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Own Your Own Electrical
REPAIR SHOP

Boss Electrical ¢
Construction Jobs |

e | A<
Be Superintendent of an
Hectricd POWER FLANT

Be a
Dunlap
trained

Electrical

F you are now earning less than $40 a weel, [ will guarant=e you

cHief Engineer an Electrical job after you finish my training— guarantee you at least 50%,
DUSLEE more pay UNDER BOND, or refund every cent you pay for this training. You can get this guar-
antee OILY fsom AMERICAN SCHOOL, the 27 year old, million-dollar Educational Institution—

because no other Electrical home-study training justifies the guarantee of a job and a 50%, raise.

5.,3::,::'; Va‘:,',',ﬂ, Electricity pays Experts®70 03200 aweek

“OR. 0.0 The world’s greatest, fastest growing, most fascinating business needs you. New projects total a thou-

_Dunlgp -FOB METHOD .trammg sand million dollars. 1\’10 other industry :)ffers such a golden future to ¢rained men, trained as I train you. Take

isbuilt around four Electrical OQut- ?:w training AT HOME,bin your spare time. Prepare to BOSS untmifned electrical wor.ker‘si, Ito]dli’rect Electrical

H onstruction, to go into business for yourself. Loan me only a part of your spaie time and I'll help you climb

ﬁt.s which I send yOtl aSél pe(xlrg of from small pay and hard work to a salary of $5,000 a year or morel Here is the chance you’ve been waiting
this course. You learn by doing  for 10 get into easier work and enjoy the better things of life.

actual Electrical jobs with this . . w ° AT '
cuipment Includes housevir- 2 Great Electrical Engineers YYrite me ONCE!
1ng, .be”'w"‘mg' electric light, helped me make this training the most complete and M .

Radio and motor outfits. I guar- up-to-date on earth. Dunlap-training brings you instruc- AMERICAN SCHOOL organized
antec to supply the most elaborate, tion from a recaguized authority in every branch of elec-  NOT FOR PROFIT, gives vou more

costly and complete outfits ever given tricitv. These men know what training you need to earn ) Lo
by aiy homc-st':xdy electrical school. the largest salaries, and they give it to you. My training and better training for less money. Get

built by 22 Engineers and Executives of the following the facts and take ad» antage of my
great corporations and Uni-  GUARANTEED JOB and RAISE offer.

£ versities:

+ sl 1. General Electrle Co. Get the facts about YOUR chances in @
Earn Money While Learning! 2. Commonwealth Edlson Co, the Electrical business. If you're less
Don’t let lack of ready money or 3. Crocker-Wheeler Co. than 40 ves oL ceam Al h:
anything else prevent you from 4. Cutler-Hammer Mfg. Co. ‘ JEALS Tlot Gyan Bl S WEFee
. getting my training. As early as 5. Arr;eg:;n&’:lephone&hle- only common schooling, I guar-
your eleventh lesson I train you 6. Westinghouso Electric & antee your success. Get my big,
to do Electrical and Radio Jobs e e free catulog—see for yourseli o*" LM
in your spare time-——to earn 8. Underwriters Laboratorles, how quickly and easily you /
enough money to pay for this tnc. can get ready f iy J
course and have plenty left over. 13- goll_t:mt;laul‘ngvﬁrslty g cady tor
. artmou! ollege
1 show you how ta go outand get 11. Massachusetts tnetituto of ™
this work, what to charge, etc. Toni ;‘I’leci‘hrlu’olfgy & BI sty
x : 3 3 . B . Lehlg niversity ®
= 'l:hls g:]vésggﬂl experience, prac = 13. University of Vermont g A,g'é'aflgxwﬂsﬁgn%lgll-ap
tice an 3 . = 44. Armour Inst. of Technology ' o Electrical Divislon
16. University of Kansas ay Dept. £-269 Drexel Av. & B8thSt.
AND"MANY OTHERS. s CHICAGO, ILLINOLS

Please rush free book, guarantee of a

Chief Engineer Dunlap o m'jfﬂu:ﬁ%nso per cent raise snd complete
American School

Electrical Division
Drexel Ave. and S8th St.

DunlapluarinteesfoudJobAnda Ralse!
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Herbert Dickerson,
Warrenton, Va.,
makes $7,500 a year

Electricity —
the World’s

Big Pay Field
Electricity is the field of
the greatest opportunities.
In all other trades and
professions competition is
so keen from over-crowd-
ing that only the excep-
tional man can get to ths
top.

Not so in the Electrical
line.

Here is a profession that
is fairly bubbling with
possibilities—w it h thou-
sands of chances for won-
derful success. We stand
today on the very thresh
hold of the real Electrical
Age—an Age when every-
thing now operated by
steam or gas or horses,
will be moved by Electri-
city. But it is an Age de-
manding specialists —
trained men — Electrical
Experts. Such men can
easily earn from $12 to
$30 a day.

Money is being poured into
the Electrical Industry at the
rate of a billion dollars a year.
Think of it—a thousand mil
lion dollars a year for electri-
cal expansion. This means—,
men-~-—jobs—opportunities.
My big book the *‘Vital
Facts’s of the electrical indus.
try and the wonderful oppor-
tunities that await ‘‘Cooke
Trained Men" tells you all
about this Big Pay Field.

Mail Coupon
for the Free
Vital FACTS

The Cooke Trained Man is the “Big Pay” ' Man

The Experimenter for February, 1925
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Albany, Oregon, over $9,000 a year

Automotive Electricity pays W. E. Pence,

I Will Train You at Home
To Fill a Big Pay Job

217

{ te
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It’s a shame for you to earn $15 or $20 or $30 a week, when in the same six days
as an Electrical Expert you can make $70 to $200 a week—and do it easier—not
work half so hard. Why then 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 greatelectrical industry. I'll 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—big money. But
it's the trained man—the man who knows the whys and wherefores of Electricity—the “Electrical
Expert”—who is picked out to “boss” the ordinary Electricians—to boss the Big Jobs—the jobs that
pay $3,500 to $10,000 a Year. Get in line for one of these “Big Jobs" by enrolling now for my easily
learned, quickly grasped, right-up-to-the-minute, Spare-Time Home-Study Course in Practical Electricity.

Age or Lack of Experience
No Drawback

You don’t have to be a College Man; you don’t
have to be a High School Graduate. As Chief
Engineer of the Chicago Engineering Works, I
know exactly the kind of training you need, and
I will give you that training. My Course in Elec-
tricity is the most simple, thorough and success-
ful in existence, and offers every man, regardless
of age, education, or previous experience. the chance to be-
come, in a very short time, an “Electrical Expert,’ able to
make from $70 to $200 a week.

FREE Electrical Working Outtit FREE

With me, you do practical work—at home. You
start right in after your first few lessons to work
at your profession in the regular way. For this you need
tools, and I give them to you absolutely free—a whole kit,
a complete outfit, one that would cost you $12 to $15.

Your Satisfaction Guaranteed

So sure am I that you can learn Electricity—so
sure am [ that after studying with me, you, too,
can get into the **big money” class in electrical work, that [
will guarantee under bond to return everysingle penny paid
me in tuition, if, when you have finished my Course, you
are not satisfied it was the best investment you ever made.

Guarantee Backed by a Million

Dollar Institution

Back of me in my guarantee, stands the Chicago
Engineering Works, Inc., a million dollar institu-
tion, thus assuring to_every student enrolled, not only a
wonderful training in Electricity, but an unsurpassed Stu-

dent Service as well.

It’s this Service that makes “Cooke” training different
from any other training. It's this Service, plus “Cooke"
Training, that makes the ‘*‘Cooke” Trained Man the
“Big-Pay Man,’” everywhere.

Be a ““Cooke’ Trained Man and earn $12to $30 a dey—
$70 to $200 a week—$3,500 to $10,000 a year.

Get Started Now—Mail Coupon

I want to send you my Electrical Book and Proof Lessons
both Free. These cost you nothing and you'll enjoy them.
Make the start today for a bright future in Electricity.
Send in Coupon—NOW.

L. L. Cooke, Chief Engineer
Chicago Engineering Works

2150 Lawrence Ave., Dept, 212 Chicago

Use this Free Outfit Coupon!

L. L. COOKE, The Man Who Makes [
Dept. 212 “Big-Pay” Men
2150 Lawrence Ave., Chicago

Dear Sir:  Send at once. Sample Lessons, your Big I
Book, and full particulars of your Free Outfit and

! Home Study Course, also the Free Radio Course—all
fully prepaid without obligation on my part.

Name
I Address................. )

Occupation............. ™ RS '
L_ N N R N F N N N N K B ¥
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The Sure Way fo Big Pay

Hundreds of practical men have stepped into big-
pay jobs in the electrical world simply by making
good use of these five pay-raising books. .

From the books they learned just what they would
be expected to know-—-they learned just what had
to be done and just how to do it. They found in
the books the best methods of doing everything in
the way of electrical maintenance and repair. Today
they know their work as experts—and they are
drawing experts’ pay.

The sure way to big pay is knowledge—knowl-
edge of what to do—knowledge of how to do it—
knowledge of every side of your work., And that
knowledge—every bit of it—is in these books, readv
to help you to a bigger and better job just as it
has helped others.

Electrical Maintenance and Repair—

5 volumes—1736 pages—1818 illustrations—library binding

These five volumes contain  the largest col-
lection of practical methods for electrical repair
and maintenance men ever put together in hook
form.

Every one of the books is jammed from cover
to cover with good, sound, how-to-do-it imtor-
mation—the kind you have to have when any-
thing goes wrong.

e
BECTRICA  Bcraicr | FLECTRICAL

e Moeiae o | TR
:u;n . AND 45D AND
fEPAIR | REPAIR Repalr - REPAIR

_

Practical, how-to-do-it information
that you can use on the job

They cover every phase of electrical repair
and maintenance work from armature winding
to the correction of brush troubles. And the
trcatment is always from the practical man's
standpoint,

Fundamental laws and rules are discusscd when
necessary, but there is no hard-to-understand
theory or discussion of design. All of the ma-
terial presented in these five books has been ob
tained from actual experiences. The library out-
lines the practical remedies that have been applied
by repairmen all over the conntry in the solving
of puzzling electrical problems. .

These Books Tell You Everything the Expert Maintenance 5
and Repair Man Must Know /s

The books discuss direct and alternating current windings—repair shop methods for rewinding armatures—eotmmu- @
tator connections—the testing of armature windings—the testing of induction motors for faults—practical ways *

FREE!

To all who subsoribe to tre Library of
Electrical Mainteiance ard Repair NOW
#e will ghve a copy of Crat’s Alternating-
Uurrent Armature Windins vbsolutely free
of charge. Thisg is a great book coverlng
oractically every a.-c, wirding situation—
and including ove- 150 di:igrams, You get
It free with the Library,

of reconnecting induction motors—commutator repairs—correcting brush troubles, etc. 2

They tell you how to inspect and repair motor starters and generators—how to diagnose motor and generator R

troubles—how to figure new windings for old cores on induction motors. They give you scores of practical ’

methods used hy electrical repairmen to solve special problems. g McGraw-Hill
I Book Co.. Inc.,

Kinks, Methods, Short-Cuts, Diagrams. The Most ;370 Seventh Ave.,
Valuable Kind of Help For You s New York

. . . . . ’ 8

The books give you practically every kink, short-cut and help that is known to the most expert 4 Gentlemen : —
electrical men. Thpy tell you not anly what to do \\'hCl.l there's .troub}c but they point ot 'l Send me the LIBRARY
exactly how to do it. And you can be sure that when it's done, it's right. ’ OF ELECTRICAIL
Every chapter is written with the practical man's needs in mind. Instead of telling yvou 4 MAINTENANCE A N'D

! . . & o ’ REPAIR (shipping charges
lot of high-sounding theory, the books get right down to brass tacks and cover actual remair s prepaid), for 10 days' free exam.
problems from the how-to-do-it point of view. ’ ination,  If satisfactory, T will

" send 82 in ten days and $2 per
* month until the special price of $14

Examine These Pay-Raising Books ¢ has bheen tPnid. If not wanted, T will

¢ wnte you for return shipping instruc-

For 10 Days FREE " tions. Upon receipt of my first payment

s of $2.00 T am to receive a copy of Croft's
You can secure the us: of these great books on elecirical repair work for ten days’ ,# A.-C. Armature Winding without additional
free examiration. When you have seen for yourself what these books are and how ¢ ¢harge. (Write plainly and £ill in all lines).
much they can help you, send us your first remittance of $2.00. The balance may
he paid in monthly installments of $2.00 until the price of the library—814.00—
is paid. When your first payment of $2.00 is reccived your free copy of G Home Address ...
Croft's A. C. Armature Winding will be sent to you. Send for the books
today. TFill in and mail the attached coupon.

" Name ..
4

..
'l City and State ... ... i
¢ Employed by .o

Mccraw-Hill BOOk Co" Inc" 370 seventh Ave" N'Y° " Occupation . ...vee i Ex.-2-1.2,
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THE EXPERIMENTER READERS’ BUREAU

/

Time and Postage Saver

N every issue of THE EXPERI- If the advertiser requires any money
I MENTER you undoubtedly sce or stamps to be sent to pay the mailing
numerous articles advertised about charges on his catalogue or descriptive
which you would like to have further literature, please be sure to enclose the
information. correct amount with the coupon.

To sit down and write an individual We will transmit to the various adver-
letter to each of these respective con- tisers your request for information on
cerns, regarding the article on which their products.

you desire information, would be quite This service will appear regularly
a task. every month on this same page in
As a special service to our readers, we THE EXPERIMENTER.

?Vill write the letters for you, thus sav- If there is any Manufacturer not ad-
ing your time and money. vertising in this month’s issue of
Just write the names of the products THE EXPERIMENTER from
about which you want information, whom you would like to receive lit-
and to avoid error, the addresses of the erature, write his name, address and
manufacturers, on the coupon below * the product in the special section of

and mail it to us. the coupon below.

----------------------------------------------------------------------------------- TEAR ALONG THIS L]NE--------------------------------------..---.--..-.---..-..........................

READERS SERVICE BUREALU,
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.

L' If Catalogue
of complete

NAME ADDRESS List. here specific f.'t'""'f On| fine is wanted
(Strc:t—City—Statt) I“ IC _\ u WwWis iterature. Check in this

column.

If you desire any special information from a manufacturer whose advertisement does not appear
in this month’s issue, use this space.

D“ you are a dealer, Cit_V .......................................................... iR oneermmaecnmomarmonaanooosasemoocaaaassem

check here. 2.25

L o
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Electricity

Not by Correspondence
All PRACTICAL Work at

Earn $60 to $200 a Week

Why work at dull uninteresting work, at low pay, wizh no future? In 12 weeks I will t-ain you for a big pay job where you
can command $60 to $200 a week as a COYNE TRAINED MASTER ELECTRICAL EXPERT or you can go in business for yourself
with very small capital and make up to $15,000 a year. Men trained as I train them arz in d2mand everywhere. The great
development of the Electrical industry makes thedemand for trained men tremendous. Big opportun-ties and advancement
for those who prepare now. The Coyne school was founded 26 years ago and my thousands of SUCCESSFUL GRADUATES are living proofs of
what my training can do for ANY AMBITIOUS man. Many ¢f these fellows will tell you in my big frze book what Coyae has done for them.

Complete Electrical Training in 12 Weeks

I train you thoroughly on the greatest outlay of ACTUAL  You Don't Need Education or Experience
ELECTRICAL machinery ever assembled in any school. You work  you don’t need a lot of schooling to master my course. You don’t have
with your hands on all kinds of Electrical apparatus,door be.ls, house ¢4 he a high school gradua-e or evzn a grammar school graduate. My
wiring, armatures, switchboards, dynamos, everything to make you method of instraction sclear and plain, an(jg yet thorough,
an allaround ELECTRICAL EXPERT. ThisREAL WORK S and if you can understand plain English I will make you an
:\ir ggs%igli_é&ol:; a(r,)';r ggélh%%gl%eﬂ%ﬁfoaggggggfgg el electrical expert even thcugh you haven’t a lot of education
ing to learn in the field or by books or lessons. 3 ) or any previous elect SXperEnCes 8§

No Books—No Lessons—No Classes / T 8 1\ You?:ﬂ’;gg Tralns You For Life &7,
\ i olarsh.p which enables
-=You Do Actual Work? . - \ vou to stay longer than the requ:red time if you ° ¢

1donot attempt toteach you by booksorlessons. I train you "k ™ careto,or i'ou nayreturn at any timeto take up é "

to work with your head and hands on thesame kind of Elec- NN new work I’'m constantly adding to my school P

tncal:Machxg:jery usded inp?“wclarhoul?es. indu‘silhial plant&and P A to make it the most modern at al: times. °$‘

on the outside, under actual working conditions, with in- - N P

structors ?lt vour side. I have no classes, every student 2y X l\}':ar‘l‘ While You Learn (> “ “’;S' LEWIS
ets indivi training. ' 2= c illassi qaC ¥

gets individual training . y employmen: department will assist Q ‘0 COYNE

n : n- departme
Free Radio and Auto Course QY  oicssoodpriolvourivinges & Elerical School

For a short time only I am including ABSOLUTELY FREE penses while training, and they € 1300-10W .HarrisonSt,
my big new Radio Course and Auto, Truck and Tractor . will assist youtogetablIGPAY 04 Dept. 157-2
Electrical Course. H.C. LEWIS, President job on graduation. o Chicago, lllinais

4
Thisbig,handsom Dear Sir:—Pl nd mo
Get My Free Book [150icvniome K9 of  oohicy mnve von b
the press—size 12x15 in.~shows actua. photo.  @QW & 7o% book and fall particulara
graphs of my big shogs. Costme adollarto ') courses FREE.

print, but it’s yours FREE if you mail
Electrical School soepm. Yo oue It Gy g
1300-1310 W. Harrison St., Dept. “157.2CHICAGO,ILL,  S¢!f 0 set thefacts.
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To Pr

ractical 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,
Hlumination 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 Poles 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. F-720 Cass St.,, CHICAGO, ILLINOIS
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The Purpose of Experimentation
By Hugo Gernsback

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

(1) Experimentation for instructive purposes;
(2) Experimentation with a certain definite
it end in mind.

The first may also be called amateur experimentation, done
as a sort of hobby, as a recreation, and to enlarge one’s knowl-
edge of certain scientific phases,

It is one thing for the amateur experimenter to read about
certain experiments, and quite another to actually perform
these experiments himself. Both differ as widely as dav and
aight.  While certain knowledge may be gained from reading
up certain experiments, the reader who has never performed
them gets but a hazy idea and misses all the beauty of the
subject. It is like reading glowing descriptions of a perfume
or of a cigarette, etc. You can get only an idea, and that is
all.  The actual performance is always the important point
for which we should strive.

Usually the dyed-in-the-wool experimenter gains a vast store
of knowledge, because even the simplest experiments some-
times bring out most surprising by-products that were not
expected, and this is what makes experimenting so fascinating
and makes it so utterly unlike any other activitv. You start
to carry out a certain experiment and wind up in an entirely
different direction, a thing that would never be possible if
vou simply read a description of what you are now doing.
Great inventions have been made in this very manner.

The writer remembers when, some years ago. he invented
an electrolytic interrupter for radio purposes. This was a
glass tube with a small hole at its lower end, into which was
fitted a German silver rod, so that the rod itself closed the
small glass aperture. The entire device was immersed in a
sulphuric acid solution. The other connection was a lead
plate, also immersed in the same solution. The electrolytic
interrupter was in series with 1).C. circuit including a spe-
cially made high tension transformer and giving a potential
of 110 volts. When the writer first experimented with the
device, he noticed that the acid would commence rising up in
the inside of the tube, and for that reason an overflow had
to be provided in the tube so that the superfluous acid was
allowed to escape and to return into the solution.

One day he constructed an especially long tube upon the
same lines, and noticed that a vigorous flow of acid could be
maintained over a distance of three or four feet. He then
constructed a still different tube and found that the acid could
be raised verv violently for a distance of many feet. In other
words, actual work would be performed. This same device is
now actually being used to pump acid; in other words, the
device really constitutes an electrical pump. There are no
valves of any kind. It is simply the action of the electric
current that performs the work of raising the liquid.

Now, coming back to the above discussion, when the writer
started out making the electrolvtic interrupter. he had not the
faintest idea of an electric pump. This happened to be a

by-product, pure and simple. and the pump would never have
been invented had it not been for the evperimenting done on
the electrolytic interrupter.

Many similar instances could be enumerated, and indeed it
is an unobserving experimenter who sooner or later will not
run across something useful in the course of his work.

This brings us to the second phase; that is. experimenting
with a certain purpose in view. In most of our industrial
estaolishments, be they electrical manufacturers, chemical
manufacturers, or radio manufacturers, vou will find a staff
of experimenters whose sole purpose it is to evolve new prod-
ucts. ‘These may be termed commercial experimenters. ana
these men are usually paid to do just one thing, and that is to
improve present articles or devices. or chemicals, or to discover
new and better ways of performing the present work. Now,
if it is your intention to become a professional experimenter,
you must be an amateur experimenter first.

The writer has already mentioned in his previous editorials
the great importance of keeping notes of all vour work. Often
such notes become of tremendous value. A novel experiment
made, of which nec record is kept, is a positive crime, because
notes of what you have done, if they are accurately made and
witnessed as to date. may later on be worth a fortune.

It is a mistaken idea of many people that an idea is only
valuable once it is patented.  Nothing could be more errone-
ous. Let us take an example. You experiment for two years
on a certain device.  Finally this device becomes perfected.
No notes have been kept of what vou have done. You imme-
diately go to a patent attorney. the papers are prepared and
the patent application is dispatched to the patent office. You
engage vourself in the business of manufacturing the device,
and actually start manufacturing.  Six months afterwards you
receive a notice from the patent office that vour patent appli-
cation is in interference with another one. The minute this
happens, vour patent application becomes worthless and you
have tc fight it out in court with the other inventor, who may
have come to the Patent Office a few weceks later than you,
which, however, does not alter the case. It then narrows
down to a fight as to who actually conceived the invention
first. It is a question only of date of invention, and this must
be proved. If vou have no well-authenticated notes, and the
other fellow has, the chances are that vou will lose out. In
other words, it is not the patent application or the patent that
counts, but rather the date of conception of the idea, and this
dates right back to the first experiments.

Therefore, the writer’s advice to all experimenters is if you
run across something at all novel, that looks new to you, get
it on paper at once and have it witnessed before a notary. The
next best step would be. in some cases, to send a copy of the
experiment to a national publication, such as THE ExprEri-
MENTER. [If the journa! publishes the experiment, this gives
you the best possible protection vou could think of. From the
minute the experiment is published in a national publication
you have two years within which to make a patent application.
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The Dacuum—There's Something In 1t

Abstract of Lecture, By Dr. W. R. Whitney

Director. Rescarch Laboratory, General Electric Company

(Contuued from Decentber Issue)

In the unusuni flasinng apparatus illustrated above, the light given off by the incandescent
lamp at the right excites a photoelectric cell on the left and the resulting current through the cell

actuates a relay which opens the lamp circuit, and thus extinguishes the lamp,

With the light out

the photoelectric cell ceases to act, the relay resumes its normual position and the lamp is once

more lit. The cycle now is started again,
Magnetron

As the negatively charged grid cuts off
the current of the three-clement tube, so
an external magnetic field will also do it
in the two-element tube, by so influencing
or directing the moving electrons that they
camnot reach the plate. Such a device, called
a magnetron, was shown. This particular
magnetron, consisting of a cylindrical plate
in a vacuum and a central filament within
it, had a coil of wire wound on the outside
of the glass. A feeble current was sent
through the coil from a battery. A mag-
netic field produced within the coil by this
current was intentionally made about equal
to that of the earth’s magnetic field, so that
by moving the whole apparatus about in
space (thereby at one time adding to the
carth's field. at others opposing it), the mag-
nitude and direction of the earth’s mag-
netic field could be disclosed by a meter
which indicated the resultant current. When
the magnetron pointed toward the north pole,
the meter showed no current, while in other
positions currents were measured.

Axiotron

Another useful vacuum tube of this type
is one in which the magnetic field of the
fitament current itself becomes great enough
during each current cycle to deflect the elec-
trons so that they will not reach the plate.
By this tube, “the axiotron,” the frequency
of an alternating current may be doubled or
direct current be changed into alternating.

Photoelectric Cell

Another vacuum tube is the photoelectric
cell. One of these was shown connected
with a relay to a lamp so that when light
shone upon the cell, the burning electric
lamp was extinguished, and was relighted on
cutting off light from the photoelectric cell.
In other words, it turns on the lights when

it is dark., and turns them off when it is
light. This depends on the fact that some
metals like potassium emit electrens when
light falls upon them. These clectrons in
vacua constitute a current when they are
made to move by the electrical impulse. To
repeat, applying potential to a vacuum tube
having a potassium electrode and another
electrode for leading off the current causes
current to flow as negative electrons from
the illumined metal, and this current actu-
ates the electrical switch which turns off
the lighting current of the burning lamp.

The Nerve

This led to the next, an ambitivus physi-
ological experiment. A photoelectric cell
was made to represent a crude "eye” which
was connected to a so-called “nerve” lead-
ing to a “brain.” The nerve was merely a

rent from the artificial eye so that indicat-
ing lamps along the top of the bux or
“nerve” would light up, one after another,
as the impulse from the “eye” passed along
that path, or the nerve. After the last lamp
was thus lighted by these amplified cur-
rents, an electric bell rang to indicate re-
ception at the “brain” end of the circuit.
This was not shown as a reliable replica of
the real nervous system. but as an appli-
cation of the vacuum tube which amplified
the slight energy available and necessary for
the experiment. With such slight energy it
became practicable to show the delayed
transmission and reception which is neces-
sary for an illustration of nerve action.
Nerve impulses travel much slower than
clectricity usually does, and this slow speed
was one objection to visualizing nerves as
electrical conductors until Crehore and
Williams showed that nerves might be natu-
rally so constructed as to transmit slowly.

X-Rays

In order to show another vacuum product
(the X-ray tube), an effect of X-rays was
demonstrated which is not usually thought
of in connection with X-rays. Three run-
ber balloons. suspended close together by
long cords, were first charged electrically
by being rubbed on the head of the speaker.
They then repelled each other and stood sta-
tionary in space as at the corners of a larger
wriangle.  As soon, however, as a feeble
beam of X-rays was projected toward them
they quickly discharged and fell to thewr
original position in contact with one another.
NX-rays ionize air or make it conducting so
that the balloons could not retain their
mutually repelling charges. This is the basis
of a method for measuring the intensity of
beams of X-rays.

Spectra

References were made to the various ap-
plications of X-rays, as in the study of in-
ternal structure of crystalline chemical com-
pounds and elements. Cathode rays, currents
of negative lons in vacuo when speeded up
by high voltage, produce by their impact.
X-rays which are characteristic of the ma-
terial on which they impinge; one may say
characteristic of the mass of the atom of the
substance of the target. It is through this
fact that the X-ray spectra of the elements

'l:he box containg several stages of vacuuin tube amplifiers of large capacities.
the circuit reduces the effect of instuntaneous currents,

Capacity in
When the photoelectrice cell at the left is

excited the growth of this current is so slow that it is seen by the successive illuminations of the

pilot lamps above the box.

long box, having electrical capacities and
suitable amplifiers or three-electrode tubes
within.  The capacities served to slow down
the anparent rate of flow of the ieeble cur-

At the Inst stage of the amplifier an electric bell rings.

considered as to wave-lengths are arranged
itt the same order as the atomic masses in the
periodic table of Mendelejeff, and by this
very method the newest known element,
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hafnium, has been recently added to the
known metals. Referring again to our bee
analogy, let a fast-flying swarm strike bells
so hard that they make them ring. l'rom
the sound of musical notes we guess roughly
the size of the bells. We could thus place
them in their musical series. The sound
corresponds to the XN-rays produced when
the bees are electrons of cathode rays and
sound waves are ether waves. The muss ot
the bell is disclosed by the tone or fre-
quency, the mass of the atom, by the stme
sign, is disclosed by the ether wive fire-
quency.  When a certain mineral was used
as a surface for the electrons to hit, a new
musical note in the ether was found. It
was  recorded photographically.  Its place
in the scale of elements had been predicted
as accurately as middle C on the pian» might
have been predicted if it had never been
heard.

With higher voltages the velocity of the
cathode rays (or electrons) always increases.
In the X-rays thus far produced, however,
the penetration or transparency is practi-
cally limited to about a quarter of an inch
of lead. It is interesting to note that the
similar rays from radium, the so-called
gamma rays, can penetrate nearly a foit ol
lead. This corresponds to an exceedingly
high electromotive force. Thus radium rays

gamma rays) might be made in vacuum X\-
ray tubes if millions of volts were applied.

Atom Lavyers

An apparatus was shown, devised by Dr.
Hull, which is essentially a two-electrode
vacuum tube, the tungsten filament having
a little thorium in it. At a certain very high
temperature this thorium rapidly diffuses to
the filament surface. This thorium suriuce
then has the peculiar power of emitting elec-
trons a hundred thousand times as rapidly
as pure tungsten at the same temperature.
An ordinary lamp was lighted in this experi-
ment by letting this thorium electron emis-
sion current flow throughout the lamp fila-
ment. The vacuum tube containing the
thorium-coated tungsten also contained a
little gas. When the lighted lamp was short-
circuited for an instant by a switch, the
potential on the vacuum tube was thereby
greatly increascd, and this caused positive
jon bombardment of the filament and thus
tore the thorium all off the tungsten surface
so that very few electrons were being emit-
ted, 4. e., those characteristics of pure tung-
sten at that temperature. Then the load
(the lamp) could no longer be “carried”

[
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Inflated India rubber balloons are churged by
friction or stroking with a eat’s skin or other
animal substance, and they repel each other.

by the electron current. To repeat, the
Leavy positively charged gas ions under the
impulse of the raised electrical potential act
like a powerful sand blast and effectively
clean the thorium from the tungsten, thus
greatly reducing the emission current By
highly reheating the filament for a few sec-

mds only, a fresh layer of thorium diffused
anew to the surface of the filament from
within the tungsten, so that then at the pre-
vious lower temperature the load or light-
ing current for the lamp was carried as
before by electrons emitted from the thorium
surface. This was mentioned as a proof of
the productirn of a layer of thorium on the
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devised by Dr. Hewlett was in use. Thi,
consisted of a 26-inch flat conducting disc
in a magnetic field. The vibrations of the
disc corresponding to the voice currents pro
duced the sound waves without the inter
vention of a horn. The use of vacuum tube,
in this device consisted in the following:

A microphone was placed near the speaker

The balleons just described are discharged by X-rays projected upon them and immediately

come together,

This experiment {Illustrates the power of
thorium, There Is a two electrode vacuum tube
whose fllament of tungsten Is charged with a
salt of thorium. This gives It the power of
emitting electrons one hundred thousand times
ns rapidly as the pure tungsten filament would.,
Nuddenly raising the potential within the tube
caused the gas utoms to act as & sand blast and
to scour off the thorium and the comductive
power of the tube was enormously diminished.

tungsten only one atom deep. The electron
current from thorium on tungsten is greater
than from pure tungsten and also than pure
or massive thorium and is maximum when
the single atom layer is present. This is
confirmed by experiments on partial re-
covery of the surface and supported by thou-
sands of successive repetitions of this experi-
ment on one filament.

High Frequency

The production of high frequency current
hy means of pliotrons was shown and an
crdinary incandescent lamp was lighted by
being brought within a foot of a coil which
was carrying the current of several million
cycles. This was said to be about as near
to wireless transmission of power as we now
have. This high frequency principle is also
being used by Professor Northrup. of
Princeton, for special electric furnaces.

Loud Speaker
During part of the address a loud speaker

and the sound waves of his voice caused to
be generated in this microphone feeble elec-
tromotive forces which were applied to th-
grid of a pliotron. These feeble electromn-
tive forces caused relatively large variation;
in the electric current flowing bhetween fila-
ment and plate, which in turn were used to
secure larger clectromotive forces to be ap-
plied to the grid of another pliotron. By the
use of several amplifying pliotrons the origi-
nal feeble electrical currents were multi-
plied several thousand times and supplied to
the loud speaker which reproduced the origi-
nal sounds with many times the origina:
volume and great faithfulness of quality.
To operate this amplifier of pliotrons re-
quired a direct current and several hundred
volts. This was obtained by first trans-

Here high  frequency discharge travels
through space and lightx a lamp. The coil
pussed several million cycles per second,

forming the power from the ordinary alter-
nating current lighting circuit to a rela-
tively high voltage, next rectifying this high
voltage alternating current by means of
kenotrons, and finally smoothing out this
pulsating current by means of special electric
circits,
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SIOCEEES

Experimental short
wnve transmitter oper-
ating at a1 wave length
of five meters (60,000,000
eyeles), Note the mitli-
ammeter and  wave-
meter, A very short cage
type antenn and coun-
terpoise is used with
this equipment, When
the wavemeter circuait is
in resonance the lamps
light up brightly.

Future Radio

By Clyde J. Fitch

EVIEWING the history of radio

during the past 3U years one may

wonder what the future will bring

forth. During the past five years
the strides have been so rapid that it resem-
bles geometric progression; that is, the
faster we advance the more fields are opened
up for advancement, and each new discovery
leads to many others.

Over 30 years ago llertz proved conclu-
sively that short radio waves obeyed the
same laws as did waves of light with regard
to speed of propagation, retlection, refrac-
tion, and diffraction. But as theory was
far in advance of practice, experiments in
short wave radio transmission ceased and
for a long time research work and commer-
cial wircless telegraphy were carried on with
waves of longer lengths or lower frequen-
cies. But now conditions are different. We
have at our disposal many types of vacuum
tube oscillators capable of generating ex-
tremely high frequencies, in the neighbor-
hood of 60,000,000 cycles per second. These
can radiate waves of five meters or a little
over 15 feet in length. The present tend-
ency seems to be in the direction of short-
wave transmission. Judging from amateur
work, which is always a year or two in ad-
vance of commercial work, we can prophesy
that within a few years all broadcasting and
commercial transmitting will take place at
wave lengths below 100 meters.

Today many broadcast stations transmit
their programs simultaneously on short and
long wave-lengths, and on account of the
extremely high frequencies involved there is
plenty of room for every radin station in
the world ‘to operate at the same time in a
wave-length band of four to five meters
without interference. Thus, it seems logical
to assume that in the near future we shall
all be working on short wave-lengths. We

not only have the advantage of using small
aerials ior this work, but transmission at
these wave-lengths is much more ecfficient
and interference irom static is slight. We
may soon expect a short-wave portable re-
ceiver with a folding antenna about two
feet long that may be conveniently carried
in a person’s coat pocket.

The tests show that short waves behave
quite differently from long waves in their
propagation, and that the wecak periods fol-
lowed by a recovery in signal intensity ob-
served at sunset and sunrise with long waves
over great distances do not oceur in the case
of short waves. Also there is probably no
sharp limit between short and long waves,
and the change from the behavior of short
waves (of, say, 100 meters) to that of long
waves (say, 10,000 mcters) may follow a
slow process of transformation,

The difficulties involved in short wave
transmission are due to tube capacities. At
the extremely high frequencies it is neces-
sary to obtain circuits having very low dis-
tributive capacity. This requires vacuum
tubes having low internal capacities. The
smaller the tube, the lower the capacity, and
small tubes are required to generate cur-
rents of high frequency. Small tubes mean
small power, and at present it is practically
impossible to transmit on a wave-length of
five meters with power tubes. Transmis-
sion is now accomplished at this wave-length
by tuning the aerial circuit to a harmonic of
the oscillator circuit. In the future we may
expect vacuum tubes that will directly gen-
erate oscillations of sufficient power to trans-
mit at this wave-length.

The reproduced photographs show an ex-
perimental five-meter radio transmitter. The
diagram shows the circuit used. In order to
decrease clectrostatic capacity in the circuits
as much as possible, the base of the vacuum
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tube was removed and the connections made
as short as possible. The receiving circuit
is also shown in one of the illustrations. It
consists of a single turn of wire connected
directly to a variable condenser. A small
flashlight bulb lights up brilliantly in the
circuit at a distance of several feet, when
the circuits are in resonance, This appa-
ratus was developed by Mr. William A.
Bruno, A.LE.E, of New York.

In our full page illustrations a proposed
system of carrying on radio communication,
hoth broadcasting and commercial, is shown.
This system makes use of identically the
same principles that are involved in present
day transmission except that higher fre-
uencices are employed. Broadeasting stations
of today transmit on wave-lengths ranging
irom 200 to 600 meters or frequencies rang-
ing from 1,500,000 to 500,000 cycles per sec-
ond. These frequencies are in turn modu-
lated by audio frequencies ranging from 250
1o 4000 cycles per second. For example,
suppose we take a 600-meter station broad-
casting at a frequency of 500,000 cycles.
This frequency is easily modulated by all
the frequencies of the musical scale simul-
taneously and each note is faithfully carried
to the receiving station. Suppose we have
two bells at the broadcasting station, one of
which gives a note of 1.000 cycles and the
other a note of 4000 cycles. Both notes
are distinctly heard at the receiver. The
two notes are detected and amplified by the
audio amplifier. If we have a very selec-
tive audio amplifier that may be tuned to
a definite frequency, we could tune the am-
plifier to the 1,000 note or to the 4.000 note
and hear either one or the other bell as de-
sired.

In our proposed scheme the same condi-
tions hold true except that all frequencies
are higher. Suppose, for example, we mul-
tiply the highest audio note of 4,000 cycles
by 15, we get a frequency of 500,000 cycles
or a wave-length of 600 meters. We shall
also multiply the 600-meter wave-length of
500.000 cycles by 15, This gives us a fre-
quency of 62,500,000 cycles, or a wave-length
of 4.8 meters. Thereiore, whether we modu-
late a 62500000 cycle wave by 500,000
cveles or a 500,000 cycle wave by 4,000 cycles
we get the same effects.  Oscillograph read-
ings of the modulated wave in both cases
would be identical. The proportions hold
true and would remain true for all fre-
quencies.

Thus we see that by broadcasting on a
frequency of 62,500.000 cycles or 4.8 meters,
we can modulate this wave at the present
broadcasting frequencies. And this 4.8 meter
wave can be modulated by several hundred
separate frequencies within the range now
used for broadcasting without interference.
and each one of these frequencies in turn can
he modulated at audio frequencies. This
means that a large number of separate pro-
grams can be sent out without interference
at the same time from one super-modulated
broadcasting station transmitting on a wave-
length of 4.8 meters.

The receiver is very simple. This is
shown in one of the illustrations. A de-
tector that operates on the 4.8 meter wave
deteets the modulated frequencies and feeds
them into a standard broadcast receiver.
This receiver may be tuned to any one of
the modulated frequencies and any one of
the desired programs can be heard, with-



The Experimenter fpr February, 1923 227

MARCONI BEAM
"m.\a-swnER -

kit

nf/ a LoSAr-LE

7%,
| "';‘,/{ "'-
Ak S y
L e
& o
¢
>
N
. FOUR

7’ A radio reeeiver of the future employ-
MEXICC 3 A s . s . Ing n short wave pick-up device that

y feeds inta n receiving set similar to those
in uwe today. Note that a very small
stngle turn loop nerinl is sutlticient to re-
ceive the short waves.

PACIFIC OCEAN

Many of the larger cities throuszhout
the world will have both super-modu-
Inted broandeast stations sand Marconl

beam teansmitters for earrying all t.
kinds of communication. In botls caser 1)

radiation takes place at & very shoart
wave lepgth in the neighborhood of five
meters (60,000,000 cyelea). Thin wave 3
is modulnfed at various inandible fre-
quencies which nre in turn modnlated
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A Dbrondeast station of the future
employing the supermodulated .sys-
tem: described in the text. The radia-
tion from the short wave antenna is
modulated at Innudible frequencies.
One brondeanst station in sulflicient to
handle all of the programs now heing
browdeast from New York City.

A Marconi hean transmitter for commercial work. Note the large reflec-
tor that sends the waves out In a benm. It is ealculated that severnl hundred
separate telephone and telegraph messages ean be transmitted over a single
beam without interference.



Rear view of the five meter oscillator showing
the tube with hase removed, choke coils, tuning
condenser, and rheostat.

out interference from the others. Instead
of several broadcasting stations scattered all
around the city of New York as at present,

we shall have one super-modulated short
wave transmitter located somewhere on Long
Island that will be connected by wire to all
of the present broadcast studios. These
stations will each modulate the super-modu-
lated station at a irequency corresponding
to its present wave-length. If the super-
modulated station is capable of transmitting
all over the earth. each one of the broad-
casting stations will be heard with equal
volume in all parts oi the world. This re-
moves the difliculty oi critical tuning on
the shorter wave-lengths, as all tuning will
take place at the present broadcast wave-
lengths. The short wave detector is tuned
once and for all and need not be touched
again.

Three or four super-modulated stations in
different parts oi the United States will be
capable of handling all of the broadcasting
stations now in use.

FFor commercial purposes beam transmit-
ters will be used. The Marconi Company
is now installing a beam system of com-
munication between England and Australia.
As was stated at the beginning of this article
radio waves of short lengths may be re-
flected the same as light waves. By reflec:-
ing the waves in a certain direction we not
only obtain secrecy of communication, but
the efficiency of transmission is improved.
One of the illustrations shows such a re-
flector placed behind the aerial of a short
wave transmitter. By reflecting the beam
so as to follow the line from transmitter to
receiver between two points, we can transmit
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thousands of messages over the one beam at
the same time without interference by the
super-modulated method described above.
The system is similar to that of multiplex
communication in which case several telephone
conversations and telegraph messages take
place at the same time gver one set of wires
without interference. Wired radio is also
similar except that the waves of various

L
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Hook-up of the five meter oscillator. Note
:lled R, F, chokes in the “A” and “B” battery
eads,

wave-lengths travel over a wire instead of
over a beam. The large illustration shows
a system of beam transmitters for carrying
on telephone and telegraph communication
between various cities of the world. A
number of super-modulated broadcasting sta-
tions are also shown,

A Novel Source of Plate Voltage Supply

HE following is a description of a

method adopted by the writer for ob-

taining “B” battery supply for a low-
power transmitter by means of an inductioh
coil, neon tubes, and chokes and condensers.
The original source of current was a 6-volt
styorage battery.

The usual arrangement employing a two-
electrode valve as rectifier was first tried,
but was discarded owing to the additional
battery which was necessary to light the
filament of the rectifying tube. A vibrat-
ing-reed rectifier and a. small chemical rec-
tifier were both tried in turn, but proved
decidedly inefficient. The method finally
adopted made use of the well-known neon
lamps.

As is now generally known, neon lamps
have the peculiar property of not allowing
any current to pass until a certain critical
voltage (about 140 for ordinaryy tubes) is
reached, and they are therefore suitable for
rectifying an alternating current such as that
obtained from the secondary of an induction
coil which has a much higher voltage im-
pulse in one direction than in the reverse,
since if sufficient tubes are placed in series
the smaller impulse produced by the ‘“‘make”
of the primary will be insufficient to render
the tube conductive, while the high-voltage
impulse obtained at the “break” will easily
pass through the tubes.

The Circuit

The circuit is given in the illustration,
It will be seen that three ordinary neon
tubes are connected in series with one of
the secondary leads, the output being passed
through a smoothing circuit. The lamps
should be connected so that the larger ele-
ments are lit up by the secondary voltage
produced by the break of the primary. as
they offer least resistance to such voltage
when they are so connected. The smaller
electrodes should not light up.

The transformer was a l-in. spark coil
with a new secondary winding consisting
of 6,400 turns of No. 28 D.C.C.. giving a
primary-to-sccondary turn ratio of 1 to 40.
The two chokes were spark-coil secondaries

and the condensers were of the ordinary type
except the one next to the last ncon lamp.
which, because it is directly subject to the
high voltage impulses, has mica dielectric.

With 6 volts on the primary a perfectly
smooth D.C. output could be obtained, but i1t
was not possible, owing to the high resistance
offered by the chokes and three neon lamps
in series, to obtain a greater current than 4
milliamperes. It was, however, found pos-
sible to run a two-tube receiver on this, and
no hum was noticeable providing the actual
transformer was removed some distance
from the set.

With a view to overcoming the necessity
of using three lamps in series, one of the
lamps was hardened by running it for a
few minutes cach on 300, 400 and 600 volts.

3 NEON TUBES

160
T

"OUTPUT

|

o

Connections of the “B” battery supply unit
operated from the six veolt "A” battery. A
spark coil and neon lamp rectifier are used, giv-
Ing an output of 20 milllamperes at 100 volts.

If the full 600 volts was applied at first
it was difficult to stop the glass supports
melting under the heat generated in the
lamp. but by raising the voltage in steps
the heating was minimized and the glass
showed no tendency to melt. After harden-
ing, the lamp glowed a pale lilac color and
required a much higher voltage than pre-
viously to make a lamp conductive; it was
then found possible to replace the three
ordinary neon lamps with a single hardened
lamp, which effectively rectified the output
from the coil. A considerably increased cur-
rent was then obtained. The original chokes

had a resistance of several thousand ohms
each, and these were then replaced with
chokes wound with a heavier gauge of wire
and having a resistance of onlv a few hun-
dred ohms (actually the chokes used were
a number of 60-ohm relay coils which were
wound with No. 30 wire).

An output of 20 milliamperes at about
100 volts could then be obtained, but the
voltage varied with the current which was
drawn from the output terminals; if more
current was taken the voltage dropped pro-
portionately, while if no current at all was
taken the condensers quickly charged up to
about 400 volts and discharged back through
the neon lamp. which thus effectively safe-
guarded the condensers, since these would
undoubtedly have broken down if they had
attained a voltage much exceeding 500 volts.
'I:he condensers had to be carefully chosen
since, although a new condenser will stand
400 to 500 volts, a large number of the ex-
Government condensers on the market will
not hold their charge at this voltage. Out
of eight 2-microfarad condensers which the
author obtained only three were found to
have high insulation.

An interesting method of obtaining greater
power fpr telegraphy than the normal steady
output is to use a much harder neon tube
as rectifier., with 6 or 12 volts on the pri-
mary coil, and to pass the rectified current
into a very large condenser—say 24 micro-
farad—which is allowed to charge right up.
If now the high voltage leads to the trans-
mitter are connected to the condenser one
gets the full benefit for a few seconds of.
say, 600 volts on the plate of the valve, but
the voltage, of course, falls rapidly as the
condenser discharges. In practice, if rapid
keying is employed and a longer space than
usual left between each word, the reservoir
condenser can be maintained at an average
of 500 to 600 volts, though while keying
tl}e voltage will, of course, steadily drop.
since the current supplied through the recti-
fier is not sufficient to compensate for the
heavier current demanded by the power valve
in the same time.

5 G F, AMATEUR WIRELESS,
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The Tauleigne amplifier opened vp. Contaet
pressure hetween carbon polnt and button is
varied by screw at left that tips it

THE much talked of Tauleigne amplifier
has at last been given a thorough test
in our laboratories and the results from an
experimenter’s point of view were very grati-
fving. We first connected this amplifier to
a simple crystal receiver employing a fixed
detector (the receiver shown in one of the
illustrations) and immediately upon making
the last connection music issued from the
loud speaker. After a few tuming adjust-
ments, the music was distinctly heard
throughout a large room, but quietness had
to be maintained in order to appreciate it.
The broadcasting station received was
WEAF, located a distance of one and three-
quarter mites away. A few mwre adjust-
ments with the substitution of a sensitive
galena detector employing a fine catwhisker
contact in place of the fixed detector fur-
nished with the set brought in the station
with a little more volume. The quality of
the music was very good.

Due to the fact that the ins:rument re-
quires careful adjusting and that the volume
is not loud enough for entire satisfaction,
even though the receiver be located only a
few blocks from the broadcast station, the
instrument is not suitable for ordinary loud
speaker reception, and in its present state oi
development will not replace the vacuum
tube. We did not try two of these units
connected in cascade as a two-stage am-
plifier and cannot predict how such a scheme
would work out; but the loudest of signals
do not produce a very marked effect in the
loud speaker and we doubt if two units con-
nected in cascade would impruve results.
The experimenter, however, will find the in-
strument very amusing. He may also find
other uses for it or make improvements in
its construction.

The Tauleigne amplifier consists of a high
resistance telephone receiver magnet placed
underneath an iron armature on which is
soldered a copper-plated carbon button. The
plating is removed from the upper surface
of the button and a light contact is main-
tained between this carbon surface and a
small carbon pencil. This is clearly shown
in the illustrations. The details of the in-
strument are also given so that the experi-
menter may construct one for himself.

The pressure between the carbon pencil
and button is regulated by means of a small
metal weight screwed on the free end of
the lever that holds the carbon pencil.
Gravity holds the carbon contact point in
place. The whole unit is hinged to the box
with a cloth hinge, and by means of the ad-
justing screw which tips the irstrument up
a very fine regulation of the pressure is

obtained. It was found that for
strong signals the pressure had
to be greater than ior weak

signals, The quality was also
better with the greater pres-
sure.

The high resistance telephone
magnet winding connects direct-
ly to the crystal receiver as
shown in the diagram. The car-
bon contact of the microphone
is connected in series with a
20-ohm loud speaker and one
dry cell, It is interesting to
note that signals were louder
when using one dry cell than
when using two in the circuit.

The loud speaker employed a
phone unit of the usual con-
struction except that the mag-
net windings were wound for a
resistance of 20 ohms. It is
important that the polarity of
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the dry cell be such that the current through
the loud speaker tends to strengthen rather
than weaken its permanent magnet. The
correct polarity is easily determined by trial.

The illustrations show all the details re-
quired for building the instrument. It may
be placed in any suitable wooden box. The
experimenter may use an ordinary 1,000-ohm
phene for this purpose by removing the
shell. Of course, the dimensions given in
the illustrations may have to be changed to
sui* the particular type of phone unit used.

It is not necessary to use this instrument
always in connection with a crystal receiver.
It may be used with a vacuum tube re-
ceiver. It seems to be adapted to reflex
circuits also. In this case a vacuum tube
radio frequency amplifier and crystal de-
tector should be used. The currents from
the crystal are then amplified by the micro-
phone relay and the output of the amplifier
fed back through a step-up transformer to
the grid and filament of the vacuum tube.
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The experimenter may build a Tauleigne amplifier by following the dimensions glven,

The

lower illustration shows the instrumnt connected with a crystal receiver.

The complete apparatus, the crystal receiver at left, amplifier, battery and loud speaker.
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Front and rear views of the experimental detector-amplifier unit.
This unit is provided with several telephone jacks, enabling the experi-
menter to plug in to different parts of the circuit and adapt the instru.
Note the compact arrangement of the parts,

Experimental Detector and Two-Stage Amplifier
By Leon L. Adelman, 2AFS, A. M. 1. R. E.

HE average experimenter is never
fully satisfied with the equipment he
may have previously constructed, and
in the majority of cases, pulls his
set apart and rebuilds it. This process may
go on until inevitably, the parts must be
thrown away, since they are so full of un-
necessary holes and unsightly scratches that
in the colloquial term, “it looks terrible.”
It is the purpose of this article to describe
a unit which will readily adapt itself to
the most exacting cases and dispose of them
in a manner that will give ultimate satisfac-
tion—the satisfaction of knowing that all
will not have to be ripped apart, so as to
conform with some unforeseen problem.
The unit as built will act in conjunction
with any circuit whatsoever, as a detector
and two-stage audio frequency amplifier. In
case it is desired to test out a set already
equipped with a detector tube, provision is
made by using the external detector jack, in
which case, the unit acts only as a two-stage
audio frequency amplifier.  In conjunction
with an ordinary microphone, the two-stage
amplifier serves admirably as a voice am-
plificr. If a power or push-pull amplifier
unit is to be connected, the matter resolves
itself simply to plugging into the output jack.
Where a tuner is to be tested, no matter
what circuit is to be employed, three jacks
connected in series will allow several head-
phones to be connected, either on the de-
tector, one step, or two steps, without the
necessity of external connecting blocks. But
the experimenter is not satisfied only with
the construction of a device; he wants to
know something, if not all, about its funda-
mental operation, care and maintenance.
There is no better arrangement for learning
about the intricacies of radio than this in-
strument presents. Provision is made for
battery connections in the most facile man-
ner. Then, too, meter readings can be taken
which will prove of inestimable value later
on. Although not imperative, at 0 to 6-volt
meter, a 0 to 10 milliameter and a 0 to §
ammeter should be bought in conjunction
with the rest of the instruments and their
first cost will be more than repaid by the
knowledge which will result from their
timely use.
To begin with, the panel is laid out as
shown in the diagram, Fig. 1. Deviation
from exact dimensions is sometimes neces-

List of Materials Required

Bakelite panel 12”7 x 8” x 1%".

Fada rheostats, 6 ohms.

Naald sockets, standard.

UV-99 adapters.

Double circuit jacks.

Single circuit jacks.

Plug.

Transformers, one Amotran 4 to !
and one Acme 3 to 1 ratio.

.00925 grid condenser.

Grid leaks, V5, 1 and 2 megohms.

Miniature single pole switch.

Y5 Dozen binding posts.

Sub-panel 8" x 6”.

Large brackets.

Small brackets. .

Miscellaneous screws and nuts.

Bezels.

I“ilament switch.

38" Hard rubber bushing.
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sary and is quite allowable. The trans-
formers are underslung on the sub-panel and
are thus protected from mechanical injury
and afford a greater degree of balance and
neatness to the outfit. No by-pass con-
densers or leak resistances are used, since
they simply waste energy. The connections
are clearly shown in the diagram, Fig. 2.
Advantage is taken of the knowledge gained
in the following paragraphs concerning the
characteristics of the tubes and thus with the
proper voltages in each circuit, amplification
without distortion is the result.

Since the second transformer must carry
the total aggregate load, it is a little heavier
in construction, and has a 3 to 1 ratin. The
first transformer has a ratio of 4 to 1l
IHigher ratio transformers tend to distort
and cause noise. It will be seen that the
cores of the transformers, though far apart.
are at right angles. This is to prevent in-
teraction with resultant howling. No shields
are necessary. The wiring should be done
as neatly as possible and should be carefully
soldered at connecting points.

The binding posts for battery connections
are racked in the rear, while those on the
front of the panel are for connections to
the different sets to be tried out.

The detector and amplifier will work prac-

tically equally well, with any regular tubes
providing, of course, that the “A" “B"” and
“(C" battery voltages are changed to corre-
spond with the rated values given by the
manufacturers. UV-200, 201s, 201As,
C-300s, 301As, UV-199s, C-299s, WD-11s,
12s, C-11s, 12s, VT-1s, VT-2s and 216As
can be used with great success.

After the unit has been connected, the
experimenter can make many tests showing
the characteristics of vacuum tubes. Some
of these tests will now be described.

The fundamental operating characteristic
of the audion is that expressing the current
flowing from filament to plate in terms of
the potentials supplied to the grid. Graphi-
cally, and in terms readily understood, it can
be seen by I‘ig. 3 what is meant. In this
case, a small negative potential, 10 volts
impressed on the grid by the “C” battery
completely cuts off the plate current, As
this negative grid charge approaches zero,
the plate current increases very rapidly.
Now we arrive at a stage where the grid
potential is zero and we have a certain plate
current,

As the grid is charged positively, the
plate current continues to increase up to the
saturation point. Between the two bends
in the curve it will readily be seen that a
small change in grid potential affords a rela-
tively large plate current variation, without
distorting the wave form of the incoming
signals. It is, therefore, obvious that the
straight-line portion of the curve is the one
to utilize in an amplifier or repeater, whether
for amplifying radio or audio frequency cur-
rents.

IYig. 4 shows a curve representing the
values of plate current, obtained when the
plate potential is varied keeping thé filament,
current or temperature constant. Plainly, it
is evident from the graph, that as the plate
potential is increased, the plate current in-
creases up to the saturation point, above
which increases in voltage produce no in-
creases in current.

Thus, the saturation point is reached in
two ways: first, by a sufficient positive
charge on the grid, and second, by too high
a plate voltage. The experimenter should
plot a number of curves with various values
of plate and grid voltages. as in Fig. §.
In this way he can select the most suitable
“B” and “C” battery voltages.

*%
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As in the case of all electric circuits it
is best to arrange the plate circuit so that its
impedance should approximately equal the
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POTENTIAL OF GRID WITH RESPECT TO
NEGATIVE END OF FILAMENT
Characteristic curve of a vacuum tube. This

curve was obtained fromn measurements made
with the detector-amplifier unit.

internal impedance of the tube. Thus. for
example, the 301A has an intermal plate to
filament resistance of approximately 14,000
ohms. It would, therefore, be necessary to
use in conjunction with this tube a pair of
phones or amplifying transformer whose
A.C. resistance was of this value, in order
to have the tube function at highest efficiency.

The amplification factor or constant (K)
is what is known as the ratio oi the plate
and grid variation which will produce an
identical variation of the plate current. Thus
the plate voltage change equals (K) times
the voltage. In other words, it would take
a change in the plate potential (K) times as
large to cause the same variation in the
plate current as a given grid potential.
Thus if (K) is large., the tube is suitable
as an amplifier. See Fig. 6 for connection.
The slider of the potentiometer is adjusted
until there is a minimum sound in the head-
set. The resistance R, divided by R, is the
amplification factor.

As the internal plate impedance is the
A.C. resistance between the plate and fila-
ment, and as it becomes necessary to have
the external resistance equal to this A.C.
resistance, the circuit in IYig. 7 shows how
the impedance of a tube is measured.

In the use of a vacuum tube for receiv-
ing two distant actions are manifest. One
is amplification, the other rect:fication. Of
these amplification, as was seen, is by far
the simpler. It may be well, therefore, to
review the electron theory in conjunction
with rectification.

When a conductor joins two points of
different potentials, current will flow from
the higher potential to the lower potential.
Now, a body is said to be charged positively
with respect to another similar body, when
it has lost snme of its clectrons through heat-
ing, rubbing or any other mcans. Electrons
arc small negative charges of clectricity free
to move through the conductor. If the con-
ductor 1s heated, the velocity of the clectrons
increases, so that in the case of a vacuum
tube, myriads of them break through the
surface of the conductor and fly off in all
directions. some attracted bv the positively
charged plate, some returning to the fila-
ment.

Thus the current flows from the plate
to the filament by means of the electronic
stream flowing from the filament to the
plate and it becomes obvious that the tube
is conductive in one direction only,

We are dealing with three circuits, the
plate, grid and the filament. What hap-
pens in one causes a corresponding change
in the others. Refer now ta the detector
tube in Fig. 2. As the grid condenser is
alternately charged positively and negatively,
the grid will be made to behave in the same
manner.  When the grid is negative, very
little or no current flows in its circuit. When
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the grid is positive, negative electrons will
flow not only to the plate, but also to the
grid and charge the grid condenser. As the
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PLATE CURRENT IN MILLS.
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Curve showing the relation of the plate cur-

rent to plate voltage, as measured from a stand-
ar. tube in the detector amplifier unit,

oscillations  continue, it becomes charged
negatively to a marked value, and this charge
distributes itself on the grid, so that soon
we have thé grid charged enough to render
the tube inoperative: 1. ¢., the plate current
stops. It therefore becomes necessary to
remove this negative charge from the grid
af-er rectification of ecach group of oscil-
lations. If the tube is a “soft” tube or has
a high gaseous content, these negative
charges leak back to the filament by means
of the hot ionized gases. However, with
a hard tube, trouble is soon experienced if
a grid leak is not included in the circuit.
If the grid leak has too low a resistance,
it is useless, because it will cause an appre-
ciable lass of signal strength. If on the
othier hand it has too high a resistance, the
negative charges will escape in spurts, caus-
ing pulsating clicks.

Most tubes have a tungsten filament,'
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of the holes as they depend upon the particular instruments used.
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Before drilling, the experimenter should check the sizes
The panel should be of bakellte 3/16” thick.
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Wiring diagram of the detector and two stage amplifier.

to its adaptability.
to either detector, first or second stage.

and as tungsten has a low cold resistance,
there can be no less danger than burning
out a tube, if the “A” battery switch is
suddenly turned on with the rheostats left
in their former position. We must not
forget that after a short period of recuper-
ation, the battery will be more likely than
not, to “blow” out tubes.

It is therefore always advisable to slightly
turn down the rheostat before turning on
the “A” battery switch. As seen in the
ordinary diagram, one leg of the filament
carries more current than the other, so that
after continuous operation, there is immi-
nent danger of burning out the tube. It is
advisable, therefore, to reverse the filament
terminal leads after several months of oper
ation. The best and safest means of oper-
ating the set is obtainable only by the use
of the smallest possible plate voltage. This
is reached upon careful consideration of the
characteristic curves.

The filament current should never te raised
above the rated value of the tube. If pos-
sible, operating should be done within 10 per

g
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A number of curves obtained from a vacuum
tube with various plate voltages. These curves
show at a glance the best values of the “B' and
“Q” battery voltages, for use with the particu-
lIar tube measured. In this case the 120-volt
ourve is the best.

cent. of normal. The filament rheostat should
be carefully inspected ouce in a while to
make sure that the lever arm makes good
contact with the wire. All metals when
heated expand, tungsten being no exception,
so that a tube mounted verticallv is safest.
Tonization is due to faulty construction, in
allowing too much gas in the tube when
evacuating it. It is evidenced by a blue or
purplish glow. This can also be caused by

Fi1G. 7

I A.C. SUPPLYi

Connections shoyving how the voltagze amplifi-
cation factor of n tube is measured. The A, ©

supply may be obtained from a battery and
buzzer, The slider is adjusted until minimum
sound is heard,

excessive plate voltage, and is liable to injure
the tube if operation is continued.

For power oscillators, where the filament
is subjected to strains and undue loads, it is
best to use A. C. for the filament, as then
it will carry an equal amount of current in
both legs. The center tap method of con-
necting the plate circuit to the secondary of
the filament transformer obviates all danger
of unequal load, thus greatly prolonging the
life of the tube. Although too high a plate
voltage is injurious to the tube, it is often

Note the number of teleplione jucks used, making the unit very flexible as
The telephone plug connected to the three jucks allow three head sets or loud speakers to be connected in series

found that a greater output can be realized
bv using a higher plate potential. Under
this condition, what is known as electrolysis
of the glass takes place after a short time,
with the result that gas begins to fill the
tube and its efficiency drops off. This elec-
trolysis. more liable to abruptly end the life
of a tube than a filament burn-out, is caused
by the seepage of the metals contained in
the glass, around the grid leak, causing it to
become blackened. Hot glass is an electro-
Ivtic conductor, its conductivity ‘s enhanced
bv an electric current which breaks it up
into its comstituents. On account of this
black deposit of metals, leakage soon occurs
where the negative leads are secaled in the
glass. and the hours of the tube are num-
hered.

The life of a tube depends largely upon
the life of its filament. ‘When the “A”
battery switch is thrown on, a verv large
current flows at first. but as it gets hotter,
the resistance of the filament increases. so
that there is a diminution of current

—ll
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(Continued on page 272)

FIG 6
'

A.C. SUPPLY
Circuits showing how the internal impedance

of a vacuum tube is measured, This test is
;‘n.snl);; made with the same instruments used in
ig, 6.
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Galvani made a speeial stady of
the influence of atmnspheric
electricity on frogs’ Jegs. A wire
from the frog’s legs to the wiuter
In & well gave him & ground

connection.

Most of Galvani's experiments were con-
eerned with the effeet of electricul eur-
rents on the muscles of frogs’ legs, He
contended thnt the muscular effl-et was
due to electrielty

lodged in thesir legs.

LUIGlL GALVANI

The history of clectrical science is marked with
a few great men whose insight and persever-
ence coupled with an innate genius led to the
breaking of new paths in scientific research. To
this class of scientists belongs Luigi Galvani,
who, thouph his chief concern was with phvsn-
ology, was in a I.nrge measure responsible for
that lively impetus given to electrical develop-
ments, i the latter part of the eighteenth cen-
tury. Like all great pioneers of science, his
interest was not limited to- his particular field,
but was broadencd by a study of philosophy and
literature which he pursued thraughout his life.
-He was born in 1737 at Bologna, where he
spent most of his life and where he later became
professor of anatomy. He noted unusual elec-
trical effects in animals, particularly in frogs’
legs, and in explanation advanced the theory
that a source of electric current was lodged in
the nerves of animals. This view was vigor-
ously opposed by Volta, his contemporary, whose
experiments we described in the preceding issue
of Tue ExeperiMENTER. The controversy be-
tween these two noted scientists was followed
with interest throughout the civilized world, and
showed fruitiul results in the discoveries of
Volta. The achievements of Galvani had been
recorded in his famous masterpicce, “De Viri-
bus Flectncntatls is Motu Musculari Commen-
tarius” (“Commentary on the Effects of Elec-
tricity on Muscular Motion”)

After making an exhaustive
study of frozs’ legs, Galvani
turned to other animals. At
the left ix one of his illus-
trations showiny an eleetri-
cal experiment on a lamb.
At the right is a Inter ex-
periment showing the effects
of an electrlec current an »
bullPs head. The tongue lirst
pulled ont of the mouth, and
touched with the Ilumbar
nerve of a frog held in one
hand of the experimenter
whiie the other hand is in
eontaet with the bull’s ears.
causes an electrie current to
flow through the frog’s legs,
which then become @zon
valsed. Gulvani’s theory wans
that a differeuce of clestrie
potentinl existed in all ani-
mals between the entunecous
or outer surface and the
mucous or inner surfuce of

maosecles.
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Historic

§ Experiments

No. 4
Galvaniand AnimalElectricity

Luigl Gnlvani, Italan physleist.

The frogs’ legs are here connected to

the electrodes of a Leyden jar. When

the jar lé charged the legs distend and

are convulsed, forming a sort of animal
electroscope.
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“There was something terrifying In the helplessness of the great liner.
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The Ark of the Covenant

By Victor MacClure

Broadside to the rollers, she luy slugglshly, swaying and veer-

ing nmongst the olly hummoecks, and about her was the silence of death. Not s soul stirred on her decks, and the thin whisp of steam
that curled from one of her samoke-stucky was the only thing about her that moved.”

(What Has Gone Before)

A number of New York banks have been robbed.
The time is near the end of this century. The Pres-
ident of one of the banks stands by his son’s bedside
early in the morning and wakes him. Instinctively
tise son realized that something was wrong, and see-
ing that his foather was in deadly earnest, no ques-
tions were asked, but with his roadster and airplane
he undertook to rush him to the city.

They find that throughout the financial district
policemen, watchmen, chauffenrs and pedestrians
have fallen senseless. Automobile engines have mys-
teriously stopped, Ezverything of gold, watches,
coins, gold leaf signs and the like have been tar-
nished, The vaults of a number of banks have been
cut open, apparently by oxvacetylene, and robbed.

The tarnishing of the gold is a problem for the
chemist, and curiously enough, powdered glass is
found sn the strect to add to the strange events.
Heavy little boxes came into the Post Office by mail.
Bombs were suspected and upon being opened the
bores were found to contain lead cases whose weight
indicated that they were quite thick.

The wonderful Merlin takes an active part in the
story, the fastest of all aivplanes. The range of the
speed dial is insufficient. The mystery deepens when
it is found that some millions of dollars of securi-
ties have been returned to the banks but a slightly
larger amount of gold has been taken. Anaesthetic
bombs are thought of. It develops that the boses in
the Post Office contained some radium compound
which accounted for the lead cases. Aw unheard of
amount of the rare salt seems to be in there. A pro-
wision store has been robbed and money left to pay
for it. Thousands of gallons of gasoline have dis-
appeared from a Standard Oil station. Starting at
the most mysterious point of the story the tale
goes on.

A short interview with the two policemen
convinced miy friend and myself that their
story was true. They had concealed the
fact of having fallen asleep in fear of losing
their jobs, and it was only the news of Wall
Street had given them the courage to tell
the truth.

Surmises Without Result

Dan and I had heard as much as we
needed, and as we drove to the Cortlandt
Street Ferry at an easy pace, my scientific
friend weighed the thing up.

“They do connect up, Jimmy,” he said.

“I'm sure they do.” I agreed.

“They link up, so far, only through the
use of the anmsthetic,” he went on. *“But
I can find no sane connection in the things
stolen. Two and a half millions in gold,
a hundred kilos of provisions, and five thou-
sangd litres of gasoline. It's a mad thing,
however you look at it.”

“It's crazy,” I admitted. “Jackdaw crazy.”

“If we could find out what they wanted
with such a queer collection,” said Dan.
“we'd be on the track of what they are.”

“Suppose,” said I, “that it's a gang with
headquarters in the country somewhere, a
regular band of raiders operating on a
large scale. They have a E:et of trucks,
each equipped with the latest appliances for

bank-breaking. They want the gasoline for
the fleet of cars, and the provisions for
feeding the gang——"

“A concentration of that sort would im-
mediately arouse suspicion in the country,
Jimmy.”

“I don’t know so much about that, Dan.
It might be quite an innocent-looking fac-
tory, or foundry, with accommodations for
the men——"

“Yes, asking folks to notice it by never
dealing with the local stores——"

“Shucks, Danny !’ said 1. “Look at my
own experimental shops. Right on a lounely
strip of beach, and two or three kilometres
from the pearest village. Except for a gov-
ernment inspector or two once in -a way,
nobody cver comes near me—and half my
men live on the premises.”

“Yes, but your experimental shops don’t
come under the factory laws. None of your
men belong to a trade union, you've told
me ?”’

“That’s right.”

“Well, if any gang of crooks got up a
stunt such as you imagine, it would be diffi-
cult to escape detection in the ordinary
routine of factory inspection.”

“But listen, Dan! If I wanted to go in
for bank-robbery, it would be easy enough
—given that I had a dope—
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“Great snakes, Jimmy!" Dan exclaimed
“You're on the business for sure! Could
you land that new bus of yours in Broad-
way "

“I'll bet you five thousand dollars 1 do-
with wheels instead of floats——"

“What would your new bus carry?”

“In her present condition, without her
fighting kit, about three thousand kilos, be-
sides a crew of six.”

*“Then two buses such as the Merlin could
have made that robbery in Wall Street and
Broadway pessible ?”

“Sure,” 1 said. “And, what's more, could
be in the Rockies by this time——"

“Then wc're on the trail, Jimmy——

“Yes—if we wash out the question of the
gasoline, Dan. There’s a difficulty there
And, besides, there’s only one Merlis—un-
less smoebody has stolen a march on me.
But say that somebody has a design as good.
It’s not only a question of lift, remember,
but of taking off.down Broadway. But say
the supposed machines could. Do yeu see
them dropping into that. New Jersey gaso-
line station and getting away with five thou
sand litres of oil? I don't. 1 don’t see even
five Merlins doing it.”

Neot a Helicopter

“What about a helicopter ?”

“The helicopter is a washout as far as
lateral speed 1s concerned. It hasn’t been
applied successfully to a plane yet.”

“Airship then?”

“More like it—but, phew !—vou're getting
up a whale of a theory, Dan!"

“l know that, Jimmy,” said he, “but it's
a whale of a robbery.”

By this time we were at the ferry, and
our discussion was shelved in the business
of getting aboard the waiting ferry-boat.
Once on Manhattan, we drove straight for
the Metallurgical National. When Dan and
1 got into my father's room, we found the
okl man looking a bit worn.

“l won't be ready for you until seven,
Jimmy,” he said at once. “And I've a lot
to do before then. Wall Street has gone
mad and there isn’t a thing on the list that
hasn’t dropped. There's been a run on the
country branches of all five banks, and some
of the others as well. I have a meeting of
bank presidents at six.”

“Righto, dad,” 1 said.
out——"

“If Duan and you are on something new,
why not bring him over to Hazeldene for
the night, and let’s do our talking there?”

“How about it, Dan?”

“Fine,” he said.

“But your analysis of the tarnishing ?”

“My fcllows can do the test ali right. I'll
take a run up and see how they've got on,
and fetch my kit down here.”

“I’ll come with you, then.
stage at seven, dad?”

“I'll be there, son,” and with a nod to
Dan and myself he became immersed in his
papers again. We were just going out of
the door, however, when he called us back.

“Perhaps .you'd better take the elevator
to the top of the building and see the jan-
itor; Klenski. He has some weird story
about houses hanging from the sky, or
something. He’s no temperance advocate,
Klenski, but you inight get something out
of it.”

Dan and I exchanged a 180k and bolted
for the elevator.

“We'll

clear

The landing-

111
The Story Told by the Finn

Up on the roof, we found Klenski, a Finn,
born in America. whose faded blue eyes.
uncertain movements, and indistinct voice
showed at once the soaker. The man was
eaten into by alcohol.

“What was it you saw last night, Klen-
ski?” I asked him, as soon as we'd got him
out on the roof.

He pulled in the corners of his mouth,

m an effort to stop the twiching of the lips
that always preceded his speech

“A cabin—like a railay coach--smaller—
ging b'ropes {'m sky.

“Where was this? At what time?"

He butted his head towards the railings
on the parapet wall.

“There?”

He nodded jerkily

“What time was this, Klenski?”

“Las’'ni — 'smarning — s’m’time — coonsay.

“About three this morning, mayhe?” Dan
insinuated.

Klensk: turned to him gratefully, and
chucked a jerky nod at him.

“What were you doing about at
time?” I asked him.
The Cabin Hanging in the Air—The Blue

Walt

“G't up t'git s’mthing—c’'m’out see what
s't night ‘twas—saw cabin—like rail'ay coach
c’'min’ down out'n sky on ropes—'slike
that g

He made a jerky downward gesture of
the hand.

“Did you look up to see where the ropes
came from?”

He shook his head and gazed at the con-
crete under our feet

Dan pointed up at the sky, thinking the
man did not understand. But the cyes of
the Finn did not follow the hand, and we

that

“We followed him into his suite, beyond which was the strong-room.

worried abaut the key.

gD

rezlized that the man could not bear to look
up at the sky, I'd seen the same disability
in an alcoholic before.

“Well, what happened then?” Dan asked
gently

“Went over to railings 'nd looked down

blue wall cdme over my cyes. 'Sall
Went back t’' bed. Cold.”

“Blue wall?” said Dan. “What sort of
blue wall?”

The Finn gazed at him pathetically

“Blue wall,” he said in his gentle mdis
dinct way. “Blue wall . . . other side ’frail
ngs. Down-—down—'slike that. ey
Again he made that downward gesture of
the hand

“Did you hear any noise?” I asked.

The hps twitched desperately, and a silly
smile came into the Finn's face.

“Whisper—whisper—'sper. Binz-z-z!" he
imitated. “'N I d'n’ know any more,
please.”

We left it at that, for it was painful to
talk to the man, he had such terrible dif-
ficulty in talking—or even thinking.

“Dare we interpret the maunderings of
that dipsomaniac into evidence for the air-
ship idea, Jimmy?” Dan asked when we
were in his roadster again.

“Let’s,” said I, “and see what it leads to.”

“He got up for another drink, you know.”
said Dan. “It might all be drunken imagi-
nation.”

(Continued on page 273)

He needn’t have
Right in the middle of Lhe steel door was a yawning hole, through
which we saw im »u brilliant binze of electric tight, the disorder of smashed wooden cases.”
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A Much Debated Phenomenon

\VHILE playing on the beach of
the Columbia River in Oregon
one evening, I saw a red ball of fire.
about the size of a basketball, slowly
floating in the air, coming from the
direction of the ocean,

After excitedly telling the folks
what I had seen, they started back
to the beach with me. There we could
still see the bail floating in the air
about a third of the way across the
Columbia River, where some minutes
later it faded in the dusk.

Waynes Palo. Astoria, Ohe

2,

COUSIN of mine was standing

on the landing at the head of
a flight of stairs with her year old
baby, when lightning struck the
house and tore through the roof.
knocking her and the baby down.

The ball of lightning volled down

the stairs, tearing the baseboard all
around the living-room to shreds,
rolled into the dining-room, partially

A few rods away in the path of
this supposed-to-be lightning, a tree
was badly burned.

Kenneth Guth, Huntley, Tllinoi:

4

ABALL of fire about the size of a hen’s
£ X egg followed my antenna lead in through
the window to my set, burning it up. Then
the ball rolled across the floor-into the bath
room, where it struck the water tank and
disappeared.

C. H. Stowe, Paris, Texas

S,

UST as I rounded the corner of the street
going to school, there was a blinding

flash, and had taken another step
would have been hit by a ball of golden
yellow fire.

This ball seemed to be about 2 fecef in
diameter, and the colog could not be repro
duced by any artist. To prove that it was
hot, the sidewalk was dried as completely as
{ were a hot summer day, and the odor
of brimstone— (ozone or nitrogen oxides?)
was very strong

Louis Keyer, Dayton, O

tearing the woodwork there, and
then ripped the kitchen sink to pieces
John Barrack, Nashotak, Wis.

3.

WAS working in a field a few

feet from a wire fence when sud-
denly a large ball of fire dew past,
and 1 heard a crash—all in a frac-
tron of a second

Ball Lighining

Here are s few of many descriptions of ball lightning

whieh have heen received by us. The incidents are abso-
lutely nuthentie, and the letterw detailing them are on tile.

P‘ ROM the window of our hotel we
saw a ball nf fire travel slowly along
a trolley wire. When the ball passed
a supporting wire it bounced a foot
in the air and landed on the wire again
Reacling the street corner. the ball teaped
and came down nn one of the guy wires.
The ball followed the guy wire where
it was hitched to a brick building, ex
ploded and tore pieces from the bricks.

A. E. Starkey, Lynn, Mass.

‘\ BOUT twelve years ago, while T was
i X\ still a girl at home, mother was sitting
by the kitchen stove trying to keep warm,
one foot resting on the leg of the stove.
Suddenly there was a sharp flash of light
ning aad a ball of fire came through the
window, deing no damage to the glass,
and lit on the stove.

It rolled around on the stove, while
mother was tcying to take her foot away,
it on Her foor and burst.

Mrs W. Stumpfi. Jamestown, Pa



The Expertmenter for February, 1925 237

Ball Lighining Made
In the Laboratory

\HE history of modern physics is replete with >
periments on gaseous conduction. The field seems
especially rich in possibilities, chiefly perhaps be-
cause we are there concerned more directly with

that fundamental factor in electrical phenomena—the
electron.  Gases under atmospheric conditions have com
paratively low densities; that is, “their molecules are
spaced further apart than in solids or liquids, and the
free electrons have larger spaces over "which to roam
aimlessly or to fly rapidly, impelled by electromagnetic
forces. In rarefed gases, the motions of the electrons
are far more vigorous than in everyday conditions.

Free for a moment from the influence of the atom, the
electron will display unusual propertics and give rise to
shenomena, whose beauty and novelty contribute much
to the prevalent interests in electrical conduction throug
low pressure gases

Observe, for instance, the photograph in Fig. 1. That
sinuous electrical discharge, so beautifully simple, is
peopled with myriads of agile particles that move about,
impotently swaying now under the influence of electric,
now under magnetic forces. This is no ordinary dis
charge through a vacuum, but one actuated by some, as
vet unknown, forces. A moment before the picture was
taken, the arc was stretched motionless through the tul
glowing with a quiet purplish red color Then throug
a momentary interruption of cu ains hi
and tears itself away from the tube with the wr
motion of a snake. while from a tungsten flament at
the base of the tube melted tungsten is sputtered and

i‘ T
- R /i
==t | m rall}
/ (ﬂ&.} Mr. Found of the General nieetirte expef-

2/ Imenting with the streamer dineharge
) has thie mininture ball lichining ‘ormed
In the tube, under perf>ct control, Tuder
the influence of the Borseshor wagnet
these bulls of Are can be made te move

up and down the tube

| \

!
flament » Filament

Tube Filled with Argon/

leit: The ngxhiation in the argon arc which s werithing

ke nome strange electrie snake, in causcd by o sputter

ing of malted tungsten from the incandescent illament ot
the bane of the tube.

STREAMERS MAGNET

Above: A cross-seetional view of the dinclinrge tube in

which the prenomenon of bali lightaing was sheerved.

The tube in filled with argon at very low pressure, and

with the fllnmwent heated to Incandexcence, o reedish are
is formeadl between the piate andi the ftlament.

The argon are shown nt left in deflmeted by n nmaxnet, The transverse, filamentary streamers are
in reality small xlobules of incapdescent tungsten moving rapldly across the are. The gxlohule~
of Viquid fire dre, in formation and bhehavior, very similar to the incandescent spheres of ball light
wing, These unusual efiects ure produeed by only 000001 gram of tungsten emitted by the fllameut
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What Experimenters

The new underground ore detector invented
by B. G. Chilson, E. E., is actually a sensi-
tive radio receiving apparatus which detects
ether waves radiated by the veins of coon-
ducting ore to whieh a transmitting RPDS-
ratus is connected. By connecting the trans-
mitter to the ore the location and outline of
the entire ore bed can be determined.

The laboratory of thé Duke of Broglie shown it right is one of the

best equipped in France. Broglie (standing) Is famed for hls experi-

ments on X-ray phenomens, snd he has slso achieved remarkable
discoveries In radio research.

Magnetism is no ionger a silent phenomenon. With the apparatus
shown above and at right, the magnetism of s plece of soft iron Is
heard through the phones as n roaring noise. The scientists of the
General Electrie Compuny, who have developed this apparatas,
claim that the sound is due to the motlon of molecular magnetie
particles within the iron. In the appnratus a plece of soft lren Is
inserted in a coll of 17,000 turns. The coll is then attached to an
amplifying set to which the ear-set Is connected, It Is fair to nay
that comparatively few people realize on what the operation of
radio recelving sets depends, The exact action 1s to receive infinites-
imal energy, from the ether presumably, and to relay It up to such
strength that a telephone ean jnake it audible. There are three
elements, all of extreme sensitivenesns, concerned. When the tele-
phone was Invented, Professor Preece of Enginnd noted the minute
enrrent which sufliced to work it. Then we have the vacuum tube,
which also effects Its magnification, and finally we bave the human
ear, which, alfhough we do not reallze it, Is In itself of extreme
sensitiveness. Referring now directly to our experiment, the dis-
turbances in the lron are relayed by the vacuum tube up to =
strength suflicient to affect thertelephone, and the telephone in its —%

turn affects our esrs.
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Are Doing To-~day

The Einstein theory ix to be put to a
rigorous experimental test, by the
famous Amerienn seientist, Prof, A.
A. Michelson and Prof. H. G. Gale
of the University of Chicago. To
eliminate errors due to the vibrations
of instruments, all apparatus is
mounted on concrete columnsx buijt
on bed rock.

Ou the left is shown a group of young women
taking practical lessons In radio construction.
Thisn was in one of the prominent Continuation
Kehools of the City of Clideago, I, It indicates
the broadening of the scope of woman’s work
no longer restricted to minor funetions as of
knittlng and sewing.

With the npparatus shown below the feeble lonization of the atmosphere can

be measured, The device Is really a very delicate electroscope, so constructed

that the deflections of » quartz fibre can be measured. Through the miero-

scope, M, the motion of the quartz fibre located in a vacuum chamber, V C,
is observed. The lnmp, L, serves to illaminate the vacuam chamber.

DRY CELL BATTERY |

IIII-'BJ’FJ |

TO VACUUM
PUMP «= v

i Y

>

e charges fue to 1he fons of the atmosphere
colleet on the electrode, B in the junization
chamber, I C. The charge is conducted to the
silvered quartz flbre, Q, in the vacuum cham
ber, V C. A low voltage Is impressed on the
plates, PP, and under the Influence of the elec
tric. fleld established by this potential differ-
enee, the charged quartz fibre Is deflected from
its normal position, The rate of this defle:
tion as measured on a scale in the eyepiece of
the microscope Is n measure of the lonization in
the ehamber, I C. The apparatus is extremely
sensitive and will detect the lonlzatlon due to
a single “alpha” particle, that I, dne to » sin
rle antom of helium carrying two positive
churges. [t was developed by Professor W. F
.. Swann of the University of Chieago.
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On high voltage transmission
lines an eerle glow i neen at
night. The glow is due to the
lonization of the atmosphere in
the vieinity of the wires, A
potential of 600,000 volts was
impressed on the transmission
line shown above. Thias trans-
minsion line is uwsed for ex-
perimental purposes at Pur-
due University., The corqna
zlow occurs only where energy
is radinted from the wire and
on transmission lines this ef-
fert represents considerable
tlonnes. Often radiation of en-
ergy from wires occurs with-
out wuch sppearance, Indeed,
sueh is the case In radlo
transmitting aerialy, Sueh
warinl wires have a coronm of
uitraviolet Hght wround them
which while Invisible to the
eye rives elenr impressions on
the phiotogruphie plate,

in modern lesting iaboratorics all the severitlas of weather to which insulators are

sobjected nre reproduced on more than their natural seale.

Lighining
Real and

At the laboratories of the

Westinghouse Electrie, the Insulators showa at the

right were subjected to the strain

of 650,000 veolts In an artificial ruinfafl of 12" of waler per hour.

A atrange effect of the idioryn
rasies of lgbtning Axshen in xeen
in thls wreek of a briek chimney.
The fact that thix is the serond
lightning bolt descending on thir
chimney throws doubt on the old
adage that lightning never strikes
twiee in the same place.

,
. EDISON

At the age of 77, Kdiron sti}l re
tinins that restless curiosity that
animated his youth and keeps a
wautehiful eye on the growth of
hics numerous Inventions. He
minkes annual visits to the New
York Eleetrienl Show, where
there is hardly an exhibit thnt
i» not directly or indirectly an
offspring of his sown researches,
The photoxraph at the right
was taken in the exhibition
booth of the FEdison BSterage
Battery Company. The now well
known Ediven storage hattery
marks ¥idison’s suecess in the
tield of ecleetro-chemistry,

e

4
— b3
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How To Make An Audio Frequency Transformer

By Mayer Rabinowitz

(SPACE FILLED WITH PITCH)

P S o T

ERIMARY COIL

0.

BROWN PAPER COVERING

FIG 4

N

/COILS CONNECTED IN SERIES AT CORE

|
A TRIFLE LESS —=[*7

PAPER TORN AND END OF
WIRE BROUGHT OUT THIS wWAY —»

Ay

p,TCH7 THIN WIRE PUSHED
INTO CORE
FIG 3

!;

A-B-C-BOLTS
HOLDING [
wOoOoD

PLACE

CORE LAMINATIONS
FIG. 7

BRASS
BRACKETS\

IN

FIG. 9

Constructional details of an audio frequeney amplifying transformer the eoils of whieh are obtained from an old Ford spark coil.
the inside of one of the spark coil secondaries forms the primary, and the outside of the other coll forms the secondary,

is shown at Fig. 9.

" VERY man knows that most experi-

ments are just cxperiments and gives it

up after becoming disgusted. But, on the

other hand, some of our most useful appli-

ances were once experimental. However, I

can truthfully say that the transformer de-
scribed is a finished electrical product.

As an audio frequency transformer re-
quires a few thousand turns in the primary
coil, the secondary will require several times
that number according to the ratio, so the
making of such a transformer seems rather
complicated to the average layman. But
as the saying goes, “Where there's a will,
there's a way,” so I have thought out the
following. We all know that a spark coil
is composed of the iron wire core, the pri-
mary winding, and the coils of very thin
wire for the secondary. We will first get
an old Ford spark coil, which can be pro-
cured at any garage for the asking. The
vibrating part is removed and the case
broken open, but, as the coil is incased in
pitch, great care must be taken in remov-
ing it.

The two secondary coils are connected in
series near the core (Fig. 1a). The inter-
vening space between the coils is filled with
pitch which should be carefully removed by
the following process. Heat the blade of a
knife, first putting some grease on it. When
it is very hot, cut into the pitch at the end
of one coil and slice that coil off (Fig. 2).
Through the core of the other coil locate the
end of the thin wire and carefully bring it
out to the inside of the core by cutting the

paper (Figz. 3). When this is done, heat
the knife again and slice off the pitch, but
be careful not to cut the thin wire. This
coil will be used for the primary, but a num-
ber of turns must be removed. As it is
thoroughly solid, having been soaked in oil
and pitch, it is impossible to separate the
windings and make two coils (primary and
secondary) out of one large coil. It wiil.
therefore, be necessary to use both coils. The
one just described will be the primary.
Either unwind each layer or cut the layers
off until there is about one-fifth of the origi-
nal coil left.

Take the brown paper that insulated the
primary from the secondary of the spark
coil and paste it with shellac to the outside
of the coil. The primary winding is now
finished (Fig. 4).

The next step is the secondary. Begin-
ning at the inside of the other coil the wire
is carefully unraveled until the primary coil
slides into it tightly. The ends of both
coils are brought out. The complete coil
is shown in Fig. §

The next important step is the core which
is composed of strips of ordinary sheet iron
The size of the window opening for the coil
should be 154” x 5” (Fig. 6). Allowing
one-half inch for overlapping (Fig. 7), the
dimensions of the strips would be 214" x 14"
and 1”7 x 14", piled 14” high. Three legs
of the core are built up, the coil slipped on,
and then the remaining leg is put on. The
problem now is to bring out the wires to
binding posts and make the whole trans-

Note that
The completed transformer

former firin and compact.  Procure four
sandpapered and smooth strips of wood 214"
long and Y3” x 14" in cross section. Chisel
out a piece from each a trifle less than 15°
from both ends (Fig. 8). The four blocks
are then put on each end of the transformer
and holes drilled through the ends for bolts
(Fig. 9).

The panel for the binding posts is a strip
of bakelite 34” x 234” with four holes
drilled in it and posts inserted. It is fas-
tened on the top of the transformer by the
clamping bolts. This is shown in the illus-
tration of the completed transformer.

I use four brass L-shaped brackets 34” x

" to hold the transformer upright. Two
holes are drilled or punched out on the 34"
side and one lhole on the 14” side. The top
hole on the 34" side securely fastens each
bracket to one block of wood by a screw.
The other hole is for the brass bolt. The
wood should be given a coat of varnish and
the completed transformer is ready for use

When connecting the wires to the binding
posts be sure to connect them as follows :
The outside turn of the secondarvy or outer
winding connects to the grid terminal. The
inside turn of the outer winding connects
to the filament terminal. The outside turn
of the inner coil connects to the plate ter-
minal, and the inside turn of this coil con-
nects to the B terminal. The coils should
be placed on the core in such a way that the
windings are in the same direction. The
transformer may be tested by connecting it in
series with a dry cell and headset.
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Tuned Radio Frequency Circuits

8"

@

-B | 45 90
-A+A {+B+B

12

10

2701

An experimental hook-up board for testing tuned radio frequency cireults and transformers.
The numbers designate the following instruments:

the spring terminais lettered . +B, G and F.

potentiometer; 8, 9, rheostats; 10, juck; 11, zrid condenser and leak; 12, by -puss condenser,

HE popularity of five-tube tuned

radio frequency receivers was caused

by a very peculiar patent situation.

Heretofore regenerative receivers
have been considered the most efficient and
practical for broadcast reception, but the
majority of manufacturers were unable to
obtain licenses for manufacturing these sets,
and fortunately for the public they were
forced to turn their attention to other ideas.
The only loop hole seemed to be in tuned
radio frequency amplifier_ circuits.

While this type of circuit employs five
tubes and is no more sensitive than a three-
tube regenerative circuit. it has many ad-
vantages that make it ideal for broadcast
reception. The main advantage is non-
radiation. If all the five-tube receivers in
use today were changed over to three-tube
regenerative sets, it would be virtually im-
possible to reccive radio concerts. The noises
from these small receivers would drown out
everything. Another ideal advantage of the
tuned RF receiver is that the three dial set-
tings are practically the same, within one or
two degrees, and stations are easily logged.
Tuning is also simplified. Thus we see that
due to monopoly caused by the patent situa-
tion the radio public has benefited consider-
ably and the small set manufacturers have
profited.

In order to interest the experimenter in
working along these lines, we are giving
complete details of a simple experimental
hook-up board for testing different trans-
formers and circuits. A number of radio
frequemcy transformers that have made their
appearance on the market together with sev-
eral RF circuits are also shown.

The illustrations clearly indicate the con-
struction of the test board. The experi-
menter will note that only three sockets are
used. With this arrangement we obtain two
stages of radio frequency amplification and
detector. By plugging the phones in the
detector jack, comparisons of different cir-
cuits and transformers can easily be made.
The filament connections of the circuits are

wired permanently. Four Fahuestock clips
are provided for each socket for connecting
the coils. All wiring is made with No. 20
D.C.C. wire underneath the board. The illus-
tration shows the connections in f{ull for
clearness.

The main trouble in all receivers of this
class is due to coupling between the circuits
causing oscillations. In order to obtain am-
plification it is necessary to prevent the cir-

The following parts were used

Soft wood board, 8 x 21 x $4".

Freshman 13-plate condensers.

Cutler Hammer tube sockets.

Rasco 30-ohm filament rheostats.

Rasco potentiometer.

Single circuit jack.

Binding post strip with 4 binding
posts.
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cuits from oscillating. Several methods have
been used for doing this, but only a few are
satisfactory. In order to prevent feed-back
coupling between the circuits, we must first
understand where the feed-back occurs.
Feed-back in the electrodes of the vacuum
tube cause the most trouble. The grid and
plate electrodes form a small condenser
which couples the plate circuit to the grid
circuit and causes oscillations. By means of
a bridge connection it has been possible to
neutralize this tube capacity, and the circuit
is successfully used in neutrodyne receivers.

Feed-back also occurs between the coils
themselves. The magnetic and electrostatic
fields of the coils extend far out into the
surrounding space, and energy is fed from
the plate circuits to the grid circuits and
oscillations are produced. In the neutro-
dyne type of receiver, feed-back between the
coils has been reduced by mounting the coils
at such an angle that their fields have no
effect. The type of coil used in the neutro-
dyne is shown at A in Fig. 10. The de-
tails of the coil are given so that the ex-

The transformers to be tested are connected to
1, 2, 3, tuning condensers; 4. 5, 6, sockets: 1.

perimenter may construct them. B shows
a similar coil except that it is of the low-
loss construction. The wire is supported by
thin strips of insulating material instead of
being wound on bakelite tubes. The coil
shown at C is also of the low-loss construc-
tion. It is stagger wound. The experi-
menter may wind these coils on a suitable
form, after which they may be removed, tied
with a string, and the wire cut in two places
at the center so as to form the primary
winding.

Spider-web coils may be used also. This
type of coil is shown at D. It may be
wonnd in the samne manner as the stagger
wound coil with the winding cut in the cen-
ter in two places so as to form the primary.
Coils C and D being smaller in size than
coils A and B, have a smaller external ficld
and consequently do not have as great a ten-
dency to cause oscillations. Coil E is of in-
terest in that electrostatic coupling between
primary and secondary winding is consider-
ably reduced by winding the primary in the
form shown. Greater amplification is ob-
tained because more primary turns can be
used without oscillations. The coil shown
at F has no external field at all. It is wound
torroid shape so that the entire magnetic
field is inside. This type of coil looks like
a doughnut. It may be placed in any posi-
tion or in the vicinity of metal objects with-
out causing any noticeable effects in the cir-
cuit. The experimenter may make these coils
by winding the wire in one layer on a tube.
Gummed paper is then stuck along one side
of the coil and it is removed. The wind-
ing is then bent around in the shape shown
and securely fastened. In this case a few
of the turns are cut out for the primary.
The “D” coil shown at G gives a similar
effect. The wire is wound figure 8 fashion
on a tube having two slots. Thus the mag-
netic field goes through one-half of the tube
and back the other and does not extend far
out into space. H represents a similar coil
except that it is wound on two separate tubes
placed close together.
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244 3

The Experimenter for February, 1925

6 TURNS
N2 24 5.C.C.

60 TURNS
Ne 24 SC.C.
/

6 TURNS N2

24 scC.cC

60 TURNS N2 24 5.cC

60 TURNS

N224 5€C N2 24 5.CC.

R | I

r* 7"

24 = 225T N2
12T N2 24 S.CC

2B i ——
TAP AT 1518 TURN A B Ne 24 ScCC. D
6 TURNS 60 TURNS 6 TURNS N2 24 5CC. 60 TURNS

24 5C.C

F

10 TURNS N2 24 0.C.C.

N2 24 SCC.

G —1—g——1— H

Various designs of radio frequency transformer coils that are now
use of low loss self supporting windings with low external magnetic fields,

A study of these coil designs shows that
the object is to produce a coil that will not
cause feed-back between the circuits.
we have much feed-back the circuits will
oscillate, and in order to prevent them from
oscillating, we have to decrease the number
of turns in the primaries of the transform-
ers and this, of course, decreases the am-
plification. By designing our coils and
mounting them so that very little feed-back
occurs, we can use a greater number of pri-
mary turns and obtain greater amplification.
As amplification without oscillation is re-
quired, extreme care should be taken in con-
structing the coils. The experimenter should
try various sizes and shapes of windings,
and in that way he may produce a coil that
will allow the use of the entire amplifica-
tion factor of the utbe.

Neutrodyne Circuit

The full page of diagrams shows a num-
ber of radio frequency circuits. Fig. 1 shows
the complete five-tube neutrodyne circuit.
This comprises two stages of radio fre-
quency amplification, detector, and two stages
of audio frequency amplification. In the
other circuits only three tubes are shown, as
the connections of the two-stage audio am-
plifier are the same in each case and have
been omitted. Coils A, B and E may be
used successfully in the neutrodyne circuit.
These coils are tapped at the first 15 turns
for neutralizing purposes. The neutralizing
condensers are shown in this diagram. When
properly neutralized this circuit gives very
high amplification.

RF Amplifier With Potentiometer Control

Fig. 2 shows one of the first tuned RF
amplifier circuits that has ever been used.
To prevent oscillations, a potentiometer is
used. This changes the grid potential of the
amplifier tubes, and with its use they may
be operated on any portion of their char-
acteristic curves. This is a very poor method
of control, as in order to prevent oscilla-
tions, the potentiometer must be adjusted so
that the amplification factor of the tubes is
reduced, sufficiently. While this method con-
trols oscillations, it reduces the amplification
considerably and results are comparatively
poor.

Tune RF Without Control

The circuit shown in Fig. 3 is used in
many of the five-tube sets now on the mar-
ket. No control is provided for stabilizing
the circuit. The design of the transiormers
is such that as many turns as possible are
used in the primaries so that the circuit does
not oscillate on the lower settings of the
condenser dials. In this way the set works
comparatively well throughout the entire
range without oscillating. The design of
the coils, therefore, must be such that they
do not feed back energy from one circuit
to the other. The coils shown at C, D, F, G
and H have been successfully used in the
circuit.

Plstc Circuit Stabilizer

Fig. 4 shows the circuit used in the
Deresnadyne receiver. This circuit is the

$50.00 in Prizes

A contest for radio experimenters.
There are three monthly prizes:

First prize ........$25.00 in gold
Second prize ......$15.00 in gold
Third prize .......$10.00 in gold

In order to be eligible for a prize
the manuscript must deal ONLY with
the experimental phase of radio, some-
what along the following lines: Radin
experimental wrinkles. Short cuts for
the cxperimenter. Simple devices to
help radio cxperimenters in their work
are wanted particularly.

This prize contest is open to all.
All prizes are paid upon publication.
If two contestants submit the same
idea. both will receive the same prize.
Address Editor, Radio Experiments
Contest, c/o this publication. Contest
closes on the 15th of each month of
issue.

used in many commercial recelvers,

Note that the tendency is towards the

The experinienter can easily try the various coils on the hook-up board.

same as the one shown in Fig. 3 except that
a variable resistance is connected in the
plate circuit of the first tube. Assuming
that the circuit oscillates with the resistance
shorted, we can easily understand that by
adding the resistance a certain value will
be reached where oscillations cease. This
resistance may be in the order of 4,000 or
5,0(2’0 ohms. A Bradleyohm No. 10 may be
used.

Tuned RF Circuit With Fixed Transformer

In order to reduce the number of tuning
controls, a fixed transformer that covers the
entire broadcast range may be used for one
of the amplifiers. A Rasco transformer
works very well. The connections are shown
in Fig. 5. Any of the above methods of
stabilizing the circuit may be used. Although
the selectivity is not quite as great as when
using three tuned circuits, the amplification
is about the same and tuning is simplified.

Tuned RF Circuit With Variable Primary

Another idea that works very well for
controlling oscillations is shown in Fig. 6.
Two of the RF transformers may be any of
those shown in Fig. 10. .The other trans-
former connected to the detector tube has
variable coupling between the primary and
secondary. Therefore, instead of reducins
the number of turns of the primary until
oscillations cease, the coupling between pri-
mary and secondary can be reduced instead.
and it can be set at a value that gives best
results throughout the entire tuning range.
Any standard variocoupler may be used for
this transformer.

Tuned RF Circuit With Reverse Feed-Back

Fig. 7 shows a circuit in which reversed
feed-back is used to prevent oscillations.
This principle is used in the superdyne re-
ceiver. Reverse feed-back is obtained by
connecting a coil in the plate circuit of the
detector tube and coupling it to the first or
cecond RF transformer. Any one of the
ahove circuits except the neutrodyne with
any of the coils shown in Fig. 10 may be
stabilized by this method. Very good ampli-
fication is obtained.

(Continued on page 272)
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ELECTRONS [Continued from 1-4]

Matter in the usual state is considered uncharged, or neu-
tral. It is made up of myriads of atoms, the structure of the
atoms, that is, the number of electrons contained in them,
and the arrangement of the electrons determining chemical
and physical properties of the atoms.

Varivus atoms are made up of various numbers of elec-
trons. In a neutral atom the charge on the nucleus must be
equal to the sum of the charges on all the electrons associated
with it. The value of the positive charge on the nucleus
is called the ATOMIC NUMBER of the elementary sub-
stance to which the atom belongs. If the atomic numbers of
all the elements be arranged in numerical order, the arrange-
ment will be the same as that of the atomic weights and
chemicc! properties.

Electrons can be dislodged from atoms by heat or im-
pact. The liberation by means of heat is the principle of the
electron tube. There is assumed to be a certain SURFACE
TENSION in the atoin which prevents the electrons from
escaping under ordinary conditions.

The electrons are assumed to be in continual motion about
the nucleus of the atom at all times. Heat causes the
velocity of the electrons in their orbits about the nucleus to
increase, and if the increase is great enough the tangential
velocity may become great enough, and the momentum of
the electron become great enough, to break through this
surface tension.

The amount of energy that must be expended by the elec-
tron in breaking through the surface is known as the
ELECTRON EVAPORATION CONSTANT, of the sub-
stance. If this is divided by the charge on the electron, a
quantity is obtained which is called the ELECTRON
AFFINITY, or, when expressed in volts, the EQUIVA-
LENT VOLTAGE.

The process of dislodgement of electrons in gases by im-
pact produces IONIZATION. When free electrons pass
through a gas, they collide with the gaseous atoms in their
path giving up some of their energy to the atom struck.
If this energy is sufficient, the electrons in the atom may
acquire velocities sufficiently high to escape from the atom,
leaving it positively charged. The gas is then ionized.
This happens only when the energy is given up by the free
electrons is greater than that corresponding to a certain criti-
cal voltage called the IONIZATION VOLTAGE. This is
different for every gas.
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THE SPACE CHARGE IN ELECTRON
TUBES

A definite relation exists between the number of electrons
that are emitted from a filament of an electron tube and
the temperature of the filament. The number also depends
upon the material of which the filament is made. The rela-
tron is known as Richardson's formula. It is not necessary
for most purposes to use the formula, but a discussion of
the relation between the temperature of the filament and the
clectron flow is in order.

If we start with the filament temperature very low and
gradually increase it by reducing the filament rheostat, the
emission of electrons will gradually increase. Let us sup-
pose that the positive charge on the plate is great enough
to attract over to itself all the electrons as they are emitted
from the filament.

As the temperature is increased a point will be reached
beyond which no further increase in the electron flow to
the plate can be obtained, that is, further increase in tem-
perature will not result in further increase of current to the
plate. This is called the “saturation” point of operation.

The reason for this is as follows: if we have a given
temperature of the filament and a given voltage on the
plate, there will always be a certain average number of
electrons in the space between the filament plate. The pres-
ence of these electrons in the space causes the space to
possess a negative charge.

As the temperature is increased and the electron flow
increases, this “space charge” will increase, until a point is
reached at which the space charge becomes as great as the
attraction of the plate for the electrons. That is, the nega-
tive charge in the space has as great an effect as the positive
charge of the plate. This space charge, being negative,
prevents more electrons from coming into the space from the
filament. Any more that attempt to come into the space are
driven back into the filament whence they came. The only
way to increase the current flow is to increase the plate vol-
tage so that its effect will be greater than that of the space
charge.

Looking at it the other way, if we have a constant fila-
ment temperature and gradually increase the plate voltage
from a low value, a point will be reached beyond which
the filament can emit no more electrons. Further increase in
plate voltage will result in no increase in current.
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FUNDAMENTAL TUBE CIRCUIT

The electron tube as used in radio circuits as detectors or
amplifiers has three electrodes—the grid, the plate and the
filament. The incoming oscillations from the antenna or
tuned circuits are impressed on the grid. The filament acts
as the source of electron emission (3-2) furnishing a cur-
rent in the plate circuit, which includes the local source of
cnergy, the “B" battery. The input terminals of the tube
are therefore the filament and grid, and the output terminals
the filament and plate. Magnified reproductions of the oscil-
lations on the grid occur in the plate circuit su that the tube
acts as an amplifier. even though it may be acting at the
same time as a detector.

3

‘AT OUTPUT

-

The figure shows the arrangement. This arrangement
must always be used, no matter what kind of circuit the
tube is included in. If the tube is to be used as an ampli-
fier the “B” voltage is generally higher than when it is to
be used as a detector. For certain purposes a “C” battery is
connected in the grid circuit. For purposes of detection a
condenser and leak resistance is generally used. But in all
cases the tube circuit itself is the same.

There are no set rules for determining the best values of
battery voltages to use, or best values of grid-condnser and
leak resistance. These vary with the make of tube and also
vary from tube to tube of the same make. There are recom-
mended values. however, which, on the average, will give
best results, although considerable latitude is allowable.
These values will be given in a table later on.
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Upper Row. Left and Center. Cleaning spoons
in an aiuminum dish, or in an ordinary one with
a piece of ulnminum in it by the addition of a
little bukimg soda and salt. A few minutes of
trentment brings the spoons out bright and
clean. Right. A concentrated wolution of alum-
inum sulphate and washing sodn is made in a
fiask and used to clean discolored vessels.

T IS certainly peculiar how insidiously
chemistry has penctrated into  the
kitchen. Of course, it is not recognized
as such, but still it is there, and if it
were not for the man behind the science,
many of the labor - saving devices and pro-
cesses almost universally employed would
still be in the limbo of things undreamt of.

Take one of the simplest processes, that
of cleaning clothes with the inaflmmable
gasoline. This is the old process although it
is still used today to some extent. At pres-
ent we should use the non-inflammable liquid
carbon tetrachloride which fills many of our
hand fire extinguishers. so flame-repellani
is it. The process of cleaning is the same
as with gasoline, hut the danger of fire has
been taken from it.

Silverware should not be cleaned by rub-
bing and the use of abrasives, for this will
gradually remove more and more silver as
it is being polished : the silver thus removed
is lost. It is far better to clean tarnished
silver by a chemical action, the process used
being easy tn carry out and, besides, it does
not consume any of the silver on the original
silverware. Then, too, no tedious rubbing
and polishing is required, provided the silver-
ware 15 not tarnished too deeply.

In its simplest form the cleaning is accom-
plished in an aluminum tray or basin (he
sure that the vessel is made of alwminum).
Into this aluminum vessel pour approxi-
mately one, two, three or four quarts, ac-
cording to the size of the pan, of boiling
water. Now, for each quart of water used,
add one teaspoonful each of baking soda
(sodium bicarbonate) and of salt (sodium
chloride). Stir until all is dissolved and
then place the silverware in this liquid, tak-
ing care that the silver is completely covered

Chemlstrq At Home

By Dr. E. Bade

TSR g ey

by the water and that each individual piece
ol silverware s in contact with the alumi-

num pan.  Leave the silverware approxi-
mately five minutes in the pan, then remove
and dry and it will be found to be abso-
lutely clean and bright.

An agateware or porcelain vessel may
also be used, but then a small piece of alum-
i must be placed in the pan and the silver
must be kept in contact with the aluminum.
The action, is, of course, the same in both
cases.

The action that takes place is somewhat
as follows:  sodium  hydroxide combines
with the aluminum and liberates hydrogen,
the hydrogen combines with the sulphur on
the tarnish and passes off as hydrogen sul-
phide gus. The silver remains, and if any
is dissolved by the reaction, it :s again re-
deposited on ihe silverware so tlat no silver
is lost.

Aluminumn vessels, whether used in the
home or in the laboratory often become
coated with a brownish black deposit, which
it is almost impossible to remove except
throngh vigorous and continued rubbing, and
cven then many spots will still be found. It
is entircly possible to remove this coating
without elbow grease and at the same time
do it more effectively and thoroughly. The
discolored vessel is filled with water up to
or slightly above the discoloration. Place
the vessel on the stove and begin to heat the

Lewer Row. Left, Oxalic acid made from
sugar and nitric acid evolves choking fumes,
which turned brown on contact with the air.
Do not inhale them. After the conversion is
unnple(e the solution iy evaporated to dryness,
produ g such ecystals as shown in the center
lower illustration. The other photos show the
cleaning of a tinsue with oxalic neid and the
remeving of paint with a caustic alkali.

water. In the meanwhile a concentrated
aquacous solution is prepared containing 9
parts by weight of aluminum sulphate, using
the cnmmcruall\ pure substance, and 1 part
by weight of sodium carbonate (washing
soda).  For a medium-sized pot holding
about 2 quarts, a teaspooniul of this solu-
tion is adderd to the water.  After the water
has heen brought to a boil, the blackish de-
posit will have disappeared.

One of the most efficient cleaners is oxalic
acid a white crystal solid, organic in na-
ture and seluble in water, which occurs, as
a potassium salt, in rhubarb as well as in
other plants. It is very poisonous and care
should be exercised in handling it. Its great-
est mportance in the household lies in its
abdli'y to decompose iron rust and inks con-
taining it. It is for this reason that it is
so universally used to remove such stains
front cloth.

Muany organic substances go over into
oxal ¢ acid on hcning with nitric  acid.
When 90 cc of strong nitric acid are placed
in a one-liter flask and are heated on a water
bath, 25 grams of cane sugar are added to
produce oxalic acid. Torrents of brown
fumes of choking odor are produced as the
reaction goes on, and the flask should there-
fore be removed from the water-bath and
placed in the fume cupboard or out of doors
just before the sugar is added. When the
reaction has stopped, the liquid is cvaporated
on fthe water bath to one quarter of its
volume, and is poured into a beaker and al-
lowed to cool, when large, colorless, pris-
matic crystals of oxalic acid separate which
melt at 101 degreces C.

Iron rust stains on cotton, linen or paper
are removed hy moistening the spot with a

(Continued on page 285)
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Experiments in Extraction and Odd Separations

HE simple experiments described in

a previous article do not by any means

exhaust the known methods of sepa-
rating one material irom another. The
latter are, in fact, so numerous that a de-
scription of them all would fill many com-
plete issues of this magazine. A much used
method, for example, of isolating one liquid
from a mixture of liquids is fractional dis-
tillation, where a very volatile liquid is
boiled out of a mixture at a temperature
below- the boiling points of the other con-
stituents. Gasoline is separated from pe-
troleum partly in this way.

SUPPORTING —
SHELF — ~——

Filtering a colored solution through bone
black or other form of powdered carbon re-
moves the coloring matter so that a clear solu-
tlon filters through,

Another method takes advantage of the
differences, in the freezing points of several
mixed liquids by cooling the mixture to a
point where one member solidifies while
the cthers remain liquid. Sometimes a solu-
tion is distilled under vacuum, which lowers
the boiling points of its liquid constituents
because their vapors then have less air
pressure to overcome. This is done in con-
centrating sugar solution, as here it is im-
portant to boil off the water without sub-
yecting the sugar to much heat.

Separations are further brought about by
diffusion, which is based on the differences
in the speced with which various particles
travel. For example, a mixture of several
gases such as hydrogen, oxygen and nitro-
gen, would seem exceedingly difhcult to
break up. yet we can put a porous partition
of unglazed china in the vessel containmg
this mixture, and in a few minutes most
of the hydrogen will be separated from the
other two gases due to the high relative
speed with which its molecules pass through
this wall. The same thing can be done with
liquids where, too, the particles are in con-
stant motion,

Electrical separations are of great prac-
tical value. As an instance, if you make a
solution of the green salt known as nickel
chloride and place it in a pair of graphite
rods which are connected to the terminals
of a battery, the current passing through
the solution will cause nickel to plate out
on one of the rods, while chlorine gas col-
lects in bubbles on the other and escapes int.
the air. In the same connection may be men-
tioned a galvanic process. If vou dissolve
copper sulphate in water, making a fairly
strong solution, and then dip a clean knife
into the liquid, a fine coating of copper will
form on the steel. The polish of the blade
will be impaired as an exact equivalent of
iron will go into the solution.

There are even magnetic methods of sep-
arating materials, as for example. in the
comcentrating of certain iron ores.  The
crushed ore in one type of machine is made
to flow down a wooden chute near the hot-
tom of which is a powerful electro-magnet.
The dirt or gangue, as it is called. collects
for the most part in a pile beyond the chute.

By J. Edmund Woods

Member of the American Chemical Society

but the particles of magnetic iron oxide are
deflected by the magnet and {fall in a heap
by themselves.  Dr. Cottrell’'s process for
recovering metallic dust is now widely ap-
plied. Vormerly the smoke-stacks oi smelt-
ing and rehning works carried off thousands
of tons of valuable metal every year in the
form of dust. By the Cottrell process this
dust is now precipitated by static electricity
beiore escaping from the stack and recov-
ered, while the waste gases pass off into the
atmosphere.

Speaking of precipitation brings to mind a
host of chemical methods of separating mix-
tures, and of some rather uncommon phys-
ical separations used by the experimental
chemist. By physical is meant a separation
in which the materials separated do not uu-
dergo any change that destroys their identity.

Procure a small quantity of soot or fine
charcoal, preferably powdered animal carbon
or bone black. Place this in a good sized
glass or metal funnel which has been loosely
plugged with absorbent cotton so that it will
retain the powder. Then fill a beaker with
water colored with red ink or some vivid
dye. Pour the colored solution through the
charcoal filter, and as it slowly seeps through
the bed of carbon, it will emerge as colorless
as pure water. This is not only interesting
but extremely practical, as the same thing i~
done on a large scale industrially when it
is desired to decolorize a liquid. Sugnr
solutions are treated in this manner in the
refinery,

The color removal depends on what we
call adsorption, a term which must not be
confused with absorption.  When any object
is dipped into a solution of some substance,
there is a tendency for the dissolved material
to collect around the surface of the object
more than it does elsewhere in the solution.
That is adsorption. Ordinarily the effect is
too slight to be noticed, but when many thou-
sand surfaces are presented to the solutiom,
as was the case with the charcoal powder in
this experiment, adsorption becomes a power-
tul factor. The dissolved dye simply con-
centrated around the charcoal particles and
remained there while the water passed on.
Charcoal will also remove ill-smelling or
even polsonous gases from water or air that
is filtered through it.  The main feature of
the gas masks which saved countless lives
during the late war, was a canister filled with
grains of charcoal made from peach pits
and similar substances which took up the
deadly fumes from the air as it was inhaled
by the wearer.

Another simple example of adsorption is
seen when you spill ink on a piece of blotting
paper.  The ink spreads, but after a few
minutes you will notice around the blot a ring

The figure on the left represents a suspension
of elay and graphite in water., On the right
the graphite isx shown concentrated between
the upper surface of the water and lower sur-
face of the benzene to which it has adhered.

of moisture which is not colored. The sur-
face of the myriad tiny fibres that comprise
the blotting paper have adsorbed the colored
particles of the ink without restricting the
spread of the water in which the ink was
dissolved.

Everyone knows the result of keeping
apples, onions, or cabbages in the same com-
partment ot a refrigerator with butter. The
butter becomes flavored with the odor of the
fruit or vegetable in a very short time. It
is not so well known however, that this ab-
sorption of odors by fats has a commercial
value in the extraction of perfumes from
flowers. If you cover the surface of a shal-
low tray with pure lard and then add a layer
of petals from some fragrant flower such as
the rose or jasmine, the lard will absorb the

S
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% GLASS CONDEN3ER

rF

PAPER EXTRACTI
CARTRIDGE

ROUND JOINT

SIPHON TUBE

ELECTRIC
HOT PLATE -

Type of standard extraction apparatus used
particularly for Infammable solvents, The
liquid boils when heated and its vapor is chilled
to liquid again in the condenrer above, drop-
ping into the paper tube which holids the ma-
terial to be extracted. When filled above the
level of the siphon this tube discharges Its
liquid, with whatever material has been dls-
solved, into the Hask below,

essential oil that gives the flower petals their
fragrance. The process is called enfleurage,
and in carrying it out many alternate layers
of fat and petals are superimposed and the
flower oil later recovered by dissolving it in
cold alcohol.  Cloths soaked in olive oil
sometimes take the place of the solid fat,

An interesting and unusual method of sep-
aration is illustrated in the following experi-
ment. Mix equal quantities of powdered
china clay and powdered graphite or some
other form of carbon in pulverized form
On stirring the mixture in a considerable
volume of water you will have a muddy
gray suspension that will settle but little if
at all. Now add about a cupiul of benzine,
gasoling or kerosene and shake the bottle
well. When the two liquids separate, it will
be seen that the benzene has carried up the
powdered graphite with it, while the clay
remains suspended in the water underneath.
Many metallic ores are thus concentrated.

One of the most efficacious means of re-
moving a particular ingredient from a com-
plex mixture is by fluid extraction.

Suppose, for example. we wanted to ex-
tract the oil from a quantity of crushed cot-
ton sceds by means of ether. The tea-ball
arrangement would require too much time
and ton much ether, which is a costly solvent.
A more efficient way would be to hang a
bag containing the seeds above a small quan-
tity of ether in a closed vessel, which is
heated at the bottom and cooled at the top
The heat at the bottom would boil the ether,
but its vapor on reaching the cold top would
condense again to liquid and drop into the
bag. While filtering through the bag, this
fresh liquid would dissolve out some of the
oil from the seeds and carry it to the bottom
of the vessel. There the oil would remain
while the ether kept boiling continuously
repeating its evaporation and condensation
By this kind of extraction we can not only
treat a great deal of material with very little
solvent, but we can do so completely in the

¢
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shortest time, because the solvent is always
hot and purified by the distillation, so that
it exerts 1ts maximum dissolving power. The
action is continuous—that is, there is always
some ether boiling and some ether vapor con-
densing, and the extraction may go on stead-
ily until all the oil has been transferred from
the seeds to the bottom of the vessel.

The ordinary coffee percolator affords a
homely illustration of practical extraction.
Materials other than coffee can be treated in
it also, but you are not advised to make this
utensil do double duty between the kitchen
and the laboratory. You might alicnate
your family’s sympathy with chemistry, as
few people care to see their cooking vessels
used to expound scientific truths. The appa-
ratus shown is simnply constructed and etfec-
tive.

Procure a tall can, the bottom of which i»
welded on without solder, so that the can
may be heated over a flame. Set a large
corked funnel in the can with a cotton bag
attached by fine wire. The funnel is to
serve as a condenser, and for that purpose
it should have cold water circulating through
it continuousty. The illustration shows two
tubes, one an inlet for cold water and the
other a simple siphon for draining off the
water as it gets hot. You can dispense with

Striking

HEN liquids, gases or solids of

different character are brought into

contact with one another, they tend

to pass into each other due to the
motion of the molecules. This action is
known as diffusion and the following simple
experiments show this action in an unusual
and easily observable manner.

Ex. I.—Illustrating Diffusion Between Solids

It is a well-known fact that solids as
well as liquids and gases diffuse into one
another. But diffusion between solids is a
very slow process compared to that be-
tween gases and liquids and is, moreover,
rather difficult to demonstrate experiinentally.
Plates of lead and gold in contact have
been found to have ditfused into each other
after a lapse of some years.

The following experiment shows plainly
the diffusion of solids into each other in
a few weeks' time. A solution of gelatine
in water is prepared by dissolving 4-3 grams
of pure gelatine in 100 c.c. of water by
boiling. This solution is then poured into
a mould to harden. A convenient mould is
an old beaker or petri dish. Another simi-
lar gelatine plate is also prepared and col-
ored by placing a small amount of any
soluble dye such as methylene blue in the
boiling solution. The two gelatine disks
thus obtained are placed in contact with
each other and set under a bell jar in a
quiet place where the process of diffusion
can be watched. After the lapse of two or
three weeks' time the colored dish will have
diffused noticeably into the colorless one.

Ex. 11.—A Patriotic Test Tube

A rather striking experiment on diffusion
in which a test tube of subtances develops
alternate bands of red, white and blue is
due to Alexander, and is an excellent il-
lustration ot the different speed of ions in
diffusion. A solution of agar-agar is pre-
pared by boiling 1 gram of the dried ma-
terial with 100 c.c. of distilled water until
solution is complete. A very small amount
of phenolpthalein indicator is added to the
solution and then a very little dilute so-
dium hydroxide solution until the reaction
is barely alkaline as shown by the pink
color of the phenolpthalein. A very small
amount of a solution of potassium ferro-
cyanide is also added. The agar-agar solu-
tion is then poured into a test tube and

the tubes if you wish, merely dipping out
the hot and adding cold water frequently.
Place about 250 centimeters of water (the
capacity of an ordinary drinking glass) in
the bottom of the can. and fill the bag with
the material to he extracted. There is a
plentiful cheice among the common mate-
rials of everr¥day use. You might take pow-

WATER [NLET

FUNNEL SIPHON
CONDENSER "% ouTLer
~
WIRE—1"
CORK —
- +—| BAG CONTAINING
CHIPS OR BARK
GAs RANGE. [===—d warEr~

Type of simple extraction apparatus in which
the material to be extracted is suspended below
A condenser formed of an ordinary funnel that
sits in the mouth of a tall metal ean.
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dered oak bark from which hot water will
extract the tannin used for making leather.
Tamin is also present in tea leaves and
gives the very bitter taste which is always
identificd with exceptionally strong tea.

A good subject for this experiment would
be the extraction of sugar from raisins.
Crush a small quantity of them so that the
water will have ready access to their pulp,
and place the macerated fruit in the bag.
Put the can on the stove, heating it with a
low flame so that the action will not be too
rapid. Fill the funnel with cold water, and
it ypu have arranged to let it circulate, the
apparatus will require no further attention.
The steam generated by the boiling water in
the can will strike against the cold under-
surface of the funnel and condense to water,
which will flow down the stem of the funnel
and drip into the bag. After an hour or so
you will have a noticeably sweet solution in
the bottom of the can, the sugar having been
extracted from the raisins. The satne appa-
ratus may be employed with alcohol as the
solvent in case you want to experiment with
the extraction of oils from waste products,
such as orange and lemon peels. In this
ca~e, however, great caution should be used

g) ruard against the alcohol vapor catching
re.

Experiments in Diffusion

By EARLE R. CALELY. B.Sc.

kept standing until it has become cold and
jelly like. A few c.c.s. of a dilute solution
of ferric chloride is then poured on top of
the jelly.

The diffusing ferric ion soon forms an
ever-widening band on top of the jelly due
to the precipitation of ferric ferrocyanide,
known in commerce as Prussian Blue. Be-
low this blue band there is formed a col-
orless band due to the effect upon the indi-

-— DY BEAKER

—— A+POROUS CUP

LIQUID
FORCED OUT OF
JET

C - GLASS TUBE

nol) ||III|TIH‘.

A porous battery cup is carried by the end
of a glass tube; it is tightly corked and the
tube passes through a hole in the cork. The
lower end of the tube passes through a hole in
another tightly fitting cork in the neck of a
bottle containing water. A second tube passes
through the cork doavn into the water and has
a jet at its outer end. On placing an inverted
jar full of hydrogen or even of coal gas or
water gas over the porous cup, a jet of water
is expelled through the tube.

cator of the hydrochloric acid from the
ferric chloride which has a higher rate of
diffusion than the ferric ion. The tube, if
properly made, exhibits equal bands of red,
white and blue upon standing a short time.

Ex. I11.—The Diffusion of Liquids
Liquids diffuse much more rapidly than

510 solids and yet the process of diffusion
is considerably slower than in the case of

gases. The following simple experiment
serves to illustrate the process of diffusion
between liquids. A concentrated solution of
copper sulphate is first prepared by dis-
solving 30 grams of blue vitriol crystals in
100 c.c. of hot water and allowing the
solution to cool. A tall, narrow jar, such
as a hydrometer jar or a 500 c.c. chemicul
graduate is then filled about three-fourths
full of distilled water. The concentrated
solution of copper sulphate is then intro-
duced at the bottom of the jar in the fol-
lowing manner.

A piece of glass tubing of small bore is
attached by means of a rubber connection
to an ordinary glass funnel. By pouring
the copper sulphate solution slowly into the
funnel the concentrated solution can be
placed at the bottom of the jar without
mix ng with the distilled water. By setting
the prepared jar in a quiet place, the proc-
css ot diffusion extending over several days
can be observed easily.

E«. I'V.—Illustrating Diffusion of Gases

The pressure exerted by the diffusion of
one gas into another can be illustrated by
the apparatus shown in the illustration. This
consists of a porous cup (A) such as used
in battery jars, of the Bunsen type, closed
tightty with a rubber stopper and supported
upon the end of a piece of glass tubing about
thirty inches in length. The end of this
tube passes through a two-hole stopper clos-
ing the bottle (B) and extends nearly to
the bottom of the same bottle. The other
hole of the stopper receives a short glass
tubc (C) which s provided with a narrow
jet upon its upper end. The bottle is nearly
fillel with water colored purple with a crys-
tal nr two of potassium permanganate.

When a beaker (D) filled with hydrogen
gas is placed over the porous vessel in the
position shown the hydrogen diffuses into
the vessel at a greater rate than the air
within diffuses out into the hydrogen. The
restlting pressure is shown by the liquid
in the bottle being forced out of the jet
in the form of a miniature fountain. The
hydrogen gas for this experiment may be
mace in the usual manner by the action of
dilite sulfuric acid upon zinc.

By diffusing gases through porous dia-
phragms or membranes a partial separation
can he effected.
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Experiments with Catalysts—Good Samaritans
By Raymond B. Wailes

o T s R S St P

Figures 1, 2 and 3 respectively, starting at the left. illustrate the manipulatien in producing

Iyst; the use of copper sulphate to promote the evolution of hydrogen gas; and the ne

T is the tittle things in life which count.
There are many little things in chem-
istry which count also, and count big,
too. Iron will not rust in absolutely dry

air. A small amount of water needs to be
present to cause the oxidation of the iron
to form the brown crumbly rust. l.caves
would probably not be green and plants
would probably die if it were not for a kind
clement, magnesium, wearing the costutne of
catalyst.

Catalysts are really helping hands.  They
promote a chemical reaction without enter-
ing into any combination. This enables them
to keep the good deed going, almost forever,
They assist, without the attention of a watch-
man or guardian,

R

water and oxygen gas, the oxyeen gas kill-
ing all disease-germs.

Another experiment which can be per-
formed quite casily is the production of zine
iodide. At room temperature, zinc dust
(powdered zinc) will not react with jodine
crystals (not tincture of jodine), but a vivid
chemical reaction which is entirely harm-
less ensues if but a drop of water is allowed
to fall upon the mixture of iodine crystals
and zine dust.  The water is best dropped on
hy means of a wash hottle (photo 4).

Starch can be turned into sugar by treat-
it with dilute acids. I ordinary corn starch
is boiled with some dilute hydrochloric acid
(use chemically pure acid. not commercial
nurriatic acid), glucose, which is one of the

oxygen gas with mangnnese dioxide as a cata-

tion of hydrogen binoxide on the red corpascles of the hlood.

g mercuric nitrate as a catalyst.  This can
be conveniently carried out in three lirlen-
meyver flasks connected in series, the first
serving as a gas generating vessel as shown
in Fig, 7.

The first flask at the Ieft end contains lumps
of calcium carbide which is used in some
types of bicycle and farmyard lamps. The
separatory  funnel inserted into this flask
contains water. By opening the glass stop-
cock here, water may be gradually admitted
to the carbide, which in turn generates acety-
lene gas, This acetylene gas now passes
into the second flask which contains 3 parts
of concentrated nitric acid and one part of
wiater by volume.

About 5 or 10 grams of mercuric nitrate

Figues 4, 5, 6 and 7 illustrate the reaction hetween zine and iodine npon the addition of water; the production of sugnr fram starch; then the

production of starch from cellulose using n filter paper; and tinally the manufacture of oxalic acid from acetylene,

ments ure very simple and interesting lnboratory experiments,

Most of us have made oxygen pas by
licating a mixture of potassium chlorate and
manganese dioxide as shown in Fig. 1. The
manganese dioxide here causes a more effi-
cient production of oxygen gas by lowering
the decomposition temperature of the chlo-
rate of potash.

The production of hydrogen gas by al-
lowing an acid such as sulpiuric or hydro-
chloric acid to act upon metals such as zinc,
often proceeds very slowly at first, scarcely
any bubbles being seen, but if now several
drops of copper sulphate solution or a piece
of platinum foil are dropped into the metal
and the acid, the evolution of hydrogen gas
will be immediately quickened. The copper
sulphate solution here precipitates out upon
the zinc and this forms a miniature battery,
with copper and zinc electrodes. The plati-
num plays the same role. Thus the produc-
tion of hydrogen is speeded up.

We have all seen the bubbles of oxygen
gas which are produced when hydrogen di-
oxide or *“peroxide” as it is sometimes called,
is allowed to drop into an open cut or wound.
The red blood corpuscles cause a catalytic
decomposition of the peroxide, which forms

many sugars, wil] be formed. The acid here
simply catinyzes  the conversion of starch
into sugar. I a bit of powdered marble or
chalk s now added, the excess of acid is
neutralized, and the resulting solution will
be found to have a sweet taste, and glucose
can he recovered from it.

But you do not have to use starch to
muke sugar. You can commence with wouod,
or cellulose as wood is termed, and treat
this with an acid.  Fig. 6 shows a method
of doing this. A circle of filter paper,
whicli is cellulose, is immersed in strong sul-
phuric acid for a short while, removed and
then thoroughly washed in running water.
If a drop of a weak solution of iodine
(tincture of iodine can be used) is now
touched to the paper, a blue color will be
percieved. This coloration proves the pres-
ence of starch. This starch has been made
from the cellulose filter paper by the aid
of the acid, which acts as a catalyst. Sugar
can be derived from this starch, if desired.
but this step is rather difficult to carry out
on the catalyzed filter paper.

A very pretty experiment is the prepara-
tion of oxalic acid from acetylene gas, us-

All of these seven experi-

are also placed in this 3:1 nitric acid mix-
ture and the whole is shaken to dissolve
flask should bubble through the mixture in
the crystals.  This mercuric nitrate acts
as the catalyst.

The acetylene gas coming from the first
the second flask. In doing sn, dense red
fumes of nitric oxides are formed which
pass, together with unacted-upon acetylene,
into the third flask, which also contains
nitric acid and mercuric nitrate.  Soon both
flasks will he filled with the red fumes and
the reaction will have slackened in the sec-
ond flask. At this time, change the posi-
tions of the sccond and third flask, making
the third the second and the second the third.
The water must be kept dropping slowly
upon the carbide to keep up the flow ot
acetylene gas.

When the reactions have quieted in both
flasks, the whole apparatus should be discon-
nected.  Crystals of oxalic acid will now
be seen in the bottom of the second and
third flasks. They can be filtered off, using
as little water as possible, and washed with
cold water. and used as such. The crystals
are very poisonous.
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Producing Ammonia from Air

[. Introduction

N recent years the question of the so-
called fixation of nitrogen is one that
has been attacked by chemists and suc-
cessfully solved. Nitrogen is an element
that is extremely essential to modern civili-
zation. In countries where the population
is dense and the soil intensively cultivated,
as in modern Europe, nitrogen in a soluble
form must be constantly supplied to the
suil to replace that removed by plant life.

Many compounds of nitrogen, particularly
nitric acid, are ahsolutely essential to mod-
ern existence. Without nitric acid the man-
ufacture of high explosives could not he
accomplished. Celluloid and many valuable
drugs and dyes cannot
be made without this
valuable acid. In the
past, nearly all nitro-
gen compounds have
been abtained from
Chili saltpetre, a crude
form of sodium ni-
trate. The only known
natural deposits  of
this substance are on
certain desert regions
on the west coast of
South America. These
deposits are Dbeing
gradually but wsurely
exhausted, a process
that was greatly ac-
celerated by the World
War

The problem of fingl-
g some other source
of soluble nitrogen
compounds had to be
solved. The only )
other known large source of nitrogen is the
air we breathe. \We are submerged in an
ocean of air consisting of four-fifths of that
important element nitrogen. Yet this vast
amount of nitrogen has never been used
before by man for the reason that nitrogen
in the form of a gas is comparatively useless.
It must be combined or fixed with other
elements and obtained in a combination to
serve man properly. This problem of the
“fixation of nitrogen” has been attacked by
chemists the world over and there are many
methods now known by which nitrogen may
be taken from the air and converted into a
soluble and useful form.

In the Birkeland-Emde process air is
passed between flaming electric arcs and
under the conditions that exist in the arc
the two principal gases of the atmosphere,
oxygen and nitrogen combine and form
oxides of nitrogen which may be absorbed
in water to ultimately form nitric acid.

In the famous Haber process, perfected
in Germany during the war when the Ger-
mans were running short on nitrogen for
explosives, hydrogen gas is made to combine
with nitrogen gas from the air to form
ammonia by passing the gases over metallic
uranium under high pressure. The ammo-
nia thus formed may be readily converted
into other useful nitrogen compounds. An-
other process passes nitrogen over heated
calcium carbide. None of these industrial
processes can be successfully carried out,
however, in the laboratory.

An interesting experimental method is de-
scribed below by which the experimenter
wishing to extract nitrogen from air and
form nitrogen compounds, either as a dem-
onstration or for his own satisfaction, may
do so by a simple process requiring only a
few pieces of ordinary chemical apparatus
and several easily obtained substances.

<+~ RING STAND

FIG.!

The Solvay process here illustrated by a very simple experimment, is one of the
revolutionury chemical processes of the world, and has replaced in many places the

Le Blane process,

By Earle R. Caley, B.Sc.

11. A Simple Fixation Process

While nitrogen in the form of a gas is
a very inert substance, at ordinary tempera-
tures, at higher temperatures it possesses
the property of directly uniting with a cer-
tain few metals forming compounds known
as nitrides. If these latter compounds are
then treated with water, ammonia in the
form of a gas is given off and the hydrox:de
of the metal is formed. Tke ammonia gas
thus formed may be then absorbed in warer
to form ammonium hydroxide, familiar to
every household as a cleaning agent, or may
be led into acid solutions to form other use-
ful soluble nitrogen compounds such as am-
monium chloride.

DROPPING FUNNEL
CRUCIBLE CONTAINING

POWDERED MG

RUBBER STOPPERS

B
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nitrogen of the air and the metal. This
operation is shown in Fig. 1. Good-sized

iron or porcelain crucibles with tightly fit-
ving lids should be used. The powdered
metal is packed to the top of the crucible
and the cover firmly fitted on. A good plan,
if an iron crucible is used, is to drill a
:mall hole in the lid and seal the lid on
with wet clay. The crucible and its con-
tents must now be heated strongly. A
Meker burner or a gas range fire will
supply the neceded amount of heat. After
Leating for an hour the crucible is ¢ooled
and the lid removed. The metallic powder
will be seen to have completely changed
in appearance. On the top there is a white
powder, which is mag-
nesium oxide, a com-
pound of oxygen from
the air and magnesium.
Underneath will be
found a yellow sub-
stance. This is mag-
nesium .itride, the ae-

sired product.

The entire contents
of the crucible are
now emptied out and
pulverized, preferably
in a porcelain mortar.
An  equal quantity
of dry sand is then
mixed with the pow-
der before it is trans-
ferred to the appar-
atus shown in Fig. 1.

FIG. 2

Both manufacture cnrbonate of soda, so-called.

The most suitable metal to employ for
extracting the nitrogen frem the air is
powdered magnesium, familiar enough as the
essential constituent of flasklight powders.
This metal in a powdered or granulated
form may be readily obtained from any
dealer in chemicals. Only a small quantity
is required for the laboratory experiment.
In chemical symbols the reaction between
the magnesium, which is a white metal re-
sembling zinc, and the nitrogen of the air
is written thus:

3 Mg 4+ N, = Mg, N,
Magnesium 4 Nitrogen = Magnesium
Nitride
When the nitride is treated with water the

following reaction then occurs:

Mg, N, + 6 H,O0 = 3 Mg(OH), + 2NH,
Magnesium Nitride 4 \Water = Magnesium
Hydroxide 4+ Ammonia
[f the ammonia is absorbed in a hydro-
chloric acid solution the white solid salt

ammonium chloride forms:

NH, + HCI = NH, CI
Ammonia 4 Hydrochloric Acid = Ammo-
nium Chloride

If magnesium metal cannot be readily se-
cured, powdered aluminum such as used for
bronzing powder may be substituted. In this
case some powdered carbon in the form of
charcoal or lamp black must be mixed with
the metal and ammonia freed from the
metal by means of a caustic soda solution
instead of water. The details of this in-
structive experiment are given below.

IFI. Experimental Part

The experiment as carried out with pow-
dered magnesium will first be described and
then the modifications necessary when em-
ploying aluminum will be given. The pow-
dered metal is heated in a covered crusible
by means of a strong gas burner for an
hour to effect the combination between the

This apparatus is de-
signed to allow water
to act slowly on the
mixture and for the
collecting and absorh-
ing of the ammonia gas evolved. (A) is an
ordinary chemical flask having a capacity of
around 500 c.c. A two-holed cork or rubber
stopper is fitted in the neck of this and
through one hole is passed the steam of an
ordinary dropping funnel (B) while in the
other is fitted a piece of bent glass tubing
leading to the absorption bottles (C), (D),
(E). In these bottles may be placed various
substances to fix or absorb the ammonia
gas. In the first may be placed water, in
the second dilute hydrochloric acid in which
will be formed a solution of ammomium
chloride and in the third dilute acetic acid
whicI) will react to give a solution of am-
nmmum accetate.

The tubes leading into the absorption bot-
tles must in no case touch the surface of
the liquids and are best placed a quarter
of an inch above them. If the tubes were
allowed to touch the surfaces of the liquids,
these latter would be drawn back into the
generating flask due to the solubility of
the ammionia gas and thus spoil the experi-
ment.  The mixture of sand and metallic
nitride is now placed in the generating
flask with a small quantity of water in the
dropping funnel. As soon as the water is
allowed to drop on the mixture (this should
be done slowly at first) a sudden reaction
takes place and gaseous ammonia is evolved.

The water is allowed to drop on the
solid until no further action is noticed.
Toward the last a gentle heat applied to
the flask serves to drive over the last por-
tien of the gas. The absorption bottles
may now be disconnected and the contents
examined. In the bottle that contained
water, the ammonia may at once be de-
tected by its characteristic odor. The con-
tents of the bottles that contained the acids
should be evaporated in an evaporating dish
until the white ammonia salts of the acids

(Continned on page 272)
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Now polish the surface of the
wax with a soft brush umtil the graphite
appears black and shiny over all of the
block of beeswax. and in the grooves of
Attach a copper wire to the
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How to Make an Electrotype Plate
By Clyde E. Dolkers
ETCHING EMBOSSED IMPRESSING THE  Sied here
NEEDLE . CLAY sTamp °'PE VIEW CLAY INTO
THE
MHOL BEESWAX the letters.

3040
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WATER. _ _r SULPHURIC ACID
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NKEN L Sye- =4 N B I < S
SUNKEN LETTERS [ = ) L= |

IN' WAX=-POLISHED ™= SpCaat P s
WITH GRAPHITE

BLUE VITRIOL

The successive steps of an electrotyping process are illustrated above. An impression
made in beeswax is electrotyped in a copper sulphate bath.

OUR name and address or other de-
sirable stamps for your own usc may
be made in the manner discribed here.
Electrotype plates made by electrolysis of
copper salt are used in enormous quantity
in book and general printing. Phonograph
records can also be made from electrotypes.
Let us make a piece of tyvpe that we will
find very practical. You have always wanted
a stamp with which you could print your
name and address in a few sceonds’ time.
Perhaps you have a phrase or sentence
which you would like to be able to print
by the hundred with a minimum of effort.

Making the First Mould of the Llectrotype

First, secure some good clean clay. Mix
it with water until it becomes a firm, yet
plastic mass. Mould it into a block about
five inches square and an inch in thickness.
Make the suriace pericctly smooth and leved
by rubbing and patting with a smooth board.

While the clay is plastic, careiully sketch
on its surface the letters which you wish
to print. Do this with the tip of a needle,
the head of which has Dbeen pushed into
the end of a pencil or round piece of wood
of about the same size. Take great carc
in this work to obtain necat and reqular let-
ters, equally spaced.

After your outline has been completed,
cut the clay irom around the letters. so
that they will stand out in relief or raised
above the rest of the clay about 1§ inch.
Smooth the letters carefully and hll any
rough places or holes with more clay. Place
in an oven and bake until hard.

Making the Second Mould

Melt some beeswax over a flame in a
“small pan so that it will form a layer on
the bottom, about 3/1v of an inch thick:
cool, and after it has hardened remove it
carefully. Smooth its upper surface. and
rub graphite (finely powdered) over the
picce of wax.

Impressing the Clay Stamp Upon the Bees-
wax

Press tne raised letters of the clay into
the beeswax to secure a good clean-cut im-
pression of the letters. Remove the clay
and dust more of the powdered graphite
over the beeswax impression and around the
lines and grooves of the letters. The cop-
per deposit, later, depends on the care exer-

Experimenters!

Three-quarters of the articles appearing
in RADIO NEWS are all of an experimen.
tal nature. RADIO NEWS has several de-
partments in which experiments are featured
cxclusively, There is, for instance, the
“Radio Wrinkle Contest,” which gives
prizes every month for the best radio
wrinkle. If you are an experimenter, it
will pay you to get a copy of RADIO
NEWS. You will be agreeably surprised
at the tremendous amount of material of-
fered in the biggest radio magazine in
existence.

LIST OF ARTICLES TO APPEAR
IN THE FEBRUARY ISSUE
OF “RADIO NEWS”

Curing Cancer With Ultra Radio
Frequencies By George Lakhovsky
The Radio-Photo Letter
By S. R. Winters
The Invention of Reginald A, Fessenden
Amplifying Short Wave-lengths With Re-
sistance Coupled Amplifiers
By Pierre Lafond
Multi-Stage Radio Frequency Amplification
Part 1V By John Scott-Taggart,
F. Inst. F., AM.L LR,
Fundamental Transmission and Reception
By E. 1. Ilansen
Experiments With Five Meters—Part I1
By William A. Bruno
Regeneration and the Patent Situation
By John B. Brady. Patent Lawyer

THE TIN FUSED
WITH COPPER

beeswax from the back and suspend the
mould irom the cathode or negative pole
of a copper plating bath prepared as below.

Electroplating

Place some blue vitriol (copper sulphate)
in a glass jar. Fill the jar half full of
water and allow it to stand over night.
Suspend in this solution a strip of copper
having a suriace equal to that of the bees-
wax form. Connect some dry cells, bi-
chiromate cells, or preferably, two gravity
cells, Connect the positive pole of the
batteries to the strip of copper in the elec-
troplating solution; the negative pole to the
beeswax form which is suspended in the jar
of blue vitriol solution. The current from
the battery causes copper to deposit on the
graphite which is on the beeswax form.
Allow a good deposit of copper to form.
You may have to suspend more copper in
the bath from the anode side. The solu-
tion does not lose its strength.

Making a Permanent Plate from the Copper
Deposit

When a good layer of copper has collected
upon the beeswax, remove and wash it care-
fullv. Pry the copper layer from the bees-
wax and place it face up into a form of
clay whose edges fit closely around the cop-
per. and !4 inch above it. The clay and
copper are placed in a very hot oven until
the clay has hardened. Melted tin is poured
over the back of the copper in the form,
until a layer of about 14 or ¥4 of an inch
in thickness is produced. After this has
cooled. remove the electrotype. It is now
ready to be imked and used as a stamp.
Simply press the copper surface upon an
inking pad and then make a copy on a piece
of paper.

For convenience you may fasten a wooden
handle into the back of the tin by drilling
a small hole in wood and tin and inserting
a small peg.

Other stamps may be made from any
other embossed objects which will make an
imprint in the beeswax.

Sometimes the beeswax is
with finely powdered iron. The iron re-
places the copper in the solution and a
“strike” or thin deposit of copper is pro-
duced. which accelerates the subsequent de-
position,

dusted over

WOODEN HANDLE
re

z ——

PRYING THE COPPER FROM
THE BEESWAX

SHALLOW CLAY
DISH

POURING MELTED TIN

JOHN
DOE

C

PRINT

OVER THE ELECTROTYPL

The sheet of electrotyping is separated from the beeswax and *‘backed” with melted
tin to give the plate the necessary rigidity. A wooden handle mounted on the back com-

pletes this convenient stamp,
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How To Make a 13,000 Ampere Storage Battery

By William Grunstein, E. E.
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Despite its small size, the storaxe battery illustrated above ean supply a current of 13,000 amperes. The battery consists of 0

cells using pure lead plates -as electrodes.
of each cell.

electrodes is less than two millimeters (0.8 inch).

WO coils, one on top of the other,

are placed before you. The coils

measure about 1 inch in diameter, and

between them a picce of lead plate
and a coin are placed. A switch is closed.
One hundredth of a second later an auto-
matic switch short-circuits the coils. They
are separated, and to your surprise you find
the coin impressed in intaglio in the cold
lead plate!

You wonder how' these small coils could
exert such a terrific attractive force. a force
of almost 3 tons. you are told. You trace the
circuit and are disappointed to find not huge
generators, but four storage batteries, each
only 14 inches high, supplying current to
the coils. You are bewildered and humbly
turn to the demonstrator for explanation.

The latter with a smile of supreme sat-
isfaction will tell you that these storage
batteries were designed by R. L. Kapitza of
the Royal Socicty. that they consist of plates
of pure lead 138 inches square, and .059
inches thick separated by small hard rubber
disks. and near the edges, by large U-
shaped hard rubber separators, so that be-
tween each pair of plates a small cell .067
inches thick, is formed; the cells being filled
with 30% sulphuric acid. (See Fig. 4.)

The demonstrator will oblige vou with
another spectacular experiment for which
the batteries must be recharged. The four

The effect of this is that the plates are very close together, xiving _
The amateur experimenter will experience no difficulty in constructing the battery.

It is a storage battery of the Planté type,
very

are connected in parallel and charged from
a 110 volt source at 3 amperes. In less than
four minutes they arc disconnected, com-
pletely charged!

They are reconnected, two in parallel and
the two groups in series. A piece of copper
wire, No. 9 B & S gauge, is connected in
place of coils. The switch is closed. A loud
report and an intense flash like an explosion!
When vou recover your composure you find
the copper wire has completely vanished. To
vour questioning and wondering glance the
demonstrator nonchalantly replies that the
copper wire drew 13,000 amperes from the
battery. Amused by the baffled expression
on vour face, he explains that the battery has
an cxtremely low resistance of .02 ohms,
on account of the thinness of the layers of
electrolyte, and can therciore supply energy
at the rate of 1,000 kw. for a small fraction
of a second.

If you arc the dogged, intrepid experi-
menter we think you are, you will want to
build one of these 13.000 ampere storage
batteries despite the fact that its construc-
tion involves much labor and patience.

The battery used in the preceding experi-
ments consists of four units. For each unit
you will need 71 plates of chemically pure
lead. Two of these plates are 17 x 138 x
0.5 inch. These are to be used as the end
or terminal plates. The other plates are

slight resistance.

Its unusual feature is the extreme thinness

The distanece between the

square 13.8 x 13.8 inches and .059 inch
thick. To one side of each of these square
plates and one of the terminal plates, 30
small India rubber disks are attached by
means of India rubber solution. These disks
are 0.59 inch in diameter and 0.67 inch thick.
Dispose them regularly on the lead plates
in a manner suggested in Fig. 1. These
disks serve as separators between successive
plates.

‘he plates are assembled to form a pile,
with a set of rubber disks between each pair
of plates. Besides these disks a U-shaped
rubber separator, .067 inch thick, and some-
what larger than the plates, is placed be-
tween each pair. One of these separators is
illustrated in Tig. 2, where the separator
is also shown mounted hetween two plates.
The arrangement there illustrated forms one
cell of the battery, the walls of the cell being
the two lead plates and the rubber separator.

The pile is clamped between two heavy
pieces of slate 17.5 x 175 x 1.5 inches.
Through these plates, eight 14” holes are
drilled as indicated in Tig. 3. These holes
drilled, the U-shaped separators cut, (70 of
these will be needed for ecach unit) and the
rubber disks mounted on the plates, you
are now ready to assemble the battery unit.
Place one of the slate plates with bolts
passed through it upon a table. (Fig. 3.)
On top of the slate, between the bolts, place
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one of the end plates with the rubber disk
on top. Care must be taken that the lead
plate does not touch the bolts. On top of
this place the U-shaped separator and then
another lead plate placed with the disks on
top. Mount these alternate lavers until all
the 70 separators have been used. Then
complete the pile with the other end plate,
to which no rubber disks were attached.
Pass the other slate end-plate over the bolts,

series with the group of batteries, In charg-
ing. a very thin active layer is formed on the
positive plate.  With use this layer increases,
causing a marked increase in the internal
resistance of the battery. As a result,
the rate of power output is decreased; the
power obtained from the batteries migl:t de-
crease in one year, by as much as 50%.
When the battery is new, it will charge very
rapidly, in 2 or 3 minutes, but in a year’s

FIG.5
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The use of either one of the two switches shown above Is recommended in connec-
tlon with the Kapitza, 13,000-nmpere storage hattery.
control, spring actuated, magnetic-trigger release switch and

That shown in Fig, 5 is a remote
has the ndvantage that

the circuit can be closed by an operator loeated at a safe distance from the battery and

the switch. .

and making certain that no lead plate touches
the bolts, clamp the pile tight with nuts,

I the plates and washers were properly
made the assembled unit (Fig. 4) will form
70 watertight cells. Each plate. except the
end plates, serves as the negative electrode
of one cell and the positive electrode oi the
adjacent cell, and at the same time is of
course an extremely low resistance connec-
tor between successive cells. The battery
unit consists therefore of 70 storage cells
in series, which when filled to .9 of their
depth with 30% sulphuric acid. will have a
joint resistance of only 0.02 ohms.

To protect the slate and the holts from the
acid, they should be covered with a coat
of tar varnish, The action of the acid on
the rubber is comsiderable, necessitating a
complete overhauling and cleaning at the

CONDUCTOR
WIRE TO BE

BINDING P\OST

COPPER ANGLE PIECES
FIG. 7

The Kapitza battery will fuse a No. 9 cop-
per wire with a violent explosion, completely
vaporizing and perhaps disintegrating the cop-
per. For these fusing experiments a fuse
apparatus such as that shown above can be
used,

end of a vear. The India rubber in that
time will have become badly deteriorated.

In the experiments described above four
such units were used. The four umits in
parallel are charged at the rate of about
3 amperes. That is. on a 110 volt system a
resistance of 37 ohms should be placed in

time, the charging period will increase to
15 or 20 minutes.

It is important that the battery should not
be left discharged for long periods. i leit
in this condition for three days its resistance
will Dbe increased so much that only one-
fourth of its initial power is obtained.

Caution! It is best to keep at a safe dis-
tance from the batteries.  Some cells of the
battery might be suddenly punctured and acid
might splash out of them. This action is
probably due to inordinate increase in the
active layer on the plate. The layer break-
ing off, “shorts” the cell which in this con-
dition is continuously discharging, resulting
in the sulfating of the plates. The resistance
will increase rapidly at most points of the
cell and as a result the current will concen-
trate at pouints of low resistance. The de-
signer of these batteries, Mr, R. L. Kapitza,
has noted some cases, where holes of 35 to
41 inch, were burnt in some plates of a bat-
tery.

For  discharge, the batteries are con-
nected in series parallel, 7. e.. to units in
parallel and the two groups in series. All
connections bhetween battery units and other
apparatus must be made with copper strips
having a cross-section area equal at least to
that of No. 0000 B & S wire (.1662 sq. in.).
It is imperative to have broad and tight con-
tacts, either bolted or soldered. All contact
surfaces should have an area of at least 1
square inch. A very convenient conductor
is a copper strip ¥5” by 1”7 in cross-section.
Conductors  so shaped are bent  without
great difficulty and form broad contacts
when bolted or soldered in lap joint.

The switch is the most vital part of the
circuit and special care must be exercised
in its construction. It is preferable to use
a spring-actuated, magnetic-trigger-release
switch such as that shown in Fig. 5. This
switch was designed for the special needs of
the Kapitza battery by Mr. E. I. Laurmann,
As shown in the itlustration, contact between
the two large copper blocks is made by a set
of hard-drawn copper sheets mounted on a
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rod, the lower end of which carries a stiff
spring which draws the rod downward. To
open the switch the rod is drawn up until
ihe small pawl engages the edge of the metal
block and retains the switch in the open
position. Adjacent to this pawl is a long
tripping lever whose further end is sus-
pended over a strong electromagnet. The
latter is connected to a battery of dry cells
through a push button. The pressure of this
button energizes the coil which attracts the
tripping lever and this trips the pawl. Im-
mediately the rod is drawn down and the
luminated copper conncctors bear down on
the copper terminal blocks, The manifest
advantage of this switch is its rapid action
and its remote control.  The operator with
tae push button may be located at a distance
where lie does not run the risk of receiving
burns from arcing contacts,

Should the experimenter find the con-
siruction of such switch beyond his means,
be can, by the exercise of greater care in
operation, employ  a  large single throw
switch with several blades in parallel. A
switch of this type is illustrated in Fig. 6.
2\ long insulating handle is mounted on the
switch to enable the operator to close the
switch without bringing his hand danger-
ously near the contacts which, if the switch
is not quickly closed, are apt to arc. The
exact dimensions of the switch are not im-
portant so long as the experimenter will
make certain that at no part of the circuit
is the conductor cross-section less than about
0.2 sq. in.

Caution!  Great care must be exercised
when experimenting with the Kapitza bat-

teries.  Currents of the order of 10,000
amperes cause dangerous arcing at poor

contacts.  Swwitches must be closed swiftly
and not before the operator has made cer-
tain that arcing at the switch or at the fuse
block, will not endanger his hands or face.

The fuse block is illustrated in Fig. 7.
It is of very simple construction. comprising
two copper angle pieces provided with bind-
ing posts.  Note that, since the thin wire
connected between the posts will fuse only
between the two blocks, the binding posts
are not subject to arcing,

With this last piece constructed, the equip-
ment is complete. The circuit is shown dia-
gramatically in Fig. 8B arranged for the
flh_ing of wire, using the remote control
switch. It will be remembered that the
Kapitza batteries accumulate very little
caergy at full charge, and must he recharged
alter each fusing experiment. In charging
comnect as shown in Fig. 8A.

The experiments in fusing can be varied
by the use of wires of different metals,
and different sizes. If properly timed, in-

BATTERIES

FUSE BLOCK .
s 37 OHMS
{ —VYWWA—s
DISCHARGE q A
E CHARGE
—

g o ==
/
g ——
TRIGGER RELEASE DRY CELL BATTERY

SWITCH
FIG 8

In dicharging (B) the Kapitza battery to
obtain a 13,000-ampere current four units are
cted in series-parallel as shown in (B)
above, In charging (\) the batteries are con-
nected in parallel and charged through a re-
silstance of 37 ohms from a 110 vult source,

PUSH-
BUTTON

stantancous photographs of the arcs pro-
duced in fusing would form an interesting
study.  As to the experiments with the coils,
described at the beginning of this article,
the amateur experimenter would there en-
counter great difficulty and we would advise
him to limit his study to fusing which in
itself offers ample opportunity for striking
and instructive experiments.
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Ball Lightning Made in the Laboratory _
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(Continued from page 237)
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In n (ube fitled with argon gax smull globules of liquid fire have heen formed, which bear a strong resemblance to ball lightning, A magnet

draws the argon are to one side of the tube and negntively cliarged tungsten atoms emitted by n filament move into the are (Fig, 1),
edge of the arc they cross a region called the electric double lnyer bearing opposite charges on the two shdes.
The neutral tungsten atoms thus form s~mall masses of liquid tungsten on the horder of the are, and the layer
til becoming very shazp the tungsten globule becomes detached

and collect in groups (Fig. 2).

of negative charges bends into the are (Fig. 3,

This indentation continues v

and forms a rapidly moving miniature bull lishtning (Fig. b.

bright blue flashes are sent up the vertical
stem,

This spectacular and beautiful electrical
discharge which gives promise of leading
to a greater understanding of vacuum phe-
nomena wis produced in the research labora-
tories of the General Electric Company, by
Dr. Irving Langmuir, C. G. Found and A. I,
Dittner, prominent American physicists.

And yet at first glance the apparatus in
which these curious phenomena tuke place
seems to differ only in shape from the ordi-
nary two electrode vacuum tube, and essen-
tially is similar to the argon-filled tungar
rectifying bulb.  Fig. 2 shows a scctional
view of it. The large glass cylinder is
15 cm. (5.9 inches) long and 10 em. (3.9
inches) diameter, and contains a single loop
tungsten filament at each end. To this cylin-
der is welded a slender glass tube 50 cm.
(20 inches) long and 3 cm. (1.2 inch) in
~ diameter at the upper end of which a disc
clectrode is mounted.

Now the filament is supplied with current
at a low potential and is brought to incan-
descence at a very high temperature, about
2500° C. (4.432° 1)), Then 250 volts are ap-
plied between the plate and the filament, but
as yet no glow appears in the tube. The
ionization in the tube is insufficient, but can
he much increased by approaching a terminal
of a high frequency coil to the glass tube.
This done, an clectric arc of the charac-
teristic argon color appears in the tube. The
arc draws one ampere and the potential from
plate to filament drops to 25 volts.

Nothing unusual is involved in this action,
but let the filament circuit be opened for
only one-half second and a sequence of most
remarkable electrical phenomena ensues.

e monientary decrease in filament temper-
ature causes a rise in the voltage across the
arc by reducing for an instant the electronic
emission from the filament.  The voltage,
rising to about 100, causes a sputtering of
the filament and small quantities of tungsten
are shot into the arc. Though the tungsten
s0 emitted is only about 000,001 grams, its
cffects are astonishing. The arc which be-
fore the *
tube and wuas insensible to the influence of
a magncetic field, now dctaches itself from
the walls and can be attracted or repelled
by a permanent magnet held near the tube.

The arc now has an altered appcarance.
It has a central reddish core, which bears
a positive charge and is about 1 cm. in
diameter. In this red column positively
charged argon atoms are moving and vibrat-
ing under the influence of the electric field
between the plate and the filament. Tmme-
diately surrounding this region is a thin dark
space, and beyond this a bright yvellow sheath
of glowing gas.  This sheath is negatively
charged and gradually disappears. the central
part of the arc increasing in size until it
almost fills the tube. In place of the yellow

“skin” a thin layer of negative charges re-,

mains. This, together with a positive laver
around the reddish arc, forms what is called
an “clectric double layer”: that is. two in-
visible sheaths extremely close to each other.
the inner one bearing a positive while the
outer a negative space charge.

If an ordinary horseshoe magnet is brought
near the tube, the arc is deflected, as is any
conductor carrying a similar current. At the
same time the vellow skin appears on the
opposite side of the arc on the side not in
contact with the wall

spattering of tungsten™ filled the |

Near the
llere the atoms lose their charge

s the magnet is brought nearer, the yel-
low skin becomes brighter and thinner, and
ciriously begins to act like a liquid.  Slowly,
tiny droplets ot golden yellow liquid fire are
tormed.  They move along the surface, only
to break away and fall, molten spheres of
briznt white light into the arc. By regu-
lating the intensity of the magnetic field,
these droplets or globules ranging from a
few tenths mm. up to 5 or 6 mm. in Ciameter
(about the -size of a pea) can be made to
form slowly and detach themselves singly
from the skin of the arc. By proper com-
binatiem  and  longitudinal and  transverse
ficld: the globules may often be made to
move upwards or downwards in the arc
parallel to its axis for distances up to 5 or 10
cm., 2 to 4 inches. Under certain condi-
tions the globules have been ubserved to move
very slowly so that their motions through
the arc could be easily followed by the un-
aided exve. But more often they move with
the velocity of about a foot per second, an:
thus appear as brilliant lines or filamentary
streamers. Sce Mig. 3 where several stream-
ers with nearly parallel paths are shown.

These streamers are formed by the in-
fluence of the magnetic field, and vary in
appearance with the magnitude of the cur-
rent flowing through the arc, If this cur-
rent is varied, the motion of the streamers
will bz correspondingly affected. Thus, by
superimpasing an alternating current on the
direct current fed to the anode, that is, the
disc electrade, the streamers or individual
globules will move in a sinusoidal path.
That is, they will appear as a sine wave,
which is characteristic of alternating cur-
rents  The streamers will reproduce accu-
rately the wave shape of the current even

(Continned on page 284)
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Novel Frictional Electric Machine
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By F. E. Andrews

The static generator illustrated nbove is a variation on the frictional electric machine.
eovered with a coating of amalgam rub against a glass plate.

HE illustration shows a modification of

the old-fashioned frictional electrical ma-
chine. This was the predecessor of the Holz
machine, as the latter was the predecessor
of the Wimshurst machine of today.

There were two ways of constructing the
frictional machines. In one a cylinder was
rotated against which a cushion rubbed in
order to produce excitation. In another a
disc of glass rotated, rubbing against cush-
ions as it turned.

The machine we illustrate is simplicity
itself and is an interesting version of the
old time machines. A piece of plate glass
is supported in a vertical position and a
pair of leather faced cushions carried by
a forked carrier press against its sides.
Immediately above the cushions there are
a pair of rods with a number of points
projecting towards the glass, which is the
collector, one rod on each side. These col-

lectors connect with insulated vertical bars
of brass with balls on the top, the old fash
ioned prime conductors. Cushions, collec-
tors and prime conductors move up and
down as the handle is raised and lowered
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The illustration shows the detnils of the fric-
tional electric machine deseribed above with
full dimensions,

In pumping the handle up and down the cushions
Metunllic collectors conduct the charge to the terminals.

pump-fashion. The handle is pumped up
and down and the prime conductors are sup-
posed to collect the static electricity excited
by the firiction and to charge the prime
conductors.

The cushion or rubber is to be made of
leather and it is well to coat it with an
amalgam composed of four parts of mer-
cury, eight of zinc and two of tin. The
zinc is first melted. the tin is added and
the mixture is stirred. A wooden box lined
inside with chalk contains the mercury pre-
viously heated, and the tin-zinc alloy is
poured into it. A lid is put on the box and
it is violently shaken until the amalgam be-
comes cool. It is pulverized in a mortar.
for it is very brittle, and is said to become
almost soft. It is then mixed with a little
vaseline and spread upon the surface of the
leather.

How Our Readers Doted

E have reccived many hundred votes ex-

pressing our readers’ views as to the differ-

ent departments of Tue EXPERIMENTER, in
answer to our request embodied in the printed
coupon. Incidentally, we were somewhat flattered
by the fact that a number of our readers would
not use the coupon, because they felt that this
would deface their copies, which they wished to
preserve. This is peculiarly gratifying, for one of
the sad things about an editor's work is that it is
apt to be so ephemeral, that he is working only
for the day.

It is fair to say that the editors should be impar.
tjial and should not indulge in personal preference
for one section or the other. But we are only
human, and it is pleasant to find our section
Experimental Electrics with ten per cent. of the
votes for, and only one.quarter of one per cent.
of the votes against it, heading the list. e have
worked hard on this section and feel that it
presents an admirable view of what is being done
in absolutely experimental work by electricians
great and small—for this section is not restricted
to the great scientists only, but when good work
is done we put it in, irrespective of the person-
ality of the experimenter.

How and Whv is a close second. a shade under
ten per cent. in its favor, and a small fraction of
one per cent. against it. The Junior Experimenter
and Chemical Experimenter begin the descent,
although they are each of them close to nine per
cent. in favor, and a very few per cent. against.

CThe Result
VOTES FOR VOTES AGAINST
Experimental Experimental
Electrics ...... 982 Electrics ...... 10

How and Why...978
Junior Experi-

How and Why... 34
Junior Experi-

MENLEr | & s 4w od s 894 mentes i wakd. 92
Chemical Experi- Prize Contests .. 415
menter ........ 869 New Things Elec-
General Section...866 t0C 4 . als = 3w 153

Prize Contests ...835 Chemical Experi-

Radio Experi- menter ...... -156
menter . ....... 793 Gencral Section.. .17}

Elec-tricks ......790 Radio Experi-

New Things Elec- menter ......., 187
tHC 4. pema v 751 Elec-tricks ......190

Motor Electrics...597 Motor Electrics...344

Fiction Stories ,..566 Latest Elec. Pat-
Latest Elec. Pat- ENtE w3y anemuis .351
ents ... : amne e 561 Short-Circuits .. 362

Fiction Stories ..2371

2,536

The General Section ranks almost exactly the same
as the Chemical Experimenter, eight and one-half
per cent. for and seven per cent. against, Prize
Contests, Radio Experimentey, Elec-tricks and New
Things Electric are all very close; the last mamed
is the lowest, with seven and one-half per cent
approval, and six per cent. against. Motor Electrics
comes a little low, with six per cent. approval and
fourteen per cent. of votes against it. Fiction,
Latest Electrical Patents and Short Circuits are all
grouped together, with close on six per cent. ap-
proval and fourteen per cent. disapproval.

It must be remembered that the above, like in
come taxes, can be figured in various ways. Thus,
every vote against, to be fairly expressed should
be divided by four, as only one-fourth of the votes
in favor were cast against the departments: in
other words, every vote against is four times to
farge as calculated here. The basis for this poi£
of view is that for each thousand votes for our
different sections there were only 250 votes against.

It is a poor thing for a person to be satisfied
with doing their best; they should always aspire to
do more than their best. &et the result of this very
interesting contest and the tenor of the vast major-
ity of the numerous letters received are such that
we feel that Tue ExpErRIMENTER has reached a very
high standard and we certainly propose to maintain
it. We hope that our correspondents will become
contributors, so that our readers will know what
other experimenters are doing.
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Domestic Signal System

HE old adage that every man's house

is his castle has been superseded when

the busy housewife spends a portion

of her time walking to the front door
to answer seckers of alms. itinerant mer-
chants, canvassers, questionable or un\\'c!-
come callers, house riflers besides, the possi-
ble depredations of burglars and snecak
thieves during the night.

This signal system provides a \'a]uql)le
step-saver. as well as a positive protection.

The apparatus is primarily actuated by
the closing of contacts located under door-
mats. steps. in hallways, back porches or
elsewhere.  Pressure upon the mat causes
the closing of an alarm circuit, ringing cither
bell or buzzer, or illuminating a lamp in
bedrooms.

A switch is manipulated, which cuts off
the alarm signal and cuts in a telephon:
circuit employing loud speaking receivers,
therefore it 1s unnecessary to hold a re-
ceiver to the car to listen to speech trans-
mitted from interior to exterior, or vice
versa. It is only necessary to stand close
to the instrument to render speech trans-
mission and reception possible.

Upon inquiry from within, the caller
states the importance ot his call, and it
acceptable to the household, a button is
pressed momentarily and an electric lock
unfastens the door bolt.  Utilizing the elec-
tric lock, there is absolutely no possibility
of the same lock being picked by burglars
or sneak thieves.

The lock solenoid is wound in two sec-
tions, with double circuit, rendering it pos-
sihle to either lock. or unlock the door by
the momentary pressing of the labeled push
buttons. The circuit is fool-proof, casy to
wire, and will operate on a battery of dry
cells,

The telephone circuit is composed of a
simple series of two microphones, battery
and primary of an induction coil (with
shunt condenser if required). and a secon-
dary (receiver) circuit of induction coil
sccondary, large series condenser and two
loud speaking reccivers, all connected in
shunt to the units, exclusive of the battery
in the primary or microphone circuit.

After the caller has cither been turned
away or has been admitted and already
left, the door is locked by the proper push

LOCK
®
+
UNLOCK
{®)
S
LOUD SPEAKING
PHONE
BUZZER = OO S z
EJ ALARM ALARP, — e e =
3 N
o) | ::,_:::: I
7’ ) S—
* MICROPHONE B
r DOOR MAT
¢+ 77”7 conTAcTOR
r
L

This is a very ingenions system of eonnections and alarm, as well assof local tele-

phone connection for protecting a house,

The critical connection is made when the

door mat is stepped upon; this gives warning to anybody upstairs or in any room of
the hounse that someone is at the door, .Above are shown the connections, all fully

deslgnated.

CTHE TELEDACTYL

Feeling over a distance by Radio—
in other words. projecting your hand
over distances of hundreds of miles—
may seem impossible, but the author,
Mr. Hugo Gernsback. in the current
issue of SCIENCE AND INVENTION.
shows how it can be accomplished by
means already available today. Imag-
ine a doctor fecling a patient’s pulse
although both are separated by a thou-
sand miles or more!

ELECTRICAL ARTICLES AP-
PEARING IN FEBRUARY
“SCIENCE AND IN-
VENTION"

Shipwrecked” on the Stage
3

By A, P Peck
The Radio Teledactyl

By H. tiernshack
Portable Electrocardiograph Measures Heart
Currents
Harmless X-Rays—'Cold Light" for
Surgery

Everyday Chemistry
By Raymond B. Wailes
How We Digest Food
By lumar Ginsherg, B.Sc., Ckem. Eng.
Building a Motor Speedster—with full de-
tailed working drawings
By George Arthur Luers, Automobile Engr.
A 100 Ft. Antenna Mast
By Fred A, Parsors, 2ABM
A Low Loss Broadcast Receiver
By Frank Frimerman, 2FZ
Three Extra Good Circuits
Radio 'Questions and Answers” As Well
As Science "Questions and Answers"

BINDING POST S

SALT HARDWARE CLOTH

~—SCREEN

P me——TAR PAPER

SECTION SALT

Very effective rain contact which will give a
very low resinrtance connection with the first
drops of rain. There is a large area of salt
which will diminish the resistance materially.
Thls is part of the above system.

button and the control switch is restored t»
the alarm position, which then renders the
apparatus sensitive to the presence of in-
truders or following callers.

The applications oi this signal system are
many. Contactors may be placed at dis-
tant points to guard against intrusion at
those points.  An additional improvement
may he added to the alarm signal circuit so
as to guard against rain or fire—thus ren-
dering the apparatus, as a whole, sensitive
to <callers, intruders and the destructive
forces of nature.

A rain alarm, constructed by the writer,
has shown remarkable efficiency and is illus-
trated in Fig. 2, wherein replaceable units
are made up of the following: A sheet ot
tar paper two feet square, surmbunted by
a picce of wire cloth or screen of approxi-
mately the same size. A laver of salt is
strewn upon the screen, sufficient to pre-
vent metallic contact between it (the lower
screen)  and  another sheet of wire cloth
placed upon the dry salt layer.

FFalling of rain upon the salt dissolves
the latter and forms contact between the
two screen sheets, leading to battery and
signal unit.  When one unit has been "used,”
anotaer can be inserted at once. thus pro-
viding uninterrupted service.

Tlermostats have been described hereto-
tore in PracticAL ELECTRICS in variety.

Insulating Paint

HE amateur electrician is often in need

«f some kind of a paint which has good
insulating qualitics. Ordinary paint does not
meet  this requircment because of the od
whic 1 it contains,

A very good insulating paint can be made
very easily by any amateur of materials that
are o be found in almost any houschold.
All that is required is some denatured or
wood alcohinl and an old Victor phonograph
recor<l. cither one yvou do not care for or
one :hat has been broken. Place a small
quan'ity of alcolnl in a glass or other re-
ceptacle and break the record into it in smalt
pieces. The desired consistency can he ac-
quiresl by adding more alcohol or reenrd. as
the case may be. Allow it to stand for four
or fire hours to permit the alcohol t» thor-
oughly dissolve the record. This paint dries
very auickly requiring from one-quarter to
one-halt hour, which is a very desirable
feature.

Contributed by Lroyp PHELPS.




R s ! T ARG - e T LA T

oy

ASSOCIATE

The Experimenter for February, 1925

and Data for Building Electromagnets

By H. Winfield Secor
MeMmBER, ALLEE.

wat N S g B e I -'-umlﬂd

This huge electro-magnet will lift tons of iron without the necess ity of tying the load with any bond other than the muagnetic lines of

force set up by the coils of the magnet,

One thing to be remembered in building
electromagnets, no matter whether large
or small, is to get the greatest number of
turns of wire possible in the most com-
pact space, and as near to the iron core
as possible. The data given for the mag-
nets and solenoids above is from the
writer’'s own notcbook, and these magnets
were calculated and actually built, giving

to place the cores in the lathe and either
turn or file them quite smooth, and al-
ways smear a little oil or wvaseline on
them, so that they slide frecly in the
brass or copper tubes within the magnetiz-
ing coil.

Where slower action is desired in the
case of the solenoid, a trick often used by
inventors is to utilize the piston-like ac-

The bottom and top views are shown at left and right respectively.

with a cone tipped screw. Fig. 7-C shows
an oil dash pot attached to solenoid on a
nmotor starter. The slow movement of the
dash pot piston in the cylinder which is
filled with a light grade engine oil, is
regulated by a small valve in the piston
or in some cases, simply by having a small
hole drilled through the piston. In other
cases where a very slow motion is desired,
the solenoid draws the piston through the

{ \
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the pulls mentioned in the descriptions. It tion of the core sliding within the brass
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DETAIL OF

CONNECTION BLOCK X

Details for the construction of an A. C. magnet coil are illustrated above. The apparatus is in effect a double solenoid. The coils are
tapped at several points and the inteusity of their magnetic fields is thus adjustable. Note the full dimensions quoted on the illustration.

cylinder, the oil escaping around the piston
as it dragged forward. The descent of the
solenoid core with its attached dash pot
piston and rheostat contact brushes is ac-
complished by the weight of this part of
the whole mechanism in the average case,
or it may he augmented by springs or other
arrangements.

is a good general rule to observe, at least
for small and medium sized electromag-
nets, to make the depth of the winding
not ‘over one and a half times the diam-
eter of the core. In some cases the wind-
ing may be a little deeper, and in other
cases a little shallower than this. In
building solenoids it will be found best

tube, to produce a dash pot. To do this
the core should fit the tube quite accu-
rately and the air compressed behind the
core is allowed to escape through an ad-
justable valve in the rear stop core or
yvoke, this arrangement consisting merely
of a hole drilled axially through the stop
core, and the size of the hole being varied
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The present article refers to a bi-
polar solenoid for 20-pound Ilift through a
2-inch range, to operate on 220 volts, 60
cycle. alternating current, suitable for ele-
vator brake service, etc.

This tractive A. C. lifting magnet has a
laminated or built-up sheet iron core, yoke
and armature, of the dimensions given in
the drawing, Fig. (?). Ordinary stove-
pipe iron is satisfactory. but regular an-
nealed transformer silicon steel (sheet) is
preferable. Fach sheet should have a coat
of thin shellac varnish beifore the assem-
bling. After piling up the core-sheets they
may be clamped and drilled for riveting,
using Y4-inch iron rivets. The outside ends
of the holes are best countersunk so that
the rivet ends can be upset into the conical
holes so formed. resulting in a flat core
surface. It is best to cut out the iron
laminations in a U-shape, as it is some-
what troublesome to interleave and rivet
the iron sheets at the corners sufhciently
tight to withstand the strains of repeated
action.

Switchboard for Experimenter’s
By Raymond B Wailes

HE main item in the experimenter’s

I laboratory should be a serviceable

switchboard, But how many could we
find if a census were taken of the under-
eraduate and experimental world?  Not
many.

Here is a real honest-to-goodness switch-
board which is more than a toy; more
than a panel for a couple of l.ittle 1lustler
motors and dry cells, It can be made into
just what you want jt—one of the ama-
teur class or one of the near-professional
tvpe.  Wire it to suit vourseli as vou may
desire, or use either of the wiring dia-
grams.

The panel is of wood. Now don't rave!
The 110 fresh volts, alternmating circuit
which were socked to Fanny in the Sep-
tember issue of PracTican Evectrics will
not leak through the grains and play hide
and seek over the sap markings to any
appreciable extent.

A suitable size for the panel is 12 x 18
inches,  Seven-cighths dressed stock is very

wWvac e v

The I{llustration above i a diagrammatic
view of a switchboard designed to be used in
charging storage batteries by means of the
tungar rectifier. This switchboard also em-
braces the features of the one shown at the
right

serviceable The supports are made of hatf-
inch iron pipe. 29 inches long and termi-
nating in wall flanges which serve admirably
as fcet for the legs. Screw holes are
incorporated in these wall flanges so that
you can mount the switchboard on your
laboratory benich top. Ordinary pipe clamps
or sheet U straps can be used on the back
of the panel to secure the panel to the
legs.

Fig. 1 shows how the switchboard can

The two magnet coils are clamped to-
gether with the yoke member by means of
two Vi-inch brass bolts, altheugh iron bolts
may be used. Two brass castings in the
torm of guide plates (A) are best used
to hold the coils in place and to provide
openings through which the armature cores
can slide. 1t is best to arrange the arma-
ture member to slide up and down on a
good-sized central stem or guide post, this
not being shown for the sake of simplify-
ing the drawing. Otherwise the armature
will have a tendency to oscillate and jam
when being pulled upward,  Shits about one
inch wide should be cut clean through the
one side of each brass guide ring where
it encircles the core. or else these will heat
up, due to powerful currents being pro-
duced in them by induction.

Fach coil is wound on a form about 2§%
inches square, thus leaving room for tape,
etc., in finishing up the coil. Each co:l
comprises 350 turns (5% Ibs.) No. 13
D.C.C. magnet wire, wound evenly in lay-
ers  Make the wooden core in two sections,

This switehbonrd, which has every appear-
ance of an eflicient laboratory type, can be
rendily constructed by the experimenter, It
is adaptable to a variety of nses, However,
the panel is of wood and therefore the use of
the switechboard should be limited to low
voitages,

be wired and modificd for diy battery or
storage bautery current, Some experiment-
ers have no access to 110 volts and operate
their devices with low voltage sources. The
switch at the top of Fig. 1 controls this
low voltage or battery current, and can be
considered  the main switch.  \When this
switch is in the left position, the lamp (L)
is in series with the source and conse-
quently the source of current at binding
posts (12) will be that of the battery with
a lamp v series with it.  This is useful
in testing.

With the switch to the right and switch
(S-1) in, the whole of the battery current
is ready to he delivered at binding posts
(C). With switch (S-M) still to the right
and switch (S-2) up. or on, the rheostat.
voltmeter and ammeter are all connected
and will regulate and indicate the charac-
ter of the current delivered at posts (D)
The battery is connected to binding posts
(B).

Fig. 2 is that used by the writer with
110 volts A.C. The main switch is at
(M), Smitch (S-1) connec ts the tungar
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split diagonally, so as to facilitate the re-
moval of the coil when finished. Wind
several layers of empire cloth or oiled linen
around the form, tie one end of the wire
on the lathe face-plate and start winding
the first layer. Wind on 210 turns and
then solder rast the tap connection for
lug No, 2

Insulation is very important in these A.C.
windings, and if they are not to be impreg-
nated with some good varnish or insulating
cempound, place two layers of oiled linen
between each layer and thoroughly shellac
the wire as vou wind. The succeeding
layers are tapered off, or shortened, as the
cail builds up, and holding it in form itself
w thout recourse to a spool. Thus ahout
six layers will be required, depending upon
the closeness of winding. ete. It is well to
run binding string in here and there to help
tie and hold the coil after it is fully
wound.  The finished coil is well taped, first
with oiled linen tape and then with white
liten tape, giving this a coat of black
asphaltum finally.

Laboratory

rectifier with the house system. \With the
tungar operating and switch (S-2) thrown
down, the binding posts (CH) will deliver
rectified pulsating current passing through
ammeter connected in the line. If the
switch (S-2) is thrown upward, the Tun-
gar operating (with S-1 up), and (S-4) is
thrown down, the storage battery connected
at (6V'SB) will be on charge, with the
amaneter in series. This battery can be the
family radio battery.

_Throwing (S-4) upwards connects the
six-volt storage battery with the ammeter
in scries, with posts (6V'). Switch (s-1)
thrown down connects the lamp in series
with the binding posts (L.IS). A single
dry cell can be connected to switch (S-3),
and either pair of jaws of this switch led
to the spare binding posts (X) and (Y)
if desired. A single dry cell is useful in
certain tests such as the completeness oi
a drcuit in small parts as a galvanometer
coi'.  The reserve jaws on (S-3) can be
used when any special occasion arises.

Of course the wiring of the board and

switeh-

The diagram of connections for a
bonrd to be used in connection with a storage

battery supply is shown above. This switeli-
board provides a readily controlled power sup-
ply for the lboratory,

the instruments mounted upon it will vary
wit1 the neceds of the experimenter, but
the mechanical construction of the switch-
board can always be used. Perhaps a tun-
gar will not be used; perhaps an electro-
Ivte rectifier will be installed on a shelf
belcw or in the rear of the panel; a watt-
hour meter may be installed; a field rheo-
stat added: a circuit breaker incorporated;
an overload relay used: the switchboard
described is readily adaptable to these new
itermns.
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Building a Maqgneto Generator

UR first requirement is a strong

magnet to develop a field of force.

It is hard to get a good perma-

nent magnate of proper form, so

we will use an electromagnet excited by a

battery. The most important parts are the
following :

The magnet, the armature, the commu-

tator, the shaft, the brushes, the baseboard,

with the receptacles for the magnet and for

b b

Complete data for the construction of the
pole pieces of a simple generator are glven
in this [lHustration. Two wooden spools wound
with the suitable wire are mounted on each leg
of the bent soft iron bar.

the shaft bearings, the electrodes, the ter-
minals.

1. The Field Magnet

QOut of a round iron bar of one-half
inch diameter we make a so-called horse-
shoe magnet of the form shown here. The
two straight legs are 214 inches long and
114 inches separated from one another.
Both the end surfaces must be perfectly
true. We can harden the magnet to a
certain extent if we wish, so that it will
retain some residual magnetism. For each
leg of the magnet a wooden bobbin or spool
(S) is provided. Each spool is a small
fraction of an inch shorter than the magnet
legs; they are about 2 1/16 inches long.

The two discs are 3/32 inch thick and
134 inches in diameter; the thickness of

L o

FIG.2

In order to have a north and south pole
tacing the armature the colls in Fig. 1 should
be wound In the directions Indicated above,
Note that the two colls are oppositely wound.

the body of the spool must be as little as
possible so as to bring the iron core and
the windings close together. The two bob-
bins are now wound with S.C.C. magnet
wire from 24 mils to 34 mils thick. They
are wound full and this must be done so
carefully that the wire of an outside layer
will not find its way beneath that of the
one under it. The two spools are wound
as full as possible, one right-handed and
one left-handed. A piece of wire eight

By Hans Konwiczka

inches long 1s left free at each end of
cach winding to be used in the connection
put on later.

The two bobbins are now thrust upon
the legs of the magnet, so that the irom
thereof projects only one-eighth inch or
less. It will be remembered that the wind-
ings are to be in opposite directions.

2. The Armature

The armature is also an electromagnet
but of a different form than the field
magnet. For the armature we have to use
thoroughly annealed iron, so as to do away
with any chance of residual magnetism,
because in the armature the current has to
change direction with great frequency and
to carry out this action the natural or
residual magnetism must be at an absolute
minimum.

Through a thin iron plate (Fig. 3) 2/32
to 4/32 inch thick, 2% inches long and $8
inch wide two holes (zz) are bored, for
riveting in two iron cores, (EE) of the
same material as we use for the magnet,
in other words, of 4 inch round iron.
Excluding the extension for riveting, each
of these cores is 114 inches long, and they

- OF

FIG. 3

No intricate problems are involved In the

winding of this armature. Two spools with
iron cores and an iron strip make up this
unigue armature core.

are exactly at the same distance from each
other as the core of the magnet, namely,
1% inches. For each of them there is a
smaller bobbin (M), 134 inches diameter and
1's inches long, so that here 3/32 inch of
the iron projects. The discs at the end of
the spool and the wood of the body are
made as thin as possible so as to hold the
greatest quantity of wire.

At (O) there is a hole in the thin iron
through which the shaft of the armature
passes. The bobbins are wound exactly as
for the magnet but we use much thinner
wire. Each is wound full with S.C.C. wire
cight inches thick. Here again care mnst
be taken that the windings are put on in
opposite directions. Here too, for each end
of the wire, there is a piece 4 to 8 inches
long left free for subsequent connections. It
will take from 400 to 475 feet of the thinner
wire to wind the two spools, while the
magnet spools with their thicker wire will
need only from 250 to 325 feet. We must
be very careful not to break the thin arma-
ture wire as we wind it on the spool. Next
to the armature the shaft receives the con-
nection.

3. The Commutator.

This consists of a wooden cylinder, Figs.
4 to 6, of 1 inch diameter and 134 inches
long. The central hole must be accurately
placed. On the cylinder are secured four
strips of thin brass, 3/32 inch wide and
of such a length that they extend a little
more than half way around the circumfer-
ence of the cylinder. These strips are
spaced equidistant one from the other, and

screwed down fast and connected two and
two—the two inner ones to each other and
the two outer ones to each other, as shown
in Figs. 4, 5 and 6. The two inner strips
(b, b) can be made of one piece which
will take care of their electric connections.
The two outer strips (a, a), Fig. 5, are
connected by thin copper wire which is
bedded in a rather deep groove so as not
to touch the thin plates (b, b). Paraffined

FIG.G

FIG. S

Commutator of this generator is constructed
of a small wooden cylinder and a few strips
of copper or brass. It is a commutator of
unusual form but also of unusual simpliclty.

paper is placed over the portion of the
wire that goes under the strips (b, b). The
commutator is now thrust upon the shaft.

4. The Shaft.

is made of an iron or brass wire 358 inches
long and about 1§ inch thick. The thinner
portions, acting as bearings at the end, are
each 3/16 inch long. At the one end of
the commutator there is a groove (F), Fig.
S, cut out, which closely fits the cross piece
of the armature when it also is in position
on the shaft. Clamps of wire go over
the cross piece holding it in the groove.
(C. C), Fig. 5, show these clamps.

The bobbins are next placed upon the
armature and connected together so as to
bring the winding in opposite directions,
one clockwise and the other anti-clockwise.
The ends of the windings are now com-

!__ 3%" et
. 19
© FIG. 7 =
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Fig. 7 is a drawing of the armature shaft,
one end of which carries the two-coil unit
shown in Fig. 3. The brushes to be used In
connections with the commutators shown In
Figs. 4, 5 and 6 are constructed as shown In
Fig. 8.

pleted, one pair to the two outside strips
of the commutator and the other pair to
the inner strips. As a direct connection
would interfere with the action of the two
brushes yet to be installed, the connecting
wire must be carried in a deep groove
under the outer strips to the inner one. It
must be secured so that it cannot move. It
is a good plan to fill the groove with hot
paraffin after the wire has been placed in
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it and secured and connect it to the commu-
tator strips. The commutator along with
the armature must have a very ticht fit on
the shaft. 1f the hole has been bored too
large the centering of the commutator and
armature will be interiered with.

5. The Brushes

To take the electricity irom the ap-
paratus we require brushes, I'ig. 8. These
are made out of very thin, spring-tem-
pered brass strips. They are cut at one
end into fork shapes and the two prongs

A slde view of the assembled magneto gen-
erator in shown above. The armature is ro-
tated by means of the pulley at the right end
of the apparatus.

of the fork are as far apart from one an-
other as are the inner and outer strips on
the commutator, The brushes, which have
forked ends. alternate with cach other in
resting upon an inner and outer strip, as is
clearly shown in Fig. 9 (G. G). Each of
these brushes has also a clamp-screw (B.
B), which later will receive the ends oi
the circuit wire. The brushes must be so
long that the rubber for the commutator—

FIG 12 FIG.1}

Fig. 10: A retaining strap to hold the fleld
coils in place. Figs. 11 and 12: Bearings sup-
porting the armature shaft. None of the usual
bearing troubles wili be involved in the use of
the bearings shown here,

- the forked ends, in other words—will pro-
ject about 134 inches from the angle.

6. Baseboard with Magnet Support and
Bearings

The baseboard (B), Fig. 9, is made out
of hardwood and may be of two dimen-
sions, one so that it can receive the ap-
paratus alone, or else that it can accom-
modate the apparatus and auxiliaries, includ-
ing the drive wheel. In the first case we
need a board 8 inches long, 4 inches wide
and 5§ inch thick. The board will present

This plan view of the magneto generator
shows the disposition of all the parts very
olearly. The terminals at left are for the field
exciting current while those at the right are
the out-put terminals.

a good appearance if made of mahogany
or walnut. If we put the auxiliary parts
on the same baseboard, which we do not
recommend especially, as we need it also
for other apparatus, the baseboard must have
a length of at least 16 to 20 inches. It
may be 74 inch thick.

To raise the magnets to the proper level
we need a block (C), Fig. 9, made of
hardwood; this block is 23i iaches wide,
3Y; inches long and 15/16 inch thick. It
screws from below to the baseboard, or is
glued thereto. A very effective fastening
may be given it by the use of dowels. A
bolt and cross-pitece (), Fig. 9. hold the
magnet down to the block. The bolt and
cross-piece are also shown in IFig. 10. The
magnets must be attached to the block so
that the pole ends project a few sixteenths
beyond the edge of the wood, then the
rotating armature will not rub against it.

To get the armature into its position we
must have two supports for the bearings.
The longer supporting piece (X), Fig. 9. 1s
screwed directly to the baseboard and 1s 2
inches high. The bottom. bent to an angle,
is screwed down through two holes 10 the

The front view of the generator illustrated
above shows the armature in rotation The
voltage induced in the coils varies as the arma-~
ture rotates, being 8 maximum when the arma-
ture is horizontal,

wood, and the thickness of this bottom or
foot is not included in the two inches. This
support is made oi heavy brass plate in the
neighborhood of one-sixteenth inch in thick-
ness. The hole for the shaft is a little
over 114 inches above the surface of the
baseboard. As is shown clearly in Fig 9,
the armature must be carried at such a
height that as it revolves the bobbins car-
rving the windings do not rub on the base-
board nor against the faces of the poles, if
all is true and squared up. The armature
core-ends should accurately iace the ends of
the poles of the field. I°ig. 11 shows the
high bearing support.

The second bearing pedestal is screwed
down to the b’ ck and therefore must be
shorter by the thickness of that block than
the other one. It contains the hole for
the shaft to pass through, which must. nat-
urally, be at the same level as the hole in
the other bearing, so as to keep the shaft
perfectly horizontal. If every:hing is car-
ried out exactly as described. this hole will
be $4 inch above the surface of the block.
The form of the bearings must be as shown
in Fig. 12. or otherwise it would not fit in
between the bobbins of the magnet. It is
made of the same stock as the bearing (X)),
Fig. 9. The apparatus is row finished.
Fig. 9 gives a side view. Fig. 13 gives a
view scen from above. Fig. 13 is the front
view. From these three the exact layvout
can be understood.

Similar parts are designated in both dia-
grams with the same letters: (G) is the
baseboard; (E) is the magnes block: (A,
A) the magnet with its bobbins; (B, B) is
the armature; (D) is the armature voke;
(Y) shows the brushes, with the binding
posts; (U) is a little wheel of lead or
brass. which has a groove so as to be se-
cured to the driving apparatus, as it is to
be driven by a belt.

7. The Electrodes
We must make electrodes for the machine
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such as are shown in Fig. 15, in order to
be able to feel the electricity generated.

8. Driving Mechanism

We can put on a crank if we desire and
turn the shaft by hand, but as this work
is very tedious we use a driving mechanism
to get a current which can really be ieit.
The driving mechanism consists of a large
wheel that is turned with its fixed shaft,
belted to the small pulley (U) of the gen-
erator, so as to impart motion to the arma-

FiG. 15

Two electrodes of the type shown above,
connected to the terminals of the magneto, can
be uweed in taking ‘electric vibrating” treat-
ment. The shock received through the elec-
trodes can be varied by altering the speed of
the driving wheel.

ture. Fig. 13. The larger the driving wheel
the faster proportionately does the little
wheel (U) turn. If we take for the driving
apparatus a wheel of one foot diameter and
for the little wheel a one-half inch diam-
cter each turn of the large wheel will
make the little wheel turn 24 times, which

FIG. 16

To drive the armature at high speed the
armature pulley is belted to this large driving
wheel. which is manualiy rotated. The driv-
ing wheel together with the magneto can be
moudted on a large base forming a single
portable unit.

is a rather impressive speed. \We can easily
obtain a speed of rotation up to 1,600 turns
per minute.

FIG. 17

The figure shows the end view of the driv-

ing wheel. The wheel is not rigidly connected
to its shaft but turns easily upon it.

Out of thin veneering we cut a wheei
with six spokes, Fig. 16, which may have
an outer diameter of 12 inches. In that
case the inner diameter will be 834 inches.
The spokes are each 1V; inches wide. We
then cut two rings or half rings with 12-
inch inner diameter and outer diameter of
12%; inches. These rings or half rings (A,
A). Fig. 17, we glue on both sides of the
drive-wheel, so as to provide a groove (R)
to hold the belt. A handle, Figs. 16 and 17,
is fastened to one of the spokes. Qut of
the same wood as the two outer rings we
cut two discs (b, b), Fig. 16, which we
glue to the hub of the wheel to give the
shaft a better bearing.
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Experimenter's Resistance Box
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ERHAPS the high cost of a resis-
tance box has kept this instrument out
of the experimenter’s laboratory. Such
an instrument is very frequently re-
quired. A highly accurate instrument of this

type can be made at a cost of about ten dol-
lars, and cach succeeding instrument for
about two dollars.

The instrument proper is housed in a radi»
cabinet of the flat variety. A box 734 x
834 x 334 inches deep was used by the writer.
A hard rubber or bakelite panel is a neces-
sity, for it will prevent much current leak-
age, and the current is going to be meas-
ured by a sensitive galvanometer.

With the design incorporated in the au-
thor's instrument, as high as 1.100 ohms in
steps of one ohm can be obtained across the
two binding posts. In other words, one ohm,
723, 724, 725, 1,000, 1,001 or any number of
ohms less than 1,110 can be obtained. A
spare switch with spare points will enable
one to add to the instrument ten 1,000-ohmn
coils so that 11,110 ohms can be obtained.
The coils or various resistances are obtained
by rotating the switch arms.

The greatest loss in such a home-made in-
strument is due to the inaccuracy in measur-
ing the wire for the coils, also loss between
the rotating switch arms and the contact or
switch points. Care in measuring the wire
and triple laminations on the switch arms
will reduce these factors. however. It is
hest to use flat, broad-headed switch points.
The writer chose No. 30 3. & S. D. C. C.
advance resistance wire for his resistance
coils, The temperature cocfficient of elec-
trical resistivity of this wire is nealigible.

By RAUMOND B. WAILES

One thousand fect of this wire weighs about
a third of a pound and its resistance at 75
degrees Fahrenheit is 2940 ohms, so that
a third of a pound will make two resistance
boxes similar to the author's. The wire is
made by the Driver-Harris Company, of
Harrison, N. J.

Ten one-ohm cuils should be made.

Each

S A L T e A R R e

The resistance box here Hlustrated will form
a welcome addition to the equipment of most
experimenters, The electrical circuit is [llus-
trated at the right.

one-ohm coil is made by measuring off
cractly four and five thirty-seconds of an
inclt of this No. 30 B. & 5. D. C. C. ad-
vance wire.  One obm is really {our and
three thirty-scconds of an inch, but two
thirty-seconds more are allowed to provide
a one thirty-second of an inch for soldering
at cach end, the soldering having for all
practical purposes no resistance.

The ten 10-ohm coils are made by using
three feet and four and four-fifths inches
of the same wire for each ten-ohm coil,
this length of wire being very nearly of
10 ohms resistance. The ten 100-ohm coils
are made with 340.1 feet of the same double-
covered cotton advance wire.

In winding the coils, they should be
wound nor-inductively.  To do this, double
the wire, but do not cut. Now beginning
with the closed end, wind the two lcads of
wire until the free ends are reached, mak-
ing a coil having about a quarter of an inch
air core. All coils should be made in this
manner. The coils should now be soldered
to the switch points which have been mount-
«d with their rotating switches, on the panel.
Use only resin cure solder or use resin as a
flux for this operation, as a zinc chloride
or “killed” acid soldering solution will spat-
ter upon the anplication of the soldering iron,

and the highly conductive zine chloride will
fall between the switch points and cause a
serious leakage. The zinc chloride is very
hygroscopic, so don't think that it will dry
and become an insulator.

Lugs should not be used on the switch
points.  Oxidation will set in between them
and their contacting switch points and cause

NON- INDUCTIVE
WINOING

unNITS

SOLDER

TAPS OR
SWITCH POINTS

HEAYY BINOING
POSTS

@_4

ant added resistunce error, especially if the
resistance box is subjected to gases from
chemical operations,

The cuils and switches are wired virtually
it serics as shown in the diagram. The
spare switch points and switch can be used
tor additional resistance coils such as 1,000-
ohm units, if desired. It is not possible to
wind 1,000-olim coils with this advance wire
and still have a fair degree of accuracy.
The experimenter can utilize magnet coils,
obtained either from discarded telephone re-
ceivers or purchased at a low price, The
resistances of these are known.

The operation of the instrument is very
simple. To obtain one ohm across the bind-
ing posts, turn all switches to zero, or to
the left (right in the diagram). Now move
the “unit” switch one switch point to the
right, thus placing one l-ohm coil in cir-
cuit.  If, say, 711 ohms are required for
any purpose, move the “limdreds” switch to
the eighth switch point (the first point is
“off”), the “tens” switch to the second switch
point and the “units” switch to the second
switch point.  Of course, using a \Wheat-
stone or slide wire bridge, the resistance box
is made one arm of the bridge and adjusted
until the galvanometer gives zero deflection
i the regular oneration.

“Listening In" for the Stars

T is well known that light waves are

but one species of a large genus of clec-

tromagnetic radiations. These radiations
embrace a vast range {from the 0.0000000001
meter long Roentgen ravs to the Ilertzian
or radio waves of thousands of meters wave
length. Over this extensive range our vis-
ual organs are sensitive to only the narrow
band of radiations comprised in the visible
spectrum. For the perception of other radi-
ations we are obliged to have recourse to
indirect means such as the fluorescent screens
rendering the impinging X-rays indirectly
visible, or radio receiving apparatus reducing
the energy of long “wireless” waves to
audible form.

It appears then, that the eyes aided by
powerful telescopes are well adapted for the
purposes of the astronomy which deals with
the motion of celestial bodies. Yet the inac-
curacies of the eye necessitated the employ

By WILLIAM GRUNSTEIN, E. E.

\'g
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FIG. 1 _ﬂ!l |m—

In the Paris Observatory a photoelectrie cell
attached to a telescope trained on a certain part
of the sky annonnces the arrival of stars at
this predetermined point by impressing a weak
nhatoelectric current on the grid ¢f an ampli-
fying tube.

TELESCOPE

of the photographic plate for important ob-
servations. But this again is a cumbersome
process for in taking records the data must
be delayed until plates are developed. This
method is therefore out of question in the
determination, for instance, of the time 1y
observing the position of a star.

Well, says the ingenions astronomer, if
we cannot sce accurately the star arriving
at the observed position, why not hear ijt?
The question seems absurd, for we have no
cvidence of sound waves traveling through
interstellar space. It recalls to us the myth
of the old Greek, Pythagoras, who, it was
said, heard the musical vibrations of celes-
tial “spheres.” THowever, the astronomers
of the Paris Observatory, withou: reverting
to the fantasms of Ancient Greece. are now
“listening in” for the stars, using a first
rate  “hook-up” without aerials and are

(Continued on page 284)
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Silverplating without Battery or
Solutions
By C. A. Orbrovo.
ETAL articles can be silverplated if
they are hung in a photographer’'s ex-
hausted fixing bath. Such a bath is rich in
silver salts that have been dissolved out of
the films of plates and prints.
<~ WOODEN STICK

THREAD

KNIFE TO BE
SILVER PLATED

EXHAUSTE D

i

By a process of chemieal replacement metallic
objects immersed in an exhansted solution of
photographers’ fixing bath will be covered by n
thin deporit of silver. The acticn may tnke
some hours.

The article to be plated is suspended in the
solution by a thin thread, and in a few
hours, a thin coating of silver will have
been deposited.

A similar method can be used for recov-
ering the silver out of old fixing baths.
Brass strips are hung in the solution, and
from time to time the deposit is scraped off
when sufhciently thick.

Chemical works are good buyers of such
recovered silver. Fairly large quantities
can be secured if the exhausted fixing baths
of professional photographers are treated
in the way suggested above.

Wire Waxer
By Crartes Frenp

AVING occasion to wind some coils, 1
¢ fOll!l(l that the wires would lie better
in place if they were waxed with paraffin.
_To do the waxing. T constructed a very
simple apparatus, as shown in the illustra-
tion.

SPOOL OF WIRE

A tray of melted paratlin wax is used to coat
a wire dreawn through it with wax., Two spools
are journalled to keep the wire immersed as It
is rapidly drawn through the solution. A bit
of felt wipes off the excess of wax,

A baseboard 12 or 15 inches long has two
standards on it. carrying a movable shaft,
on which the spool of wire can be placed.
In front of these two standards is a rec-

tangular pan, and spools are mounted on
shafts near the opposite bottom corners of
the pan. This is for the wax.

The pan is carricd on wire supports so
that an alcohol lamp can be placed beneatl.
Paraftin is melted in it aiter the end of
the wire has been drawn under the two
spools and out the further end. Now a»
the wire is drawn out, it comes out with a
coating of wax, and in order to prevent an
excess, a felt rubber is fastened necar the
outer edge of the pan, which rubs off the
excess of wax, which runs back into the
dish.

Making a Power Saw
By Wiz Joxes

% POWER saw is very cssential to the
4 experimenter, but iar beyond the reach
of ~ome puckethooks,  In my workshop 1
needed one so badly that T decided to make
one, which 1 did and it has proved very suc-
ces~Tul.

Starting out with about ten dollars, I first
visited a junk shop and succeeded in getting
an old Delco generator and a rusty saw
mandrel for five dollars.

COLLAR

77722

Very eanily con~tructed bearings to be used In
connection with the circular power saw. The
bearings form thc vital part of any rotating
machine.

When I arrived home and e¢xamined the
generator I found that outside of some
rust and a few broken connections on the
armature 1t was all right, that is therc were
no field or armature coils burnt out, other-
wise [ would have had to replace the defec-
tive coil with a new one, no casy task.

Atfter cleaning the generator thoroughly
and soldering the loose connect:ons together
it ran fincly ; after this I soaked the saw
mandrel in kerosene until 1 succeeded in get-
ting nearly all the rust off it, then oiled it
with machine oil.

The generator was one of the third
brush kind; I removed the third brush and
used that lead as one of the power line
terminals : on account of this being a genera-
tor the ficld coils have a lot of small wire
on them. This need not be taken off. but
by using the right voltage excellent results
will be obtained. This one runs on A.C. or
D.C. at a voltage of about 30: with D.C. only
a rheostat is needed. with A.C. a transformer
is needed. wath a capacity of 273 watts and
voltage 30 to 35.

If the field coils are connected in parallel
to each other the valtage can be reduced,
but it will take a higher amperage. \Vith
this connection. fairly good results may be
obtained by using a Y cell (18) volts storage

battery of about 1530 ampere-hours’ capacity.
To use any voltage lower than this, say 12
volts, the small wire must be taken off and
he vy substituted, for the lower the voltage.
the higher the amperes must be to produce
a given amount of power.  The armature
of this generator had No. 16 wire on it. So
in order to use a 12-volt battery successfully
on this motor, which produces a little over
17 horse power, a wire about the size of
N, 5 or 6 would have to be wound on the
fic.ds. This taukes a heavy amperage, so th2
hattery would have to be a poweriul one
to supply this heavy current. This motor

[RTTINE
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The dingram shows the interior of a direct
current dynamo which ¢an be used as a motor
to drive a circular power saw.

takes about 250 watts and runs at about
80 to 83% efficiency. The field coils are in
series with the armature which produces a
high speed such as is needed for a saw.

The mandrel is mounted on an old table
very securely, the pulley being 2” in diameter
with a 2” or 3” face; the motor pulley is
abcut 4”7 in diameter with a 3" face; 8 feet
of 1”7 leather belting finishes the job. Never
try tae motor on the full house voltage, the
fuses will blow and the motor will be ruined.
Do not buy an automobile starter as they
are no good for this work unless rewound,
which is quite an expense, if not a nuisance.
The cost was as follows:

Motor and mandrel............. € 5.00
6" saw.......... EE . 175
8 feet of leather belting........ 1.50
1 pulley....... e 1.00
Miscellaneous ... ... Ll 1.00

$10.25

frv ey

TRANMSFORMER
] LINE

el
o SWITCH,

The completed power saw ts illustrated above.
The motor is supplied with current through a
step-down transformer. .Any amateur experi-
menter supplied with 14 h.p. electric motor can
construet it.
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Heating Metals Under Water

HE following is a striking method of
electrically heating metals for the pur-
pose of working them.
If a pail of water, in which is dissolved
some common washing soda. has immersed

HANDLE
INSULATED

-4 PIECE TO BE
H#— HEATED

#——WATER

He — PAIL

L_' 4 LEAD PLATE
T )

A blacksmith brought iron to a red heat by
Immersing it in water. The iron and the pail
were connected to a 200-volt supply.

in it a lead plate which is connected to
the positive terminal of a 150 or 200 wvolt
electric circuit, it gives all the necessary
apparatus for quickly heating iron. The
metal to be heated is grasped in tongs
which are electrically connected to the nega-
tive terminal of the electric circuit, the
handles of the tongs being insulated.

When the metal is plunged into the pail
of water, it is quickly brought to a white
heat and may then be withdrawn and worked
on the anvil or welded to another piece of
heated iron by the ordinary blacksmith’s
method. Any metal may be heated by this
process, but welding can be performed only
on those metals which, like wrought iron,
can be welded by the blacksmith.

The heating of the metal when it is
plunged into the water is apparently caused
by an electric arc which is set up around
the submerged metal on account of its be-
coming surrounded by a coating of hydro-
gen gas in the form of minute bubbles.
The amount of current used varies from a
few amperes to many hundreds, depending
upon the size of the metal to be heated.

It produces a remarkable sensation to see
a piece of metal which is dipped into a
pail of water come quickly to a blinding
heat; and, when held in another pair of
tongs (not connected to electric circuit) to
see the same piece of metal again dipped
into the same water for the purpose of
cooling it.

Contributed by R. A. GOEPFRICH.

Renewing Dry Cells

HEN dry cells are worn out, they

are usually thrown away and replaced
by new ones. As the life of the ordinary
cell is comparatively short, it hecomes an
expensive proposition to do any amount of
experimenting with them.

To make uvse of these discarded cells, it
will first be necessary to remove. all the
active. or rather inactive material, and clean
the zinc case by sandpapering the interior
bright. The carbon electrode should be
cleaned by boiling in water.

Re-line the zinc case with a layer or two
of heavy blotting paper, and pour in a

half inch layer of sand in the bottom. Put
the carbon in its place in the center and
force in around it a paste made as follows:

Dissolve 2 lb. of zinc chloride and V5 1b.
of sal ammoniac in a yuart of water, dis-
tilled if it is possible to obtain it. Make
a stiff paste of equal parts of powdered
manganese and powdered carbon and the
above solution.

The blotting paper lining in the zinc case
should be soaked with the same solution
before the paste is put in.

It the cell will not be used for large cur-
rents, some inert material such a> broker
porcelain, sawdust, etc.. may be userd to fill
the case and thus cut down the expense of
renewing the cell.

Atfter the paste is leveled. seal the cell
with paratlin or ordinary scaling wax. The
cell is now as good as new and will last
fully as long as a new one with the same
service.

Contributed by C. 1. OSTERMEIER.

SEALING WAX
OR PARAFFIN

It Iy within the reach of every amateur ex-
perimenter to build dry cells, ns satisfactory
as new ones, using the electrodes of exhausted
cells, The diagram shows one such renewed
cell in cross-section,

High Uoltage Cell

HE average electrical experimenter, if he
is fortunate enough to possess a storage
battery, will not use it enough to keep it
in good condition. A storage battery must
be kept charged or it will soon be ruined. A

.battery which would not deteriorate when

sitting idle in the laboratory would be just
the thing for the experimenter and the radio
fan.

To construct such a battery, procure some
storage battery positive plates—new ones if
the expense is justified, but old ones will

BINDING POST

STRIP OF LEAD
e

PLATES
WELDED
TO LEAD

STRIPS
OfF NEW

STORAGE
v BATTERY
POSITIVE PLATES

A low resistance and permanent connection
is made between the set of positive plates uied
in the high voltage cell by welding these plates
to a long strip of lead.
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do if the active material is still adhering
firmly. Cut these up into strips about one
and a quarter inches wide and as long as
the originat plates are wide. Clean one end
of each strip and burn to the end a strip of
lead to hold the plates rigidly together and

RN CRse COPPFR
BINDI 05 \@ ROD
CONNECTING o _ 9= <«—HOOK
STRIP

HEAVY

POSITIVE —1 _ _ Zine
PLATES TFH— k LA
= Ia SULPHURIC

ACID AND

—— WATER

HARD RUBBER STORAGE BATTERY JAR

A primary cell having for its elements posi-
tive storage battery plates and a zinc plate will
supply currents of one to two hundred amperes
at a potential of 21; volts. This is an unusual-
Iy high voltage for a primary cell.

to connect them electrically, as shown. When
burning the plates together, place strips of
cardboard between them and tie with cord
to make it easy to handle them. A box
may be formed of plaster of paris or some
such material around the tops of the plates
and connecting strips, and very hot lead is
poured into the space between the plates
to weld them together. The pieces of
cardboard are then removed to allow the
electrolyte to circulate freely between the
plates.

The other element of the cell is made
of zinc. A plate of zinc about one-fourth
inch thick is best. The thicker and larger
the plate, the longer it will last and the
greater will be the capacty of the cell.
Amalgamate the zinc by cleaning with sul-
phuric acid and rubbing with mercury. A
binding post in the shape of a threaded
copper rod is fastened to it and a hook pro-
vided so that the whole may be readily re-
moved from the solution when the cell is
niot in use. A binding post should also be
mounted on the lead connecting strip of the
other element to facilitate connections.

An old hard rubber storage battery jar is
ideal for the container. These may be ob-
tained for the asking at most garages. If a
wooden box is constructed to hold the jar,
the latter will not be so easily broken.

The solution is made by pouring one
part of sulphuric acid into three or four
parts of water. If a higher internal resist-
ance is desired the solution may be made
weaker—if a lower resistance is wanted. it
may be made stronger in acid.

The constructor of this cell will be sur-
prised at its voltage and ampere-hour ca-
pacity. The voltage is around two and one-
half volts due to the use of the zinc elec-
trode, and currents of one to two hundred
ampercs may be obtained. If the zinc plate
is made large enough the batterey will fur-
nish “juice” until all the active material
on the positive plates is gone, when it will
have to be recharged. After it is charged.
thgdelectrol_vte should be renewed with fresh
acid.

When the cell is not in use the zinc should
be taken out of the solution. No action will
go on when it is removed and it may be left
out for an indefinite period and still be good
when it is desired to use the cell. An ordi-
nary storage battery would not stand such
treatment.

Three of these cells made and mounted
in a storage battery box, will form a battery
which is far superior to the regular storage
battery for intermittent use, and the voltage
of the battery will be somewhat higher.
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A School Made Telegraph

By CLypE E. VOLKERs

ONE day I happened to visit a school
where a lady teacher was attempting to
explain the principles of the electric tele-
graph to her class in science. She had noth-
ing to work with—no apparatus with the
exception of a few scraps of wire and two
or three old, dry cells which still had a little
“juice” left in them. The pupils could not
see an instrument in operation and did not
seem to understand it thoroughly.

We finally made a telegraph out of ma-
terial secured some place in the room.

First, a screw was removed from one of
the desks. (Ddon’t tell the school board. it
was returned.) This served as the core
of the magnet. A piece of paper was
wrapped around the screw and several feet
of the scraps of wire were connected and
wrapped around it. A strip of tin about
four inches long and a quarter of an inch
in width, was cut from an old tin fruit can
which some time or other had held a speci-
men that a youngster had brought in. This
was bent as shown in the illustration and
tied to the top of a cardboard box so that
the tin was in a horizontal position above
the screw which had been pushed into the
top of the box. One wire was connected to
the cells, the other was used as a key to
make a contact with the other terminal ot
the cells and to operate the sounder.

It is needless to say that those pupils
understood the electric telegraph and that
many made for themselves an instrument at
home.

PAPER ARUUND SCREW
.~ WIRE 10-20 TURNS

TIE TIN STIi}P IN PLACE

CARDBOARD BO ~ DRY CELLS

All you need to demonstrate the action of the
electric telegraph is a cardboard box, a wood
serew, a strip of tin, a few lengths of wire, &
dry cell, and ingenuity.

The Mystic Motor

By ArTuUr A. BLUMENFELD

THE arrangement of apparatus for the
“Mystic Motor” is as follows:

A bar magnet with its north pole point-
ing upwards is fastened to the bottom of
a wine glass with sealing wax. The top ot
the magnet should be level with the top of
the glass. Then fill the glass almost to the
top with mercury. Next build up a stand
of heavy wire and suspend from it a thin
wire so that it can move freely in all direc-
tions. Then attach a cork to the bottom of
the thin wire and place the stand over the
wine glass as shown in the illustration. The
thin wire must make contact with the mer-
cury in all positions. Then arrange another
wire so that it makes contact with the
mercury and the apparatus is ready.

Connect the positive end of a dry cell
or better still a few Daniel cells, arranged
in parallel, to the loose wire making con-
tact with the mercury, and connect the
negative end to the wire stand. The sus-
pended wire will then begin to turn about
the bar magnet and will do so as long as
current continues.

This is due to the lines of force around
the bar magnet and the thin wire.

By an expeciment similar to that illustrated
above Faraday discovered the principles of the
electric motor. Current passes through a wire
partly immersed in mercury and by reacting
with the fleld of the bar magnet causes the
wire to rotate sbout the latter.

Efficient Loud Speaker

N efficient, easily constructed loud

speaker for the amateur is illustrated
in the accompanying diagram. The prin-
ciple involved is that of a microphone relay
or sound intensifier. Excellent results were
secured by the writer with this loud speaker,
unusual tone volume with surprisingly little
distortion being obtained by careiul adjust-
ment,

The diaphragmm of a microphone trans-
mitter is removed and the transmitter is
then mounted with one 3,000-01um receiver
so that the transmitter button (C) is in con-
tact with the iron diaphragm (D) of the
receiver.  The pressure of the transmitter
button on the diaphragm may be varied by
the adjusting screw (A) until best results
are obtained. A battery of from two to
eight volts is in series with the microphone,
a rheostat to regulate the voltage. and one
side of a telephone transformer (T).

During the reception of audible signals
the vibration of the diaphragm (D) causes
a much greater vibration of the diaphragm
of the receiver (L), due to the larger
volume of current flowing through the mi-

E
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A-ADJUSTING SCw
C-TRANSMITTER

BUTTON
D-IRON DIAPHRAM
E- SPRING
L-H- BALOWIN S
PHONE AND HORN
R-RHEOSTAT P- PHONE
S-SWITCH T- TELEPHONE TRANS.

W-TRANSMITTER

The illustration shows an unusually efficient
form of a microphonic relay, The arrangement
simply provides for the combination of a 3000
ohm receiver with a transmitter button.
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crophone circuit. Loud speakers of a similar
nature have been suggested in which the dia-
phragm of the receiver is connected by a
metal rod or cord to the diaphragm of the
tran-mitter, but due to inertia losses the
resu.ts were usually disappointing. How-
ever, in the loud speaker here illustrated the
diaphragm is common to both receiver and
tran:mitter circuits, and a relay of a similar
nature has been successfully used by the
Marconi Company in transoceanic communi-
cation.

The only difficulty that may be experi-
enced is in initial adjustment, in which care
must be exercised not to create too much
pressure oi the transmitter button on the
diaphragm of the receiver which would
quench its vibration and produce a minimum
variation in the resistance of the microphone
circtit. The voltage should be increased
until the “fryving pouint” oi the microphone
is reached.

This loud speaker may be neatly mounted
in a cahinet, its appearance limited only by
the builder’s ingenuity and materials, and
it w-ll prove a valuable and creditable addi-
tion to any receiving set.

Contributed by Treopore E. KeLLER.

Simple Flasher for Christmas Tree
By R. H. Kasper

SIMPLE tfasher for the Christmas
tree can ecasily be made from an old
automobile commutator shell, and a motor
for driving the rotor. The rotor consists

Ar old automobile timer to which a system of
lights is connected, as illustrated, provides a
very simple and effective flasher for Christmas
tree lamps,

of a metal shait, the upper end of which
contains three slots (made by a hacksaw)
into which spring contacts oi copper or
brass are fastened. The whole assembly is
mounted on a box or board, a sleeve bear-
ing being supplied for the rotor shaft.

The wiring is done as shown. One side
of the lights is connected to a line which
goes to the battery or other source of cur-
rent The other side of the battery or
source of current is connected to a brush
of either spring brass or copper. which
makes contact with the rotor shaft. From
the four terminals of the shell, wires run
to the respective rows of lights.

Toough this arrangement permits the use
of only four rows of lights, the color com-
binations are more varied. There are
three brushes (spaced 120 degrees apart)
carrying current to four commutator seg-
memts (spaced 90 degrees apart), the con-
tacts made in this manner will produce an
ever changing array of color.
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Awards in the $50 Special Prize Contest

For Junior Electricians and Electrical Enqgineers

First Prize, $25
Aurelio Rivera,

I.. V. M., Hotel, 705!, King St.,
Seattle, Wash.

Second Prize, $15

Roscoe Betts,
Arcadia, Nebr.

Third Prize, $10

Philippe A. Judd,
1525 Tenth St.,
Portsmouth, Ohio

First Prize
Electric Glass Cutter

By AURELIE RIVERA
LASS cutters on the market today com-
prise a hard steel roller of small dia-
meter or else are the time-honored glazier’s

diamond fitted to suitable handles.
The illustration shows the construction of
an electrical glass cutter that has no respect
for thick glass plates. There is a heating

j % HOLE FOR
DOUBLE
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CARBON 7 BEND HERE

A piece of carbon from a flashlight battery
kept at incandescence is used to gut glass, A
small wet sponge follows after the incandescent
element.

element, C, made out of an old flashlight
carbon. It is fitted so that it will have an
edge. E shows its cross-section. It is
held in place by holders H, and H, H,
shows the construction of these holders. To
these holders, the terminals of a double
fleible cord that passes through the center
of the handle are connected. The slide, G.
is placed on the left side. It may be hard
wood or fibre.

The device works by virtue of the unequal
contraction of the heated glass upon sudden
cooling. As the cutter is drawn along, the
sponge, S, follows it and cools the path
which the red hot carbon leating element
has traversed.

Second Prize

Window Attraction
By Roscoe Berts

BAKELITE SHAFT

BAKELITE
/ DIsC

WIRE

TO TESLA CoIL

A disc which may be an old phonograph rec-
ord is turned by a motor, a bolt near its periph-
ery connected to the motor shaft, is a whirling
electrode. A Tesla coil dtischarge strikes across
and gives a beautiful effect.

HIS instrument consists of an insulat-
ing disc cut from bakelite, hard rubber.
glass or even cardboard (the former beinz
the best) mounted on a bakelite shaft which
in turn is connected to the shaft of a motor.
Near the edge of the disc is mounted a
small machine bolt or other metal electrode,
which is connected by a wire to the metal
shaft of the motor, these being the terminal
parts for one side of a high frequency cir-
cuit.

The other side of the H. I'. Circuit con-
sists of a stiff wire mounted in front of the
disc as shown.

It is intended that a high frequency spark
shall jump from the stationary electrode
to the bolt on the disc.

Whether the disc be rotated rapidly or
slowly, a very odd effect will be produced.

If several rotating clectrodes be placed
on the disc a “cone of fire” may be produced
or troboscopic effects may be devised.

Third Prize

Electric Dibrator
By PuiLippe Juop

The sectional view of an electric health vibra-
tor made from a discarded bell, Note the at-
tachment for handle on the right,

$50 IN PRIZES

A special prize cmtest 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 to make things electrical, new
electrical wrinkles and ideas that are
of henefit to the user of electricity, be
he a householder, business man, or in
a factory.

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

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

Address, Editor, Electrical I1'rinkle
Contest, in care of this publication.
Contest closes on the 15th of each
month of issue.

THE accompanying illustrations show the
metamorphosis of an old electrical bell
into a modern electric vibrator. The bell
should be one of the larger sizes, so that the
vibrator when assembled will be capable of
withstanding reasonably rough usage. The
bell is disassembled as only those parts nec-
essary for its actual movements, i.e., the

magnets, vibrating armature, and contacts,
are to be used in the vibrator.

Elevation of the vibrator, showing the dispo-
wition of parts; the handle is shown in part at
the left,

The shape and size of the wooden base,
Y, will depend upon the type and size of the
bell used. It should, however, be sufficiently
substantial to withstand the usage to which
it will be subjected. A handle, E, is fast-
cned to one end of the base, by means of a
large wood screw, from which the head
has been cut to form a shank.

Before assembling the parts on their new
hase, a hole is drilled and tapped in the
iree end of the armature, C, to tuke the
short, brass rod, B, which is threaded at
both ends. This shaft need not be over
214 inches long, its diameter, of course,
being controlled by the thickness of the
armature.

The wooden knob, A, serves as the appli-
cator of the instrument. Some of the
moulded bakclite knobs, such as on radio
apparatus, serve admirably for this pur-
puse.

The switch, D, is of the key type and
consists of a strip of v inch spring brass,
1% inch by 3 inches, fitted with contact points
and the applicator knob. It is so placed on
the back of the base as to be conveniently
operated by a slight pressure from the
thumb of the hand holding the instrument.

The vibrator may be operated with dry
cells, although a small step-down trans-
former in a 110v. A.C. line gives better
results. The instrument is used in the same
way that the commercial vibrators are, and.
it carefully constructed, will give as good
service as any of them.

DETAIL OF
VIBRATOR
ARMATURE

The vibrator and armature aperated by the
electro-magnet of the bell in order to Kive the
desired massage.
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What Some of Our Readers Say

0O1d Memories
I.ditor, EXPERIMENTER:

The second number of "THE EXPERIMENTER'
has been on the newsstands here for a couple of
weeks,

I have rcad both numbers of the new publica-
tion and it is just like meeting a long lost and
sadly missed friend.

It was away back in November, 1917, that |
purchased my first copy of the *[Electrical Erper’
menter”. 1 was a sophomore in high school then
and an cubryo radio hug,

None of us amateurs of those days ecan ever
forget how the old “F. E.” guided our destinies
in wireless when it looked as if Congressnuo,
Alexander was to have his way and we were ta he
~ilenced.

Thase years went fast and finally “our own”
magazine came out under a new name and hrought
with it a companion known as the ""Radio Ama-
teur News,” and how that new one grew!

But both could not take the place of the one
that had becn.

I drifted away from radio in 1921 in pursuit of
a higher education and became a licensed phar-
macist the next year.

And now comes the new “ExpErtMENTER” bring-
ing with it old memories of sharp cold nights
with the phones on your ears listening in on the
chatter of the lumber schooners plugging up and
down the coast, time from old *“NPG™ at Mare
Island and—oh, what's the use—you've heen
through it and you know the old days hefore C.AV,

Tue ExrErRIMENTER has come back and T'm go-
ing with the best magazine of its kind back te
the days of amateur radio,

In other words THE FxPERIMENTER could mot
be hetter and we are sure glad to have it back,

Sincerely yours,
Rarpyu W. Devoro,

A Young Chemist Is Our Ardent Reader
Lditor, EXPERIMENTER:

I have forgotten to write to you since the time
I sent my joke; page 397, Scientitic Humor, of Oct.
1924, "‘Science and Invention.” have received
the check of “only one dollar.”

A reporter of "Scicnce and Inzention.” 1 am also
an ardent reader of “Tue Exprertuexter.” T like
to “read’ and “’look aver™ something ahout science,
inventions and chemistry.

My brother and I have a Chemical “lab.”” of our
own. inclnding about fifty-three (53) chemical re-
agents, My hrother goes ta night textile, studving
Flementary Chemistry (2nd vear). So. now no
doubt, vou wonder (?) why we buy “Science and
Inrention” and “Tue EaPrriweNTFR™ magazines.
Yours truly.

Lestr: Karava.

Towell, Mass,

Thinks It It The Best Magazine He Has
Ever Read
Lditor, EXPERIMENTER:

The first issue of vour excellent publication has
been received and I think it is the hest magazine [
have ever read and [ am sure many other experi-
menters will say the same. Tt is the very thing
I have heen wishing and waiting for, hut please
don’t ruin it, by putting too many pictures in it.

On the enclosed voting coupon there are some
things which I have marked off, not hecause 1 do
not like them, but because 1 think they could bhetter
wive their space to something clse,

Very truly yours,

New Orleans, Ta. Wi, N, Teurr.

Hopes We Will Keep Up Our High Standard
LEditor, FXPERIMENTER:

T purchased one of the first editions of Tue Ex
reriMENTER and would fill out the voting coupon if
it were not placed where T would have to cut out
a radio hook-up diagram to get the coapon, That
will he my first criticism. All conpons and articles
for clipping should be placed where it will not he
nloc(wsury to cut out good reading matter to use
them,

Television is especially interesting and you can
help a great deal by telling all you know about it.

Keep such articles as practical hints and data on
building magnets coming and don’t hesitate to put
in the formulas. [ have books that waste a page
telling of a formula that is too deep for the average
student.  But T would rather have the formula and
advance to it than to go through life in ignorance.

Thanks for the detailed information on the Tesla
High Frequency Resonator.

Chemistry is one of the most valuable sciences in
the world so don’t slight it.

TJunior FExperimenter and
value and instructive.

In short 1 like the entire magazine and hope vou
will keep up the high standard and not hesitate
to include formulas and detailed information.

Very truly yours,
Arkansas City. Kansas. Artaus Horrann,

Elec-Tricks are of

A Problem From A
Reader

$10.00 Prize for Its Solution

The communication printed below
asks for the solution of a problem,
The diagram is supplied by the writer.
The ExprriMENTER offers ten dollars
gold as a prize for the best solution.
1f more than one reader solves it in
the same way and such is decided to
be the best way, a prize of ten dollars
will be given to each of the successiul
competitors.

The competition closes at 12 noon,

February 28, 1925,

Mr. 1. Gernsback,
Iditor EXPERIMENTER:

Sure am glad to see the EXprri-
MENTER back on the stands again, and
while I read your other magazines [
really did miss our little paper. Hope
the old readers will rally back and
support it again.

I have a little problem which may
not be of enough interest to publish.
so am enclosing stamps to the amount
of 25¢ for a mail reply. 1 operate
a machine which needs vanous atten-
tions within an hour. I would like to
have a bell ring when each operation
is completed, taking “time out” until
same is accomplished, then starting
machine up again, resetting bell cir-
cuit and starting clock again. I hope
the drawing is understandable and that
you can suggest some means of rigging
sanie un to use,

Crein MANNERS,

The Problem

Machine operation is completed, hand
tonches “stop” which closes bell eircuit. ring
ing bell, also same contact has stapped the
clock with magnet.

Operatar has opened  hell circuit,
stopping  hell ringing, and goes to
several nmenutes to accomplish.

Operatar is ready to start up again—
ctases bell circuit and open< clock circuit,
releasing magnet device,

FINE' BRUT! The bell starts ringing
hecau~e hand i~ still on stop and will con-
tinune tg ring for ¥4 minute or until hand
passes Ustop’’; ciock also refuces to start
for same rcason.

PROBLEM? Iow can clock circuit be
opened and closed so as to be readv for
next ~top, and how can hell circuit be apened
and partly closed again and ready for
Caop™* See illustration belose,

thus
work.

do

/S\NI TCH OR JACK

This is a suggestlon which tells how not to

it. Read our correspondent's query

see If you can do it for him.

and

Thinks We Couldn’t Have Made a Better
Change
LEdtor, EXPERIMENTER:

1 tlunk the magazine is tine and T do not believe
vou could have made a better change in the maga-
zine. It sure helps a student in laboratory and
experimental work.

. 1 am taking the “Electrical Engineering Course™
in the International Correspondence Schools, and
I have got a good many ideas from this magazine.

I prefer Electrical and Chemistry work Innt
radin articles in the magaizne will he p boost it
along with some.

Yours truly,

Ottamwa, lowa. LEsLIE THOMPSON,

“We Have Improved With Leaps and
Bounds”

Ld tor, EX¢eRIMENTER:

I think your magazine has improved with leaps
and hounds and T like it better than ““I’ractical Flec-
trics.” have not taken your magazine hecause [
never heard of it till a few weeks ago. Now 1 get
it ~cgularly every month,

Wishing you success,

Lanrence, Mass, NosLe G. Brace.

“Your Achievement”
Ed'tor, EXIERIMENTER:

1 cannot give your achievement too much praise,
Um!l 1 saw “Tue ExrexivesTter” 1 thought that
“Svience and Invention’ came as near mv ideal as
possible, but although I will patronize Scicnce and
Iniention, “Tue FxpertMENTER™ just “hlls the
bilL”  As T did not wish to cut my copy I have
plared my hallot helow, .

So you see I am wery much in faver of your
magazine,

. . Yours trul}{.
Lexzington, Kentucky. J. Ricarp Havnes.,

Signs Himself “A Loyal Reader”
Ed:tor, EXPERIMENTER:

Desiring to vote and yet not wanting to cut the
coupon out of my magazine, I'm sending my vote
by letter.

I've been reading "Practical Electrics” for a
tong time and have heen entering into your con-
tests, but when you decided to change the original
pol cy of the publication and add Chemistry and
Radio articles, 1 was overjoyed.

. T like all of the clectrical contests and the fic-
tior. stories bhut [ do think that we should have some
chemical contests <o as to create interest in that
hranch of experimentation. Try one and see if it
ts not very popular.

A loyal reader,

Clemson College, S. C. F. W Kixan,

Wind Electric Plants, Motors and Dynamos
Ldgor, EXPERIMENTER:

I am a _sulhcriher to your valued magazine and
vour decision to change the name and scope to
eml-race more subjects very good.

Will say that I have always been interested in
articles on wind clectric plants, construction of
motors and dvnamos, etc.

I lease accept my bhest wishes in getting the maga-
zine under the new name.

Yours truly,

Ballinger, Texas. E. L. Mika.

Could Not Praise It Too Highly

Fdrtor. EXPERIMENTER!

I got the first 1ssue of "Tue ExrertMENTER” to-
day, and it sure is a dandy. I am sure going to
take it all the time. 1 do not think one could praise
it too highly. T like the Chemical Experimenter
hest of the :{cpartnwnh. Keep it up and full of pep.

Yours for suceess,
Lo~ Animas, Colorado, Ravyoxp Tracy.

It Fills the Bill
Editor, EXPERIMENTER:

Just a lme to tell you that I certainlv like your
new publication, Tne ExreriMeENTER. U certainly
fills the Inll better than Seience and Invention, at
least with me.

I <aw the voting coupon, but instead of using it,
I am poing to tell you my opinions. [ don’t want
to say anything against any part or department of
the magazine, for they are all fine, and while some
may not interest me quite as much as others, still
the part that T don't care quite so much for may
he the only thing others like. So I will hold my
pea-e on dislikes. But as to my especial likes, Ex-
perimental Electrics, Experimental Chemistry, and
the general news section are my favorites,

1 also like your *Short Circuit’” department.
Some of the cartoons and verses are pretty good,
at ieast to one having had previous experiences
of that sort.

Yours for a better (still) ExPERIMFNTER.
Seattle, Wash. Careyi v \WEISS,




Magnetic Screw Driver

A dry cell and electromagnet are mounted in-
wlde the handle of the serew driver, The pres-
sure of a button on the handle closes the elec-
trical circuit and energizes the coil which ren-

ders the serew driver blade magnetic. By re-
leasing the button the screws retained by the
serew driver ceases to adhere.

Patent No. 1,516,042 issued to H. R. Hines,
Warsaw, Ind.

Radio Receiver Ear-Cushion

No radio fan who listens in with earphones
need suffer from swollen ears any longer. The
ear-cushion shown above made of soft, spongy
rubber and easily mounted on the receiver en-
tirely eliminates the objectionable pressure of
hard rubbr earphones.

Patent No, 1,514,152 issued to Hugo Gerns-
back, New York City.

Radio-Phonograph

Ry means of an ingenious combination of a
phonograph and a radlo phone receiver an
Inventor constructs the radio phonograph
which, while making a permanent record of
incoming messages, renders these mossages
immediately audible through the horn of the
phonograplh. To repeat a message the radio
phone receiver Is disconnected from the cir-
cuit and the phonograph set in operation.

Patent 1,508,726 issved to 1. Shapiro, Denver,
Colorado,

Vacuum Tube Chronometer

In the grid and plate circuit of an oncillating

vacuum tube two coils mounted on the same
core are connected, The coils actuate the es-
capement wheel of a clock whose regularity Is
thus assured by the constancy of oscillatlon In
the tube.

Patent No. 1.574.751 lsaned to P. 1.
Fast Orange, N, J.

Wold,

Since due to local action many dry cells de-
teriorate even bhefore they are sold, an inventor
proposes a battery whose zine or negative ele-
ment is sold separately and inserted Into the
cell when the latter is pnt Into service. The
illustration shows the separate cell and zine
element and the two assembled together,

Patent No, 1,515,652 issned to H. F. French
and K. C. Venner, Fremont, Ohio.

Electric Water Heater

The novel electric water heater illustrated
above is extremely simple. It consists of &
rigid insulator cylinder which contains a
heating resistance, and which terminates In
a standard male thread fitting an ordinary
lamp socket. 1f the heater is used on the
table it ean be connected to a Jistant lamp
socket by means of an extension cord.

Patent 1,504,944 issued to N, E. Cook, Lin-
coln, Nehraska.

Electric Cigar l.ighter

A coil of wire is heated to incandescence by a
current condnceted by a wire on a drum. The
drum, by means of a rack and pinion, 1s con-
trolled by a dash pot. The cigar lighter when
withdrawn unwinds the wire and lifting the
shield which protects the coil completes the cir-
cuit and the lighter ls heated. After release,
the drum slowly winds the wire up,

Patent No, 1,616,255 1ssued to G. J. Fogel, and
D. Damberg, Seattle, Wash.

T he Experimenter for February, 1925

Latest Elecirical Patents

A Non-Deteriorating Dry Cell A Compact Detector

This detector whose construction 18 evident
from the cross-sectional drawing above, s very
rigidly constructed, and provided with the
usual means for delicately adjusting the deteo-
tor, Its appearance as well as its mounting
resemblen that of the ordinary cartridge fuse,

1’atent No. 1,515,994 1ssued to A, W, Bowman,
Winthrop, Mass.

Combination Fan and Heater

A heating coil mounted on the frame work In
front of the fan blades and supplied from the
same source as the fan motor converta the elec-
trlc fan Into an electric heater, The fan bladen
serve as heat reflectors.

Patent No. 1,515,731 lssued to E, P, Cole,
Chleago, 1)

A Pillow Telephone

People confined to their beds who cannot bear
the pressure of the regular phones agalnst the
ears will find a welcome relief In this pillow
telephone which enables them to listen to radio
or ordinary telephone conversation in a reclin-
ing position,

Patent No. 1,513,467 issued to Charles Henry
Draving, I'hila, I’n,

Wire Connector

This device offers a ready means for making
connections to circult terminals or to any part
of a conductor. A pair of wire tongs normally
distended are clamped aronnd the conductor
when the insulating tube 1s slipped over the
tongs. Connection ean be made to live wlires
without danger,

Patent No. 1,615,860 lssued to Alonzo Howard,

Chleago, 11l
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T 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
Y will be instructive too. There is a monthly prize of $3.00 for the best idea on “short-circuits.”” Lo ok 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!

]

55
{p:mlﬁ”"' / d

mlllmm

_X\

2

Beneath this ground This stone marks the grave Cold is this tomb
Lies Daniel McBright Of Fireman Bett Of Sandy Mchx
He put in a fuse He jerked a wire Whose shears snipped
Without a light. While his feet were wet A wire for a vine.

- ELECTRICITY IN GROUND NEAR
3 ey WASHING MACHINE KILLS TWO |
%'y"ﬁﬁ% /”//lf/ . . GLEN LYNNXN. Va. Juig 12--l'awer
%{///, /// %”"- ag!|fu) eectrie current Hhe
k % Y, 7 7 a fEoaked ground aronml a w
’ /fg r|ichine caused the dealh of 1w per '

v/ %

/7, / “ r.ilsons and <erlona infury of two others
v/ i/ 4 ol
%, 7

‘U{lon the furm of Jawrws A Davis near |
47 "libere reaterday. The dead nte NMis (g
yeay old

\,//// ] ‘ ¢ : James A. Davis and ber 17 )

;, ison, Eddle, !

| Bov, 10, KILLED ,
BY LIVE WIRE !

Ochkosh. Neb.,,. Juhe 9.—Ted
Koouse, 10, was Iastantly killed
here Saturday aftsydaen when he |
ran into a “live” eleefric light wire ||
that had blown down in a storm.
The wire was hanglng close 10 the
ground, At ‘the coroner’s exami.

{ oatlon the ceath of the boy was |
rt held accidenta),

RAT SHORT CIRCUITS ALBANY
LIGHTS

Albany, Nov. 1la-A hungry, Inquisi-
t, tive gray rat turned a part of the City
r|of Albany back half a century here the
w  other night. Besrching through one
of - the electric light sub-stations for |
n Isomeihing to eat, the rodent staited |
to| gnawing on a high tension cable in-
Nev [ sulation. - Boon the mnimal hit the
d | cable itself. Resuit: Candle light and
rin dead rat,

"| FISHER ELECTROCUTED

b

W

.

N Ro‘cwk:i::n?shli.nﬁ OByeztze:iquSg:r he B th thi d
’ § =L, rday, - neath thi
This grave was made 10} ley Hnrowitzly of 07 Avenue B, | eI o s soF -
For Izaak Von Snod td,Manhattan. touched an electric S ,germ ’!‘ r,]c L
Whose steel fish pole wire and was electrocuted. Who. with wire kite line

Formed a lightning rod.

Did Franklin’s trick.
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4. This department does not answer questions by mail free of charge.

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

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

>

T .
'1‘ H1S department is conducted for the benefit of everyone interested in cleetricity in all its phases. \We are glad to answer questions for the benefit
of all, but necessarily can only publish such matter as interests the majority of readers.

1. Not more than three questions can be answered for each correspondent.
2. Write on only one side of the paper; all matter should be typewritten, or clse written in ink. No attention can be paid to penciled letters,

¢ ns n The Editor will, however, be glad to answer special questions at the rate of
On questinns entailing research work. intricate calculations, patent research work, etc., a special charge will be made.

Correspondents

Frequency Transformers

(492) H. I. Lever, New York City, asks:
Q. 1. What arc frequency transformers?
A. 1. Frequency transformers as the name
indicates are devices for changing the fre-
quencies of electrical currents. There are
numerous types of such machines, but two
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FREQUENCY - F

Two transformers connected as shown above
will supply a secondary current of three times
the frequeney of the primary current. The
secondary circuit is tuned to improve the
operation,

general classes may be distinguished: 1. Dy-
namic and static frequency transformers,
One cxample of the former class is the
familiar induction motor, A current of a
certain frequency is sent through the stator
of such a machine and an electromotive force
of a lower frequency is induced in the rotor.
By varying the speed of the rotor the fre-
quency of the secondary current is varied.

The second type of frequency transformer
is of greater interest to the amateur. One
form of it is illustrated in the accompanying
diagram.  When an alternating current is
sent through the primary of a transformer
the secondury current will show the presence
of a strong third harmonic.  The sccondary
currents will have different wave forms
depending on the intensity of the magnetizing
force on the core of the transformer. By
opposing the currents due to a weak magnet-
izing force to those due to a strong one, the
third harmonic is accentuated.

Thus in the figure the primary of trans-
former 1 is wound with a few turns while
that of 2 is wound with more turns and the
secondaries are so wound and connected that
the currents of the fundamental frequency
annul each other, leaving only the currents
of the third harmonic. The secondary cir-
cuit is tuned to this third harmonic in radio
work. By this mecans energy supplied to the
primary side with a 10,000 cycle current will
induce a 30,000 cycle current in the secondary
circuit.

Electronic Conduction

(493) Paul York City,
writes :

Q. 1. Will you pleasec explain the elec-
tron theory of metallic conduction.

A. 1. According to the electron theory
electricity is corpuscular in nature. That
is, it consists of small indivisible charges

Weiss, New

-

called electrons.  All atoms contain such
electrons bound to a central nucleus. In
metals, however, there are large quantities
of such charges or clectrons freely roaming
through the spaces between the atoms. The
motion of theses electrons is normally irreg-
ular, but if a difference of potential is
established between two points of a metallic
conductor an electric force will be exerted
on all electrons between these points, and
under the influence of this electric field
these electrons acquire a component of veloc-
ity in the direction of the electric force.
The result will be a flow in one direction of
these electrons.  The electrons being nega-
tively charged their flow in one direction
will constitute an electric current in the op-
posite direction.

Electrical Resonance

(494) Mr. Michael Nadel, Toronto, Can-
ada, asks:

Q. 1. What is meant by electrical reson-
ance?

A. 1. That condition in an alternating cur-
rent circuit in which the capacitive reactance
1s exactly equal to the inductive reactance
is designated as resonance.  Reactance is a
property of A.C. circuits which opposes the
flow of current without causing loss of
energy.  While the resistance of a circuit
canses a loss of power, reactance mercly
stores this energy in one instant and returns
it to the source in the next. Thus reactance
periodically accumulates and discharges en-
ergy. Inductive coils and condensers have
large reactances and when such apparatus
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A tuned aerial civcwit is in electrical series
resonanee with the oscillutions received by it.
In this condition the reactance of the tuning
coil L. and that of the antenna capacity neu-
trulize each other and thus reduce the imped-
ance of the antenna circuit to a minimum for
the frequency for which it ix tuned,

is included in a circuit the latter is said to
be reactive.

Inductive reactance increases in proportion
as the frequencyy of the current increases,
while capacitive reactance decreases in pro-
portion as the frequency is increased. There-
fore for any circuit with capacity and induct-
ance (as a radio tuning circuit) there is some
value of frequency for which the capacitive
and inductive reactances are exactly cqual.
This is the resonant frequency of the circuit.
Now, inductive and capacitive reactances

are opposite in tendency to resist the cur-
rent, and in a resonant circuit, therefore,
they annul each other. The reactance of a
resonant circuit is, then, zero and the current
is himited only by the resistance.

Resonance is directly involved in the tun-
ing of a radio circuit. The operator merely
varies the inductive and capacitive react-
ance until the circuit is in resonance for the
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A case of parallel resonance is illustrated by
the circuit (2 L2. The peculiarity of such cir-
cuit is that when tuned to resonance for a cer-
tain frequency its impedance to currents of
thaut frequency becomes intinite and theoretic-
ally no current of that frequeney can pass
through the circnit. This characteristic ren-
ders such circuits useful in eliminating inter-
ference of a particular wave-length.

frequency of the oscillations emitted by the
transmitting station which the operator de-
sires to “pick up”.

Q. 2. What are series and parallel reson-
ances?

A. 2. These are merely the resonances ob-
taining in series and a parallel circuits, re-
spectively.  Fig. 1 indicates a case of series
resonance. It represents the antenna cir-
cuit of a radio receiving station, the circuit
being completely by the capacity of the an-
tenna with respect to the ground. The radio
waves induce an emf. into the antenna but
the reactance of the circuit being very high,
no appreciable current flows through the cir-
cuit. The operator now tunes the circuit
by adjusting the coil L until maximum loud-
ness of the signal is obtained. At this point
the inductive reactance is exactly equal to
the capacitive reactance. and resonance is
established.

In Fig. 2 a parallel ecircuit containing
inductance and capacity in the respective
branches is shown. We saw that in series
circuits the current is maximum when the
circuit is resonant to the frequency of the
current considered. In parallel circuits,
however, resonance to any frequency will
reduce all currents of that frequency to
zero. Thus in Fig. 2, if the parallel circuit
C.lL., is tuned to resonance to waves of 300
meters, that is to a frequency 10,000,000
cycles per second, no current of that fre-
quency can pass through the antenna circuit.
So that by the arrangement shown, any
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undesirable wave-lengths can be cut out.
‘This circuit is especially useful where it
is desired to eliminate interference irom
poweriul local stations. The circuit C,L, is
wmed to the wave-length of this station and
then the antenna circuit is tuned by means of
1., to any desired frequency without inter-
ference from the local stations.

Nickeling Without Battery

(493)—P. R, Cook, Williams, .\riz., asks:

(). 1.—Please give full details for nickel
plating without a battery.

A. l.—Nickeling without battery can only
be applied to metals susceptible of replacing
nickel in its solutions.

The surface of the object to be nickeled
is cleaned in dilute hydrochloric or sulphuric
acid and rinsed off in pure water. The bath
is made by mixing one part oi commercial
zinc chloride at 48 degrees B. and two parts
of a solution of double nickel-ammonium
sulphate saturated in the cold. DBring the
liquid to ebullition and immerse in it the
object on a zinc hook, and leave for about
hati an hour.

Work vs. Force in the Electro-
magnet

(494)—H. B, Manhattan, N, Y., asks:

(). 1.—Does a current passing through the
coils of an electromagnet, the latter sustain-
ing a weight. do any work?

A. 1.—"Doing work” is a commonly used
expression for exerting energy, LEnergy is
the product of coulombs by volts (in prac-
tical electric units) and the rate of expendi-
ture of energy is expressed in volt-amperes,
which are watts. The watts expended in the
magnet coils are not affected by the core of
the armature or attraction for and sustaining
of the armature. If the circuit of the maguet
coils were of no resistance, no power would
be expended orn it and it would still energize
the magnet. We quote from our contempo-
rary, the Electrical Review of London:

“The difficulty encountered by our corre-
spondent is due to the nature oi clectro-mag-
nectic pull and its resemblance to muscylar
pull. It is almost as wearing to hold up a bag
of flour as it is to lift it, and the clectromag-
net consumes power, from the electric circuit,
while maintaining its pull without lifting.
et him translate the problem into a ‘perma-
nent magnet” pull and then he will see that
‘work’ is done only during the movement of
his plunger. [f he winds his pole pieces with
wire connected to a galvanometer he wijl
ohserve a swing during cach movement of
his plunger, although no buttery he in cir-
cuit. A similar action takes place in the
clectromagnet, giving rise to an clectromo-
tive force opposed to the battery during
inward motion of his plunger. The battery’s
cffort to overcome this small c.mi. is the
only useful work done by the battery—after
it has established the magnetic flux equiva-
lent to that of a permanent stecl magnet. In
pulling out the plunger, he will send a cur-
rent in the reverse direction through the coils
—assisting the battery.”

Storage Battery Plates
(495)—Robert B. Bridge. Bartlett, Texas,

asks:

Q). 1.—T have some lead grids for radio
“B"” batteries which necd new paste in them.
Can the active element be removed from new
or serviceable lead battery plates and made
into_paste to fill lead grids of another bat-

In treating new plates with
active material it is necessary to scrape the
plates perfectly clean, after which the paste
is applied. The paste then sets, becoming
very hard and brittle and securely adhering

to the lead plates. This hardened active
material, if removed, will be in powdery
form and cannot be made again into a work-
able paste. New active material should be
nsed m forming the plates of your batteries.
Then the paste will set like plaster of Paris.

Q). 2—\hat are the ingredients and pro-
portions of cach constituent ior use in mak-
ing active material for the positive and nega-
tive plates of a lead storage battery?

A, 2—You will need a quantity of red
lead (Pb,0),), a quantity of lithcrage, or vel-
low oxide of lead (P’hO), sulphuric acid
and distilled water. The positive plates are
filled with a thick paste, made up oi red
lead and sulphuric acid, diluted with dis-
tilled water beforehand to a specific gravity
of 1.275. The red lead paste, which will be
a dull red color, should be oi such consist-
ency as to spread smoothly into all the inter-
stices of the grids so that they will be uni-
formly filled, and smooth on hot sides. The
level of the paste should not be higher than
the surrounding ribs.  As cach grid is filled
set it carcefully aside to harden.

The negazive plates are made in exactly
the same way, except that the paste used is
made up of litharge and clectrolyvte.  This
paste is a bright vellow in color. Only a
small quantity of each paste, about enough
for one plaze, should be made at one time,
as it harders quickly like plasier o1 Paris,
as said above, and must be used quickly.
The assembled batteries should be charged at
normal rate for 20 or 30 hours to form the
plates. A\ more detailed description appeared
in the May, 1922, issue of this magazine.

Dual Telephone

(496)—B. G. Reiss, Pittsburgh, Pa., asks:
Q. 1.—Is there any way in which I can
connect the receiving end of two telephones
into one telephone receiver and use hoth

5!

/ ~— BRASS TUBE
HOLE TO FIT RECEIVER CAP

Iow to make two telephoane receivers do your
work; a headphone or even a full head~et may
be u~ed in connection therewith.

telephones at the same time?  Tn other words,
I want to read news items over both phones
to two partics at the same time, and if either
party misses a word 1 want him to say he
missed it sn that | can repeat and then pro-
ceed with the message. While reading these
messages 1| must have one hand and one ear
irce.

A L—Although it would e possible )
interconnect the two phones to one receiver,
we do not advise tampering with the in-tru-
ments.  In oour illustrations we show a <'n-
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ple accessory that may suit your require-
ments. A wooden block of the dimensions
shown is cut out and drilled with holes as
shown. It will be necessary to make the
block in two parts in order to drill the
proper holes. The two large circfes indi-
cate recesses in which the receivers are
placed.

The other holes conduct the sound to a
rubber tube that is attached to the block by
means of a brass tube tightly fitted in the
fromt hole. .\lthough an ordinary stetho-
scope may be used, if vou require one ear
frec an ordinary rubber tube with an en-
larged opening will suffice.  With this ar-
ranzement it is simply necessary to place
the two receivers of the telephones on the
ol block. which will enable sounds from
both receivers to be heard through the one
rubber tube, and the operator can talk into
hota microphones at once so that both parties
can hear. Thus no changes are required in
the telephones and either can be used inde-
pen lently.

Spectrum of X-rays

(497)—T. «Golden. New York City, asks:

(2. 1.—What iv meant by an N-ray spec-
trograph?

A. l.—X-rays ar¢ of different wave-
lengths, depending on the amount of energy
expended in their emission in the X-ray tube.
W. 1L Bragg, an English physicist, has de-
vised a means for the separation of a com-
plex X-ray beam into its elements of vari-
ous wave-lengths, in a manner similar to
that used in ordinary spectroscopy. The
X-rays being of extremely short wave-length
tould not be diffracted by the ordinary dif-
fraction grating. Diffraction gratings are
glass plates engraved with a very large num-
ber of delicate lines. sometimes more than
2,000 per inch, which when light passes
through them produce effects similar to that
occasioned by the ordinary prism. Since no
grating could be made fine enough to satisfy
the requirements of N-rays rcecourse was
had to the “natural grating” in crystals. The
very regular arrangement of the atoms in
the maolecules in a crystal made the X-ray
spectrometer possible.  The X-ray impinging
on an atom is reflected. By using the proper
angle of incidence the rays reflected from
vasious atoms in the crystal could be made
to re-enforce, the direction of this re-enforce-

ment being  different for different wave-
lenezths.  In other words, the X-ray spec-

trometer by altering the position of the crys-
tal with reference to the incident beam of
X-rays measures the angle of reflection cor-
responding to the various components of the
beam. The wave-lengths are then obtained
from this data by computation.

Corona Discharge

1498y —T. Finck, New York City, asks:

). 1.—What is the cause of corona dis-
charge?

A. L.—Due to the radio-active substances
normally present in the crust of the earth,
the atmosphere contains a small quantity of
ior s.  Normally these ions perform an irreg-
ular motion, but are not present in sufficient
quantity to render the.air conductive. When
a high potential is applied to a transmission
lite a poweriul electrostatic field is set up
between the line and the ground return. This
ficld accelerates the ion and imparts to it a
ereat kinetic energy. Upon colliding with
a molecule the ion gives up some of this
energy to the latter, and in consequence the
molecule itself becomes charged and is
brought under the influence of the electric
t.eld.  The number of ions in the air thus
becomes multiplied (a process called joniza-
tion by collision), and if the field is strong
cenouch a density of ionization is reached
which will cause a true definite ionization
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current to flow. The result is a loss of
energy from the transmission system. Ii
the line potential is raised. a subdued violet
glow will appear at the surface of the trans-
mission line. This is the corona.

Q. 2. Why is the glow limited to the
immediate vicinity of the line?

A. 2. The glow occurs where the density
of ionization is greatest. and this in turn
is at the place where the potential gradient
is a maximum. The potential gradient be-
tween two conductors is maximum at the
surface of the conductors and becomes zero
half way between them.

Foucault Currents
(499)

asks:

Q. 1. What is meant by Foucault cur.
rents?

A. 1. Foucault currents are more gener-
ally known as eddy currents. These are cur-
rents due to electromotive forces induced in
conductors and circulating or eddying ofiten
inside the material of the iron cores of mag-
nets or armatures without supplyving the
main circuit with power. They are present
in all electrical apparatus operating on al-
ternating currents and are especiallyy impor-
tant in transformers and alternators. In
these machines the eddy currentts are in-
duced in the iron pole pieces, yokes aul
transformer cores, causing an increase in
the temperature of the machines as a re-
sult of electrical energy converted into
heat energy by these local currents. It is
to reduce this harmiul effect that the mag-
netic circuits of such machines are made up
of laminated iron. The laminations reduce
the path of the eddy currents and thus com-
siderably reduce the heating resulting from
them.

Q. 2. Are these currents of practical use?

A. 2. Eddy currents have found important
application in the high-frequency furnace.
In these furnaces the material to be heated.
if non-conducting, is placed in a crucible
made of some conducting material such as
graphite. The crucible is surrounded by a
large coil through which rapidly alternating.
that is, high-frequency currents circulate.
These currents induce in the crucible very
large eddy currents which cause the cru-
cible to heat up. Temperatures of a very
high degre can be achieved in this man-
ner. If the material to be heated is a con-
ductor, such as iron or copper, a crucible of
non-conducting material is used. The Fou-
cault currents in the contents of the crucible
doing the heating.

Eliseo Vivas, Caracas, Venezuela,

Chemical Nomenclature Potassium

Bichromate
(500) John Zerega, Pottsville, Pa.,
asks:
Q. 1. Why is potassium bichromate so
called? It seems to me that a title of that

name, containing two anhydrides of chro-
mium trioxide, should have hydrogen in it
of two hydroxyl radicals, just as sodium bi-
sulphite has an atom of hydrogen to justify
its title of bisulphate.

A. 1. In chemistry there are a certain
number of terms justified by long usage
which are not absolutely correct. such as
carbonic oxide, often used for carbon mon-
oxide, while carbonic acid gas is never called
carbonic oxide, although that would be its
strictly correct name.

In its chemical relations, chromium tri-
oxide, which figures as an anhydride of an
acid, seems to have little or no affinity for
water. In potassium bichromate there are
represented two chromic actl anhydrides:
each of them is dvadic. So we should antici-
pate finding the equivalent of four monad
atoms in it, two of hvdrogen. The absence
of hydrogen occasions a certain amount of

incorrectness in the name of bichromate.
The formula which the name potassium bi-
chromate indicates should be K H Cr O,—
but like the boy and the elephant, “there
ain’t no such animal.”

A Test Question

IFrom our German contemporary Radio we
translated the following:

The following example presupposes famil-
iarity with Ohm’s laws. The combined re-
sistance oif a number of individual resistances
in circuit with each other we know is equal
to the sum of their resistances. with the
reciprocal of the sum of the reciprocals of
the resistances of parallel conductors gives
the resistance oi them all combined.

In the figure given here a cube is outlined
by conductors and cach side is equal to the
other in all respects. Each side line has a
resistance of one ohm.  The question now is
to determine what the resistance between
(A) and (B) is. Simple as the example
~eems in attempting to calculate it one will
come upon very considerable dithculties and
it would be very interesting tu us to receive
information as to experiences with this cal-
culation by our readers.

| . o

3
5

This is a difficult problem simple as it looks.
The bogey i» three hours.

Producing Ammonia from
the Air

(Continued from page 231)

are seen as solids. thus showing in a tan-
mble form a solid salt obtained from the
colorless and invisible air.

In case powdered aluminum is used in-
stead of the magnesium the {following
changes in the above process must be ob-
served. The powdered metal must be thor-
oughly mixed with 1/15 of its weight of
powdered charcoal or lamp black and packed
into a crucible as before, care being taken
to fit the lid firmly on. The crucible must
be heated more strongly than before, best
to a good red heat.

When the crucible and its contents are
red hot, the mixture in the crucible is
ignited by directing a blowpipe flame on
the top of the substances. The mixture will
ignite and glow strongly throughout. The
crucible and its contents are then cooled,
broken up and mixed with sand as before.
Instead ‘of using water to free the am-
monia, as when magnesium was used. a 20%
solution of caustic soda is employed in the
dropping funnel. The contents of the flask
are boiled in this case to obtain a good
flow of ammonia gas. The solutions in
the absorption bottles are then examined as
before.

While magnesium gives the most satis-
factory results in this experiment both
methods are sure to work if all directions
are carefully followed and cannot fail to
give satisfactory and instructive results.

The production of ammonia from the air-
is more properly termed the fixation of
atmospheéric nitrogen.
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Tuned Radio Frequency
Circuits
(Continued from page 244)

Resistance Coupled Tuned RF Circuit

Resistance coupled amplifiers at  wave-
lengths below 000 meters give very poor
results, but il we use a tuned circuit in
place of the usual grid leaks, much better
results are obtained. Such a circuit is de-
picted at lYig. 8. The variable resistances
may be variable grid leaks. They should
be adjusted so that the circuit does not oscil-
late at any wave-length. This circuit has
naot been fully developed as vet, but it has
promising possibilities.

Tuned Reflex Circuit

I“ig. 9 shows an experimental circuit that
combines tuned radio frequency amplifica
tion, regeneration, detection and audio am-
plification. The first RF transformer may
be the one shown at B, Fig. 10. The <econd
one may be any standard low-loss three
circuit tuner having primary, secondary anct
tickler windings. The secondary is tapped
as shown. An audio transformer is used tor
reflexing the audio currents into the secont
ube.  Loud speaker results are obtained from
th's circuit.

Experimental Detector and Two
Stage Amplifier

(Continued from page 232)

in its circuit, until very soon a condition of
equilibrium is attained and a constant plate
current flows. Under ordinary conditions,
the turning on of the filament current will
cause the set to start oscillating, without
touching any other controls.

The greatest cause of burnt-out filaments
can be attributed to excessive filament cur-
rent. All standard tubes are rated accord-
ing to their filament voltage and current,
these values affording maximum output and
life at the same time allowing a wide fac-
tor of safety. During operation, the fila-
ment is constantly getting thinner, so that
its resistance increases. This increase of re-
sistance automatically decreases the filament
current. Again, the rate of electronic migra-
tion from the filament depends directly on
the temperature of the filament which in
turn depends on the current. Since the cur-
rent has decreased, the rate of this electronic
migration also decreases, and our tubs may
stop oscillating or may do so at a different
frequency. I[f we leave the rheostat alone,
cur signals become weak and the next im-
pulse is to boost the current by decreasin:
the resistance. By so doing, the tempera-
ture of the filament attains the previou.
value, but since the size of the filament ha-
decreased, the actual number of electrons
leaving the filament decreases appreciably.
Thus it becomes again necessary to in-
crease the filament current still higher by
increasing the voltage. But by this means.
we endanger the life of the tube. The most
feasible way of overcoming this obstacle is
to raise the plate voltage slightly, accord-
ing to the best value that the characteristic
curve affords. It is thus best to operate the
filament at constant voltage. Above this
constant value, a slight increase in pntential
boosting the current in direct proportion.
causes a very marked increase in filamenr
volatilization or disintegration and the fila-
ment will bhe placed in a very precarious
condition. After a 10 per cent. reduction
in diameter of the filament, the life of a
tube is practically over.
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The Ark of the Covenant

“Possibly. The only concrete thing about
it is the cabin—which might be the gondola
of a dirigible.”

“And the blue wall, Jimmy—the blue
wall? Some effect of alcohol on the eyes,
maybe ?"'

“Maybe,” I agreed. *“Unless—unless what
he saw was the side of the airship—"

“Could an airship venture so low?”

“How can I tell, Dan? [If the crooks
came out of an airship at all, it would be
less likely to be spotted if it came as low
as possible over the area of operations,
where all the inhabitants were unconscious.
The higher it remained. the wider the field
from which it was visible. You've got to
remember that the Metallurgical is only a
little less high than the Woolworth, and that
the few overhead cables still in existence are
well under roof height. Say vour supposed
airship had a width of just under thirty
metres — there’s nothing to stop it from
nestling in Broadway.”

Dan let out a chuckle.

“Columbus'® This is deep stuff, Jimmy.
We'll have to do a lot of sleuthing before
we're through.”

“T'll tell vou what, Dan. I'm going to get
Dick Schuyler on the phone, and ask him
to join us tonight at Hazeldene. With the
old man and Milliken we'll have a fine old
council of war—a regular powwow.”

“Has Dickie any sense?”

“You bet you,” said 1. “Dickie not only
has sense, but he knows more about lighter-
than-air machines than I do. I don’t favor
that sort of flying at all.”

In the Chemist’'s Laboratory

When we arrived at Dan’s laboratory, he
went off to see his research merchants who
had been working on the tarnished gold.
I didn't go with him, being on the phone
to Dick Schuyler. I was lucky enough to
fd my man at home with his squadron,
and he fell in with the idea of joining the
party at Hazeldene.

“I'd like to come across on your new bus,
Jimmy,” he said, “but I'm on duty again
at five in the morning. ['ll fly over on my
own bus if vou can berth her for me.”

“Tons of room, Dick,” I told him.

“\When do you start for Iazeldene?”

“At seven from the Battery stage.”

“Right,” said he. “I'll start with you.”

“Very well, old son,” [ said. “We'll wait
for vou at the other end”

I heard a splutter come over the phone.

“Now what the devil do you mean by
that, Jimmy Boon?" Dick demanded. I
have to inform vou that my bus is the
quickest thing in the service.”

“Can she do five hundred per?” I asked
casually.

“Good Lord!" he yelled. “Can the Mer-
lin?"

“Start at seven and see for yourself,”
said 1, and rung off.

Dan came back just then, but had no
discovery to report.

“My fellows are in the air,” he said. “That
locket and coin of yours have got them
going. There seems to be the faintest trace
of radio-activity filming the gold, but they
have not determined what it is yet. [I've
indicated new tests, and they'll work late
on them. The thing's a puzzle.”

He went off to pack a kit-bag, and while
I waited | ran through some newspapers
we had hought on the way up town. The
columns were crammed with talk of the rob-
bery, and it was evident that business was
badly jolted. Every paper spoke of the
“panic” on Wall Street, of the run on the
branches of the banks, and none of them

(Continued from page 235)

could make head or tail of the radium mys-
tery. Since the passing of the Personal
Liberty Laws, which restored to Americans
the right, among other things, to drink when
and where they liked, and what they liked,
the newspapers had not shown such scare
lines. But in all the mass ot written stuff
there was not a single helpful word.

The phone buzzer went, and I found my
father at the other end of the wire.

v

Lord Almeric Plauscarden of the Bank of
England

“Say—is that you, Jimmy? Your father

speaking. Is that new plane of yours up

to picking a passenger off a liner which is

now thirty-six hours away from Sandy
Hook ?”
“That'll be about fifteen hundred kilo-

metres away—eh?”

The old man swore.

“Durn your new-fangled measures son,”
he said. *“I make it nine hundred American
miles i

“Same thing. When do
to be in New York?”

WANTED

CLECTRICAL  articles on  auto-

mabiles, also electrical short-cuts,

kinks and handy turns ifor 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 L litor of Motor CAMPER AND
TovRrIsT requires, which are paid for
at the regular space rates.

In order to acquaint yourseli with
what is wanted secure a copy of the
magazine from your newsdealer. [If
he cannot supply you write for free
sunple copy to

Motor Camper & Tourist
53 Park Place New York City

vou want him

“Could vou land him at the Dattery at
ten to-morrow 2

“Yes. I can pick him—or acr—up in good
time for that.”

[ said ‘him,' Jimmy. lLord Almeric
Plauscarden, deputy governor oi the Bank
of England. it is. He's on the arnassic
due off Sandy Hook on Wednesday morn-
ing.”

“Right. I'll do it.”
“Thank you son. I'll radio him to expect
you—when?”

“Just hefore six to-morrow morning.”

“(Good. See you at the Battery pres-
ently.”

If the old man had patted me on the back
physically, he would have pleased me less.
There was something in the casual way he
had proposed the trip, a certainty of my
straight answer, that made me ieel good
and chesty. I'm sure if I had said no, he'd
have taken it as casually.

The feeling had not worn off when Dan
Lamont came back with a small kit-bag in
his hand.

“\What's the smug contentment ior, [im-
my?" he asked. “Have vou just heard that
the President has resigned anl that you've
been offered the joh?"

I told him, and his eves lightened up.

“Say. Jimmy.” he pleaded. like any ¥id,
“I'm coming with vou. old man—you're tak-
ing me with you, aren’t you?”

“It means starting about three in the
morning, Dan.”

“That doesn’t matter, Jimmy.
come along P

I said he could, and he danced a littl:
breakdown to show how pleased he was.
Din Lamont’'s an awiul kid in some ways,
fer all his high position in the scientific
world.
~We drove down to the Battery in good
time, and waited to see the Merlin come in.
Dan’s man drove the roadster away, anl
presently my father arrived. Dick Schuyler
had his seaplane moored a little way along,
and he waved his hand.

In a little time I spotted my bus like a
dot in the clouds, as Milliken came speeding
across Brooklyn, before turning north into
tte Upper Bay. He was flying good and
hlgh..:m(l to an outsider seemed to be over-
shooting the point for making a safe angle.

[ took a look out of the corner of my eye
a* Dickie Schuyler, and he was standing
un in the cockpit of his boat, yelling to at-
ttact my attention,

“What's the matter, Dickie?” I velled.

“That your boat?” ’

“Yes.”

“That fellow's going to crash her—to»
s‘eep an anglel”

I waved my hand serencly, and he droppe 1
back into his seat to watch, open-mouthed
I fancy he expected to see Milliken turn
!xack' or spiral to the right height for plan-
ing into the landing-place, but he stood up
to watch again when the Merlin began her
bovering flight down. .

My father touched my arm.

“That’s something new,
asked.

He just patted me on the shoulder.

The Merlin  touched the water about
twenty yards out, and taxied slowly up to
the jettv. The landing-stage crew turned
ier. and we all got aboard, Milliken giv-
iag up the pilot seat to me. [ waved my
hand to Dickie Schuyler to show that 1
was ready, and we both took off together.
In that particular flight we didn't go much
above four hundred kilometres per, but we
12t the police hoat well behind. In fact, the
Merlin was berthed and we were all on the
jetty waiting when Dickie landed.

“You've got some bus, Jimmy,” was all
he said at that time—but he had a lot to
say later on.

This projected trip out to the Parnassic
knocked my idea of making Milliken one
of the council of war clean on the head. |
micht have trusted another of my fellows
‘o go over the Merlin preparatory to th-
Hight, but I knew that Milliken would not
let anvone else do it. An extra gasoline tank
nad to be shipped and fixed with new con-
nections, and the job wanted a sure hand

Milliken promised that everything would
e ready by three o'clock. and picked oun
a2 squad of the more skilled mechanics to >
che work. He took it for granted that h-
would come with me on the flight, and |
knew that it would be useless to argue with
him, but he agreed to take a bit of sleep
when the job of fixing the extra tank w1.
well in hand. So T had to leave it at that

We had to let Dick Schuyler get off his
opinions of the Merlin at dinner before we
could fall to discussing the robberies se
riously.  And T am afraid that the dinner
was unduly prolonged heiore I satisfied his
curiosity by the aid of a whole thic*
pad of scribbling paper. The funny thin:
was that neither the banker nor the
man of science seemed to be bored by the
arguments. Dan and my father were as

I'd like tH

Jimmy?'  he
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keen as a mustard box.

When at length we had the Merlin thor-
oughly explained, we were ready for coffee
and other drinks in the smoking room, and
there Dan and 1 put forward our theory of
the robbery.

v

Discussing a Theory

“Pinkerton & Co..” said Dick. “I'm
pleased to meet you. [ often wondered who
vou were. Well, well—so you're only you,
after all!”

“Don’t
manded,

“Al, if you come to feasible—it's just
feasible, Mr. Pinkerton—or are you the
Co.?”

*] wish you'd quit kidding, Dickie,” I said.
“Do you consider the notion reasonable?”

“Reasonable? Mr, Pinkerton, !

Then Danny and I both set on him.

“I'll be good—1'll be very good!” he yelled
presently.  “Shur-rup, Jimmy! Stop it! I'll
be good!”

We let him go, and after telling us that
we were a couple of thugs, he became very
sound on weights and gases and hot air of
that sort. He had the latest statistics about
dirigibles at his finger-tips.

*1 think you may discount the Finn’s blue-
wall idea. It would be very dangerous for
a dirigible of any size worth talking about
to come down so near the buildings. On
a night like last night, with the wind there
was. there would always be a good deal of
drift, and a dirigible is not the sort of thing
vou can push away from a wall, as you do
a ship's boat from a quayside.

“I'm inclined to agree with you” Dick
went on, “that the Wall Street robberies are
linked up with the gasoline and store affairs
in Newark. The dope links them up. But
why drag in an airship to explain the pos-
sibility of the job being done by one gang—
to explain the need for the gasoline? 1 can’t
see an airship dropping down on Newark and
not being spotted. You've worked out that
one four-thcusand-kilo truck could handle
the gold?”

“That’s right,” I said.

“How far is the gasoline station from the
bay side?”

“Not far, but it stands on a canal run-
ning into Newark Bay.”

“That will do my business,” Dick said
triumphantly. “Suppose we just put a jolly
old motor-ship—not big—say about twenty
tons—alongside our nice little gasoline sta-
tion. On land, we have our four-thousand-

you think it's feasible?” 1 de-

[——

(Continued from page 273)

kilo truck. The motor-ship drifts down to
the gasoline station, and whangs in the dope
—gas, or whatever it is, then proceeds to run
a pipe up to the tank. It takes its fuel. In
the meantime the gang with the truck is
operating on Schomberg’s Stores,  When
that is done, the trucn moves off acruss the
Hudson by the Cortlandt Street erry, which
runs all night. [t drops its dope in Broad-
way and down Wall Street. The gang
bursts the bank and collects the goods, and
off out of the district to a private wharf.
say, on the Jersey City side of Newark Bay,
to where the jolly little motor-ship has
swum over. The little lugger is loaded with
the booty, and drops down either side of
Richmond—and there yvou are!™

“Now, do vou know,” said Dan Lamont,
“that's a very pretty story, Dickie—and very
well told, too!  But how do you get over
the fact that all the automobile engines
stopped in the doped district ?”

“Ours is a special automobile, ours is!
Maybe it's an electrically-driven truck

"It now appears,” my father interposed,
“that the street cars down Broadway were
stopped below Post Office Square. nobody
knows how.” .

We all turned to stare at him, for we
had almost forgotten his presence. he was
so silent. Dan was the first to recover.

“That washes out your electric truck.
Dickie,” he said.

“You can have your airship.”
“When you get

Dick said.
crooks that can dope a
whole district, stop automobiles and elec-
tric cars, spread stickfast, so to speak. on
all movement for two hours over an area
of a square kilometer—what's to prevent
them having an airship that can nestle down
on Broadway? Have your airship—but do
think tenderly of my little motor-luggage.
[ was so fond of it.”

The Cabin in the Air

“"What do -you think of it, Mr. Boon?”
Dan asked my father.
“l think the difficulty of concentrating,

and of getting away undetected. points to
an approach from an unexpected (uarter—
so | say the air. The Finn's dream is too
exact to be alcohol. It's simple. Just a
cabin coming down from the air—then a
blue wall—and some noises that to my lay-
man ear sound uncommonly like machinery.
No alcohol dream that. So I say the air.
Seems to me that whatever theory you try
to develop, you always get about half-way
with it.  But 1 have a hunch that the
solution will be found in the air. Dick
showed more surprise over Jimmy's new

seaplane than over the whole robbery,
W hy"’

"Because Jimmy has evolved a new prin-
ciple, sir,” said Dick.

“Well, Jimmy hasn’t got the monopoly of
brains in the world. Maybe somebody's
evolved a new principle for dirigibles,” said
the old man, “I'm going to have one more
drink. Then I'm going to bed. And if for
once I may play the heavy father, I'll ad-
vise yvou all to do the same. Seven hours
from now, J: mmy has got to be six hundred
nnles out at sea.

“So have I,” said Dan Lamont proudly.

\We all had another drink, and the old man
told us exactly how he got on the long
green in four and holed out with a hand-
some putt for a five.

CHAPTER FIVE

1
It was three o'clock on the Tuesday morn-
img, and Dan Lamont and myscli were

standing in the porch of Hazeldene with my
father. The roadster was purring out on
the avenue. The old man had the flimsy
of a radio message in his hand.

“lord Almeric will be ready for you, and
asks that you will pick up an extra passen-
ger if possible,” he said, “most likely his
secretary.  Can you do it:"

“Sure,” 1 replied. “That will be all
right. Did he say an)thmg dlmul the ship's
prnb ible pmmnn at six o'clock?’

“No. llere's his message—you'd better
have it. And here’s a note I have written
to l.ord Almeric.

“You'd better have an automobile waiting
for him and his secretary at the Battery
from nine o'clock. We may make good
time—it is fine flying weather. You'll be
all right with Didcot on the Seten going

across, dad. \Well, so long!”
“So lnng. son! 'Morning, Dan!” my father
said. “Look after yourselves. You're fixed

all right for food?”

“Milliken is sure to have everything fixed,”
I told him.

Just then Dick Schuyler, in a dressing-
gown, came out of the house.

“I’ve just been through to headquarters,”
he said. “There isn’t much ice about, and
flving conditions are good, Jimmy. You
should pick the ’arnassic up in no time.”

“Thanks, old man. Well, so long!”

We roared down to the sheds in quick
time, and found the Merlin afloat and ready.
shining like silver under the arcs. Milli-
ken had everything prepared, from extra

(Continued on page 276)

Funnel Dissolves Chemicals

HEMICALS can be dissolved very

quickly, and the resulting solution fil-
tered at the same time, by the plan shown in
the illustration.

The water in which the chemicals are to
be dissolved is contained in a large wide-
necked glass jar. Into the mouth of the
jar a glass funnel is placed, the funnel stem
is filled with two small bits of cotton-wool,
and ahove the latter, the chemical to be dis-
solved is placed,

As the water penetrates the cotton wool, it
soon reaches the chemical. and dissolves it,
the heavier solution sinks to the bottom
of the jar, and its place is taken by fresh
water. (See arrows “X".)

In a very short time, the whole of the
chemical will be dissolved., the cotton wool
pads will have retained all impurities. such
as dirt, grit, wood splinters, etc. If a sheet

By C. A. Oldroyd

SHEET Of PAPER
(_\

GLASS FUNNEL
——% 10

CHEMICALS
BE DISSOLVED

COTTON WOOL

oi paper is placed over the funnel, no dust
can settle on the chemicals, once they are
in the funnel.

Photographic solutions such as hypo, etc..
can be prepared with this device in a much
shorter time than by placing the crystals
in the jar, together with some water, and
shaking the whole from time to time.

The increare of specific gravity of a liquid
due to its dissolving any substance is utilized
here, Ax the substance goex inte solution the
specifie gravity of the solution isx increased and
a current descends from the funnel

A similar method is sometimes used to
dissolve the contents of a crucible. It may
bhe used in many cases where salts tightly
lodged in a vessel are to be dissolved. The
vessel is completely immersed in water and
inverted. The same kind of current is set
up and solution quickly is effected.
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25¢ Book
on Wood
Finishing

Wason's Wouo Ot

—e e

Our book gives complete instructions for finishing al: wood—hard or soft—old
or new. Tells how inexpensive soft woods may be finished so they are as beau-
tiful and artistic as hard wood. Explains just what ma-erials to use and how
to apply them. This book is the work of experts—illustrated in color—gives

covering capacities—includes color charts, etc.

" JOHNSON’S WOOD DYE

cop

Use coupon below for a FREE

(PENETRATING)

Johnson’s Wood Dye is very easy to apply. It dries
in fotir hours and will not rub off nor smudge—pene-
trates deeply, bringing out the beauty of the grain.
Johnson’s Wood Dye is made in 17 popular shades
as follows:

No. 128 Light Mahogany No. 125 Mission Qak
No. 129 Dark Mahogany No. 130 Weathered Oak

No.127 BrownMahogany N, 110 Bog Oak

No. 329 Red Mahogany n- omish O

No. 120 Fumed Oak No. 172 Flemish ( ak..
No. 178 Brown Flemish

No. 123 Dark Oak No. 131 W al

No. 126 Light Oak Vo ORI

No. 124 Golden Oak No. 140 FEarly FEnglish

No. 160 Brown Oak No. 180 Gray

All shades may be easily lightened, darkened or

intermixed. Full directions on every label. Select
the shade of Dye you want from the list above and
order it from your dealer by name and number.

S. C. JOHNSON & SON, Racine, Wis., U. S. A.

““The Wood Finishing Authorities’’

Johnson’s Wood Dye is a dye in every sense of the
word. It contains no finish whatsoever. Like most
first class products it answers one purpose only—it
dyes the wood—the finish must be applied over it.
We recommend Johnson’s Varnishes or Johnson’s
Polishing Wax.

Stores displaying the Johnson Service Department
Sign carry a complete stock of Johnson’s Artistic
Wood Finishes and will be glad to show you finished
wood panels—and answer questions on how to finish
wood the proper way.
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o S- C. JOHNSON & SON, Dept. Ex. 2, RACINE, WIS,

‘““The Wood Finishing Authorities"’
(Canadian Factory Brantford)

Please send me free your Instruction Book on
Home Beautifying and Wood Finishing. 1 enclose
10c to cover postage and wrapping.

MY DEALER IS........ciiiiiiiniiniiiinnn.,

City and State.......coovevineerrnnneannnannnnns
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Through This New Kind of
Home Training System

The great field of Electricity has never before needed so
badly, Trained Men—men who are skilled in every depart-
ment of thiz fascinzting profession, The electrical industry
is ready and glad to pay big salaries to the men whe really
know! Commercial Electrical Engineers, Master FElectri-
clans, Electrical Engineers, Automotive Electrical Experts,
are needed everywhere, and they comimand handsome Incomes.
We will fit you for one of these splendid places quickly
and thoroughly, right in your home, while you hold your
present job.

Unlike All Other Schools

No other school furnishes its students with the elahorate
Home Laboratory Units—actual working size instruments,
chemicals and electrical equipment. This gives yau actual
practice, along with the theory, making you a skilled expert
ready to take a big job. In addition, our official Broad-
casting Siation WROFE hmadcasts educational lectures on
Eleciricity, richly nhle ting the studi and experi-
ments of our home-study students.

F R E HOME LABORATORY

OUTFIT COMPLETE

No madels, or miniature parts, but actual cize apparatus
and equinment, the same as you work upon when out in the
g ¥ Y fietd. Do not
. o \L;_} ronfuse these
k l.aboratory
Unitz with the
model: some-
times furnished
by correspond-
ence schoals,
They are sent
g to your home
without eost to
you, as a part
of your course.
J1t iqa anty
throuch the en-
thusiasm and
cooperation o f
our myriad of
students that
we can go to
this enormous
expense. Y ou
Jwill get com-
plete detatis of
this amazing
nian when you
o write.

Satisfac ion Guaranteed
Backed by This Great School

Tnis marvelous training is backed by the laigest and best

equipped eléctileal «cheal in Ameriea.  The Schoal of
Engineering iIs endorced and linked with <ome of the
largest Commercinl Concerns and 1'ower Companies in the
country, the cunnloyers of the Big Pay Men.

Catalog Sent FREE

Write quickly, just maiting the coupon, for comnlete details
andd catalog. 1t will point the <we way to suceess,

Extension Division

SCHOOL OF ENGINEERING

OF MILWAUKEE
Dept. PE-H225
415 Marshall St. Milwaukee, Wisc.

SCHOOL OF ENGINEERING OF MILWAUKEE,
Dept. PE-H225, 415 Marshall St., Milwaukee. Wisc.

Please send me dour Free Catalog and details of sour
new home training sy<tem in Electrleity.

NEME. ... .ottt taartaaaiaeraaaas ARP..ooviann
T 1 T
[ o7 T 2 State............
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wraps and food for the passengers, dowr
to casy chairs in the cabin, and the fixing
ol the tank had been done in very workman-
like fashion. We were good for three thou-
sand kilometers.

A Long Airplane Trip

We took off at 3:15, and I laid the course
on a point or two north of cast, quickly
bringing the Merlin up to a steady four
hundred kilometers the hour. It was reck-
oned that we should sight the Parnassic at
a point six hundred and fifty kilometers east
of Cape Cod, and two hundred and fifty
south of Halifax, which gave us a thousand-
odd kilometers of an outward voyage.

It would have been easy that morning te
fly by the stars, they were so clean and
bright. Their light was reflected in a dusky
sheen off the sea below. To the north the
Great Dipper was poised on the end of his
handle. What clouds there were about were
the merest wisps, and there wasn’t a trace
of fog.

Danny, wrapped as if for a journey to
the North Pole, sat at my side, a little be-
hind where I was in the pilot's seat, and
he leaned forward in interested silence to
watch every move of my hands, but his
eyes were shining with delight at his ad-
venture. The murmur of the silenced engine
came to us on a beautiful liquid note which
showed clearly how thoroughly Milliken and
his men had done their work. That excel
lent artificer sat on the floor at Danny’s
feet and leaned against the side of the cabin,
his head cocked sideways to listen intently to
the voice of the engine. There was nothing
to do, for the Merlin was flving like an
angel,

The lights of steamer after steamer ap-
peared faintly on the skyline, neared, and
passed under us out of sight. On our port
bow the coastwise lights winked and glowed,
until at last Nantucket fell far astern, and
in less than an hour's flying we had passed
to the south of Cape Cod. \When the clock
on the control-hoard showed 4:15, 1 turned
to Milliken.

Picking Up a Liner by Wireless

“Let down the aerial,” 1 said, “and see 1f
we can pick up the Parnassic.”

It was characteristic of the man that lLe
knew the call and the wave-length without
having to ask, and it was without any com-
ment but a quick nod that he lowered the
acrial and fixed the receiver to his ears. In
a minute the cabin was filled with the blat-
ter of the radio.

“PNC! PNC! PNC!

Ile waited a little and repeated the call,
then suddenly switched to the open recciver
of the rardiophone. A strange voice issucd
from the box and filled the cabin.

“There's something the matter with the
Parnassic’s wireless,” said the voice,” gone
phut. or something. Who's calling her, anv-
how ?”

“This is the seaplane Merlin,” said Milli-
ken., “Who are you:”

“British steamship, Marambe,” the voice
replied. “Where are you?” Milliken lookad
at me.

“Two hundred kilometers or so due erst
of Cape Cod.” 1 told him, and he repeated
it into the transmitter.

“Looking for the Parnassic?”

“That’s the notion,” said Milliken.

“She should be somewhere round 43°
north, 60° west. [ say, there’s something
the matter in this blinking occan this morn-
ing—ghostses or something—gives you the
creeps.  Well, cheerio, Merlin!” said the
English voice, “Is it cold up there?”

“Not a bit of it, thanks,” said Milliken.
“Cheerio, Maramba!”
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“Cheerio and good luck!”

Milliken looked to me for instructions.

“Wait fifteen minutes, Milliken, and try
her again,” 1 told him. He pulled up the
aerial, and almost without thinking what 1
was doing 1 opened the throttle. The hand
of the speed-dial went steadily round to
450, as the Merlin lunged forward with a
keener note.

“What's that glow that comes and goes
«n the horizon away to the leit?” asked
Danny, when fifteen minutes had elapscd.

"1t must be the light on Cape Sable,” 1
said, with a look at the height register,
which showed we were three thousand odd
meters above sea level. “About a hundred
and sixty kilometers away.”

Milliken was letting down the aerial again,
and soon the radio once more was splutter-
ing its “PNC! PNC! PNC!" But save
for the steady song of the engine, no soun.l
greeted our ears. Milliken tried again, and

again, without result. An uneasy fecling
took hold of me.

“Haul in the aerial, Milliken,” 1 said.
“I'm going to let her go full out. Clamp

the telephone receiver to your ears, Dan.”

Milliken spun the drum round, and turned
to help Dan with the cap-receivers. whicii
would cut out all noise except what could
come through the phone, and then he did
the same for me, When we were all fixed,
I opened the cut-out, and gave the Merlin
full throttle. The dial hand jerked round
to five hundred kilometers and stayed put,
for that was the limit of its register—but 1
knew we were going well over the five hun-
dred.

It was now fifteen minutes to five, and a
cold grey had crept into the horizon ahead.
Steadily, steadily, as we sped into the dawn,
the light paled into silver and primrose, the
floor of the sca passed from dull blue into
a living purple flecked with green and silver.
Minutes passed. the hand of the clock on
the control-board dragging heavily, and again
I felt that curious alertness of perception
which I had experienced on and after the
flight of the day before. It was more than
alertness. It was an anticipation of things
that were about to happen.

And now, with the coming of the light,
visibility decreased as a haze began to grow
over the face of the sca. We dropped on
a long angle to fifteen hundred meters, Here
and there, the sea was dotted with steamers
which, though visible to us, must have been
out of sight of each other. These we could
see were freighters and small liners.

All three of us in the cabin of the Merlin
were staring ahead, expecting to sight the
great mass of the Parnassic at any mo-
ment. for the time was now well past five
o'clock. As far as one could judge, we
were nearing the position where the liner
could be expected, but the haze below s
was thickening quickly and, every mimte,
was lessening our range of vision.  Soon
it wonld mean casting circles in search.

Suddenly Milliken touched me lightly on
the shoulder and pointed.  Ahead of us, four
masts and three funnels pierced the mist.
I throttled down and whipped into the
silencer, then hovered down into a steep
angle.  We were over the ship in a few
seconds. .

“There's something the matter there, Mr.
Boon,” said Milliken. “There's no way on
her. and she's rolling. broadside on.”

“My God!” cried Dan Lamont. “She has
been abandoned!™

11

The Abandoned Ship. The Parnassic

There was something terrifving in the
helplessness of the great liner. Broadsid2
to the rollers. she lay sluggishly. swaying
and veering amongst the oily hummocks. and
abont her was the silence of death itself.
Not a soul stirred on her decks, and the
thin wisp of steam that curled from one oi
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How This Man

Won Success
As an Electrical Expert

General Manager of hls company at 28 years of age'
Hls own boss—owns his lLame— marrietl and happy  and
prosperous—that's the remarkable success achiesed hy Wal-
lace H. Rohrschnelder, now General Manager, Secretary amd
Treasurer of the Hustisford Light, I'ower and Manufactu -
ing Company of Hustistord, Wisconsin.

Mr. Ralbirschnelder got lls start toward his qulek aad
Drilltant success at School of Engloecering of Mllwaukee,
There he recelved the hractical, Intenslve and speelalized
training that enabled him to make good I u bLig way.

Why Don’t You Get Into
This Big Pay Field ?

The same kind of training that put Mr. Rohrschneider
Into the ranks of the highly-paid Electrical Speclalsts will
qualify you for brilliant success in thls {ascinating fleld of
unlimited opportunities. Come to America’s Greatest in.
stitutien of Electrieal Education. Learn by actual practlee
n our big laboratorles with their magnificent equipment,
ncluding  motors, dynamos, switchboards, fgnition and
fghting systems, etc.  Recognized experts give you personal
nstruction every step of the way.

Earn Your Way Through
This Great College

You can earn money to help delray your expenses while
you are learning. Our wonderful co-operative plan brings an
Electrical Career within the reach of every amhitious man.
Our Free Eniployment Departinent secures positions for those
students who wish to earn part of thelr expenses. In addi-
tion, the Oepartment will help you get a good position in
the Elestrical Industry when your training is completed.

BIG BOOK FREE—Mail the coupon today for our big
new {llustrated catalog. Check the course that interests you
most and we witl send you special information. Read about
the School that trains men for practical and quick success.
Bee how easy It fs for you to get the training that will
enable you to step to a splendld nosttion and a handsome
fncoms. Mail the coupon right NOW. No cost or obligatlon,

GCHADL of ENGINEERING
of Milwaukee
Oept. PE-225A, 415 Marshall St, Milwaukee. Wis.

MAIL COUPON NOw

SCHOOL OF ENGINEERING OF MILWAUKEE
Oept. PE-225A, 415 Marshall St., Milwaukee. Wis.

Please send me without any cost or obligation, full particu-
lars of the electrical course I have checked and your big
Free Book telllng about your institntion and how 1t will fit
me for a big position in the electrical fleld. Also tell me
about your Earn-While-You-Learn plan.

(Check caurses Interested in, and

be sure to give your education.)

—Scheel of Practical Eloctricity—6 months or 1 year course,
Compl~te general course, covering entlre electrical fleld.
=Institute of Electrotechnics—12 1o 30 months' course,
Practical eleetrical training combined with thorough Acad-
emic educatlon.

—College of Electrical Engineering—3 years' course. Reg-
ular coliegiate work granting 3. X, Degree 11 llzh School
units or diploma from our Institute of Electrotechnles re-
qQuired for entrance,

—Commercial Electrical Engineering—1 ycar rourse. Thou-
sands of Trained Men wanted In this new professlon. 11
High School units or dinloma from our Institute of Eleetro-
technies required for entrance.

—S8ehool of Automotive Electricity.

—Auto Electrical Service Engineering—1 year course.
—Automotive Electricity—3 to 6 months.

—Radio Sales and Serviee.

=—A.C. and D C. Armature Winding and Mot r Generater
Course—23 to 6 months’ course. Rrief, but intensely prac-
tical, leading to well-paying positions.

—Electrical Home-Scrvice Training with laboratory [facili-
ties, for those who cannot come to Milwaukee.

Name .o e

Blreot ...

CIY .o State. . ............

Age ... Fdueation ..., ....... ... . ...
- - ——

The Ark of the Covenant
(Continued from page 276)

her smoke-stacks was the only thing about
her that moved.

I know that my hands were shaking on
the joy-stick, and it was all 1 could do 1o
master the sick feeling that was creeping
over me.  We circled round her as slowly
as we could, and coming as close as we
dared.

“Look!" 1 saul. “There are dead men
Iving on the bridge!”
“God in Heaven!" Dan Lamomt cried,

white to the lips.
to them?*”

“Idon't
find out,”

I swamng the Merlin closer still to the liner.

“What are you going to dao, sirz” Ailli-
ket cried apprehensively.

I am going to put the Merlin aboard her,
it 1 can.”

“You'll smash her, sir!”

“Maybe,” 1 said madly, “but we're goine
aboard.”

“Don't try it, sir!
try it!” .

“Shut up. Milliken!" [ said crosslv—then
realizing that he wasn't thinking of his own
skin, but of his beloved Merlin, 1 grinned at
him feebly. “It's all right, Milliken. [ won't
dy anything rash. Let’s reconnoitre.”

It was out of the question to try and brine
the Merlin alongside the heaving frechoard
of the liner. We would have had onr wings
smashed for a certainty.  Nor was there
space available to land on any of the decks,
cluttered as they were with ventilators wul
deck-gear.  The only likely pliace to bring
her aboard was on what appeared to be a
long stretch of canvas covering the protie-
nade deck astern, and it was a question if
that would take her weight.  Fortunatels,
there was no cordage much aft of the jigger-
mast, except for one stay coming down t) the
stern-post, and all halvards were reeved close
to the mast. A ventilator or two pierced the
awning.

Though it was a terribly risky thing to
attempt with the ship rolling as she did, n
was the only chance. and 1T told Milliken
what I proposed to do.

“All right, Mr. Boon,” he said.  “There'
nothing else for it—il we are to get aboard.
[ don't blame you.”

“What about you, Dan?" I asked. “It's a
hundred to one you'll be smashed or spillel
into the sea.”

“That's all right, Jimmy., Go ahead w'th
"

“What can have happencd

know,” 1 muttered, “but we'll

For God's sake, don't

it.
“I'H get down on the floats, Mr. Doon.”
said Milliken: “might be handy to brace her
it she topples.”
He fetched out a length of rope and cut
it in two, then, taking off his coat. he <lid
through the hatch to the port-side float.

Getting Aboard the Parnassic

I was depending on the Merlin's power
of hovering to pull the thing off. so I touk
her up a hit to one side astern of the ship,
rauging the distance to miss that after stay.
The ship, rolling horridly, came up to meet

us.  We were over the awning., then it
veered from under us—I thought we'd

missed it, when—back it swung—slowly. I
flicked the rudder round to bring us into
line with the ridge of the awning, We
landed with a grinding shudder, then heele.
sideways as if we'd never right. 1 bhad
quite made up my mind that we were gory
to crash over on our back in the sea below
—but after a sickening moment or two of
suspense we righted!

Dan, flat on the floor, with his head poked
out of the hatch, let out a vell.

“By Christopher. Jimmy! he shouted.
“Did vou see that?”

“What #”
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“Milliken! Oh, you Milliken!"

[t was Milliken who had saved us. Lying
on the float, he had secized hold of one of
the ventilators as we settled, and, with those
amazingly powerful arms of his outstretched.
had braced us as we toppled, otherwise we
would have crashed overboard. Few men
living could have done it. When I got down
an top of the awning, my mechanic was com-
posedly tying one of the float struts to the
ventilator, and a very white face was all
he showed of the superlmman effort he had
put out.

“Not much damage done, Mr. Boon.” he
said quictly.  “Except that the starboard float
has sprung a bit, [ think.”

“Good {or you, Milliken,” was all the
thanks 1 dared give him for saving our lives.
“You stopped us from going overboard.”

Luckily for us, the canvas of the awning
was stretched over stout boards, strongly
supported. and these were sufficient to take
the weight of the seaplane.  Milliken lashe
the opposite strut to another ventilator, and
we all climbed down to the deck.

A Paralyzed Crew

The ship still was held by that awful
stlence, unbroken save for the lap-lapping
of the sea about her, and I fancy all three
of us were gripped by a sense of over-
whelming awe as we went down the com-
panionway, making for the gangway swung
across the after well. From the gangway
we saw, down below us, a number of seame
sprawled inertly in the scuppers and about
the hatch.  We called down to them, but
they did not stir, and our voices, unnatiral-
Iy thin, came back ta us in eery echoes from
the open hold.

“Let's take the bridge first.” [ said,

We ran up the ladders to the lower bridge,
and in the chart-room we saw an officer
lving on the floor in a heap. Dan went into
the chart-room, while Milliken followed me
to the upper bridge. Here we found two
otheers huddled behind the high canvas dod-
ger, and on the wheethouse behind, two sea-
men lay together, one of them face down-
wards with his arm rove through a quadrant
ol the wheel.

It was as if the ship had been struck by
a sudden plague. 1 don't know how Milli-
ken felt about it, for his ugly old face was
a mask of stolill calm, but shivers were run-
ning up and down my spine. I kneeled be-
side the officer next to me.

“He's breathing, Milliken'" I cried, and
I gently shook the supine figure by the
shoulders, but with a sigh the man only
settled back more closely against the rails.

“Try the other man,” T told Milliken.

My mechanic stepped over. and gently
raised the officer—he was the chief—into a
sitting position against his knee. The man
opened his eves and blinked at us, then
with amazing suddenness was wide awake.

“What the hell?” he said, and staggered
ta his feet. “Who are ¥y wi> What are you
doing on the bridge® Get off the brid—"
His gaze fell on his brother officer. “Here!
What have you been doing to Barr* You've
killed him !’

He was a huge man, and he made a mave
towards me with a look that was not very
pleasant.

“Don’t be silly.”
might,
been.”

“What's the matter with the ship® God!
She's adrift! What—" He stared at us,
and passed his hand over his head. “Lord!
I remember row—bhut it was dark then—-—"

I said, as quietly as 1
“He's asleep—the same as you have

The Captain of the Parnassic

Meantime Milliken had managed to waken
the younger man, and just then Dan came
up the ladder with the officer who had heen
lving on the floor of the chart-room. Only
by his braided cap could one tell he was
the captain, for he was in pyjamas with a
thick blanket-coat over them.
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"TROPADYNE SUPERADIO OUTFIT
Superior to $60$

Super-Heterodyne sgone /B

HIS Superadio 6 Tube Set

brings in Station KFKX

(Iastings, Nebraska), 1200
miles, in New York City, clearly on
a loud speaker, using only the small
loop which comes with the outfit.

The outfit advertised herc is com-
plete, as listed below, everything
needed is included, down to the last
screw. The charts, blueprints, direc-
tions and photos furnished are so
complete and explicit that anyone
can build this set and have it work-
ing within a few hours. There is
nothing additional to buy except the
necessary batteries and tubes. Price
includes mahogany cabinet and fold-
ing loop aerial.

You can pay $150 or more for an
outfit, or $200 or more for a set, but
you cannot possibly buy a better set
than this one.

TROPAINWE

No. F4477

Your Money Refunded if this set does not satisfy
you in all respects—if after 5 days’ fair trial you do
not proclaim the TROPADYNE the best radio set

you ever listened to. Note These [mportant Features:

DISTANCE, VOLUME AND TONE QUALITY equal to any
8 tube set sold anywhere at any price.

LOOP RECEPTION—Outside aerial not to be used with this
set—the complete loop is included in outfit.

PERMANENT LOGGING OF STATIONS—Follow chart fur-
nished; there are only two tuning controls and you always find the

same station at the same spots on the dials. Our log chart shows
you at what point to find any station.

MICROMETER VERNIER DIALS giving you the full advan-
tage of the exceptionally sharp tuning.

OUTFIT IS ABSOLUTELY COMPLETE —Drilled panel, Ma-
02 hoganite Cabinet and everything else needed, except tubes and
%= batteries,

- " &~ ECONOMY and SIMPLICITY—This is not a reflex, yet six
=" 7/ tubes do the work for which other sets require eight to ten.

oy

g ;
.,

g 9 ~ - 5 ‘
The Editor of the Radio News Comprlete List of Parts;:———

In the August 1924 issue, said this about the Tropadyne: ‘‘Here I3 a rematk- . .

#ble recdch'er ‘ﬂlllfh tu‘e wurlmlyhreanmtmelnd 10 lour6 re!ll’ders. It (Ilusl slevcral 4 RICO Tropaformers; 1 Standard Variocoupler; 2 Certified Low

new and unusui eatures, n the first place only tubes are used glving as " . N . .

much volume as the average 8 tube lleterodyne. The selectivity of this set is LPSS 23-plate C°"d°"5ﬂ'5.. 1 Calibrated Trat?sforn.ler, 2 Jacks; 3

unusua],'mU%equnlnlles of tlhollnlernedlr.o t:"lnsfor:lers har‘o now bhcer: gono Fixed Condensers; 6 Bakelite Sockets; 2 Vernier Dials; 1 Rheostat;

away w y tuning each trans(ormer, 'ter the transformer has een . .

(unegr,nlt can be lerl: th}s way, 1o runlﬁer tuning x:;-mg neeessars, N :} Potentiometer; 1 7x24 Panel; 1 7x24 Mahogany Cabinet and

““This system makes for maximum sharpness and maximum volumae, n- . 3 Sire 3 iale A

other outstanding point of superlority of the Tropadsne efreult fs that it aseboard; 40 ft._Bus B.ar Wire; 1 Faldmg Loop.Aenal, 1 Gltld

practically does not r:\d'luteaftherd‘ybnot int_e:;{crlnx wllxth otl!u:rnenlrbyl e Leak and Mounting; Binding Posts; Flexible Wire; 1 Bakelite

§ RN W e ey Aroui e T e HL k3R fusrease of seoffatl=ity Binding Post Strip; 4 doz. Screws; Full Directions.

RADIO SPECIALTY COMPANY. 98S PARK PLACE, NEW YORK

Tropadyne Gets Europe! 122 SEND NO MONEY

a SEE OUR| 8 RADIO SPECIALTY CO., 58S Park Place, New Yorie N. Y.
“Received 2BD, Aberdeen, on November 25th. Results 2.PAGE :

good, except noises. 11:30 to 11:40 talk, from 11:40 to AD ON Please send at once one complete Tropadyne Superadio Outfit
n . R H , :

; b B as advertised in February Experimenter. I will pay postman or
12:00 piano number. Piano number good, talk poor. Used PAGES | g oy pressman $60.50 upen arrival,
[ ]

5 g 1378 and
Thopadyme Chenit. 1379 | B NAME ...ioiit e
J. ZimMmer, 157 James St.,, Newark, N. J. RADio | &

NEWS : STREET or R F. D . . iiitiiiiiittnniiitieeerennnnensenns

The above has been verified by “Rapio News”
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A Chemistry Laboratory for $7.00

Think of it, fellows!

Here is a real chemistry outfit with regular chemical

apparatus that performs those fascinating, actual chemical experiments. This
outfit is not a toy, put up merely to amuse, but a practical laboratory set, with all
the chemicals, apparata and reagents necessary to perform real work and to teach
the beginner all the secrets of inorganic chemistry.

DESCRIPTION OF THE OUTFIT

The nutfit consists of 44 Chemicals and Reagents
all C. I'. put up in appropriate wooden bhoxes.
glass bottles, and hermetically closed jars, The
acids are put up in glass hoitles with ground.in
glass stoppers, and there is a sufficient quantity of
chemicals supplied (mostly one to two ounces) to
make dozens of experiments with each.

The apparatus furnished are all of the hest
obtainable make and of standard lahoratory size
and shape.

The Instruction Book is a real Chemistry Course
for the Beginncr. Some of the Contents are:
Dizvision of Matter: This is a Treatise on Elemen-
tary Chemistry and deals with the theory of the
Elements, Molecules and Atoms, etc. Chemical
Nomenclature: This explains in simple language
the derivation of the chemical names of the ele-
ments and their compounds. There is a chapter
on Laboratory Operations; Glass W'orking; First
Aid; Fire Extinguishers; Experimenters’ Aphor.
isms, ete.

Complete, $7.00

Sh. Wght., 10 Ibs.

A good part of the book i< devoted to Weights
and Measures. The Metric Systein, The English
System and the U. S. System are fully explained.

The following tables are furnished: Sywmbols
and Atomic Weights of the Elements; Measures of
Weights, Volume. Capacity and Leygth: per cent
solutions; Conversion of  Measure espressed in
parts; poisons and their antidotes; technical and
common name of chemical substances: formulas
for cleaning various substances. etc.. etc.

Among the 100 Experiments arc:

How tn make chemical tricks; How to make in.
visible and magic inks; How tn test flour; How to
test soil; How to make chlorine gas and smoke
(German War Gas); Ilow to bleach cloth and
flowers; How to produce Oxygen and Ilydrogen;
How to make chemical colors; How to test Acids
and Alkalies and hundreds of interesting hints
and formulas,

(Shipped by Express only)

(We guarantee shipment within 24 hours after your order is received)

@ == T == 7’

'nstruction Book

e 24

CHEMISTRY
poy .

100 X
CHEMICAL] |

LETTE T

EMPTIUMENTER
LR

THEE i C0 LaBORATORT OUTHIY

aOA L

NV e | O
/ﬂ://:-f-‘ff' 4.
s L

[[TeLermame wir o Siang ||

'

| Magmunsc Fugses |

EELECTROQ
Instruction Book

A YREATISE ON ELEMENTARY
ELECTRICITY

wo

100 Electrical Experiments
2 & RLATORMED S

8be Bou s Electric Tage™

Electromagnet,
hammer,

tions,

on approval.

T ELECTRO IMPORTING CO., 1 8 ELECTRO IMPORTING CO., 1

:233 Fulton St., New York 1 1 233 Fulton St., New York 1
Please send me by express TIIE: :I‘lease send me by express TIH{:

1 CHEMICAL LABORATORY. If g a BOY'S ELECTRIC TOYS. 1If [ M

1 I don’t like it | need not accept it. g a1 don't like it I need not accept it. g

2 If I want it I only pay $7.00 plus g g If I want it I only pay $7.00 plus 1

B the few cents express charge. 1 1 the few cents express charge. 1

e 1 U 500000000000000000000000000000a0 1

] 1 [ ] 1

. . -------------------------------- '

' 1 1 (J boooooo00 P eeataaen eeeie B
ElGo. Y L} 3 a Exp—2-25 %

Every Fellow Wants
the

BOY’S
ELECTRIC
TOYS

The Boy's Electric Toys contains: Enough material to make and complete over
twenty-tive different electrical apparatus without any other tools except a screw-
driver furnished with the outht.
galvanometer, solenoid, telephone receiver, electric lamp, etc.
parts, wire, etc., are furnished to make the following apparatus:

electric cannon, i
galvanometer,
sensitive microphone, short distance wireless telephone,
shocking coil, complete telegraph set. electric riveting machine, electric huzzer,
dancing fishes, singing telephones, my-terious dancing man. electric jumping jack.
magnetic geometiic figures, rheostat,” erratic pendulum, electric buttertly, therino-
electric motor, visual telegraph, etc.. cte.

With the instruction book we furni-h one hundred experiments that can be
made with this outfit. nearly all of these being illustrated with superb illustra.
i No other materials, goods or supplies are necessary.

The outfit contains 114 scparate picces of material and 24 picces of finished
articles ready to use at once.

The size over all of the outfit is 14 x 9 x 231,
‘““The Boy's Electric Toys” outfit as described, $7.00.

SEND NO MONEY

We have so much confidence in these sets that we desire to ship either one to
you by express C.O.I. with the privilege of inspection.

Student’s chromic plunge battery, compass-
Enough various

magnetic  pictures,

hook  for

dancing spiral, electric
telephone  receiver. conden<er.’
test storage battery.

voltmeter,

Shipping weight 8 pounds.
Immediate shipment.

In other words, we ship

It does nor cost you one cent to take a good look at whichever outfit
you want, and see if it comes up to vour expectations,
man $7.00, plus express charges.
the return charges as well.

ELECTRO IMPORTING CO., 233 Fulton St., NewYork City

Ll L DL L ]

If it does, pay the express
If not, you need not accept it, and we will pay

Nesessssossesesseeseasg




The Experimenter for February, 1925

DIG MONEY!

$3000%510000 a year

Want tomake big, easy money? Learn
how toinstall, operate,repair, construct
and eell Radios. Write now for facts
about the amazing opportunities for
Radio experts, and our gpecial offerof a
FREE 1000-mile receiving set, and how
you can quickly train at home by mail.

Be a Radio Expert

No previous experience necessary. Anyone
with ordinary cducation can now earn Radio
wxckly under our simplified home-study plan.

men_right now to represent our
Association. Be the Radio expert in your
neighborhood. Get your share of the bi
profits. Hundreds about you want Radios an
advice how tooperate. You can earnenough
money right from the start to pay for course.
__ _—— Nothing dllﬁcnlt about it.
T e ) Low cost and easy terms.

FREE

1,000-MILE
Receiving Set

Don‘t m&n this big epecial offer to supply
FREE all parts necessary to construct a
h 1000-mile receiving set, You can
sell this set alone for nrutlcllly the entire
cost of the course. Send for the facts now.
Find out all about this big-pay field. Address

Radio A iation of A ica
4513 Ravenswood Ave., Dept. 189 Chicag~ il

ANOTHER

FAHNESTOCK

RADIO HELP

The Standard FAHNE-
STOCK  Spring  Clip.  lead
plated to prevent corrosion.

Press thumh pieces togeth-
er, insert wire, slip either
over the poles or on the links
of the hattery for varying
“BB” soleage.

r——

improved Ground Clamp

Equipoed with
FAHNESTOCK Pat.
ent Connectars, Easily
attached. No solder-
ing. VFor radio use
only.

None genmene zeithout
our name,
Write your jobher or
dircet.

FAHNESTOCK ELECTRIC CO.

LONG ISLAND CITY, L 1.

N ONE TUBE
RIG FREE BOOKLET tells the story. California users
of CROSS COUNTRY CIRCUIT hear Atlantie Coast,
Canada, t'uba, Menleo and Hawall. Atlantic Coast users

hear England to California. Our new nlan maukes thls

One hour puts in
No saldering.  Anv
FREE or complete

Oakland. €AN?

set ensiest ancl cheapest to hulld.
operation. Oue tuning control.

tivice can do {1, R1G BOOKLE
mstructions for 2%c¢ stamps or coin.
VESCO RADIO CO.. Box. Exn.-ti17.

RADIQ CATALOG
b

xoo Livo Pages

g A
; Don’t D'clayl

N Send for it TODAYT
us.mm o.lhu:e. Dept.8172108 Liberty St N.V.C.

The Ark of the Covenant
(Continued from page 278)

“\What's the matter, Mr. Boscence?” he
demanded wildly.  “lt is two hours since
we hove to—just before six hells in the
middle watch—I've been asleep—or uncon-

scious. This gentleman—what has happened
to the ship?” o
“I don't rightly know, sir.,” the chief

his hand over his head be-

said, passing
“There’s something queer here

wilderedly.

The captzin stuck out his wh! . torpedo
beard.

“Get some way on the ship. Ring down—"
He whirled round to thc wheelhouse as he
spoke, and broke off. “For the love of God
—look at the steersmen! \What's come over
the ship?”

[ nodded to Milliken, who ran into the
caboose and woke the seamen quite easily.

Dan looked at me in a dazed sort of way.

“Jimmy !” he gasped.  “lt's Wall Strect
all over dgain! You'd better explain to the
captain.

“Where do you come from?”
demanded. “How do you get
slnp* You're not passengers.

“You're Commodore Sir Peter W cathcrl\
aren’t vou, sir? 1 asked.

“That's me, he snapped.

“I'm James Boon, Sir Peter.” 1 explained

“I've come out on my seaplane, the Merlin.
to take Lord Almeric Pluscarden on shore
We found your ship adrift, and I mmmgul
to land my machine on your awning ait
there. The whole ship has been doped. sir.

“Ring down to the engine-room, can”
you, Buscencc" the commodore said to his
second in command, u:nnrmg me. “We must
have some way on hcr

“1 have done so. sir,” the bewildered chiet
officer replied. I get no bell back from
tl\cm v

“1i [ might suggest something, Sir P'eter.”
1 ventured. “let my nkdmmc Milliken go
round with vour ofticer here.” m(llc.xtmc the
vounger man, “and waken up the crew.

For a moment he stared at me as though
trying to calleet his thoughts, then he nodded
briskly.

=D that, Barr.” he ordered.  “Wake the
cr('\\—lhou"h what on earth they should be
asleep for beats me.  And you, young man—
Mr. Boon, you say you arc.—pcrh.lps you'll
explun as ‘much as vou can of this busi-
nc“ o

“This is my friend, Mr. Dan Lamont.”
T said. “He will bear out what I tell you,
sir.  But first, let me ask you to walk to
\\hcrc you can look into the aiter well— "

“Come along, then—this way!”

Ile led the way down to the boat deck.,
and made for the rail over the well.

‘God in Heaven!" he exclaimed.  “My
men! Are they dead?”

“No, sir,” said Dan. I imagine they're

the captain
aboard my

asleep as you have been.  They'll waken
easily.”
“Come to my cabin, gentlemen.” said the

sailor,  “I'm all adrift. [ simply can’t un-
derstand this thing at all.”

I must say that I admirel the grip he
had of himself, and his acceptance of what
must have been a bewildering situation.  He
was alert and business-like as he led the way
back to the lower bridge.

“Ar. Bescence.” he called up to the chief
officer, “The first thing to do is to get some
way on the ship. Give Mr. Barr a hail,
and tell him to turn out all the engine-room
staff not on duty, and to send them down
to—to wake their fellows, Tell them not
to interfere with any of the passengers who
may be on deck or in the saloons. Pass the
word to such of the crew as may be stir-
ring. Do von understand?”

“Aye, sir!”
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He’s Pientéd
Four Inventions

ND he's only one of scores of in-
ventors who got their first real

start through spare-time study
with the International Correspondence
Schools.

Jesse G. Vincent, Vice President of the
Packard Motor Car Company, inventor of
the Packard Twin Six and co-inventor of
the Liberty Motor, is a former I. C.
student,

So is John C. Wahl, inventor of the
‘Wahl Adding Machine and the Eversharp
Pencil; W. E. Hallett, inventor of the
Hallett Tandem Gas Engine; H. E. Doerr,
Chief Mechanical Engineer, Scullin Stee!
Company, and W. J. Libby, inventor of
the Libby Mine Hoist Controller.

ERE’S the same coupon—the same opportunity

that these men had.  There’s still a chance for

you lo get ahead if you will only make the start.

One hour after supper each night, spent with the

International Correspondence Schools in the quiet of

your own home, will prepare you for the position you
want in the work you like best.

Yes, it willl Put it up to us to prove it. Without
cost or obligation, just mark and mail this coupon.
— — — — T EAR OUT HEAG "o mwn em cwe o

INTERNATIONAL CORRESPONDENCE SCHOOLS

85-C. Scranton, Penna
Explain, \\llhout obllgatln me, how 1 can quallr) for
the position, or in the sub, ect, be/orc which I mark
gusmwr ENGINEER CREMICAL ENGINEER

Electrician Pharma
Electric Wiring SALES:Z\NSHIP

a Electric Lighting ADVERTISING MAN
Electric Car Running Window Trlmmer
Hesvy Electric Traction Show Card an Palat’
Electrical Draftsman RAIL| ROADPO ITION:!
Rlestrie Machlne Designer %}':‘gc

‘Telegraph Expert
Practical Telephony
I MECHANIOAL ENGINEER
~] Mechanical Draftsman

R
BUSINESS MANAGEMENT
Private Secretary
Business Correspondent
BOOKKEEPER
Stenographer and Typlss
Cert. Pub. Accountant
Traftlc Management

Machine Shop Practice

Toolmaker

Gas Engineer

CIVIL ENGINEER

Surveying snd Mapping
-l Mining Engineer 3
= ARCHITECT ™CIVIL SE

Arebitectural Draftsman Rsilway Msil Clerk

Architects’ Blue Prints Textlle Overseer or Sapt.

PLUMHBING AND HEATING AGRICULTURE
Sheet Metal Worker l‘oultryll.l-lnx' Spaalsb
Navigator Automobiles RADIO
Name,
Present Rusiness 4re0n2e
O -cupation. Address
Street
and No
City. State

Canadians may send thig coupon to International Corre.
spondence Schools Canadian, Limited, Montreal, Canads

HERES MORE
 MMONEY ror YOU

150 HOME STUDY BOOKS

Fach of these sure pay-ralsing selfl-helo
hooks is & complete course of instruction.
Thetv cover Electricity, Automonile, Machine
Ship, Carpentry, Palnting,  Engineering,
Railroading and 20 other trades. Full cata-
logue FREE. A posteard brings vours,

F. ). DRA & CO., Publishers
1006 S. Michigan Ave., Chieago. 1.

i BECOME A LIGHTNING |
" TRICK CARTOONIST

Send $1 00 for Laugh Producing Program of
23 Trick Drawlngs with Instructions, or
write for Free Llsts of Chalk Talk Supuiies
Balda Art Service, Dept.34, Oshkosh, Wis.

INVENTORS 'roteet your rights!  Reccrding Blank f
Fr

CDNSULT me If you have an undereloped invention or
ldea. Do not delay

0. 8. LESZAY. moutmd Attorney and Engineer
15 Parx Row, New York, N. Y.
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The Radio Union

1
v iies
1]

I e

The Radio Purchaser
and

\ Radio Dealer
ih an
Association for Mutual
Benefit

Under the auspices of “Radio News,” the World’s
Leading Radio Magazine, an association has been
formed, having for its object, the bringing together of
consumer and merchaat, in a way that will permit
every radio owner to save money on his purchases.

~—

The Radio Union is a mutual benecfit association of
radio stores and radio enthusiasts. Evervy member
store agrees to give a discount on every sale made
to individual members. The member stores will
+ 1= benefit becausec our members will patronize those

1t

T
11

rH = stores at which they obtain a discount on their pur-
1 T chases—the individual members benefit because they
IS will save money on every radio purchase, and eventu-

=1
—5—
i

ally on purchases made for all other necessities, such
as groceries, clothing, jewelry, automobile supplies,
drugs, furniture, etc., etc.

Every live radio dealer has been invited to join
The Radio Union, and contracts stipulating the dis-
counts that will be allowed on members’ purchases
are pouring in from every city in this country.
Eventually invitations will be sent to stores selling
all classes of merchandise, in your town, so that very
shortly you can make large savings, not only on
your radio purchases, but on everything else you or
your family buy. The list of membership stores will
be sent to every enrolled member.

The dues for membership will be $5.00 entitling you to life
membership, guarantecing you against any further dues or
assessments, and entitling you to a discount on every purchase

you or any of your immediate family make in a membership
store.

Officers and Directors

The personnel of the Cfficers
and Directors of The Radio
Union Inc. is quite sufficient to
guarantee the success of the
new association. The Officers
and Directors are Messrs,
Hugo and Sidney Gernsback
and Mr. R, W. DeMlott, the
owners of the Experimenter

We want 50,000 charter members. To these first we offer a
membership at only $2.00—a saving of $3.00. Remember this
is the only cost—there are no dues or assessments that you will
ever have to pay. All you must do to obtain your discounts
from member stores is to send us once a month, or oftener if

Publishing Company, the pub
lishers of Radio News, Science
and Invention, The Experimen-
ter, and Motor Camper & Tour-

you wish, the hills or sales slips for purchases made from mem
ber stores. These bills will be verified by the stores from which
the goods were purchased and they will remit the discounts to
us. These savings we forward to you after deducting a small
charge for our operating expenses and overhead.

You have everything to gain by becoming a member in this

Radio Union and can save $3.00 by joining now as a charter
member. A single purchase will more than make up the small
fee of $2.00 which you pay to join the Association.

DO (T ToDAY

Remember the regular Membership fee will be $5.00
hercafter.

Fill out the application blank, and mail it today with
vour remittance.

ist. These great magazines,
with their tremendous circula-
tion, at the disposal of The
Radio Union, assure an over
whelming success to the new
organization.

r-------—----—--——------—--—-—--——------ 1
APFLICATION FOR MEMBERSHIP

§ THE RADIO UNION, INC, 53 Park Place. New York City, N. Y. 8

(] Gentlemen—Enclosed you will find Two Dollars ($2.00) for charter Membership fee in The Radio Union, Inc,

g sou ‘Ivil‘;“&er‘:ita"‘r'éfl this payment entitles me to a Life Membership and to a discount on every purchase I make in a membership store, list of which (]

1 STREET ...t e e 0

' -

L L s B S :
-------------------@r-—--——ﬂ—-_—---—_----_--—‘
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CThe Ark

of the Covenants
(Continued from page 281)

He turned to Dan and myself.

“You'll forgive my lack of courtesy in
your welcome, I am sure. You were not
expected to appear in circumstances such as
these.  Come with e, please.  We won't
go to my cabin. I must look after the ship.
You can tell me what you know as we go
along.”

We followed him below, but when we
came to the smoking-saloon, and found there
a number of passengers huddled like dead
men round the card tables, or sprawled out
on the floor, it was too much for the cap-
tain.

"It 1s no use. 1 must get the hang of the
thing first of all,” he said. "You'll have
to tell me what it means,  This morning
at three o'clock 1 was called out of my
bunk by word that a red riding-light was
floating on the sca abead. | turned out,
and was immediately met by a4 message that
had come over the wireless phone. 1t came
from the U. S. battleship . lrgoune—or was
supposed to come from her: ‘Heave to im-
mediately.  Danger.” 1 puassed the word to
the bridge to obey the order, and made to
follow. I had no sooner reached the chart-
room—I wanteld my binoculars—when—well
—the next thing I remember is being spoken
to by this young man—Lamont, did you
say? That's my side of it. Now, as clearly
and as quickly as you can—what do you
know?”

With as few words as I could, 1 told
him about Wall Street, of the mysterious
sleep, and how the thieves had got away
with two and a hali millions in gold.

“There was something about that came
over the wireless yesterday,” said the cap-
tain. “It's a very mysterious thing. You
say that the folk around Wall Street were
chloroformed—or whatever it is—just as
we've been?”

“Exactly, sir.”

“Then—by thunder !—they've been alter
the specie I'm carrying—a hali million ster-
ling in gold!”

111
The Gold on the Parnassic Stolen

He darted off through the saloon doorway,
and down the alleyway, Dan and I close to
his_heels. He stopped at a cabin labelled,
“Purser,” and banged on it, trying the handle
at the same time. A fat little man opened
the door, and blinked sleepily at us.

“Quick, Strachan!” yelled the captain.

“The second key of the strong-roem! Hur-
ry, man!”

“What's the matter, sir*"

“Damn it, man! Don't argue! Put on

some clothes and bring the key of the strong-
room as fast as you can. Hurry!”

He turned and barged past us back the
way he had come, and up a companionway,
Dan and I tagging after him. We followed
him into his suite, beyvond which was the
strong-room. Fle needn’t have worried about
the key. Right in the middle of the steel
door was a yvawning hole, through which w~
saw, in a brilliant blaze of electric light, the
disorder of smashed wooden cases.

“Piracy, by God!" gasped Sir Peter.
“Piracy on the high seas—and on my ship!
It can’'t have been done from aboard the
ship—they’d never get away with that weight
of gold—half a million!”

“Florins ?”" asked Dan.

“Florins be damned!” said the captain.
“Ten-florin pieces. Sovereigns!”*

! In 1929, when Britain and the U. S. A. adopted
the metric system for weights and measures. the
florin of 100 farthlings hecame the British unit of
money in a new decimal coinage.

\

Engineers Association Opens Way
to Big-Pay Electrical Jobs
For 500 Young Men)

Shortage of available trained men for big-pay
eleetrical jobs has prompted the Associated
Electrical Engineers to umdlertake, at their
headgnarters in Chicago, a unique training en-
terprize designed to supply the needed nwin-
power. A new nethod, originated by their engi-
neers, is reported to combine actual electrical
practice and training ima way that enables any
young nua, with or without education, to bhe-
come a trained Electrical Expert within 12
months, with earning capacity of $10 to $15 a
day. Dy contining the training entively to prie-
tical oleetrical work, they have cut down the
time required to only one hour per diay. A com-
plete outtit of practical equipment is supplied.
o that the may  bhe
gained in traiving, 300 young men are to he sl
mitted, and a number of places tre still open.
Any young 1an of good standing with a desire
to hetter hiwself, is invited to write, at onee, to
the As~ociated Electrieal FEangineers, Dopt, 420,
at 537 South Dearborn St., Chicago, T

Hecessary  eaperience

Users everywhere report Miraco Tuned
Radio Frequency receivers pick up proe
I"'I."l‘ coast to coast: outperform sets ree

t
e = Send for proal they are radio’s
most ammazing values in powerful long distance
ots. One tube guaranteed campletely assem.
Dled DUt as Ibstratad, et 3 34735 Thros 1ne
guaranteed loud speaker autfit, list $29 50,
S8END POSTAL TODAY
for latest bulletins and special
offer. It will interest you.
MIDWEST RADIO CORP'N
Builaere of Sets
&, 8th $t.,Cincinnati, O,
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Prices Smashed!

Quality Not Sacrificed

Here is real battery
quality, guaranteed to you, at
prices that will astound the en-
tire battery-buying public. Ordfr
direct from factory. Put the Dealer’s
Profitin your own pocket. You actually save
much more than half, and so that you can be
convinced of true quality and performance, we

€iv3 Written Two-Year Guarantee

Hereisyour protection! Noneedtotakeachance., '
Ourbatteryis right—and the priceis thelowest
evermade. Convince yourself. Read the prices!
Special 2-Volt Radlo Storage Battery, $3.78
Special 4-Volt Radio Storage Battery, 6.00
6-\ olt, 60 Amp. Radio Storage Battery, 7.00
6-Volt, 80 Amp. Radio Storage Battery, 8.00
6-Volt, 100 Amp. Radio Storage Battery, 9.50
€-\ oit, 120 Amp. Radio Storage Battery,11.50
6-Voit, 140 Amp. Radio Storage Battery,13.00
We ask for no deposit. Simply send name
and address and style wanted. Battery will
be shipped the day we receive your order
Express C. O. D., subject to your
examination on arrival. Our
guarantee accompanies
each battery. Weallow 575
discount for cash in full
with order. You cannot
lose! Act quick. Send your
order today—NOW.

Arrow Battery Co.

1215 South Wabash Ave.
Dept. 14 Chicago, IIi,

Mo Son SHIRTS

fmct D.iroet from
our factory to .
Eaelly sold._ Over oﬁ’é mllri':n. ;::—
sfied wearers. No capltal or experience
required. Largesteadyincome. Manyearn
$100. to $160. weekly. Territory now being
allotteds.  Write For Free Samples.
Madison Shirt Mirgs., 507 Broadway, N.Y.

charqe

all
equip-
ment
shown
under
Lathe

Routh Tiend Lathes are used in
plants of 2 largst Steel €om-
panles, in 8 lariest Auto Fac-
torles, In 5 largest Railroad
Shops, In world's largest Sewe
ing  Maehine Factery, in 2
largest Fire Arms Factorles,
by largest Ol ¢'ompany, by the
U. S Government, and In 6%
Forelgn Countries,

for It,

leading <hops.

Bend Lathes are in use.

of Your Own

Get our easy-payment
plan on this 16’ x 6/
Quick Change Gear

SOUTHBEND

currine LATHE
Complete Others as low as

$466

ONLY

$197on terms

Our ea-v-parient plan enables you to use your Nouth Bend Lathe while you are paying

You m.ke a pavment dovn, and the Lathe is shiuped at once on 30 days® trial.
Convenient monthly payiients mas be arranged for the balance.
helps earn its own ceost, and you secure the samme high quaMty prodvct used in Ameriea’s

In thls way the Lathe

The Kew South Tiend Lathes embody 32 major tmprovements made in the last 2 years—

all Insuring extréme accuracy, efficiency, economny and conventence. More than 31,000 South
Free Catalog Shows 96 Styles—All Sizes.

Let us send you a copy of thls Free ook, Then you can sclect just the Lafhe you need,

(“ompare our meney-saving prices and lberal terms with what others offer.

Write today.

SOUTH BEND LATHE WORKS, 304 East Madison Street, South Bend, Ind., U. S. A.

operator would.

. ____ _"“THERES /IONEY.iNIT* I
“E—LEARN TELEGRAPHY=3;
——— __—_MORSE AND WIRELESS=-"--"—
TEACH YOURSF—.EF %n half usual time, at trifling cost, with the wonderfal

Automatic Transmitter THE OMNIGRAPH. Sends un-
limited Morse or Continental messages, at any speed, just as an expert
Adopted by U. S. Government and leading Universities,
Colleges and Telegraph Schools.

If you own a Radio Phone Set and don’t know the Code,
you are missing most of the fun.

OMNIGRAPH MFG. CO.

B @ e e cmm = @ 0 — et LA g

3 styles. Catalog free.

16-D Hudson St., NEW YORK
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LEARN WIRING
AND EARN
$75--$100 A WEEK

448 PAGES
186 ILLUSTRATIONS

Thousands of young men have become ex-
pert wiremen through the simple rules and
tables gnen in Standard Wiring.

No wireman is ever out of a job.
1t contains The Natienal Electrical Code explained
and iflustrated. New iliustrated chapters en Out-
side Wiring and Inside Wiring for all systems for
both direct and llternnlu eurrenu House and
ring, Wiring, Theatre and
Moeving Plcture House Wiring. Marine Wiring,
Electrio 8ign Wiring, Radio Wirlng.
How to instail, operate and care for Generators,
Motors, Storage Batterles. Meters, Electric Ranges
and every kind of wirlng deviee for light, heat and

"Lt $3 .00

Leather Cover Gilt Edges. Pocket Size.

H. C. CUSHING, Jr.

10 WEST 40th STREET, NEW YORK

I Sent Pest Paid en receipt of Price

BY DOING

Every phne of all

ELECTRICITY

taught by
Actual Practice

In America’s foremost and oldest
institution for trade training

No Books Used

Individual Iastruction.
Start Any Dey ¢

Write for FREE 64-page catalog

THE NEW YORK
ELECTRICAL SCHOOL

31 West 17th St., New York City

The Famous KON-VER-TER Slide Rule
1nstantly adds, subtracts, divides,
multiplies, converts fractlons or
decimals of an Inch. Gives sines,
co-sines, versed sines, co-versed
~ines, tangents, co-tangents, se-
cants, co-secants of angles direct-
ly. Glives square roots, squares,
cube roots, cuhes and fifth roots
and powers of all numbers, Loge
arithms, co-logarithms, anti-log-
arithms, _Instructions with rule.
Del.uxe \lodel £3. 00
e ). HAMILTO

7 Water St., Dept. C

ADULTS ! SEX KNOWLEDGE BOOKS

instructive, authoritative, profusely fl-
lustrated In natural colors, ete. The worth-while sort. Con-
taing everything one should knew both befare and after mar-
riage to enjoy health and happiness. Large Catalog, 10ec.
F. SMETANA & CO. OW0S80, MICH.

Po-t Iaid.

antnn. Mass.

Ball Lighining Made in
the Laboratory

tContimeed from page 255)
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OurFamous Bulldo

Automatic Ejecting Top Break bnuhl- Action levor
32 calibre
38 calibre $

at frequencies up to 1,000 cycles. A similar
effect 1s produced by using alternating cur-
rent for heating the filament, In either case
the globule streamer assumes a wave motion,
traveling across the arc in beautiiully sharp
curves, rather than in straight lines.

If the arc current is maintained, this
effcet continues for hours before the minute
portion of tungsten ceascs to act. The effect
can then be brought back by again cutting
out the filament current for a moment and
thus sputtering another trace of tungsten
into the argon vapor. If the arc current
is shut off for about 40 seconds, the effect
disappears—the tungsten has been deposited
and the streamer discharge will not start
again until more of the metal has been sput-
tered from the filament.

According to this theory, tungsten atoms,
negatively charged, raam about in the spaces
outside the arc. These atoms entering the

“electric double layer” lose their charge
and collect on the positive sheath, form-
ing small globules, At these points on
the double layer the negative sheath is in-
dented, and when sufficient tungsten accumu-
lates, this indentation becomes sharp and
will extend into the arc until the globules
tear away. By the nature of their forma-
tion the globules will thus have a positive
sheath on the outside and a negative sheath
on the inside ; an arrangement the reverse of
that found in the arc proper. :

These glowing detached globules seem to
have characteristics similar in many respects
to those that have been described as be-
longing to ball lighting. It is perhaps not
certain that ball lighting is anything more
than a psychological phenomenon, but if it
has objective reality, it may possibly be due
to causes similar to those which give rise
to the globules described above. The imns
of a highly ionized gas. such as the electri-
ficd atmosphere, recombine on solid particles
forming small spheres, the solid particles
being retained within the ball by their
charges and the clectric field being retained
at the surface of the ball. This theory is
very effectively supported by the marked re-
semblance between ball lightning and the
globules of liquid fire produced in Dr. Lang-
muir’s experiments.

Listening in jor the Stars
(Continued from page 262)

ceiving CW of about 0.0000006 meters. Of
course these waves are not radiated by stellar
radio transmitting stations, but are just com-
monplace light waves, whose energy, through
the relay action of a photoelectric cell, is
rendered audible.

A photoelectric cell of the type shown in
C, Fig. 1, is trained by the aid of a pow-
criul telescope on the position in the sky
at which a star is to be observed. When
the star reaches this position the feeble light
ravs cmitted by it impinge on a film of
potassium with which one side of the cell is
coated. These rays cxcite the atoms of
potassium to such an extent that the latter
emit electrons. The electrode (P) in the
cell is charged to a positive potential by the
battery (B) and in consequence the eclec-
trons emitted by the potassium are attracted
by the clectrode.

The flow of electrons from the potassium
to the clectrode (P) constitutes a {feeble
electric current which charges grid (1) in
the amplifier tube (A). Another gridl (2)
is used to reduce the space charge to a con-

Famous Ace
rted side

tor double ac
ltcunlo. dependabls and
&fjored walnut stock.

xowcrful i
favorite

Wond.F L 30 3ocal o i
Yorid-Famous Luger, fibre $20.95 ... v *
i u.ur" ore. ""z, _ o:-;-;ttc'gnm.:'u
Trench Aut i, 20 8! ."?2 % .‘I":VI Military
RSt ineored, Qo spnimiiser
and nbmlul:'l.;nperhct. -donot sell 3.':4""-'.:3&‘ bMd m'

ey mmon arrival pius few

Wu‘hmﬁudwmmmbw.-‘ d.

IMPORT SALES CO. 14 E. 220d8¢.Dept. 5 N.Y.

RADIO MAILING
LIST

15,870 Radio Dealers, per M, ..
1880 Radio Mfrs., per list ... .15.00
2,324 Radio Jobbers, per list 20.00

597 Radio Mfrs. complete sets, per list, 5.00

25,000 Radio Amateurs, per M, vees 7.50

...$7.50

s esesra

Ask for complete price lists showing details,
98% correct

A. F. Williams, Mgr.
166 W. Adams
Established 1880

Chicago

/ Prlce Watch Sale

Extra thin 1923 model, JEWELED
damasceened movement, regulated and
accurately adjusted. Exquisitely engraved
I‘rmch Grey Case, solid white gold effect,
2531, guarantce, Sports scenes engraved on
back, Positively the handsomest, thinnest
wateh for the price. Eusily sold for double,
Agents get rich, FREE—Knife and chain
Send only 20¢ for postage. I'ay rest when
delivered, ]luv direct fiom lnu witers,
OR{ENT EXCHANGE
21 Park Row, New York, N. Y., Dept. PE

You've heard
youl’ neighbor pralse this
wonderful weekly magazine
that 3million people read. Unbias~
ed digest of natlonal and world affairs,
Chock ful} of the kind of reading you want. Sci-
ence, politics, travel, fun, aucation box, books, health, bome, radio
a:;c'x;:mr‘neﬂ; and lnatruc(‘lcinl;or all.’ Send 15¢ (coin orstamps)
£ paper on tria week or$lf 2
PATHFINDER, gog L s'ia..s Sashington. b 2.

e D,

ECHANICAL

DRAWINC

X\ AND MACHIN-: DESIGNING

% TAUGHT A E. ADDRESS

\ \\ THE PRACTICAL MECHANIC
P.0.BOX 98, SOUTH HAVEN, MICH.

SIGHS, BANNELRS, CARDS

Easily Pamted Tt i o

Simply trace around a letter pattern
in. Made in a large variety of

loleo -nd ﬂzu at surprisingly reasonable
p for free samples. John

E Rabn, uzu:lcnonvmm Chicago

OWN THE WORLD’S BEST!

8poruing goods, binoculars. telescopes,
armor, ultra modern arms, ete. Catalog

od
W free. Paeme Arms Corp., San Francisco, Calif.
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INTRODUCTORY PRICE

For a limited time only, and to introduce this
new and superior Storage *‘I3°" Radio Battery to
the Public, we are selling it for $3.50. Regular
Retail Price is$5.50. Yousave $2.00 hy ordering
NOW. A finer battery cannot be buiit than the

World Storage “B’” Battery

{12 CELLS-24 VOLTS) -

To tan milllon homes with Radio Sets—and to count! mit.

Ppﬂnpo-:dve buyers—this WORLD Storsxe "*1’'" Rat-

tery brings a new coi reption of battery economy and performe

snce. Here in e battery that pays (or itsel( in & (rw weekn—

will Iast {or years and can be recharged st 8 neghgible cost.
nd you save $2.00 by ordering now.

0 Equipped With
A Superior Battery soiia fibber Case
Has heavy duty 21.8in. x 1in. x 1.4 in, plates and plenty of
scid circulation. Extra h: wianx jars sliow rendy observa.

ion of charre and prevt‘;-t ehaxe and of current.
t holds ita charge, while ik, at conatant voltare.
oy will find lhf‘

battery a houn to long distance reception,
e away with a great many noisce 80 often blamed vn
" Mail your order today.

SEND NO MONEY

te ber of batteries ted and we will shi
plo i m";?.g: R T hataasien T serica {

venient normal value, at which the variations
in the charge on grid (1) are best ampli-
fied. The amplified current is then passed
tiirough the telephone receiver (R). Thus
the position of the star is instantly an-
nounced by a sound in the receiver.

It may be of interest to consider in this
connection a question raised by one ol our
readers endowed with more curiosity than
information concerning radio. “Since light
rays are merely short electromaznetic vibra-
tions,” writes our correspondent, “why can-
not a radio circuit be designed which will
receive light waves in exactly the sarie man-
ner as ordinary ‘wircless’ waves are re-
ceived today:”  Our answer to this inter-
esting question is that while such radio cir-
cuit can be designed the execution of the
design would be a physical impossibility. For

.the reception of waves of yellow light, for

instance, a circuit provided with a capacity
of only 1 microfarad would have to have an
inductance not exceeding 0.000,000,000,000,-
000,0000.09 microhenry. To reduce the in-
ductance of an eclectrical circuit to such low
value is manifestly impossible.

Chemistry at Home
(Cantinued from page 247)

orde

volts), $13 00, pressman after examin
r cent aiscount for cash tn full with order, Send your ordes
OW and save $2.00.

WORLD BATTERY COMPANY
Makers of the fomous World Radio **A** Storage Battery
[l 1219 S. Wabash Ave., Dept. 88 Chicago, liL

SAVE $2.00 BY ORDERING NOW?

PATENTS

If you have an invention which you desire
to protect we shall be pleased to have you
consult us. Our booklet giving information
on patent procedure will be sent upon request.

Scientific American is the monthly news.
reporter on all the big industrial and
scientific developments, inventions and
scientific discoveries. I’lainly written,
easily understood, accurate and interest-
ing. Price, $4.00 a year.

MUNN & CO.

PATENT ATTORNEY
Established 1845

607 Woolworth Building, NewYork

526 Scientific American Bldg., Washington, D. C.
415 Tower Building, Chicago, I,

368 Hobart Bldg., 582 Marker St., San Fran., Cal
233 Van Nuys Building, los Angeles, Cal.

ammmn Inventions Developed mmmmm

If you have an undeveloped invention, consult us.
We will prepare practical designs for you, also
procure your patent rights. Write for

FREE BOOKLET
Manufacturers Patent Co., Inc.
mamam 70 Wall St., NewYork maamm

Free Trial
""-"Uw:,,._‘;‘r -

Big bargaing, easy pa:
late model [} erw ood
L2 s R

BAV] .
illustras catalog

ocnt free and wr obligation

to buy. Write for yours today S

Young Typewriter Co. 8334 imaomt st.. chicago, 1.

mPrint Your Own

. Cards,circulars. labels book,paper. Press$i2 |
2 Larger $35 Job presa $13). Save money. Print
for others, big profit. All easy, rules sent.
Write factory nrprmcntalmﬁ’YPE.cnrd-.
[[I¥etc. THE PRESS CO., D-66 Meriden, Cona.

solution of oxalic acid in water. It is pos-
sible to use a concentrated solution, but then
the place moistened must be thoroughly
washed with pure water aiter the stain has
disappeared or the fibre of the material will
suffer. Stains of iron rust on marble and
tile are removed in the same way, or, better
still, by making in a tumbler a paste, con-
sisting of one teaspoon of oxalic acid, hali a
teaspoon of antimony trichloride and suffi-
cient water to make a paste. Leavc this
paste on the stain for a day or two and
the discoloration will disappear. Many oi
the stains with which wood is colored are
also removed by bleaching with oxalic acid,
but in order to do this effectively, the acid
solution must be quite warm.

Paints o all kinds are most readily re-
moved f{rom furniture with some strong
caustic ~uch as sodium or potassium hydrox-
ide. Here the caustic does not actually re-
move the paint or varnish, but rather loosens
it. Such a paint remover is made of a mix-
ture oi various chemicals. which. although
not particularly pleasant to work with, i~
extremely effective when correctly applied.
To 10 parts oi water glass (sodium sili-
cate) add 2 parts of ammonia and mix. To
this solution 1 part of sodium hydroxide is
added and dissolved. Before using see that
the whole is thoroughly mixel.  Brush this
mixture on the painted work which is to he
removed and let it remain until the paint
has softened.  When using a brush be sure
to clean thoroughly with warm water bc-
fore putting it away. The soitened paint
can be removed by scraping.

Trying Out the “Beam”

The Government are going to co-operate
with the Marconi Company mn the trial of
powerful “Beam” stations, for communica-
tion with South Africa. India. Canada. and
Australia. By means of a reflector which
partially surrounds the transmitting acriil.
a fraction of the outgoing energy is con-
centrated into a “beam” directed towards the
receiving station which receives some of the
energy formerly broadcast in all directions.

Wireless “Power”

Fxperimental tests are being carried out
at Southend and Leigh-on-Sea. England. with
a device by which it is claimed electric power
can be wirelessly transmitted through space.
The transmission of power differs radically
from the operations of radio. This is not
fully realized by the “General.”

Choose asYour Profession

ELECTRICAL
ENGINEERING

Electricity offers a brilliant future to the young
man who is about to choose his career. Never be-
fore has there been such wonderful opportunity in
this great field. Big payi‘:\ghpositi(;gs in electrical

work the world over are open
B. S. Degree to trained men—men who
in 3 vears possess specialized, practical

knowledge. Come to the
School of Engineering of Milwaukee—the largest
and best equipped electrical school in America.
Here you are trained in bhoth theory and practice
by 2 faculty of experts. You learn in large, finely
equipped lahoratories. If you have 14 high school
credits or equivalent, you can hecome an Electrical
Engineer with a Bachelor of Science degree in 3
years. 1f you lack these credits they can be made
up in our Institute of Electrotechnics in a short,
intensive course.

Practical Electrical Education

Learn by the thorough approved scientific meth-
ods which our twenty years of specializing enahle
us to give you. In addition to Electrical Engineer-
ing, the following complete courses are given:

. C. and D. C. Armature Winding—Wiring and
Tewting—Practical Electricity— Drafting—Electro-
technics—Commercial Electrical Engineering—Auto
Electrical Service Engineering and Automotive
Electricity,

EARN WHILE YOU LEARN

You can earn money to help defray your ex-
penses while learning. Our wonderful co-operative
plan brings an Electrical Career within the reach of
every ambitious man. Qur Free Employment D).
partment secures positions for those stadents who
wi-h to earn part or all of their expenses. In addi-
tion, the Department will help you get a good posi-
tion in the Electrical industry when your training
is completed. Daily Broadcasting W.S.O.E.

New Term Opens February 16th
Big Book FREE

Mail the coupon today for our big new illustrated
catalog. Mention the course that interests your
mest and we will <end you special information.
Read about the school that trains men for practical
and quick success. See how easy it is for you to
get the training that will enable you to step to a
splendid position and a handsome income. Mail
the coupon right NOW. No cost or obligation.

GCHAL of ENGINEERIN(

of Milwaukee
Dept. PE-225
415 Marshall St., Milwaukee, Wis.

SCHOOL OF ENGINEERING OF MILWAUK
D ot. PE-225, 415-17 Marshai! Street, £€
Milwaukee, Wis.

__Without «bligating me in any way, please mall free
72 page [Husirated back, * Electricity and the Onc Best
Way to Learn It,"" and partleulars regarding the course 1
hme marked with an X
«...Electrical Engineering.

... Electrotechnics.

. Commercial Electrical Engineering.

..Automotive Electricity.

Auto Electrical Service Engineering.

Radio Sales and Service.
A.C. and D.C. Armature Winding.
. ..Light. Motor Wiring and Testing.

. Practical Electricity.

.. am interested in your ‘‘Earn While You Learn’’ Plan.

B conoooan 05000000006000060

Flueation ...




— Many men fall in bulld-
i T.I_PS

{| RADIO AMATEDR
\ CONSTRUCTOR

ing their Radic sets
because of some trivial
error that could ecasily
have been corrected be-
fore it was too late.
The E. 1. Company has
compiled a book that
will help you aveld
all the common pit-
falls while bultding
sour Radio sets,
I'RICE 235e¢,

The man who wants 0
build only those PRAC-
TICAL Radlo Sets that
are guaranteed to glve
good results when prop-
erly constructed will
need this hook. Gives
the prinelpal successful
hookups of practical
Radlo Construction.
PRICE 25c,

Question No. 1-~—\What
is Radlo? This i3 the
nature of the questlong
that this book answers.
Then it answers ques-
tions on all the prinel-
pal parts of a Radlo
Recelver, 1t is a handy
hook to keep In your
radio File. PRICE 23e.

Book No. 3

Distance lends enchant-
ment—and its the Ra-
dic Frequency Amplifi-
cation that Drings in
the distance on your
Radlo Receiver. If you
contemplate adding any
Radlo I'requency to your
get you will want this
hooli at your side.
PRICE 25c.

RADID FREQUENCY
AMPLIFICATION

Don’t strugglo in the
dark, looking for w»ta-
tlons—here is an inex-
pensive book that gives
y ou detalled instruc-
tions on Jjust how to
handle your Radio set.
You will be surprise!
at the Increased results
that can he obtained
through proper tuning,
PRICE 25¢,

The complete set of I 1. Company DBooks
shown on this page make up a library that
covers practically every important detail of
Radio Receiving Sets. The low cost of the
complete set as compared with the amount of
valuable finformation contalned in it is the
Reason why many Radio Set bullders have a
complete library at home that is constantly
referred to. Sf{ze of each book is 7% inches
by 51 inches, contains 52 pages and printed
with a handsome two-color cover. You can
obtain these books separately or ail together
from your Radio Dealer or by writing to us
direct enclosing the price of each book.

Radio Broadcast Eistenet’s -
Book oafn Lnll:ogenatl

One Radio Book
Everybody Needs

The Instant Reference book

giving essential Radio Informa-
tion, List of Broadcast Stations,

Log Record, Etc.

No Radio Book on the market today is just iike this
new book of the E. I. Company. It is not only a com-
plete, practical book of those essential Radio facts
that everyone who owns a radio should know, but it is
also a handy log record for those who want to keep
a record of the stations they receive.

The book is enclosed in a handsome two-color cover,
bound in Loose-leaf fashion, so that new pages can be
iserted if necessary. It contains 80 pages, each one
containing information more valuable than the last.
The following is a brief summary of the information
contained in this book :

Information for the Broadcast Listener:

Vacuum Tube Table: Meter wave lengths:

Radio Batteries: Wireless code chart:
Station log Chart:

Complete List of Broadcast Stations of the United States,

giving Power, wave length, and Time of Operation each

day of the week.

Log Sheets for tabulating the dial settings of the stations

you receive on your radio.

This book is the most valuable record ever prepared for

the Radio Set owner,

Copies can be obtained from your Radio Dealer or direct

from us on receipt of 50c.
Postage Paid

PRICE

- Can you imagine &

better book for your
work bench? Gives dia-
grams, hookups, and de-
talls on Radio Hool-
ups galere. One of the
most  complete hookup
books published. Au-
thentie, and up-to-date
in every respect.
PRICE 23e,

LEveryone who constructs
a radio set should
know, before he starts,
the simple fundamentals
of tho various parts
that go to make up the
set. The E. I. Com-
pany has set these forth
in a compact ttle book
that {s valuable at all
times. I'RICE 25¢c,

The Vacuum Tube Is a
marvelous plece of aj-
naratus. A short study
of it as given In this
book gives you the prin-
cipal on which every
Vacuum Tube Radio
Recelver operates.
PRICE 28c.

Eienybody knows the
famous Neutrodyne
hoohup. One of the
finest Radio Receivers
in use today. This 54-
page E. 1. Company
hook gives an explana-
tlon of every detall of
the Neutrodyne and
how it all worka
PRICE 235c.

Anyone with this handy
book as a gulde can re-
pair and keep In order
his own radio set. Cov-
ers every detail of the
modern radlo sets and
tells how to locate and
repalt any trouble.
PRICE 25c.
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HOW T040CATE

\TROUBLES IN
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You can place your ad in these columus 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.

Ad-lLetz for Apnl should reach us not

GERMOTT PUBLISHING CO,, INC.
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OPPORTUNITY AD-LETS

|
As a reader of The LXPERIMENTER it will puy you to read ‘

these ads

Fach issue contains offerings made by reliable firms
who are desirous of your patronage

lJater than February 20th. ||
The circulation of The EXPERIMENTER is 100,000 copres I
53 PARK PLACE, NEW YORK CITY J

Agents Wanted

Educational

Models and Model Supplies

Agents— Write for free samples.  Sell Madison
*“Better-Made” shirts for large manufaciurer direct
to wearer, No capital or experience required.
Many earn $100 weekly and bonus. Madison Mills,
564 Broadway, New York.

Earn Money at home, Addressing, mailing ¢i--
culars. Experience unnecessary. No selling. We
pay weekly. York Supply Co., Dept. 140, 309
Fifth Ave., New York.

Lightning Mcthod for calculating any problem
on the Streugth of Beams., Machme Parts and
Structural Designs.  Send for descriptive litera
ture. Lightning  Method Publishers, Box 9u9,
Long Beach, California,

Railway Postal Clerks start $133 rionth; raslioad
pass.  Send sramyp for questious.  Columbus Insty
tute, N-17, Cahnnbus, Ohiao.

Sells Like Blazes. New Tnstant Stain and Rust
Remover. For clothing, tahble linen, etc. Fine
premium every sale.  Big Ouick Profits.  Free
Qutfit. Write today. Christy, 508 Union, Newark,
New York.

Help Wanted

Money! Silvering mirrors, retimishimg tableware,
auto lights, radiators, chandeliers. Outtits. Methods
free. Sprinkle, Plater, Dept. 87, Marion, Ind.

Earn $25 Weekly, spare titne, writing for news-
papers, magazines. Expericnce  unnecessary.
Copyright houk free. Press Syndicate, 1175, St.
Louis, Mo.

\Work home or travel. Experi-
ence unneccssary Particulars free. \Write, George
Waguer, former Government Detective, 1368
Broadway, New York,

Be a Detective.

For Advertisers

Inch Display 100 Magazines, thrice $3.

Bedk,
S411 Alaska, St Louis,

Stop! Your 50-word advertisement in 85 mag-
azines published in United States and  Canada
$4.00, guaranteed 10,000 distribution. In every
edition for 1 year's time $40.00. Act quickly.
Carl  Barbagallo, 913 Carpenter \Way, N.
Pittsburgh, Pa.

Model Engineering. The design aund usc of
scientific models and experimental apparatus. A
simole explanation of the Theory of Models, In-
disrensable to the Inventor and Experimenter.
Price, postpaid. $2, lightning Methods Publish-
ers, Box 999, long Beach., California,

For Sale—( amlunation precision lathe, horing
mill and miller with chucks, universal dividing
hea.d and all possible tools, cutters and attach-
ments Wil <end photos and  description.  Virl
Davenport, Ignalio, Colo., R. F. D, No, 1.

The Modelmaker., For thoe interested in mak-
ing working models.  Send 10 cents.  Address
. bl 120 Liberty St., New York.

Patent Attorneys

Patents— Scud for form, “Evidence of Coucep-
tior"" to he signed and witnessed. Form, fee sched.
ule, information free. Lancaster & Allwine, Reg-
isteredd  Patent Attorneys in United States and
Canada, 288 Ouray Bldg., Washington, . ",

Formulas and Trade Secrets

What do you want to manufacture? $2 will
bring guarameed formula for any Product, com
plete instructions.  Consulting Chemists  Bureau,
Box 1709, Boston, Mass.

American Made Toys

For Sale

We Need Manufacturers or ambitious men in
this territory for manufacturing of Metal Toys and
Novelties, \We buy complete output and place
contract orders for three years. Casting forms
allowing specedy production, furnished at cost
price.  We guarantee perfect work without pre-
vious 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
mailed free.  Metal Cast Products Company, 1696
Boston Road, New York.

Books
“Nature's Finer Forces”; Lights, Colors,
Tones; Vibrations; Electromagnetons; Odic-

Auras; Radio; (oldlights; Coming Inventions;
\Wonderful Opportunities; Fifty I.essons; Marvel-
ous Color Cures; 260 pages; Satisfaction Guar-
anteed; $2.00; Del.uxe Edition $3.00. Table Con-
tents Free. P. K. Stevens, 242 Powell, San
Francisco.

Business Opportunities

Free Instructive Book—Start little mail order
business; home c¢mployment evenings. Outtit fur-
nished. Pier, 867 Cortland Street, N. Y.

Unlimited Possibilities making toys and novel-
ties at home or on a large scale. Particnlars
free. New Specialty (o., 448 E. 79th St.,, New
York.

Super Heterodyne, manufacturcd by Experi-
menters’ Information Company. The Rolls Rovcee
set. There is no hetter set than this on the mar-
ket.  Fully assembled and wired by the Company
in expensive mahogany cabinet, hakelite panel,
ready to operate. Due to death of owner outfit
must be sold. Set takes 8 tubes. Size of outfit
is 40” by 39” by 10”. Set originally cost owne:
$200. No rewonahle offer refused. 'Box No. 200
The Experimanter.

Languages

World-Romic System, Master Key to All T.an
guages.  P'rimers, $1.94: Chinese, French, Span-
ish.  languages, 8 \West 40th St., New York.

Patents—Trademarks, \rite for free Guide
Books and “"Record of Invention Blank” before
disclosing inventions. Send model or sketch of
your invention for our Examination and Instruc-
tiors Free. Electrical cases a specialty. Terms
reazonable,  Victor J. Evans & Co., $13 Ninth,
Washington, D. C,

Patents Procured. Trade Marks Registered. A
comprehensive experiencaed, prompt service for the
protection and development of your ideas, Pre-
limmary advice gladly furnished without charge.
Bocklet of information and formm for disclosing
idea free on request,  Richanl B. Owen, 5 Qwen
Bldg.. Washington, D. (., or 41.11 Park Row,
New York.

Personal

Lonely—Join Our Club.
wiiere,  Particulars free,

Rox 26, Oakland, Calif.

Make friends every-
Write Mrs, Mathews,

Free to Men or Women—Iunformation of a sci-
entific nature that has brought physical vigor and
happiness to thousands. No charge; no obligation,
Wiite Fair Sales Co., Dept. 246-P, Colorado
Spiings, Colo.

Radio

Miscellaneous

Make and Enjoy your old favorite beverages.
Many valuable tested formulas you should know.
Free information. Meriden Co., B3322 \White Bldg.,
Seattle, Wash,

Beautiful Registered Bull Pups Cheanp. Bull-
dogs, 501 Rockwood, Dallas, Texas.

Make Your Own Transformers. Very hest 28-
gauge silicon steel strips %4, 1, .Y%, 1'; and ?
inches wide by 39 inches long. Price, 3 to 6 cents
per strip.  Kempthorn Specialty Co., P. O. Box
752, C. 8., Toledo, Ohio.

2650 Miles Distance with one tube. Any Novice
une erstands our Simplitied instructions. Big free
hocklet tells the story. Vesco Radio (‘o., Box
I2C-117, Oakland, Calif.

Salesmen 1Wanted

A Salesman Wanted in every town or city with-
in 23 miles of a broadcasting station to sell Radio-
ger1, the complete radio receiving set that retails
for $2.50. With Radiogem there is nothing else
to nuy—the outtit includes the Radiogem receiving
apparatus, 1,000-ohm phone, and aerial outfit. The
chcapest radio outfit on the market—yet as prac-
ticul as the most expensive, Big money to the
right men. Send $2.00 for sample outht. The
Ra hogem Corp., 66-R \West Broadway, N. Y. City.

Chemistry

Learn Chemistry at Home—Dr. T. O'Conor
Sloane, noted educator and scientific authority,
will teach you. Our home study correspondence
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 277 of this issue for special 30-day
offer.  Chemical Institute of New York, 66 W.
Broadway, New York City.

= = _1

ITS THE POINT,

Imported from Japan, ‘‘It makes Carbon Copiles.”

Sells for $1.25. Agent’s Sample 65c.!

-SCREW CAP PEN RETAINER FITS INTO BARREL
Al kVL FRICTION-TIGNT N/ﬂ!ﬂm& TWISTING OF TUI
% -

HAS EIGHT GROOVESF INKTO FEED

Guaranteed for 1 Year.
Money refunded if you don’t think it’s the hest pen you ever weote with, Comes in beautifnl brown trimmed in black.

Nend for quantity price llst and distributing plans. F. SPORS & CO.. 151 Broadway. Lesuer Center, Minnesota.

New Self-Filling
Bamboo Fountain
Pen with Stylo Point

—

Hustlers Making $20 Daily!
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Other Titles in
Consrad Patterns

PATTERN NO. |—SHORT WAVE REGENERATIVE

RECEIVER
Especlally designed, single chicult recelver pattein that
incorporates all those refinements that give such 1emarkab'e
results. P’attern contain~ 2 blueprints, stze 15”7 hy 22~
and a five page instruction hook.

PATTERN NO. 2—ONE AND TWO STAGE AMPLIFIERS

Everyone lkes to add some amplification to his set ar
some tline or ather. This remarkable pattern glves full
detalls with blueprints of clreults, ete.

PATTERN NO. 3—A RADIOPHONE CRYSTAL SET

The crystal set complete.  Wlith patterns,  bineprint,
Instruction folder containing tlustrations and lTull detalls.

PATTERN NO. 4—A REINARTZ RECEIVER

One of Radlo’s most popular hook-ups, noted for its dis-
tance gettlng capacity and sliplieity of corstruetion.
Pattern contalns 2 full cize blueprints 16” by 227 aml a
complete lllustrated catalogue.

PATTERN NO. 5—A REFLEX RECEIVER
Here is a reflex recelser anyone can bulld, detallz are
reduced to a minlimum.  Pattern contalne the usual fuil slze
blueprints and four pase instruction hooklet.

PATTERN NO. 6—A COCKADAY RECEIVER
The four clreult tuner, with the perfect reseneratlon
control on all wave lengths, that gets those consi-tent
results. Pattern contalns 2 full slze blueprinte and com-
plete booklet of instructlons.

PATTERN NO. 7—A NEUTRODYNE RECEIVER
The five tube Neutrodyne—one of radio’s greatest circuits
This pattetn contain~ a complete Liueprint of the wirlne
diagram and ane of the panel layout together wlth a twur
page Instruction booklet.

PATTERN NO. 9—THE S.T. 100 RECEIVER
This clrcult spread like wildfire abroad. Thoswe In the
United States who have tried It have obtalned astonlshin.
results, The pattern countains every es~ential to the enm-
plete construction of the outfit.

PATTERN NO. 10—~THE ULTRADYNE RECEIVER

The ultimate In Super-G tuhe clreudts, It engages the
“"Modulatlon System,”” a very valuable asset to the hilgh-
power set. TDattern contalns a four paze baoklet and nne
extra large blueprint containlng wirlng dlagrawm, enlt wind-
ings, panel layout, etc.

PATTERN NO. H—THE FIVE TUBE COCKADAY

The modern, successful Cockaday with the push-pull .-
tem of amplification.  Exceptionally flne for ling di-tance
receptlon. Contaln. the usual large size blucprints of
wiring, panel layout, ete.

PATTERN NO. 12—A PORTABLE RECEIVER
There are ten thousand uses for a ool portable receiver
Consrad has deseloped a low cost llghly eficlent recetser
for gencral use. I'attern s of standard slze and is cen
plete In every respect so that the user wIl hate no dim
culty in constructing this set.
PATTERN NO. I13—A HARKNESS RECEIVER
One of the latest and finest of the (Consrad Pattern.. The
modern, popular larkness. Each pattern contains full sise
blueprints of wirlng diagram, panel layout and a specisl
complete Instruction booklet for use.

These Patterns Each
Price 50c.

SOLD BY ALL RADIO AND
NEWS DEALERS

THEELTNREEEEn

Perfectly balanced. High W ave

Length Conversion action giving

maximum amplification. Only two

tuning dials with stabilizer. Splen-
did natural tone quality.

Build it Yourself
with this

Super Pattern

The simplest, greatest and most revolutionary Radio Pattern ever
designed. The complete super-heterodyne as shown above can be
built with this pattern by anyone.

The secret of the marvelous simplicity is the gigantic blueprints
that are drawn the full size of the super-heterodyne itself. The blue-
print of the wiring diagram measuring 191;” x 44” is drawn by a master
radio engineer, every conceivable measurement is given right on the
pattern so that you need not measure a single wire.

The blueprint of the panel layout is made up so that all you need
to do is to lay it flat on the panel and then take a pencil and carefully
trace each hole as shown because the blueprint measuring 1915”7 x 44"
is the exact size of the panel required. ]

Then extra comes a 16 page booklet, size 8” x 12”, the most complete
hooklet of its kind ever made up. It describes every little detail, shows
yvou how to proceed in building. What parts are necessary, how to
set them up and lastly how to operate them.

The price of the complete pattern, comprising two blueprints, size
19%3” x 44” and a 16 page booklet size 8” x 12” and enclosed in an
extra heavy cardboard box printed handsomely in two colors is only $1.00.

Here is the most wonderful opportunity for every radio amateur to
have the finest set yet designed for radio receiving.

GET YOUR ORDER IN EARLY
OR SEE YOUR RADIO DEALER TODAY

Price $1.00
At All Reliable Radio and News Dealers
OR DIRECT FROM US

The Consrad Company, Inc.
233 Fulton St. New York City

o Y o

onsrad

FOREMOST PUBLISHERS — Everything in Books, Patterns and Diagrams

RADIO’S
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3500 PAGES $1 A VOLUME
4700 PICTURES $1 A MONTH

Know the facts in Electricity. They mean more money and better
| position for you. Hawkins Guides tell you all you need to know
about Electricity. Every important electrical subject covered so
you can understand it.  Easy to studv and apply. A complete,
practical working course, in 10 volumes. Books are pocket size;
flexible covers. Order a set today to look over.

LEARN ALL ABOUT

Mggnetism—]nduction- -Experiments Dynamps—Electri«_: Ma-
chinery—Motors—Armatures—Armature Windings- Installing of
Dynamos—Electrical Instrument Testing- -Practical Management
of Dynamos and Motors—Distribution Systems—Wiring: -Wiring
Diagrams — Sign Flashers — Storage Batteries Principles of Alternating
Currents and Alternators — Alternating Current Motors —Transformers —
Converters—Rectifiers—Alternating Current Systems — Circuit Brezkers

Measuring Instruments—Switchboards—Wiring—Power Stations—Installing
—Telephone—Telegraph— W ireless—Bells—Laghting- ~-Railways. Also many
Modern Practical Applications of Electricity and Ready Reference Index

of the ten numbers.

SHIPPED FREE
Not a cent to pay until you see the books. No obligation to bus unlesa
you are satisfied. Send Coupon now—today- -and get this great help
library and see if it is not worth $100 to you-—you pay $1.00 a mcnth for
ten months or return it.
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IN TEN
VOLUMES

SEND NO MONEY—SEND ONLY THIS COUPON

THEO. AUDEL & CO,,
72 Fifth Ave., New York City
Please submit me for free examination, HAWKINS
ELECTRICAL GUIDE (P:ice $! a number). Ship at
once prepaid, the 10 numbers. |f satisfactory, | agree
to sead you $1 within seven days and to further mail
you $1 each month until paid

Name

Occupation

Employed by

Heome Address ............
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Would you like to make @ ze
$10 an hour? g

Sounds like big pay, doesn’t it?

But thousands of men. when they have climbed the ladder and figured bac«<.
have found that the time they spent in spare-hour reading and studying pa:d
them bigger than any wages they ever earned.

Let's figure it. There are at least three evening hours a day that can be used
in putting practicai knowledge into yvour head. Suppose you used just a fair por-
tion of these, putting in, say, 500 hours a year for two years—
1000 hours in all.

The well-informed man in any business can expect to earn
$2000 a year more than the uninformed one. In five years this
difference amounts to $10.080, or $10 for every hour of your two
years’ spare-time employment.

We arc putting it conservatively,

Th \ \ // Many men have found their use of
rAN v, spare time paid them a: high as $25 to
C 'E $30 an hour. Spare-time investment is

= ey o

the biggest thing you can undertake.

ZLIBRARY OF PRACTICAL ELECTRICITY

/////l\\\\\\\ A combined reference library and home-study course

The Croft Library of Practical Electricity | 7 Reasons for Owning
Paves the Way to Bigger Pay for You the Croft Library

Thos. A. Edison, the great electrical inventor, writing to Terrell Croft, said: 1ﬁf{i;’.?2f;.£{,'2{;?:}23;“;3,€:’,,{;’,}f”"5,.,‘,’. il
“Your method of explaining by analogy with things everyone kunows, and Iy with the kind of problems you meet in
the simple illustrations make your work one of the best that I have yet seen.” A 2
In the Croft books you will find complete, detailed and up-10-the-minute information 23?{0]3""10"5 k'jlmvl?dxe of electricity has been
on clectricity, from the simplest principles to complete and economical operation of a i s o o . S e
central station. You will be told the things you need to know about motors, generators, ugh the varfous stages of wireman, drafts-
armatures, commutators, transformers, circuits, currents, switchboards, distribution sys- e e I e B LT R
tems—electrical machinery i every tvpe, installation, operation and repair—wiring for trie: ing companies. Now he heads
light and power—how to do it mechanically perfect in accordance with the National ! AL
Electrical Code—wiring of finished buildings—undervriters’ and municipal requirements 3 Seven sears of thought, time and effort were
~how 10 do the complete job, from cstimating it to completion—illumination in its every RRTTR ol el el BT e
phase—the latest and most improved methods of ighting—lamps and lighting effects, etc pructlee. Thelr thoroughness muakes them the
Send for your et of these pay-increasing hooks today and judge their value for eERA electrlul aftrance. faller ol Wi
yourself. Don’t wait. You can make every evening hour worth $10 or more ta you. The boolis contain nothlnz but live. practical
L Rl Tog o tae o 1o eie winlid s
Free examination—No money down—Easy payments Urleal worker WiTl pnreciute e vanaery S
We want you to test onr statements—we want you to compare the Croft ooks with others. Fill in and Eversthing In the volumes is clearly written—
mail the coupon attached und we will send you the entire uct of eight volumes for ten days’ Free Exam- 5(‘1?1"") illustrated. Every man uble to read
ination. We take all the risk—par all charges. You assame no o ligation—you pay nothing unless rou and swrite can understand and use them. Yet
decide to keep the books. Then $1.50 in ten days and the balance at the rate of $2 a month. Send they are nelther elementary or amateurlsh.

the coupon NOW
and see the books 6'1'ho flexible keratol binding of the Croft books

FREE WITH THIS GREAT LIBRARY for yourself. s, o are ey o okect or sy

When yonur first will last,
¥ g . " 2 . ayment of $1.50
To all who sub':cnbe to this pay-raising set now we will give P reccivedlan il The worth of any set of books fs usually Indi-
a copy of Taylor's great book on Transformer Practice. This send you your free 7““fﬂb Al jalg QU 0,000 [eleciriml i
B N , . . f avior’ ers—obeginners und experts—are now using the
book gives you the plain 1acts about the .CO‘}Strucglonp operation '?'orgﬂsf:rm;rzr P?arcs- Croft boaks. There's a sound reason for thls
and care of transfarmers and other static induction apparatus. fcd popularity.

It is a book no man would expect to get free—it comes to you
with the Croft Library as a premium for promptness.

A BARGAIN OFFER FOR PROMPT ACTION Send this McGRAW-HILL BOOK CO., Inc.

Coupon 370 Seventh Avenue, New York City

-------------------------------------‘

Free Examination Coupon

MeGraw-Hill Book Co., Inc.
370 Seventh Ave., New York.
Gentlemeir—Pleasc_send me the CROFT LIBRARY OF
PRACTICAL ELECTRICITY (shipping charges prepaid),
for 10 days’ free examination. 1f satisfactory, I will send
$1.50 in ten days and $2 per month until $19.50 has been paid.
If not wanted, I will write you for return shipping iastruc

musuusm ' LIBRARY LigRARY LIRARY
LiBRARY LiB . ;. o LiBRaRr LiBRA Lis -

0 8 of of
pRAc“F]cM PRACHCaL PRACTICH PRACTICH Pracrica PRACTICAL PRACTICAL PRACTICH
FLecTRicm ELECTRGTY ELECTRCW ELECTRCS  Fy porsaom ELECTRICTY ELecrmimy Evscrpion

T o e B g tions. Upon receipt of my first payment of $1.50 I am to
sowars. -4 e & e receive u capy of Taylor's Transformer Practice without

additional charge. (Write plainly and fill in all lines.)

3 4 5 .
DNBINEG, cap arps vT 7w I5 0 T @eoniih 2a b dded @ waie o oo suk aesdls @ a7 . o
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