there will be needed in the secondary
600 turns of No. 18 double cotton-covered
wire, of which 124 to 2 pounds will be re-
quired.  This is most conveniently put on
in eight layers of 50 turns each, which allows
taps to be brought out at intermediate lay-
ers for lower voltage.

Fig. 2 shows the primary with its two
fine wire terminals projecting from the head.
and the secondary coil on top with three
connections,

For the core of the transformer abiut 3
pound of No, 20, or finer, soft annealed iron
wire is required, cut in pieces about 1l
mches long and carefully straightened. The
34-inch hole through the coils is then packed
with as many of the wires as it will hold.
This, with the necessary insulation of the
secondary coil, is shown in Fig, 2.

(Continued on page 776)
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Operating D.C. Motors on A.C.
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IN FIELD. ’ speed series wound D.C. moter s the bext
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FIELD COILS MAY BE JOINED IN In the dingram Fig. 4 directions are given
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The fleld windings frequently have to be c¢on-
nected in parallel, as shown, in order to reduce
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Fig. 3 shows the simpleat type of repulsion
ta pe motor where the tield« are excited on AC,
while the armuture brushes are short-circuited,

SRodis: @ Fi

JUMPER Fig. 6 shows } toy battery maot b SEVERAL TURNS OF Y
ON REVOLV- OF HEAVY nlwr::qul sf‘r(:»‘:n: l.lo()‘:’\‘o(l't‘ .\'.a(‘. e:l‘rt-':lt nll;:} cr:‘elan: COPDER WIRE: WRAPPED IOV. AC.
ABLE ARM WIRE of n step-down transformer, such as those sold -ARQUND.COMMUTATOR

for operating toy railways.
Fig. 8 shows a simple induction motor, the

armature of which has to be spun until syn-

In Fig. 7 we see how a D.C. motor has two chronous speed is reached. A piece of hare
~lip rings mgunted on the shaft and connected copper wire is wrapped several times around

! fo diammetrieally opposite commutator seg- the commutator and twisted tightly in place;
ments in a two-pole machine. In this faxhion or for a permanent job it may be soldered to
“REpULSION MOTOR HOOK' Up"' w synchronous motor may be dlvided. the bars.
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Opecrating D.C. Motors on A.C.

By H. Winfield Secor

Associate Member, American Tastitute of Electrical Fngincers.

{lints on How to Operate I'ractional Ilorse-
power Dircct Current Motors on
Alternating Current Circuils.

T IS often desired to operate fractional

horse-power direct current motors on

alternating current circuits, usually of

110 volts potential and 60 cycles fre-
quency. In general, the best type of D.C.
motor for this purpose is a seriecs wound
type. i.e., having the armature and field
windings connected in series when used on
direct current; it was recently pointed out
in the Journal of the A. [, I&. E. that almost
any D.C. sceries motor will run on alternat-
ing current, provided sufficient voltage is
applicd to the terminals,

Oue of the main problems in operating
many D.C. series motors on A.C! is that the
ficld has too great a resistance and induc-
tance to permit sufficient current to flow
through the armature to give any worth-
while speed and torque. The frequent re-
sult is that a D.C. motor operated on A.C.
shows poor speed and torque. The induc-
tive voltage drop across the windings of
the motor increases with increase of {re-
quency, and vice versa; and, hence, with a

\
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For the experi-
menter interested
in operating D.C,
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deal of novelty
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and merit in the
motor shown sche-
matically at the
left, Fig, 10. The
caperimenter ¢an
easily try out
these motors in his
home laboratory
nnd  will learn &
great deal there-
by.
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given motor, the higher the frequency of the
A.C. applied, the less will be the value of
the voltage reaching the armature of the
motor. The inductive drop in the field can
he compensated for in a fushion by changing
the number of turns and the size of the wire
on the windings, and using the minimum
number of fiekd turns, but this procedure is
limited as commutation hecomes unsatisfac-
tory, when the field is weakened to any
areat extent,

It is clear from the above considerations
that the high-speed D.C. motor is more
satisfactory for operation on A.C. than those

*designed for lower speeds. In any case, the
motor to be operated on A.C. should have
both armature and ficld built up of iron
sheets, 1.¢., laminated. So-called universal
A.C. and D.C. motors have their windings
carefully balanced out so as to operate on
cither form of current, and their speeds are
usually nearly alike on either current. It is
also noticeable that these motors, as afore-
mentioned, are usunally of quite high speed.

Raising A. C. Voltage Applied to Motor

The applied A.C. potential may be raised
above 110 volts, the usual potential avail-
able, either by mecans of a step-up 2-coil
transformer, as shown in Fig. 1, or by
means of an auto-transformer, as shown in
Fig. 2. Care should be taken to see that the
motor does not over-heat, and it is well to
have the A.C. potential variable, cither by
means of taps on the transformer winding,
or else by means of an adjustable choke coil
placed in series with the line to the motor.

Such a variable choke coil or impedance
may comprise a small coil wound with
several layers of insulated magaet wire (No.
14 to 16 B. & S. gauge) having a laminated
iron core, which can be slid in and out of
the coil.

Fig. 3 illustrates the features mentioned
abave, and refers to the desirability of using
a high-speed D.C. motor witii as Wweak a
ficld as possible if it is to operate on alter-
nating current.
of

Reducing Resistance and Inductance

Field

D.C. motors, when comnected to A.C. of
similar potential frequently will not cven
turn over, owing to the high resistance and
inductive voltage drop in the field coils.
The armature usually has a sufliciently low
resistance to render it satisfactory for A.C.
service, provided we reduce in some way
the high resistance and inductance of the
ficld windings. As shown in lig. 4, a 4-
pole series wound D.C. motor may have the
ficld coils reconnected in parallel, which will
reduce the resistance sufficiently to allow the
motor to operate satisfactorily on A.C. The
terminals of the whole field winding are
connected in series with the armature, of
course, as indicated in Fig. 4. The parallel
connection for a 2-pole field is also shown
in that diagram.

Replusion Motors
The repulsion type of A.C. motor hook-
up is shown in Fig. 5. Here the comnuuta-
tor brushes, which should be mounted on an

The simplest form of self-starting single

phase A.C. motor is shewn in Fig. 9 above.
It will usually be found that the armature
doesn’t have a sufficient number of slots, and
that more slots will have to be provided.

arm so as to be moved around the commuta-
tor to determine the hest point of commuta-
tion with the lcast sparking, are counected
together by a jumper of heavy copper wire.
The field coils may be tried in series, but if
sufficient current does not pass to permit
the motor specd to pick up sufhiciently, they
may be conneccted in parallel to reduce the
resistance.  In all of these experiments, it
is best to have an adjustable choke coil or
rheostat in series with the main line, and
to make a test on the motor for a half hour
or so, to see that it does not unduly over-
heat. In any case, the motor should not be-
come too hot for the hand to be borne on it
comfortably. The repulsion type motor is
self-starting, as is the series type 1).C. motor
when operated on A.C. The simple squirrel
cage induction motor is not sclf-starting,
unless some means, such as starting coils or
shading plates, are used to enable it to start.

Low Voltage D.C. Motors on 110 Volts D.C.

Fig. 6 shows the use «f a step-down or
toy transformer for operating a low voltage
mator, such as those intended for battery
circuits.  This applies to the toy electric
raflways so much in vogue today. The
motor is series wound, and rated at 6 to 8
volts usnally., The other day a friend asked
if he could operate a 6-volt 14-h.p. series
wound D.C. motor on AC. Ile seemed
to think it was out of the question, but all
that is necessary is to see that the trans-
former is big enough to supply the neces-
sary current required by the motor.  Step-
down transformers of small size are used,
as shown in Fig. 6, for operating a number
of D.C. appliances nowadays, including
clectric door bells, indnction coils, sounders,
relays, etc,

Tor experimental work, the circuit shown
in Iig. 7 is often valuable. This shows how
to operate a low voltage battery motor from
a step-down transformer in synchronous
fashion, i. c.. where the speed of the motor
will be constant and in step with the alterna-
tions of the supply circuit. Two slip rings

(Continued on page 774)
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Building a Small Electric Bell
By H. WINFIELD Skcor

ASI.\IPLE and cheap electric bell or
buzzer can be constructed as shown in
the illustrations. The gong of the bell
should be of soft iron or mild steel, as it
forms part of the magnetic circuit for the
actuating mechanism of the bell.

The single magnet coil used, wound with
about eight layers of No. 26 insulated mag-
net wire, enameled or cotton covered, has
a U-shaped soft iron core made of v§” by
13" strap iron. One terminal of the magnet
winding is secured to the short contact
spring, as shown, while the longer contact
spring connects with one of the terminal
posts of the bell. The brass or phosphor
bronze spring (A) supporting the magnet
has the second terminal of the magnet coil
soldered to it at its upper end, as the dia-
gram shows, while the lower end of this
magnet-supporting spring is connected to the
second terminal post.

When battery current is applied to the
bell terminals, the electro-magnet is at-
tracted toward the gong, striking it a blow
which gives forth a sound. At the same
instant the circuit is opened by the separa-
tion of the two silver contacts mounted on
the springs in the manner shown. This ac-
tion is repeated rapidly, causing the bell to
give forth the usual vibratory or musical
note. By adjusting the bell gong, so that
the vibrating magnet cannot strike it, a buz-
zer sound will result or the same sound
cffect may be secured by pasting a piece of
thin paper around the inside of the gong, so
that the magnet cannot strike it.

JUNI

//41RON BELL GONG
4 i x4 3061 RO
’f % +— COIL LEAD SOLOERED MERE

8 LAYERS
‘_Ni 26 INSULATED
MAGNET WIREC

v " COIL LEAD
W\ 501 DERED HERE

\
NS RIVET'

YO BATT.

Details of construction of the electro-mag-
netic clapper or hammer of the bell just de-
scribed.

Field for Small Motor

T}IE field magnet shown in the illustra-
tion is very simple to construct and
offers very little impedance to the magnetic
circuit. The circular part or yoke is made
of a section of six-inch pipe which is about

W

OR EXPERIMENTER |

o XIT " _—5—

Elevation of an electric
bell whose clapper carries
the electro-magnet itself,
This hits the bell and
gives the sound.

two inches long. The legs are made of
strap iron riveted to the sides of the yoke
as shown. . .

Each of the poles and pole pieces are in
one piece and are made of the head end of
one-inch machine bolts. The heads of the
bolts are filed with a half-round file so as
to form a concave surface which will con-
form with the curved surface of the arma-
ture. A shoulder is filed on the opposite
end of the pole as shown. The reduced
portion is passed through a hole of corre-
sponding size in the yoke and riveted down.

The field coils are form-wound and placed
on the pole core before the poles are riveted
into the frame. The coils should be well

insulated with tape before being put in place
and wound in the way to produce poles
of the proper polarity,
north and south poles.

that is, alternate

—D

Simple construetion of the field of a small
motor, using a section of 6-inch tron pipe for
the yoke. This llne of construction is of
special interest to amateurs,

Experiment with Lamp Bulb
By J. ALstoN BRIDGES

N exceptionally interesting experiment
can be performed with an ordinary 60-
watt, carbon filament electric light.

The bulb is immersed in a bow! of distilled
water and the tip snipped off with a pair
of pliers. The water will rush in and fill
the bulb. It should be inspected afterwards
to be sure that the filament is intact.

The bulb, now full of water, is screwed
into a socket in a vertical position and con-
nected to the supply as shown in the illus-
tration.

When the current is turned on a drum-
ming sound will be heard. This sound is

Jit.

o

N il g
ailfilie——=

caused by the sudden condensation of the
steam produced in the immediate vicinity of
the filament by the cold water in the bulb.

It will be seen at the start of the experi-
ment that there is a small space at the top
of the bulb. This space will gradually fill

CARBON FILAMENT

=—— TIP BROKEN
OFF

WATER

A curious experiment with a lamp bulb, heat-
Ing the tilmment while the bulb Is full of water.
The top has been broken or filed off under
water. The air pressure fills it with water.

up as the water becomes warmer and
warmer. This shows that water expands on
being warmed. As the water warms up
connection currents can be seen, similar to
those produced by pouring acid into water.

The filament of the bulb vibrates quite
energetically during the experiment, and, in
mine, drew itself over to the glass until at
the end it was touching the side of the bulb.
Why this is so I do not know. It worked
the same with A.C. or D.C. current.

When the water commences to boil, the
filament becomes covered with bubbles of
steam. \Whenever these bubbles become
large enough so that the water cannot cool
the wire very much, the wire turns red.
Sometimes half the filament will become
bright red. This makes a very interesting
spectacle,

A Pill Box Galvanometer

THIS simple and novel galvanometer was
constructed from a pill box, a little wire,
about No. 30, and a dime store compass.

I wound the wire around a circular piece
of cardboard and slipped it into the bottom
of the pill box. T then put a small bind-
ing post on each side of the box and fas-
tened the ends of the coil to them. I then
put the compass in the box and the instru-
ment was complete.

Contributed by John Picrce.

THE COIL IN PLACE

THE FINISHED
INSTRUMENT

Exceedingly simple galvanometer, contained

in a common pill box. This Is the last word
in extemporized apparatus,
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Simple High Frequency
Experiments

AHIGH tension transformer, ¥ k.w., 400
volts to 6600-volt secondary, is required.
The iollowing list gives the rest: A high
tension condenser composed of 00 glass
plates 5 x 7-inch with tinfoil interleaved.
Spark gap with 34-inch faces. Twelve feet
of copper ribbon 3j-inch wide by wh-inch
thick wound in a cumpact circle 8-inch in
diameter, Forty to sixty feet of No. 14
gauge wire fairly heavily insulated. wound
in a compact circle 8-inch in diameter.

The transformer is operated irom 110-volt
00-cycle circuit and should he tapped so
that the current can be regulated. The sec-
ondary current is connected to the condenser
in parallel.  The spark gap i~ connected in

CORE_OF TRANSFORMER
(SECTION) 2 SQUARE INCHES

U Bl |

RE

c
i

PRIMARY WINDING 400 T,
Nt || WIRE
SECONDARY Nt 28 WIRE

Diagram of connections for a «imple high
frequency apparatus, The primary of the
transformer isx tapped so that the secondary
potential can be varled,

series to the oscillation transiormer which
is composed of heavy wire, The sixty feet
of No. 14 wire is placed about }4-inch above
and directly over the other cuil oi wire,
The experimenter gets strips of tinfoil about
three inches wide and two feet long and con-
nects these to his wrists, making sure that
the tinfoil makes good connection with the
skin, or a burn may result. He then con-
nects the terminals of the second coil to his
wrists by a No. 14 wire.

Now for the stunt. Turn on the trans-
former, adjust the spark gap to about ts-
inch spark, get a 110-volt 40- to 60-watt
light and touch the terminals of the light
with your finger tips, and lo, and behold, it
lights to about one-half the power which it
generally gives on the 110 volts.  The effect
is very mysterious when the spark gap is
muffled and the wires from the wrists are
concealed. The diagrams and circuits are
shown here.

No shock is felt while conducting these
experiments on account of the high fre-
quency of the current, and the “skin effect,”
which means that the current travels on
the surface only. A hollow copper tube
would be just as good a conductor of elec-
tricity as a solid rod. In this case the cur-
rent travels on the surface of the skin and

3-0 T. COPPER RIBBON 3 X 33
CONDENSER L

NS, 3500- 6000 V.
5 Kw

TINFOIL TO BE —»
CONNECTED TO WRISTS

30-50T N2I4 INSULATED WIR[)

This form of the high frequency apparatus
in especially adapted for demonstration, With
the tin foils connected to the wrists, incan-
descent bulbs may be lighted by bringing them
In contact with the hands.

1o V 60 ~

goes to the finger tips where it lights the
electric globe with about onc-half its usual
intensity.

Instead of lighting the bulb by passing

‘four holes in the base.

the current through only part of the body
we can pass the current over the whole body
by taking two electric bulbs 40- to 00-watt
size, holding on one brass contact picce of
cach lamp and touching the other contact
picce to the terminals A and B. Then both
bulbs in the experiment light quite brightly.
apparatus, when the coils are about !Z%-inch
apart, if the spark gap is properly adjusted
andd the condenser is of right capacity. The

A 100-watt light can be lighted with this
lamp if connected to A and B.

To make an efficient Tesla apparatus the
only article that is nceded is a cardboard
tube 4 inches diameter and 14 inches long.
wound with No. 30 S.C.C. wire closely
wound. This coil is then placed in the cen-
ter of coil C. The wire from the end of
the Tesla coil is then connected to the inner
turn of the copper ribbon. Sparks 4 to 8
inches long can be obtained from this coil.

—Contributed by E. A. Thompson.

Flower Dase from Old Bulbs

INSTEAD of throwing away those old
electric light bulbs that have burned out.
we describe a novel way in which they can
be turned into very attractive bud or flower
vases.

Remove the brass ferrule very carefully
until the sealed end is uncovered. Then with
a quick tap with a metal tool knock off the
tip and thus destroy the vacuum. With a
elass cutter cut off this narrow end, remove
the filament holder and enlarge the opening
ufficiently to allow the insertion of two or

ELECTRIC
LIGHT BuULB

A novel use for discarded Incandescent hulbs
is here itlustrated. The bulb with the base re-
moved provides an unusual flower vase.

three rose stems. Then heat this cut edge
in an alcohol flame until hot enough to be
moulded into a round edge as suggested in
the illustration. This can be done with a
thin strip of glass held in one hand while
the end of the bulb is being heated.

The base can be made of a small, square
piece of wood with a small hole bored in
the center. The bulb is turned tip end down
in the hole and then a four-legged wire
frame is formed to encircle the bulb near
the top with the ends of the legs thrust into
This makes a neat
holder, although any other suitable way of
retaining and supporting it will answer that
pleases the fancy.

Cover the frame with fancy paper if de-
sired and fill the bulb with water. Two or
three pretty roses inserted in this vase will
prove very attractive.

Contributed by I.. B. Robbixs.

.and dissolve them

767

Writing With Electricity

DID you know that you could write with
electricity? It doesn’t sound reason-
able, but it can be done nevertheless.
First, get a large tin cakepan and turn
it bottom up on the desk. Drill a small
hole in one edge, solder in a short length
of wire and lead it to the negative or zinc
plate binding post of one or two dry cells
connected in seies as shown. Connect a
second wire to the carbon binding post of
:he other cells, the two being connected in
series, and attach the free end to a steel pen

CAKE-TIN /

With the steel pen connected to the positive
electrode of a battery, and a sheet soaked in
potassium lodide connected to the negative ter-
minal, electric writing can be done.

= =2

by pushing it between the pen shank and
the inside of the pen holder.

Buy a few crystals of potassium ijodide
in warm water. Then
soak a piece of clean, white paper in the
solution and spread it on the pan while wet.
Write with the dry pen on the paper while
the connections are on the battery and the
writing will show up in brown letters on
the paper.

Contributed by L. B. Robbins.

2-lnch Throw Knife Switch

N most double throw switches the switch

handle has to move through a semi-circle.
The switch shown here is designed to elimi-
nate most of this swing.

The base and the upright that carry the
switch jaws are made of hard rubber. The
uprights are bolted to the base. The dimen-
sions of this base and the uprights depend
on the size of switch used.

A double throw switch is taken apart, and
the two jaws are placed in the position
shown, and connected to binding posts. The
switch blade and the jaw, which the switch
blade swings on, are taken apart and a hole
of the correct size to receive a-rivet is
d-illed near the handle-end of the blade.
The blade and its pivoted support or jaw arc
riveted together, mounted as shown, and
connected to the other binding post.

While this switch is harder to “throw”™
than the other type, because of the decreased
leverage of the blade, the handle oi this
switch does not have to swing in so large
an arc, as it does in the other type.

—Contributed by Roger Anthes.

_ < BINDING POST

HANDLE
SV:ITCH BLADE l

SWITCH JAW

HARD RUBBER BASE

Modificatlon of a switch so that a small mo-
tion produces the same effect as a movement
through an are of 180 degrees does in the ordi-
nary type of throw switch,
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Service from Bottles

STAND-OFF INSULATOR

“T@l: (i
WUt

LEYDEN JAR

CONDENSER
FCONTAINER
+<QUTSIDE
PLATE
INSIDE
PLATE

) FIG.4

What can be done with bottles? Fig. 1 shows a stand-off insulator and Fig. 2 an Insulator for your aerials.

AERIAL INSULATOR

WIRES

FIG. 5
Ef\_—___—__ —__/\\__]

WIRE

BOTTLE |
FIGE (

If you want a condenser

you can make the container as shown In Fig. 3, building up the condenser as shown in Fig. §, while Fig. 5 shows the section of a bottle used

to wind the coil on.

THERE are many uses for old bottles,
but an ingenious and mechanical experi-
menter will ever find many more adaptations.

In Fig. 1 there is a stand-off insulator.
This will find its place in many a radio
amateur’s shack for aerial and high tension
insulators.

In Fig. 2 is shown an aerial insulator.
You will notice in Figs. 1 and 2 that there
is a hole in the bottom of the bottle. This
hole can be drilled with a broken file held
in and rotated by a carpenter’s brace. This
insulation is very desirable because if we
have a long bottle, the length of the insu-
lator will be great, thus making leakage from
the aerial very slight. Use a solution of
camphor or turpentine for the drilling.

Now if we cut the top of the bottle off

\/I.\NY experimenters know that an elec-
LV tric light bulh will make a good flask.
1iowever, the difficulty in securing a clean,
smooth cut in separating the base from the
bulb causes many to give up in despair. By
following the procedure outlined below it is
possible to make a very satisfactory jobh.
The “nitrogen” filled bulhs with a nearly
round shaped bottom, or what is to be
the bottom, and a long stem or neck. are. of
course, the best for a Florence flask. The
tipless type is to be preferred since it gives a
stronger base for heating. The cutting is
done electrically. A piece of resistance wire
of about No. 22 B. & S. gauge and nine
inches long is secured. Such wire can be
taken from an old electric heater coil. This
is attached to pieces of copper wire which
run to a six-volt storage battery as shown

The discarded top of Fig. 3 can be used for a funnel.

we have a container. There are several ways
to cut a round glass bottle, but I shall men-
tion two good ones. The first requires a
red hot. tant wire which is pressed against
the bottle where the cut is to be made. Then
dip it in water.

The second requires a piece of cord long
enough to go around the bottle once. This
is dipped into alcohol and tied around the
bottle at the spot where the bottle is to be
split. Then the cord is lighted with a match
and allowed to burn. When we see that
the flame :s about to go out, we dip the
whole bottle into a pail of cold water, and
presto, the bottle will be cracked at that
spot. The beginner should make several
trials on scrap material before attempting to
use a good hottle.

Inexpensive Flasks
By Harry R. Lubcke

in INig. 1. About 7% inches of resistance
wire between the connection with the copper
pieces will give a red heat on six volts.
The resistance wire is wrapped around the
neck of the bulb where the cut is to be made.
care being taken that the two ends do not
touch, so that the loop around the glass will
not be shorted. If the wire is put in place
when heated by the curernt it will bend
more readily. The current is allowed to
flow for ahout one minute, after which time
the neck of the bulb is plunged into cold
water. This sudden change of tempera-
ture will cause the bulb to crack evenly
where the wire was located. The base and
lead-in wires can now be pulled out.
Round off the sharp edge by “fire polish-
ing.” holding it in a gas stove or Bunsen
flame until the flame is colored intensely

We may use the container of Fig. 3 as a
Leyden jar condenser as shown in Fig. 4.
Thin sheect copper or brass may be used for
the plates or coatings. In Fig. 5 is shown
another very useful article, a glass coil
form. This will make your coils low-loss
and be much better than the regular forms in
many ways.

Those fans who like to utilize whatever
they can lay their hands on will find that
the tops which they cut off the bottles with
narrow necks make fine funnels, This is
shown in Fig. 6. The sharp edges of cut
hottles can be removed by rubbing with a
file or whetstone. The latter is probably
preferable. Do not try to round them in
a flame.

Contributed by Harry 1I. Farb.

vellow and the glass begins to melt. It cun

be spread with a carbon pencil.
"

b
b

ELECTRIC
LIGHT BULB

—
Using a resistance wire heated by a storage
battery for cutting off the neck of an electrie

light bulb. Will cut bottles as above.
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Awards in the $50 Special Prize Contest

For Junior Electricians and Electrical Experimenters

First Prize, $25

Edwin Crosby,

649 4th Avenue,
Troy, N. Y.

Second Prize, $15
H. J. Russel,
23 Institute Road,
Worcester, Mass,

G. V. Kimmel,

Third Prize, $10

925 S. 22nd Street,
South Bend, Ind.

Honorable Mention
Ralph Townsley,
Emison,
Indiana

First Prize
Home Made Buzzer

BEND four nails of a convenient sizc. cach
into a sort of U-shape, with the head of
the nail on the short leg, which is to be one-
hali the length of the larger leg; arrange
with two coils as in the diagram.

If used on a 110-volt circuit the coils must
he wound with a great deal of No. 30 B. and
S. gauge wire, but if used with a step-down
transformer, less wire of larger gauge may
be used.

The armature is a small bar magnet with
a hole drilled in the center or supported in
some other suitable way so as to allow easy
vibration. A small nail through the hole as
an axis will answer,

NAWL NAIL

PINOT

[N T TBAR 6 MAGNET. 5]

NAIL NAIL

WIRES

¥ ¥
TO 110V HOUSE CURRENT
An  extemporized buzzer nsing
nails for the nmmgnet cores.

bent wire

When the buzzer is arranged as shown in
the diagram, the alternating current sets up
a changing magnetic field in the electromag-
nets, driving the armature back and forth on
cach side of its axis. producing a strong
vibiration.

Second Prize

llluminated Thermometer

BL'Y a glass outdoor thermometer ; ground
glass if possible. Bend a piece of V-
inch brass to the shape as shown in \.\,
with holes to attach it as required.

Cut a picce of glass tubing (cost about 5¢)
with cork in each end about Y4 inch shorter
than the inside of the bent brass strip. Two
holes in the end of the brass strip provide
for screws to hold the corks in place.

WIRES B8RASS STRIP~

e
GLASS TuBE = |

- L

ey -
£ Z
=

LVl JTHERFOMETER 1)

CORK CORK
A system of illuminating a thermometer for
use ontside of u window, DBy tonching a but-
ton a light Is turned on to show the tempera.
ture on the seale.

Buy a battery and lamp (10c each) ; solder
insulated wire to bottom and side of lamp
base. Run wires through bottom cork to
the bhattery inside the house. A switch is
put in the line where convenient. I made
one by screwing a round head brass screw
for one contact, attaching one wire to it,
and the other part was a 2-inch long thin
strip tempered brass to touch against the
screw head when pressed.

SWITCH T he general ar-
¥ rangement of
switch, battery,
light and thermom-
eter. The thermom-
eter is supposed to
he tined in position
outside the window,

I have had such a device for several years
and have also constructed some for gifts for
friends. The ouly upkeep expense is a 10c
battery occasionally.

§$50 IN PRIZES

A special prize contest for Junior
Electricians 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 tu make things electrical, new
electrical wrinkles and ideas that are
of benefit to the user of electricity, be
he a householder, business man, or in
a factory.

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

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

The tube with lamp may be placed behind
a gla-s-scale thermometer or alongside a
wooden scale one.

Third Prize
Photographic Timer

SRess

91“?

An  apparatus
for timing photo-
graphie expos-
ures with special
reference to
making prints,
An air brake rege
ulates the time
of exposure.

HIS simple timing device is an original

idea of my own. It can be used to time
photographic prints. or by connecting any
electrical device (in place oi the bulb as
illustrated) the exact time of operation can
be governed

D I QD

(A) is a small solenoid, with a soft iron
core. The corc is slotted at one end and a
small hole drilled there for a pin. (B) is
& heavy brass strip, slotted at each end, and
a hole drilled near the center for a pivot.

PRY CELLS

SWITCH SOLENOID
o/

Hov
AC

BuULSB

Dingram of the connections for the photo-
graphic timer, The solenoid attracty Ity arma-
ture, but its speed of action -Is restrained, by
what may be termed an air dash pot,

(C) is a small bicycle pump, which is cut
off three inches irom the top and a small
brass plate soldered on: this plate should
have a small pin hole. It is used as a dash-
pot ; the compressed air slows down the action
ot the solenoid. The piston of the pump is
cut the right length and slotted and a hole
is bored for a pin. (E) is a small brass strip,
waich is soldered to the piston of the pump
and not to strip (B). (F) is a brass strip
slotted at one end for the screw (G). (H)
is the guide for the strip (FF). (J) 15 a
switch.

A set screw with a needle point regulates
the air compress, but most of the adjusting
should be done with the strip (F).

It the city current is not direct, dry cells
mnst be used to operate the solenoid, as illus-
trated. The coil is excited and the bulb
lights at the same time.

Honorable Mention
Electricity for Sitting Hens

BOUT this time of year on most farms

it is desirable to stop hens from sitting.

This is nothing more than three or four

dry cells, a Ford coil and a few feet of bare

wire. Simply turn on the coil current to

see things happen. The fun s worth all the

tinie and trouble and the hen won't come
back to the nest until she is ready to lay.

WIRES TO SECONDARY OF
FCRO COIL OR SHOCKING MACHINE

An  electrical apparatus for discouraging
hens from sitting and by this disconragement
it 4 supposed that they will be induced to
lay eggw.
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What Our Readers Think

Electrolytic Hydrogen for Power
Editor, THE EXPERIMENTER:

While reading Tne ExpertMENTER for July T
noticed an article entitled ‘“‘P’ower Generation in
the Future,”” which stated that the use of hydro.
gen, which had been separated from water by
electrolysis, would probably be a factor in future
power generation.

Isn't the production of hydrogen by electrolysis
rather an expensive process? According to my
calculatinns it takes a very large power to liberate
hydrogen from water. A small amount of this
gas would probably, however. be quite -ufficient in
quantity to operate an explosion engine. I would
like your opinion.

I would also he pleased to have your opinion on
the use of acetylene in an explosion engine.

Yours truly,
Ermer R, CamPBELL.
Taunton, Mass.

(The idea of the potwer plant is to ntilize wind-
power and only to maintain a reserve of'h_\'drogru
to take care of calm days. The author is a Cam-
bridge (England) University man, and althon{gh
his idea is cxtravagant from our point of tvicw
it is interesting as an attempt at a glence into the
future. A great dcal has happencd in the last
fifty years, and the end is not yet.

We wonld not advise you to use acctylene in an
explosion cngine. he gas is endothermic and is
liable to crxplode by brecaking up into its con-
stituents hydrogen and carbon. If it did this in
the engine cylinder it would tend to v'nterfrrr.t.mth
its regular excle. It has been used to _fanh.mte
starting automobile cngines, but met with little
success.—EpIToR.)

Electronic Cells

Editor, THE EXPERIMENTER!:

I noticed your article on the “Electronic Cell”
in the June issue of Tue EXPERIMENTER. 1t is
really a very revolutionary application of radio-
activity and may lead to revolutionary changes in
generation of electricity, if it advances as fast
as generation by magnetic fields has.

I wonder if the electromic cell battery would
ever need recharging? The polarization drop ought
to be practically nil since the radio-active elec-
trolyte is active for some hundred or more
thousand years.

If it never needs recharging it appears to be
a hig step toward the ultimate goal of practically
utilizing atomic force.

Your magazine is just about
wire tradesmen and experimenters
fields.

for live:
science

ideal
in all

Yours truly,
RavyoND \WAGNER.

(The electronic battery is decidedly in the ex-
periment stage and it is not possible to make
any predictions comcerning its possibilities.  One
thing is certain, the electric battery whether pri-
mary or sterage necds much change to give it the
standing it should have. . The storage battery is
too hea:y and too expensive; the primary battery
uses too cxpensive “fucl” nam'rl_v zinc, and too
expcensive a source of '.'ox_vgrn.' namely the elec-
trolyvte or battery solution.—EDiTOR.)

Wants Articles for the Beginners

Editor, EXPERIMENTER:

I have just finished reading “Tue ExpERIMEN-
rer.*  On page thirty-six was a voting coupon
which T was asked to cut out and 'mall to you. As
1 keep all my magazines (Radio News and Science
ond Invention) I do not like to cut this magazine
up and so I am writing instead.

You asked for my opinion of the magazine and
what 1 would like to see in it. First it does not
come up to Science and Invention or Radio News
in size or material. It is too advanced, for me
anyway. [ refer to_the articles such as ‘‘Little
Known Methods of Producing Oscillations, Hear-
ing Muscular Action. and Simple Telegraphone.”

I should like to see a monthly page for t}!e.bel
ginner. Radio owes its popularity, in _my opinion,
to the ease with which it is learned. It is easy to
learn because most radio articles are written for
beginners.

Science and Imvemtion has the majority of its
conterits put in pictures which are very easy to un-
derstand.

Tue ExperiMENTER would increase its circulation

reatly if it had monthly articles for the beginner.

gince it is called “Tue ExPerIMENTER" why not
have a simple monthly experiment which the be-
ginner could do?

I enclose one which T think would prove a good
one to start with, It proves a common statement
and is very interesting.

I hope you will see fit to publish this experiment
and continue to have a page for the beginner.

Yours truly,

Worcester, Mass. Ernest CanrENTER.

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

—EDITOR.

Highly Pleased With “The Experimenter”

Editor, THE EXPERIMENTER:
Just a line to let you know how a highly pleased

reader of THE EXPERIMENTER feels. 1 bought
the first issue of Tue ExPERIMENTER and it has
taken its place along with SCIENCE AND INVEN-

T10N on my laboratory bench. You are to be
congratulated upon the change. ‘'‘Practical Elec-
trics’ I didn't care for at all, but the new maga-
zine is a Wow!

I have a small chemistry lahoratory of about
sixty reagents. so of course I would like to see
more of Dr. Frnest Bade’s and Raymond B.
Wailes' stuff. In the February issue, J. Edmund

Woods and Earle R. Caley’s articles were en-
joyed. More! .

_The radio department is great. for those that
like it.

There is only one drawback to your publication
(I think) and that is: Your articles on the future.
I think you let your imagination run a ligtle too
wild. Your drawings and your captions seem to
be a little too positive. You tell all about how
to do it without giving any details.

This is a pretty long “word.,” but I wanted
you to know that Tue ExPErRiMENTER fills a loug
felt want in the heart of the American experi-
menter,

Long may she wave!
F. E. UpcHuvrcH,
An S. & I. Reporter.
Atlanta. Ga.

(You will find the details vou scek for in the
text of the articles. We wish we could be sure
that our readers dependcd more on the text of
the articles and less on the captions. 1l'c give
our best efforts to securing good material and
some very vemarkable articles have already op-
peared on our pages and more are coming.—
Ebptrtor.)

WANTED

LECTRICAL articles on automo-

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 CAMPER AND
TourisT requires, which are paid for
at the regular space rates.

In order to acquaint yourself with
what is wanted secure a copy of the
magazine from your news dealer. If
he cannot supply you write for free
sample copy to

Motor Camper & Tourist
53 Park Place, New York City

A Question of Magnetic Poles

Editor, THE EXPERIMENTER:

The question has often arisen, where is the
North and where is the South Magnetic Pole.
According to E. E. Weber, map maker. the
North Magnetic Pole is situated near the North
Geographical Pole. Taking Amundson's voyage
to the South Pole into consideration, the above
statement is false.

When he. Amundson. reached the South Pole,
his compass needle deviated so that his south end
pointed down, showing the presence of a North
Magnetic Pole. Therefore, the South Magnetic
Pole must _he in the vicinity of the North Geo-
graphical Pole. Moreover, a south.seeking pole
is sometimes called north., showing that the
north side of a compass needle is attracted by a
South Pole (Magnetic).

Yours sincerely,
RavMonp A, LisisQuex.

(There is no doubt that the correct name for
the nosth pole of the magnet is the ‘“‘north seek-
tng pole.”” But the short names “North Pole”
and “South Pole’” have won acceptance and it is
too late to change now.—EDITOR.)

Danger in the Chemical Motor
Editor, THE EXPERIMENTER:

At present I am not a subscriber to Tue Ex-
PERIMENTER, but [ chanced to note with interest
mixed with some apprehension the illustration on
the cover of the June issue of that magazine as
it appeared in an advertisement in Radio News.

This illustration is of a *“Chemical Flask Motor”
which operates due to the vaporization of some
volatile liquid, the pressure thus produced forcing
an excess of the liguid over into the other side
of the motor, and thus causing it to rotate. [
have not read the article describing the construc-
tion of this motor. but unless the article is at
variance with the illustration, the presence of a
hottle marked “ether” wonuld indicate the use of
that dangerously inflammable liguid in the motor.
Any sane person having any knowledge of the
properties of ether would hardly use it in thin.
walled glass hulbs which were to be heated by a
direct flame as in the illustration,

The possibility of a leak or of breakage of
some part of the apparatus is too great uvnder
«uch conditions to warrant sugge-ting such an

experiment where it might be performed by some
unskilled technician, with genuine danger to his
person and to those who might he near, In my
opinion, the use of chloroform, which is unin-
flammable. and yet sufficiently volatile for the
experiment, would have been’ much saner and
wiser. Of course, if the use of some non-inflam-
mable liquid was specified in the article proper, the
above criticism does not apply, and in that case,
1 would bheg your pardon for the criticiam.
Sincerely.
Heruan P. Rorn.
Olivet, Mich.

Private Laboratories
Lditor, Tue EXPERIMENTER:

Having purchased a lot in this locality, { am
preparing to erect a comhined dwelling shop
and lahoratory., The laboratory work is to in-
volve physics. chemistry, etc.

It has occurred to me that if neightors con.
sider this dangerous [ may have to nove. I
wonder if there is anything you can ‘21 me in
regard to my rights tn this matter, and if so,
would he pleased to receive an early ‘eply.

Respectfully,
G. M. L.

(There is no danger of the neijhbors forcing
vou to mowve. Your laboratory a you speak of
it. will be no more dangerous thvn any dwelling
house. When xoun hate insured xvou will anto-
matically get the ticies of the wumderwriters om
the subject of laboratories. Thire are laboratories
all orer the country and mo oie should object.—
EpiTor.)

An Appre iation
Editor, THE EXPERIMENTE .:

I am but one in a gre.t army of experimenters
and am trying to learn <)l T can about the theory
and practice of elect-icity and radio. Your
magazine has heen a very great help to me in
these matters. The “uly, 1925, number was ex-
ceedingly good.

Those articles by radio amateurs 2ABM. 2DK,
2FZ and 3MO w:re excellent and the -one by
Leon Adelman caz led “Circuit Analysis,” is also
to be highly com-sended. Here's to the continued
success of your rublication,

Very truly yours,
¢ oHN O'DoNNELL.
Pittshurgh, Pa, !

Binding the Data Sheets
Editor, THE EXPERIMENTER:

I wish to make a little contribution in the line
of a suggestion. To keep the radio data sheets or
any others from being torn at the holes I suggest
making gummed reinforcements as follows: Get
some gummed strips of paper such as grocers
use to fasten paper hags and stick two pieces
together one on top of the other so that one
side is plain and the other gummed.

Then make punches from two brass tubes ¥
inch and !4 inch diameter by filing the ends to a
knife edge. With a compass make as many ¥
inch circles or washers as possible and make 13
inch circles in the centers. First use the !'§ inch
punch and then the !4 inch punch. Stick these
on either side of the data sheets where the filing
holes are.

Hoping for the future success of the Experi-
MENTER, [ am,

Yours truly,
SiMoN CHERRY,

Montreal, Canada.

(Ve are glad to publish this suggestion. There
ts no doubt that reinforcements are desivable,
although other arrangements could be dervised.—
EpiTor.)
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Latest Electrical Patents

Amplifying System

This new system of cadio frequency amplification has been patented
by John Scott-Taggart, the eminentl engineer. An auxillary condenser
is used to enhance the inberent tube capacity while at the same time
another one is used to neutraliza the tendenecy to oscillate. The inter-
electrode eapacity of the tube is so very small that the proper neutrall-
zation cannot be effectively made when using -mall neutralizing con-
The capacity Is Increased by meany of one of the condensers
Greater stability i«
thus insured and higher emplification is obtainable. The neutraliza-
tion Is not affected by changes in wave-length, and when the con-
denners are once adjusted it will be found that stable operation is as
C? and (4 are the neu-
tralizing condensers, while (1 and (3 are the counter-balancing onen.

Patent No. 1,521,380 issned to John scott-Taggart, liford, England,

Cs
=Lz [Ce L
2T 7r -
La Ls  Lg = densors,
3 = nand then counterbalanced by a second one.
-
v, v, -
Ef good on long wave-lengths as it is on short.
1) R =~
- -

.||”

LLoud Speaker

in this loud speaker, friction due to armature
benrings and fulcrum points usually employed
to support the armature are eliminated, It is
claimed that considerable tone improvement is
obtained In this way.

I'atent No, 1,533,372 issued to C. E, Brigham,
I:. Orange, N, J.

Electric Welding

In electric weldlng a groove is often plowed
out to start the operation. liere a coupling is
made by shaping a piece of iron into a cylinder
nand then by driving a die down into the gap &
proper shape Is given to the gap to facilitate
welding, a thin edge being prodnced at the
bottom for the operation to start at,

I’ntent No. 1,531,821 issued to Chas, S, Smith,
Milwaukee, Wisc,

New Mica Condenser

In this condenser each plate of mica is coated
on one side with black oxide of lead or graph-
ite and then electroplated on this side only

with copper, In this way a more compact
nssembly of the strips is made possible,

Patent No. 1,533,334 Issued to H. O. Russell,
et al, Dayton, Ohilo,

The object of this invention is to secure &
vacuum tube in its socket by the use of a
bayonet joint. To make it doubly secure there
is & spring In the bottom of the socket which
pushes the tube upward to secure the grip.

Patent No. 1,533,209, issued to John W.
Radu, New York, N. Y.

Electric Condenser

This condenser, the invention of the distin-
gulshed electrician, Elihu Thomson, is made
by rolling up sheets of metal and of dieleciric
into a eylinder placing them in a case which
then can be charged with oll.

Patent No. 1536948, lssued to Elihu Thom-
son, Swampscott, Mass.

Zlectric-Are Welding and Preheat-
ing Handle

This Is & handle for operating two diago-
nally placed carbons for arc preheating and
welding. The numerous joints give opportu-
nity for various adjustments and at B and at
A there Is a finger piece for opening the arc (.

Patent No. 1333874, issued to lenry W.
Livermore, East Urange, N, J.

Telephone Diaphragm

The telephone diaphragm lllustrated is cor-
rugated in concentric circles, The lengths of
the radii of the clrcles are prime with each
other numerically, ~o that eacih corrugation
overcomes in great measure the resonance due
te the circles adjolning It.

Patent No. 1,522,358, issued to Phlllips
Thomas, Pittsburgh, Pa.

Combined Storage Battery and
Rectifier

The above patent covers the comblmed stor-
ago battery and rectifier for charging by rec-
titier connected Iin series with the battery and
cut out of circuit when the battery is to be
used, It is particularly adapted for use as a
“13** battery in radlo,

Patent Neo. 1,533,908,
Threm, Cincinnatl, Ohlo,

issued to Willlam
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HE idea of this department is to present to the layman the dangers of the electrical current in a_manner that can be understood by everyone, and that
will be instructive too. There is a monthly prize of $3.00 for the best idea on '‘short circuits.” Look at the illustration and then send us your own par-
ticular “*Short-Circuit.” It is understood that the idea must be possible or probable. If it shows something that occurs as a regular thing, such an idea will

have a good chance to win the prize. It is not necessary to make an elaborate sketch, or to write the verses. We will attend to that. Now, let’s see what
you can do!

S MW )
AR v 4/ TR
\.\\\\l\ ;/, 3 {~ E’:’}

Here lie the remains
Of Miss Lizzy McDubb.
She massaged her neck
\Vith one hand in the tub.

Here rests in peace
Poor Harry MacLawter.
He stuck his soldering iron
In a pail of water.

Entombed ’neath this spot
Lies Willem Van Camp.
He hunted for trouble with

An uninsulated lamp.

—Harry Sand. —Ron. Symms. —Harry West.

LIVE WIRE LINE
KILLS LINEMAN

Cutting {nto = 19,000 volt line by
mistako yesterday. Al Mcadows, 33,
Hneman for the Washington “Water
Power company, at Moscow, suffered
a shoclk that caused his death less
n- [ than two hours later. Meadows was
by | WOrking on a high voltage Jine three
. | miles east of Moscow yvesterday after.

|noon when he reached a point where

| The 19,000 volt feeder doubled back on |
the same line of the poles from the

[ Moscow sulstation to supply Troy.
at | It is believed he did not see the
a | 19.000 volt line below the 60.000 line.

| Life was not gone when Mecadows
arrived at the hosplital and a pul-
" |motor was rushed to the stricken man
from Colfax by airplane, but it ar-
rived too late. He died at 4 o'clock.

Meadows had been connecled with
the Washington Water Power com-
pany for some time, having moved |
from Spokane several years ago. |

|

<
e

of

Electric Vibrator Kills A
. } o % t
Girl Preparing Her Bath | -
. | isville,  Ky.. J 21— ) —A
Beneath this sod @ﬁ‘@ﬁc%m:zmch she wasg d A scholarly death
Is little Jimmie Durkt. wing' yo massage. her “neck, electro: Died operator Mitch,
He put his finger in the socket w4 ﬁm Lorena  Morrtson, 19, in | He pointed his pencil

To see how it worked.

hé bathroom. of ber,uome_her_-e today
—Ron. Symms.

At an electric switch.
—Leo R. Lieder.

In connection with our Short Circuit Contest, please note that these Short Circuits started in our November, 1921, issue and have run ever since.
Naturally, during this time, all of the simple ones have appeared, and we do not wish to duplicate suggestions of actual happenings or short circuits. Every
month we receive hundreds of the following suggestions, which we must disregard, because they have aiready appeared in print previously. Man or woman in
bath tub being shocked by touching electrnic light fixture or electric heater. Boy flying kite, using metallic wire as a string, latter touching an electric
line. People operating a radio outfit during a thunderstorm. Stringing an aerial, the latter falling on lighting main. Picking up a live trolley wire. Making

contact with a third rail. Woman operating a vacuum cleaner while standing on floor heating register, etc. All obvious short circuits of this kind should
pot be submitted, as they stand little chance of being published.
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’I‘ IS department

i~ conducted for the benefit of evervone

interested

of all, but necessarily can only publish such matter as interests the majority of readers.

1. Not more than three questions can he answered for each correspondent.

in clectricity in ull its phase:.

We are glad to answer questions for the beneh:

2. Write on only one side of the paper: all matter should be typewritten, or else written in ink. No atten‘ion can be paid to penciled letters.

4, This department does not answer questions by mail free of charge. i ]
On questions entailing research work, intricate calculations, patent research work, etc., a special charge will be made.

25 cents for each.
will be informed as to such charge.

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

The Editor will, however, be giad to answer special questions at the rate of

Correspondents

Conventional Splicing

(530) James R. Morgan, Des Moines,
Towa, asks:
Q. 1. What is the standard practice used

by wiremen in splicing twisted cable?
A. 1. The method in use the world over
is that known as “staggering joints.” The

fgmiliar Western Union connections are em-
ployed in splicing the ends of the wires. The
following procedure is used:

The upper figure shows the American con-
nection or joint. 1f the straight pertion of the
wire lying between the two twisted portions
were atso tightly twisted it would be the
Western Union connectlon. The lower figure
shows how to connect flexible wire for lamps
and so forth so as to aveld short circulting

awnd arclng,
1

The ends of one of the cables are cut so
that one wire is three inches longer than the
other. The insulation on both is then re-
moved for a space of 2V inches. The other
cable is treated in a similar manner and the
standard Western Union splice made. Thus,
there remains a space of about two inches
of untouched insulation between both joints,
which prevents accidental short circuit. After
the connections are thoroughly soldered they
are well taped and in such a manner that
the joints are almost unnoticeable.

What are known as MclIntyre sleeves are
used to some extent in different parts of the
country wmstead of the ordinary standard
splice and soldering practice  The sleeve
consists of two copper tubes having a slightly
larger diameter than the wires which are
to be counccted. By inserting the ends of
the wires into the tubes, which are practi-
cally welded together. and then twisting
them two or three times about each other
an excellent joint is secured. Soldering may
be used with advantage, or may be dispensed
with.

r

——
R ————,

The McIntyre rleeve; the straight ends of
the w res are inserted in the tubes which are
then twisted as shown in the lower tigure,
making a very secure joint and one of high
conductivity,

Crystal Detector

(531) Leon P. Peck. Bronx, New York.
asks:
Q. 1. Kindly give me constructional de-

tails on a back-panel-mounted crystal detec-

tor. I want this so that it will be protected
from dust acd mechanical injury.

A. 1. The crystal cup is soldered to a
short length of brass rod, to which is fast-
ened a knob, and which rod projects through
a bushing in the panel. A short length of
spring hronze, or even spring tempered
brass is fastened, as is shown in the diagram,
and to one end is soldered a small cat-
whisker of phosphor bronze wire. Regulat-
ing the pressure on the crystal is done by a
short threaded rod with a binding post head
soldered on it passing through the pancl im-
mediateely underncath the larger knob. The
arrangement provides for extremely delicate
adjustment and is quite convenient in vpera-
tion, o

— PANEL

CRYSTAL CUP
CAT WHISKER

JIWITCH

PHOS. BRONZE
«—35PRING

THREADED
BUSHING
N

D00BD0LO0000UTD |

i ‘ —
0o 4 BRASS E
8 SCREW ROD BINDING
1" LONG POST CAP

3
i FIBRE TUuBE /

1-
2 LONG
A very neat arrangement for a catwhisker
crystal etector operated by  the fambiar
switeh » in front of the panel and adjust-
able by 1 binding post cap below the switeh
knob.
Bell Ringer
(532) Jerry Bass, Oshkosh. Wis.. a~h~-
Q. 1. How can 1 convert the output oi

BELL RINGING
TRANSFORMER

& SRy
N ]
Nt R
Operating a bell-ringing generator glving
the usual high voltage: by means of a trans-
former the voltage is lowered so that it can

light a low voltage lamp,

i bell ringing generator so as to light 6-volt
automobile lamps?

A 1. The simplest method by far is to
use a small step-down bell ringing trans-
former. The average voltage generated by
the bell ringer is approximately 110 volts,
and sccondary of the transformer will thus
deliver approximately the necessary voltage.

Rain Alarm
(533) Jackson Stewart, Glen Cove, L. I,

inqu.res:

Q. 1. Is it possible to make a successful
rain alarm and which will warn one imme-
diately after it commences to rain. 1 have
seen many described in various journals, but
it usually takes too long for them to func-
tion.

A. 1. The accompanying diagram shows
how utterly simple it is to make a rain
alarm which will work effectively as soon
as rain begins to fall. A spark plug fitted
with a funnel is fastened to a piece of board
projccting from the window sill. A few
grams of salt are placed around the elec-
trodes and then the device is wired in series
with a 6-volt battery and clectric bell. As
soon as rain water trickles down the side of
the funnel it dissolves the salt which, upon
solution in the rain water, ionizes and the
saline solution becomes a fairly good con-
ductor. If a small switch is included in the
circirt, it will be possible to shut off the
alarm when it has heen answered and thus
save the hatterv.

" /i

A ruin alnrm. It operates by tne moistening
nf salt by the rain, a spark plug being used
to give the terminals. A metal funnel is con-
nected to the oune wire,

High Voltage Experiments

(534) A. R. Ilhbotson, Souris, Man.,
writes:
Q. 1. I am particularly interested in your

article by Lester Reukema on high voltage
cxpermients.  Please give me page reier-
ence for the second instalment.

A. 1. You will find this i1 the May issue
of Tue EXPERIMENTER, page 494 with addi-
tional illustrations and diagrams.
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Operating D.C. Motors on A.C.

are connected to diametrically opposite com-
mutator segments, as shown, and synchroniz-
ing lamps connected across the main switch.
These lamps should be of similar voltage
rating to that oi the motor. [Full details on
how to synchronize can be found in any A.C.
textbook. The field coils are excited or
polarized by means of battery current. which
may be varied through a rheostat. IFor this

IIOV.AC.

[ o

MOTOR
A.C.VOLTMETER

A.C.TEST

DIRECT READING
A.C. WATTMETER

11OV. D.C.
0.C. MOTOR
@ VOLTMETER
D.C. TEST

The connection of volt and ammeter, as well
us direct reading wattmeter, are shown in the
diagram above, both for testing D.C. as well
ay A.C. moters. Nome laborateries are equip-
ped with a direet reading power-factor meter,

sort of work a shunt motor may be used, as
well as a series motor. Some means must
be provided to speed up the armature of the
machine until synchronous speed is reached,
and as soon as the main switch is closed the
accelerating means may be dispensed with,
The accelerating device may be another
motor belted to the synchronous machine,
or it may he spun by means of a belt and a
pulley provided with a handle.

Inductance Motor from D.C. Machine

Fig. 8 shows a simple method for convert-
ing a D.C. motor into an induction motor
simply by wrapping a few turns of bare
copper wire around the commutator bars,
thus short-circuiting all of the armature
coils. The field coils are connected to the
A.C. supply, preferably through a controlling
impedance coil or rheostat, or, failing this, a
lamp bank. This induction motor is not
self-starting and the armature has to be
spun by pulling on the belt. or otherwise,
until it reaches a synchronous speed. The
connections of the field coils may be changed
until best results are obtained.

Self-Starting A.C. Motor from D.C. Machine

To make a squirrel cage induction motor
self-starting, one or two tricks are usually
resorted to, wis., either to provide copper
shading plates placed in the leading field
pole tips, as shown in Fig. 9. or else to use
starting coils in place of them, opening the
starting winding as soon as the motor has
reached synchronous speed. It is a simple
matter to make a squirrel cage rotor out of
a D.C. armature by filling the slots with
copper bars and soldering these at either
end of the rotor to copper discs in the man-
ner shown. Usually, however, it is best to
have more rotor inductors than can be got
into the average D.C. armature. Those in-
terested in this particular phase of the work
may refer to books on A.C. motors, or to
an article by the writer, entitled “How td
Build a v5-h.p. A.C. Motor,” in the October,
1921, issue of SciENCE AxD INVENTION,
page 531.

(Continued from page 765)

Combination Replusion—Inductance Moters

For the clectrical experimenter working
on the problem of how to operate a D.C.
motc. on A.C., Fig. 10 may provide an in-
teresting field of thought. Here we see two
diagrams, (A) showing a motor of the D.C.
type starting as a repulsion motor with short-
circuited commutator brushes. After the
motor has reached synchronous speed, a
centrifugal ball governor device causes the
brushes to rise from the commutator and
pulls a copper or brass short-circuiting ring
against all the commutator bars simultane-
ously. This, as will be seen, converts the
armature into a sort of squirrel cage rotor.
The motor is thus operating as an induc-
tion motor,

This unique principle has been used for
many yvears on well-known A.C. single-phase
motors. [For small motors in experimental
work, the action can be simplified by not
having the ball governor lift the brushes
irom the commutator, but simply by causing
such governor to open a switch in the jumper
circuit connected across the brushes. Of
course, as with all the previous motors de-
scribed, the main field frame through which
the field flux passes from one pole to an-
ather, including the figld poles, must be of
laminated sheet-iron. The field coils are
connected, of course, to the A.C. supply, and
the number of turns, as well as the connec-
tions of the field coils, may be changed umtil
best results are obtained. All this sort of
work is very enlightening to the embryo
clectrician, and he will never regret the hours
spent in studying and experimenting with
motors in their relation to A.C. and D.C.
circuits, as it 1s difficult to absorb the neces-
sary practical knowledge of actual results
obtained from the theory given in textbooks.
Keep a record of all tests. as they will prove
of incalculable value in later years.

Testing Motors on A.C. and D.C.

In Fig. 11 is shown a method of connect-
ing an A.C. ammeter and voltmeter, as well as
a direct reading A.C. wattmeter, to a motor,
in order to determine the watts consumed,
and the power factor of a machine. The
connection of the D.C. ammeter and volt-
meter is also shown for, making a test on
D.C. circuits.

After obtaining readings from the A.C.
instruments, the following factors can be
computed. The apparcnt watts consumed
by the motor is found by multiplying the
amperes by the volts indicated on the am-
meter and voltmeter, respectively. The frue
watts expended in the circuit and for which
we pay recal money is volts times amperes
times power factor. The power factor is
found by dividing the true watts. indicated
on a direct reading wattmeter, by the ap-
parent watts. The power factor is about
80 per cent. for motors.

In making changes in the windings on a
machine intended for use on A.C,, it is well
to keep in mind that the heating effect is
sensibly the same for A.C. or D.C. There-
fore, 1t is permissable to allow the same
cross-sectional area for copper wire nsed
in windings as for D.C. machines, iz., 1,000
circular mils per ampere for non-moving
coils and 600 circular mils per ampere for
moving coils, such as armatures, etc.

Use of Rectifiers

Small D.C. motors can be operated from
a rectifier, preferably of the electrolytic or
vacuum tube type. Of course. the rectiher
must be designed to have a sufficient output
in volts and amperes (or watts) to take care
of the.motor in question. The current from
vibrating rectifiers is of too pulsating a
nature for operating motors satisfactorily,
and ig any case the rectifier should correct

both halves of the cycle and not one half.
or else the D.C. supplied will be too pul-
sating.

Omne means of operating D.C. motors from
A.C. 15 to use a motor-generator set, as
shown in Fig. 12-B.  This may be an un-

RECTIFIER (ELECTRO-
LYTIC. TUNGAR ETC. OF
PROPER VOLTAGE FOR hicgoa)

@

In the diagram at A, a rectitier of some form
is indicated for the purpose of operating a
D.C. motor on AC. Diagram B shows a re-
liable method of operating D.C. motors and
other apparatus, including storage batteries to
be charged, ete., by supplying these with direct
current from a dynamo driven by an A.(.
motor. ¢

STORAGE BATT.
BEING CHARGED

economical method of accomplishing the
purpose in many instances, but in some cases
it is the best method. An efficient and ex-
tremely satisfactory method of charging
storage batteries is to use a small A.C.
motor directly connected to a small D.C.
dynamo in the manner shown. Arc lamps
for motion picture projectors and for many
other purposes are best operated on D.C.
supplied in this way. As a hint to experi-
menters, we might mention that, for battery
charging, a water motor may be substituted
for the A.C. motor.

Notes on Electric Machines

There are three principal types of motor
and dynamo, depending on the arrangement
of the armature and the field windings. These
types are series. shunt, and compound
wound. The compound wound machine is a
combination of the series and shunt wound.
The series wound tvpe gives the most con-
stant speed when used as a motor and the
most constant voltage when used as a gen-
erator, under changing loads, and is the
most widely used.

Dynamos are divided into two clasess ac-
cording to the nature of the current they
deliver. Direct current dynamos deliver a
direct current or one alwayvs flowing in one
direction; one terminal being positive and
the other negative. Any direct current
dynamo may be used as a motor. Series and
shunt wound motors turn in the same direc-
tion whether used as a dvnamo or motor.
By weakening its field, the speed of any
motor is decreased and the torque increased.

Alternating current dynamos or alternat-
ors deliver an alternating current or one
that periodically reverses its direction of
flow, from positive to negative, and so on.
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How to Make a 1-Meter Radio Transmitter

slightest conception of what the fundamental
frequency may be. The Lecher wire system
is, perhaps, the simplest and best method
to be used.

Measuring the Frequency

Accurate knowledge of the frequency of
the waves is of great importance, and they
can, literally, be measured by a yard-stick
or meter-stick.

All that is necessary is such an arrange-
ment as shown in Fig. 2, which embodies a
system of parallel wires spaced four or five
inches apart, one end of each being left
free, while the other ends are connected to
two variable condensers and a small pick-up
coil. Then, with the oscillator going, it is
possible to pick up voltage nodes by means
of the sensitive meter which is moved along
the wire. The actual distance between suc-
cessive nodes is one-half the wave-length.

This system has been described so many
times that it is not at all necessary to go
further into the details of standing waves,
reflected waves and harmonic waves. Suf-
fice to say that the experimenter will more
than probably find numerous experiments to
perform and measurements to take with this
device.

Experiments

Of great significance and interest are the
field measurements to be taken with the aid
of the simple wave-meter. Unless the planes

tall and well-groomed, with a visage cal-
culated to strike fear into the heart of
any subordinate. He spoke deliberately and
decisively, as if deciding an important busi-
ness issue.

“There was no element of chance in my
feat,” said Mr. Whimple proudly. *This
vou will see as I go on. My story is this:
Mrs. Whimple and 1 enjoy violin solos
hetter than any other kind of radio music.
but we are always annoyed by the fact that
the pino accompaniment is invariably too
loud for the soft playing of the violin.
‘Horace. dear.’ she said one evening, ‘Can't
vou get rid of that piano music somehow?
It spoils Mr. Ludlow’s playing.” That set
me thinking. The next day I went to the
public library and consulted several books
on sound and electricity. On my way home
that evening I stepped into a radio store
and bought several special radio instru-
ments.

“After several nights of experimentation.
I finally found what I was seeking. 1
invited Mrs. Whimple to isten to a dem-
onstration of my new tone filter device.
That night her favorite violinist was play-
ing, and as usual the piano was too loud.
So, what do you think I did?> I switched

VERY owner of a radio receiver has

noticed fading at some time or other.
This is a factor which all who hope for de-
pendable and continuous radio communica-
tion must contend with, and has been made
the object of much study.

The illustration shows the instrument
used by many of the observers in recent
tests. The wire carrving the rectified out-
put of a receiving set is connected to the
galvanometer at the left: this galvanometer
is an extremely sensitive instrument. A cur-
rent of 14 millionths of an ampere is suffi-
cient to give a full-scale deflection. The
long line the pen has just drawn represents
a change in current of about 5 millionths of
an ampere.

This minute power, one of whose constitu-
ents is represented by this current, is not,
of course, sufficient to actuate the recorder

(Continucd from page 733)

of both the oscillator coils and resonator
coil are parallel, little or no energy will be
picked up. If at exact right angles, even
the most sensitive meter will give no read-
ing. Again, if the resonator coil is brought
in proximity, parallel to the oscillator in-
ductance, but near to the supporting metallic
screw on top of the glazed porcelain insula-
tor, complete absorption will be manifest and
for a radius of several inches around the
screw it will be impossible to obtain a light
in the lamp. On the other hand, even sev-
eral inches further away, it might be pos-
sible to burn out the lamp, due to the exces-
sive field strength,

It will be noted that with the inductance
clips on various portions of the inductance,
the tuning condenser will have little or no
effect on the frequency but will have an
enormous effect on the output. In fact, the
radiation may fall to an extremely low
value when the condenser capacity is made
a minimum. We can readily account for
this if we remember that the resistance of
a condenser increases with the frequency
and with a decrease in capacity value.

In experiments, the inductance clips have
been so placed as to include the tuning con-
denser alone and leaving the inductance coils
themselves to act as antenna and counter-
poise, respectively. The inductance of the
entire oscillatory circuit is made up only by
the short leads between the grid and grid

The Sacred Palm

(Continued from page 746)
in my filter, turned its knobs, and, gentle-
men, I tuned out the piano music and left
the violin playing as softly and as sweetly
as a bird!”

The club members by this time were on
their feet, shouting and applauding unre-
strainedly. The din was terrific. Mr.
President pounded on the table until the
timbers began creaking, but it was only
after Mr., Whimple took two bows that
the excited club members resumed their

chairs.
“Gentlemen, please, gentlemen”. The
“It is ~rowing late.

president was hoarse.
Let us vote now. I will hold my hand over
each candidate, and the strength of your
applause will indicate your cpinion of his
story”.  The president walked over to Mr.
Grimp, held his hand over his bald cranium,
and looked questioningly at the club. “He
removed his tubes from his set’, he reminded
them. A weak and lifeless patter dribbled
across the hall.  Mr. Grimp very definitely
would not win the P.P.P.

Mr. Chairman had hardly reached Mr.
Blister when another near-riot occurred.

There was no need to remind the club that
Mr. Blister had héard music with the phones
disconnected.

Fading Recorder

The fading recorder which is operated by
hand and motor working together. P’hoto
courtesy of General Radio Co,

condenser, between the grid condenser and
tuning condenser, between the tuning con-
denser and plate stopping condenser, and
from the latter to the plate. It will at once
be seen, therefore, that the values of the
series condensers must naturally be low, but
it also must be kept in mind that losses must
be prevented, since the resistance of the
circuit becomes so exceedingly high.

To further increase radiation, it has been
found that short lengths of brass or copper
tubing connected to the ends of the oscilla-
tor inductance, causing a greater load to be
placed on the tube, give increased radiation
and but slightly increase the wave-length.

Strange as it may seem, at certain points
between the grid and plate inductances it is
impossible to pick up any energy whatso-
ever, whereas, alongside of the coils, sev-
eral 3V5-volt battery lamps have been burnt
out, due to the excessive energy radiated.

Experiments were carried on both during
daytime and at night but no marked differ-
ences were noted.

While further experiments may bring to
light some interesting facts concerning re-
flection, refraction and absorption of these
extremely high frequency radio waves, we
must content ourselves in acknowledging
that we have made a big step forward in our
attempt to differentiate between Maxwell’s
electromagnetic theory of light and Hertz's
electromagnetic waves in the ether.

Mr. McGurgle, poor soul, received nothing
but a few scattered and impolite hisses.
Mr. Whimple, however, was the recipient of
another enthusiastic display of approbation.

“Messrs. Grimp and McGurgle, I am
afraid, are eliminated”, declared the presi-
de1t. “We will now vote again on Messrs.
Blister and Whimple”.

The two candidates received equal shares
of vociferous acknowledgement, and it ap-
peared as if the vote might result in a tie.
However, Mr. Whimple's story was fresher
in the audience’s mind than his opponent’s,
so finally the president lead him to the
platform.

“Mr. Whimple, in the name of the Ananias
Radio Club,” he said solemnly, belying his
following words. “it gives me great pleasure
to award to you this 14 carat solid gold palm,
our sacred Palm of the Prodigious Pre-
varicator, for succeeding in tuning out the
plano accompaniment to a violin solo. May
the Lord keep you and guide you, amen”.

“Did I hear a motion to adjourn? Gentle-
men, the meeting is adjourned.

Note: Each of the four incidents has
actually been attested to by unsuspecting be-
ginners.—EDIToR.

mechanism. The actual record is made by
the operator, who moves the handle at the
le‘t back and forth with the galvanometer
needle. The handle carries a pointer which
is kept over the galvanometer needle. The
lamp above the meter casts a shadow of the
pcinter on the meter dial. The pointer is
moved so that its shadow always falls on
the galvanometer needle.

The pen connected to the handle moves
back and forth across the paper, drawing a
permanent record. The paper is carried by
a drum, which revolves once in 20 minutes.
Thg drum is driven by a small clock motor,
which maintains its speed exactly uniform.
Points on the roller prick the paper at two-
m:nute intervals. The time at which the
record is started is noted, and the time of
any particular change is then indicated. A
typical record may be seen on the roll.
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Sound and Audio Frequency Amplification

these frequencies, and deliver them at the
car in their exact original proportion.

These harmonics now serve the purpose of
giving what might be called distinction to
the sound. They characterize the sound,
they impart color, or, as it is generally
called, they give the sound its distinctive
timbre. This timbre is different for different
bodies and substances, because the proportion
in which these harmonics are present with
the fundamental frequency is different.
Without these harmonics and their infinite
changeability, a violin would sound no dif-
ferent from a flute or an organ, no one in-
strument would have another distinctive or
better sound than any other. With the har-
monics, the various instruments are a mighty
tool in the hands of the master and portray
all emotions, as his mood dictates.

And always again the air is the faithful
servant that brings to us all the finest grad-
uations, the slightest variations, though re-
maining a neutrum all the time.

Yet, our picture would be incomplete when
we imagine that the air particles bring to our
car each and cvery vibration separately. In
reality the air vibrates in a way, which we
might call a composite of all individual
vibrations imparted to it. Aud it can do so
with nearly an infinite number of vibrations,
as when we are listening to an orchestra of
many pieces, each of them vibrating inde-
pendently in its fundamental and overtones.
And the air particles deliver at our ear the
composite or resultant vibration, and in turn
our eardrum repeats merely this resultant
vibration.

(Continued from page 734)

And now comes maybe the most wonderinl
part of our story of the magic called sound:
we receive the composite wave or vibration,
and in hearing, unerringly dccompose this
intricate vibration. And we follow the sing-
ing and sobbing of the violin in its tenderest

COMPOSITE SOUND
VIBRATION ‘

FIG. 4

Sound vibrations
from a namber of
sources resolve
themselves into 8
composite vibratlon

, which is again ana-
4 lyzed by the ear.

variations, we are thrilled by the triumphal
tones of the cornet, and we wonder at the
crystal clearness of the clarinets. While we
know, little about the way this is accom-
plished, yet our knowledge is far from com-
plete.

For most persons the range of frequencies
from 16 to 20,000 fall within the range of
hearing. But many people cannot hear the
very lowest or the very highest tones. This
is not detrimental in any way to the proper
enjoyment of musical performances: The
frequencies above 13.000 give mostly a very
disagreeable  sensation. In  instrumental

mustic the highest tone is below 8,000 vibra-
tions a second. In fact, we rarely go above
6,000 vibrations a second. And in broadcast-
ing, it is customary not to excced a fre-
quency of 5.000. In phonographic instru-
ments even this number is scarcely attained,
due to the physical limitations of this in-
strument. And it may safely be said that the
phonograph of the future will have much in
common with the radio reproducer, if it will
not be in the nature of a glorified radio set.
Even today we can have better reproduction
by means of broadcast music than is possible
of attainment in the phonograph.

After this somewhat lengthy discussion of
sound—and the subject has only been touched
upon very lightly—we may determine what
we will want in an amplifier destined for
pure reproduction. We will try to put the
major requirements in a very simple way, as
follows:

(a) Tt should be perfectly elastic; in
other words it should function with equal
facility on all frequencies.

(b) Tt should be perfectly neutral: in
other words it should not subtract anything
nor add anvthing to the original impulses it
is supplied with. Tt should conserve propor-
tions as present in these original impulses.

(c) Tt should amplify.

T his is the first of three articles by Mr.
Nakken, who will deal with quality
radio reception, reviewing detectors,
transformer coupled amplifiers in the
second article, and resistance and choke

coil amplifiers in the third article.—FEd.

Conducting An Amateur Station

ac—a steady throbbing or pulsating note
of low frequency.

rac—a steady clear hum,

icw—a high toned screech or buzz.

dc—a pure or clear whistle.

, fb—fine business—simply general praise.
ng—no good, general condemnation.

Eg., OSB ac, QSBdc fb. Assuming that
necessity and general usage justify the warp-
ing of QSB from its correct meaning, we
certainly have reason to accept the under-
stood meaning in place of the actual defini-
tion.

The social rites having been properly per-
formed, one is ready to go ahcad with the
transmission of the message.

HANDING OVER THE MESSAGE

Communication established ends the need
for a long call. The communication should
now begin with a two-two call, an OK and
the courtesics as outlined. Then the double
dash, or break, as it is often called, to
indicate an al)rupt change in thought: viz.,
—— . .. ——; after which the message fol-
lows, startmg \uth the prmmblc The pre-
amble used in amateur work is simple. It
consists of where from. number and date
of origin. The message itsclf consists of
whom to, text or body and the signature.
Here’s an examplc

(call) (politeness)
SKK SKK w 2KK 2KK » QRK*r7 QSR rac
(preamblc)

fo —— . . . —— hr msg fm Iartford Conn
(address)

10X N7 10 Jan 15 to R Migurski 2345 Main
text)

St El Paso Tex . —— soup cheaper

since forks in general use —_—. .. — sig

Bill ar hzwe k.

The “hw” is not a necessity, it simply pre-
vents the totally blunt and bare ending after

‘OK).

(Continued from page 735)

the “sig.” A (OSL to this, if the message
has been reccived correctly, can follow a
siniple form; eg.. 2KK 2KK n 5KK 5KK
nr 10 r k. After that, 2KK. if he has more
tfc, can continue with the next msg or start
some conversation. But if the whole or part
of the message has not been received cor-
rectly it must be repeated.

ASKING AND GIVING REPEATS

If the whole message has heen missed.
there is a () signal to take care of asking
for. the repetition necessary, OTA. Had
SKK missed entircly he would have come
back at 2KK like this: 2KK 2KK u SKK
SKK ud om sri QT A pse k (nothing doing
om sorry please repeat the message),

Tf SKR had issed only part of the mes-
sage. his procedure would. be different. The
question mark, . is quite gencrally
used to mean repeat. This in reference to a
part of a radiogram or casual conversation.
Or, another use for the “?” is in the case
of failing to understand a call. Supposc
SKK hearing 2R K calling him missed
2KK's signal. SKK would simply call

— — . 1 SKK SKK pse k.
mdlcatmnr that he desires the calling station
to repeat the call. In obtaining a repeat of
parts of a message, such as a dropped word,
the word before the missing one is sent. a
“?” and the word after the missing one:
e. 9., assuming the two words “in general”
in the message were missed—2KK
2KK u SKK SKK forks .. — — .. use
. rest r k. Another method
of askmg for such a fractional repeat is
best illustrated by an example: 2KK 2KK
u SKK SKK? in ads after Migurski stop
soup rest » kb (repeat in address words after
Migurski, stop with soup, rest of message
This latter practice is more gencrally
the amatenr practice, while the former, be-

cause of its brevity, holds sway with most
commercial operators.

SIGNING OFF

If all the talk is. to all intents, completed,
stop. Don't bore the man you're working
with, for you may want to connect with
him again. Try not to use stereotyped end-
ings, “Cul and 73" has been frayed to its
fewest threads. Cul means “see you later”
and it is used with no thought of its mean-
ing. “73” means “best regards”: it is ab-
surd to add an “s” or “best”  Simple
enongh to say “so long” and quit.

The closing signal is SK. 1t means that
all communication is finished. Tt must not
be confused with ar, the abbreviation signi-
fving the end of a particular transmission,
such as a call. SK should carry the sig-
nificance that, since the person signing off
is finished with one man, he is ready to
tune about and try to locate someone else
that might call him. After concluding a
communication thus, one should tune care-
fully tn sce that no one clse is calling him
hefore using his transmitter again. In sign-
ing off finally, a three-three call precceds
the sk. so that tose listening in may be
warned that the signer is finished with one
and ready for another station. If the opera-
tor has a personal “sine.” it precceds the sk
just following the three-three close—this is
not necessary in a onc-man station. For
example: SKK u 2KK inx om tts all
an 73 SKK SKK SKK u 2KK 2KK
2KK az sk. An sk nceds no acknowledge-
ment. However, acknowledgement is often
given without any sort of sign, e. g.. r gn.
T.aconic and brief. hut certainly effective.
Definitely, in any case. the sk should end
things.

(To be continued)
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Examining Insulators at One Million Dolt
Tension

(Continued from page 737)

AR EFR Y

Four examples of the work dome In the famous insulator testing laboratory.

speaks for itself,
in Fig. 2, are specially interesting.

The potential of 100,000 volts is no rarity
now. Cautiously 120,000 volts were tried and
already one million volts are considered.
As yet the electric energy has not been
compressed to that amount—in a way con-
centrated—but technical science is prepared
already for the tasks that are going to be
given for it in the future. The first lab-
oratories have been createcd, in which the
electric power line insulators of our electric
plants can be tested up to a million volts.

Everything depends in fact on these in-
sulators, those familiar appliances made of
porcelain. They prevent the current from
escaping to the ground and avoid losses and
dangers to life and property. They are
comparable to a levee erected on the line
of a river. Should this dam break in some
place, the water submerges the land—ruin-
ing and spoiling all. The wire is to be
considered the bed of the electric current,
which must be insulated the better and
safer as the tension of the circuit is higher.

1f the supply of electricity is to fulfil all
its present and future tasks, the insulation
of the conductors must be up to the con-
tinually rising tension. For this reason
Freiburg begins testing insulators at a mil-
lion volts.

The laboratory built for this immense
potential has the form of a large rectangular
hall and is lighted artificially only. Special
transformers make it possible to raise the
tension of the circuit to a million volts.
In regard to the danger offered by this
tension, the side of the room in which the
investigators work is guarded by a railing.
The gallery for the staff of workers which
lies between the walls and this parapet is
closed by two doors. These only open when
the high tension is switched off. As long
as there is work going on under high ten-
sion. that is, as long as the transformers
are fed by current, the investigators cannot
leave the protecting room or area. One of
the long walls has platforms for investiga-
tors as well, which contain the switchboard
and all instruments necessary for the exam-
ination. Here also the investigator is in
safety.

The insulators which are to be examined
and which are often of gigantic dimensions,
and the insulator chains, are slid on rails
into the laboratory. In the same way they
are brought to the investigators’ platforms

Fach one

The fAash-overs in Fig. 1 and Fig. 3 over chain insulators, such as shown
Fig. 4 shows a gigantic high voltage discharge.

before and aiter the examination, where
they can be examined without the investi-
gators leaving their place. In the ceiling
there are special constructions which make
it possible to expose the insulators to arti-
ficial rain and artificial fog—that is, to all
those accidents that open air conductors are
subjected to. The rain can be changed in its
directions towards the insulators—as in
nature it aiso is driven from the vertical
direction by the wind, and is sometimes more
or less oblique in its relation to the con-
ductors. Tremendous flashes of lightning
cross the insulator chains with different ef-
fects, according to whether the discharge
of the electric tension occurs in dry air, in
rain or in fog. The noise of the artificial
lightning is ear-splitting, but the electric

The apparatus for testing the mechanleal
characteristics such as resistance to different
strainy, densile strength and the like, of the
insulators, in connection with their electrical
properties,

force is harnessed and there is no danger,
notwithstanding the high potential. Our
¢lectric plants will, however, profit by the
experiences acquired here—however high the
tension will be raised, which our plants will
Selfld into the land, the distribution will be
safe.
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Generator for Static

Electricity
Continued from page 763)

On the right, the glass tube is supported
by a simple insulating bearing consisting of
a strip of ebonite or bakelite. The ebonite
strip i1s secured to the wooden baseboard by
a triangular or square piece of wood and
some wood screws. In the upper part of
the cbonite strip a clearance hole for the
tube is cut, so that it can turn easily and
with little iriction.

The fan motor is shown on the leit; it is
raised 3 or 4 inches from the base by a
wood block. The center of the motor spindle
and the center of the hole in the ebonite
strip must, of course, be exactly the same
dis:ance irom the base, so that the tube can
run true. The motor is controlled by a
switch screwed to the end of the wood
block supporting the motor. A small rheo-
sta- and fuse may also be included in the
cireuit.

The rubbing of the glass tube is executed
in the following way: The motor drives
the tube at high speed. Around the upper
part of the tube a strip of silk or flannel is
drawn, as shown in Fig. 2 and in Fig 3.
The ends of the flannel or silk strip are
fixed to the edge of the base, using drawing
pins. This strip should be under slight
tension, to lie against the glass tube; if de-
sired, one end only may be fixed to the
baseboard edge, while the other end is tacked
to a small lath, as long as the silk strip.
Two or three short spiral springs are at-
tached to the lath at one end, and to the
edge of the hase at the other end. The
springs will then automatically adjust the
tension of the silk strip.

The coupling between motor spindle and
tube end is of a very simple type, so that
it can be casily made. The end of the
glass tube is fitted with a well-fitting wood
plug, which is cemented in with thick shel-
lac varnish. Through this plug two holes
are drilled for some small bolts, of about
14-nch or +s-inch diameter.

To the end of the motor spindle a metal
disc is attached, clamped between two nuts. -
It has holes similar to those in the wood
plug. After the end of the wood plug has’
heen recessed for the nuts on the spindle
end. the small bolts are pushed through the
holes in plug and disc. If the outer nuts
are tightened up. the disc will be firmly
pressed against the face of the plug, and
the drive from motor to tube will be trans-
mitted most efficiently. Care must be taken
tobgct the coupling fitted at the center of the
tube,

If we now start our motor, we shall hear
a terrible squeal, caused by the friction be-
tween tube and ebonite strip (right-hand
bearing). This can be suppressed by lubri-
cating the bearing with a small amount of
graphite powder. Paraffin wax may be ap-
plied before to give it adherence. Now our
machine will run silently, and continuous
sparks can be drawn from the brass knob.

Yo not run the motor too fast, as the
rubbing silk strip will get very hot in any
case. Adjust the motor to its lowest speed
for a start and see how the machine
stands it.

In all types of this generator, care must
be taken that the coils of the spring used
inside the glass tube touch the wall of the
tube. If the spring is too small the induced
electricity will be correspondingly weaker
and the sparks shorter and less frequent.

An interesting feature of this generator
is that the interior can be kept dry irrespec-
tive of humidity in the air and that the glass
part is not readily breakable if of proper
thickness, and if it should break can be
easily replaced. while a hard rubber tube is
unbreakable.
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The Latest Progress in Talking Movies

The ordinary microphone cannot be used
for this apparatus, because it distorts the
sound, answering better for certain fre-
quencies than for others. The Cathodo-
phone, as the inventor calls it, is based on
the following principles:

Incandescent metals. especially when they
are coated with oxides of the alkaline
earths, send out electrons when surrounded
by a vacuum. They do not send them out
under atmospheric pressure to any consider-
able distance. So each electron as set free
from the incandescent body unites itself to
a molecule of atmospheric gas, forming an
ion.

These ions will flow from one pole to
another with a certain rapidity, constituting
an electric current called the ion or emis-
sion current. This current is affected by
cvery change, even the slightest in the pres-

.B‘.

o=

FIG |

The schematic diagram of the cathodophone
showing the mouthpiece and the “A’” and “B”
battery.

sure of the atmosphere. and this pressure
can be influenced by voice and music. Fig.
1 gives a schematic diagram of the Catho-
dophone.

F is a filament maintained at incandes-
cence by the battery A B. To its left is
seen the mouthpiece. P is the anode car-
ried by the same. R is a resistance, Am is
an ammeter. “B” is the anode or “B” bat-
tery, imparting the necessary potential to
the anode. “A” is the filament battery or
“A"” battery. When the filament is heated
and the anode potential connected up at a
definite potential, the jonic current is pro-
duced and shows itself by a bluish lighting
up in the vicinity of the electrode and by
the movement of the ammeter index hand.
Acoustic vibrations affect the pressurc of
the air in the space between anode and
cathode, thereby varying the anode or plate
current. These little variations are strength-
ened or amplified by vacuum tubes. As
there is no diaphragm to effect a lag by its
inertia, the Cathodophone is in the highest
sense sensitive to the smallest changes even
at high frequency.

An orchestral production with its many
fundamentals and overtones is brought out
true to nature, and a very slight sound will
affect the instrument. The Cathodophone
is designed for minute quantities of energy
and its emanations have to be amplified
100,000 times in order adequately to in-
fluence a source of light.

The cnergy of current required to pro-
duce the light to project these undulations
upon the film is about a hundred thousand
times that of the Cathodophone and is ob-
tained by means of the usual amplifying
tube. The delicacy of this trembling ray of
light required a special tvpe of lamp, styled
the “Ultra Frequency Lamp,” a glass bulb

(Continued from page 741)

filled with a rare gas, and the ignition of
this gas gives the light.

In Fig. 3 the reproduction of portion of
a film is shown, with an orchestra playing
a tune; the narrow strip, the “Phonogram.”
accompanying the pictures, embodies the
millions of vibrations of the music. Fig. 4
is the “Phono-Photo” camera at work. It
must be mentioned that whilst the film re-
mains stationary during exposure, the
Cathodophone rays are intercepted at that
point, but this infinitely small interval is
imperceptible to the ear.

The next step was to reverse the process
by reconverting the oscillations of light
into clectric vibrations first and then into
the original acoustic waves. To do the first.
a photo-ele:tric cell is used, which is com-
posed of a tiny plate of metallic potassium
enclosed in a glass bulb with an inert gas.
When this cell is exposed to light, electrons
are driven off from the potassium, and as
this stands in opposition to a positive elec-
trode, the electrons will flow in proportion
to the illumination. Fig. 6 gives an idea
of the photo-electric cell and Fig. 7 shows
the complete apparatus for reproduction
which resembles very much an ordinary
moving picture machine. The batteries are
contained in the base and two tubes of the
amplifier for loud speaker can be distin-
guished in the center portion.

The loud speaker is built on the electro-
static principle as the inventors found theni-
scelves unable to eliminate distortion sufh-
ciently with the electro-magnetic system.
Besides this only about 1 per cent. of the
availuble electrical energy can be recovered
as acoustic energy. The idea of adapting
a two-plate condenser to this purpose with
one plate to vibrate in proportion to tle
variations of the potential is not new; tle
acoustic effect, however, was too small to
be of practical use. As a metallic dia-
phragm was too heavy for the desired size.
mica of no more than 0.05 millimeters in
thickness, made electrically conductive, was
introduced. This diaphragm stands in oppo-
sition to a specially shaped metal plate with
perforations so as to obtain a maximum
volume of sound.

Distortion was not entirely eliminated by
this method, but owing to the size of dia-

FIG 9

A filkm is drawn past the projecting lens of
the picture and then past the condensing lens
of the eathodophone. The rays of lght pass-
ing through B from the scenery, and those
passing through € as affected by the voice,
produce the two impressions on the film to be
developed afterwards.

phragm a horn could be dispensed with and
the distortion overcome by subdividing the
surface of the diaphragm by eccentric rings.
As a result, this arrangement showed no
inclination to respond to certain tunes more
than to others, due to the difference in width
of the sections (see Fig. 8). Practice
proved that it was not sufficient to de-

pend on one type of statophone for increase
of volume: it was found necessary to vary
the distribution of these eccentric rings and
to compose units of statophones cach dif-
fering from the other. Fig. 8 shows onc
of these units. The portion at the right

FIG. 10

Above, the picture is supposed to be pro-
jected on the screen, while below, the voire
pictures, as they may be called, on the film
produce the sound accompanying the play.

has more compartments and is arranged {or
reproduction of the high notes whilst the
one to the leit is for the deepest tones. B:
suitably arranging the sets of statophone-
an opportunity is afforded to tune the re-
production as desired. eliminating practical-
Iy any notable distortion.

To conclude. this type of loud speaker
would appear to lend itself to ordinary radio
reproduction. but an electric potential of
several hundred volts is required. Somec
firms are endeavoring to overcome this diffi-
culty, and it is to be hoped that they will
he successful, as the statophone promises to
become the ideal loud speaker.

Hedgehog Transformer
(Continued from page 763)

The next step in the construction is the
bending back of the ends of the iron wire.
except for a small space where the ends of
the coil wires protrude. The iron wire end-
must be drawn down in place and bound
with a wrapping of twine, as shown.

The terminals of the primary coil are so
delicate that they are apt to be broken off.
thus spoiling the entire apparatus. To guard
against this mishap, it is advisable to bind
a piece of flexible lamp cord to the cores
as shown in Fig. 3, and afterward to con-
nect the ends oi the primary to this cord.
preferably by soldering them, thus relieving
them of all strain.

To protect the transformer fom damp-
ness and mechanical injury, it is advisable
to place it in a wooden box after heating the
box slightly in an oven. Enough melted
paraffin wax is poured in to cover the core
and soldered connections. The lamp-cord is
then led through a bushing, while the sec-
ondary is fastened to binding posts. The
box is then covered and painted or stained.
This can be seen in Fig. 4. :

In bell ringing. 4 volts will be sufficient.
For Christmas tree lighting with a dozen
3V-volt lamps, connect six lamps to one out-
side terminal and on intermediate tap; the
other six lamps are connected from the tap
to the other outside terminal.

If the primary leads are permanently con-
nected to the 110-volt line it will not draw
enough current to actuate the ordinary meter
except when current is actually taken
through the secondary leads.
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Chemical History

CHEMISTRY TO THE TIMIL OF DAL-
TON. 128 pages. Oxtord University
Press, London. Contents, list of illustra-
tions and index.

This little treatise is to be credited to the Uni-
versity of Oxford and inakes very good reading,
bringing in the great workers in chemistry, It
ends with what may be very justly called the
daring conception of Dalton, when he made his
great effort to place chemistry on the basis of
atomic weights.

Some of his equivalents for the different cle-
ments are given and their wide divergence from
the present accepted weights is largely due to
the fact that Avogadro's supreme discovery of
the volume of rclations of wmolecules in  the
gaseous state had not ¥ct been made,

The description of the work of the English-
man Priestley, much of which was done in
Northumberland in  Peunsylvania, and of ‘'the
work of Laveisicr, victim of the French revolu-
tion, as Moscley was the victim of the World War,
immediately precede the description of Daltong
these three chemists are the true founders of
waodern chemistry.

The book is the third of a series called Chap-
ters in the FHistory of Science, edited by Dr.
Charles Singer, and more are to come. The
present work is by Professor E. J. Holinyard of
Clifton  College. Bristol, and in the preface he
makes his acknowledgments to Mrs, Singer for
her askistance. The illustrations are highly to be
cammended. and we shall hope to review further
hooks in this serics.

Organic Chemistry
for the School

OUTLINES OF ORGANIC CHEMIS-
TRY. By . J. Moore, Ph.D.  xiv, 333.
Index. John Wiley & Sons, Inc., 1924
$2.50.

Seme ycars ago before it had reaclied the pres-
ent development, organic chemistry to a certain

exteut was a confused subject and uufnrlun:n.tdy
even today there are many cotupounds cspecially
in the human system and in the food which we

Rain From Elec-
tricity

This illustrated article shows high

power and eclectrical apparatus used

tor producing rainfall. It is claimed
to be successful, and it may doubt-

less be a ({orerunner oi clectrical
weather  control apparatus of the
future.

Other Interesting Articles to
Appear in September Issue of
Science and Invention
Life Suspended In Ice

The Next War

By II. Gernsback

By 1I. Winfield Secor
Everyday Chemistry
By Raymond B. Wailes
Making Selenium Cells
By Raymond B. Wailes
Wrinkles, Recipes and Formulas
Edited by S. Gernsback
A Suitcase Portable Super-Heterodyne
By Sidney E. Finkelstein
Radio Constructor Series—Elaborately illus-
trated with progressive diagrams and
photos for the layman—*"The Browning-

Drake Circuit”
By A. P. Peck
“B" Battery Eliminators—All kinds de-
scribed and diagrammed.
One-Tube Portable Set De Luxe
By Herbert 12, Hayden
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consume whose satisiactory placing can hardly be
ob:ained. But the great skeleton of the subject
has been pretty well put together and today, or-
anic chemestry has its scaffold or ramilying
ramework. which gives the touch and aspect of
exact system to the greater part of the science,
Four elements, carbon, hydrogen, titrogen amd
oxygen plays so important a part in this science
that they have becn termed the four horsemen of
chemistry,  Then from these if the student starts
by butlding up radicals and recognizing the fact that
a radical in organic chemistry plays the part of an
atemt in tnorganic, he will have clarined a grea:
part of the subject. The present book seemis to be
bualt up very much on this line aud itis interesting
to see that the author has given a chapter to the
really obscure chemistry of vital processes. It 14
urpleasant to find fault but the detinition of an
ester as an acid in which hydrogen las been re-
placed by a radical, is not quite pleasing, as a mat-
ter of wording., because an cster is distinctly not
A oacid, But we do warmly commend the book
amdd only wish that there was more of it.

Uses of Paraffins at Home
(Continued from page 753)

3
-

hour, then the pure gas can be experimented
with. It will be found to burn with an
almost non-luminous flame; it is colorless
and has no odor. "When mixed with air
and ignited, it explodes,

A peculiar property of vaseline, a prop-
erty for which it is seldom, if ever, used.
is as an anti-match strike surface. It has
been successiully used for this purpose under
varying conditions.  Some people have a
bad habit of striking matches on the nearest
convenient surface. Now, to prevent the
formation of unsightly marks and streaks
teft after striking matches on painted or
varnished surfaces. just apply a little vase-
line with a flannel rag. Work the vaseline
irto the surface with pressure while vigor-
ously rubbing. After the vaseline has been
rubbed in, take a clean. dry piece of flannel
a1d again rub the surface thoroughly. This
will prevent matches irom being struck on
this surface. This is a nice little trick and
[ am sure many will find it useful.

CThe Ark of the Covenant

“And what then?” I asked.

“Then, sir,”” he said impressively—'"then I'm
goin' ter find a quict retired spot w'ere I can
just sit an' think—or mebbe not think at all if
I tike.”

“\Would you take a job that would give you a
chance to sit and think from me?”

“Ah' I'd take any job from you, sir!”—very
pointedly.
“Right. If you'll look after this steamer for

me until I get back from England, I'll take you
to the .Amazon and find a quiet spot for you
there.”

So I secured Sleepy Sam Smithers, a very
important cog in the mechanism for a time. as
you shall learn, and I pictured with some amuse-
inent the delight of Iliggins and Grumstock when
they found their old shipmate joining them.

T now left the work in New Orleans in the
hands of Lippencott, with his brother. Steve Cur:
tis, and Smithers to help him, and set out for
Fngland. where I hoped to recruit another half-
dazen men from among tried comrades.

11
Other Additions to the Crew

Almost the first person of my acquaintance
whom I encountered in England was the young
\Marquis of Devonridge. He was coming down
the steps of the Wanderers' Club as I ascended
them,

““Hello, Jumbo!" he exclaimed. using the nick-
nune my bulk has given me. “Got hack from
hug-sralking in the wild and woolly, have you?
Got a gnod show of heads?”

“Fairi~h.”” T said. *“Doing anything particular
for the next three or four years, Pip?”

“I suppose the next three or four years will
find me dodging the tax-gatherers, as usual, Why?
Thinking of taking pity on a poor landowner?”

“I had thought of it. Pip. But [ understood
that you had sold all the Devonridge property?”’

“Your understanding. my dear Jumbho,” he re-
plied. “has lost nothing of its limpid clarity,
Fxcent for a cottage or two given over to old
servante, Devonridge is a barren title these days.
If vou're really ganie to take me out of this

(Continued from page 739)

demagogue-ridden  country, you may enlist my
<ervices for the next four years at the remnark-
able stipend of, say, ten shillings a week. That
is to say. to wit, and zidelicct: for five tlorins
per week you may aciquire a cock-secretary.chauf-
feur-gunbearer, warranted free from vice, clean
about the house, faithful, willing, sober. indas.
trious, surprisingly honest, and guaranteed to eat
out of the hand! Do you go me. Jumbo?”

“l go you, Pip. Come and have hunch.”™

“Very good, sir.”

And his lordship touched his hat obsequiously.
We had not much opportunity for talk during
lunch, The \Wanderers’ was usually crowded, but
after we had fed, Devonridge and I strolled down
to his rooms at the foot of S:. James's street,
and there I outlined the scheme to him,
“My dear Jumbo,” Devonridge said,
had finished, “1I'm on. Ca wa sans dirc—as the
French always say in novels writ at Tooting.
But I don’t want you te take me on falwe pre-
tences. The idea of stopping war conveys aheo-
lutely nothing to my young mind, except regret—
if the scheme wins out—that we shall put a lot of
honest lads belonging to my own class. and a Jew
or so, out of a job. Natheless—did you mark the
word, Jumho?—natheless, T am with you, not out

nf any high-falutin’ notions. but for the lark.”

“There won't be much lark about it. Pip.”

“Trust me to get some fun,” he smiled. “But
I'l hang on till you release me—and I'l do my
hest for my mob, you may be sure.”

“I'll taks you on those terms. Pip.”’

“Righto. And now I suppose you want more
men?”’

““My object in England.”

“] ‘can help you there” said Devonridge. “T
know all the good men in London—and all the
rotters, too.”

Philip Rentinck-Scrope. Marquis of Devonridge
in England and Baron Craigfeanteoch in Scotland,
thus became my lieutenant while I remained in
Britain, He was invaluable, for he enlisted the
services of three young men of good family whom
T knew hy repute. They all had honorable records
of service in the European War, two serving at
sea and the other with the air force. and all of
them hwl heen wounded.

.

The last statcment brings up an odd fact I was
beginning to note. Wit the exception of the
Master, the whole of the crew up to date had
suffered from wounds taken on active service, and
when I bhrought in three other men, two mechanics
and an instrument-maker who had served on air-
ships with me, the tally was not broken.

I need not enlarge on the characters of these
men. Devonridge's three were of the gay and
well-dressed, rather slangy type he represented.
it [ except one, a quiet hig young man named
Pilly Haynes. who had Sleepy Sam Smither's ox-
like stare and no great gift of spcech. My two
mechanies I knew to be capable and trustworthy -
men, quite ready to be plucky if occasinn demanded
it, but with the fine mechanic's logical habit of
reasoned speech and movement. My third. the
instrument.maker, was a little. slight man named
Thetford, a perfect genius in the matter of the fine
adjustnients reqiired by his trade. I knew him
to be a man ahsorbed tn his work, and a tireless
worker.

In sclecting these men, particular care had to
be taken that they were without connections who
would worry about their absence. With the ex-
ception of Thetford, who had a sister. none of
the six could think of any relatives or friends
who would be likely to get up a hue and cry for
them if a reasonable yarn of exploration was spun.
) arranged that money should be sent at regular
intervals from New Orleans to Thetford's sister.
and that he should write to her as if occupied in
that city.

Within a fortnight of my arrival in England,
1 was on my way back to America with seven
men.

Lippencott had wasted no time. The Clutha was
ready for sea, and a good part of her cargo had
heen stowed. Ile had found papers to account for
our voyvage. and had created the Amazonas Explo-
ration Company to account for our stores. We
embarked young Lippencott, Steve Curtis and
Sam Smithers. together with the Englich members
of our crew, and under my command the gond
+hip Clutha set out in fair weather for the Brazils.

We made Manaos without trouble, for apart
from Thetford alt my men were wmore than ama-
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teur sailors and engineers, I did some business
at Manaos, connected with the buying out of a
moribund trading company, and we proceeded on
our voyage upstream. By this business we made
a_good acquisition. We were far from domestic and
civilized markets.

At a place high up the Negro, where it was
joined by the waters of another river, there stood
an’ ancient wooden bungalow with storehouses at-
tached, which had belonged to the moribund com-
pany,  Some distance above the compound the
placid flow of the Negro was broken by rapids,
impassable for any craft whatever, and below the
compound, some kilometers downstream, the tribu-
tary tumbled into the Negro over shallow rapids
that seemed to put any navigation of it also out
of the question. But to a point not very far dis-
tant from the back of the storchouse, a crcek ran
up from the second river. It was only a question
of a short portage, therefore, to get the goods into
flat-bottomed craft for navigating the tributary,
and it was plain sailing—or as near plain sailing
as was possible in such country—te tug barges
right up wia the Rio Innominata to the Plateau
of the Scar. There were places, it is true, where
we would have to get to work with spade and
mattock to clear our passage, but on this point
there was nothing that could not ultimately he
overcome by willing hands. The trees lining the
banks of the Negro’s tributary and of the In-
nominata mostly branched over their watcers, an
arch of dense {oliage which made the voyage one
of half-light through the greater part of its length,

We berthed the Clutha by the bungalow and
store, and with the aid of her new derricks began
to unload the stores. In this work, Philip, Marquis
of Devonridge, sweated like any laborer of blood
untinged by blue, and the three other men about
town, Messrs. Haynes, Fitzlan and Greyson, as
also the two American boys, Lippencotr and Curtis,
took their coats off and worked with equal zest,
They were willing and handy beyond my dearest
hope. Brooks and Dane, the two mechanics, threw
themselves into the work with the cool precision
of men accustomed to handling tnachinery all their
lives, and their eyes gleamed over the fine picces
of piant they saw among the cargo. Little Thet-
ford installed himself as tallyman and checked
the invoices, while Sam Smithers took his great
bulk to wherever it was handiest and. I imagine,
began to have hopes of decreasing his weight by
the violence of his exercise.

Smithers’ chief job after the unloading of the
Clutha was the putting together of two flat-bot.
tomed barges, for, as indicated earlier, Sam had
been a shipwright in his day. Until that task was
accomplished Sam was in charge of operations, and
his work was excellent. We had brought two
small power-hoats on the deck of the Clutha, and
these were transported to the creek behind the
storchouse. It was a matter of wecks hefore we
had the barges on the backwater and our stores—
or' part of them—loaded into them. We would
have to inake at least two journeys before the
whole of the Clutha's cargo could be got up to
the caves.

Sam Smithers was left hehind in charge of the
storehouse and the moored Clutha, and at last
had acquired the job where he could just sit and
think, The prospect of weeks of isolation did not
daunt the stout warrant officer in the least, and 1
knew that in the unlikely event of visitors, no
inquiries would get past his tremendous placidity
and bovine lack of expression. Sleepy Sam was
our last link with the outside world.

Our voyage to the plateau was toilsome and
arduous to the point nearly of torture, There was
now no question of portages, as with the canoe.
Time and again we were held up until we could
clear our passage. We might move a fallen tree
that lay across the river. no simple task where
the tough undergrowth and silted weeds of years
impeded us, only to find a kilometer further on
that a similar task awaited us. We carved and
dug our way with saw and ax and spade. Our
'skins and clothing were scratched and rent by
thorns. Insects hit us, bloodthirsty brutes that
they were, until our faces were swollen out of
recognition. But we kept on, ever with com.
mendable cheerfulness where my crew was con-
cerned, and we tugged our barges behind us ali
the way. And after weeks and weeks of toil,
the nine ragamuffins that we had hecome sailed
into the cavern of the plateau with perhaps a

trifle more dignity than our appearances were
warrant for.
m
The Cave and Its Lonely Garrison of Three
Men

We found the garrison of three in good order.
The  Master—if it cannot be said he was in good
health, for he never was that—at least was his
self-contained and indomitable self. Grumstock and
Higgins grinned cheerfully, and took pains to tell
me that they had never been so hard driven in
their lives. nor had they ever met anyone for
whom they would sooner work than for the
Master. That. they had been working was evi-
dent. The living-room floor had been levelled, and
g windows had been hewn to the face of the
north cliff. Space enough had been provided for
over ﬁf%y men, and  clean, healthy barracks it
made, he two scamen had become fair hunters,
as witness the store of dried venison provided.,
which, with bacon from wild pig, had been cured
under directions from the Chief.

The Master’s laboratory now was well set out,
and it only needed the instruments we had brought

up and electric power to be as complete and up
to date as any in the world.

The Chief welcomed his new adherents in a way
that bound them to him at once. The tremendous
personal magnetism of the man leaped out of its
frail tenement to master them even as it charmed.
He explained the possibilities of the cavern to
them, and did not minimize the amount of work
which would have to be done, but notwithstand-
ing the starkness of his doctrine of labor he fired
them with the romance of the scheme. If he
promised to drive them hard, they welcomed the
promise.

That night as we rested after the labor of our
voyage to the plateau, Steve Curtis was not too
weary to play his guitar and sing to us, or to
whistle. 1t was a marvelous performance which
cnthralled my two seamen, Iiggins and Grum-
stock, >0 that they were open of mouth and eye
to an astonishing degree. The lilt of Steve's
negro melodies was so haunting that the morning
found cvery man humming or whistling at his
work. A good sign, I thought.

The Chicf looked in at the concert and stayed
a little, then went back to his work, I found him
in his laboratory before going to bed.

“Ah. Seton,”” he said. “I am glad you looked
m.  Your crew is distinctly promising. 1 like that
boy Curtis with the guitar. lle is an acquisition.
And the rest scem good metal. I congratulate
you—and myself.”

“I'm glad” you're pleased, sir.”

The Interflex
Circuit
By Hugo Gernsback

This circuit includes the very latest
adaptation of crystal and tube com-
bination. Read all about it in Rapio
NEws,

Other Interesting Articles
In September, 1925 issue
of Radio News

What Is the Nature of Fading?
By J. H. Dellinger, Chief of the Radio
Division of the Bureau of Standards
See With Your Radio
The Dunoyer-Toulon Experiment .
By Prof, C. B. Bazzoni of the Univer-
sity of Penasylvania
Underground Radio for Amateurs

“The little man—Thetford, is it?>—he has skill
ful hands and intelligence—"

“That’s our instrument-maker, sir., [ think vou'll
find him useful in the laboratory.”

“I am sure I shall, if I am any judge of men.
Good-night, Seton. You have done well.”

Next morning was devoted to unloading the
barges. We landed the various pieces of plant as
near their ultimate bases as we could; the oil-
plant to its proper cave, the machines in their
shop, the instruments by the laboratory.

When the unloading was done, the whele gang
with the exception of the two mechanics, Brocks
and Dane. and Thetford, went off under the charge
of Dcvonridge to fetch up the remainder of the
stores, while my men concentrated on tixing a
temporary clectric supply to the laboratory, The
power for running the dynamo we got from a
small petrol-engine, and both these we bedded on
the solid rock with deep-set bolts and concrete.
The accumulators and transformers for bringing
the voltage up to the high figure required by the
Chief for his work we laid down in a little cave
near his lahoratory.

This work occupied_t1s two or three days, but
we finished it to the Chief's satisfaction. who then
took Thetford into the laboratory and became
deeply absorbed.

Installing Machinery In the Caves

The measuring up of the caves and the sctting
out of the plans for the machine shop. the dyna-
mos. and the turbines were our next task, but
Brooks, Dane and myself had much of it fin-
ished, with several of the machine beds levelled
and drilled for the bolts, before the barge party
returned_with the remainder of the Clutha’s first
cargn. Some of the plant now arrived was heavy,
and we were obliged to cut down large trees and
float them into the cave to make sheers for lifting
it.  We cconomized effort by lifting the heavy
pieces right to their beds.

Our most difficult task was the setting of the
mains for the turbines. but we managed it by
constructing a strong tlume of weood to divert the
stream from its course a little, so that we could
work dry-shad in its natural channel. By dint
of hewing out portions of a side tunnel from the
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stream, we secured an excellent sctting for the
hydraulic mains, and these were conducted to
where the turbines were conveniently placed at
one end of the workshop floor. -

We were fortunate in the matter of concrete.
The rock of the cavern was free from clay, and
had nothing in it to hinder the close and strong
binding of the cement, I'he Chicf selected our
quarry for us after sampling the stone from seve
eral of the minor caves. Our stone.breakers were
Billy Haynes and Devonridge, the latter insisting
e was fully qualitied for the job by being able
to sing one song called ‘‘Stonecracker Johun.” Ie
sung the ditty as he did his work with such un-
remitting ardor that even the monosyllabic Ilaynes
was moved to profanc eloquence,

It was neccessary that all the heavier work
should be done becfore the company was broken
up for a further voyage to civilization. We ran
out of cement, for example, and certain of the
plant had not been at New Orleans when the
Clutha made her first trip,  But months passed
hefore we had the turbines in working order with
the big dynamos sleeping heside them:, or had all
the machines laid out with their motors and
switches.

Yet, when I locked along the cavern and saw
the water gleaming under the blaze of powerful
arcs, the array of machines under their covers,
the waterfall harnessed to our use and the dyna-
mos_converting its power, I found it strange to
realize that over a year had passed since I first
raddled into the cavern, Much had been done
in_the time, and the days had flashed by on swift
wings—all the morc swift because the work had
held us happily absorbed. 1 could say, with the
Chief, that we had done we¢ll. But we had ounly
made a start even then.

v
In the Laboratory With the Chief

If the work done by the mechanical and labor-
ing scction of the crew could be fairly commended,
the brain of the community had seldom slept. In
the laboratory, with the help of the now enthusi-
astic Thetford, the Master had been working out
many of our problems. In my spare time 1 had
started to design an airship, and had made work-
ing drawings for its construction, To this the
Chicf bent very frequently his trained and fcrtile
mind, Ile brooded over my drawings, correcting
them here, adding to them there, and there was
not a stroke of his pencil but outlined some amaz-
ing idea.

Ile would concentrate on his own problems,
which were many and varied, and for relaxation
he would walk out of his laboratory and make
clear some difficulty of the working gang, Thet-
ford worshipped him, and would slave with the
tools of his trade far into the night on the models
and instruments conceived hy the Chief. A nod
from the Master was sufficient to make any mem-
ber of the crew call up the last ounce of energy
for his service. But though the Chief drove us
hard, it was always by his example and never by
a word. And he drove himself harder than any.

There were times when we would not see him
for days on end., when we would watch little
Thetford crecp to his bed exhausted night after
night, and would know that the Chief had not
sought sleep in all the hours. Thesc periods were
anxious for me and for all of us, for 1 knew with
the others that the agony of the terrible burns
on his tortured body rcbbed him of the slightest
chance of rest.  Our dread was that his spirit
would break under the strain,

I remember one night when sixty hours had
passed_unbroken by sleep for the Chief. Eleven
of us sat silent in the living-room, while Thetford
sprawled exhausted on his hed, and we had not
the heart even to play cards. We whispered
among ourselves, praying in our hearts that our
leader could relax and find rest. And suddenly
he stood at the entrance to our cave.

His face was calm and placid, and his mild
blue eyes, decp sunk though they were in his
beautiful face, were full of something like a
gentle wonder. He nodded to us with the strange
little gravity which was his nearest approach to a
smile, and ge stepped into the chamber to cross to
the sleeping Thetford.

“Thetford’s asleep.” he said. “Lucky Thetford!
But he drives himself too hard, poor felow. A
good man!

“Who was it injured his hand today?” he asked,
as _he turned to us.

It was Greyson, who had his fingers crushed
under a hcavy weight, but he hid the damaged
hand. I knew that the reticence would not suit
the Chief, so I nodded in Greyson’s direction.

“Greyson, was it?” said the Chief. ‘Let me
see, Greyson. Yes,” he said, as he examined the
damaged fingers, ‘‘you have given yourself a badl
crushing, Greyson, ~ No bones hroken, however.”

In spite of his pluck Greyson shivered a little,

“Yes. It must be painful—and pain is hard
to combat,” the Chief murmured—he who coukl
combat it so! *“Come, let me dress it for you,
T have a lotion 0

He crossed to the rough cabinet where we kept
our small store of drugs and so on, and tonk
out a bottle, Then with infinite tenderness he
dressed the hand—with the five fingers left him
to execute the mercy.

I am rejoiced to tell you, gentlemen,” he went
on, “that T believe we can carry out our cam-
paign_without the shedding of blood, without tak-
ing life. I see your work, but you see nothing

(Continued on page 782)
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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 urpatentable) devices has proved satisfactory to
hundreds of thousands of experimenters. The writer, who has handled the Patent Advice
columns of SCIENCE AND INVENTION MAGAZINE for the past seven years, 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.
publications, SciENcE Axp INVENTION, handles patent advice in other branches.

Another of our
Address

“Experimenter’s Patent Service,” c/o The Experimenter, 33 Park Place, New York City.

Selective Tuning

(15) M. Haylor, Arrochar, Staten Island,
N. Y., has submitted several ideas for tuning
out interfering stations. Two condensers are
set on the same shaft, and the coils across
the condensers are so regulated that they
tune two meters above and below the desired
stations. He asks our advice on the sugges-
tion with reference to protection by pat-
enting.

A. We have carefully checked over your
ideas and would advise that they do not
secm patentable. Placing two condensers
on the same shaft is not a new idea, and the
mere fact that you use two in the wave-trap
does not seem to constitute a basis for a
patent, inasmuch as four or five, or even
more, condensers and coils have been em-
ployed for the same purpose heretofore. Ex-
perimentally, the device might prove very
practical for vour home set.

Design Patents

(16) A. Haywood, Munsing, Mich,
asks whether or not he could get a design
patent on a device the nature of which he
desires to be kept secret.

A. Tt is not difficult at all to get a design
patent on any particular device, and we doubt
if you will experience any trouble in having
vour claims allowed. We do not believe.
however, that your idea is of any practical
value and doubt if you will reap anvy
financial benefit from patenting the sugges-
tion unless you are in a position to manu-

g
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VICTOR J. EVANS & CO., Patent Attorneys
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Before disclosing an invention, the inventor should write
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facture and market the device yourself.

Design patents. although very easily ob-
tained, do not establish a very good protec-
tion to the inventor and, wherever possible.
we would advise that a regular letters pat-
ent be taken out in preference to a design
patent. This, of course, relates to mechan-
ical devices and does not refer to those
cases where the design is the important fea-
ture of the device.

It is a poor plan to try to protect by a
patent, and to keep anything secret. The
degree of protection given by a design patent
for a mechanical device will be infinitesimal.

Electrolytic Rectifier

DC
ALUMINUM
LEAD ELECTROANYTE T
=23 s
== =
[
M i
& "“ i
110 V. AC.

(17) Ned Alpert, Milwaukee, Wis.. sub-
mits a drawing oi an electrolytic rectiiying
circuit and asks whether or not it would
work and if he should patent it.

A. Your idea for an electrolytic rectifier
might possibly be made to operate, but we
do not see any reason for the coil of coppcr
tubing containing the electrolyte. This de-
vice is expensive to manufacture. It cannot
possibly do anything more than an ordinary
full-wave rectifier will do, and a vent will
have to be placed in the tubing or in the top
of the reservoirs containing the electrolyvte.
to permit the escape of gases which are gen-
crated in electrolytic rectifiers. We would
not advise that vou apply for a patent on
the suggestion. You can rarely be sure that
you can patent a device—you can apply for
a patent on anything and may be awarded
a patent, or more probably, not.
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CThe Ark of the Covenant
(Continued from page 778)

of mine. I must tell you that I have discovered
a gas which will cause sleep for a number of
hours.””

He went on to explain the anasthetizing gas
which was afterward to give us of the League
such power. The men livened up to the interest
of it, and he suddenly turned to Steve C(urtis.

“You do not sing and play to-night, Steven,”

he said. “Why do you neglect your guitar?”

*“Chief!” Steve choked in_exclaiming. *You
haven't slept for three nights, 1—I[—didn’t
like *

**l don’t think there is profit in watching me,

Steven,” the Chief reproved him gently, “You
must not do it. Come, sing. It will not disturb
Thetford. Sing the little song about the louely
cabin.™

Steve reached for his guitar, and though he
quavered over the first lines, he soon found his
voice:

“Li'l ole cabin in de cawn-patch,

Shingles all a-droppin’ from de roof,
Looks lak eveh’hody gone away

Some place wheh dey’s gone to stay.
“fLovin’ ole Mammy, wheh is yu at?

Kindes' ole Mammy, is yu daid an’ gone?
Why did Ah leave ma home an' run away

From de 1i'l ole cabin wheh Ah wus bawn?

“De’s no smoke risin’ from de kitchen flue,
No light shinin’ froo de do’.

Nobody home to welcome yu,
But what's dat creakin’ on de flo’?

“Lovin’ ole Mammy an’ ma Daddy, too,
Is yu daid an’ gone from me?
Oh, why did Ah up an’ run away
From de kindes’ ole Mammy Ah will evah see?

“Empty an’ sad—not even a houn'—

Do® standin’ open—done broke de latch—
Think Ah’ll be goin’ an’ not stay aroun’

De li'l ole cabin in de cawn-patch!”

“Excellent, Steven!” said the Chief. *“You
excel yourself. Don’t ever lay your guitar aside
because you think I have not slept. [ like to
hear it. I am grateful, indeed, when 1 hear it.
Come, Seton. I have to show you something.”

I followed to receive a gentle wigging for allow-
ing the boys to be disturbed about him,

“Now, my dear fellow,” said he, when the
wigging was over, “I want to show you what I
have found in the gas which you sampled for me
some months ago. I have had many samples
since.  You understand how helium was discov-
cred, I take it?”

I nodded.

“Then 1 need not explain the significance of
the lines in the spectrum?”

“No, sir. I understand that roughly.”

“Very well, then. I will show you the lines
which are given by the gas from our cave.”

Spectrum of & New Element, The [Periodie

Table Upset,

He had an elaborate arrangement of tubes and
instrunients set out on a low table, and a sort of
magic lantern focussed on a white screen stretched
over a wall of the cave. There caine a crackle
from one of the tubes and an intense, eery light.
He touched my arm and pointed to the screen.
There, projected on the white surface. was an
clongated oblong of rainbow colors, broken by
brighter and darker bars.

“Look at it well, my dear Seton,” the Chief
said quietly. “You see before you the spectrum
of a new element—an element that may well
upset the existing periodic table of the chemical
clements. It is our gas, mixed with helium. The
bright yellow bar to the extreme left is the char-
acteristic D3 bar of helium. But this is new—
quite new.”

He touched a switch and the bright patch on
the screen disappeared. He turned up the labora-
tory lights.

“I am wnow faced with the usual difficulty in a
new science, of using old terms loosely to fit new
ideas.” he said, “The atom, as fornierly under-
stood, is gone. But let me put it loosely. Our
new gas resembles helium absolutely in chemical
nature in so far that it has no power of combin-
ing. and exists frec. as single atoms. withou:
having the ability to form any compound what.
ever.
misnomer. Scton—its atomic weight to be .145
of that of hydrogen, which. up to now. has heen
the lightest element known, you will understand
what a revolutinn our discovery will cause in
scientific calculation!™

CHAPTER THREE

1
The New Gas Aithon

The discovery by the Chief of the new element,
which he named aithon, led me to think that the
design of the airship as set out would have to be
altered, but he declared that any drastic change
would be unnece<sary. I had designed the vessel
to have’its lift from helium. Our leader had pro-
posed to manufacture that gas by passing elec-
tricity at an cxtremely high voltage through certain
of the rarer metals—from the wolfram-type ores,

Since I judge its atomic weight—another -
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I think—which he was positive abounded in the
volcanic pipe we called the red scar. But the
finding, first of the helium in the gas cave, and,
second, his discovery of the new gas aithon in
greater quantity than the helium itself, had laid
open the possibility of an easier method of secur.
ing our lifting power,

We shelved all other work for the time being
but the tapping of the reservoir from which the
Chief believed that gas percolating into the upper
cave was drawn. We could sce that the gas in
the cave had means of getting out above, but ite
lower fringe varied little day by day, which
scemed to indicate that the escape overhead was
continually being made good by fresh supplies.

The gas in itself was harmless. It was only its
ousting of the nccessary oxygen for breathing that
made worhing in the cave an impossibility, We,
therefore, took steps to fan the nnxture of helium
and aithon from the cave, and to keep a constant
supply of oxygen—procured by the Chief from
electrolysis of the cave water—circulating in it.

We brought up loads of concrete into the cave,
sacriticing for the monient the stuff intended for
damming the oil-reservoir cabin, and we bound
it thoroughly to the thickness of a half a meter
or morc into the cave wall by steel bolts and
dowels, When this concrete was set, we found
that we had stopped the percolation of the gas
into the cave, so that the fans and oxygen were
no longer nccessary,

Drilling for Aitlhion. Closing the Pipe Against
the Gash Inrush

_In the concrete wall we had bedded a capped
pipe with a side stop-cock to a pressure gauge,
and through the aperture, of which the hinged cap
lay back with its bolts ready. we inserted our
drill to the rock wall of the cave, For the drill-
ing our power was derived from a small electric
motor bolted to the cave floor. and was led to the
drill hy a flexible armored tube on the Bowden
wire principle, Of this process of drilling I had
but slight knowledge, as had the other members
of the crew, but with the theory of the business
which the Chief apparently had at his finger tips,
and  with the natural handiness of the seamen
and mechanics, we made shift to achieve some-
thing of a job.

Toward the end of our drilling. the gas began
to creep through past the drill, and we had to
cap the pipe and lay off until we could make ar-
rungements for clearing the cave. The Chief con-
trived to have two oxygen helmets made for his
and my usc in an emergency.

Drilling was resumed with the fans going and
oxygen blowing into the cave, and it soon be-
camne apparent that we were nearing the inner
side of the reservoir wall. Fromn the amount of
gas now streaming into the cave, the Chief antici-
pated an enormous pressure, so I had a long
crowbar reeved through the ring of the cap in
readiness.

It was well that we did so. for suddenly the
drill broke through the rock, toppled with a thud
first up against_the concrete, and then was knocked
back on its tripod over to the other side of the
cave. The gas whistled out into the cave at enor-
mous pressure, its force as strong as a typhoon.

Fortunately I am a very heavy man, or we
might have” had disaster. ~ I was wearing the
oxygen helmet, as was the Chief, so I sprang
for the cap of the inset pipe and threw my
weight on the lever. Slowly the cap went over,
though it took me all my time, as the phrase
is. and every muscle in my body was protesting
at the strain.  The Chief ‘was by my side, and
he slipped the hinged bolt back ‘into its fange.
then calmly stooped to pick up and hand me a
spanner. I screwcd the bolt tight and the rest
was casy. There were two more bolts, but they
only had to be slipped through their holes and
screwed home. We had the cap on and the gas
was harnessed.

We now had to turn our attention to one of
the drillers who had been overcome. It was
Brooks, knocked over by the thrown drill. The
others had managed to scramblc out of the cave.
I picked him up in my arms and carried him
into the clear air, where the Chief attended him.
He quickly recovered, and though he was a sick
man for the better part of the day, he made
light of his experience, saying that not many
people could boast of having heen nearly drowned
on dry land.

When the gas was clear of the cave. the Master
and I went back to find what pressure we had,
while a number of the men trooped after us.
There was the faintest suspicion of a gleam in
the Chief's mild eyes as he turned the handle of
ll;c stop-cock to the gauge., The hand of the
dial trembled violently, then swung to forty at-
mospheres indicated. “where it remained steady!
" “Forty atmospheres!” the Master said quietly.

A great reservoir. Ah, Seton, it is almost
sacrilege to tap it—the product of nature’s slow
processes through aeons of time!”

The Great Dirigible

And now a trip to the outer world became
urgent. We were short of the stores and plant
made necessary by our development of the cave's
resources. Again, we had to complete the air-
ship design in the light of the new gas. The
Chief made tests of a sample drawn straight
from the reservoir and found it to be almost
pure aithon. The specific gravity of the mix-
ture he declared to be close on five times less
than that of hydrogen, so that with our design
for a helium-lifted ship our margin for play’ was
enormous,
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Selenium Cells

McWilliams selenium cells with
a ratio of 50 to 1 for voice mod-
ulation and experiments with the
amplification of Radio by light
rays. Complete iustructions and

diagrams for simiple experiments
with the amplification of Radio
by light rays free with each cell,
or sent prepaid on receipt of 50c.

Micro-amp Relay

Works with a current of 10 Micro-amperes,
Contact points will not stick. Works in any
position. Not influenced by shocks or jars.
Double relay action. The most reliable instru-
ment for relay work,

Prices and descriptive matter mailed on request.
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In the original design. the total fixed weight
worked out at about thirty-live thousand kio-
grammes, with a di>posable lift of under twenty
thousand. The small propertion of disposable
lift to total lixed weight was due to streng:h-
ening of the structure, and the sacritice of car-y-
ing capacity to that end. It was not anticipated
that we should have to carry heavy armament or
bombs, or that sort of thing, or a very nunicraus
crew.,

With the advantages of the much lighter aithon,
1 urged the Master to permit a further stiffening
of the structure, and he agreed. \We thus avoided
the weaknesses which have always characterized
even the best of rigid dirigibles. The length and
mould of the vessel we did not alter. She ias
designed to two hundred micters in length over
all, twenty-three meters in  diameter, with an
extreme height of twenty-seven,

1n  cross scection she was twelve-sided, and
oated with one of the facets as a Dbroad hkecl.
‘This gave her a tlat top and two vertical facets,

one on either side. We
these horizontal and

joined the angles of
vertical facets, each to the
angle syuarely opposite, with latticed girders of
duralumin, so that the structure of the vessel
was in fact a broad hollow girder of cross-shaped
section through all her length., Her body was
short and parallel, with long rounded bows and
an extended tapering stern, the duodecagonal sec-
tion being held throughout.

The cross-shaped section of the longitudinal
girder permitted the running of a chamber, seven
meters  wide, from the point where her baws
began to round to that where she began to taper
to the stern, a length of ninety meters. On the
main gangway, or kecl, level, this chamber was
divided off as follows, from fore to aft: first
the room holding the control connections from the
navigating cabin which was suspended below, the
two being joined by a ladder; next two sleeping
cabins side by side intended for the Chief and
myself; bhehind these cabins, further aft, a bigger
companionway ran down into the navigation room;
next a space leading into an alleyway which had
cubicles on either side to the number of fourteen.
each cubicle taking two men and being provided
with two low berths and two lockers; next cance
the engine room with the power for working the
gas taps and so on, for raising and lowering a
gondola to and from the main structure of the
ship, and also for creating the enormously high
voltage electricity necessary for some of tlic
Chief’s marvelous instruments; here also a stair-
way gave access to the observation top, and twe
doors led out to the amidships power units, one
on cither quarter; hehind the engine room was a
dining-saloon and lounge for the crew, with a
stair down at its after end to the stern engines
and control cabin. The galley and larder stood
over this companionway.

Aft of the forward navigation cabin, two power
units, port and starboard, were suspended. The
engines here were 700 h.p. each. of the hari-
zontally opposed cylinder type, with direct drive
to the propellers. They weighed just over half
as many kilogrammes as they had tinits of horse-
power, and they were so arranged. each in its own

“little engine room, that the attendant mechanics

could easily get at them.

The amidships engines thrust at the level of
the main gangway, thus about four meters higher
than the forward engines. They were also much
wider apart, being about sixteen meters from
erank to crank. These engines were of similar
weight and horsepower to the forward units,
The after control-cabin had two engines behind
it, thrusting on the same lines as the forward
ones. The whole of this after cabin swung hori.
zontally on a pivot, engines included, on a strong
column flanged on roller bearings. the idea being
to hasten the turn of the ship by the side
thrust of the propellers astern. The swing of
the after cabin was electrically controlled %rom
the forward one, but it was possible to work

Men

place needed.
Cess,

goods.

gation invited.

apply.

WANTED

to manufacture Metal . ¢ 0
chance to start your own well-paying business producing
such big sellers as Toys, Novelties, Ash ay's s
Souvenirs, Advertising Specialties, Paper Weights, etc. We
furnish forms with complete outfit for speedy production.
Absolutely no experience or tools necessary; no
Small investment puts you on road to suc-
Demand exceeds supply and we assist and co-operatc

Toys

with our manufacturers in selling their products.
you in touch with the buyers and assure an outlet for your
Strictly a business proposition and thorough investi-
A splendid opportunity for an enormous
and profitable business for ambitious men,
Catalog and information mailed on request.

Metal Cast Products Co., 1696 Boston Road, New York
L

and Novelties. Good

Trays, Book-blocks.

special

We put

No others need
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it from itself. The only thig not

affected by
the swing ot the cabin was

1> binnacle, winch

‘was fixed to the stationary column on which the

vabin pivoted, thus the lubber’s mark ot the
gyrocompass always pointed to the rcal head of
the slip.  This old 1dea of steering wa> aug-
mented by an ordinary rudder.

For the normal climb and descent we had the
usual box-tins astern, but the genius of the Cluef
found us a much greater power in this direction.
I anticipate the chronology of the story by tell
g of this feature at the moment, but it :nay
be as well explained here as later.

We liguched the aithon—at absolute zero—and
carried a big reserve i steel containers. Owing
to our immense lifting power we were able tu
have spring hoops for keeping our ballonet.
rigid, each Dbeing titted with an automatic pres.
sure valve. By an elaborate system of pipes,
stop-cochs and valves, all clectrically controlled
from either navigating ecabin, we were able 1)
clear these balloncets of gas or air at will. When
we wanted to rise quickly, we pumped the an
from the forward ballonets, and forced into them
the aithon expanded to gas by having been
sprayed anto a shghtly  heated “chamber.  Thu-
we upset the balance of the ship, and had the
lifting power forward—helped, of course, by the
thrust of the propellers. By turning a graduated
dial in the cabin we were able gradually to hll
the bullonets one after the other, or cupty them,
fore to aft, or aft to forward, as we¢ chose.
Thus, when we wanted a quick descent, we
empticd the forward ballonets of gas and filled
them with air, briuging the nose down.

By reason of these improvements. all made
possible by the discovery of thie aithon. we wers
capable of—and the structure permitted—quick
manauvre wlhich  would have buckled the ordi
nary dirigible at once.

Working Drawings Prepared,
Drilling for 0il

It was my task now to set out working diaw-
ings of the improved airship. This was « matter
of eunormous labor for one pair of hands, in-
volving a> it did a mass of drawings and trac-
ings to various scale from | wm. to lem., and
full-size for certain details. Owing to the short-
age  of material, which could mnot be remedied
untii the drawings of the airship were ready to
pass into the hands of Travers Lippencott at
New Orleans, the crew had time on its hands, so
1 enlisted the services of Dave Lippencott and
Fitzalan, who I found, in addition to hemg capa-
ble engineers, had some idea of mechanical draw-
ing. They acted as tracers for tue. They
improved as they went on, and the time came
when the elose inspection of their ¢iforts by the
Chief, Thetford and myself, could tind no errors
cither in drawing or in figuring,

While this work was in hand. the remainder of
the crew began to try drilling for the oil with
an electrically driven’ rotary drill.  They suc-
ceeded in striking oil at a depth of one hundred
and thirty-three meters, anml, as with the gas on
the opposite side of the main cavern, found au
enormous  pressure. It was a good quality of
oil, pale sherry brown in color. and not at all
the tar-colored. viscous stuff one expected t) see.
It had a paraffin basis, and reddily ignited as
it was, fresh from the earth.

The voyage to the outer world could no longer
be postponed. The drawings of the airship were
ready. and we needed the piping for gas aud
oil, and had to bring up the retinery plant.

the company, only the Chief, Thetford,
Devonridge and Haynes——which last two were
promising themselves some hunting in the -lack
time—and Grumstock were to remain behind.
Grumstock came with us for the first part of
the journey.

We found Sleepy Sam Smithers as placid and
contented as ever, to the great glee of Higgins
and _Grumstock, who found much amusement in
chaffing their old shipmate. In the months that
Smithers had been solitary., not a single white
man had he seen. He had captured and tamed
a toucan, and the bird was hi- sole compauion.

I had been rather anxious about Smithers,
whether his resolution and phlegm would indeed
be capable of sustaiuing that dreadful isolation,
but I honestly believe even now that the stout
shipwright really enjoyed his own company. Hi~
health was excellent,” a remarkable thing in a
man so short-necked. He had improved the store-
house greatly inside, but had carefully neglected
all outward appearances. The place was desolate
and overgrown to a forlornness that might have
made the heart sink, and even the (futha was
hidden by creepers. But if Smithers had al-
lowed her to hide herself naturally, he had looke
after her, waging bitter war on the ants which
might have eaten into her timbers. and keeping
her engine room a picture of tidiness.

When the C/utha was ready for her trip down-
stream, Grumstock offered to hear Smithers com-
pany for a day or two before returning to the
plateau,

“Well, Jack.” said Smithers. “if you likes to
muck in wi' Nosey an’ me for a day or two. good
an’ well—you're welcome. But we ain't no de-
batin’ sassiety. 'im an’ me., I can tell you that.”

Nosey. of course, was the toucan.

“Well, what do ye do with yourself all the
time?” Grumstock demanded, with an irritated
scratch of his head.

“Nosey an” me.” said Smithers solemnly, “we've
brort thinkin® ter wot ther papers calls a fine art.

“That_bird.” he went on with an impressive
wave of his slim pipe—*that bird's a wonder,
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RAGEMCO N

Radio Headquarters for the Finest and BEST Radio Tools

amc=Jlgy RrDIO l 32 ;"fj RADIO
—— Sl

TOOLSET HANDI-
t of tools ever made % TOOL

for Iidie Work by Hends Tus Dar or
the inakers of the wire strips and
el (amcus ' VANKEE” cctapes wlre

Tools. It contalns the bores an! reams

tollmwing: 1 Rachet holes, ete Tl

Serew ~driver, G'¢ in. - cansists of | In

long  haiding aid attachments: 1 Blade, 5% x 3-18; 1 black japanned handle, to whlch Is attached wire bending
iace, % x % 1 Dlade 2% x % 1 Countersink: 2 Sock- device, with nlekeled ferrule anl o . long two sided

et Wrenches for all small nits; 1 Reamer "o enlarge holes reamer.
In panel from 13 x % 1 Wienel, one end 5-16° square PRICE—No, 702 .......... .. o+ens 5 ooooDo ... .50
or hex for jack, other %" hex., cte.

PRICE per set—No. 700.........comvorerncranen- $3.00

HAND DRlLL Set consists of “LOCK-

GRIP’* master handle, 57
T b e hardsood N iong, black Rubberoid fin-
handle 1s hollow Ish with steel chuck, nickel
to store drills. | plated, buffed and with the followlng 9 tools: Saw. bral.

Irm frame, nick- awl, large screwdriver. hile. serateh awl, glinlet, reamer.
cled parts, hali chisel. small screwarner Each fool of fine steel, drop

The Simplest Practical

. benring ‘hree juwed chuck holding and centering acen- forged tempered, hardened, anl nicely fintshed. Set comes
Radlo Set Made rately tound shank driils from 0 to 3-16. Length of | in leatl ermid hox with tray
hilt, 12 gnches. PRICE—No. 703
PRICE=NO. 303 .....coovivereerscerircnennnnons $2.25

SCREW STARTER
and DRIVER

tiolds any serew by Its -l
with a firm grip, makes 1t easy
to place and start serew~ in_difficult places
tar wire, With this device Just the tool for the Radlo Constructor. Al
any Radio Construetor can purts heavily r!slot"lreled and polished.

?Ny wire his set 1o compare fav- PRICE—No, 304 ............. ...... $1.00

orably with any ‘actory made set. Easter to u<e and more

1
aecurate than pllers.  Full dlrectlons in box. Made of

The
oy (el DG i PVEESs o cosooeses $1.00 n l 1 ll 1 1] | | RADIO
RADIOGEM CIRCLE CUTTER o res-ssss| DRILL SET

WIREBENDING
TOOL

For making eyes, loops,
bends, and offsets on Bus

)

Composed of 10 strilght shank
Especially designed for the Radlo “[ll ll II T twfst drllls. fitting all hand
Constructor, Male of the finest and brea:l drills. The selee-
materlal and equipped with the tion of theve drills has been

The simplest radio outfit made—

. hizhest grade high steel cutting especlatly made for Radlo tConstruetor. and i
yet as practical as the most expen- d or« and  consists of

bits. 1t does three things at cnee. the followilng slzes: 1-14, 5-61%, T-61. Y, 9-81.
It drills its own pllot, euts out o 32, 11-61, 3-18, 17-61.  Drills ar> mounted on white

sive. A cryslal receiving set that plag d."ld lm‘lui head or selmll Ilullénd Iilnensousllh sizes clearly marked.
B g around the hole in one operatlon. PRICE—No, B N .
you can operate and enjoy even Cuts holes % to 1 In. in diam, s
though vou know absolutely noth- RRICE-SNOY102 LILITED $3.00

3 401, Same tool but Ter and

not’ fitted with bead or seroll In
one opcration.
PRICE—Ne. 400 ........ $2.00

ing about radio. You receive the
RADIOGENM unassembled, together
with a clearly written instruction
book, which shows you how to

ELECTRIC SOLDERING IRON

quickly and easily construct the
set, using only vour hands and a A perfset tnol for Radlo \Work. Operates either on 110-
volt A, or D.C. The heat clement iv of Nichrome.

scissors. The outfit comprises all - 4 M| hich bresents overheating and assures the deslred even
temperature. Size of Iron, 10% In. long. A d-ft. cord

the necessary wire, contact points " 720
' : HAND DRILL | gzt s2.00

detector mineral, tube on which o || TR SIS RAARET ) PRICE—No. 800 ...........ococoereceieititt
wind the coil, etc., ete. The in- Especlally_deslzred for Radio Work hy the makers of the

o lai . | famous *‘Yankee'™ Tools, A beautiful batanced, small,
struction book explains simply and powerful drill_with 1 tn [ ratlo of sears for speed.  Spe-

. A . Q cial chue! -32 capacity, to take largest drill. mostt

cor:ple‘el" ‘h;. pl";;l(:lpleb' of l’ﬂdI:() “'."I"::“":‘;\'I{P arlll ar tool sets. Length over all, 9% ln).,

H : t s - elght 8.
and ats graphic 1llustrations maxe PRICE—No. 302 ...$2.75
the assembling of the RADIOGEM
real fun.

GERIHL OUTFlT Three-in-One Nut Wrench. Conststs of hi?\rllh hot - ["% “"j @ L-n-x.:-l"--,

low stem 6 Inctes in Iength and three Interchangeable i i i
. Combination Plier, Wire Cutter, Wire Former and Wrench.
sockets fittlng popular slzes of nuts, The hexagon sockets Drop forged. slcnder but exceptlonally strong.  in. long.

Complete aerial outfit for grip the nut solldly. i
" . PRICE per set—No. s PRICE—N®. 202 ....cconvvvcesceccnencccrees reseee 750
the RADIOGEM, consisting per set—No. 301.. secercranseren. . B5¢
of 100 ft. of standard cop-
per aerial wire and two _
special porcelain insulators, o=
Price ..cccvvieiineannnn 50c.
Long Sharp Nese, Side Cutting Piiers. Just the pliers
Side Cutting Nipper, Lap Jeint. For cutting all kinds of for the radlo constructor. [Dends am:l cuts all kinds of
\alr'e.h J'a\\s hardencd and ofl tempered. Natural steel ;0“ Wflfe- ?’N;‘. ll“.-hlm‘ht! long, hlack body, polished
. nich with polist Length 8 Inches. aws,  lLength 31 Inches.
Radiogem - - - $1.00 PRICENO. 201 ..nvveessnsmsnnrnnrseenaaennns 75¢ | PRICE—NO. 200 ...ooieuerrenianiieinersieneaene, 75
.
erial Qutfit - - - - ‘ - .
A '50 Order all tools by order number. A.l goods are shipped iree of transportation charges to all parts of

Radiogem and Aerial the United States and possessions the same Jay as the order i~ received.
Outfit - - - - 2.50 MONEY REFUND GUARANTEE

If you are not satisficd money zwill be refunded on return of goods

L\'l'he RADIOGEM CORP., 66-E W. Broadway, New York

X




The Experimenter for September, 1925

&VIA RADIO

Get a Big “ Circuitgram
Book’ and Receive the
Latest Hook-Ups by
Radio

The book contains five sets of blanks,
called Skeleton “CIRCUITGRAMS.”
“CIRCUITGRAMS" are a patented
novelty in Radio and Radio Broadcast-
ing. covering several important uses.
“CIRCUITGRAMS” are the handi-
est things ever published for the
man who makes his own hook-ups,
the student, the radio engineer,
and all those who wish to draw a
hook-up or a circuit in a mini-
mum of time.
The Skeleton “CIRCUIT-
GRAM” blanks are of five
different kinds: for one, two
three, five and nine tube
Radio receiving sets. When
making your own hook-up,
all you neced to do is to
draw the connections be-
tween the symbols rep-
resenting the different
parts of the Radio set.
With this book you
can rcceive any
hook-up being
broadcast from
different radio
stations through-
out the country.
Every fan inter-
ested in new radio
circuits should
3 B have onc of these
% books on hand.

EXPERIMENTER
PUBLISHING COMPANY

53 Park Place - NEW YORK, N. Y.

HOOK-UPS

Price

25c

Ouwr “CIRCUIT-
GRAM” books are
sold by All Radio and
Newsdealers. If your
dealer cannot supply

o,

you, send us 25¢ and e e
we will mail you a g% 4 ~§g",__ 3
book postpaid.
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*Im an’ me’ll sit fer hours lookin® at each other—
thinkin®, d'ye see?—an’ [I've seen Nosey that
pensive as'd make you say ‘e ’ad brains in ’is
beak! 'E’ll sit there, thinkin’ an* thinkin' till
ye begin ter wonder wot tremenjous idea ’e’s got.

‘ou can sce it swellin® up in ‘is 'ead, then, sud-
den-like, ’e’ll give ‘isself a dust under ther wing.
An’ anybody can sce 'e’s got that point scttled
all right. h, Nosey's got me beat for thinkin’,
any day o' ther week!”

“I'd say a monkey'd be more company,” Higgins
asserted.

“Ah, Tom, ahl—fer you! Birds of a feather
make good company,’” Smithers said pointedly. “A
monkey's got no brains an’ *u'd suit you splendid.
Nosey's my mark. 'E’s got plcntg.”

“Oh, all right, Sam,” said the abashed Higgins.
“If you fancy old Solomon Levi as much as that,
good an® weﬁ. But a bird like that’'d give me
the creeps.”

“I’ossibly, Tom, possibly,”” Smithers said with
solemn pride, ‘A bird like Noscy wants soue
livin® up to.”

“l'd stay for a day or two,” Grunmistock an.
nounced, “if only for something to laugh at.”

‘““Ibat’s right, Jack,” Smithers said placidly.
‘“Stay an’ advertise your vacant mind as much
as ye like!™

His withers quite unwrung by this peculiar ex-
tension of hospitality, Grumstock clected to remain,
and he and the stolid Sam saw us drop down the
river one morning earlyv. The last glimpse we
had of the pair showed Sleepy Sam sitting like
a graven image on the steps ofy the wharf, hands
on knees, gazing fixedly downstream after us,
while Grumstock, beside him, was regarding his
old shipmate perplexcdly and was scratching his
head in a state bordering on despair.

To New Orleans by the Steamer “Gluthn” and
Return

We reached New Orleans in good shape, and
found Travers Lippencott with a cargo ready for
us. This included our refining plant for the oil,
piping, tanks for the pure spirit, and in fine the
last of the material apart from the airship itself.
Theve was also a large amount of food, tinned
and otherwise, cement, grain—and, when we were
ready to return, coops of chickens and ducks.

I handed him the airship drawings, and fixed
a date for our return to pick up the parts. We
arranged betwcen us that the parts and the ma-
lerials should be invoiced to a so-called North
African Aerial Transport Company, and that the
manifests and bills of lading should be made
out for some of the North African ports. We
built up a ramified aund intricate deceit, not be.

cause it would have been difficult to get clearance
for our cargo, which was innocent enough. but
to hide our traces beyond recovery when the hue
and cry would be raised against us perhaps years
hence. At the time when the parts of the ship
were ordered, there was a great boom in the
building of dirigibles in America ané Europe, and
we anticipated no trouble in having the orders
filled. But to make assurance sure, and to sce
that every single part was submitted to accurate
testing, I asked Brooks to stay in America until
everything was collected at New Orleans.

Brooks was a little chagrined at the prospect
of banishment from the plateau, but I pointed
out to him that there was nothing left in the
cave but rough work, or jobs that he could no:
tackle. until we could have the parts of the airship
brought there, and he consemc(Y. He was a good
man, Brooks, who was not likely to get drunk or
talk, and he was thoroughly capable of the business
of secing our orders properly carried out. He was
to draw upon Lippcucott for moncy—we treated
him generously—and in the end [ imagine the
prospect of traveling importantly about the United
States rather took hold of him, for he sct about
the business with apparent pleasure. le was
primed with a clear-cut and circumstantial story
to trot out to inquirers, and we even went to the
length of printing prospectuses of the. company
for him. This point was a trifle overdone, for
though the schems outlined was of the maddest,
I believe he had difficulty later in keeping people
from trying to invest in it.

The two New Orleans young men, Lippencott
and Curtis, made the most of their leave from
the Amazonas Exploration Company, aud trotted
their fellow explorers, Fitzalan and éreyson. about
the city in great style, to the evident edification
of the latter. They roped in two other men for
the company, one of them a young oil enginecer
from Texas.

At last, however, the cargo was stowed. and we
set off on our return voyage. Less than a fori.
night brought us off Manaos, and there we had
a slight scare.

Off the city we were boarded by a Brazilian
official who insisted on inspecting our cargo. But
our papers were in order and, in the end, though
I fancy he thought us a trifle mad. he thanked us
warmly for helping to develop the resources of
his fatherland. We sacrificed on him and his
fellows a bottle or two of very sweet cham.
pagne, stored aboard for just such an emerg-
ency, and when we dropped them over the side
in.o their own boat, I do not think they were
in a condition to rememher whether we were going
upstream or down. We were shouting fond
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Make $100 Weekly—
1 Will Show You How!

OU can do it in your

spare time—even-
ings. Lay the foundation
for a permanent, profitable
business of your own. Giveit
all your time when you've
proven the big opportunities
1t holds for you. Sell what
the public wants—

Sell Radio In
Spare Time!

Demonstrate the Ozarka in
your own home_or in your
prospect’s home.Salesexperi-
encenotnecessary—weteac’
' g you! dOz_allrlka ip}s;trlumherlmts

pricedright, with sales helps,
J. Matheson Bell  national and local advertis-
Pres., Ozarkalnc.  ing, make your selling easy.

12 Selling Lessons FREE!

The Ozarka plan of selling radio is entirely differ-
ent. Most practical—easier to explain. Sales are
made quicker and easier. Knowledge of radio not
necessary—wae teach you every detail without charge! Out
success with 3,100 men proves the merit of our teaching.

3,100 Men Are Doing It!

The Ozarka organization today consists of 3,100 men. In terri-
tory not now covered the right man is wanted. $100 weekly
in epare time is not unusual, Many Ozarka men are making
far more—some have been with us for three years.

FREE Book Tells How-—

Write me personally—tell me about yourself, and I'll sce
that my N}?uue book, Ozarka Plan No. 100, is sent you with-

).

out cost. Please mention the name of your countgéI To be
sur2 of my personal attention, attacg coupon ow. to
your letter. J. Matheson Bell, Pres.
Ozaakh (NCORPORRTED
120 Austin Avenue D, _Chicago, Illinofs _
e ——— —_— i
Gentlemens 9-25-120D §

I am greatly interested in the FREE BOOK ‘‘The :
Czarka Plan’’ whereby I canell your radio instruments. 1

Name e e N —— :
AdAross. e City. [}

]

e ergmv State. ¥

A new MAIL ORDER HOUSE for the

convenience of the Rural Radio Fan

BRUNO **77°" three circuit tuners
hwflne a wavelength of from 200
to 550 meters. wound on quartzite
glass, Insuring minntely  small
losses. The speetal BRUNG *‘pan low losses™”
cuke™ tickler reduces the squeals tor
to a mintmum... .. ........ $5.50 2% up

TRANSFORMERS
Thordarson, 3%-1
Thordarson, 6-1

Gen. Instl., all capaelties
Hammariund, 0005 Ver.
King Cardwell, all eapaelti

BRUNO Quartzite Forms are used
in winding coils for both recetv-
Ing und transmitting sets, wilere
is an fmportant fae-
These forms come In all skzes
......... $2.00 up  trol

Thordarson, 2- DBrandes
2.:';";:‘::‘“" ...................... Sclenllllc
Jefferson Ntar . . N. & K ..
g - 3 PRS- X Qem
All-American . & Manhattan
CONDENSERS gt
Paeent .. ..

Manhattan Ver., all capacities. >
Preferred, all capacitics . . 2.5
Murdock, all cspaeities 123 Dept. E

BRUNO No. 18 Ultra Varfo Con-
denser.  This instrument Is osed
exteusively in all high grade re

used to tune two stages of radlo
frequency with a single smn'
6. 5!

COMPARE OUR SPECIALS

Baldwin Type

PHDNES LOUO SPEAKING UNITS
Pair AND PHONES
""" -l 5 ....$7.50 Raldwin Type i
B, 3.60 Naldwin Tyne 17"
2.95 Ialdwin Phone-Sp.
<4 Morrison i
............. 4.95 Manhattan

.. 1.85 Western Fleetele
. 3.95 Dictogranh

Ampllon
™ e Ry LR i o (32D, N. & K
= 3.25 Allas

WRITE IN FOR FREE HOOKUPS AND CATALOGUE

B-C-L RADIO SERVICE CO.

218 Fulton Street, New York City

ceivers: the country’s foremost set  BRUNO No 53 Tumed Radio Fre-  Distributed capaeity tosses are
deslgners  specify  BRUNO  con quency Transformer.  This cofl i greatly  redneed by the ribhon
densers, This instrument can be wound on quartzi‘e glass rods  spaced windlngs on the quartzile

with the nrimary inserted a2mong  rods
the windince of the secondary. thns
tusuring perfect reeepiinn.. $3.00

BRUNO Short Wasve Recelver:
tunes from 20 up to 110 meters.

This coll mounts with one
hole  and 1Is only 2%* over
al a o W ....$5.50

MISCELLANEOUS

Pacent Plux ...........
Midget  lLow-Lo: Condenser
. 5.50 Cutler-Hammer Rheostat, 6 ohm. .

7.95 Cutler-Hammer Switeh

3.10 Amnerite a

3.50 Clarstat ..

7.50 Univernier

7.95 Apex ... 5 . .
Sterling Valtneter, 0 to 50

4.95 Weston 1'lug
. 7.50 Eby Post anle
Tuen-Tt Leuk . o
Jones Double Jack
Jones Ringle Jack .
Voltnieter, 0 to 50 ..
Glass Insulator ... ..,
A Rattery Switeh
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The New Radio Stamp Fad

Here is the DX Radio Stamp Album just like the ones we owned in our
youth, in which were placed the rare stamps of the countries of the world.
Some were hard to get some couldn’t be Purchased for love or money;
but the fun of the hobby was the seeking of rare stamps and the eventual
possession. So it will be with the DX Radio Stamp Album. There wili
probably be some stamps you will never be able to own but there will be

many you will be proud to have and be able to show to other radio enthu
siasts. It's an interesting game. Below the Album is shown the "*Prooi
of Reception Cards” of which a generous supply is furmished with each
Album. A dime placed in the hole in the card and sent to the station you
heard brings back a stamp for your Album.
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You can get this handsome

tamp Album FREE

This beautiful EKKO Stamp Album, illustrated above, will be With the Album is furnished a large Crams comprehensive

given away absolutely free with a subscription to any one of our
four magazines: “Radin Neacs.” “Science and Invention,” “The
Experimenter,” “Motor Camper and Tourist.”

Don’t pass up the opportunity to get this valuable premium.
With this album, you can keep through the means of beautiful

radio map of the United States and Canada; a supply of “Proof
of Reception Cards” and also some stickers. The Album con-
tains a list of broadcast stations of the United States and Canada
with wave-lengths and columns for recording dial setting, a
table of stations arranged according to wave-lengths and a sec-
tion for log records.

engraved stamps, a certified record of every broadcast station
you have heard on your radio set. Your friends will enjoy
seeing it.

We have acquired 1,000 of these Albums especially for our
subscribers. The coupon on this page filled out and mailed to
us with $2.50 will entitle you to a twelve months’ subscription
to any one of our four magazines and one of these EKKO
Stamp Albums free.

The album consists of 96 pages, size 9 x 12 and is bound in
extra heavy stiff cover.
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: EXPERIMENTER PUBLISHING CO,, I~c, 53 Park Place, New York, N. Y. :
] Gentlemen: 1 have decided 1o take advantage of vour special offer. 1 am enclosing $2.50 for 1 year's subscription to ( ) ‘‘Radio News® .
1) ( Science and Invention,” ( ) “The Experimenter,” ( ‘MotorCamper and Tourist” and one EKKO Stamp Album wbich you will send ]
] me free (Mark to which magazine you wish to subscribe) :
| ]
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three popular magazines—Radio News, Sci-
ence and Incvention, and Motor Camper &
Tourist. Start to earn your <hare without
further delay.

A Post Card will bring you full particu-

lars absolutely without obligation. No in-
vestment necessary. \Write today.
E. J. FOLEY
EXPERIMENTER PUBLISHING CO.

Box 104 53 Park Place New York City

farewells to them, and they protestations of un-
dying amity to us, even as our engines began to
turn for the run up the river, Some weeks
later the Chief was welcoming us and our new
comrades to the Plateau of the Red Scar.

v

An Unecanny Discovery in the Cave

The young Texas engineer, Lin Greensleeve by
name, fell iu with the idea of the League right
away, and the other new comrade, Matthew K,

Whittaker (he insisted on the K.), was little be-
hind for enthusiasm. Both men had fought for
America in France, and our tally of wounded men
was unbroken by their adherence. Greensleeve
pronounced our drilling and capping of the well
to be quite professional, and waxed eloquent on
the quality of our oil. He set about the erection
of the fractional distilling plant, and ruled out
as unnecessary our idea of forming a reservoir,
He superintended the piping of the oil direct to
the stills, laid down the tanks for the gasoline
(as he called it), and when that was done, took
over the piping of the aithon to the hangar caves
and to the site of our pressure and freezing tanks.

Meantinie, Matthew K., who understood what
might be called raw lumber‘ had organized a
party for tree-felling. Tall trees were felled and
dressed down the river, and were towed by
launch into the cave to make the stocks for
erecting our airships. The putting up of the
stocks when sufficient timber was collected fell
to myself and the seamen of the company.
was inclined to drag that master shipwright,
Smithers, from his splendid isolation so that we
might have the benefit of his professional experi-
ence, but I forcbore, and distarhed him and
Nosey only once, when I sailed down to thrash
out a knotty problcm with him. We managed.
however, without his personal supervision to put
up quite a shapely scaffolding in readiness for the
arrival of the airship parts.

in the midst of these preoccupations, Lin Green-
sleeve made a discovery which was the beginning
of a series of thrills for us.

In the east walls of the main cavern, whence
came our water-power and our aithon gas, run-
ning up close to the edge of the red- topped pipe
a series of varying tunnels wandered, seemingly
the dried-up courses of ancient hot s rings. These

| bored up to the surface in several places, to end

sontetimes in high sinter cones on the top of the
plateau The sweet air of the caverns was due
in measure to the vcntllatlon that these passages
brought about, for in many of them one could
feel the rush of air.

It occurred to the versatile mind of Lin Green:
sleeve that if he could search out a separate
passage and connect it up to the furnaces of his
refining plant, he would be in possession of a
naturai flue and save himself a lot of trouble,
To this end, he dragged me off on a tour of
investigation among those upper passages.

For hours we scrambled and crawled with
pocket compass and torches through tortuous ways,
checking directions and measuring distances.
Among other things we discovered a good passage
up to the top of the plateau, but that fact was
temporarily lost sight of in the amazing find that
followed.

Lin discovered his flue—to a certain extent. The
only thing that prevented it from being an ex-
cellent flue was the fact that it came to an abrupt
end underground. Lin, however. had his meas-
urements—which were all out, owing to an un-
secn intfluence on his compass, as will transpire—
and he was ready to wager that by hewing through
for a certain distance he would connect up with
another of the dried spring courses, and so have
a good draught to the outer air by one of the
sinter cones.

Since the idea was merely a fancy of his, and
since the other members of the company had their
own particuiar tasks to perform that day, he de-
termined to carry out the operation by himself;
tut since Lin was one of the most cheerfully de.
terntined devils it has ever been my fortune to
meet. and the most engaging ccmpanion withal,
1 volunteecred to help him. I knew nothing of
mining, but I thought it was mnot tov late to
learn a little,

Lin decided that it was useless to attack the
barrier with the pick, for the rock was a particu-
larly hard hmestoue and, as he put it. the only
method was by “‘a shot or two.” We descended,
therefore, to the store-cave for a stick of explos-
ive., “or two.” detonators and a cail, a drill and
a forchammer, and other weapons necessary for
the attack,

I now received my first lesson in mining. The
little chamlcr was stitling hot. for some reason,
but we commenced operations undeterred. My
instructions were to hold the drill while Lin smotc

it, and to turn it slightly after each stroke. How
the man could deliver such blows in such a
cramped p(imon I amn unable 10 say detinitely,

but 1 take it that for the hundredth time I was
in the position of the ncophyte a.dmiring that pre-
cision which belongs only to the master of any
craft. \We—or rather Lin—soon had a goodly
hole sunk, and into this he inserted the explosive
with its detonator all prepared. 1le put in some
<ort of tamping, and we retired round a corner
or two to where the coil stnm] ready in conncctwn

“Hug the wall, Seton.,” Lin ordered. ‘‘Now!"

1le dropped his weight on the plunger.

From the cavern round the corners there came
a dull roar, and a gush of hot air came rushing
down the passage. I was hugging the wall ac-
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Education
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cording to instructions, but was almost dragged
away from it. We were among particularly pun-
gent fumcs. .

“Foof! Foof!" Lin spluttered. “This will soan
pass away when the little draught gets down to it.
You won't be poisoned, Seton—but it's derned um-
pleacant,”

We waited some considerable time, but the
little draught did not “get down to it.”

“Funny!™ said Lin, “I conld have betted we'd
be through. Wait a bit, then let's go and sece.”

We retired to the end of the passage above his
refinery, and while we waited we smoked amd
varned.  When Greensleeve thought it would be
safe we returned to the culde-sac. The place
was blocked hy a heap of rubble, which Lin and
I started to clear away. When we had made a
way to the shattered wall, Lin fell to flashing the
light of his torch on it.

“My. my!" he exclaimed.
dyke rock, Gentlemen., don't snigger! I didn't
expect that,  Well, here goesi™

He picked up the drill and he rapped the en'l
of it against the blacki-h rock. It soumled hollow,
and he turned a grin on me.

“I'm not sold.” he smiled.
Cornish say.
ness,”

Again we fell to drilling. We set the stick af
explosive and the tamping. then went back to the
coil.  Once more that hollow roar. the rush of
hot air. the pungent smell, But even now the
expected draught was absent. Iin Greensleeve
was puzzled, and his face as we made our wav
hack tn the entrance to awaijt the dispercing of
the fumes was a comic study in chastened ex.
pression,

“T can’t be far out, Commander,” he said rue-
fully when he caught me smiling.  “We've driven
deep—and it was hollow. too. Gentlemen, don‘t
snigger!  Mayhe debric has fallen from the roof
and blocked the passage. We'll soon have it out,
if it has.”

We returned to the scene of the explosion afte-
another smoke. As we turned the last angle of
the pas<age, Lin suddenly gripped my arm,

“Now, what's yonr verdict on that?" lie de-
manded, and pointed ahead. .

From the further wall there rose a strange greenr
lamhency, silhouctting the heap of rock that was
piled on the cave floor. Something uncanny i
was which made the hair prickle on the scalp. A
strange sense of some appalling power hehind the
rocks gripped me hard, and I was fain to turn on
my heel and run. That, indeed. was what Lin
Greensleeve bade me do.

“Get hack, Seton.” he whispered.  “Get round
the anale of rock. T dare not think what it is—
but T'm going to see.”

“Stop, Lin, stop!” T exclaimed.
be fumes from it!”

“We'd get them now if there were.” he replied.
sniffing, “though there’'s an unaccountable whiff
of bromide or chlorine.” he added with a puzzled
air.  “Get behind the rock angle, Seton. [ am
going to see.”

All in ignorance as T was, 1 could neither stop
him nor permit him to go forward. I could not
tell if jt would he wise to follow him. but the
Scot in me dictated the waiting attitude, to be
ready to pull him out if he were in danger. Lin
crept forward on his hands and toes, and came
ack in a rush with a Tump of rock.

“If it’s what T think jt is.” he panted, “I'm
either mad or drunk—I don't know what I'm
saying, Seton. I'm rattled. Let's get out of this
I have something that may provide a clue. The
Chief is the man for us.”

We hurried for the entrance of the passage and
climbed down to the main cavern floor. We ran
across the hridge that now spanned the lake. and
rushed up to the Chief's lahoratory. We were
bidden to enter,

Lin poured out his story in a_ rush, while the
Clief listened with his usual mild expression—un-
astonished, unmoved,

“A lambent, greenish glow,” he murmured.
“Let me see the rock.”

Lin took it out of the coat in which he had
hurriedly wrapped it. It was a blackish rock,
with a reddish side to it, and to this reddish side
there was a pinkish crystalline deposit, very thin.

“Pitchblende. T think. with a filling of rhado-
lite.” said the Chief, when he had placed it on a
bench to examine it. *“An extraordinary comnbina.
tion! Look, my good Greensleeve—Sefon. look!"

He charged an electroscope until the two leaves
were held out at right angles to the stem, He
put the piece of rack over the cap of the instru-
ment, and the leaves fell at once!

“That tells its own story.” the Chief said.
“Your specimen, Grecensleeve, is highly radio-
active—and the pinkish salt that clings to the
rhadolite side of it is one of the radio compounds
—I should say bromide. with a slight barium
impurity,”

He looked at us mildly quizzical.

“I have ceased to dishelieve in miracles. Seton.
since we found the aithon reservoir. Though the
glow you de<cribe may easily be only the fluor.
escence caused by a minute” quantity of radium
acting on some substance readily so affected—
radivm, pure radium doe< not glow. to the eve.
at  least—the thin deposit of radium  bromide
clinging to the rock specimen makes me really

elieve vou have come upon a mnatural pocket of
the metal itself!”
(To be continved)
(Copyright by [farper Bro<., N, Y.°
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You can place your ad in these columns for 6 cents a word
reaching a great group of readers covered by no other magazine
and which you can reach in no other way.

GERMOTT PUBLISHING CO,, INC.

OPPORTUNITY AD-LETS

As a reader of The EXPERIMENTER it will pay you to read
Each issue contains offerings made by reliable firms
who are desirous of your patronage.

these ads.

Ad-Lets for November should reach us not later than September 20th.
The circulation of The EXPERIMENTER is 100,000 copies
§3 PARK PLACE, NEW YORK CITY

Agents Wanted

Novelties, Books, Magic, etc.

Radio

Agents—Write for free samples. Sell Madison
“Better-Made” shirts for large manufacturer direct
to wearer. No capital or experience required.
Many earn $100 weekly and bonus. Madison
Mirs., 511 Broadway, New York.

It's Freel OQur catalogue of latest novelties,
hpoks. and magic tricks. Stamp appreciated.
\;-rnr)n Novelty House. 133 Rice St., Alliance,
Ohio.

Big Money—iast sales; everyone buys gold
initials for their auto; scll $1.50, profit $1.44. Ten
orders daily easy. Samples, information free.
World Monogram Company, Dept. 34, Newark,

. ).

Rummage Sales Make $50 daily. Offer wonder-
ful values. We start_you. ‘*‘Wholesale Distribu-
tor,” Dept. 193, 609 Division St., Chicago.

American Made Toys

We need Manufacturers or ambitious men for
manufacturing of Metal Toys and Novelties. We
buy complete output and place contract orders
for three years. Casting forms allowing speedy
production, furnished at cost price. We guarantee
perfect work without previous experience. We
buy goods, plain castings, one color dipped and
decorated offering highest prices. Cash paid on
deliveries, Write only if you mean business.
Our book, "American Metal Toys and Novelties
Industry,” and information inailed free. Metal
(Cast Products Company, 1696 Boston Road, New
York.

Chemistry

Learn Chemistry at Home—Dr. T. O’Conor
Sloane, noted educator and scientific authority,
will teach you. Our home study corrcspopdencc
course is a real short cut. You can learn in half
the usual time. Gives you the same education as
you would get at a college or university, See our
ad on page 654 of this issue for special 30-day
offer. Chemical Institute of New York, 66 W.
Broadway, New York City.

Electric Motors

0Old Money Wanted

$2 to $500 each paid for hundreds of Old or
Odd Coins.  Keep all old nmoney, it may he very
valuable. Send 10c for New IRustrated Coin
Value Book. 4x6. Guaranteed prices. Get posted.
We pay Cash. Clarke Coin Company, 14 Street,
LeRoy, N. Y.

2650 Miles Distance with onc tube. Any Novice
understands our Simplified instructions. Big free
booklet tells the story. Vesco Radio Co., Box
117EX, Oakland, Calif,

Transformer Repairing. Audio and Radio Fre-
quency Transformers repaired,  $1.30 ¢. O. D.
Guaranteced. Box 390, Danville, 1L

100 Volt "B’ Battery (‘omplete $6.00. One
yecar guarantee. [Francis Martin, Deal, N. J.

Radio sets wired aud rebuilt, New Radio sets
and supplies. Aulhin lledges, Hillsboro, Ohio.

Patent Attormeys

_ Patents—Send for form, “LEvidence of Concep-
tion’ to be signed and witnessed. Form, fee ached-
ule, information free. Lancaster & Allwine, Reg-
istered Patent Attorneys in United States and
Canada, 288 Ouray Bldg., Washington, D. C.

Patents—Trademarks. Write for free Guide
Books and *‘Record of Invention Blank' before
disclosing inventions. Send model or sketch of
your inventicn for our Examination and Instruc-
tions Free. Electrical cases a specialty. Terms
reasonable.  Victor J, Evans & Co., 913 Ninth,
Washington, D. C.

Patent-Sense—As one of the oldest patent firms
in America we give inventors, at lowest consisten:
charge, a service noted for results, evidenced by
many well-known Patents of extraordinary value.
Baok, Patent-Sense, free. l.acey & l.acey, 683—F
Street, Washington, D. . Estab.. 1869.

Patents Procured; Trade Marks Registered. A
comprehensive, experienced, prompt service for
the protection and development of your ideas. Pre-
liminary advice gladly furnished without charge.
Booklet of information and form for disclosing idea
free on request. Richard B, Owen. 5 Owen Bldg.,
Washington, D, C., or 41-H Park Row, New York.

Motors $2.98, Good, practical, twenticth Horse-
power, 115 volt alternating-direct current. Fans
$6.48 eight inch. Order now. Pay postman,
Perry Trading Company, Dept ES8, 815 Lake,
Racine, Wis.

Help Wanted

Start Profitable Business. Resilvering mirrors,
Auto-parts, tableware, stoves. ~Outfits. Plans
Free. Sprinkle, Plater 87, Marion, Ind.

Absolutely no competition selling Val-Style mil.
linery. Every woman buys. You make $25 to
$150 a week. Write for Special Offer and Fx-
clusive Territory, Val-Style Hat Co., A67, Val-
Style Building, Cincinnati, Ohio.

For Inventors

Expert Mechanical Designer and Draftsman,
over 20 years of Patent Office Work, Technical
Iingincering (Electrical and Mechanical) with
Practical labhoratory, Machine Shop and Foundry
experience. can be of Valuable and Strictly Confi-
dential assistance to those with Ideas, and to
Inventors or Attorneys having meritorious Devices
and Novelties still Commercially Imperfect. Rob-
ert H. Moore, 400 West 23rd St., New York City.

Why don’t you turn your idcas into money?
*‘Inventors’ Manual" will protect you and show
how. 25 vears' experience of successful inventor
packed into valuable 140.page book. $1.65 post-
paid. Order yours now. Refund if dissatisfied.
Tnventors' Lihrary, 417 West 21st St., New York.

Miscellaneous

Printing Outfits and Supplies

Beautiful Registered Bull Pups Cheap. Bull-
dogs, 501 Rockwood, Dallas, Texas.

Beverages Our Specialty., Formulas, everything.
Syrups, extracts, flavors, etc. Other processes.
Free information. The Formula Co., Dept. E, 122
West Howe St., Seattle, Wash.

Print your own cards, stationery, circulars,

paper. etc. Complete outfits $8.85; Job Presses
$12, $33; Rotary, $150. Print for others. big
profit.  All easy, rules sent. Write for catalog

presses, type, paper, etc. Press Company, A-14,

Meriden, Conn.

Lightning! Wonder Fluid! Charges batteries
instantly! 20c charges dead battery. Guaranteed
not to injure battery. Make it yourself. Chance
to clean up fortune selling to garages and agents.
Formula and sales plan $5.00. Circular free.
Murphy. Chemist, Tujunga, Calif,, Box C

Personal

Exchange Chee Letters with new fiends.
Write Betty Lee, Inc.,, Box 820, City Hall Sta-
tion., New York City, Stamp appreciated.

Circuit with instructions for powerful, ultra
selective, four tube receiver covering 40 to 600
nicters, $3.00. lifficient and inexpensive single
tube power amplitier, $1.00. Easy when you know
how. W. G. Conger, Independence, Missouri.

Cabinet type, crystal sets, $2.50 postpaid.
Brandt Boylan, 803 Van Buren, Wilmington, Del.

Salesmen Wanted

. A Salesman Wanted in every town or city with-
in 25 miles of a broadcasting station to sell Radio-
gem, the complete radio receiving set that retails
for $2.50. With Radiogem there is nothing else
to buy—the outfit includes the Radiogem receiv-
ing apparatus, 1,000-ohm phone, and aerial outfit,
The cheapest radio outfit on the market—yet as
practical as the most expensive. Big money to
the ri ht men. Send $2.00 for sample outfit.
The Radiogem Corp.,, 66-R West Broadway,
New York City.

IName Your
Own Price

for your spare time. We will pay
you liberally for every minute of
it. All you need do is take new
and renewal subscription orders for
The Experimenter, Radio News,
Science and Invention and Motor
Camper and Tourist.

Hundreds of dollars are being
paid every week to busy men and
women in all parts of the country.
You, too, can share in these profits.
No experience necessary. Full par-
ticulars immediately on request, ab-
solutely without obligation. Simply
fill in this coupon, clip out and

messsesews Vgl Todayo---------

E. J. Fougy,

EXPERIMENTER PUBLISHING Co.,

Box 101, 53 Park Place, N. Y. City.

Name e Caoc o e
Street. .

Gityawsimsees s aiea State., .
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Digest of the Latest
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;&5\ Radio Hookups —@r

Don’t miss the September number,
which contains many important
features
The Newest Thing in Radio Literature

A complete 100 page illustrated magazine
containing hookups and constructional Radio
articles, gleaned from the entire radio press
the world over.

Large magazine size 9 x 12 inches, printed
on fine paper and profusely illustrated.

IN EVERY ISSUE A 16 PAGE SUPPLE-
MENT OF ONE INSTALLMENT OF
S. GERNSBACK'S
RADIO ENCYCLOPEDIA

This real Encyclopedia of Radio explains
every word used in Radio, by means of photo-
graphs, drawings, charts or tables. (Some
sample pages are shown in this advertise-
ment). This supplement is arranged in
loose-teaf form.

35¢ the copy on all Newsstands
and Radio Stores

Subscription price $3.50 for 12 issues.
Published by
THE CONSRAD CO., Inc.
233 Fulton St., New York, N.Y.
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at yourfingerends

HAWKINS ELECTRICAL GUIDES

$1 & VOLUME
4700 PICTURES $1 & MONTH

Know th: facts in Electricity. ~iev mean more mmney and better
position ‘or you. Hawkins Gu: 125 tell you all vo1 need to know
<bout Ekuiricity. Every impo-tic: electrical sub :ct covered so
vou can urderstand it. Easy study and apals. A complete,
practical working course, in 10 volumes. Book: &-e pocket size
flexible =vars. Order a set today to look over.

LEARN ALL ABOUT

3500 PAGES

Magnetism—Induction — Exper meats — Dynames — Electric Ma-
chinery—Liotors—Armatures—s.rmature  Windiigs—Installing o
Dynamec:—Electrical Instrumen: Testing—Practic] Management

of Dyvnarcs and Motors—Dist—du.ion Svstems— iring- -Wiring
Diagrams — 3ign Flashers — Storage Batteries — Prinzipes_of Alternating
urrents i1nd Alternators — Alternatiag Current Moto-s Transformers
Jonverters—Rectifiers—Alternating “arrent Systems — C
Measuring Instruments—Switchhoarde—\Wiring—Power S=mtions—Installing
Teleph-m>—Telegraph-—Wireless—Belli—Lighting—Railvavs.  Also many
Modern Praztical Applications of —l:ciricity and Rezdy Reference Index

)f the tex mumbers.
SHIPPED FREE

scuit Breakers

Not a ceat to pay until you see tke books. N hlgatisn buy unless
you are satisfied Send Coupon mow—today-—and ge this great help
library a-xd see if it is not worth $100 you—you pzy §1.00 a month for

en montts ¢r return 1t

ectrics
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IDE
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TELECRAPH
WIRZLESS

BALLS |
LIGBTING

Solve_ Your Probiems

IN TEN
VOLUMES

SEND NO MIONEY- SEND ONLY THIS ZOUPCON

THEO. AUDEL & CO.
65 West 23rd Street, New York City

Please submit ne for free examination,

ELECTRICAL CUIDE (Price §1 a number).
If satisfacewry 1 agree

once prepaid, the 10 numbers.

HANKINE

Ship ar

to send vou $1 within seven days and to firtaer mai

you §1 each mcnta until paid.

Name
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Home-Study Training

The Worlds LarQesl'
BusinessTraming instil utiont

Increases Salary 125 Per Cent

1 say without hoasting, and simply as
a statement of fact, that I have earned
maore than fifty times the cost of my
LaSalle training, in special accounting
work, and in addition my regular in-
come, or salary, has increased approxi-
mately 125 per cent.

E. G. WILHELM, Pennsylvania.

Accrages $4,000 to $8,000 a Year

For the past three years I have earned
from §4,000 to $3,000 a year, and I am
sincere when I say that 1 belicve my
present earning capacity is due almost
entirely to the training in Business
Management 1 received from LaSalle.

C. R. HEANEY, Kansas

Wins Success as Lawyer

My salary has increased more than
400 per cent. 1 am now doing legal
work for some of the best and iargest
concerns in the city.

W.J. BROISSARD, Louisiana

= o -

X #m o

That Leads

to Successful
Careers —

Are Successful Men Born or Made?

*‘Born with mind but not with wisdom; born with intellect but
not with knowledge; bom with power to discern, but not born
to discretion and sound judgment; born with adaptabilities but “
not with abilities; born, it may be, with wealth, but not born to
success. Wisdom, know!edge, discretion, judgment, ability, char-
acter—these are attainments, not bestowments or inheritances. "’

The Kansas Banker. “

Genius and iuspiration were once credited with
laying an imponant part in building a success-
ul career. —What part do they actually play in

the making of success?
William Livingston, President of the Dime
Savings Bank, Detroit, has this to say:

“‘Geniusis supposed to be some peculiar capac-
ity for spontaneous accomplishment. If so, it is
one of the rarest things in the world. 1 have
been studying business and human beings for
more than sixty years, and I've never yet seen
anything permanently worth while that was ac-
complished on the spurof the moment. The man
who expects to win out in business without self-
denial and self-improvement and self-applied
observation stands about as much chance as a
prize fighter would stand if he started a hard
ring battle without having gone through an
intensive training period.”’

How You Can Measure
Your Chances for Success

We are all looking forward to successful
careers. 1f an employe, you want a better posi-
tion. That is the first step up. If an employer,
you want to improve the business you manage.

Business cannot pay you for ideas and plans
which you do not deliver and this applies to
owner and employe alike. Neither can Business
pay you for learning business,

If you desire success, your day must be filled
with achievement—doing things. Contempla-
tion, analysis, acquiring the experience of others,
must come efter the gong rings at night.

Broadly speaking, everyone who reads these
words falls intoone of three groups; in fact, this
analysis really constitutes a measuring stick by
which you can measure the degree of success
which you will probably enjoy:

Group I—Those who are making no cffort to increase
their business knowledwe and ability aside from the

limited experience which comes as a result of each
day's work.

Group 2— Those who, more or less consistently, are
reading constructive literature pertaining to their special-
ties or ficld, but who follow no organized plan.

Group 3— Those who consistently follow a definite. well-
organized, step-by-step pian, which embraces not only the
best expericence in their specialty, but also shows the re-
lationship of their job to the fabric of business as a whole.

Send for the LaSalle
Salary-Doubling Plan—Today
During fifteen ?'ears, LaSalle Extension Uni-
versity has been furnishing men with an organ-
ized plan of self-dc velopment —in every impor-
tant field of business endeavor. The proof that
such a plan wins out is evidenced in the fact that
during only six months’ time as many as 1,248
LaSalle members reported salary increases
totalling $1,399,507. The average increase per
man was 89 per cent.
The details of the LaSalle salary-doubling
plan will be sent you for the asking. Whether
rou adopt the plan or not, the basic information
it will place in your hands, without cost, is of
very real and definite value. And it's FREE.
Balance the two minutes that it takes to fill out
the coupon against the rewards of a successful career
— then clip and mail the coupon NOW,

LASALLE EXTENSION UNIVERSITY

The World’s Largest Business Training Institution

in the business field 1 have checked below.

DBusincsn Management: Training for
Officinl, Managerial, Saies and Departmental

Executive positions.

DModcmSnlesmnnship:
tion as Sales Executive, Salesman,

Conch or Trainer, Sales Promotion Manager,
Manufncturer’s Agent,Solicitor, and all posi-
tionsinretail, wholesale, or specialty selling.

DHigher Accountancy: Training for posi-
. Comptroller, Certified
Public Accountant, Cost Accountant, ctc.

! 'Law: Training for Bar; LL. B. Degree.

f R Reading, Reference
__Jand Consultation Service for Business Men.,

tion as Auditor,

Commercial Law:

Name

Tralning for posi-

Traffic Management — Foreign and Industrial Management Efficiency:

Domestic: Tramning for position as Rail -
road or Industrini Traffic Manager, Rate
Expert, Freight Solicitor, etec.

D Railway Statlon Management: Train-
ing for position of Station Accountant,
Cashier and Agent, Division Agent, ete.

DBanking and Finance: Training for
executive positions in Banks and
Financial Institutions.

DModem Foremanshipand Production

Methods: Training for positions in Shop
Management, such as that of Superin-

ment:

Sub-Foreman, ete.

Present Position.

Dept. 9426-R

Enginecring, etc.

€y o L
/ b"oz,fai,.
DBusinens Eng- // “»"lo ’1,0:,"
Training for positions in Works Man- lish: Training | .;h@
agement, Production Control, Industrial for Business /A ?
i Correspond- /
Personnel and Employment Manage- ents and Wil
Training in the position of Per- 134
Industrial Relations Writers,

sonnel Manager,
Manager, Employment Manager, and
positions relating to Employee Service.
Modern Business Correspondence i b .
and Practice: Training for poosition as | iEffectlve Speaking: Training in the
Sales or Collection Correspondent, Sales
Promotion Manager, Mall Sales Man-
ager, Secretary, ete.
tendent. General Foreman, Foreman, DExpen Bookkeeping :
position as Head

—_—————— — CLIP AND MAIL = — — — — — — —_———
LASALLE EXTENSION UNIVERSITY

I shall be glad to have details of vour salary-doubling plan, together with complete information regarding the opportunities /
Also a copy of " Ten Yecars’ Promotion in One,” all without obligation.

Chicago, Illinois

Commercial Spanish: Training for
position as Foreign Correspondent with
Spanish -speaking countries.

art of forceful, effective speech, for
Ministers, Salesmen, Fraternal Leaders,
Politicians, Clubmen, ete.

C. P. A. Coaching for Advanced Ac-
countants.

Training for
ookkeeper.

. Address. e




