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L.L.COOXE,
Chief Engineer

Earn

While
Learning

You can turn my
training into money
4 quick.Inafew weeks

er you enroll for
my course I showyou
whereandhowtoget
spare time electrical
work and teach you
how to do it. [ give
you a complete out-
fit of tools and appa-
ratus to work with.
My training pays for
itself many times
over, even vhile you
arelearning. Hun.
dreds of my students
earn $25 to $35 a
weck in their spare
time, while they are
getting ready for a
big job = all without
loosing a single hour
from their regular
work.

ExtraMoney

Home of the Chicago
Engineering Works,
the Million Dollar In-
stitution which backs
up my guarantees.
Night, Above—
The Electrical
Laboratory,
Left, Below—
The Adminis-
tradion Building,

ET INTO ELECTRICITY .The world’s biggest and most fasci-
nating business needs you. Ordinary electricians earn $8 to $10

aday, but thousands of the biggest jobs—the ones that pay $12 to $30
a day —are going begging for want of ¢rained men to fill them. Why
stick to your small-pay, no-future job? In a few short months time
with my training you can be an Electrical Expert earning $70 to $200
a week and not work half so hard as you do now.

Why Trained Electrical
Men Are Needed

Thousands of new power stations —
millions of automobiles — the wildfire
spread of Radio and an undreamed of
demand for electric light and power—
clithese thingsdemand more and more

rained men. The industry will be sad-
ly crippled without these men — they
must be had at any cost. That’s why
salaries are high and why they will
stay high in Electricity.

I Can Train You Best

I am an engineer with college training
and 20 years of practical experience. [
have employed and directed the work
of thousands of electrical men, [ know
what a man needs, to be a big success
in Electricity. That’s what 1 give you
in my course—20 years of practical ex-
perience simplified, and made easy for
you to understand. My Course is the
recognized best and most successful
training of its kind in America

JOBS—How I Get Them
For My Students

I am spending over $25.000a year to get
jobs for my students. Thismoneyisact-
ually spent on Employment Service
alone. And 1 do get jobs for my stu-
dents, even before they finish my
course. They don’t have to wait until
they graduate. Itis easy for me to do
this because employers of electrical
help know that “‘Cooke’’ Trained Men
KNOW Electricity. They know that
“*Cooke” Trained Men are the best
men they can get.

My 16 Big Guarantees

I don’t promise you anything—{
Guarantee it with a signed

says," you get your
money back_ i<W

- 9

L
bond backed upbyaMillion ’ ’
Dollar Institution. It

if you are not satisfied.” There are no
strmgs to this guarantee—you alone
are the judge. Among the things I guaran-
tee besides Freo Employment Service are—
use of my big Laboratory— Accomodations
when you visit Chicago—Lifetime subscrip-
tion to monthly Engineeri Magazine —
Consultation and Voeational Service—a big
outfit of Tools and Apparatus— sl FREE, Most
of these things are exclusive with my train-
ing—you can’t get them anywhere else.
Investigate! Get the Proof!
Big Electrical Book FREE
You want proof! You want facts! These I
give you inmy big book—The *Vital Facts"
about Electricity—Proof that opportunitice
more wonderful than you ever dreamed of
await you-— Proof that ‘‘Cooke’’ Trained
Men do get the big jobs in Electricity and
that I can do more for you than anyone else,
8end for_ my book mow. Be a ‘’Cooke’
Trained Electrieal Expert—Enrn $70 to $209
a week, Mail the coupon NO !
L.L. COOKE, Chief Engincer

Chicago Engineering Works

2150 Lawrence Ave.

Dept. 213,Chicago oo
i

o I

™

L. L. COOKE,
Chisf Engineer,
Chicago Engineering Works,

Dept. 213, 2159 Lawrence Ave., Chicago i
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My Bays Get

the Big Jobs

in Electricity

$800 to $1000 a
Month for Jirinec

In business for him-
self doing Electrical
work, John Jirinec,
1133 Fourth Avenve,
Astoria, L. 1., New
York, mankes over
$10,000,00 a year. He
snys ‘‘Cooke’’ Train-
ing alone is respon-
sible for hig succees.

Pence Earns Over
$750 Every Month

W. E. Pence, Albany
Ore.,speciatizes§n Auto

Electricity and makes

$750.00 & month. Was

formerly a mechanic

earning $30.00 a week, T
Pence has the only

“white ecollar’® job in

Automobile work. The %
repair musn gets the \
grease and dirt—elec-

trical experts get the

money,

Montrose Makes
$800 in 23 Days

Earl R, Montrose, Mono
Lake, Culif., gets elec-
trical contract, com-
pletes it in 23 days and
collects §800,00 profit
Montrose says, ““‘You
notonly taught meelec-
tricity, but you showed
me aiso how to wake
money out of it."”

Use My Money To
Go Into Business
for Yourself

Every month I start twe of my stu-
dents in business for themselves. I
give them all the money they need,
help them get started and help them
to a big success. Qet the detall of
this great offer—the greatest in his-
tory of home-study schools—from my
DLig FREE book.

~ Mail
this

(" . ~
s Y i

i

]

1y

Send me your book ““The Vital Facts About Electricity,"
full particulars of your Home Study Course, and your
16 Guarantees, including your plan for helping me earn
extra money while learning and details of your Free
Employment Service. This does not obligate me to
enroll for your Course,
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H. GERNSBACK. President
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Not by Correspondence
All PRACTICAL Work at

Earn $60 to $200 a Week

Why work at dull uninteresting work, at low pay, with no future? In 12 weeks I will train 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 are in demand everywhere. The great
development of the Electrical industry makes the demand for trained men tremendous. Big opportunities and advancement

for those who prepare now. The Coyne schoo! 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 of these fellows will tell you in my big free book what Coyne has done for them.

Complete Electrical Training in 12 Weeks

};trainR}Imu thoroughly on the grgatest outlaz of Q{CTUAL YouDon't Need Education or Experience
LECTRICAL machinery ever assembled in any school. Yot work . 1 .

with your hands on all kinds of Electrical apparatus, door bells. house t‘fﬁ‘,’e";’ 'ﬁg’,‘fg,g;f’;?ﬁﬁ;‘?é (',T §J§n1;a§ﬁ§§n'§‘n2f‘;‘c’§,§,";;, Y?;’d?,‘;'{ef hi/‘[’;
wiring, armatures, switchboards, dynamos, everything to mae you method of instruction is clear and plain, an yet thorough,
anallaround ELECTRICAL EXPERT. This REAL WORK and if you can understand plain English T will make you an
with REAL tools, on REAL machinery trains you many electrical expert even thcugh you haven't a lot of education

times FASTER, many times MORE THOROUGH than try- 2 > 5 .
ing to learn in the field or by books or lessons. o A ag S dec":“‘ S¥penences . N

4 - .
No Books—No Lessons—No Ciasses oS = ca?,{:f . f?:. oy lY i Fh"’hr tge A ¢

e scholarship which e
~¥You Do Actual Work ! ) "' “ ycu to stay longer than the required time “n;oues Q ¢
Idonot attempt toteach you by books orlessons. I trainyou . ; czreto, or irou mayreturn at any time totakeup 4
to work wich your head and hands on thesame kind of Elec- new work I’m corstantly adding to my school 4
trica}i Machraery us:j:d in pow?r houkses, indu;t{nal plantts;] and to make it the most modern at all times. 0* 'I
on the outside, under actual working conditions, with in- -
structors at your side. I have no c{asses. every student Earn While You Learn ° " H. C. LEVIS
gets individual training. My employment department will assist ‘@ * President
youtoa part time job where you can o COYNE

Free Radio and Auto Course
For a short time only I am including ABSOLUTELY FREE
my big new Radio Course and Auto, Truck and Tractor
Electrical Course.

COYNE

Electrical Sclool
1309-1310 W. Harrison St., Dept. 157.3 CHICAGO.ILL,

MAIL THIS COUPON NOW '

H.C. LEWIS, President jobon graduation.

Electrical School

stv Y 1300-10W.HarrisooSt,
¢

i make a good part of your .ivingex-
= penses while training, and they
will assist youtogetaBIGPAY " Dept. 157-3
Chicago, lllinois
Dear Sir:—Please send me

Get My F"ee Bwk Tl'nsblg.hzndsome absolutely FREE your big

&

new book j ast off 0 U4 1

the press—size 12x15 in.—shows actual photo- \ @ oW l;mk ar,ldl ‘uxlrl Dartlsuiars
graphs of my big shops. Cost me a dollarto Srere FAEE. ofer Wind &vo

print, but it's yours FREE if you mail & l' SOULSEs LR SE,
o
& N " .
& ‘ ame.

coupon. Youowe it to your-
se.f to get the facts.
4
é '0 Addreas
U4

# Towa

I 4
& Rate.........



The Experimenter for March, 1925

THE EXPERIMENTER READERS’ BUREAU

Time and Postage Saver

N every issue of THE EXPERI-

MENTER you undoubtedly see
numerous articles advertised about
which you would like to have further
information.
To sit down and write an individual
letter to each of these respective con-
cerns, regarding the article on which
you desire information, would be quite
a task.
As a special service to our readers, we
will write the letters for you, thus sav-
ing your tirme and money.

Just write the names of the products
about which you want information,
and to avoid errgr, the addresses of the
manufacturers, on the coupon below
and mail it to us.

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

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

This service will appear regularly
every month or this same page in
THE EXPERITMENTER.

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

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

Please advise the firms listed below that 1 would like to receive detailed information on their
product as advertised in the................... issue of THE EXPERIMENTER.

If Catalogue
of complete
line is wanted
check in this
column.

|List here specific article on

NAME | which you wish literature.

ADDRESS
(Street—(ity—State)

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

e e me e aeacaoananee e s B taarooayayen S an Ao A Ao Ao A AASoaan e ae e ae e o s oA as e e e easeeees-eacs.sesee-sSescsesesascassoseeeerareharacaacasssraonnnan

O If you are a dealer, Clty -------------------------------------------------------- State. ..o
check here. 3-25
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BURIED
TREASURE

can still be found In

S

Good Chemists Command High Salaries

and you can make yourself [What Some of Our
independent for life by un- | Students Say of This

. . ’ Cours_ :
earthln One Of Chemlstr s I have not written sinee I received the big
set. I ean still say that it far exceeded my
° anticipations. Since I have been studying with
d ets vour school I have been appointed echemist tor
ye un lscovere secr [ ) the Scranton Coal Co. testing all the coal and
ush by proximate analysis. The lessons are
kelping m'a wonderfully, and thek intcres!;nﬁ
1 way in which they are written makes me wa
Do you remember how the tales of pirate gold used to fire | mas In whlch e L o MORLAIS COUZ:
your imagination and make you want to sail the uncharted | Ens
seas in search of treasure and adventure? And then you I wish to express my appreclation of your

o prompt reply to my letter and to the recem-
would regret that such things were no longer done. But that mendation to the General Electrie Co. 1 in-

N . — tend to start the student engineering course at
is a mistake. They are done—today and everyday—not on the works.( This i{s somewhat along electrical

desert islands, but in the chemical laboratories throughout lines, but the fact that I had a recommenda-
b . h . k tlon from a retiable scheol no doubt had con-
your own country. Quietly, systematically, the chemist works. siderable influence in helping me to secure tho

His work is difficult, but more adventurous than the blood- J’obé;-l{lgr"ff‘}: gfml\flln“ﬁ:"ti?n sioased, Wit
curdling deeds of the Spanish Main. Instead of meeting an sour coorse and am still dolng nicely. I hope

e i early and violent death on some forgotten shore, he gathers ;so;'&i\'}fg‘r.]'llznor graduate this year.—J. M.

" T. O'CONOR SLOANE, wealth and honor through his invaluable contributions to hu- ™1 ind your course excellent and sour instrues
AB., A.M., LL.D., Ph.D. manity. Alfred Nobel, the Swedish chemist who invented | tion, truthfully, the clearest and best assem-
Toted lJastructor, Lecturermen. | dynamite, made so many millions that the income alone from Bled Ihate avgr taan, S Ly L)
can Chemical Soclety and a practicsl his bequests provides five $40,000 prizes every year for the From the time I was having Chemistry it

1 11’ known ; : ‘
chemlst with many well knowh | advancement of science and peace. C. M. Hall, the chemist Basinereriiicenythus fetplaliiel) ou e N
g;lv,;-;g;;i'm;';:«;;o?g;‘;; who discovered how to manufacture aluminum made millions | friends, and urcing them -‘-ocx;iﬁTfEsmuﬂ%g’
O o Yontaged fo commerciad | through this discovery. F. G. Cottrell, who devised a valu- R Ahareaniztion 4

mistr X, .
chemstay oo able process for recovering the waste from flue gases, James (oL cha aiwas recommend sour school to my
. » H riends and let them know how simple your les-
Gayley, who showed how to save enormous losses in steel | friends and Jet o AHL.
manufacture, L. H. Baekeland, who invented Bakelite—these I am more than pleased. You dig rlght in
from the start, 1 am going to get somewhere
are only a'fe\v Of, the m,en to whom fortunes have come with this course. T um so glad that I found
through their chemical achievements. you.—A. A. CAMERON.
I use your lessons constantly as T find it
more thorough (han most text books 1 can

.
—W>M H. BBS.
NOW ls the Tlme to sefl"jlln’:nklnz you fo':lthr lessons, whieh T find

° not only eclear and contlse, but wonderfully
S t d Ch str interesting. 1 am—ROBT. H. TRAYLOR,

u y eml y I received employment in the Consolldated

Gas. Co. 1 appreciate very much the good

Not only are there boundless onportunities for amassing ;e;:lggk:(i ,'f,‘f;‘,'?,}‘," BEE’kEn'“omme“daum

woalth in Chemistry, but the profession atfords congenial
employment at goud saluries to hundreds of thousands who
merely follow out its present applications. These appit- }

cations are innumersble, touching intimately every buslness and every pr ¢t in the world. The work of tho
chemist can hardly be called work at all. It Is the Kkeenest and most enjoyable kind of pleasure. The days

in a chemlical laberatory ape filled with thtilling and deligntful experimentation, with the allurlng /
prospect of & discovery that may spell Fortune always at hand to spur your enthusiasm.

You Can Learn at Home V4

To qualify for thls remarkable calling requires eiaborate speclalized tralning. Formerly it was /

necessary to attend 3 university for several years to acquire that training, but thanks to our

hlghly perfected and thorough system of instructlon, you can now stay at home, keep your /CHEM!CAL
position, and let us educate you in Chemistry during yeur spare time. Esen with only commnon /

schooling ythanéclnke our eourse und equlp{ymrscll ;or immedlate nr:ctlc{al work in 2 chemical INSTITUTE
laboratory. r. cane gives every ae of s students the same careful, personal super-

vision that made him celebrated throughout his long career as a college professor. Your /OF NEW YORK
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FurnlShed to Every StUdent You don’t have to have eren the small price of the course to start. You can / without any obligation on my

. pay for it in small monthly amounti—so small that you won‘t feel them part. your free Book ‘"Opportuni-
Weo givg [toRevery !ludem mI({hgg_:}ddItlgl::!c:?r?:l):ﬁf The cost of cur course is very low, and includes eversthing, even the ties for Chemists,”” and (full par-
chomical equipment, "’“:’i ng ‘:l Yl Mdl[:T e Crhemicals  Chemistrs outfit~——there are no extras to buy with our course. Our plan / tleulars about the Experimental Equip-
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To Practical Men and Electrical Students
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|

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,
lllumination 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. RW-720 Cass St., CHICAGO, ILLINOIS
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Efficiency in Experimenting
By Hugo Gernsback

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

JXPERIMENTATION isa most peculiar sub-

ject. Ninety-five per cent. of experimenters,
who have started out experimenting purely
as a hobby, sooncr or later find that some of
their experiments can and will be capitalized.
The cxperience and knowledge gained from experi-
menting will leave its mark upon you whether you de-
sire it or not. An cexperiment that vou performed five
or ten years ago may be the cause of bringing riches
to you,

In other words, experimenting, cven if done as a
Liobby, is never without final results. For in no matter
what business or in what endeavor you find yourself,
sooner or later your experimental work will hark back.

If we admit this much in the premises, it behooves
us to regard experimentation as something more than a
hobby, even though it may be only a hobby with you
at present. Lxperimenting. no matter in what line,
should always be taken most seriously, and if we accept
this once, it follows that our experimenting should be
done in an efficient and workright manner.

There is nothing more destructive and time-consum-
ing than haphazard experimenting. While, of course,
one may gain experience by just performing certain ex-
periments, this will never do in the end, particularly
when it is realized that better and more interesting ex-
periments can be made by applving efficiency.

Now efficiency in experimenting lies in two directions,
In the first place, as the writer has pointed out in pre-
vious editorials, before starting to experiment, one
should know exactly what to do before starting. Iivery-
thing should be ready, so that no uscless time will he ex-
pended in running around for materials, but this, of
course, is repetition, as the writer has mentioned this
before.

And this is not what this editorial is concerned with.
The real efficiency in experimenting lies decper, and
must be looked for elsewhere. Tt can be expressed in the
one word: Information. If you wish to make an experi-
ment just for the sake of the experiment, well and good,
but even here you must have some information about it,
You must have read something about the particular ex-
periment in a book. You may have heard about it in
some other manner, or you may have thought of the ex-
periment vourself, considering it original, and it is this
last phase that is not only most elusive, but lures you in-
to wasting a lot of your valuable time.

It should be understood right here that very few ex-
periments are original. Nearly every one you can think
of, with mighty rare exceptions, has been made by some
one clse.

So the writer says,—particularly when you come to
think of what you regard as an original idea: do not start
to buy expensive materials and waste a good deal of time

T. O’ CONOR SLOANE, Ph.D, dssociate Editor

in starting a difficult experiment, before you have se-
cured all the information on the subject you can. Things
most illuminating will erop up during such an investiga-
tion, and nine times out of ten, by looking up reco=ds of
experiments previously made by others, you will become
convinced that your original idea was not half as original
as you thought.

IHow to get such information? Of course there are text
books and books treating on siniilar subjects. These
should be studied carefully, and thoroughly, and notes
should be made on any subject pertaming to the experi-
ment under consideration. If vou cannot get all the in-
formation from your own hooks, then a trip to the libra-
ry will often prove most interesting. Once you get to
know how public libraries index various material it will
then be an casy matter to collect all the necessary data
vou are after,

The next records, and the most important ones, are
patent files, Only the very large libraries have such files.
Where it is impossible to visit personally such a library,
the next best thing is to write to the Patent Office in
Washington, asking thein how many patents there are in
the particular class of work in which you are interested.
The Patent Office, as a rule, will tell you how many pat-
ents theie have been issued on such-and-such an art in
various classes and sub-classes. Copies of these patents
cost 10c apiece, and it is often cheaper to spend a few
dollars in this direction, and get real information, than to
spend much larger amounts in making the experiments
lirst, only later to find out that some one else long ago
went over the same ground,

If you have exhansted every available source of in-
formation, such as text books, libraries and Patent Office,
this does not mecan that vou have obtained all of the in-
formation. Some technical magazine may have publish-
ed something on the subject that is not filed in the aver-
age library, and of which even the I’atent Office may not
have a record, because nct everything is patented.

Suppose you are interested in some particular scienti-
fic problem, and all the above-cited avenues of informa-
tion do not prove fruitful. The next best thing that can
be done is to write a letter to the editors of a number of
technical periodicals, asking them if they can give you
some ligkt on the subject. Of course it is not necessary
to divulge your idea, but you can write upon the subject
just the same. You will find that the editors of such pub-
lications often can give vou information not otherwise
available.

Then, after you have accumulated all of the informa-
tion available, you can go ahead with a clear conscience,
and by using your references intelligently, you will be
able not only to save days and weeks of work, but a large
amount of money as well. And, you will get to your goal
in record time. This is Efficiency in experimenting.
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Electric Games of Chance

horting bally-ho of the pitchman, at

county fair or seaside resort, with
his spianing wheel of chance, induce a gulli-
ble public to recklessly plunge with its
nickels and dimes. For the days of Bar-
num'’s, “There’s a fool born every minute
and one to catch him” policy are on tlhe
wane, and if one desires to make a living this
way he must give the public their mouey's
worth.

DOOEDE
OOOO@ODE

NO longer does the verbose, loud. ex-

CONTACTS TO LAMPS

The operation of the nirptune xame iy illustrated dingramatically
In operation the wswitch is closed to start the airplane and
Iaving given it sufficient momentum the switch is opened and the

above,

nirplune nllowed to ‘“‘const” to rest.

Flying Aeroplane
In this game switches along the stand
control the stopping and starting of an aero-
plane suspended on an arm from an upright

By Geo. R. Holmes, A.LE.E.

The "Candy Kid” aeccomplishes the selection of one out of
a number of bails. A silk hat automatieally removed from the head
of the figure receives 5 number of balls and tips them into the hop-
per where one of these is lodzed in u cavity and the rest roll by
into a small cart. The retnined ball carries the lucky number,

A miniatare airplane
on an arm moves in a
circle. A brush makes
contact with sucees-
slve sevments on the
axle each connected to
a different numbered
tamp. The lamp which
remains  illuminated
after the airplune haws
stopped carries the
prize winning number.

All the balls are i a small auto at the
bottom of the device on the leit side at the
beginning of each play. When everything
1s ready this auto is mechanically tlpped
over and all the balls roll into a basket
The basket is theu raised automatcally by
a chain to the top of the device on the left
side and the balls are thrown into an incline
alley. They then roll down the incline

As one of the players pulls one oi the

support. Current to a motor starts the pro-
peller which drives the aeroplane around in
a circle. Brushes attached to the bottom
go over segments, thereby closing the cir-
cuits to different qumbered lamps. When the
current from the motor is shut off and the
airplane comes to rest, one lamp will remain
lit—the winner.
The “Candy Kid”

This consists of a large display fromt in

which many mechanical operatioas are con-

strings hanging above the stand, the figure
at the right raises its hand. Then the hat
on its head automatically comes off, turns
over, and travels until it rests under the in-
cline just where the balls are ahove. A
pull on another string and the slot in the
bottom of the incline comes open, the balls
drop into the hat, whiclt then turns over
again, dropping the balls down another in
cline. The first ball that runs out into a
groove at the front is the winner

CONVEYOR TO RAISE PAIL

OO

P

CONVEYOR TO MOVE HAT

Q0000000 Q0O0O0O0D0

PASSAGE
FOR BALLS
TO DROP
INTO TRUCK

O0O0OO000O0O0OO

oo -

QOO0O0OO0OO0OO

The dingram shows the operation of the “Candy Kid” game, The
conveyor at the left 1ifts the pail of balls aad tips them into the chan-
nel at the top. At the same moment the conveyor nt the right carries
the silk hat under the opening of this channel, Having received the
bulls the hat is carried by the conveyor to the hopper into which the
balls are tipped.

trolled by an electric motor. Players choose
numbers on the board at the front of the
stand. For cach number on the board there
is a ball, bearing a corresponding number.

Spinning Arrow

This last is a variation of the regulation
wheel so that it comes above suspicion from
those ‘who might be well read on the exposé
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A large wooden arrow rotated by the action of an electrically
driven propeller carries a brush and an electromagnet on its under-
The brush and the magnet move over iron segments.
player has his own switch which he tries to close at the instant the
magnet passes over the corresponding segment.
ceeds the attraction hetween the magnet and the iron segment will

Each

When this suc- numbered lamps,

cause the arrow to stop and point to the winning number,

of pitchmen’s tricks.  The numbered disc is
suspended horizontally and the arrow usual-
Iy spun by the operator is run by an electric
snotor  placed  underneath  in tull  view.
Switches on the stand again play a part in
its control.  The motor i~ started or stopped
at will by any player and comes to rest over
a number.

The Electric Arrow

Shown in the cut above. A large, orna-
mental arrow is delicately bal-

[t will be seen that this is an electro-
scientific development of the old spinning
arrow of church fairs.

Then the fun and skill start.  Each player
has a push button.  As the arrow slows
down, there is a brush which travels over
twentv-four contacts, one at a time. Each
player endeavors to time the pressing ¢f his
push button so that the brush will make
contact and close a circuit which will actuate
a large electro-magnet under the arrow and

mced on a pivot in the center of 777777
the tent and festooned with elec- =
tric lights of various colors. Near
the pointed end of the arrow
there i an electric motor on the
shart of  which  is mounted a
small acroplane propeller.
Switches at various points on the
circular table around the tent con-
trol this motor which can be
started or stepped at will be any
ol the patrons.  Spaces on this
tible indicated tlwe first names of
the gentler sex. One chooses the
name of his fairest, deposits lus |
dime and wlwn all the players are | |
set to the number of twenty -four. M} |\
the operator asks one to snap the

switch and start the arrow spin-
ning. At another given signa!
someonie else snaps a switch and
the arrow starts to slow down.

A /A=~ SECTION

THROUGH MAGNET
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This game i~ extremely simiple and the electriec motor is used
mereiy to sturt the arrow spinning. i
in allowed to come to rest, the prize winning number being indi-
cated by the arrow.

The swi

WIRES FROM CONTACTS
TO LAMPS

This is another game built on a war motive,
conducting rail to which one terminal of the battery is connected,
the steel torpedo as it is pushed forward and rebounds from the

bumpers, makes successive contacts with
The lamp which remains lit after the torpedo
stops announces the lucky number,

open, the arrow
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BUMPERS

TO LAMPS

i

Rolling over a

segments connected to

in turn he attracted to a strip of iron and
so retard the arrow. There are twenty-tour
such strips of iron. Needless to say, one
gets plenty of thumb exercise until the arrow
stops at a winner.

The Submarine Attack

Thizs device, shown ahove. is also an
exclusive electric game. At the backboard
s shown a fleet of battleships and over the
tops of them a row of numbered electric
flashlight lamps. Two torpedoes
are used on a horizontal board
which move in grooved slots so
that they cannot slip out.

The player pushes one of
these towards the battleships.
and, when it hits, there is a re-
bound.  On the rebound. as the
torpedo comes back, it makes
contact  with segments in the
groove lighting up different num-
bered lamps. The numbers are
staggered so that they do not
follow  in consccutive order,
cither on the edge of the groove
or on the backboard, To win
one of the major prizes the tor-
pedo must stop at five, ten or
fifteen. With careful attention to
the strength of the push given the
torpedo, it i~ easy to judge when
it will stop on one of the coveted
numbers when it rolls back.

hter

Automobilist's Cigar Liq

\Vl’. illustrate a  very in- I
teresting  electric  cigar
and cigarette lighter for the
dash-board on automobiles.
There are uo winding cables,
recls, or inside switches. The
liehter consists essentially of a
base which fits against the in-
strument-hoard of the car. An
extension at the base forms a
spark catcher and ash-tray. a v
large heat-unit mounted on a
mica plate near the top of this
base. A spring hinged cover
which contains the automatic
switch and has at its center a
hole through which the heat-
unit i~ visible.
When the cover is pressed
torward with the finger-tips,
the heat-unit instantly flashes
to a bright red heat. Touching
the end of cigar to the heat-

I without drilling holes or using
special tools.  Universal mount-
ing brackets make it fit prac-
tically any instrument-board.
One feature of this lighter is
that it has no cord and no mov-
able parts except the lid, and
z that is hinged fast. The lid
operatcs as  the handle of a
switch: dropping it is like open-
ing a circuit by a single pole
switch, the switch mechanism,
of course, not affecting the per-
% son using . The mere fact
f that it can be so readily attached
will make it attractive to auto-
mobilists not over fond of cut-
ting up their dashboards and
making complicated connections.
With heauty cases for the fair
sex, telephones for communica-
tion with the chanffeur from
the interior. lamps for lighting

unit lights it in not over five

seconds.
[t is so designed that anvone
can install it in a few minutes
~

The cigar-lighter carrled on the dash-board of a car has a lid.
which is closed. The closing opens the circuit.
lid is dropped which closes the circuit and the heating element becomes
red hiot and will light a cigar in a few seconds,

To light a cigar the

the inside compartment of the
body and a heater for the same,
the every-day automobile is
becoming a  luxurious atfair.
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Oscillating Crystals

Apparatus used for making experinients with oscillating crystals—1 and 2 are tuning con-
densers on which are mounted the low loss coils; 3 is the zincite crystal detector; 4 is the
potentiometer and 5 the variable resistance,

O CRYSTALS usually oscillate?

The distance records made by some

experimenters with crystal detec-

tors seem to indicate that this can-
not be attributed entirely to freak conditions.
One explanation is that the distant stations
are picked up on the crystal recciver from
re-radiation of a local regenerative set. In
this case the regenerative receiver acts as i
relay station. This may happen in many
cases, but quite often experimenters in re-
mote sections of the country and opcrators
at sea make extraordinary distance records
with simple crystal sets. It appears, there-
fore, that some form of regencration must
take place in the crystal circuit.

Oscillating crystals were investigated as
far back as 19060 by many well known radio
experimenters. Recently a Russian engi-
neer succeeded in making practical uses ol
oscillating crystals.  Under certain  condi-
tions the usual crystal detector can be made
to oscillate at any frequency now used in
radio transmission, the same as the vacuum
tube oscillates. This would indicate that
regenerative amplification may take pliace in
a crystal receiver under proper conditions.
Many of the distance records made may be
explained with this assumption. Regeneri-
tion accidentally occurred which had the
effect of lowering the antenna resistance and
making it more susceptible to weak signals.
Had the antenna coupling been very loose
and if good low-lnss instruments were uscd.
no doubt regencrative crystal receivers woulil
have been in use long ago.

Some crystals produce stronger oscillations
than others. Among the numerous contacts
studied are pyrite-carbon, chalcopyrite-zinc,
galena-carbon, or zincite-carbon and zincite-
steel. The zincite-carbon and zincite-steel
contacts seem to be the best producers of
strong oscillations. The construction of the

Lists of parts required:

Rasco Crystodyne Detector.

Low loss 43-plate variable conden-
sers.

001 mfd. capacity.

Low loss coils made as described in
the text.

1.500 turn honeycomb coils.

Pacent 400-ohm  potentiometer.
Bradleyohhm No. 10

3-point  switch.

CRL 3.000-chm variable resistance.
Tapped B battery and 3 dry cells.

b —

— B B

contact is similar to that of the ordinary
crystal detector.

The zincite crystals may be sclected, but
it has been proved by experiment that even
a4 poos crystal is made much better if it is
fused in an arc, and scraped to remove the
outside black layer which is not a good con-
ductor.  One may also break the crystal and
usce the inside suriace. It is necessary to
tuse the crystal in the votaic arc surrounded
with binoxide or peroxide of manganese to
prevent its reduction to metallic zinc.

The illustration (Fig. 5) shows a hook-
up board built for experimenting and in-
vestigating oscillating crystals, The instru-
ments required for these experiments arc
given in the list.  As the crystal is a very
feeble generator, it was decided at the start
to use instruments having absolutely the
lowest possible losses. Low-loss coils were
made for the radio frequency circuits. These
coils are clearly illustrated. Fig. 6 shows
the method used for winding these coils.
Thirteen steel pins are screwed to a inetal
base in a circle 3Y4 inches in diameter. The
pins are 14 inch in diameter and are spacud
evenly. No. 16 D.C.C. wire was used for
the coils. The wire is wound over one pin
and under the next, as the illustration shows.
Aiter the coil is wound it is removed and
sccurely tied with string.

Two coils, each of 30 turns, should be
made. They are mounted directly on the
low-loss 43-plate variable condensers with
the connecting leads as short as possible.
The coils are fastened to the condensers by
means of radio cement placed on the cellu-
loid insulating strip of the condenser. The
wire of the coil is so large that when sol-
dered to the condenser terminals it securely
holds the coil in place.

Another form of low-loss coil which the
cxperimenter can easily wind is depicted in
IFig. 7. A bakelite or other hard tube is
covered with four or five layers of wax
paper, and the wire is wound over the paper.
Before winding, three strips of gummed

Method of winding the low loss coil—13 pins screwed into a metal base in a circle of three
inches in diameter constitute the winding form.
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Experimental oscillating crystal circuits,

paper should be placed over the waxed paper
so that they can be folded over the finished
coil and hold the turns in place. The coil
is then slipped off and clamped with two
strips of hard rubber, as shown.

The experimenter should first get the crys-
tal oscillating at audio frequencies before he
attemipts to make it oscillate at radio fre-
quencies. Such a circuit, known as the
cristodyne circuit, is shown in IYig. 1. The
battery used may be composed of dry cells,
such as a “B" battery, providing its internal
resistance is not too great. The voltage to
apply to the crystal is generally Dbetween
five and 30 volts, depending upon its quality.
The resistance (R) should be about 3,000
ohms and it should be variable. 1.2C2 is
the audio frequency oscillating circuit.
(L2) may consist of four 1,500-turn honey-
comb coils connected in series with a wp at
the center of the headrest. (C2) is a fixed
condenser having a capacily from 14 to 2
mfd. (LICl) is the radio frequency cir-
cuit.  Although (I.1) in the illustration in-
dicates a variometer the experimenter may
use the low-loss coil described instead. (C1)
is a 43-plate condenser. It has been observed
that the crystal produces stronger currents
when the ratjo of capacity to inductance is
large. Hence it is advisable to use large
condensers and small coils. By means of
switch (K) cither the audio or the radio
frequency circuit may be comnected to the
crvstal.

1t is best to use low resistance phones of
about 300 ohms, although good results were
obtained from a pair of 2,000 ohm ones.
By connecting the circuit [.2C2 and by vary-
ing the battery voltage and resistance (R)

Fig. 1 shows how either radio or audio frequencles may he generated depending upon the posl-
tlon of wwitch K. Fig. 2 Is for generating radio frequencies of short wave-lengths, Figy. 3 and 1 show eircuits for receiving continuous waves.

audio frequency oscillations are produced
which are heard in the phones. Of course,
the proper contact point on the crystal must
be found. Once this is found aud the oscil-
lations are produced, the switch (K) may
be thrown to the radio frequency circuit
(L1C1) and the crystal will be in the proper
condition to generate radio frequency oscil-
lations. It is reported that in Russia many
radio experimenters have succeeded in com-
municating by radiophone over a  distance
of one mile, using the crystal as the gen-
crator of radio frequency currents and also
as the recciver.

FFig. 2 shows a better circuit for produc-
ing radio frequency oscillations. It has
heen possible with this circuit to produce
oscillations  having a  wave-length of 25
meters, which means a frequency of 12,000,-
000 cycles per second. For this extremely

Another form of low loss coit which the ex-

perimenter can ea~ily wind. It is self-support-
ing except for two strips of gummed paper
and the hard rubber clamps,

high frequency the resistance (R) has a
value of 2,300 ohms. The coil (L1) is 234
inches in diameter and is composed of seven
turns of No. 12 copper wire. The variable
condenser (Cl) has a value of .0003 mid.
L3 and L4 are radio [requency choke coils.
To measure the wave-length a special wave-
meter was used, composed of the coil (L2),
which is 24 inches in diameter, and con-
sists of a single turn of No. 12 copper wire,
shunted by a variable condenser C2 of .006
mid. capacity. A galena crystal detector is
connected i series with a microammeter hav-
ing a scale of 0 to 100, allowing the opera-
tor to fnd the resonant point.

IFor 'he reception of radio code signals
and radio telephony, the circuit shown in
[Fig. 3 may be used.  In this circuit oscil-
lations 1re produced directly in the aerial,
and once the crystal is oscillating, CW sig-
nals may be heard. By proper adjustment
of the potentiometer (P), the crystal may
be brought to a point just before oscilla-
tions start, and broadcast stations may he
amplified considerably by regeneration. As
tl'e aerial is directly connected to the crys-
tal, the tuning will be broad, and it will
be difficult to get the crystal to oscillate
on account of the large amount of cnergy
alisorbed by the aerial. To overcome these
disadvartages the circuit shown in Fig 4
was developed.  This is the circuit shown
in the il'ustration of the hook-up board. The
acrial is loosely coupled to the oscillating
ciccuit. Tustead of using radio frequency
ckokes, as shown in Fig. 2, a tuned circuit
(L3C2) is connected in series with the bat-
tery lead to keep the radio frequency cur-
rents from circulating through the battery.
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Getting On the Air

By A. P. Peck, 3INO, Associate LR.E

Fig. 3.

OW many of the thousands of

broadcast listeners of today re-

alize the greater amount of pleas-

ure that the amateur is getting out
of radio than they themselves obtain by hear-
ing the broadcast programs? Daily more
and more broadcast listeners have come to
see the amateur's point of view, and many
of them are entering into the amateur game
with a zest. In this and a few succeeding
issues of this magazine, the writer will ex-
plain for the benefit of those who have never
been interested in amateur radio., what it is,
how to get into the game in the best way,
and also describe in detail the construction
of an amateur transmitting and receiving
station.

Those broadcast listeners who read this
article and who are not acquaimed with
amateur radio will need a little explaining.
An amateur is one who is interested in radi,
not only as a hobby, but as a study. It is
he who has virtually given the broadcast
listener cvery piece ol apparatus in use to-
day. Amateurs have conducted much ex-
perimental work which has resulted in im-
proved and more efficient receivers. Inevery
hroadcasting station you will find one or
more such on the operating staff. They are
also connected with every large radio manu-
facturing company, usually in high engincer-
ing capacities. I‘rom this you will immed:-
ately see that the real amateurs are not the
little boys with the spark coils who make
a lot of noise and accomplish little, but
are serious-minded men of all ages. They
include representatives of practically every
known profession and business and they de-
rive immense enjoyment and benefit there-
from.

Aside from what a person can get out
of radio when studied from the amateur
standpoint, the one great object of amateur
radio is to promote co-operation and render
services to others. This, in a large measure,
is accomplished by the relaying of messages
by the stations, the procedure for which will
be described in a future article.

All amateurs quickly learn to consider the
feelings of others. The broadcast listener
with a simplified and unselective set. who
has his programs interfered with by code
stations. immediately “goes up into the air”
and calls down the wrath of the powers
that be on that “kid that is always interfer-
ing with the music.” However. the “kid"”
or amateur is not always the one that causes
this interference. Commercial and govern-
ment stations handling traffic far more im-
portant than any broadcast program could
ever be, are often the cause of interference.
If the broadcast listener would only acquaint
himself with the workings of both the com-
mercial and amateur stations, he would soon
learn tolerance and respect for the traffic
carried on by the operators of these stations.

The correct poxition for holding a telegreaph key when transmitting code.
that the entire arm and not the fingers should be used for operating the key.

Note

We are pleased to present to our
readers the first of several articles
dealing with amateur radio that will
appear in this department. These in-
teresting articles by Mr. Peck will
take the rcader through the various
steps of the amateur game from the
learning of the code and obtaining a
license, to the installation of a com-
plete short-wave transmitting and re-
ceiving station. \'aluable hints to the
radio experimenter will be found in
cvery article.

The Code

We will consider the first step necessary
for taking up this most fascinating of ali

hobbies.  The first thing to do is to learn

the cade which is reproduced herewith.
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The continental code used in wireless teleg-
raphy, This code differs slightly from the
Morse code used In line telegraphy.

In order to properly memorize the code
so that it will be of use and so that speed
car be attained in transmitting and receiv-
mg. the code must not be visnalized in dots
and dashes, but the sound of the symbol
for euch letter should be visualized so thar
it will be connected instantly with that let-
ter when it is heard without conscious think-
ing. For instance, do not memorize the let-
ter A as being symbolized by dot dash, but
memorize it as dit dah. These sounds re-
semble somewhat those heard during recep-
tion and instead of having a visual record
of each letter, vou will obtain a mental
record.

Practice Sets

\When practicing the code, it is necessary
to have some kind of a practice set. The
simplest type is illustrated in Fig. 1. This
consists of a key, a buzzer. and one or two
dry cells, They are connected up as shown

and pressing of the key will cause the buzzer
to sound. An army type of practice sct is
~shown in Fig. 2. At first you should prac-
tice making dots and dashes so that each
dot and each dash will be of uniform lengths.
A dash should be approximately cqual to
three dots in duration of time.

The key that you select may be the one
that you will use i the future in your trans-
mitting set. Therefore, it is well to buy a
good one in the first place. Ior low-
powered sets, ordinary telegraph keys such
as used by telegraph operators will be amply
sufficient and they uare usually quite well
made. However, if vou contemplate install-
ing a high-powdered set of, say, 50-watts
power or more, a larger key with heavy
contacts should be purchased. In cither
event the method of manipulating the key
will be the same. Grasp the key as illus-
trated in I7ig. 3, raising the first and second
fingers on the top of the knob, the thumb
on one cdge and slightly underneath and the
third finger on the opposite edge also slight-
ly underneath. In this way, the thumb and
third finge' _.n assist the spring of the key
in bringing the lever back to the normal
position, while the first and second fingers
press the knob and close the contacts, form-
ing the characters. \When practicing the
code, place the key so that the elbow can
rest on the table and grasp the knob as
illustrated. The wrist should be elevated
from the table and the entire armn should
be used for operating the key. Do not try
to use the fingers alone as the muscles will
soon become stiffened and will not operate
the key properly. Using the entire arm may
~scem somewhat awkward at first, but after
the key has been manipulated for some length
of time, this position will become natural
and will become much less tiring than the
other.

Before practicing, the key should be ad-
justed, so that it will work best and will suit
vour individual requirements. The rear ad-
justing screw should be so placed that the
contacts will be open about tsth inch.
The front screw which regulates the tension
of the spring should then be adjusted until
the lever closes the contacts with the re-
quired amount of etiort. This tension will
be different for cach operator and must be
adjusted to your own particular character-
istics.

For persons who must learn the code alone,
cither the practice set illustrated in Fig. 1
or those in INigs. 2 or 4 may be used. The
last one is somewhat better as it more nearly
simulates radio messages. The phones are
placed on the head and the key manipulated
to form the characters. In any practicing,
the buzzer should be adjusted to give as
high pitched a note as possible and still be
smooth in operation because the high pitched
note is casiest to read. The contacts mmst
not stick, as otherwise practice will be great-
ly interfered with.

Practicing the code alone is not the best
method of attaming speed in operation as
one cannot actually practice receiving until
he has the receiving set. and then he will

BUZZER KEY

BATTERY

el
FIG. 1

Diagram of a simple practice set comprising
a key, buzzer and battery.

O
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A simple code practice set using telephone
recelvers, By wearing the receivers s more
realistic effect of the code is produced.

usually find that most of the stations re-
ceived are transmitting too fast for him.
The best plan is to get some other beginner
to practice at the same time or else to pre-
vail upon some amateur friend to instruct
in reception. In this case, a practice set
such as illustrated in Fig. 5 will be needed
so that the operators may be located in dif-
ferent rooms. This will eliminate any ten-
dency toward verbal conversation that would
seriously mterfere with the practicing. Here
two keys, two buzzers and two sets of phones
will be required. The phones are optional as
in the single practice set, although they are
desirable. With an arrangement such as
shown, actual two-way communication can
be carried on, and you can practice both
transmitting and reception alternately so as
to' obtain the greatest proficiency possible.

The one thing to remember in practicing
the code is to start off slowly and not to try
to break speed records the first evening that
you practice. Accuracy and consistent send-
ing is to be far more desired than speed.
Form your characters perfectly, keeping all
dots, all dashes and all spaces of uniform
lengths respectively. At first you may be
able to send only a few letters a minute, but
as you progress, your
speed will automatical-
ly pick up until finally
you will surprise your-
self by finding that
you are able to trans-
mit and receive ten
words a minute. In
quoting speeds, it is
always considered that
each word is the
equivalent of five let-
ters.

Licenses

A speed of 10
words per minute is
necessary for obtain-
ing an amateur radio
operator’s license. You
also have to be famil-
jar with the radio laws
of the United States
which are given in

) Fig. 2.
the booklet entitled,

A code prac
teries and a small signa

“Radio Communication Laws of the United
States,” which may be obtained from the
Government Printing Office at Washington,
D. €., for the sum of 15¢, not stamps.
copy of this book should be obtained an-l
carcefully read.

Licenses for amateur transmission are
issued free of charge by the United States
Government. Examinations are given at
central points in every radio district. You
can find your examination point from the
following list:

First District: Headquarters at the Cus:
tom House, Boston, Mass. This district
comprises the States of Maine, New Hamp-
shire, Vermont, Massachusetts, Raode Island
and Connecticut.

Second District: Headquarters at the
Custom House, New York, N. Y. This
district comprises the States of New York
(county of New York. Staten Island, Long
Island, and the counties on the Hudson
River to and including Schenectady, Albany
and Rensselaer) and New Jersey (counties
of Bergen, Fassaic, Essex, Union, \iddle-
sex, Monmouth, Hudson and Ocean).

Third District: FHeadquarters at the Cus-
tom House, Baltimore, Md. This district
comprises the States of New Jersey (all
counties not included in second district),
Pennsylvania (counties of Philadelphia, Del-
aware, all counties south of the Blue Moun-
tains and Franklin county), Delaware, Mary-
land: Virginia, and the District of Colum-
bia.

IFourth District: Headquarters at the
Custom House, Savannah, Ga. This districi
comprises the States of North Carolina,
South Carolina, Georgia, Florida and the
territory of Porto Rico.

Fifth District: Headquarters at the Cus-
tom House, New Orleans, La. This district

comprises the States of Alabama, Missis-

» wet used by the army.
light,

Thi~ comprises key, buzzer, bat-
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A éouble code practice set enabling two per-
sons to transmit messages to each other.

sippi, Louisiana, Texas, Tennessee, Arkan-
sas, Oklahoma and New Mexico.

Sixth District: 1eadquarters at the Cus-
tom House, San Francisco, Calif. This dis-
trict comprises the States of California,
Nevada, Utah, Arizona and the territory of
Hawaii. .

Seventh District: Headquarters at the
FFederal Building, Scattle, Washington. This
distr:ct comprises the States of Oregon,
Washington, Idaho, Montana, Wyoming and
the Territory of Alaska.

Eighth District:  Headquarters at the
Custom House, Detroit, Michigan. This
district comprises the States of New York
(all counties not included in second district),
Penusylvania (all counties not included in
third district), West Virginia, Ohio and
Michigan (lower peninsula).

Ninth District: Headquarters at the Cus-
tom House, Chicago, Illinois. This district
comprises the States of Indiana, Ilinois,

Wisconsin, Michigan (upper peninsula),
Min1esota, Kentucky, Missouri, Kansas,
Colorado, lowa, Ne-

braska. Seuth Dakota
and North Dakota.
If you are situated
too far from an ex-
amining point, a sec-
ond grade license will
be issued upon appli-
cation to the radio in-
spector, and upon pre-
sentation of sufficient
evidence that you are
acquainted with radio
communication laws
and that you are cap-
able of receiving at a
speed of 10 words per
minute. Two licenses
are always required,
one for the operator
and one for the station.
The station license can

be obtained by mail
from the radio in-
spector.

Electric Light Radio Set

—
L

A radio receiver In which the electric light
bulb coated with tinfoil acts as a detector or
rectifier of the high frequency currents.

PRO\'ll)IiD you live in a house with di-
rect current, you may easily connect the
receiver illustrated and, at the same time, be
using the light furnished by the bulb which
acts as a rectifier to the incoming radio
waves.

All that are needed are the following ap-
paratus:

One tuning coil

One 23-plate variable condenser.

One radio head-set.

One strip of tinfoil.

One clectric light bulb.

After the set is wired according to the
diagram, switch on the light and start tuning
in. A crystal set would work louder, but
this set works efficiently.

The set may be further simplified by using
the 110-volt line for the aerial. In this case,
the tuning coil should be connected in series
with the lamp, as shown in Fig. 2

Contributed by ALBErT W, SaraLr,

FIG. 2

A similar circuit in which the lamp not only
acts as the detector, but the 110-volt line is
ured for the aerlal.
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Fig. 6. An experimental tuned radio frequency set employing two stages of amplification

and detector.
it ideal for the experimnter.

URSUING our descriptions of tuned
radio frequency circuits we are pleased
to present a new form of hook-up board
that should appeal to radio experimenters.
This board is illustrated in Fig. 6 and the
connections are shown in Fig. 1. It is made
from a Durad base. This base is of insulat-
ing material. In it are embedded five wires
for the battery connections. A number of
holes drilled along eaclhi wire allow for con-
nections at various places. These connec-
tions are easily made with the small bolts
and washers furnished with the board.
A short panel is mounted on the bottom
of the board on which are placed a potentio-
meter, telephone jack and two 30-ohim rheo-

stats. Small insulation strips support the
three .00035 mid. variable condensers as
shown. On the board are mounted three

vacuum tube sockets, two small neutraliz-
ing condensers, and a detector grid condenser
and leak. A number of Fahnestock clips
allow for connecting different coils and for
trying different circuits. As the illustration
I'ig. 1 shows, the wiring of this test set is
very simple.

The photograph IFig. 7 shows an experi-
mental five-tube receiver employing two
stages of tuned radio amplification, detector,
and two stages of audio amplification. This
board is similar to the one described in the
February issue, except that it includes the
two audio stages and has two tuning con-
densers controlled by one knob. It will
enable the experimenter to test the compara-
tive efficiency of one dial and multiple dial
control units. The parts required for this
apparatus are given in the list.

Simultaneous tests at a number of west-
ern universities have recently been made to
test the comparative efficiency of one dial
and multiple dial tuning control for radio
receivers. As a result of these tests, it can
now be authoritatively stated that one dial
control is not only far simpler and easier
to operate, but that it is actually more selec-
tive and accurate in logging.

A somewhat similar state of mind obtained
in the early days of the automobile business.

It is safe to sav that automobiles
would never have become the universal
utility that they are today if the control had
not been simplified to the point where any-
body—man, woman, or child—can make the
car go without knowing or caring what is
under the hood. Radio is passing through a
phase that is strongly analogous.

There are only two things that the broad-
cast listener has any interest in varying in
his recerver. These are the volume and the
total capacity or tuning of the set. The
volume control is a comparatively simple
matter, being mercly a matter of controlling
the current supplied to the tubes, and the
rheostats, once set, ordinarily require only
occasional adjustment, especially if an ad-
justable horn is used.

The variation of capacity, or tuning, as

The simplieity of wiring made possible by using the ready-wired base makes

everybody knows, depends primarily on the
action of the variable condensers. In all of
the popular circuits which combine selec-
tivity with range and volume, such as tuned
radio frequency, the Neutrodyne and the
Super-Heterodyne, there is a definite fixed
relation Dbetween the required capacity of
each of the condensers. The problem of one-
dial control resolves itself into mounting
all the condensers on a single shaft so that
this constant relation can he taken care of
in one operation.

Fig. 2 shows a five-tube circuit with a

Parts Used in Five~Tube,
Two-Dial Set

1 National Airphone, single dial con-
trol, double condenser unit.

1 .00035 mid. single variable con-
denser.

3 Low loss coils.

1 Grid condenser and leak.

5 Cutler-Hammer vacuum tube sock-

ets.

Mar-Co audio transformer.
Pacent audioformer.

Pacent six-ohm rheostat.
Pacent 30-ohm rheostats.
Pacent single circuit jack.
Baseboard, 12x36x%4 inches.

—— 1) st b

two-dial tuning control. Condensers C and
Cl are operated by the one contro! dial.
Across the condenser Cl a small variable
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Tuned Radio Frequency Circuits
By Clyde J. Fitch

condenser C2 is connected, which is used
for fine adjustments to compensate for in-
accuracies in the construction of the larger
condensers. The condenser C3 tunes the
detector cricuit separately. Of course, the
experimenter may devise some means of
mechanically connecting this condenser to the
others so that all may be tuned with the one
dial. In some cases it is better to tune Cl
and C3 with one dial and tune the antenna
circuit L2-C with a separate dial.

This particular circuit is of interest in
that regeneration may be controlled by means
of the 30-ohm filament rheostat that controls
the filament current of the first tube. The
coils should be so designated that the first
tube will oscillate with normal filament cur-
rent. In other words, the primary coil LS
should have very few turns, about four, so
that tube No. 2 will not oscillate. Primary
I.3 may have about 10 turns so that tube
No. 1 will oscillate with normal filament
current. By controlling the filament current
with the 30-ohm rheostat the oscillations are
easily controlled. The antenna coil L1 also
may have 10 turns.

The experimenter will note that, when
gearing three condensers to one control
dial, if one condenser is slightly out of align-
ment, the efticiency for DX reception is
poor. It is, therefore, well to use small
vernier condensers, scparately controlled,
across ecach of the larger condensers to com-
pensate for inaccuracies. The single control
set is then no longer single control, as the
small vernier condensers must be adjusted.

Another way of accomplishing the same
result is to use broadly tuned circuits so that
an extremely fine adjustment is not re-
quired. VFig. 3 shows a four-tube circuit
that is somewhat broad in tuning and only
requires one dial for the three tuning con-
densers and only one small vernier control
knob for condenser C2. Broad tuning is
effected by means of the crystal detector.
In addition, this detector gives much better
tone quality than a vacuum tube detector.
In this circuit the three primary coils, L1,
1.3 and L5, may cach have 10 turns. The
secondary coils have approximately 60 turns.
Oscillations are controlled by the 30-ohm
filament rheostat connected to the first tube.

Single dial control of two or more tuned
circuits is not restricted to radio frequency

(Continued on page 350)

-8
+80+45  +A-A

Fig. 7. An experimental five-tube receiver in which two of the tuned circuits are controlled

by one dial.
separately.
low loss colls.

The condensers (1) are geared to one dial.
(3) is a small venler condenser for fine adjustments. (1), (3) and (68) nre the
() is the grid condenrer and leak.

The condenser (2) is controlled

(8) and (9) are andio transformers. (10)

Is the jack, (11) the six-ohm rheostat and (12) the 30-ohm rheostats,
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Tuned Radio Frequency Circuits
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Fig. 1.

shown as they are connected in the circult with flexible elip leads.
A four-tube single control set using a crystal deteetor.

A shnilar set in which the three tuned clircults are in inductive relation with each other.

C and C! are controlled by one dial. Fig. 8.

one-tube regenerative set. Fig. 5.

Cirenit diagram of the experimental set shown in Fig 6. Note the simplicity of the connectlons,
Diagram of the apparatus shown in Fig. 7.

Fig. 2.

Fig. 4.

The tuning condensers are not
The two condensers
A single control super-selective
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Two Electrode Dacuum Tube Amplifiers

HE ever versatile vacuum tube again

comes to the experimenter's aid, in

this case through the agency of the

filament. In some recent experiments
it was found that the filament of the ordi-
nary low filament current tube, such as the
199 type, has a characteristic curve for am-
plification just as the grid possesses one.
And strangely enough, there are positions
upon it, in which an amplification factor
of 1 to 9 or 10 may be obtained.

The idea was brought to mind in looking
over some old telephone experiments wherein
an engineer used a two electrode valve as a
telephone repeater. He placed the secondary
of a transformer in series with the filament
battery supply and attached the primary to
the microphone or transmitter. The modu-
lations of the battery supply had a decided
effect upon the heat of the filament and so
produced a like change in the plate current.

To investigate this effect, meters, bat-
teries and tube were hooked up according to
the diagram in Fig. 1 and readings were
taken. The rheostat was adjusted and the
filament current was raised in steps of one
milli-ampere through the filament. With
each of these readings a corresponding no-
tation of the voltage across the filament was

made. The resulting change in the plate
current was measured and the curve plotted.
UV-199 &)

MILLIAMMETER

{Vv)
UVOLTM[TER

MILLIAMMETER

i,

FlG. |

Method of connecting the meters, batterles,
and tube for plotting the characteristic curve
shown in Fig, 2.

The amplification curve is shown at Fig. 2.
A study of this graph will show that there
are positions which will produce an ampli-
fication of ten to one. As in the case of
the ordinary use of the tube, care must be
taken to place the tube in operation at this
point, which mecans that the heating supply
of the filament must be so adjusted as to
bring the “no signal” position of the device
to the bottom of the strongest amplification
portion of the curve.

It. must be remembered that this is a
power device and all calculations are made
in watts. The situation is entirely different
from the ordinary conditions which obtain
when using the grid of the tube to make
changes in the plate current, in which case
the device is primarily sensitive to potentials
only. It will be noted that the axes of the
curve are plate and filament watts.

It was found most practical to use a re-
sistance of the carbon pressure type in mak-
ing the adjustment in the filament circuit
in taking the readings. With it, the necessary
small changes could be made in the supply,
for the proper minute changes could not be
obtained with the ordinary wire type.

Particular adaptation was made to the
amplification of low frequency currents. In
telegraph work, erther wire or radio, the
system gives excellent results. It operates
best, however, where the changes are not
of high frequency; forty cycles or less being
ideal for proper results.

An English adaptation has already been
made of the system using it to assist in the
modulation of a one tube transmitter. Sex-

By W. B. Arvin
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FIG 2

Curve showing the relation of plate watts to
filament watts of a UV-199 with plate and grid
connected together. A plate voltage of 90 was
used.

ton O’Connor, an experimenter of some note,
vouches for the circuit and its operation.
The circuit is shown at Fig. 3. Only one
tube is used in the circuit and it is used
both as oscillator and modulator. Note how
the grid circuit is used after the accepted
fashion for the gcneration of the carrier
wave and how the current variations from
the microphone are impressed both upon the
grid and the filament.

The experimenter will at once see appli-
cations for this system, since it provides
him with a second means of controlling the
output of the vacuum tube without resorting
to the usual system of impressing two fre-
quencies on the grid as in the reflex circuit.

The idea is a bit futuristic, for most of
the amateur fraternity, but yet, there is a
possibility. We speak of the use of this tube
as a synchronizer in a television scheme,
for the transmission of pictures. In the
majority of plans put forward so far, some
form of timing gear is necessary which will
keep the two stations—the one transmitting
the picture and the second reproducing it—
in perfect step or synchronism during the
period that the picture is coming through.
This is an extremely important step in most
of the apparatus, and the idea of using this
tube with a low frequency on the filament
is suggested to the experimenter.

Another adaptation may be made in the
form of a relay for very weak telegraph
currents. This use is ot course obvious and
is offered merely to give the worker an
idea of the selectiveness of the apparatus,
or rather the range over which it is best
suited. In the preliminary tests, it was
found that the best output was obtainable
with {requencies up to forty cycles. But
with proper care, in spite of the seeming
sluggishness of the filament, it may be used
as an amplifier of audio currents at the fre-
quencies of the speaking voice, if sufficient
care is taken in the selection of the ampli-
fication point and the tube used.

;:““ o+
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FIG 3

A transmitter circnit in which both the fila=
ment temperature and grid potential act as the
controlling electrodes of the plate curreai.

And here is a point worth noting. It is
generally known that the tube industries
have standardized their product. In spite
of this fact, all of them are not the same
as regards the emission of the flament for
a given amount of current passed through
it. For this reason it is logical to note that
each tube will have to be treated differently
as to point of best operation. Some will
work excellently in the manner described
here, while others will give results’ of a
mediocre nature only.

The use of the 199 type was stressed in
the beginning. It is useless to reiterate ex-
cept as a means of adding an explanation
of the vagaries of the operation of several
tubes of the same type. Their efficiency
and emission at low currents depends upon
the coating of oxide applied to the filament.
This is put on in several coats--and can
hardly be made exactly the same in the
case of every tube, hence the deviation from
a given characteristic, so far as the flament
is concerned.

This arrangement was used in a tele-
graph line where the resistance was excep-
tionally large on account of the temporary
nature of the connections and line. By
using the tube as shown in the above circuit-
diagrams and feeding the output to a relay
in the Itme, good communication was carried

*

T ] flile

FIG 4

The two element tube as an oacillator. Note
that the fllament ucts as the controlling eleo-
trode of the plate current.

ouTPUTY

on for some time, where it would have been
imb[::ossible except for the addition of the
tube.

One of the handiest adaptations of the
arrangement is that shown in Fig. 4. Many
times around the laboratory a small alter-
nating current at a reasonably steady fre-
quency is desired. The tube arranged as
shown can be used for such work by placing
the transformer in the circuit. The pri-
mary of the instrument is placed in the fila-
ment circuit in series with the A battery
which furnishes the current. for both the
transformer and the filament. The plate and
grid are connected together in the original
manner and are hooked up to the plate in
series with the B battery. If best results
are desired a third winding may be used for
the output of the arrangement.

An ordinary telephone transformer may
be used, or the experimenter may build his
own. The frequency generated will, of
course, depend upon the constants of the
transformer and the remainder of the cir-
cuit. If the telephone instrument is used
the third winding may be placed directly
on the outside of the secondary. An iron
core must be used in any case.

Audio or sub-audio frequencies may be
produced by this means. A receiving ar-
rangement may be used in the process of
manufacture to roughly determine the fre-
quency. After the arrangement is placed
in operation, a fairly good standard of low
frequency may be had by comparing the note
generated by this means with a standard
tuning fork and makin gthe oscillator pro-
duce a note of the same pitch as the fork.
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“Historic Experiments#

Number s

Early Electrometers

®

One of the earliest electrical measur:
ing instruments was Richmond’s Gno-
mon shown at the left. The device in-
dicates the charge in the Leyden jar by
he degree of deflection of the pith ball
uspended by a sitlk thread. Richmond
invented this In 1752. In 1753 he con-
nected the apparatus to a lightning rod.
to measure ntmospheric charges and wns.
kitled by a discharze of the apparstus
through his body.

The electroscope Illustrated at the left was Invented Yy Volta
in 1733 and was the subject ¢f numerous experiments during
the elghteenth century: A, water passing over hot coal will
bear a negative eharge, whiie the steam so produced wiill be
positive. B, setting a eandle en the electroscope Inerenses the
sensitivity, it is claimed by old experimenters. C, chalk powder
blown off the electroscope imparts to the latter an .electrie
eharge. D, sudden separaution »f two metal plates_after contaet
leaves both plates charged,

NTIL any field of knowledge is developed to a stage where it lends itself to
| ’ quantitative treatment it can hardly be called a science. So with electricity.

In its earlier stages when curious scholars wers interested merely in studying
and demonstrating its marvels, elzctricity was but the object of fashionable interest.
In preceding issues of THE EXPERIMENTER we illustrated the electrical experiments
of this pericd. On this page we show early attempts at measuring electrical
quantities so as to express them in numbers. Electricity has been called a science
of measurements.

Number seems curiously related to human psychology. When we have reduced
a phenomenon to numerical expressions, we have a feeling of certainty, a feeling
of thorough acquaintance with it. Nature seems to be intimately associated in our
minds with number and rhythm. Even the symbols of higher mathematics do not
at first convince the student as numbers do.

So these early experimenters, whose researches we illustrate on this page,
were answering a fundamental appeal of their minds, in developing a quantitative
theory of electricity. Among these was the English experimenter Cuthbertson,
whose electrometer illustrated immediately above closely resembles that of Rich-
mond’s at the top of the page. After him came Coulomb, the French scientist,
who, by his torsion apparatus shown at left, discovered the fundamental electrical
law that two electrically charged bodies exert a force upon each other which is
directly proportional to the charges and inversely proportional to the square of

the distance between them. This established it as an action radiating like light
from a chargad center.

The eariler experiments illustrated above lea
Coulomb to devise this apparatus for the pur-
pose of measuring the foree exerted by two

charged bodies upon eaeh other.




306

[What Has Gone Before]

A number of New York banks have been robbed.
The time is near the end of this century. The Pres-
Wdent of one of the banks stands by his son’s bed-
side early in the morning and wakes him. Instinc-
tively the son vealized that something was wrong,
and seeing that his fathey was in deadly earnest,
no guestions weve asked, but with his rosdster and
airpiane he undertook fo rush him to the city.

I'hey find that throughout the financigl district
policemen, watchmen, chauffeurs and pedestrians
have fallen senseless. Autowmobile engines have
mysteriously stopped. Everything of goid, watches,
coins, gold leaf signs and the ke have been tar-
nished. The vaults of a number of banks have been
cut open, apparently by oxyacetSlene, and robbed.

The tarnishing of the gold is a problem for the
chemist, and curously enough, powdered glass is
found n the sireet to add to the strange events.
Heavy little boxes came into the Post Office by mail,
Bombs were suspected and upon being opened -the
boxes 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 airplanes. The range o
the speed dial is insufficient. The mystery deepens
when it is found that some millions of dollars of
securities have been returned to the banks, but a
slightly larger amount of gold has beew taken.
Anaesthetrsc bombs are thought of. It develops
that the boxes in the Post Office contained some
radium compound which accounted for the lead
cases. An unheard of emount of the rare salt
seems to be in there, A provision store has been
robbed and moncy left to pay for it. Thousands
of gallons of gasoline have disappeared from a
Standard Oil station. Starting at the most mys-
terious point of the story the tale goes on.

They go out on thé famous Merlin in search
of the liner Parnassic ofter having withoit suc-
cess tried to find out how the quantity of gaso-
line was taken from the Standard Qil station on
land; they hear that there was o cabin in the air
when the robbery was being perpetrated. Going
out to ses, they find the Parnassic apparently
abandoned and land upon her. Everyone on her
1§ rvecovering from a trance, and eventually the
Captain goes usth them to the treasure safe and
finds that it hes beem robbed.

3
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The Ark of the Covenant

By Victor MacClure

LORD ALMERIC PLUSCARDEN

“Phew! Nearly two and a half million in
American dollars,” | said—the British florin
standing at that time at 2.42—"just about as
much as they got out of Wall Street!”

“Tell me, Mr. Boon,” said the Captain.
“When you sighted us, was there any craft
near us?”

“Nothing within forty kilometers of you,
Sir Peter—and certainly nothing up to doing
that distance in the hour.”

“That cuts out an hour, leaving one for
some craft to do the job in. They must
have been damned smart!”

Just then the purser came running in, and
when he saw the strong-room door, he let
out a wail of despair. Sir Peter cut the
lamentations short.

“Step down to Lurd Almeric Pluscarden’s
cabin, Strachan,” he said. *“My compli-
ments to him, and will he come here at
once?”

“But the strong-room, sir}—the strong-
room! It has been broken into!”

“Dammit, Strachan!” the captain said
testily. *“We can see that. Kindly take
my message to Lord Almeric. Crying won't
help us.”

He turned to a telephone on the wall of
the cabin.

“Lucky the exchange is automatic,” he said
grimly, “or I wouldn’t be able to get through
to my bridge, 1 suppose. That you, Bos-
cence? Any report from the engine-room.
Good! Now the first morning watch will
come on duty, and be relieved at eight as
usual. Carry on!

“The engine-room reports a good head of
steam,” he turned to us and said. “The
automatic oil feed in the stoke-hold has been
going on all the time. Ah, the engines!’

We felt the vibration of the ship’s engines
under our feet as Lord Almeric Pluscarden
came into the cabin. 1 had expected some-
how to see an elderly man, probably white-
haired and rubicund, but the newcomer was a
slenderly built, dark-skinned, dark-haired
man, apparently of about forty-odd, alert in
manner, and athletic-looking. 1 found out
later that he was close on sixty.

“Hullo! What has happened, Weather-
ly?” he asked at once, when he saw the
ravished strong-room.

“I'm damned if I know, Lord Almeric,”
said the captain, with a finger pointed at the
spoiled door, “but that’s the chief thing that
has happened. How it came about—well—
here’s your pilot, Mr. Boon, and his friend,
Mr. Lamont. They've got a story that’ll
take your breath away.”

“Y, B. oil-carrying steamer, Westbury. We
were slowed down by a riding light nhead of us
and a mensage came from the battieship Ar-
gonne, telling us to heave to because of danger
ahead. Since then we don’t know a dern thing
of anything, except that our forrard tank Is
short of three thousand litres of the highest
grade aviation spirit by the gzauge. Yes, sir.
And there nin‘t a man on the ship, sir, that can
say what was doin’ in the last two hours.”
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“Kind of you to put your machine at my
disposal, Mr. Boon,” said Lord Aimeric.
“I'm afraid you've had a cold thght. very
sporting of you to accompany mm, sr. La-
mont. 1'm grateful to you botn. And now
—this story?"”

Between us Dan and I told of the Wall
Street robberies, of our theories, and of our
coming to the Parnassic.” Lord Almeric
asked a shrewd question or two, then Sir
Peter gave a fuller account of the stopping
of the ship.

“l am very much a layman in aeronauti-
cal matters,” Lord Almeric said when we
had finished, “and I do not know if there
are any other points to be made for or
against your idea of the airship—beyond
those you make yourselves. 1 must say
you put a fair case, which is considerably
strengthened by this act o1 piracy. What-
ever ma, be the mode of operation, we are
certainly faced by a remarkable organiza-
tion. But I should not, if I were you,
Weatherly, dismiss the possibility of the
gold still’ remaining on the ship. I suggest
that a thorough search be made of the ship
and of the passengers’ baggage. You will
not, of course, except my luggage from
examination—-"'

“Surely, Lord Almeric—" the captain pro-
tested.

“1 insist,” said the other, “and I am sure
that Miss Torrance will say the same. Miss
Torrance,” he explained to me—*“ii you can
take her—is your other passenger, my niece
and secretary.”

“Only too glad, Lord Almeric,” said I,
a little taken aback at the idea of carrying a
woman. “But I'm afraid we damaged the
starboard float getting aboard, and if we
have to come down on the way back—well
—it'll be a bit inéonvenient. We'll get wet,
at least.” :

“You don't anticipate a forced descent, Mr.
Boon ?”

“No,” I said, “but you never know your
luck. Then there's the difficulty of taking
off from the awning '’

“Bless my soul,” said Lord Almeric, “you
don’t me to say that you put your scaplane
aboard on the awning?”

cap in a hearty farewell.”

“The Merlin guthered strength and began to slide—and we shot out oyer the water.
Next moment we were clrcling the ‘Parnassic’ to a eheer that was led’ by Sir Peter
Weatherly himself, who stood sturdily on his damaged awning, and waved his braided

“l did—and P'm afraid ['ve ripped: off
some of your canvas, Sir Pzter, in doing it.”

“I'll worry about that, young man,” the
captain said, “when somebody has ripped a
slab off the strong-room door, and ripped tive
million florins off my ship!”

He glared at the damaged door, tugging
his littie beard the while as if to drag from
it some solution of the mystery.

‘Fifty years I've been at sea,” he said
thickly, “man and boy, and, by thunder,
['ve never come across anything like it1 It's
bewildering—exasperating—God, it's heart-
breakingl On my ship—l.ord Almeric—ont
my ship! The disgrace of it!”

“Peter Weatherly,” his lordship said, with
something that was good to hear in his
voice, “this piracy concerns me, as a gover-
nor of the Bank of England, very nearly—
and | can tell you that for my own part not
one atom of blame attaches to you.”

“But I stopped the ship, my lord, and
gave the blighters their chance!”

“For Heaven's sake, Peter,” Lord Al-
meric said in an altered tone—equally good
to hear—"get the ridiculous notion out of
your head that anybody is going to pi¢k a
bone with you over anything you've done!”

He went over and put a hand on the sail-
or’s shoulder to shake him.

“Be assured, old friend,”-he mid. “It will
take more than this to shake the clean record
of fifty years!”

“But it's such an exaspcrating thing! It
leaves a fellow helpless! I'm going through
the ship with a fine sieve presently, but [
feel it in my bones that whoever has swiped
the kopecks has got cleau away. Still, it
has to be done. We can't leave anything to
chance.”.

“That is right,” said Lord Almeric. “And
now, I suppose I'd better be getting a start
made. I shall put what you say to Miss
Torrance, Mr. Boon—but if I know any-
thing of her, it won't deter her from join-
ing us. But you must have some breakfast

“There’s plenty to eat on the Merlin,
Lord Almeric,” said I, “and
if the lady is coming, and
won't mind picnicking for
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once—why, we'll get away as soon as Sir
Peter will permit us.”

“I shall have to go over your boat for
form’s sake,” said Sir Peter. *“Come along.
I'll do it now, and then we'll see what we
can do to get you off without mishap.”

IV
The Crew of the Parnassic Restored

It was difficult to imagine, when we were
on deck again, that only half an hour gone
the ship had been peopled by folk apparently
dead. The seamen were washing the decks
and going about their ordinary work prettx
much as if nothing had happened. If there
was a tendency to get to work in pairs, it
was nothing to notice, and the demeanour of
the men spoke well for the discipline Sir
Peter kept on his ship.

“By thunder, young fellow,” said the cap-
tain, when he saw how the seaplane lay,
“you're not lacking in nerve! [t must have
been a- ticklish business.” And he added
vulgarly : “She's as snug as a bug in a rug!”

“It'll be a job to get her off,” said 1. “I
hope you won't mind putting on a few of
your hands to turn her, sir?"”

“As many as you want,” he said, “or as
many as the awning will hold and bear the
weigh of. I'll take a look inside—so that
can give you clearance papers *”

He went up into the body of the machine,
while I had a look at what Milliken was
doing. Stout fellow that he is, he had roust-
ed out the ship’s smith, and together they
had patched up the floar where the aluminum
had parted from the framework. If a little
cockled, the float was as seaworthy as ever.

Sir Peter came down from the cabin, and
opened the floats.

“l have to do it,”

he apologized, “for

your sake as well as my own.”
“That’s all right, sir—and if when you get
(Continued on page 344)
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Higqh Uoltage
Experiments

By Lester Reukema

Instructor of Electrical Engineering at the

University of California.

The intensity of the spark testities to the maguni-
tude of the currént which the man in the picture
at vight draws from the coil, A sabre held in the
hand recelves the discharge from a 40 K.W. high

frequeney -coil,

(X I Iy I 7Y TY Y Yr Y9

Terrifying as the discharge above appears, it can yet pass over s man's body
without hsarm because of its extremely high frequency, which prevents Its
penetrstion into the system.

These concentrated spurks nre the most

difficult to bear, and unless the halr is

thoroughly wet, it is apt to be burnt by
the sparks.

N OLDEN days, hefore science had, by

explaining the causes of the physica!

phenoniena surrounding us, robbed

them of the mystery and awe with
which earlier people invested them, the light-
ning was held in dread as the most spectacu-
lar demonstration of the power and majesty
of the gods. Today the mystery and awe
have given way to knowledge, and the elec-
tricity which manifested itself only as the
drecaded lightning has been tamed and be-
come man’s most valued servant. Yet light-
ning still remains the most spectacular phe-
nomenon in nature. The vivid glare flashing
across the sky is a thing of most exquisite
beauty; the crashing thunder echoing from
cvery hill thrills with its suggestion of
mighty power. And, indeed, although a
flash of lightning consumes but a few hun-
dred watt-hours of energy, it represents for
an instant several thousand millions of kilo-
watts of power, since this energy is ex-

: pended in a few millionths of a second.

Largely to study the destructive effects of
lightning, the Tesla coil has been developed
into the impulse oscillator which may be
said to produce lightning artificially. Once
in each year the engineering students of the
University of California act as hosts to the
rest of the students on the campus and to

The torch bearer below stands in a basin of
salt wnter connected to the Tesla cofl. The
toreh is & strand of wire from whieb powerfu'

sparks shoot into the air.

others interested in such work. And the im
pulse oscillator takes up its role of enter-
tainer and producer of spectacufar displays.

The discharge. from the ball, as shown
is a beautiful sight, writhing tongues of
violet flame shooting out from the spher-
ical surface, branching and twisting iff all

directions like angry serpents. As one
watches, certain of the flames succeed in
hitting the walls or ceiling 10 or 1t feet
away, changing instantly to dazzling white
power arcs. And all of the while, the dis-
play is accompanied by a cracking, explosive
roar. Thunder on a smalil scale. The dis-
charge. over 11 feet in length, from the wire
cage represents a potential of about 1,500,000
volts.

At this voltage the energy will tear its
way through or around any kind of insula
tion which may be placed in its path.
Wooden planks are set afire almost instantly,
glass and porcelain are punctured, even
marble cannot hold back the energy. It
would seem as though such a bolt must mean
sure and instant death to anyone so unfor
tunate as to be hit by it. Yet, due to the
high frequency of the discharge, there is no
danger whatever, if certain simple precau-
tions are observed. Thus some pictures

(Continued on page 342)
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The dlscharge above is radiated from a

metnl erown worn on the head. The use

of this crown eliminates the Qanxer of
burninx the halr.

The man above is taking & 40 kw.

high frequency discharge from the

Tenla edil at the Unlversity of

California. The coil used in these

experimsmts is seven feet high.

The curvent passes over the sur-
faee of the body only.

The gentleman above is enjoying n salg

water fub bath, It is elaimed by the

suthor that no man ever got -a bigger

kick out of his bath than the one Hlus-
trated here.

The sparks emitted by the arms of the

small rotor at the left impart to §t n

spectacular motlon. The Tesls coll is

connected to the salt water bath in whieh
the man standas

An fntense high frequency current passe

ing over the body of the man shown be-

low, discharges at the tips of the sabre
whieh he holds.

The terminmat of the large
Texla coll in {11 action e
shown at Jeft  Some of the
sparks  ape  mare  than
clgit fect igng.

i ! At
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The photegraph at the right shows the
kiydonograph (A) connected to a transmis-
siom line. The kiydcnograph is merely a dark
hox In which a cylindrical electrode connected
10 the transmission line Is in cuntact with s
phctographle plate which Is resting on the
other electrode of the imstrument.

A multi-electrode klydonograph is shown
below. In operation the photographic plate
is pluced in the botfom of the box, und upon
cloming the ild the electrodes assume their
appropriate positions with respect to the plate:

The diagram shows the operation of the
klydonograph. Between the electrodes B and
C the photographle piate A Is placed. The
corona discharge occurring between the two
olectrodes s recorded on the plate.

A
Photo Plale \

R Metal Plale”
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CThe Klydonograph

CThe Instrument that Sees and Records Elec~
trical Surges of 0.000,005 Second Duration
by the Photographic Plate

The Mustration at left shows photographs taken of the corona
glow on-an electrode connected to »n transmission line in =~hich
a momentary surge of electrieal eurrent occurred. The dark circles
show the eross-section of the conductor and the radistions from
them are coronan discharges which, while lavisibie ta the eye,
can affeet n photographle plate.

NEW -nstrument, known as the kly-

donograph, has been developed by

J. F. Peters, of the Westinghouse

Electric & Manufacturing Company,
for recording abnormal voltages on trans
mission lines. With this instrument, a
graphic record of voltage surges of ex-
tremely short duration can be obtained, giv-
ing their polarity, magnitude, steepness of
application, etc.

Heretofore, because of the many peculiari-
ties in connection with abnormal voltages
such as surges or high freqnency oscilla-
tions, it has been difficult to obtain detailed
information concerning them. Their cause
is quite often mot known and their duration
is “generally so short that it has been prac-
tically impossible to measure with certainty
their magnitude or duration. The result is
that the knowledge of surges and abnormal
voltages on transmission lines is rather
limited; leading to questionable conclusions
about their cause, effect and remedies.

The new instrument is based on an old
principle first observed in 1777 by Dr.
Lichtenburg and makes use of figures known
as Lichtenburg figures. Dr. Lichtenburg
found that, if' he discharged a condenser,
such as a Leyden jar, across a spark gap upon
a terminal in contact with an insulating plate
placed between this terminal and a ground
plate, and then removed the terminal and
sprinkled powder on the plate, the powder
would arrange itself in a figure that had a
very peculiar appearance. In 1888, J. Brown
and E. Trouvelot found that with the insu
lating plate replaced by a sensitized photo-
graphic plate, the emulsion in contact with
the terminal, figures very similar to those
of Lichtenburg were created and appeared
upon development. .

(Continucd on page 346)

“The photographs above
show klydonograuplite vecords
of an abrupt positive surge.
a positive surge beyvnd ‘the
range of the instrument and
a nexative surge of a magni-
tude also beyond the range
of the instrument.
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The (Hustration below shows
used for the
apparstus on the left tuble Is s pumping meehan-
ism far high vacaum.
is under the evacuated bell-jar at the right.

31t

lonoplasty

Electroplating Without
Electrglyte

the equipment
lonic deposition of metals. The

The lonoplastic apparatas
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The plating after a brief exposure
to tonle deposition is hardly percepti-
ble, but wlil become readily noticeabie
if, as above, it is exposed to mercury
vapor and becomes amalgamated by the
latter. .

]
4

This diagramatic view
plastic apparstus shows the plate K

of tne .vno<

which emits the metalllc lons which
are deposited on the glass plate L as
they move towards the anode F.

(gzzngiF
9®

Ll L Ll Ll L L Ll L Lol ok

//d

¥
\

b1

N

N

N

N

—J |

S e
The glass plate at the left has been exposed
for five seconds, the central area belng

sereened by a star-shaped plate, to an lono-
plasty of sllver. The falnt deposit was in-
vislble until it was amalgamated by exposure
of mereury ‘vapor, produéing the effect shown
at the right.

-
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ONOPLASTY is the name given to a
method of depositing metals on any sur-
face by ionic action. The diagram
shows the general principle involved.
(K) is the disc of the metal which is to be
deposited on a non-conducting surface; the
surface (L) is the one on which the metal
is to be plated, which may be a plate of
glass, the mirror of a reflecting telescope,
or other object, and it rests upon a platinum
plate carried on a base (A).

~The whole is surrounded by a bell jar
(C), closed at the top and bottom with
India rubber so as to be completely airtight,
and a vacuum is produced therein. A dis-
charge from an induction coil which can
give about a 3-inch spark does the plating.
This has to be rectified by one of the regu-
lar appliances. A rectifier connected to an
alternating current which rectifier may be
of the Kenotron type, can be used instead
of the coil. Even a storage battery will do
the work if there are enough cells to give
the requisite potential. The object is to pass
from anode to cathode a current of a few
milliamperes and a pressure of about 1,000
volts may be used. Under these conditions
the metal of the anode will be deposited in
a bright, adhesive coat upon the plate rest-
ing on the anode. Any substance will re-
ceive the deposit.

A pump such as used for evacuating
lamps, X-ray tubes and other apparatus is
used for producing the vacuum. It will ex-
haust a bell jar such as illustrated in our
diagram in a very short time. A smaller
apparatus can be constructed with a heavy
test tube or specimen tube as the container.
This is also shown in a diagram, in which

(A) is the anode carrying the plate (L) to
be plated; (K) is the cathode of the metal
which is to be deposited; (C) is the test tube
closed by an Indian rubber stopper; (M)
is a metal ferrule, and (T) 1§ the tube
through which the air is exhausted.

By this process all sorts of non-conducting
substances have been metallized. Glass, por-
celain, India rubber and wood have all been
coated. But while the operation succeeds
excellently with what are called the noble
metals, such as gold, silver, palladium or
bismuth, with other metals such as copper,
iron, chronium or nickel, it requires special
care, and with the light metals such as alumi-
mum, magnesium and sodium, failure really
seems to be the rule.

Sir Williams Crookes, the celebrated physi-
cist, has determined the relative weight of
different metals deposited under the sdme
conditions of time and current and finds that
they range from palladium, 108; gold, 100;
silver, 82; down to iron, 3.5; while alumi-
num and magnesium refuse to be deposited
at all.

In experiments on ionoplasty we observe
an unexpected phenomenon. A plate of glass
subjected to ionoplasty was partly screened;
the operation was maintained for only five
saconds, and when removed, no deposit was
visible, it was so thin. But if the plate was
breathed upon, the part covered by the
screen became sharply defined. This was due
to the deposition of the breath upon the
image. But if for the vapor of water, mer-
cury vapor is substituted, which can be done
very easily by holding the plate above a ves-
szl of mercury heated to 60° C. (140° F.),

(Continued on page 343)
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Is Life a Form of Electricity?
by
Prof. Alphonse Berget

(Mr. H. Gernsback, in the Nowvember, 1924, issue of Tue Exprri-
MENTER, suggested the possibility of electromagnetic waves, such as
those used in radio, affecting animal and vegetable life. Independently
of Mr. Gernsback’s investigations, Professor Stanoievitch of the Uni-
versity of Belgrade has conducted a careful research on the relation
between plant life and clectromagnetic lmes of - Yorce. The article
below is a brief review of these researches.)
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: The remarkable annlogy between the
J . ‘. erons-section of a fir tree nnd the theo-
retical diagram of an electrostatie flekd
7= between two charges, suggests the pos-
s —_ wibility that these two remote phenomena
have characteristies in common. The tree
section shown above was taken where a
1t v bifurcation of the trunk occured.
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ONCERNING the lines
formed in wood, we knew
only that these designs,
| however varied, indicate
the age of the tree by their num- A
ber, observed on a transverse cut,
where they appear in the form of

. . BN g
concentric rings more or less e I8 GRS
regular. %&‘z/{g’?&sw\f\ﬁ‘:%\\x

i A

But as regards their lines along %, ,‘;l;”;'a%ﬂ:q\a“\\,

""I" PJ'"':“- "'""’h“‘"":- und l';: the trunk of the tree, the various BTG
solar system regulated by a sing e Ton . i .
law which holds over the universe f‘"!“s which the,\’ present in |ong|
ax n whole as well an over all its tudinal cuts we have for too long
parts® ) | a time considered them a subject
entirely foreign to scientific study

and have not otherwise concerned
ourselves with them.
Nevertheless, eminent scientists,
among whom we could mention
one of the first rank. Professor
[} Stanoievitch, dean of the Univer-
sity of Belgrade, have studied this
question and have shown its attrac-
tiveness in demonstrating that the
law, according to which are forined
the successive layers, whose ac-
cumulated deposits constitute the
growth of vegetables, is none other
! than the law which rules the action
- § || of electric and magnetic forces in
that part of nature which, for want
of better knowledge, we call “in-

animate.” | :\bol'v;e II- a magnetograph (of iron flings), over
< | Magnetic “Phantoms” the Ji:...’l’::.“.i‘.f%‘i”l’ seaiieh '.';.(fli;'“.‘,‘;‘u'i“"’f.'.
NS 1 Let us recall first the elementary (}1
g 3 phenomena which are displayed by (). )
AT magnets in the manifestation of it =1 i O]
, i £ = the “force” which seems to be radiated from them. ‘Z
s 2m @™ 1y el Everybody has seen, at least in pictures, the curious formations which appear l
: _ " : around the pole of a magnet.
- f If we place a bar magnet vertically under a sheet of white paper, covered with |
fine iron filings (Fig. 1), we see the particles of filings disposed along continuous
The disturbing effect of two magnets in an elec- lines, a1’ of which converge to the point under which the pole in question is placed.
tric field 1s illustrated in the upper half of this Above the pole itself. the action being stronger than elsewhere, we see an accumula-
pleture, Note the strange resemblance which g Y 5 ! 1 Al : L .
the grain of wood around two knots bears to tion of particles instead of a single point, and all around it the converging lines
this dingram. ‘;}) (Continued on page 344) @
&;‘_)_ e C— e — f*ce')
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A Microphone
Audio Frequency Amplifier

By R. W. Reetherman
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Photograph and diagram of the microphone amplifier showing how it is connected to a

vacuum tube receiving set.
a loud speaker,

AN apparatus involving a novel departure
from the regular run of audio fre
quency amplifiers has recently been con-
structed by the author. While the princi-
ple is an old one, the designer of the appa-
ratus and the utilization of various parts
from magnetos, Ford coils, telephone parts,
are decidedly novel.

The efficiency compares very favorably
with a vacuum tube amplifier with many of
the squeals and howls of the latter absent.

No dimensions will be given as the average
experimenter would vary them to suit the
materials that he happens to have at hand.

The author used one of the magnets of
an old Bosch magneto to energize the pole
pieces which were taken from some tele-
phone ringer coils.

The Bosch magnet has holes drilled and
tapped in both ends and it is, therefore,
much easier to attach the pole pieces than
if a magnet were used that had no such
holes. Of course, the temper may be taken
out of a magnet and holes drilled, but it
will then have to be retempered and charged

again.
A

ALMOST every radio experimenter de-
sires at some time to have a transmitting
set so he can do a little sending. but usually
the price is too high for his purse.

A good many parts for the set described
will be found in the scrap box. It is hard
to state the range, but under average con-
ditions the range is anywhere from 200 to
1,000 miles. The writer has used this set
for some time and found it highly satisfac-
tory from the standpoint of efficiency and
economy.

L, is a stationary spider-web coil wound
with 23 turns of No. 16 D.C.C. wire, tapped
every 5 turns,

L, is a movable spider-web coil wound
with 26 turns of No. 16 D.C.C. wire tapped
every other turn, C, is a fixed condenser
capable of withstanding 1,000 volts and of
.002 mfd. C, is a grid condenser .002 mfd.
and C, and C, are Dubilier fixed condensers
of .002 mid.

R is an R.C.A. grid leak having 5,000
ohms resistance. V.T. is a UV-202 trans-
mitting tube and K is the key. The trans-
mitting tube should have a porcelain socket.
T is the transformer having a plate output

This simiple device amplifies local concerts loud enough to operate

The following parts will be needed:
Large permanent magnet from an
old magneto.

2 Soft iron cores for pole pieces.

—

1 Sectionn of secondary from a Ford
coil.

1 Piece of hacksaw blade. 514" long.

1 Piece of brass. 34” x34" x 114",

1 Carbon microphone transmitter but-
ton.

1 Hardwood base. 6” x 9" x 1”.

The wire was then taken off the ringer
magnets and the wire from the Ford coil
secondary wound on them. Omne section ot
such a secondary. evenly divided. will give
the pole coils an approximate resistance of
1.500 ohms each or 3,000 ohms for the two.
The wire does not have to be wound as even-
ly as it comes off the secondary coil, but
must be even enough to prevent the wire
from piling up in any one spot. When fin-
ished they are mounted between the prongs
of the magnet facing each other. Enough
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iron washers are inserted between the mag-
net ends of the pole pieces to leave a space
of 13” between them in the center. The
vibrating reed is now made from the piece
of hacksaw blade. Tts width equals the
diameter of pole pieces. It is then ground
down on an emery wheel to one-hali its
for ner thickness. The length is 545", One-
halt inch of this is clamped in the brass
bar. which is then screwed down on the
wood base so as to place the reed evenly
between the pole pieces.  Two-thirds of
the reed should extend beyond the pole pieces
where the microphone is mounted. A drop
of sealing wax is suflicient to link the reed
to the microphone. The location of the
mic-ophone on the end of the reed will have
to be determined by experiment as there is
only one point on it where the highest efi-
ciency will be gained.

The circuit is very simple, the two coils
in series are connected to the output of a
detector circuit. a 33-volt battery in series
with the microphone and a lond speaker
complete it.

Using one tube in a regenerative circuit
and the above described amplifier, a num-
ber of stations from Calgary, Canada, to
San Diego. Calif.. were received on the lond
speaker.

Simple CW Transmitter

of 550 volts and filament output of 8 volts.
A is the ammeter; although it is not abso-
lutely essential, is useful for checking up the
operation of the set.

The counterpoise consists of seven wires
of No. 15 bare wire in a fan shape, 8 feet
above ground.

The antenna should consist of a 4-wire
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Connections of the C.W. transmitter. It may
t & resist across the

y to
condensers C3 and C4.

cage 50 feet long and anywhere from 20
to 5 feet high. No. 14 bare wire is to be
used.

Wire the et with No. 14 wire and solder
all cornections except the clips on the coils
L, and L,

Te tune it you must have a calibrated
wavemeter and adjust the taps and vary the
coupling of L, and L, until you get it ad-
justed to the wave-length vou desire which
must be below 200 meters.

Do not attempt to transmit until vou have
received your two government licenses. One
is the operator’s license that states that you
have been examined and qualified to oper-
ate vour radio sending set. The other is a
station license certifving that your station
is adjusted in accordance with the law as
to wave-length. power, etc. To get informa-
tion on this write to the radio inspector of
your district.

his set creates very little interference tn
]t_he E.C.L’s because of its inductive coup-
ing.

The writer would be interested to know
the results obtained by anvone who tries this
out. Contributed by ALsert HArvVEY.
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Radio Explained by Mechanical Example

HERE has recently been founded in
Vienna a radio group of the Tech-
nical Museum which counts among
its members numerous celebrated
Austrian technicians, and at the first meet-
ing of this society Professor Dr. L. Rich-
tera, one of the most eager advocates in the
Austxiian radio gro}:xp, gave a very interest-
ing lecture on the
basic foundations of
wireless  telephony, "
whose principles \
were shown by
numerous mechanical
analogies. In this

By Hans Gunter

by electricity, the amplitude of whose oscil-
lations he diminished little by little until
no sound could be received. When this
point was attained, the amplitude was far
below the limits of the very best micro-
scope; by calculation it appeared to be only
0.000,000,000,6 cm., which is an inconceiv-
,ably small quantity. Fletcher and Wegl

way many things can
be made clear which
are otherwise very
difficult for the un-
schooled reader. For
this reason we give
some part of the lec-
ture here.

The simplest way
for carrying waves
of sound from
speaker to listeners is, as the lecturer stated,
the direct road through the air, which is
the normal case when we listen. But this
way of transmission does not apply to great
distances, because the wave intensity dimin-
jshes with the square of the distance and
the intensity of the sound even at a pro-
portionately small distance falls below the
limits of our auditory organs. That these
waves are fabulously small to start with
does not change this fact.

In the year 1902, Max Wien investigated
the receptive capacity of the human ear. He
used a membrane brought into oscillation

M
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shown in Fig. 1.

Fig. 1. Showing how high fregqueney salir
waves produced by the machine at the top are
modulated by low frequency volice waves. The
resultant wave shape is indicated at the bottom
of the jllustration.

Fig, 2, the receiver of the high frequency modulated air waves pro
Note that diaphragm M2 is actuated upon by only one-half of the in-
coming wave, giving the effect analogous to rectification or detection,

have completed the investigation of the small-
est variations in pressure of the air, which
are necessary to give the sensation of hear-
ing; these limits lie in the neighborhood of
a change of pressure of 1/1000 milligram
per square centimeter.

In spite of this extraordinary sensitive-
ness of the human car, the limit in the trans-
mission of waves through the ear is soon
reached, beycnd which nothing can be heard
from us. If one wants to receive the sound
at a greater distance, the sound waves in
scme way or other have to be “transferred”
to a means of transport. Richtera names
the problem here before us a simple prob-
lem of transportation. In daily life we have
similar problems of many kinds; for exam-
ple, one can take the case of America want-
ing to send gold quickly to Europe, in
analogous comparison with the transmission
of sound. Money as such is not transferred;
money in America is changed into a tele-
graphic message that goes through the cable
10 Europe, and here again is changed back
into real money.

In everyday wire telephony an analogy
with this holds perfectly; we speak against
the microphone of the telephone case; this
changes the electrical resistance of the cir-
cuit of the microphone in tempo with the
waves of the voice and changes in strength
of the electric current flowing through the
circuit is the result. In other words, the
voice waves are changed into current
changes. These current changes can be
“transported” to great distances through
wires, and then at the place of the receiv-
ing apparatus, by means of a telephone they
are converted back into sound waves. In
whatever way the speech between the trans-
mitter and receiver is carried from trans-
mitter to receiver is basically immaterial;
thus speech may be converted into light
waves which in a proper reception apparatus
are brought bac kto sound waves. In nam-
ing this method we come to light-telephony.

This light-telephony is naturally only a
special kind of wireless transmission, but
as true radio telephony we characterize that
which is done by electric waves for the com-
prehension of which we would refer to
Fig. 1, which gives a mechanical analogy
therefor. We see in the illustration on the
top a funnel-shaped apparatus closed on one
side with a membrane; still further to the
top a machine is indicated, assumed o move
aa high speed, and which vibrates the mem-
brane a hundred thousand times in a second,
back and forth. It follows that air waves
come out of the funnel. These air waves

il\U!|I1|mn|i!m"‘wawumllﬂm|1|I|||\|l|

duced by the apparatus in

we cannot hear because our ears cannot per-
ceive air waves of higher frequency than
20.000 per second.

These inaudible high-frequency air waves
must issue from the funnel with very high
energy if they are to be of tangible strength
at a great distance. Then we can use the
air waves for carrying on speech, so that they
will give out the sec-
ond waves of our
specch in perceptible
form for our ears.
They are carrier
waves.

For this purpose
in the tube of our
funnel a sliding valve
is provided which
also hangs from a
membrane; now if
we speak against this
membrance, as this
accordance with
the voice waves,
bends up and down,
it raises and lowers
the valve gate. By the movement of this
gate the aperture through which the high
frequency waves from the other membrane
pass through the funnel are successively
made larger and smaller—the consequence
of which is that these waves, with their
original frequency unchanged, become weaker
and stronger in tempo with the voice waves.
In other words, their amplitude becomes
greater and less in accordance with the voice.
This makes the high frequency air waves
originally produced the carrier for the voice,
which has affected the motions of the gate
of the valve; and in the changes in the in-
tensity or amplitude of the high-frequency
carrier waves the voice goes through space
as the graph of the wave on the lower

M,
P

S

o —, e
-

-

6,’
2
?
é
%
%
4

|
%
/
%
g
/
?
Z,
//
,,,
%

Fig. 8. The amplifier used for strengthening
the high frequency alr waves. The weak vibra~
tions of M1 are used to control a senarate air
current produced by the blower.
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side of Fig. 1 shows.

This gives us at once an available means
of transmission, and it constitutes a trans-
mitter with whose help we can effect the
transfer of the voice. But the receiver at
the other end has to get back the speech,
so we will take up a second analogy.

As the distance increases, the carrier wave
gets weaker and weaker. To receive it with
certainty at a great distance we use the
principle of reSonance; that is, we provide
a reception membrane that is tuned to the
exact rhythm of the carrier wave, there-
fore to a frequency of 100,000 per second.
Through the first analogy we can see how
we shall recetve the approaching waves, for
the reception membrane vibrates exactly in
tempo and in accordance with the strength
of the incoming waves. DBut this does not
help us because we hear nothing whatever
since this membrane, with a frequency of
100,000 per second, exceeds the power of our
ears. So that we can hear anything, the
sound waves which are brought along with
the carrier wave must he set free. This can
be done on the following lines:

In Fig. 2 (M,) indicates the membrane
vibrating in tempo with the carrier wave,
A second membrane (M,) is connected to
it by a stiff wire, so arranggd that the wire
passes through a hole i the membrane and
ends in a screw to receive a nut. When the
membrane (M,) swells out toward the right,
the wire goes with it, without affecting the
membrane (M,), but it is quite different
when the membrane (M) expands toward
the left. Then the nut on the end of the
wire presses on the membrane (M,;) and
bends it also toward the left. \What does
this mean? Nothing else than that the mem-
brane (M,) is set into vibration only by one-
half of the incoming wave, by the cross-
hatched part of the wave shown next to it
in Fig, 2.

If we take care that (M,) shall not re-

$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: Radio
cxperimental wrinkles. Short cuts for
the cxperimenter. Simple devices to
help radio experimenters 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 j
idea, both will receive the same prize.
Address Editor, Radio Experiments
Conlest, c/o this publication. Contest
closes on the 15th of cach month of
issue.

turn at once to its original plane, but only
in the tempo of the changes in intensity of
the carrier wave, as if by damping with a
thick fluid, the voice waves will be clearly
sent out therefrom, as shown in the curve
on the extreme left of Fig. 2. In other
words, the speech is given back to the re-
ceiver. The apparatus doing this is called a
rectifier. By increased distance between
transmitter and receiver the voice received
will become very low. It now is desirable
to have some way of strengthemng it at the
receiving end.
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have a blower which sends a stream of air
against a plate hanging from a membrane
(M;). (M,) is the receiving membrane,
wlhich is familiar to us, and here also there
is a valve gate, just as in the transmitter of
Fig. 1. 1f now the membranc (M,) moves
in nnison with the incoming high-frequency
waves, opening and shutting the valve, the
opeiing for the strecam of air will thereby
be changed in size in exact accordance and
synchronism.  With exactly the same peri-
odicity the blast of air blowing on the plate
(P) will be changed and varied in strength
so that the membrane (M,) will be moved
back and forth more or less, always in syn-
chronism. But this movement of tie mem-
brame (M,) is much stronger than that of
the membrane (M,), as it is carried out
by 1 strong current of air which the weak
movement of (M,) simply modifies. In
exactly the same relationship and same pro-
portion the waves of sound coming from
(M.) are strengthened. This gives the whole
principle of the strengthening of wave tele-
phony, whereby it is perfectly clear that all
we have to do is to modify and control a
seporate source of energy sitnated at the
receiving end. It is this source of energy
which brings the strengthened operation. The
weak waves only govern it.

We now have all the bases of wave tele-
phoay before us. Translated into electricity,
the high-frequency air waves produced by
the transmitter are represented by the electric
waves. The gate of the transmitter’s valve
reprzsents the microphone; the enforced uni-
directional, or rectified, progress of the
waves at the receiving end is effected by the
detector; the amplifying of the rectified
waves is done by the electron tubes or
vacuum tubes, and the tuning of the receiv-
ing membrane to the frequency of the in-
coming carrier waves represents the tuning
of the antenna by condensers and inductances
connected thereto.

Uses for Burned Out CTubes

O DOUBT many experimenters have

some burned out tubes lying around
waiting to be used. 1 have found soma
interesting uses for them.

First—Lightning Arrester. To make a
lightning arrester from an old burned out
tube connect the aerial to the grid and the
ground to the plate.

Second—Test lamp for radio sets. First
remove the solder from the prongs on the
base of the tube. Then break the glass and
remove all the elements and wires from the
shell. This is ecasily done by heating the
shell over a gas flame. Then take a dash
lamp and solder it to the brass shell of the
base after having connected the dash lamp
with bell wire to the two filament prongs.
Then solder the wires at the filament prongs.

This test lamp will now fit in a standard
tube socket and may be used after having
wired a new set to prevent a blowout of a
good tube.

Contributed by Harry H. Fars.

AERIAL

Showing how a burned out vacoum tube may
be used as & radio lightning arrester.

Fig. 3 shows our analogy for this. We
\\ {
A /m/, Vs
x AN P
DA3H =
LAMP =~
=
VACUUM —|
TUBE BASE
CONNECT TO
FILAMENT
PRONGS

A dash lamp fitted into the hase of a vacuum
tube for testing the wiring of radio sets.

Static Eliminating Aerial

ERE is an aerial which will bring in
music when other aerials are picking
up nothing but noise, which feature alone
is enough to make the labor and expense
involved in its construction well worth while.
But in addition, when being used in connec-
tion with a rejector circuit, or even a variable
condenser in series with the ground connec-
tior, it makes any broad-tuning receiver as
fine as can be desired. Not only that, but
when being used as an ordinary aerial, with-
out a grounded lead, it will reach out and
bring in more distant stations, owing to
greater ‘“skin-surface” and its capacitive
effect.

This aerial consists of an ordinary aerial
wire, preferably stranded copper, wound for
its entire length with No. 14 rubber covered
solid wire. One hundred feet over all,
aerial and lead in, is plenty; it is important
that the grounded wrapping wire be brought
as close as possible to the receiver, because
static is active to a certain extent in a

clused room, and to entirely eliminate static
with this aerial it would be necessary to
shield the receiver, phone-cords, and every
part of the instrument.

However, it will be found that the aerial
alone will effectively cut out 90 per cent. of
static. I have used such an aerial for six
momhs, having also an ordinary aerial with
which to make comparisons, and the “bass-
string aerial”, as I call it, brings in stations
in Denver, Mexico City, Toronto, and other
such distant points, whenever the strong
stations in Chicago are too noisy to under-
stand, using the other aerial.

If used with a receiver which is selective,
such as a tuned radio frequency receiver,
no condenser or rejector circuit is necessary.
For a simple circuit receiver use a .0005
mf. variable condenser in series with the
ground and the wrapping wire.

For use as an ordinary aerial, connect hnth
wrapping and core wire to the receiver.

Contributed by A. FERNER.
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Static may be reduced by winding an insu-
lated wire on the entire length of the aerial and
grounding it.
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Showing how a common gourd, after it has
become hard and the seeds are withdrawn, is
ured as a loud speaker horn. Note the slots in
the sides through which the sound waves pass.

"*Natures Own" Loud Speaker
Horn

HE common gourd furnishes the mate-

rial for making a horn that combines
:wo qualities rarely found together—artistic
beauty and acoustic efficiency.

Take the longest gourd you can find—
6 to 8 inches in diameter and 18 to 24 inches
long—be sure it is perfectly dry. Saw the
small end off at a place where it will fit
vour reproducing unit, or base.

Using a small fine saw, saw windows
3 to 4 inches long and 1 to 1'% inches wide
zbout 124 inches apart around the circum-
ference of the largest part. Lift these win-
dows out, taking care not to tear or disturb
the inner spongy lining. This plays a great
big part in the quality oi the tone, by dump-
ing excessive vibrations. However, you must
remove, by digging out and scraping, every
bit of this lining from the neck of the gourd,
from the small end up to where the swell of
the large part begins. Be sure this part is
as smooth as can be, so as not to interfere
with the sound waves.

Bevel and smooth off all rough places,
being especially careful to bevel the spongy
lining down in the throat where it meets
the smooth wall of the neck.

Your artistic taste will tell you how to
treat the outside—polychrome, old bronze,
ivory, or even a frieze of dancing figures or
a stenciled design.

I believe this idea has real possibilities
in a commercial way, and would like to see
somebody take it up.

You'll really be surprised at the quality

By sawing off the end of the gourd, its acons-
tic properties are improved. The tone is very
mellow and does not have the harshness 80 come
mon to meta} horns.

of tone that a well-made horn like this will
deliver. 1 had been using a Western Elec-
tric unit on my phonograph horn, but since
1 have made the one illustrated, the phono-
graph has gone back to its old place and
my “gourd” has the place of honor in the
center of the room, whence it fills the whole
house with tones, fuller, sweeter, more reso-
nant than any other speaker we have ever
tried.
Contributed by Dr. \W. H. McKiE.

Crystal Tube Hook-Up

HIS scheme, which is of the greatest

simplicity and efficiency, is suggested for
amateurs who desire to set up a circuit
quickly, and immediately obtain some prac-
tical results. It is also economical, as it ouly
comprises two condensers, one galena crystal,
three coils and the antenna.

The plate circuit is composed of an induc-
tance from which one or two taps be taken,
or it could be composed of a single coil
with a slider, or else a honeycomb coil with
different taps and proper contacts.

The grid circuit is composed of the in-
ductance of the antenna and of the tickler
eoil, which is coupled inductively to the plate
coil.  The tickler coil should be of the
proper size to suit the wave-lengths it is
desired to receive. The most simple type
which lends itseli best to this hook-up is
the form of a coil of No. 20 wire, siik
covered, and wound upon a pasteboard cylin-
der of the diameter of 214 inches between
two flanges of pasteboard 2 inches apart.

The number of turns which should be
used to cover the wave-length which it is
proposed to be received is the following :
Waves between 200 and 300 meters, 20 turns;
waves between 300 and 500 meters, 60 turns;
waves between 1,000 and 2,000 meters, 150
turns; waves exceeding 2,000 meters, 3Ut)
turns. For the large size coils the tickler
may be bank wound.

The portion of the inductance of the plate
circuit which is coupled with the tickler coil
may be of cylindrical shape and composed
of 50 turns for waves of 200 to 3U0 meters;
80 turns for waves 300 to 500 meters; 300
turns for 1,000 and 2,000 mecters; 400 turns
for waves exceeding 2,000 meters.

The condenser (C') of the antenna serves
to regulate the capacity of the oscillating
circuit; with this, and using the tap switch
(M), a greater or less number of turns ol
(L') may be put in the circuit and the en-
tire wave-length range can be covered.

The condenser (C°) puts the plate circnit
in resonance with the grid circuit and gives
very powerful regenerative amplification. In
1his hook-up the vacuum tube acts as a radio
frequency amplifier and the galena crystal
does she detecting. But sometimes it is de-
sirable to use the tube for detecting when
the galena crystal is thrown out of use and
the hook-up is to be followed with the addi-
tion of the grid condenser and grid leak,
which we have already noted. The phones,
of course, are then connected in the plite
circuit.

This circuit is particularly well adapted
to the receiving of short waves, and works
well on the entire broadcasting wave-length
range.

Contributed by MarTia Leprr (Sarno).

Experimental Heterodyne

THE accompanying diagram shows clear-
ly how to connect up a very simple
independent heterodyne. The advantages
nf a separate generator are many and one
of the most important is that the receiving
tuner can be adjusted to the exact wave to
be received, while the heterodyne is set at
a wave slightly below or above this.

In the ordinary or autodyne circuit the
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A single circuit receiver with regenerative
feed-back and a crystal detector. Extreme dis-
tances have been covered with this experimen-
ta} hook-up.

receiver must be detuned from the wave in
order to obtain a beat.

Another point which will appeal to the
thoughtiul reader is that by using a sepa-
rate heterodyne the annoyance to other lis-
teners irom radiation is reduced.

This heterodyne is simple to construct and
requires no "B battery, yet it is a vigorous
generator of oscillations.

Two spider-wéb coils are used, one with
20 turns and the other with 40 turns of wire.
The wire used by the writer was No. 30,
single cotton covered, and despite theoreti-
cal expectations the results have been excel-
lent.

11 the oscillations are not heard on hook-
ing up, the tickler coil connections have in
all probability been wrongly connected. Try
reversing them.

A variable condenser must be connected
to the binding posts (A) and (B) for the
purpose of tuning the circuit.

With this apparatus the writer receives
C\V on a crystal quite easily and when using
tubes the same filament battery is used to
light up the heterodyne bulb and the re-
ceiver tubes.

The data for this heterodyne shows it to
be suitable, with a .001 mfd. condenser, for
receiving waves from about 250 to 800
meters, and owing to the simplicity of con-
struction it will be easy for the experimenter
to construct other cuils having lower or
higher ranges. The same ratio should be
observed, and it may be helpful to know
that a coil of 200 turns for the primary and
one of 100 turns for the tickler makes a
combination which, with a .001 mfd. con-
denser across the primary, develops a range
of waves from 1.800 to 3,800 meters.

The heterodyne should be kept on top of
the tuner if possible or at least as close to
it as possible. 1f this is not practicable,
then a large loop should be included in the
lead from the plate to the primary. If the
oscillations are too feeble to be heard at
the distance, a “B’ battery must be used.
but it is worthy of note that two or three
dry cells will be found sufficient to start
oscillations. If calibrated, this oscillator will
be found very handy in the laboratory for
generating waves of known wave-lengths.

Contributed by D. DEAN.

SPIDERWEB COIL
é*‘/ 20 TURNS

B
<0005 MF. '/R“m
VARIABLE
\ CONDENSER
AN\
> o — il =
SPIDERWES COIL 6V.

40 TURNS

Oscillator circuit for heterodyning and labo-
ratory measurements, No “B” battery is used.
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The EXPERIMENTER
Radio Data Sheets

By Sylvan Harris

GENERATION OF HEAT IN ELECTRIC
CIRCUITS

In data sheet 1-3.4 the simple relation existing between
the current and voltage in a direct current circuit was ex-
plained, and the idea of resistance was given as a mere
factor of proportionality between the current and voltage.
The complete idea of resistance, however, is far more ex-
tensive than this.

When a current flows in a circuit, there must be an expen-
diture of energy. \Vhere this cnergy comes from does not
matter so much. It may come from the chemical energy
being expended in the dry-cell or storage battery supplying
the current. It may come from the steam engine which is
driving the electric generator. This energy is expended in
the form of heat in the wire carrying the current. If we
do not for the while consider the mechanical forces which
electric currents can supply, as, for instance, in motors.

The amount of heat generated depends upon the current
flowing and upon a factor of proportionality, which is again
the resistance of the circuit. The heat also depends upon the
length of time the current is flowing, as more heat can be
generated in a long period of time than in a short one.

Heat is energy. but in radio work we are not so much
concerned with the energy as we are with the powr in the
circuit. Since power is energy divided by time, we can apply
this to the simple idea in the preceding paragraph and obtain
the relation for the power expended in the circuit, viz.,

P = RI*
As I (amperes) represents a rate-unit, the division by time
or by T is implied.

It will be noted that the power depends upon the square
of the current in the circuit. That is, if the current is
doubled, the power expended in the form of heat will be
quadrupled, etc.

This is a matter that should be of considerable interest
to those who are building or using low-loss radio apparatus.
The losses in the apparatus are expressed by this formula,
which states, in ordinary words, that the power loss in a
circuit tuned to resonance is equal to the resistance of the
circuit in ohms multiplied by the square of the current in
the circuit. The power loss will be given in watts. Evidently
the smaller the resistance is made, the smaller will be the
power loss. .

Tue EXPERIMENTER, March, 1925 1-3.41

The EXPERIMENTER
Radio Data Sheets

By Sylvan Harris :

FUNDAMENTAL TUBE CIRCUIT
(Continued from 10-4)

In Rapto Data Sneet 10-4 we have considered the input
side of the electron tube, which is the path from the grid
to the plate, and have shown how the tuned circuit is con-
nected to it for the purpose of picking up the greatest amount
of energy that comes into the antenna. The output side of
the tube, including the path from the plate to the filament,
may be connected to any kind of a receiver of energy, as
for instance, a pair of telephone receivers.

Many things can be done with the current output of an
electron tube. This may be passed into an amplifier so as to
strengthen the signals. The strengthened currents may be
made to operate many kinds of electrical devices, as for in-
stance, relays for closing circuits to operate motors, or to
actuate a loud speaker.

-

_ The idea which this data sheet is intended to emphasize
is the fact that the electron tube always operates the same,
no matter in what kind of electrical circuit it is used.
[t always has its input and its output circuits, the weak in-
coming signals being fed into the input or grid-filament side,
and the strengthened signals coming out of the output or
plate-filament side.

There are a few special cases wherein electron tubes are
made to operate differently, but these are not of immediate
interest to the experimenter. Following through data sheets
10-2 to this one we have gradually evolved a simple radio
receiver, as shown in the figure, with the tuned circuit pick-
ing up weak signals from the antenna, sending them into the
input side of the tube which delivers them strengthened into
the receiver of energy, or the headphones.

THre EXPERIMENTER, March, 1925,
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The EXPERIMENTER
Radio Data Sheets

By Sylvan Harris

RADIO ABBREUVIATIONS

. There are many abbreviations in use in radio. These abbre-
viations have been standardized recently by the United States

Bureau of Standards.

amperes
ampere-hours
centimeters
circular mils
cubic centimeters
cycles per second
degrees Centigrade
degrees Fahrenheit
feet

grams

henries

inches

kilograms
kilometers
kilowatts
kilowatt-hours
kilovolt-amperes
meters
microfarads
micromicrofarads
microhenries
millihenries
milliamperes
millimeters

ohms

pounds

seconds

square centimeters
square inches
volts

watts

A partial list of them follows:

a
ah

cm

cir. mil,
cm’, or C.C.

mm

1b.
sec.
cm’,
sq. in.
v

w

The following prefixes are used to indicate smaller or

larger units:

micromicro  up 1/1,000,000,000,000
micro u 1/1.000,000

milli m 1/1,000

centi c 1/100

deci d 1/10

deka dk 10

hekto h 100

kilo k 1,000

mega M 1,000,000

Tue ExpreriMENTER, March, 1925
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1. Apparatus to show the conductivity of solution.
The elements have now to be plunged into the battery.
Dissociation of ammonium chloride by simple heat; litmus

for the tests. 2. All ready for the tesxts.

a galvanometer or smull electric lamp indicates tho passage of current. 4.
paper at different positions in the tube reacts for acid and alkali respectively, as described im the article.
acld, with a trace of potassium bichiromate, is caused to vibrate by contact with an iron rod as shown above.

A A s s
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CTraveling lons
By Dr. E. Bade

o ————
R

for testing electrolytic solution for conductivity.

ONS may be described as modified
atoms, which differ from the atom
mainly in having a charge of electricity.
This tiny difference gives the ion a dis-
tinct characteristic resulting in properties not
inherent in the atom. Then, too, a universal
property of substances capable of forming
ions is that they are able to conduct the
clectric current electrolytically. But all
acids, bases or salts dissolved in water do
not produce the same number of ions; their
molecules dissociate to a varying degree
into ions or independent particles charged
with electricity. The number of ions charged
with positive electricity is equal to the nega-
tive electricity carrted by other jons since
the sum of the two kinds of electric charge
must be the same. Under these conditions
it frequently happens that one ion may carry
two, three or more charges of one kind of
electricity to balance the number of ions
provided with the opposite charge.
Although the ions have never been seen,
the results they produce can readily be ob-
served in various ways. Some of the more
striking cflects. induced by the ions are color

changes, and the production of different
potentials, causing the generation of an elec-
tric current. Chemical reactions are largely
dependent upon ion formation for their suc-
cessful completion. These latter chemical
behaviors do not now come into view; but
rather the activity of the ion itself interests
us. First of all the presence of ions must
be proved and this can be accomplished in
various ways.

It is a comparatively simple matter to
determine experimentally the composition of
the ions into which acids, bases and salts dis-
sociate. All of these substances are mole-
cules; they are not groups of chemical ele-
ments. If each is dissociated and its parts
provided with a charge of electricity, such
parts may be groups of two or more ele-
ments so joined together that they have the
property of an element possessing one or
more free bonds. Then this group is a
radical, as it is called, has one kind of an
electrical charge, while the opposite charge
is found on the remainder of the compound
molecule which has been dissociated.

The fundamental difference between an

Two spirals attached to s cork sliding om a rod carry the immersion electrodes

3. The solution is now under test and

5. Mercury in dilute sulphuric
6. Adjusting the apparatus

ionized substance and one that is not, is that
the former conducts the electric current;
the latter does not. This can be easily
proved. Pure water does not conduct the
electric current to any appreciable extent.
If, however, common table salt, an acid,
or a base is added to the water, the result-
ing solutions are found to be good con-
ductors. When the current passes through
a liquid, some chemical change is always
taking place, and this change is called elec-
trolysis. If sugar is now added to another
vessel containing pure water, no current will
flow; this substance is not dissociated into
ions. Its solution cannot form an electro-
lytic conductor.

In order to prove this, it is only neces-
sary 1o use a fairly strong battery such as
a plunge battery and connect the two ter-
minals in such a way that one wire is led
directly into a small beaker containing the
solution to be tested; the other wire leads
into a socket of a small lamp; the other ter-
minal of the socket is connected to the
beaker. The socket is fitted with a small

(Continued on page 348)
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Lessons in Elementary Glass Working

LASS is perhaps the commonest
and most useful substance employed
in the construction of chemical ap-
paratus. Its characteristics, such as

its insolubility in acids, ctc.. render it in-
et the nature

dispensable for the chemist.

A lantern demonstration cell such a< that il-
lustrated above can be readily constructed by
the experimenter who acquaints him«elf with
the simple metheds of glass grinding and ce-
menting,

and character of glass necessitate the use
of special methods for its shaping and cut-
ting.

There is nothing especially difficult in
constructing apparatus in glass when once
the fundamental principles of its working
are known. But without a knowledge of
these methods glass appears to be a very
difficult substance to handle. The reader
should remember that in glass working as
in almost no other laboratory art does the
maxim “Practice makes perfect” apply so
well.

The Kinds of Glass

For all practical purposes glass may be
classified as:—

(a) Common sheet or window glass. This
type of glass is handy for making glass
cabinets and balance cases. It should never
be used under bell jars, where an air-tight
joint is required, as its surface is never
perfectly flat.

(b) Plate Glass. This is glass having
its surface polished into a perfect plane. It
is useful for placing under bell jars for
suction filtering, for covering dessicators
and jars and for other uses where an air-
tight joint is required.

(¢) Glass Rod and Tubing. This kind
of glass is known as soft or soda glass

A short section of glass tube is ground off on
the ends and is cemented to n microscope slide,
This gives a cell for microscopic work.

and softens easily in the Bunsen flame.
“Soft.”” The mouth of the jar has to be
ground with sand and water on the plate
to be used as cover. This is the origin of
the incorrect but very common application
of the term “soft.” It may be recognized
by the green tint presented when looking
at it end-ways and by the yellow color
imparted to the flame when working it.
Sometimes a type of soft glass known as

By Earle R. Caley, B.Sc.

lead glass is obtained. This is objection-
able due to the blackening caused by metal-
lic lead when heated in the reducing flame.
Glass tubing and rod of all sizes and shapes
as used for gluss blowing is sold by the
pound and may be obtained from any one
of the various scientific supply houses. Tub-
ing that is old frequently has a series of
fine hair cracks running through it. Such
tubing is devitrified and should never be
used for glass blowing.

() Hard Glass Tubing. This type of
tubing is used for combustion tubes aml
is recognized by the blue or white appear-
ance at the ends. The experimenter should
never attempt to blow this type of tubing
as it softens only in a good blowpipe flame
and can only be successfully worked in au
oxygen-fed flame of some sort.

(¢) Special glasses such as optical glass,
flint glass, common bottle glass and enamel
and colored glasses are rarely needed by
the experimenter in ordinary glass working.

Apparatus Needed for Glass Working

The apparatus needed is simple and easily
obtained and is usually a part of the equip-
ment of the average laboratory.

For Cutting Ilat Glass. 1 or straight cuis
a glass diamond or in place of this an ordi-
nary wheel cutter should be provided. For
cutting out glass circles a circular glass
cutter is necessary. This is a device fer
tracing a circle on the glass with an ordi-
nary wheel cutter. For cutting large glass
tubing supply houses sell a device known
as a tube cutter.

F'or Bending Glass Tubing. A Bunsen
burner equipped with a fish-tail attachment
is needed. This is a device whereby the
ordinary round flame is converted into a
flat one which heats about an inch leng:h
of glass tubing.

For Glass Blowing. The most important
mmstrument used by the glass blower is the
blast lamp. This may be obtained from
the supply houses in a variety of forms,
but one should be obtained that is capa-
ble of giving every conceivable variety oi
flame from a large brush flame to a very
finely tipped one. Air may be supplied for
the blast from a foot bellows or from a
compressed air line. The blowpipe and all
glass working apparatus may be placed upon
a special table in the laboratory. This table
should have its surface covered with sheet
ashestos and should be high enough so timt
the worker can rest his elbows upon it while
working.

Cutting Glass

Small sizes of glass rod and tubing under
3%” in diameter may be easily cut by the
following procedure. The desired place is
nicked by a single stroke of a sharp tri-
agular file. The tube or rod is then grasped
by the hands with the thumbs placed on
the opposite side from the cut. The tube
is bent slightly and at the same time pulled
away from the cut. This treatment invari-
ably gives a clean straight fracture across
the tube or rod. lLarge sizes of heavy tub-
ing cannot be cut in this way. For cut-
ting sizes ahove 14" in diameter the follow-
ing procedure may be used:

A file cut of about 14” in length is made
on the tube and the cut touched with a
hot glass rod. The tube will crack and
the crack should be led around with the glass
rod, if it does not extend around as formed.
The regular tube cutters furnished by sup-
ply houses are also useful for cutting large
sizes.

If the tube is to be used with rubber con-
nections the sharp edges must be removed by
heating the ends a few seconds to a min-

ute in a Bunsen flame. This treatment
rounds the sharp edges.

For cutting flat and plate glass the cut-
ting diamond 1s the classic appliance, but
the ordinary wheel cutter is almost as good
when new and sharp. Dull wheel cutters

are useless. The glass plate is placed upon

PIECE OF )

No special apparatus or very great skill is re-

quired to drill holes in plate glass. An old flat
triangular or round file sharpened to s point,
some turpentine as lubricant, and a little care,
are the essential requirements, Note the little
piece of cardboard.

a smooth piece of felt upon a smooth table.
The cutter is then run over the glass with
considerable pressure, using a straight edge
as a guide. The “cut” will appear clearly.
After cutting, the glass is tapped sharply
along the cut, but on the opposite side
with the wooden handle of the cutter until
the cut comes through. This action is fol-
lowed by grasping the plate on either side
of the cut with the thumbs on the cut
side and the fingers beneath and then bend-
ing steadily and firmly until the glass parts.
In using a circular glass cutter the glass
is tapped through in a similar manner.

One should never attempt to round off
sharp edges of glass plate by means of a
flame. This only results in cracking the
glass. Edges of glass plate are usually
smoothed by grinding and so producing the
so-called ground edges. A coarse whet-
stone or a carborundum slip are excellent.
An emery wheel is still better.

Drilling Glass

It is very often found necessary to drill
holes in glass plates as in the construction
of static machines. This operation is one
dreaded by the amateur, but anyone using
only ordinary care and skill may success-
fully drill holes in all kinds of glass. The
drill used is a piece of an ordinary rat-

Glass bending is one of the easiest opera-
tions met by the glass worker, Good glass tub-
ing becomes very piiable and easily worked
when heated to the proper temperature,

tail filee The file is (old one will do)
broken at the desired diameter and the
break ground into the shape of a very flat
triangular-based pyramid by means of an
emery wheel or a grindstone. A drilling
fluid consisting of a 10% solution of cam-
phor in turpentine is used. This prevents
the glass from chipping. The lole is best
started by hand, the drill being held firmly




The Experimenter for March, 1925

against the desired point and slowly twisted
one way and then the other, With a few
turns the drill “bites” the glass and the
hole is started. The hole may be entirely
drilled by hand but this is a tedious proc-
ess. The best means to propel the drill
and yet secure the necessary light pressure
is by means of a string and bow arrange-
ment, the string being twisted around the
drifl.

In drilling holes completely through glass
one half may be drilled first and the other
half drilled through from the opposite side.
Great care and very light pressure should
be used when nearing the completion of a

@)

The method of making sealed glass tubing
is shown above. The glass tube first tapered
Is then exposed to the flame long enough to
cause o complete closing and rounding of the
end.

hole as this is the critical point. The
drill point should at all times be flooded
with the turpentine solution.

Grinding Glass

In making ground glass on a large scale
abrasive wheels of various kinds are used,
but on a small scale the amateur can do
satisfactory work by means of emery cloth
and files. The edges of all plate and other
heavy glass should always be ground, as
this eliminates the danger of cut fingers
and hands, besides making a neater and
more satisfactory piece of apparatus.

For grinding glass three things are nec-
essary: First, some medium grade emery
cloth second,” a 10% solution of camphor
in turpentine; and third, a good stock of
patience. The piece of glass to be ground
is held edge down on the emery cloth which
should be tacked upon the work bench.
Then while moistening the cloth with the
turpentine mixture an even, firm, back and
forth motion is imparted to the glass in
the direction of the length until a smooth
ground edge is obtained. By using coarser
or finer emery cloth a coarse or fine ground
effect can be obtained as desired.

Good practice in this grinding may be
obtained by making a glass microscope cell
or a lantern demonstration slide. The first
i9 a section of half inch glass tube about
14 of an inch in length having both ends
ground as described above. This is cemefited
to an ordinary microscope slide with a good
grade of waterproof or marine glue. An
excellent preparation for this purpose can
be made as follows:

3 oz. of gum shellac are dissolved in
the minimum amount of ether over a
water bath. 1 oz. of pure gum rubber
is dissolved in a similar amount of ether.
The two solutions are mixed and placed
in a tightly stoppered bottle. (Caution:
Ether is explosive.)

This glue successfully resists the action
of both hot and cold water as well as of
most chemical solutions.

The lantern slide cell shown is made by
cementing three glass strips between two
sized plates, All edges should be ground.
With this apparatus chemical reactions oc-
curring in the cell can be flashed upon the
screen. Crystallization and electrolytic ex-

periments are especially beautiful when per-
formed in this manner. Plates for cover-
ing jars and spectroscope prisms and cells
can easily be made by this means.

A rather more complicated case of glass
grinding is in fitting glass stopcocks and
similar operations. This is usually beyond
amateur resources and skill, although badly
fitting stopcocks and stoppers can be made
to fit perfectly by simply grinding them
while in place with a cutting medium com-
posed of fine emery and the 10% camphor
in turpentine solution.

Glass Bending

Glass is worked by softening it by heat
and then forming and blowing it into vari-
ous shapes. Nearly all glass scientific ap-
paratus is made by the so-called operation
of “blowing.” This term is made to refer
to any means whereby glass is shaped while
still in the hot and plastic condition. The
simplest operation in glass blowing is tha*
of bending glass tubing. This is easily
done by the amateur in a flattened Bunsen
burner flame. This flame is ob-ained by
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flattened bends which are a mark of poor
workmanship.

Large diameter tubing is bent in the fol-
lowing manner. One end is tightly closed
with a cork, and the tube is gently heated
at the desired point and at the same time
gently pressed in from both ends until
thickened at that point. The tube is then

—2
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i

(@)

(@)

Mastering the art of glass welding will
prove s very useful accomplishment of the
amatenr experimenter, especially in chemistry.
The succensive stages in the welding of two
tubes of the same size are illustrated above.

using the “fish tail” attachment shown in
the illustration. The operation of bending
is best performed by means of the luminous
flame, which is the kind produced by clos-
ing the air holes of the base of the ordi-
nary Bunsen burner.

In welding two tubes of unequal sizes, the
end of the larger must flrst be drawn and
tapered down to the diameter of the smaller.
The operation is shown in three steps.

The piece of tubing to be bent is grasped
lightly between the fingers of each hand
and slowly rotated back and forth so as
to assure an even heating on all sides. The
tubing gradually softens at the place where
heated. When the tubing just begins to
sag it should be removed from the flame
and bent carefully to the desired angle.
This process is sufficient for successfully
bending glass tube and rod of small diame-
ter. Large tubes cannot be bent in this
manner without producing the abjectionable

(a)

One of the more difficult problems in glass
blowing is the making of bulbs out of glass
tubing., First the heated glass is massed to-
gether sy shown in (c¢), then keeping this end
in the tlame the operator blows into the tube,
under the presssure of which air the soft glass
expands.

removed from the flame, bent gently, while
at the same time being.drawn out at the
bend, and blown into in order to keep the
bend in shape. This operation requires much
practice and some skill and is the method
by which chemical U-tubes may be produced.
Spiral tubes such as are used in condensers
are made by bending glass tubing around
a copper cylinder.

Seeling and Bordering Glass Tubes

Glass tubing and rod as cut off by a
file leaves sharp edges which must be re-
moved. This is done by placing the tips
in the blowpipe flame for a few seconds
until the glass begins to melt and the edges
automatically round off. Glass stirring rods
for chemical operations are prepared by
cutting off a length of rod and then hold-
ing the ends in the flame until they become
perfectly rounded. Glass tubes intended to
be closed with a cork should have their
ends ex»panded slightly. This operation is
known as bordering.

The rims of all ordinary test tubes are
treated in this manner. This is done by
rotating the end of the tube in the flame
until it softens and then gently pressing out
the sides with a cone made of charcoal.
Another operation that is very common in
glass working is the production of closed
or sealed ends in glass tubes. The simplest
case coming under this head is the closing
of glass tubes of small bore. The method
is to heat a short portion of the tubing with
a blowpipe and then to draw the tube apart
a short distance. This tube is then re-
heated at the narrowest portion until it
drops apart. (III.) One of these sections
are then selected and the end heated until
the glass collapses and produces the flat
appearance shown. The tube is then re-
moved from the flame and gently blown
until a rounded end is obtained.

Blowing Bulbs in Glass

The most elementary operation under this
head is the blowing of a bulb on the end
of a tube. The formation of a bulb of
uniform thickness on the end of a tube
is not as simple an operation as it may
appear. It is a simple matter to seal the

(Continned on page 346)




322

Fun With Gases

By Raymond B. Wailes

Below is shown the simplest possible version of the

combustion tube.
wuter tanks as shown in Figs, 4 and 5.

1ts ends may be kept cool by small
The center

photo showws the preparation of oxygen by the wet

method, Great care is requisite.

On the right is a

desiccating apparatus for solid liguids or gases,

ENERATING, controMing, capturing
G and experimenting with something

which onec cannot see is quite enjoy-
able. This relates to the different gases
which can be prepared and studied in the
experimenter’s chemical laboratory.

There are two ways in which many gases
can be prepared—in the wet and dry way.
A dry method for, producing oxygen is to
heat a mixture of manganese dioxide and
potassium chlorate. This can be done in a
test tube. A glowing splinter inserted in the
tube after heating a few seconds, will burst
afire with a “plop”. A wet method for pro-
ducing oxygen can be performed in the gen-
erator shown in Fig. 2. Crystals of potas-
sium permanganate and dilute sulphuric acid
(1:9) are placed in the flask and ordinary
3% or household hydrogen peroxide allowed
to drop in through the separatory funnel, a
drop at a time. Oxygen issues from the
outlet tube.

Many gases can be made in the simple
iron combustion tube illustrated in Fig. 1.
An 18 inch length of iron gas pipe 34 inch
in diameter is fitted at each end with corks
carrying glass tubes for attaching rubber
tubing to the whole. The pipe is supported
by two ringstands and heated by two or more
Bunsen burners. It is well to solder little
water receptacles on the ends to keep down
the temperature.

Carbon dioxide gas can be produced in
this tube by filling it with lumps of marble,
heating to redness and sucking air through
the tube with the simple suction apparatus
described in the first installment of this
series. If the combustion tube is fitted with
a flask as shown in Fig. 5, containing lime
water (shake lime with water and filter)
the lime water will become milky, due to the
precipitation of calcium carbonate by the car-
bon dioxide in the gas coming from the tube.
This is a “test” for carbon dioxide. Further
addition or passage of the same gas will
redissolve the precipitate.

There will be lime left behind
tube after the experiment.

Sodium bicarbonate (baking soda) will
give off the same gas at a far lower tem-
perature.

Water gas—a mixture of hydrogen and
carbon monoxide gas, can be made by filling
the iron tube with coke chips and passing
steam through the coke which should be
heated to full redness by Bunsesn burners as
shown in Fig. 4. The empty bottle at the
end will serve to condense and collect any
steam which passes through the tube and

in the

does not react with the coke. The steam
can be made by boiling water in a round
bottomed flask. Flat bottomed flasks are
liable to crack, due to bumping of the steam
bubbles. The watcr gas can be ignited as it
issues from the condensing bottle. A flame
should not be applied here until the furnace
has operated for at least five minutes. The
gas is very poisonous—do not let any escape
unburned.

Hydrogen can be made by passing stcam

WATER FLASK CONDENSER

WATER
COOLER ™ COKE FILLED

. .\ \ _ = s
¥ig. 4. Making water gas, the prodact of
the decomposition of steam by incandescent
carbon., It is & mixture of carbon monoxide
and hydrogen,

over iron contained in the tube. Nails, tacks,
etc., can be used. Steel wool! wadded in
is very porous and presents a large surface
to the steam. The chemical reaction here is
simple. The iron abstracts the oxygen from
the water, forming iron oxide or iron rust
which is left in the tube after the experi-
ment. The hydrogen from the water passes
through the apparatus and can be collected.

WATER COOLERS
IRON Plpf_ /

CALCIUM
CHLORIDE

BURNING
SULPHUR

Fig. 5. The same apparatue slightly modified
for manufacturing sulphuric acid. The iron
pipe contains catalytic ferric oxide, which ef-
fects the oxydation of the sulphurous oxide.

Carbon monoxide gas can be produced by
the decomposition of carbon dioxide gas by
means of red hot coke. Using a gas gener-
ator described in the first installment of this
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series, and weak sulphuric acid and sodium
bicarbonate, carbon dioxide gas can be pro-
duced. This, when dried by passage through
calcium chloride, contained in a part of the
apparatus shown in Fig. 5, is passed over
coke heated to redness in the iron gas pipe
combustion tube. The carbon dioxide is re-
duced, forming carbon monoxide. This gas
burns with a pale but characteristically col-
ored flame.

Dilute sulphuric acid can be made in a min-
iature acid plant which is illustrated. Suc-
tion is applied to tube S. This causes air
to pass over burning sulphur placed under
a funnel. The sulphur, in burning, forms
sulphur dioxide which passes through the
calcium chloride in the bottle which dries
the gas. Tube I here extends into the bot-
tle, tube O terminating just under the stop-
per. The sulphur dioxide and air then pass
through the combustion tube, which is filled
with asbestos coated with ferric oxide. This
combination catalzes or affects a chemical
reaction between the sulphur dioxide and the
oxygen of the air, producing sulphur triox-
ide, which passes through the tube, and
through glass tube (D) into the water in
(S), making sulphuric acid at this point.
A few drops of barium chloride solution
added to several drops of this solution after
the experiment will produce a white precip-
itate, showing that sulphuric acid has really
been made.

The asbestos-iron oxide catalyzer is made
by soaking shredded asbestos in ferrous sul-
phate (iron sulphate) solution and adding
ammonia water to the whole mixture. Fil-
ter she whole and wash while on the filter
paper with water. This lcaves the asbestos
coated with almost pure ferric hydroxide.
Now scrape the mass from the filter paper
and heat to redness in an evaporating dish.
This changes the ferric hydroxide to ferric
oxide. The resulting product is then placed
in the combustion tube.

Nitrogen gas can be made from air by
passing air through copper scraps heated
to redness in the tube. Copper oxide is left
in the tube at the end of the experiment, a
nitrogen issues from the exit tube.

The copper oxide is left in the tube and
ammonia gas is passed through it, while it
is still red hot. This will cause another
chemical reaction to take place, the copper
oxide being reduced, or changed into ordi-
nary metallic copper, while the ammonia
will form water and nitrogen. The water
will pass out with the nitrogen and can
be separated from it by passing the issuing
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gas through a calcium chloride drying bottle
or tube, thus allowing the nitrogen to be
collected.

IFig. 6 shows a simple absorption tube
for gases. Ammonium hydroxide, used as
a reagent in the laboratory can be made
with this devicee. Ammonium chloride (sal
ammoniac) and lime, heated in a flask will
produce ammonia gas, this passed through
the small tube as shown will pass down
and bubble through water contained in the
larger tube, saturating it and forming am-
monium hydroxide. The large tube contains
bits of broken glass. This produces a large
absorption surface. It might be necessary
to apply suction at the outlet tube. Be

QGAS IN HERE

2 -
T ouT
LIQUID
LEVEL -
BROKEN
= A~ GLASS
- GLASS
RUBBER [-| typgs
TUBE [ |«
e -
I
e STOPPER
Fig. 6. Washing or absorption apparatus for
gases, The large tube Iy filled with broken

glass and the gas to be purified or absorbed is
forced through it. This requires considerable
pressure, but the action will be very good.
BBeads or glass marbles may ne used instead of
broken glass.

Flower Pot in Hydraulic
Trough
By C. A. OLprovp

CYLINDER TO BE qee===p \/ATER LEVEL
FILLED WITH GAS L~ IN CYLINDER

RUBBER TUBE TO

Bu%g?.es\ : GAS GENERATOR
YA?TBEZS:?&VEL GLASS TU\BE
\

HOLE”~ FLOWER POT HOLE

A flower pot is used to earry a vessel to 'lw
filled with gas in a hydraulic trough. The in-
teresting feature of the flower pot is that it i<
so soft that it can be readily drilled to admit
a tube,

HEN a large cylinder is to be filled

with gas in a hydraulic trough, as
shown in the illustration, the cylinder in
question is rather difficult to handle owing
to .ts weight and size.

The illustration shows a flower pot placed
inverted in the basin, and the latter is filled
with water to a level well above the hottom
of the flower pot. Through one side of
the pot a hole is bored with a three-cor-
nered file; the glass tube from the gas
generator enters through this hole and its
end is bent upwards as shown.

The gas bubbles cnter the cylinder through
the drain hole in the base of the flower
pot. and are guided to this opening by the
conical shape of the pot. To allow a cor-
responding amount of water to escape while
the filling of the cylinder progresses, a tri-
angular notch is filed away at the rim of
the flower pot.

careful not to inhale the gas

In experiments with gases, simple valves
to control the flow are easily made. In
Fig. 7, C, is shown a simple flap valve
made from a soft rubber stopper nartially
slit at T. The flap (F) will open one way
but will close in the opposite direction on
passage of gases through it. D in the same
figure is a simple valve, shown open and
closed. The cork is usually inserted in the
neck of a bottlee. A and B show method-
of connecting two different sizes of glas.
tubes together, using a large cork.

Fig. 8 A. shows lLow a zasometer or
gas holder can be made from two different
sizes of bottles which have their bottoms

HOLE

OPEN CLOSED

Fig. 7. Extemporized valves and stop-cocks
employing rubber stoppers and glass tubing
only.

Wanted

I: want good clectrical radio and

chemistry  articles on various
subjects, and here is your chance to
make sonte easy money. e will pay
from one to two cents a word upon
publication for all accepted articles.
If you have performed any novel ex-
periments, if you see anything new
electrical, if you know of some new
clecirical  stunt, be sure to let us
lcar from vou. Articles with good
photographs are particularly desirable.
rite legibly. tn ink and on one side
of the parer onv.~EDITOR.
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cut off. Gas is passed into bottle (B)
through tubes (1), bubbles up through water
contained in BOTH bottles and fills (A),
which rises out of (B) as the gas volume
in it increases. The simple valve in 7 (D)
can be inserted in the neck of the (A)
bottle in kig. 8.

In the same figure (B) and (C) are two
methods of making stop cocks from ordinary
laboratory apparatus. The holes in the glass
tee are made with a blowpipe and Bunsen
burner, and afterward smoothed out. Both
valves operate very well. To close the
valve at (C) push the pointed glass rod
or closed tube into the short length of
rubber tube (C).

POINTED GLASS TuBE

RUBBER
STOPPER

rig. 8.
versions of stop-crocks for use in gas experi-
men‘*s,

Outline of a gasometer amd two mory

Electrolysis Apparatus

By Sasuer McCorp

ROCURE a glass U tube with side arms
and two corks and a flashlight battery.
With a couple of hairpins scrape the paint
off *he ends. Bend them into hooks at the

On the left Is shown a simple U-tube with
double perforated corks which will take the
place of the expensive one shown In the other
illustratlion. The way the carbon electrode Is
immersed in the solution and supported is
show on the right hand,

top and then stick them through the corks
as shown in Fig. A.

Take the carbon rod out of the flashlight
battery and break it in two. Then drill a
hole nearly through it and cement the wire
in with sealing wax. Wrap the lower ends
of the hairpins around the carbons as shown
in Fig. A,

Noaw fill the U tube up to the level of
the side arms with concentrated salt solu-

e " Parr " wine

Decomposition of a solution by electrolysis,
the guses being collected in bottles, as evolved
from the two sides of a U-tube., This is a par-
ticularly nice way of conducting the classic ex-
periment of the electrolysis of water.

(. T IO DR S

tion. Put the corks with their carbons in
the upper mouths of the U tube and then
connect the hairpin terminals of the elec-
trolysis apparatus to six or seven dry cells.
Chlorine bubbles will rise at the positive pole
and hydrogen at the negative. ’
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NE of the most interesting

and spectacular experi-

ments for the amateur
chemist is the preparation of
phosphine.

Phosphine is a very poison-
ous gas which is composed of
91.13 per cent. of phosphorus
and 887 per cent. of hydrogen
and has the chemical formula,
PH,. When prepared as de-
scribed, it contains small per-
centages of liquid phosphine,
P,H,. which gives it the prop-
erty of igniting spontanecously
when coming in contact with
the oxygen of the air.

Before describing the prepa-
ration of this interesting gas, I
wish to impress upon my read-
ers that, unless the directions
are followed carefully, this ex-
periment is quite dangerous and
may result in a serious explo-
sion. Be sure that all connec-
tions are absolutely tight and
that all air is driven out of the apparatus be-
fore heat is applied to flask E.

Set up your apparatus as shown in the
figure. (A) is a flask arranged for the
generation of hydrogen by the action of zinc
on sulphuric acid and contains several pieces
of metallic zinc. It is fitted with a two-
hole stopper through which are slipped the
funnel (or thistle) tube (B), and the de-
livery tube (C). The hyvdrogen is delivered
through (C) to flask (E), but may be cut
off by compressing the short rubber tube
(J), with pinchcock (D). Flask (E) should
of about 100 to 125 cubic centimeters capac-
ity and is supported on ringstand (H) by the
ringclamp (1), and rests on a small square
of wire gauze. (G) may be either a Bunsen
burner, alcohol lamp or other small source
of heat. The gas. when generated. is de-
livered through a glass tube (F) which is
curved upward at the end and this curved

MANY pieces of chemical apparatus such

as bureettes. gas generators, etc., have
glass stopcocks. Very frequently these pieces
of apparatus become inoperative and abso-
futely worthless because the glass stopcock
has become “frozen,” or stuck very tightly.
Of course, the preventative should be admin-
istered before the stopcock has become
stuck, this being an application of a good
lubricant, which will prevent the stopcock
plug from sticking, and will lubricate the
bore, as well as seal the stopcock tightly.

A good lubricant for all around use is a
very thin film of vaseline. Some experi-
menters might find this too thin, especially
in hot weather. In this case, lanolin, or
wool fat, can be used. As a happy medium,
a mixture of equal parts of lanolin and
vaseline melted together can be used in all
weathers. Some have found that a rubber
lubricant made by dissolving springy, fresh
black rubber tubing, cut up into chips, in
vaseline and paraffiin, is good. A widely
used formula is:

Fresh springy black rubber..18 grams
Vaseline
Paraffin

This can be mixed in an evaporating dish.
Melt the vaseline, add the parafin and then
the rubber chips. Keep hot until the rubber
is melted. More vaseline makes it thin,

Phosphine

By Leslie R. Raymond

hydride in it to make the mixture spontaneously
the pure gas, PH3, does not possess this property.
rings are produced as bubble after bubble ignites.

Generation of phosphoretted hydrogen or phosphine; this gas when
thus generated is not absolutely pure and there is enough of another

portion dips in. and is covered by warm
water which is contained in a small pin or
dish. .

Put about five grams of sodium hydroxide
(or potassium hydroxide) in the flask (E)
and add to it about fifteen cubic centimeters
(one-half ounce) of water. Now place a
few pieces of metallic zinc in flask (A) and
insert the stopper. being certain that it is
tight. When the solution in flask (17) has
become cool. drop into it a few pieces of
stick (yellow) phosphorus about the size
of a pea. Connect the flask and also make
certain that the connections throughout the
apparatus are tight. Now open the pinch-
cock (D) and pour a few cubic centimeters
of dilute sulphuric acid into the funnel tube
(B). The zinc in (A) will immediately
decompose some of the sulphuric acid, pro-
ducing hydrogen which will be driven
through flask (E). forcing out the air which

Glass Stopcocks

By Raymond B. Wailes

iess vaseline makes it thick and viscous.

But how can a stuck and stubborn stop-
cock be loosened, once it has become “frozen”
in its barrel? Sometimes pouring hot water
upon the barrel with light tapping of the
plug will loosen it. Warming the barrel
with a match will also expand some stuck
stopcocks so that the plug will move freely.

.‘E:\\f-.’\'\.\\,

PUSHER
PIECE

‘U" BRIDGE

Apparatus for extracting the glase plug from
stop-cocks. It is well to tap the barrel lightly
with a plece of wood while applying the pres-
sure.

inflammable, as
Beautiful smoke
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it contained. The air will es-
cape through (F) and rise as
bubbles in the water covering
its mouth. This should con-
tinue until you are certain that
all air has been driven from the
apparatus, adding a little more
dilute sulphuric acid to (B), if
necessary. When all the air
has been driven out, which will
take several minutes, close
pinchcock (D) and disconnect
(C) from rubber tube (1). Be
sure that (D) is closed tightly.
Flask (A) may be placed in
the sink so that cold water will
run into (B), stopping the ac-
tion between the sulphuric acid
and the zinc. Now heat flask
(E) gradually and soon the gas,
phosphine, will begin to escape
in bubbles from the submerged
end of (F). As each bubble
comes in contact with the air,
it bursts into flame, forming a
smoke ring, and if the air is
quiet, these smoke rings will slowly ascend,
growing larger as they rise and making a
very pretty sight.

When the experiment is concluded, remove
the heat and allow the apparatus to stand
for some time before loosening any of the
connections, for if any undecomposed liquid
phosphine remains in it, it tnay explode when
air is admitted.

For those who do not wish to assemble
this apparatus, phosphine may be prepared
by dropping a small piece of calcium phos-
phide into a pan or dish of water to which
has been added a few cubic centimeters of
hydrochloric acid. However, the results are
not so satisfactory as by the method given
above.

The experiment above is both interesting
and instructive. and, if properly performed,
is not dangerous, but it should never be
attempted by a careless worker.

But many times the plug will not budge
and often the heat will crack the glass.

A handy stopcock remover is shown here.
It consists of a C-clamp applied to the stuck
parts by means of two little pieces of these
hard fibre. In tightening the screw of the
C-clamp one of these hard pieces presses
against the small butt end of the stopcock
plug, the other or bridge piece presses against
the shank of the barrel of the stopcock.
Speedy removal is possible with these three
items.

In putting away apparatus having glass
stopcocks, it is best to insert a small piece
of paper between the plug and the bore or
barrel. This will effectively prevent stick-
ing.

Perhaps the chief reason for a stopcock
sticking is the film of chemical drying out
between the plug and the bore. This is
especially true with sodium hydroxide and
other caustic solutions. The caustic soon
reverts to the carbonate, on exposure to the
air. Then, too, alkalies readily attack glass,
forming insoluble compounds much like a
cement. Caustic solutions such as standard
sodium hydroxide solutions should not be
titrated with or run through glass stop-
cocked burettes. Rubber tubing, pinch
clamps and glass tips should be used with
the Mohr or stopcockless burette instead
for such solutions.
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Circulation Power Battery

N adequate galvanic element
Ashould have as high a po-
tential difference between

its terminals as possible, and the
number of binding posts to be
used should be as small as pos-
sible when a higher potential is
desired. The internal resistance
should be small, so that the cle-
ments will take up little room.
When standing on open circuit,
they should not deteriorate, and
the constants should be about the
same as those of the Danicll cell.
These requirements are met by
the coupling together of 10 ele-
ments to be next described, all

into one block, with only two
terminal binding posts.  The use
of renewable parchment  dia-

phragms and the closeness of the
clectrodes, within 34 inch of cach
other, along with the arrange-
ments for circulation of the clec-
trolyte, insure a saturated solu-
tion of copper sulphate whose
formation would be prevented by
saturated poorly conducting zinc
sulphate solution, bringing down
the resistance extraordinarily and
give the battery a very constant
character.

We will find on inspection that
this battery has considerable re-
semblance to the \'olta pile, and
its setting up is carried out in the
same manner. First, a plate of
zine is laid upon a perfectly level
board, which plate is provided
with a terminal wire. Next comes
a leaf of parchment with a gauze
layer securcd to its upper face.
Next comes a U-shaped frame of
paraffined pasteboard, whiclh serves
at once as an insulator and to re-
tain the fluid. Next comes an-
other zine plate, but this is coated
on the side next to the parchment
with a layer oi lcad turned over

where the L'f“r“wd trame . 1> The battery above connsists of n set of electrodes (2) separated
n'pcn. Now comes on the zinc by cardbonrd separatoss (1) forming small cells between the
side another parchment picce, an- plates. From the flank (5) copper sulphate is supplied to the

other frame, another lead plate,
zinc electrode, etc., until we have
reached the tenth frame and the eleventh zine
plate (coated with lead), which constitutes
the tenth lead plate.

Next comes the cover board. Through
the projecting margins of the boards, bolts
are passed and the nuts are drawn down on
them so hard that the pasteboard frames
make watertight contact with the metal
plates. The whole is set up with the open
portions of the U-shaped frame f{face-
upward, so that now we have & vessel with
ten divisions, with zinc and parchment on
one side and lead on the other.

_ The last plate of zinc with its lead coat-
ing has soldered to it a copper wire that
comes under the binding post screwed into
the board next to it. A corresponding one
is fastened to the other board, making con-
tact with the terminal wire of the zinc.
There is a little opening made through
the pasteboard about a half inch below the
upper edge of each frame. In mounting the

By W. Ph. Hauck

battery through the feeders (3) amd zine sulphate solution formed
in the battery is returned to the flask through the return tube (i¢.

The drawing shows detail of electrodes and
separators, The electrodes are double; a zlne
plate about a quarter inch thick is covered on
one side with the lead sheet one-sixteenth of
an inch thick. One is the positive and the
other is the negative plate.

apparatus. this must be kept open
and serves to maintain the liquid
at the same level in all the di-
visions.  An important feature of
the battery is the comb-like series
of feeder tubes which take care
of the supply of copper sulphate
and of the removal of zine sul-
phate.  These sets are kept
comnmunication by rubber tubes
provided with pinch-cocks with
the supply vessel, which stands
at a higher level than the battery.
To set them into action the cells
are first filled with water. ~o that
it begins to run over at the mar-
gins, and then the rubber tube
coming down from the container
oi the eclectrolyte is closed by
means of the pinch-cock and the
same vessel is filled with erystals
oi copper sulphate in quantity
according to the size of battery
and with water, and then is closed
airtight by an India rubber cork.
The two sets of iceder tubes are
then sct into the battery so that
one end of each is immersed in
the fluid of one of the cells. Ir1
the container of the electrolyte
should empty itself, something
which could only happen by in-
correct handling, the first thing
is to see if all the cells are filled
with water, if the comainer and
jceder tubes are all in watertight
connection, and if the ends of all
the tubes dip into the cells.

We have to be certain that the
teed tubes are open at their ends,
which is easy to ascertain by let-
ting  water run through them.
Aiter this has been done long
enough to be sure they are clear,
the pinch-cocks controlling the
supply are opened. where-
upon the fluid will begin to circu-
late, and the battery in about
twenty minutes will reach its full
power, which will reach its full
long as there is an excess of cop-
per sulphate in its comtainer. To
bring the battery into full action

, in a shorter space of time, water
about 80 degrees [Fahrenheit in temperature
can be used. Rain or distilled water is the
best for it. To put the battery out of
actior the pinch-cock is closed. The lamps
which it is supplying are allowed to burn
until the copper sulphate solution in the
battery is completely exhausted, which is
brought about by precipitation of metallic
copper from the solution still in the battery.

The rack of tubes supplying one of the
soluti ns withdrawing the other is a sort of
comb or rake in contour. The idea is to
avoid disturbing currents, such as would be
called by a concentrated downflow of heavy
solution through the vessels so the copper
sulphate is led down near to bottom of cells.

As the battery will still work for an hour,
after the closing of the pinchcock, it is well
to shat the cocks about an hour before the
lights are to go out. The battery then is
to be emptied of solution, washed out well
with water and filled with pure water until
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the time comes to use it again. When first
put in use it must stand for five or six
hours full of water and in doing this we
must take care that some water finds its
way between the parchment and the zinc.
The renewal of plates and parchment, if the
battery is properly handled, should take place
after 80 or 100 hours’ service. The chang-
ing of the plate can be done very readily.
A battery 14 x 10 x 5% inches will give 20
watts. A battery 8 x 6 x 6 inches will give
7 watts.

COPPER SULPHATE SUPPLY
ZINC SULPHATE RETURN TuBe [J«~ TUBE

EATIATIINIIIAY A S AR AR BREL O UT LRI

The fllustration shows the disposition of
supply and return tubes in each cell. The cop-
ner sulphate tube conducting the heavier soiu-
tion reaches to the bottom of the cell.

If the battery stands longer than eight
days on open circuit, it is to be recommended
to keep it on closed circuit for an hour the
day before it is to be used, and to keep it
on closed circuit with a lamp or other re-

OVERFLOW OUTLET

LEAD SHEET
ZINC PLATE
PARCHMENT

PASTEBOARD SEPARATOR

The structure of one cell of the circulation
battery is shown above. As seen, each cell has
a lead and a zine electrode, the iatter being
covered by a strip of parchment.

sistance in the line. The battery will then

be ready for use.

Fig. 1 shows the smaller battery which
is able to deliver 7 to 10 watts, so that it
will take care of a lamp of that wattage.

The larger size has found a more exten-
sive use for small lighting plants and has
even been used for arc lamps. The arrange-
ment of the battery for these purposes is
shown in Fig. 2. They have been used ex-
tensively for electroplating, as they are free
from production of nitrogen oxides and the
zincs require no amalgamation. The hand-
ling of them is perfectly simple. An hour
before the current is to cease, the pinch-
cocks are closed, so that the residual cop-
per sulphate will not be precipitated on the
zinc and injure the batteries. It is highly
advisable in the final discharge of the bat-

teries to connect them to a storage battery;
then when the pinchcocks are left open and
the current still flows, and the lamps are
extinguished, what we call the residual cur-
rent goes into the storage battery. Two of
the larger sizes act perfectly for driving a
sewing machine. As already stated, the
handling of them is simple. The exhaus:ed
fluid is taken out and the battery flushed
out with clean water to remove any slime

A Remarkable Battery
By Huco GERNSBACK

HE battery which we present to

our readers today is a really re-

markable one, one with which the
writer experimented extensively in his
college days. It is remarkable for the
reason that it occupics little room and
gives not only a high voltage, but a
good amperage as well.  The battery
pictured here gives a steady current
of 2 amperes at about 10 volts. The
following are a few hints which the
writer thinks necessary to give be-
fore the reader attempts to build the
battery.

One of the most important points
is the parchment. The parchment in
this battery acts as a porous wall and
not all grades are satisfactory. There
are many papers masquerading as
parchment, which are not parchment
at all. Use only real animal parch-
ment and make sure that it is not
ordinary paper. There are two rough
tests which you can make to convince
yourself of the parchment. First, by
placing a small piece in your mouth,
it should have a sweetish taste. Also
the parchment must be quite heavy;
that is, thick. It must have the dis-
tinct parchment crinkle and stiffness
to it. There is no such thing as per-
fectly smooth parchment, for it al-
ways has a rough texture. This is the
best to use. The thicker the parch-
ment used, the less the resulting am-
perage; the thinner the parchment.
the more amperage you will get from
the battery, but the quicker the zinc
will be consumed.

Note in connection with this battery
that this is a closed current type and
cannot be used like dry cells or stor-
age batteries. When it is not being
used, it consumes its zinc by local ac-
tion on open circuit. Failure to keep
it on closed circuit will consume the
zincs in short time. This is the case
with all copper sulphate batteries,
which cannot be used for open cir-
cuit work. Where it is not desired to
flush out the battery with water, as
recommended by Mr. Hauck, the best
way to keep it in order is to have a
small incandescent lamp supplied by
it, burn continuously, or otherwise to
use a resistance that is equivalent to
that of this lamp when the battery is
not in use. Very little current will
be taken and in this case the battery
will be ready at any time you require
it. This is particularly the case if you
wish to use the battery for laboratory
work, to light up your workroom, or
a small dwelling, or for other simi-
lar work.

which collects on the bottom, and in case
of need a wooden spatula must be used to
get rid of it. Then, filled with pure water,
the battery is ready for its next run. A
disadvantage is, however, that when the bat-
teries are kept out of use for a long time,
they do not develop their full power when
put into action. This trouble is got rid of
by the use of warm water and a short cir-
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cuit. It is recommended to preserve the pre-
cipitated copper for sale.

Those who have had charge of large
gravity batteries will remember how obsti-
nate the copper was in depositing itself in
long streamers or otherwise upon the zincs,
so that they had to be scraped from time to
time, unless, of course, the battery was kept
in active service. In the Danicll battery
there was another trouble. The metallic
copper was sometimes most mysteriously de-
posited- in quite thick coating and very hard
upon the porcelain. This last action, it
seems to the writer, has not been sufficiently
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In operation, the zine sulphate, formed by
the reaction of zine with the copper suiphate
solution, rises to the top of the cell becauxe
ity density is lower than that of the copper
sulphate solution.

investigated; how the non-conducting por-
celain could catch the conducting copper
scems quite a mystery. The way to keep a
Daniell battery or a gravity battery in order
is to constantly take a current, greater or
less as the case might be, from it, and thus
prevent the copper sulphate getting at the
zine.

An incidental trouble in the gravity bat-
tery came into the action of the two solu-

«<—TUBE TO
COPPER SULPHATE
VESSEL

FEEDER TUBE

RUBBER
STOPPER

GLASS TUBES & DIA.
TO INDIVIDUAL

E‘ SCOO000000R CELLS
------------- >~

SHEET LEAD bR COPPER FORM FOR
FEEDER TUBE

The feeder tubes ean be very readily con-
atructed of sheet lead or copper. The drawing
above illustrates the method of construction.

tions, zinc sulphate and copper sulphate. As
long as the copper sulphate solution was of
higher specific gravity than the zinc sulphate
solution, all went well. But as the zinc
dissotved, the solution of zinc sulphate con-
tinually increased in specific gravity, and as
soon as it got heavy enough it would descend,
displace the copper sulphate solution, and
all would be confusion. It will be observed
that in the interesting battery which has
been just described there is a very perfect
displacement or circulation system for the
two solutions, based on their differing spc-
cific gravity.

One thing is certain, anyone who has had
the job of scraping zincs will run a copper
sulphate battery so as to avoid the necessity
arising.
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Making Celluloid Battery Jars

ERY often the experimenter requires
certain types of jars or vessels in
carrying out important experiments,
an not infrequently these experiments
are abandoned for lack of the container.

Storage batteries particularly require
square or oblong jars, and such jars are
not easily procurable in the open market.
Very few supply houses carry them in stock,
and the glass manufacturers as a rule do
not sell small quantities. The same holds
true of hard rubber jars to a large extent.
And when it comes to particularly odd sizes
or shapes, the experimenter as a rule is up
“against a stone wall.”

Somchow, the fact that celluloid Dbattery
jars are more than desirable in one way
does not seem to be known to the experi-
menter at large. Nevertheless, celluloid jars
are distinctly superior to glass or hard rub-
ber. They are light and are not affected
by even severe jars, as are glass and hard
rubber. Celluloid jars are not affected by
storage battery electrolytes or ordinary salt
solutions. Such jars are transparent, take
up little room, and best of all they can be
manufactured by almost anyone. The cost
is not prohibitive and almost any size can
be made.

The editor of this journal, who has had
considerable experience in manufacturing
automobile and motorcycle, as well as small
pocket storage batteries, herewith desires to
give his experience to the readers of THE
EXPERIMENTER.

The first step to take is the securing of
the necessary celluloid sheeting. Only three
companies in this country make it, and there
are only a few concerns jobbing the cellu-
loid.* The right material to use is what
is known as ecither “Amber” or *“Colorless”
transparent celluloid sheeting. As to the
thickness, no exact advice can be given, as
this depends upon the size of the vessel to
be made. Naturally, a large jar containing
a quantity of heavy plates must have thicker
walls than a small jar. As a rule, small
jars not larger than 3 inches by 3 inches by
5 inches require celluloid about 1/32 inch
thick. larger jars require walls of about
3/64 inch and heavier. Iigure out how many
square fcet you require and then order about
10 to 15 per cent. above your requirements.

While you are waiting for the sheeting
it is necessary to build the Hot Plate. This
consists of a gas or electric stove topped
with a heavy steel or iron plate at least
14 inch, or better, 4 inch to 1 inch thick.
See Fig. 1. The most important part is
that the heat must be regulated. With a gas
stove this is simple, as the cock can be
opened more or less. With an electric stove
we will need a good rheostat. Now heat
up the hot plate in such a manncr that a
small test picce, cut from the celluloid sheet-
ing, will remain on the hot plate for at least
ten seconds without bursting into a flame.
Then, when taken off the plate, it must be
as soft and pliable as a thin piece of fresh
dough. Should the test piece of celluloid
blister badly, the plate is too hot. In that
case reduce the heat.

Caution: Always remember that celluloid
is extremely inflammable. Keep away from
an open flame. For this reason the square
hot plate, at the end where you work, should
overlap the stove for at least two inches.

With a small piece of sheeting, say, 3
inches by 3 inches, begin practicing to gain
experience in bending and shaping the mate-
rial. Fig. 1 shows how a square bend is
made. As soon as the sheeting is soft,
quickly bend to the required shape and pull
it off at once from the hot plate. If a right

By Hugo Gernsback
Member American Physical Society

angle is desired, place the hot shecting over
a square block of wood. In thirty seconds
the shaped piece has cooled and is stiff.
Bends can, of course, be made downward or
upward as indicated by dotted lines in Fig. 1.
The important part is that the corners, after
cooling, must not show cracks or fissures.
1f they do, you attempted to bend before
the celluloid was sufficiently heated. [Fig. 2
shows the main body of a battery jar, bent
four times. Fig. 3 shows the bottom (or
top) before bending, while Fig. 4 shows
the same part after bending.

Before attempting to bend the sheeting
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When warm celluloid can be shaped very
readily. An iron plate placed over the heater
as illustrated above makes this operation pos-
sible without exposing the inflamable celluloid
to tho open flame.

take a sharp-pointed tool and scratch lines
on the sheeting at the points where the bend
is to come. These lines can be easily watched
while bending and the resulting jar will be
more periect than when no guiding lines are
used.

There is still another method of bending
celluloid. This is the hot water method.
Thus, a piece of sheeting when plunged in
almost boiling water for a few seconds will
come out soft and pliable. It can then be
formed over wooden blocks to the required
shape. This method is not considered a
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Celluloid battery jars can be constructed by
the amuteur experimenter with little difficulty.
The one illustrated above is made of two separ-
ate sheets of celluloid, cemented with a solutlon
of celluloid in amyl acetate.

7T

good one by the writer, as it tends to warp
the entire jar.
Cementing

Alcohol, amyl acetate and acetone are good
solvents for celluloid. From these the neces-
sarv cements are made.

The writer prefers the use of acetone,
which is fairly clieap and can be had at most
drug stores. Procure half a pint in a wide-
mouthed bottle and remember that acetone
is inflammable, and when strongly inhaled
causes coughing and dizziness. Otherwise it
is not dangerous. When commercially pure,
it should be colorless as water.

Cut up wvery thin strips of celluloid and
drop them into the bottle containing the
acetone. Into the one-half pint bottle throw

about two ounces of the celluloid strips. Be-
fore putting the bottle away, shake it for
some minutes. You will observe that the

ceiluloid begins to dissoive slowly. In from
24 to 48 hours all the celluloid has been
digested and the cement is ready. During

this time it is necessary to frequently shake
the bottle, otherwise the imperfectly digested
celluloid will stick to the bottom of the
bottle in a thick, sticky mass.

When recady, the cement should have the
consistency of mucilage. 1f too thin, add
more celluloid; if too thick, add acetone.

Now take the part shown in Fig. 2 and
apply the cement with a small brush to both
surfaces which are to be in contact perma-
nent.y. Do not spare the cement, use plenty
and put it on thick. After applying, put
the seam face down and apply weights on
the nside of the jar, so that the seam part
is under pressure over its entire length.
Leave in this position for a¢ least six hours,
and better, twenty-four hours. Af:ier that
you have a water- and acid-proof seam. Re-
member celluloid cement does not stick in
the manner of paste or mucilage. It actually
dissolves the celluloid surfaces to a certain
depth, and after drying the seam is as solid
and homogeneous as the entire jar.

The bottomless jar- now receives its bot-
tom, Fig. 4, but before doing so, all the con-
tacting surfaces of both jar and bottom
must be heavily coated with cement. Be
sure that there is plenty of cement in the
four corners, otherwise there will be leaks.
Place weights on top of the jar and leave
in this position for at least six hours. Heavy
rubber bands should be put around the bot-
tom part, to insure good contact with the
jar. The latter is quite important. After
the cement has set, apply a new lot in the
inside corners as well as where the jar edges
touch the bottom. The outside corners
should also be cemented again, and for a
good job small celluloid pieces should be
cemented in the open corners, shown at (A),
Fig. 4. The jar is now completed and is
then put in a dry room for at least twelve
hours.

After that, test by filling it with water
to the top. Compress at two opposite cor-
ners, which forces the jar slightly out of
shape. If no leak develops, the jar is water-
and acid-proof.

Should a leak develop, do not attempt to
cement until the jar is absolutely dry. Even
a slightly moist surface prevents the cement
fromr taking hold.

Oscillatory Properties of Neon
Lamps

A discussion of the oscillatory properties
of these lamps wvras recently given in the
Proceedings of the London Physical Society.
A particular type of neon lamp containing
80 per cent. neon and 20 per cent. helium
passes an intermittent current when shunted
by a condenser and connected in series with
a high resistance to a D.C. supply.

When cold, the lamp fails to pass any
current until subjected to an E.M.F. «f about
171 wolts. If, however, the voltage be re-
duced whilst the lamp is glowing, the cur-
rent continues to pass until about 140 volts
is reached, when the current suddenly falls
to zero. When an EM.F. of 200 volts is
applted, some time elapses while the conden-
ser is charging up to the necessary 175 volts.
At the end of this time the lamp begins
to take current, the current increases, and
the voltage across the lamp falls to the
limit of 140 volts, when the lamp goes out.
The cycle of operations is then repeated.
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Selenium Cells and Their Uses

INCE it> discovery in 1817, by Ber-
S zelius, the element selenium has been

a substance of mystery and wonder.
Some hold that is is a metal, and others
say that it i> not. At any rate, selenium,
in the periodic system, lies between sulphur
and tellurium, and is found in amorphous,
vitreous and crystalline states. In the first
two states the chemical reactions resemble
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Powdered metallic selenium is melted on the
sheet of mica or slate on which copper or iron
wire has been wound as shown above. The
melted selenium fills the space between the
wires and when allowed to cool, crystallizes,

those of sulphur, but in the third it has
many of the characteristics of a metal—

and the crystalline form is generally called

metallic selenium.

It is this latter form which is of
interest to the student of photometry
and the electrical experimenter; for
it has the property of changing its
electrical resistance in proportion to
the amount of light which is thrown
upon it or to which it is exposed.
The value of a substance with such
a property can be readily surmised,
for it means that the substance can be
used to measure the intensity of light,
or can affect by means of light any
picce of apparatus that can be operated
by a relay.

Selenium makes it possible to control with
a ray of light anything from a small bell
to the largest power plant in the world;
mn fact, a bell could be rung or a huge
motor started and stopped by simply waving
a hand over a selenium cell.

Cells of selenium are already in use for
switching on and off the lights on life-
buoys, lighting them at the approach of
darkness, and extinguishing them when the
light is sufficient for safcty. They are
used to start and stop machinery; to meas-
ure the light for the exposure time of
ordinary photographic and movie camera
films: for measuring the light of heavenly
hodies ; for registering railroad signal lights;
for reproduction of sound waves, such as
in various systems of talking moving pic-
turcs; for assorting cigars, coffec beans,
or any article where a difference of shade
irom white to black is to be distinguished;
for protection against burglary, and so on.

The number of uses the experinienter
can find for selenium is limited only by
his imagination.

In darkness, crystalline selenium has an
exccedingly high resistance. In light, the
resistance is considerably lower; but the
penetrability of the metal to light is SO
small that every mecans possible has to be
taken to utilize every bit of available sur-
face. With this end in view, selenium is
arranged in what are known as cells, the
different types of cells bearing the names of
the investigators whose names were asso-
ciated with them.

The simplest form of selenium cells, and
the one most generally used, is the Bid-
well. This consists of a strip of mica or

By Kenneth M. Swezey

slate about 23 inches long and 1 inch
wide, around which is closely wound, with
just a slight separation, two strands of
fine bare copper wire. This is heated, and
the selenium applied between the wires, after
which the whole is annealed.

IF'or clectrical work, purchase only the
purest selenium obtainable.  This  comes
in gravish sticks, having a semi-gloss, and
costs about $2 an ounce. Specify that
you want metallic selenium  for electrical
work, and you are quite sure to get the
kind that is required. An inferior grade
of metallic selenium can be obtained on
the market for less than half the price
mentioned, but this is practically useless
for the making of cells. It really is not
expensive material, for an ounce will make
many cells; which on the market may cost
from five to forty dollars each.

Mica is satisfactory for the form on
which to wind the wire, but unless it is
unusually thick it cuts quite casily when
the wires are drawn tight—and these must
be tight, for the wirc expands upon heat-
ing, and if they are the least bit loose in
the beginning they will surely touch and
short-circuit when they are heated.

Slate is better, because it has more body
and is easily worked into any desired shape.
Any picce will do that has no metallic
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By connecting the selenium cell in verles
with an ammeter to a radio B-battery or other
sonrce of current and then playing a flashlight
beam upon the cell, the sensitivity of the latter
is readily determlined,

veins in it. A piece broken from a roofing
slate is excellent.

The thickness should be about an eighth
of an inch, and the length and width as

The apparatus for applying the selenium Is
shown above. A mica or slate sheet is wound
with wire, forming a Iattice on which the sele-
nium is retuined. The mica is placed on an
Iron plate in an aperture wherein the bulb of
a thermometer is set, and the plate is heated
until the selenium spread on it melts, careful
regard belng glven to the temperature.

It may be broken or
sawed into the rough shape, and then
smoothed down with a file, tapering it
toward the long edges. With a very small

before mentioned.

triangular file these two long ecdges may
be slightly notched at points about 1/32 inch
This helps in keeping the wires in

apart.

A common application of the selenium is
shown above, The cell under the influence of
light will have a reduced reslstance and allow
the passage of sufficient current to actuate the
relay, which in tura closes the bell clrcuit.

place. Two small holes may be drilled
in each end to secure the ends of the
wires.

The size of the wire makes little
difference, but No. 28 or 30 is gener-
ally used. Some advocate smaller
wire, though the beginner may find
the practice disastrons, as the wires
break very easily after they have been
heated for a while. Better choose No.
28, or even No. 26.

Sccure the end of one of the wires
in one of the small holes you have
drilled for the purpose, then proceed to
wind it around the form, skipping every
alternate notch. When you reach the other
end, sccure the wire in the opposite hole,
and allow about three or four inches to pro-
ject for connections. Then wind the sec-
ond wire, starting from one of the uwaused
holes, and winding in the notches which
were before skipped. Finish it up ‘n the
hole that is left and leave also < short
length for connections.

The wires should be as close together as
possible, but they should not touch at any
point, for a single short-circuit will spoil
the cell, and may possibly be the cause
of the burning out of a relay or of a
current measuring instrument.

Next cemes the applying of the selenium
and the annealing process. And to do this
properly one should supply himself with the
few necessary picces of apparatus. - A Bun-
sen burner is excellent for supplying the
heat, and an adjustable chemical ring stand
will serve admirably to support the cell.
Upon the ring of the stand should be placed
a thin copper or brass plate, and upon
this a small block of iron about 2 inches
square and %5 inch thick., with a v4-inch
hole drilled almost through it near one
edge. This hole is a well for the end of a
thermometer. A Centigrade thermometer,
reading up to about 250 degrees, is indis-
pensable. Put mercury in the cavity.

Mount the apparatus as shown in the
photograph, and lay the embryo cell upon
the iron block. If the thermometer fits
its well too loosely it may be wrapped with
a little stcel wool.

Bring the temperature up to about 117
or 120 degrees C. Powder a small piece
of seclenium, by carefully hammering it on

P
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a metal plate, or by grinding it with a
pestle in a mortar, and spread this over
and between the wires. It will melt almost
immediately and take on a lustrous appear-
ance. The temperature must be regulated
carefully, for ii too low the selenium will
turn gray, and if too high it will roll up
in globules like mercury, At the right tem-
perature it will appear lustrous., vet it can
be spread and will stay where it is put.
Scrape off the surface with a picce of
mica or the blade of a knife, and press
the selenium well between the turns.

When the surface of the cell has been
covered satisiactorily the cell should be
taken from the block and laid upon a
metal plate to cool. In the meantime the
Bunsen burner is adjusted to give a tem-
perature of about 130 degrees C.

When the cell is cool it is again placed
in the iron block and allowed to heat
again. Iu a few minutes—mayvbe five or
ten—the surface will begin to turn gray,
due to the crystallization. If this does not
take place within a reasonable time the
temperature should be raised a little.

After the surface has entirely crystal-
lized the temperature should again be raised,
untit signs of melting begin to appear.  This
state becomes evident by the edges hecoming

AVE you ever stopped to think what
insulation is costing you—particularly
panels?  As a friend of mine says, “Ain't
it awful?’—Yes, it certainly is “awful.”
In fact, the amateur's purse begins to look

rather anaemic, not to say thin, by the
time he has purchased a suitalle panel
for his set.  Of course, bakelite is an

excellent insulator, but it’s also devilish ex-
pensive,

MOLTEN
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An attractive pancl for your radio set can be
niade from cast sulphur, requiring very little
machining after the cast has cooled and is
withdrawn. Screws and bushings can bhe im-
bedded In the het sulphur, enabllng the ex-
perimenter to construct his punely in a very
short time,

Casting about for a substitute, I decided
to try shellac and sulphur. 1 chose sulphur
for my first experiment, because of its
relative cheapness and the ease with which
it can be handled.

It melts at a comparatively low tempera-
ture, 109 degrees Centigrade or 228 degrees
cahrenheit), has high dielectric properties,
and may be readily cast into vartous shapes.

Upon solidifving it assumes the texture
of the surfaces with which it is in con-
tact. Thus various surface tinishes may
be reproduced by varyving the material ot
the mold.

A cross sectional fracture of the finished
panel shows a semi-crystalline’ structure.
The panel is a greyish or greenish, yellow
color. mottled and veined like marble, due
to the impurities in the commercial product.
The back of the panel presents a crystalline
surface covered with very small pits. When
less than three-cighths inch thick, peep holes
and bezels are unnecessary, as the panel is
then translucent to the light of the vacuum
tubes.

glossy. When this occurs, immediately re-
move the Bunsen burner and allow the edges
to recrystallize. If this is not done quickly
enough the whole surface may run together
and require the crystallization process again.

Turn down the burner a little and re-
place it under the block. The temperature
should remain somewhere between 190 and
210 degrees C. Watch it carefully for a
few minutes, and if it rises higher than
the latter mentioned number the burner
should be turned down still further: for
if the selenium actually melts again all the
previous work would be spoiled.

After the proper heat has been fixed the
cell should be left for about four hours.
Watch it occasionally to see that the tem-
perature does not exceed the limit.

When that time is up the leat may be
gradually lowered in steps distributed over
periods of an hour, finally removing the
heat entirely

The cell, when cool, is realy for use.
Or at least it is generally so.  Cells vary
greatly in resistance and sensitiveness to
light, and some have to be further treated,
after being annealed, by passing an alter-
nating current through them. But usually
they are satisfactory immediately after
cooling.

Sulphur Panels

By Philippe A. Judd

An Ultra Short Wave

Receiver
By the STarr oF Ranio News

As the editor of this magazine has
pointed out many times, short wave
radio 15 :he coming thing. Within
ten years all broadcasting will be done
ona wave-length below ten meters.
In the March issue of Ranio NEws is
described 2 5-meter Short Wave Re-
ceiver that holds forth tremendous
possibitities.  1f you are interested in
Radio, do not fail to sce this article.

INTERESTING ARTICLES TO
APPEAR IN THE MARCH
ISSUE OF RADIO
NEWS

Marconi's Radio Beam Transmitter
By Lt.-Col. Chetwood Crawley, M.I.LE.E.

The Navy's World Wide Radio Net
By G. K. Spencer, U S.N.R.F,

Is Radio Earthbound?
By D, C. Wilkerson

An Ultra Short Wave Receiver
By the Staff of Radio News

The First Annual Radio Set Directory
By Hugo Gernsback

When Buying Vacuum Tubes
By Vernon G. Macnabb

Notes on the Super-Heterodyne
By &’

ilfred Taylor
The Radio Uni-Set
By H. M. Towne. 1ADG

It may be worked, after castinz, in much
the same manner that hard woods are
treated. and should be drilled irom Doth
sides to prevent chipping.

I have found the following fprocess the
best for the construction ot panels.

A frame is first made to fit the front of
the cabinet, as shown in Fig. 2. This not
only adds to the appearance of the set but
also reinforces the panel.  The frame is
taid upon a sheet of plate glass, being held
in place by several dabs of sealing wax
or other cement. The glass, in turn, is
laid over a plan of the panel on a periectly
level suriace.

All lugs, threads, bushings and holes are
cast in the panel at the beginning, so that
subsequent drilling is unnecessarv. To do
this, the nuts, screws and bushings are
cemented to the glass in their proper posi-
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To determine the variation in its resist-
ance, a cell may be connected in series with
a radio “B” battery of from 22 to 45 volts,
and a milliammeter. It is probably best
first to connect the cell directly across
the battery, to make sure that it is not
short-circuited. If it is, a portion of the
wires may melt and the cell will have to
be discarded; which, at its worst, is better
than burning out the meter.

Where it is desired to use the cell to
operate a relay, one of the polarized type
may be used, and should have a winding
resistance of at least a thousand ohms. The
connections are shown in the diagram.

The experimenter may build model boats
or automobiles, using light rays to control
thern. The “radio dog™ works on that prin-
ciple, its relays aund circuits being so ar-
ranged that it will follow a light. John
Hayxs Hammond, Jr., has used selenium cells
to control all the operations of his famous
experimental boat, directing its action from
the shore, entirely by light beams.

Some may want to use the cells as a
sunrise alarm clock, waking them early on
a bright day and allowing them to sleep
whe1 it rains. The intensity of the light
necessary to operate the relay can be accu-
rately predetermined by proper adjustment.

tions, as located on the plan through the
gluass. This is clearly shown in Fig. 3.
Before pouring the sulphur the glass
should be slightly warmed to prevent crack-
ing.
The sulphur may be melted in an enamel
or earthenware vessel and sheuld be just
hot enough to pour well, This should be
done in a well ventilated place, as the
fumes are inflammable and are very un-

pleasant if drawn into the lungs. The
CAP-NUTS
PLACED
AFTER
FIG 2 POURING
OETAILS OF SUCEHES
FRAME FIG. 3

- a o
! - f X \

GLASS 5LAB |  NuT ) BusHiNG )  moLTEN
PLAN OF PANEL MACHINE BRASS ROD SULPHUR

GLJED TO GLASS SCREW YO FORM HOLE

The method of casting a sulphur panel s
illustrated above, The nuts, screws, bushings
and ather metal party are first arranged in the
mould according to a predeterniined lay-out,
The sulphur when hardened tirmily retains
these parts.

melted sulphur is seli-leveling and will till
all the crevices in the mold. A tongue of
sulphur forms in the groove of the iframe
to hold the panel in place.

As soon as the sulphur has solidified, run
a thm blade between the frame and the
glass to loosen the panel. Then remove any
of the rods and screws where holes are
wanted and your panel is complete.

Sheuld a mat, or a grained finish be
desired, an ungtazed tile slub, or a piece
of hardwood may be substituted for the
glass. In this case, however, it will be
necessary to lay out the plan of the panel
on th= upper suriace of the pile of wood.

To vary the color, a small quantity of
asphaitum or resin may be added to the
sulphur. This will produce varying shades
of brown according to the amount added.
Don’t add too much otherwise the two
ingrecients will separate upon cooling, thus
leaving spongy spots in the panel.

Dia's and knobs may be reproduced in
molten sulphur, using plaster casts of the
commercial forms, as well as special parts,
which, of course, require various special pat-
terns.
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Experiments with Thermo-Electricity

By Raymond B. Wailes
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The thermo couple is an endless source of experiment.

them by a weak lens,
battery of considerable potential,
in the picture on the right.

EAT applied to two dissimilar metals
joined together in a closed circuit, ap-

; plied to their junction, will produce a
cutrent of electricity. This is the principle
of thermo-electricity. Fig. 1 illustrates See-
beck’s discovery which is the basis of ther-
mo-electrical disturbances.

Here, an iron and a copper wire are joined
together at their ends as indicated, and a
sensitive current-indicating instrument such
as a millivoltmeter is inserted in the copper
lead. If one junction is heated and the other
junction kept cold, a current will flow from
the iron wire to the copper wire at the cold
junction and also from the copper wire to the
iron wire at the hot junction. Cooling one
junction or heating the other junction in-
creases the current.

Perhaps the simplest of all methods of
producing an electric current is shown in
Fig. 2. Here, a copper foil is connected
with a millivoltmeter. An ordinary spring
jaw battery clip is comnected to the other
terminal. On heating the copper foil and
clipping the spring clamp upon it a decided
movement of the instrument hand can be ob-
served. Here, nickel and copper, the metals
used, produce the electric current.

Another easy method of producing a cur-
rent is shown in Fig. 3. A UV-199 vacuum
tube is used. The spot where the end of the
filament wire is welded to the lead-out wire
should be heated with a small magnifying
glass. The sun’s rays should be concentrated
upon this welded junction which consists of
two different metals. A current can be seen
to be produced when this junction or weld
is heated, if an indicating instrument is con-
nected with the filament terminals of the
tube. ,You might have to search for a thin
orweak spot in the silvering of the tube but
practically every tube can be used for this
little experiment as the silver coating is not
very uniformly distributed.

A battery of small thermo-couples can be
mounted on a sheet of asbestos board or even
hard rubber as shown in FFig. 4. Here the
wires AAA are copper and the wires BBB
are German silver, constantin or iron. The

The couple Is

end wires are led to binding posts. If one
set or “battery” of junctions such as those
on one side of the drilled support are heated
and the other junctions or thermo-couples
on the opposite side are kept cool fairly large
current can be produced. Fig. 6 shows a

= COLD JUNCTION

IRON

HOT JUNCTION

— e
'5 &
7nl@\§\
A sensitive titermo couple should have be-
sides a hot junction s cold junction kept at a

constant and known temperature. The elec-
tricat circuit of such couple is shown above.

l

A= COPPER
B=GERMAN SILVER

The illustration shows the manner in which
the thermo couples of a thermo-battery are
connected, The couples are connected in series
as the potential difference In a single couple
is silght,

Some can be made sensitive enough to detect the heat due to solar rays focused on
They can be used to glve the temperature of heated solutions arnd a number of them connected in series will form a
Such a battery is shown at the lower left.

as senslitive to cold as to heat, as illustrated

method of performing this experiment. A
current can be produced as indicated by a
millivoltmeter by focusing the sun’s rays
upon one thermo-couple of the whole battery
as shown in Fig. 5.

In making a battery illustrated in Fig. 4
the wires should be twisted together, or bet-
ter, welded in a small electric arc after
twisting.

The effects of cold or the principle of the
cold junction is illustrated in Fig. 7. Here,
three thermo-junctions are formed, two on
one side of a cork and one on the opposite
side. In the sun, with the two couples shaded,
a current can be obtained, which will be in-
creased by cooling the two shaded or cool
junctions with ice.

Up to certain temperatures with different
metal-combinations, the electric current pro-
duced increases directly with the applied
temperature. Heating two metals, say, cop-
per and iron wires, to a temperature of 100
degrees Centigrade, will always produce the
same number of millivolts, provided the re-
sistance of the wires does net change due
to corrosion or other agencies. Conversely,
if the same wires were used and the junc-
tion heated and the millivolts produced were
indicated by a millivoltmeter, a close com-
parison of the temperature at the heated
junction could be made.

As in Fig. 8, using a copper and a German
silver wire tightly twisted together and
welded in a small electric arc, a certain
millivoltage will be produced when the
junction is placed in boiling water (100
degrees Cent.). Whenever, at another time,
the millivoltage is the same, it could be said
that the heated junction is at a temperature
of 100 degrees Cent.

The experimenter can plot a curve of
millivolts against temperatures and have a
fairly accurate electrical thermometer or
pyrometer system. Thus by immersing the
junction, or twist, in tin, the reading in
millivolts when the tin just melts and flows
can be called 232 degrees Cent. Pure lead
can also be used, its melting point being 327
degrees Cent.
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Making and Using a Capillary Electrometer

CAPILLARY clectrometer is an in-

strument with which small electric cur-

rents can be detected. It consists of
a glass capillary tube, or a tube of small
internal diameter, in which lies a thread of
mercury connected with suitable electrodes.
Voltages applied to the clectrodes will cause
the mercury thread to move, the movement
being visualized by the naked eye or with a
microscope or other magnifving meaus.

m ~— PINCHCLAMP

RUBBER
TUBING

MERCURY
TEE TUBE

SULPHURIC
—— ACID
A

The apparatus illustrated above, Figs. 1-4, are varlous forms of the capillary voltmeter.
ing sulphuric acid and mercury, each in contact with one terminal of the source whose potential is to be measured.
electric current alters the surface tension at the boundary between the mercury and sulphuric acid and causes the
This motion is observed with » lens or microscope.

move,

Figs. 1 to 4 show several types of casily
made capillary electrometers. Fig. 1 is a
very serviceable instrument and is made
from a piece of glass capillary tubing of 14"
outside diameter and 1/25 to 1/30 inch
(1 mm. to ¥4 mm.) inside diameter. It is
bent in the shape of a U and has a tube of
a larger inside diameter sealed on at \W.
The other arm of the U has an ordinary
tee-tube fitted to it by rubber tubing.

A platinum or even nickel or copper elec-
trode is thrust through a cork fitted into
the arm of this tee-tube. The upper leg of
the tee carries a two inch length of rubber
tubing, closed at the top by a cork or glass
plug and provided with a screw clamp. A

WEAK DRY CELL)

Fig. 6. The capillary electrometer is here
hooked-up for demonstration purposes. The
electrometer isn normally short-circuited and
when the key is depressed the motion of the
mercury will be noticed,

solution of 1 part of sulphuric acid in five or
ten parts of water is placed in the tube aml
mercury is poured into the larger arm, (W).
By adjusting the screw clamp the mercury
thread can be made to occupy one half of the
U, from (V') to (\W). A magnifying glass
or better, a small or even a toy, microscope
is placed at (V) to view the movement of
the little mercury thread when the current
is applied to it. Graduations can be made
on the tube by a sharp carborundum erystal,
or better are etched with hydrofluoric acid,
or a small paper scale may be fastened De-
hind the tube so that a means of comparison
of current strength can be had.

Any small source of potential such as
that of a very weak and old dry cell con-
nected with the electrodes (E) (E) will

By Raymond B. Wailes

cause the movement of the mercury thread
in the small bore tube. The right hand elec-
trode (E) makes connection with the mer-
cury, the left hand one with the dilute sul-
phuric acid, which of course is contained in
the tube and meets the mercury at V.

Fig. 2 requires less glass working to con-
struct, than Fig. 1. To make the capillary
tube (Iig. 2) a glass tube is heated in a
flame and drawn out to a small hore tube.

@+ BINDING POST

DILUTE
SULPHURIC
ACID

Fig. 3 consists of a glass capillary tube
with a double U bend. Dilute sulphuric
acid is contaired in a small vial as shown.
Iig. 4 is the simplest of the four types,
consisting of a single U tube of small bore
tubing. Some thermometer tubes can be used
in this and other types. In all types, the
microscope or strong magnifying lens is
placed at the termination of the mercury
thread, at V, the small circles at these
points representing the lens. In all instances,
one glectrode (E) makes connection with one
side or end of the mercury thread and the
other electrode (E) makes contact with the
dilute  (1:5) sulphuric acid solntion, this
acid 'thread in the tube meeting the other
end of the mercury thread. A nickel or
even copper wire can he used as electrode
for the acid for a few hours” operatim of
the instrument. but a small platmum wire
is best as it will not dissolve in the acid.
Experimenters should not be alarmed at
the mention of a platinum wire. A small
wire is not expensive. Even the cut-throat
old jewelry man asks only a small sum for
a short piece, which is all that is needed.
IFie. 5 shows how the capillary electro-

FUNNEL SUCTION
- HERE
AIR IN)

RUBBER TUBE
GLASS TUBE TIP
GZ,NITRIC
ACID
BURETTE

PURIFIED
MERCURY

MERCURY
TO BE PURIFIED

Fig. 9. The mercury used in the caplllary
electrometer must he chemieally pure, To clean
mercury either of the two methiods shown
above can be used. At the left drops of mer-
cury are allowed to fall through dilute nitrie
acid, while at the right air bubbled through
the mercury mlxes the latter with the acid,

meter should be connected for demonstration
purposes such as that of illustrating the
action and use of such a handy indicating
instrianent.  The kev is a made over tele-
graph key, with a third contact added. The
added spring holds the rear or added con-
tact point down so that the capillary elec-
trometer is kept short circuited at all times.
This is important! When the knob is de-
pressed the key makes contact with the regu-

E 1 '\
E
! !
S MERCURY —
-ACID
THERMOMETER
TUBING —~

The essential feature is a thin caplllary tube contain-

The passage of a minute
thin mercury stream to

lar contact point and closes the battery
circuit.  The operator, viewing the end of
the mercury thread in the small bore tube,
will then see the thread move a distance
which varies with the current strength. An
ordinary telegraph key can be mounted on

a wooden base and fitted with three hipding -

posts, this combination affording a 'suitable

working instrument for use with the elec-

trometer.

One of the many uses to which the capil-°

lary electrometer can be put is that of an in-
dicating device in a Wheatstone bridge which
is shown in Fig. 6. Here a resistance wire

(AB) is traversed by a sliding contact (S),

ELECTROMETER

SLIDING
~“ CONTACT

e

lllb
BaT. N} Sw

I'ig, 6. The capillary mercury electrometer
will nerve a~x @ useful current indicating device
in connection with a Wheatstone bridge. Note
that the electrometer must normally be short-
circuited,

the untknown resistance being at XR and the
standard or known instrument being at SR.
The clectrometer in Fig. 0 simply replaces
the galvanometer shown in the' ordinary
Wheatstone bridge circuit.

The mercury thread should be connected
with the negative side of the source of cur-
rent to be indicated. Currents at more than
one wolt should not be applied ty the elec-
trome:cer.

Only pure mercury should be used in the
instrument.

A fine stream of mercury allowed to f3ll
through an 8% solution of nitric acid Will
lose some of the base metals which have
become associated with it.

Anocther method is to cover the mercury
with an 8 per cent. nitric acid solution and
to blcw or draw air through the mercury
for several hours, thus exposing all parts to
an oxadizing action.
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Mercury Vapor Lamp

NE of the most .dnteresting, and

next to the incandescent lamp, most

useful, sources of light is the mer-

cury vapor lamp. The peculiar
bluish color of the light emitted by this
arc has prevented its wide adoption as an
aid to vision, but it is very valuable ifor
photography and has found many commer-
cial nses.

At the outset we must distinguish be-
tween the glass type of the lamp and that
constructed of quartz, which is the more
valuable type of the two. This is because
yuartz transmits ultra-violet light, while glass
does not, and as the so-called mercury flame
inside the arc is rich in ultra-vielet rays, a
quartz container is desirable. The ultra-
violet rays are used in photography and in
killing bacteria, fading dyes and treating cer-
tain diseases. A number of interesting ex-
periments with ultra-violet light will be de-
scribed in a future article, and the quartz
arcs to be described are valuable suurces of
these short rays.

We will describe several simple types of
mercury lamp, and since any one works
practically as well as another, the choice of
which to build will depend largely on the
apparatus available. It should be remem-
bered, however, that while the glass type of
lamp will give an intense bluish light valu-
able for indoor photography and useiul for
a large number of experiments, most of the
ultra-violet rays do not escape from it.
Quartz is difiicult to obtain and to work,
however, and herein lies the great advan-
tage of the arc shown in Fig. 5 and illus-
trated in the photograph, as the materials
can easily be obtained. This is a type of
arc which the author has never seen de-
scribed before, but it works very nicely and
has the great advantage oi being practically
indestructible and wasting little power.

In Fig. 1 is shown the simplest type of
glass arc, which has the advantage ot not
requiring a pump to exhaust it. 1t is espe-
cially suitable for photographic work.

The long U-tube is made of glass tubing
about an eighth of an inch internal diameter
and with fairly thick walls. Each arm of
the U is about 30 inches long. Two small
bottles such as ink bottle are provided with
corks, each having two holes. The end of
the U fits into one of these holes and into
the other goes an electrode of iron wire.
which, if galvanized, should have all the
zinc scraped off, or dissolved with acid, as
this amalgamates with the mercury and
coats the walls of the arc with “gunk.” 1f
a pump is available, it should be connected
to tubes passing through third holes in the
corks, in which case the arms of the U may
be shortened. If no pump is used, the extra
holes in the corks are left . pen. If a pump
is used, the arms of the U should not be less
than six inches long to allow for proper
dissipation of the heat evolved in the arc.
The bend in the U should be from one to
two inches in diameter, to prevent undue
heating of the glass.

The U-tube is first inverted and complete-
ly filled with mercury. Now, with a little
mexcury in the bottom of cach bottle, the
tubes.are carefully put in place, no air being
allawed to go up into the U. The mercury
should fall to a little below where the arms
join the hend of the U. The arc may then
be started when the current has been put on
by hlowing into the bottles, forcir}g the mer-
cury up into the hend momentarily, and al-
lowing it to fall back, when the light should
strike.

This arc will run on from 12 to 110 volts

By Dr. Russell G. Harris

direct current (1).C.). It should be con-
nected to the D.C. line through a resistance
which will carry at least five amperes. The
eyes of the experimenter should be pro-
tected by colored glasses if the arc is viewed
intently, as although the glass jacket of the

TO ROUGH
PUMP

WATELR
COOLER

By connecting the mercury vapor lamp con-
sisting of the two tubes at the right to a con=
densation chamber at the left an etlicient low
pressure pump is formed. The mercury vapor
passing out of the are draws gas molecitles with
it and thus evacuates the chamber to which the
apparatus is connected.

arc absorbs most oi the ultra-violet, some
oi the longest waves get through.

Fig. 2 shows a type of glass arc which
is slightly more complicated but is better
in that no glass blowing is required, and
only a small quantity of mercury is neces-
sary to run 1t. The cemtral part of the arc

YO PUMP \eTUNGSTEN WIRE

/m IRON END
BEND
FOR ARC ':'l:l
SEALING \
wWAX WATER
JOINTS COOLERS
/
MERCURY
COLUMN
U IRON /1" GLASS
GLASS
Bt | ELECTRODE TUBE
/ t

- \ MERCURY
e - L POOL

BINDING  POST
FIG. | FIG. 2

The mercury vapor lamp of Fig, 1 needs no
pump to evacuate it, The tubes made slightly
more than thirty inches long are filled with
mercury, When the tubes are inverted and
placed in operating position the mercury level
drops, leaving a perfect vacuum at the top, Fig.
2 shows a form of lamp which requires no glass
blowing. Iron caps are sealed to the ends of a
glassy tube. The icints are water cooled,

is a straight glass tube about an inch in
diameter, and to_its ends electrodes made of
iron pipe are fastened with sealing wax.
These electrodes are provided with water
coolers to prevent the sealing wax irom
melting. This makes a very nice portable
type vi vertical arc, and is probably the best
oi the easily constructed glass arcs. The
lower clectrode is a pool of mercury in the
iron pipe, while the upper electrode is made
oi the supporting wires from a burned-out
high power incandescent lamp. Be sure that
these wires are of molybdenum or tungsten,
and not of copper as they sometimes are. If
such wires cannot be obtained, a piece of iron
wire or a nail will do, but it will not be so
permanent and will have to be renewed occa-~
sionally. The arc is completely exhausted
with some type of fairly good vacuum pump.
preferably a mercury pump such as one of
those described in a recent article of this
series, and the arc is started by tipping it
until a thread of mercury runs down be-
tween the two electrodes, and then tilting
it back. A couple of teaspoonfuls of mer-
cury is sufficient for this arc. Needless to
say, it should nut be measured out in ordi-
nary teaspoons, as it would ruin them and
impair the mercury. Tungsten and iron or
steel are safe in contact with mercury, how-
ever.

If a horizontal type of arc is desired, it
can be made similar to the vertical one, but
the tube should be slowly lieated in a large
B}msell or blast flame until soft, and then
given a slight bend. The tube is then laid
horizontally and can be started like the ver-
tical arc, but the incline keeps the condensed
mercury running back into the electrodes. It
will be found that there will be a gradual
carrying of mercury by the current from
the positive electrode to the negative one,
but this will be slow and can be remedied
by running some back occasionally.

The hotter the lamp gets the more light
it will emit for a given power input, and
the higher its resistance will get.  The writer
has constructed arcs of quartz glass similar
to 'thc ordinary glass ones here described,
which were 1un until red hot, and which re-
yuired over two hundred and fifty volts to
drive three amperes through a hot colunmn
only seven inches long. No glass arc will
stand this temperature, however, and one
hould not attempt to run these with a greater
v_oltage drop than two or three volts per inch.
Sorpe resistance should always be used in
series with the arc, but it is evident that a
glass arc up to about three fect long could
be run where a D.C. line with 110 volts
potential is available. Any current of from
one ampere to four or five will do.

Leaving the glass mercury lamps, we will
turn now to two types built of quartz, which
are designed so as to be easily constructible.
In Fig. 4 is illustrated the simplest and most
cfficient lamp of the outfit, but it requires
the services of a glass blower equipped with
oxy-acetylene flame for its construction,
which is easy to accomplish, however. It is
included because of its striking ease of
manipulation, and its efficiency.

It consist of a small U-tube made of
capillary quartz tubing with a hole about
one-sixteenth of an inch in diameter. The
ends are widened out so as to hold more
mercury. and into these dip the iron elec-
trodes. The tube is filled with mercury
and 110 volts from a D.C. circuit with
aboyt 30 ohms resistance in series is con-
nected to the electrodes. The tip of a
Bunsen flame is then played on the center
of the U. This causes the mercury to
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boil there, the thread breaks, and an arc
forms across the break and generates
enough heat to keep the column broken.
1f the mercury around the electrodes gets
too warm, it should be air-cooled or water-
cooled, both to prevent it from evaporating
and because miercury vapor is very poison-
ous. This arc is remarkably intense and
efficient because the pressure inside it is
greater than one atmosphere,  The resist-
ance will be found very high; probably a
drop of about 90 volts on an arc three inches
Jong will occur. On no account should one
look at this arc. either directly or indirectly,
on account of the great amount of ultra-violet
light emitted by it. This produces serious
injury to the eves, and the experimenter does
not begin to notice the effects for several

TO0 PUMP BINDING POST
/WATER COOLERS

t
GLASS TUBE

SEALING WAX JOINT MERCURY POOL

FIG 3

This mercury vapor lamp is designed to be
mounted horizontally. The glass tube is bent
#o that the condensed mercury wlil flow to the
metallic caps at the ends of the tube.

hours. Several 'g-inch thicknesses of win-
dow glass should be used to cut off the ultra-
violet, and then the arc should only be viewed
through colored glass to decrease the intense
visible light.  An arc of this type, of the
same length and the same current-carrying
capacity as one of the glass arcs described,
will be found to have over a hundred times
as much light emitted from it as the latter.
The writer wore heavy welding goggles
while working over such an arc for about
five minutes, and received such a burn on
his face as could only be acquired in three
weeks at the seashore. Incidentally, doc-
tors are now using this method for curing
boils in adults, and rickets in children. It
has been tried for X-ray burns. _

The final type of arc to be described,
Fig. 5, needs no quartz blowing, and is prob-
ably the casiest to construct for the average
experimenter as far as obtaining the mate-
rials is concerned. The arc is made of iron
pipe or seamless steel tubing, and requires
that one or two welded joints be made. This
can be done at almost any large garage or
machine shop. The light leaves the tube
through a quartz lens. This can be obtained
very cheaply from an optician by asking for
a pebble-glass or rock-crystal spectacle lens,
as these names are commercially used for
crystalline quartz lenses. If possible one
should be obtained having a focal length of
about six inches, or in other words, a strength
of about seven diopters. The exact value is
not essential, but the side tube through which
the light leaves should be made about one
and one-third times the focal strength of the
lens used, provided one is interested most
in the ultra-violet rays. If in the visible
rays the tube should be twice the focal
length of the lens in length.

The barrel of the arc is made of pipe
or tubing of about one and three-fourths
inches internal diameter, and the other
dimensions are to scale as in the diagram
and photograph. The water coolers may
be made of brass or of tin cans and are
of the same type that have been used on
various pieces of apparatus described in
this series of articles. The water should
be kept flowing continuously while the arc
s burning, and should flow in at the bottom
and out at the top, all the coolers being
connected in series.

The upper insulating bushings may be
made of glass and mica. The water cooler
which fits inside is quite essential, as the

tungsten terminal gets red hot and most
of this heat is conducted up the electrode
rod. The glass bushing is cut out of a plate
of fairly thick glass by means of a brass
tube of the proper diameter charged with
emery and turpentine (or water), run in
a drill press or lathe. The water cooler
is then wound with several layers of mica,
and the whole is thorouglily heated when in
place and coated with sealing wax. [f
heated to just about the melting point of the
wax, a good air-tight joint will result, with

The Perpetual Motion Myth

Misguided experimenters, who
should know better, are expending
literally millions every year in the
scarch of the eclusive perpetual mo-
tion hoax. In a 3-page article in the
March issue of SCIENCE axD INVEN-
TI0N there is a $5,000 prize offered ior
a successful electrical or other per-
petual motion machine. If you are
interested in perpetual motion and its
futility. you cannot do better than read
this highly interesting article.

Interesting Articles to Appear
in March Issue of Science
and Invention
Electric Ice and Water Illumination
By Hugo Gernsback. Member
American Physical Society
The Perpetual Motion Myth
By Joseph H. Kraus
Improving the Heating System
By H. W. Sccor
High-Powered Portable X-Ray
Navigation Instruments on “Los
Angeles”
By Dr. Alired Gradenwitz
What Happens in the X-Ray Tube
By Hauarold Deem
Patent Advice
Ecited by A. P. Peck
A Page for the Radio Novice
By Leon L. Adelman
Two-Tube Reflex Set
By Alfred R. Marcy
Current Producing Selenium Cells
By W. S. Gripenberg
Testing Milk
By Dr. Ernest Bade.
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FIG &

Thls elaborate mercury vapor lamp is made
of seamless, steel tublng, the arc taking place
between a tungsten wire and the mercury pool
at the base of the lamp. A quartz lens Is
provided to allow the passage of ultra-violet
rays.
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sufficient insulation so that the current will
not short at this point.

The arc takes place between a tungsten
wire, taken from the anchor wire of an old
200-400-watt incandescent lamp, placed in
the end of a quarter-inch steel rod and
p nched there, and a shallow pool of mer-
cury in the bottom oi the arc. If any difh-
cnlty is had because of the arc tending to
form between the tungsten electrode and the
wall of the tube, this can be overcome by
hizating the bottom of the mercury well with
a flame. After the tube has been thoroughly
pumped out, the arc is started by shaking the
tube for a moment. The tungsten terminal
should be about an inch above the suriace
of the mercury, and with care this cax be

IRONTWIRE" ELECTRODES\

8"

MERCURY
TUBE

HEAT l:ERE

IN ——»

QUARTZ “CAPILLARY TUBE"
FIG. 4 QUARTZ CUP

This simplest of all mercury vapor lamps
censists merely of a capillary tube terminat-
ing In two reservoirs. These latter are con-
nacted to the electric circuit, and when a Bun-
sen burner is applled to the center of the
capillary tube, the arc is started.

increased to two inches, because the arc
would rather go to the mercury surface than
te the walls because the former furnishes
plenty of ions once the arc has been started.
1i it once starts to the wall, however, it
must be shut off and started again. 1i much
trouble is had, a shicld of mica may be
shoved down so as to partially surround that
part of the tube where the arc takes place,
iuternally. '

If small droplets of mercury form on
the lens and tend to obscure it, it may be
c.eaned without taking the arc apart by al-
lowing the mercury to run down along the
s«de tube and flow over it. This should be
done only when the mercury is cold, how-
ever, as crystalline quartz will crack when
heated suddenly, although fused quartz will
not.

This arc is very short, and hence does
not use much power. Since only a small
part of the luminous column is used in most
arcs, this is an advantage. When the central
part of the tube gets warm enough, the
vapor pressure goes up considerably, and
we get a fairly efficient source of light of
great brilliancy. The light is more concen-
trated too, being allowed to escape only in
one direction, so fewer shields are needed
to make it safe. Again, the experimenter
must be cautioned not to look at the arc
when burning except through several thick-
nesses of glass.

Although the mercury arc looks blue, it
is in reality a peculiar mixture of colors.
White light contains certain amounts of
every color from violet to red, but the mer-
cury arc confines its radiation in the visible
principally to five colors. There is some
red. more orange, lots of yellow, a great
deal of green, more blue than anything else.
and a little violet. These have such relative
intensities that the resultant has a greenish-
blue tinge.

The great advantage of the type.of arc
last described, and the one purpose for which
it was built by the author, is'that. other
m.etals besides mercury can be used in it,
gwving lights of different colors. » Sodium
gives a brilliant yellow light. while cadmium,
lead and other metals, which can be melted
by a Bunsen burner applied to the outside
of the arc, give others, some being almost
white.




334

The Experimenter for March, 1925

Connecting a Ground Wire

NEAT and efficient method of connect-
ing a radio ground wire to a water
pipe is illustrated here.

The pipe is thoroughly cleaned with emery
or sandpaper at point of connection and the
bare wire is placed on the pipe as shown,
A, B, C, D, then the free end (D). Fig. 2

The method of making a ground connectlon
shown above ensures a firin and extended
contact surface. No sort of contact, however,
can be a satlsfactory substitute for a soldered
one,

is wound around the pipe as shown in Fig. 1.
When sufficient wire has been wound on the
pipe, the free end-of the wire (D) is passed
through the loop (B) after which the wire
(W) is pulled, drawing the loop (B) tightly
under the turns around the pipe.
—Contributed by William J. Edmonds, Jr.

Step~Down Transformer
By ARTHUR SINISCAL

HE transformer described in this
article is simple to make, and when
completed will be a valuable asset
to the experimenter’s laboratory.
With this instrument enough current can be
drawn without overheating to light two 21
C.P. automobile lamps. It will also run
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FIG. I-FA
Detalls of the laminatlon of a shell type
transformer; both the primary and secondary

windings are mounted on the central branch
of the laminations.

motory at a high speed, and work all sorts
of amnunciators and small electrical appa-
ratus. 1t ©

THe first step in the construction is to cut
out the laminations for the core. Sheets of
common tin, aggregating about four square
feet, 'will suffice. These are cut into enough
pieces of the size and shape shown in Figs.
1A and 1B, to make a pile from 34 to 34
inches high when clamped tightly in a vise.

EXPER

About 60 pieces will do if ordinary sheet
tin is used. The experimenter need have
no fear of this large amount as the work
was done by hand in the writer’s case. First
cut one piece of the exact size and then
from this cut out all the rest.

FIG. I-B

={

TIN

FIG 2A

The upper flgure shows the detalls of one

member of the lamlnation; the lower one
shows the relative positions of the two parts
of the lamination, just before assembling. To
avold lamination vibrations, 1t 1s lmperative
that the laminations be by wsome means
clamped tight.

The next step is to make the two coils.
For the primary, you will need some 360
feet of No. 28 S.C.C. wire, or about one-
quarter pound. This is wound in 14 layers
on a cardboard tube, 114 inches in diameter
by 134 inches long. For the secondary you

WANTED

LECTRICAL articles on auto-

mobiles, also electrical short-cuts,
kinks and handy turns for the car
and the man who goes camping.

There are thousands of little ideas
of use to the automobilist, tourist and
the camper, and it 'is such ideas that
the Editor of Motor CAMPER AND
TotrisT requires, which are paid for
at the regular space rates.

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

Motor Camper & Tourist
53 Park Place New York City

will need about 90 feet of No. 18 S.C.C.
wire or about one-third of a pound. This
is wound in 6 layers on a tube 114 inches
in both diameter and length. Take a tap-
lead out at the end of the third and fourth
layers in the secondary coil. Shellac over
each layer as you go along to keep the wire
in place, and tape over each coil when fin-
ished.

In assembling the transformer, place the
two coils alongside each other with the free
ends together, ie., leaving the ends with
the connecting wires opposite. Then insert
the core parts through the coils and lay them
out in the manner shown by figures 2A and
2B. When you have made a compact mass
of about the required amount (50 to 60
pieces), connect the primary coil across the
110 volt line to determine the exact num-
ber of pieces needed. This is done by watch-
ing the disc of the meter in the cellar. Be
sure no current is in use elsewhere in the
house at the time of experimenting, so the
meter will not be registering. When con-
nected, the disc will either rotate very slowly

or very fast, depending on the size of the
core. Now increase or decrease the number
of laminations in the core until the move-
ment of the disc is hardly perceptible. This
will determine when it is of just the right
size.

The last step is to mount the apparatus
on its base. The simplest way is to cut a
baseboard of wood, 34 x 4% x 7% inches.
Place the transformer on this so that the
long sides of the core rest on two wooden
supports (WW), as shown in Fig. 3. These
are Y4 inch square by 4 inches long. Two
wooden clamp pieces press down over the
core sides and are held in place by four

PRIMARY SECONDARY

o

FLG. 2B

The positlon of the two windings when
mounted on the core. This so-called shell type
transformer offers a low reluctance path for
the magnetic flux and 1s for that reason much
used In transformer deslgn.

2-inch screws. These two upper clamp pieces
are ¥4 inch square by 52 inches long.

For making connections, near one end of
the base (on the primary side), a strip of
hard rubber (R, Fig. 3) is fastened, having
two binding posts attached. The primary
ends are connected to the latter. At the
other end, four Fachnstock clips are screwed
into the base and these form the secondary
terminals. In this set the ends of the coil
are connected to the first and fourth clips,
while the two taps are joined to the two
inner ones. Furthermore, the lead taken off
at the third layer must be connected to the
terminal “C” (Fig. 4).

WO0O0D SUPPORTS

BINDING POSTS / cLIPS
2 B s
A
18
K ¢
JL D
- 75— —

Top view of the assembled shell type trans-
former. While the figure shows no clamps,
1t ts important that some means for clamping
the lamlinations be used.

The approximate stepped down voltages
are as follows:

A and B................ 4 volts
B and C................ 2 volts
Cand D................ 6 volts
Aand D................ 12 volts

A top view of the complete instrument,
with top clamp pieces removed for clear-
ness, 18 shown in Fig. 4. All the wooden
pieces should be sheltacked or varnished be-
fore being joined. Some details have been
omitted which the amateur can fill in to
suit his convenience.
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Photographer’s Printing Lamps

HE illustration shows a method of tak-

ing blueprints on cloudy days or at night.
The bottom of a good size oatmeal box is
removed. The inside of the box is coated
with lamp black. An electric lamp is placed

DATMEAL
BOX

FPRINTING
FRAME.

= kT |
pegrrtbitey e .ﬂ.

An oatmeal box with one end removed Is here
furnished with an incandescent bulb and used
for blueprinting on cloudy days or at night.

at the top of the box. Be sure that the lamp
is placed at the center of the top.

The object is placed in the printing frame
and the box is placed over it. The lamp
is turned on for about forty seconds. The
printing paper is then taken out and treated
in the usual manner.

—Contributed by Irvin E. Pippin.

Novel Electric Flash Lamp
By C. A. Ovbroyn.

HE electric flashiamp shown in the il-

lustrations requires neither a fuse wire
or a spark for the ignition of the flash pow-
der, as a small electric arc burning be:ween
two carbons is used to set it off.

Fig. 1 shows the lamp in sectional ele-
vation, the base is of wood and about $§”
thick. To prevent the wood surface being
scorched, and to obtain better insulation for

A very simple flashlamp can be constructed of}
two carbon pencils such as used in small arc:
jamps, With a gap of about 1/16” between the
carbon ends a small arc between the carbons
ignlites the flash powder the instant the carbons
are connected to a source of potential of more
than 60 volts,

the carbons, a sheet of asbestos is tacked
or glued over the wooden base.

A short distance above the asbestos sheet
are two carbons, measuring about ¥4 or fs
inch in diameter. Small electric arc lamp
carbon pencils can be used for these. The
carbous are held in two short brass tubes;:

to facilitate insertion and adjustment, the
free or rear ends of the tubes are slotted
by making a saw cut.

The tubes are fixed to the base by a wood-
screw driven through a hole in the end; be-
tween tubes and the asbestos sheet are two
narrow brass strips (A) and (B).

These strips should not be too thick, %"
is sufficient. At the free ends of the brass
strips, binding posts are fixed into the base
board, holes being drilled through the strips
to allow the wood-screw end of the post to
pass through.

In operation, this flash lamp is very
simple; the carbons are connected into the
circuit, as shown in Fig. 2; the voltage
must be at least sixty volts, but much
higher voltages can be used.

The carbor:s are separated so that the ends
are about %" apart, and the flash powder
is placed on the asbestos sheet near the car-
bons. as shown in Fig. 2. Cure must be
taken not to place the powder in a heap over
the carbon ends, and it should be well dis-
tributed, a very small quantity being sprin-
kled in the gap between the carbons.

As soon as the push button is pressed, a
small arc will burn between the carbons,
and set off the powder. The metallic mag-
nesium which forms the greater part of all
flashpowders, acts as a bridge and starts
the arc. If some kinds of powder should
not ignite readily, a small amount of pure
magnesium powder may be sprinkled in the
gap.

The action of this lamp is sure and cer-
tain, owing to the hot arc; and only after
each flash new powder neced be placed on
the asbestos sheet to take the next photo,
as the carbons are always ready for use
after being adjusted at the beginning.

The carbons can be easily inserted and
cleaned as the tube can be swung outwards,
as shown by the arrow (M). To adjust the
gap in the least possible time, a piece of
wood or cardboard of the right thickness,
(v%"”) should be kept as a gauge, and the
carbons pushed up against it on each side.
When the gauge is removed, by drawing it
out sideways, the gap will be correct.

The push button need only be pressed
for a fraction of a second, to start the arc;
the ignition of the powder in instantaneous.
It is advisable to insert a fuse into the
circuit, near the main terminals.

Indicator for Door Bell

N some private houses there are a large

number of push buttons operating one
call bell, the trouble being that one never
knows where it was rung from. Again, to
have different bells for each push button
would not be advisable. Therefore, to over-
come this I constructed an annunciator which
is very simple and does not cost very much.

If the house is already wired, all that is
necessary are electro-magnets, the number
corresponding to the number of push but-
‘tons, and a hard rubber panel if you wish
to have the apparatus neat looking. The
panel should be approximately 4” by 8”.

The principle the annunciator is worked on
is this. Each push button excites its own
electro-magnet when it rings the bell. In
front of each magnet there hangs a pendu-
lum which carries an armature. The arma-
ture is attracted by the electro-magnet when
the current flows and releases it when the
push button is released. which sets it in mo-
tion and it continues to swing for a while.
This is noticed through the large holes and
under each is labeled the place from which
the bell was rung. The diagram explains the
construction and the wiring clearly.

The pendulum is constructed by gluing a
colored disk on a rod which is suspended
in such a position that the electro-magnet
can attract it and allow it to swing freely
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when released. If one pendulum strikes an-
other, then pivots must be arranged to stop
it at that point or all of the pendulums will
begin to move, and there would be a con-

fusion. The diagram is one-third of the
cxact size.
—Contribued by Otto Lustig. -
FrONT BACHK. LETTER
poor DoOR  BasemenT [ Box

With a number of doors to a house and as
many push buttons operating a single bell, what
Lhousekeeper has not been irritated by the prob-
lem of determining at which door the button
was pushed? To these housekeepers the slmple
annanciator illustrated above will be a godsend.

! ac
Pocket Polarity Indicator

CCASIONALLY in the laboratory the

experimenter loses much time in test-
ing the ends of connections of distant bat-
teries, magnetos or radio outputs in order
to determine their polarity. The suggestion
for the construction of a cheap polarity in-
dicator will be appreciated and the instru-
ment will be found indispensable for many a
chemical, electrical or radio enthusiast.

To make an indicator for these purposes
procure a medium sized test tube and neatly
file away the bottom. In one end of the
tube insert a cork through which a piece
of wire is tightly forced. After sealing this
end with sealing wax, fill the tube with a
saturated solution of salammoniac (ammo-
nium chloride) and close the other end in

solation and provided with terminals at its ends
corstitutes an effectlve polarity tester, When
cornected to a line the side at which bubbles
are formed in the negative,

the same manner as described above.r The
ends of the glass must be rounded sinr an
alcohol or gas flame. Now clamp the tube
to a neat baseboard and lead the wires-to
twd binding posts.

In order to use the indicator connect the
wires of the apparatus to be tested to the
terminals of the indicator, and that end of
the wire in the solution from which bubbles
are given off is the negative side.

—Contributed by Hugo Alcssandrons.
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Awards in the $50 Special Prize Contest

For Junior Electricians and Electrical Experimenters

First Prize, $25.00
Robert Rollins,
1886-A Harmon St.,
Berkeley, Calif.

Second Prize, $15.00

Robert Rollins,
1886-A Harmon St.,
Berkeley, Calif.

Third Prize, $10.00

Marion W. Gieskieng
4135 East 16th Ave.,
Denver, Colo.

Honorable Mention

A. B. Grover,
Montgomery, Ala.

First Prize
A Novel Experiment

THIS is an odd variation of the floating
magnet described on page 714 of the
October PracticaL Evectrics. It is just
as easy to make as the other one, and per-

HOLE FOR
EXHAUST

TEST 7V8&

ZINC ROD

A very small battery is arranged in a test
tube ballasfed with lead shot and buoyed up
by a cork, The cork is completely submerged
and the current through the coil gives a num-
ber of Interesting experiments.

forms a very amusing and perplexing trick.
As you see, it is nothing but a floating wet
cell energizing a wire coil. But, differing
from the tvpe previously shown, the liquid
on which it floats is not the liquid of the
cell. This difference is due to the fact
that 1 worked with an acid cell and disliked
the waste and the danger of working with
a large pail of acid solution. And, too,
this type reduces friction at the surface that
acts against the turning of the coil—a neces-
sary precaution.

The construction is simple. A test tube
containing dilute sulphuric acid battery solu-
tion is floated. by means of a cork ring, in

’l‘hls{shows the coil flonting with the cork
below the surface of the water and being
acted upon by a bar magnet., Under this in-
fluence it performs various queer antics.

a pail of water. The tube contains two
metal strips, copper and amalgamated zinc.
These form the terminals of the wire coil,
which, by chemical action, they energize with
a fairly large current.

The acid solution should not be too strong.
The zine strip may be cut from the top of
a fruit jar, and the copper electrode is 2
short piece of heavy gauge copper wire (or
small gauge wire folded back and forth upou
itself to give a sufficient surface area). The
coil is of copper wire of sufficient gauge nct
to stop the current. 1 used No. 20 double
cotton covered wire.  The loop is about
three inches in diameter and consists of at
least three or four turns. It is held in plac:
by bits of tape. The cork disk is a section
of a large cork perforated to fit the tubc.
The tube is weighted with lead shot and i~
partly filed with the dilute sulphuric acid
solution, until the upper surface of the cork
is submerged below the surface. This re-
duces the friction against turning to a mini-

$50 IN PRIZES

A special prize contest for Junior
Electricians and Electrical Experi-
menters  will be held cach 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 bencfit to the user of clectricity, be
he a houseliolder, 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 benetfit 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, Lditor, Electrical 11 rinkle
Confest, in care of this publication.
Contest closes on the 13th of each
month of issue.

mum.  The coil will stand up if the twe
electrodes in the tube are heavy and press
against the sides. However, it can be firm-
v supported by a cork in the mouth of the
tube. This cork must have an outlet for the
gas that is evolved in the reaction in the
cell.  So much for the construction.

As every student of electro-magnetism
knows, when two fields interact, the resultant
force acts upon the conductor of the current
as well as the current itseli, Because of
this fact. we have a queer phenomenon.
Place a small bar magnet near the freely
floating coil parallel to the surface of the
water and leve! with the center of the coil.
The coil will swing about, squarely face
and approach the end of the magnet, slide
over it and come to rest diagonally across
its center. Now suddenly pull the bar from
the coil and thrust it in through the other
side. The coil will slide off, turn about, and
repeat its performance.

The inquisitive experimenter will gy fur-

ther, of course, and try floating two of these
coils next to each other. or using a thating
bar magnet (like the one previously de-
scribed in this magazine) in place of the
permanent one.  Or, if he is lazy, and doesu’t
like the pulling of the manet. he can make
an clectro-magnet of a suft iron rod wound
at one end with some insulated wire. Now
cnergize this magnet with direct current,
ond when the coil is at rest around it, change

Co/t. CONCEALED
INA DOLL

A little doll is made to conceal the coil so
that the little figure acts strangely under the
influence of a magnet.

tlhie poles by means of one of the numerois
current reversers shown in previous num-
bers of Pracricar Eiectrics. With each
change in the direction of the current, the
magnet will slide off and “do its stuff.”

Second Prize
Experimenter’'s Fuse

NE of the many troubles that torment

the electrical experimenter is the blow-
ing of fuses. Oiten he works for hours ou
his do-funny and connects it up. Then,
with a quiver of expectaucy, he throws the
switch—and 15 plunged into  darkness!
Shouts of none too gentle nature come from
all parts of the house. Sister’s late now for
the show and she can’t powder her nose il
the dark, can she? Mother simply refuses
to wash dishes without a light. And dad
was shaving and cut himself when the blow-
out occurred, and he’ll bleed to death if that
blankety-blank kid doesn’t hurry. Then the
unappreciated scientist stumbles off to the
TACKS

PAPER CLIPS -~

TINFOIL

With two paper clips some little wooden
blocks and a bit of tin foil or thin wire, the
young experimenter constructs a fuse to take
care of his work without disturbing the fuses
(and the family) on the house circuit.

switch-box to stick a penny behind a fuse
and returns to face the music.

Well, even that's not a disaster if vou
are a millionaire. but experimenters are not
wealthy: and, with fuses at a dime an issue,
the matter’s no joke. Many budding geniuses
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have given up the ghost and sunk into ob-
scurity just because parental authority for-
bade further endangering of the fuse-box.
"You might set the house atire.” (This from
dad.) "And kill yourself.” (From mother.)
Oh, experimenting is no bed of roses. [
know that well, and nothing pleases me more
than to be able to smooth off a few bumps
in the stormy paths of my fellow-bugs.
Now, dry your eyes, and we'll get down to
business,

Here's a little fuse block that you can
make in a jiffy and refill and blow to your
heart’s content while maintaining peaceful
relations with the family; and all this with
no further outlay than an occasional bar of
chocolate (the kind that's done up in tin
foil).

Tack two paper clips on a little block of
wood, stick a strip of this tin foil in them,
and the job is done. 1f you are looking
for permanence, two little binding posts for
connections and a bit of ashestos or bake-
lite to shield the flash can be added. Lead
foil or fine wire (about No. 30) can be
used for refilling. The strip should be less
than a quarter-inch wide, but this will vary,
of course, with various currents and thick-
nesses and kinds of foil used. If you're
very particular, you can determine the exact
size of foil necessary for vour work, and
any reference book will give yvou a table of
the blowing-points of various size wires.
In any case, this intermediate fuse should
blow before the regilar 10 or 20 ampere
ones in the house circuit.

Third Prize
D. C. Milliammeter

ALMOST every radio transmitting sta-
tion has a burnt out meter. Little use
is found for these meters. “Only 220 volts
passed through this one,” explained my
friend, as he showed me a “burnt out”
thermo-couple ammeter of a popular make
that would have remained useless had I not
discovered what I will now relate.

I asked for a screwdriver, ten minutes,
and permissior. These granted, [ procecded
to find out “What made the blooming thing
percolate.” Aftter five minutes I was struck
by an idea (those who know me would say
that was queer). The remaining five min-
utes were spent in making two connections
and assemblinz, and as the tenth minute
elapsed I handed to my friend a D.C. milli-
ammeter.

Here is the solution: I remember that
reading the manufacturer’s booklet on the
thermo-couple ammeter [ learned that “an
ammeter ot the thermo-couple type employs
an especially sensitive miniature direct cur-
rent movement (the registering part) actu-
ated by a thermo-couple. I proceeded to
find the minature direct current movement
(the D.C. milliammeter). The milliam-
meter is the main part of the works and two
wires lead from it to the thermo-couple
located on an insulated strip. I changed
the connections leading from the milliam-
meter to the binding post that protrude from
the case. The result—a sensitive D.C. milli-
ammeter,

Later I placed different values of shunts
across the milliammeter, giving it capaci-
ties from 15 to 500 milliampers. The dial
was removed and one made and calibrated in
its place. I find this D.C. milliammeter is
as accurate and sensitive as the one I have
from a recognized manufacturer of radio
instruments.

Left. A thermo-couple ammeter when
burned out is converted in ten minutes into
an effectual snilliammeter. The diagrams
clearly show how this is done.

Right. A really effectual alarm for the
overflowing refrigerator pan or other similar
use about the house or kitchen. A tobacco
can forms the all-important foat.
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Honorable Mention

Refrigerator Alarm

THE pan under the refrigerator kept run-
ning over, and there was no way of run-
ning tlus water through the floor and into
the scwer without considerable expense. So
I constructed the apparatus shown here, and
it is a sure-fire thing in preventing over-
flowing.

To build this outfit it is only necessary to
have a dry cell, a bell or buzzer, a Prince
Albert tobacco can, a few wood screws
(round head), some hardwood sticks and
wire.

No explanation is needed, except that the
tobacco can, used as a float, must have the
lid soldered up tight, so that the can will
not il with water.

Dimensions are given of all the principal
parts; however, the builder must find his
own dimensions by the height of the re-
frigerator floor from floor of house.

In this case this distance is seven inches.

The base sits on the floor, while the float
hangs in the pan. \When the water in the
pan rises to within an inch of the top, con-
tacts (BB) and (B’'B”) touch and the bell
rings anwl the pan is emptied.

Fig. 6 shows the elevation and all con-
nections.,  While this outfit would not be
needed in real up-to-the-minute homes, there
are quite a number where it would be found
convenient.

It is applicable in many other places than
under the refrigerator. and it is one of the
most effectual that we have yet shown. Sev-
eral such have appearcd in our columns.

Capillary Elecirometer

HIS is an easily made, very interest-

ing and instructive device As its name

implies, its primary tse¢ is as a meas-
urer of electromotive forces, and it is par-
ticularly suited for *he measurement of cur-
rents produced by potential of less than a
volt. But ceside this, it is an excellent
illnstrator of one of the factors of surface
.ension,

A glass tube of about a quaiter-inch diam-
eter and from six inches to a foot long is
bent as shown at both ends. These bends
need be no longer than an inch. In fact,
if you have not the facilities for the bending
it can be eliminated entirely by plugging
both ends with paraffined corks, through cach
of which a wire has been thrust. Bet, if
this is done, the tube should not be com-
pletely filled, and the pressure caused by the
evolution of gas from the electrodes should
be frequently released by tipping the tube
up and loosening one of the corks. This is
an annoyance and disturbs the mercury drop,
so if you make this with an intention of
using it often, the bending of the tube will
be found well worth while. It is fastened
with padded staples to a bhase, and should
be as nearly horizontal as possible. It is
filled with dilute sulphuric acid of a con-
centration great enough to carry a fairly
weak current, and contains a drop of mer-

By Robert Rollins

cury. This drop should not be more than
a quarter-inch aeross. One of larger dimen-
sions will be sluggish in its 1 :nvements.

Now, with a dry cell or other s»urc» of
direct current, send a current through the
instrument, and watch the mercury. It will
move in the direction of the current; that
is, from the pasitive to the negative ter-
minals, with a speed dependent upon the
voltage of the circuit, the concentration of
the acid. the size of the mercury drop, the
level of the tube, etc.

. .
SOPPER WIRE GLASS TUBE £ DA, BLONG
/DILUTE SULPHURIC ACI0 N

LINED STAPLE
P

MERCURY DROP
4

2 ———
—— ey TS
The principle of the capillary electrometer
illustrated by a home-made appliance: a most
interesting piece of upparatus, depending for
its action probably on surface tension of liquid
mercury.

The odd phenemenon is explained by the
fact that the sirface tension is increased
where the current travels from the acid to
the mercury and is decreased where it travels
from the mercury to the acid. This differ-
ence in tension is sufficient to move the drop
along the tube in a manner comparable to

to that in which a bit of camphor propels
a little boat, and for the same reason (a
differenze fore and aft of the surface ten-
sion).

The electrometer must be calibrated by
means of another instrument, because the
speed, as has been said, varies with varying
conditin1s and must be determined for your
particular instrument. It is calibrated by
sending currents  with known potentials
through it and measuring the speeds of the
drop by means of a scaled strip of paper
under or beside the tube. In this reading, be
sure to avoid the etror of parallax, always
looking straight down on the scale. The
various speeds and potentials that caused
them can be plotted against each other in
the ordinary manner to obtain a curve. With
this curve. the potential of any circuit can
be determined at once when the speed of
the drop has heen noted under its influence.
Of course, care should he taken to have the
tube always at the same level when in use
as when calibrated. This can be accom-
plished by means of a small level fastened
to the same base.

With means of changing the direction of
the current as the drop reached one end of
the tube, it could be kept in constant mo-
tion. This would make an interest-catching
and mystifying window exhibit.




The Experimenter for March, 1925

What Our Readers Think

Nickel and Silver Plating
Editor, EXPERIMENTER:

Will you give me a few suggestions on experi-
mental nickel and silver plating? I tried the
experiment this week. but had only fair success
and thought possibly it was through some fault of
mine. 1 was attempting to silver plate a phono-
graph tone arm, half brass, half iron or stgel.
used a glass jar filled with a solution of HC1 and
water, a quantity of “quicksilver” in the bottomn
of jar and three No. 6 dry cells. The tone arm
was connected to positive of battery. and the
quicksilver was connected to mnegative of battery.

The insulation on the wire was scraped until 1
made a circle and immersed in the mercury, insu-
Jation being immersed also. and while the mer-
cury plated on nicely for the brass part. 1 could
get no silver plating on the stecl part, but it
kept up showing “‘copper’ deposit. The wire from
the negative of battery to miercury was copper.
but all copper was covered with mercury and
insulation. 1 tried various kimds of wire such as
lead, aluminum, copper. brass, etc., but got the
same copper deposit. I1f you will be so kind, 1
would lke to know what per cent. solution is
correct to use, also what kind of silver is best for

" plating, how much current Jiould be used. and
should the article to be plated be connected to
the positive of battery and plating niaterial con-
nected to negative. 1 am very much interested in
various kinds of plating and ‘would like to hnow
more about it. .

Any information you would cire to give me
will be appreciated. "1 am an enthusiastic reader
of Rapio News and your other publications, and
have bought many dollars’ worth of stuff from the
old E. 1. Co. ... remember it? Hi. Also am
a real HAM when it comes to radio, and was
making a loud speaker when 1 tried to do above
silver plating, and made a mess of it.

Yours very truly,
C. D. BuLair,

Buena Vista, Va.

(Quicksilzer is not_silver at all, and is a wcry

" poor and often very injurious substitute for silicr
"sn ‘plating opcrations. Its effccts on mctal are
sometimes quite disastrous; it will ruin gold jew
“elry by making it as brittle as glass and it has
the same effect on brass. If you want to platc
with gifver, use the real wmetal, and the same
applies nickel. If you got a real copper deposit
on youb steel or iron, it might have been derived
from the brass portion of the phonograph arm
going into solution and precipitating upon the iron
surface. It hardly secms likely that your copper
wire was responsible.  1We give you formulas and
. general information about plating awith nickel and
silzer.  Keep mercury away from cverytliing of
prass or gold. .

For nickel plating use 12 to 14 ounces of nickel-
‘ammonium sulphate per gallon of watcr in a clean
stone jar. The solution should be slightly acid.
.Care must be taken that this acidity is not cxces-
_stre.  The current to be sent through the plating
solution depends on the surface of the object to
be plated. The current density should be abont
.05 to .1 amperes per square inch of the surface
of the object to be plated. The anode in regular
nickel plating is a special nickel made up for the
purpose.

For silver plating. the double cyanide of silver
and potassium is the standard solution. Good
silver plating solution can be obtained by dissolving
25 grams of pure silver cyanide in a solution of
28 grams of potassium cxanide in 300 to 300 cubic
cm. of water. The solution must then be diluted
with twater until it forms one liter. Of coursc, if
larger quantities of the plating solution arc re-
quired the same proportions of ingredients must
be maintained. The best current density in silver
plating is from 006 to .03 per square inch of the
surface of the object to be plated.

A silver anode is used in regular work., A car-
bon from a battery awill probably answer your
purpose. The cyanides are zirulent poisons.—
EbiTor.)

Wants Articles on Motor Starters
Editor, EXPERIMENTER:

Have received my copy of EXPERIMENTER and
am pleased with it, especially the articles hy Har.
old Jackson and Sylvan Ilarris. 1 would suggest
articles on motor starters.

Frequently an article appears regarding trans-
mission of power (electrical) by wireless. My
opinion is: if wireless power transmission ever
becomes a reality, which T doubt, radio must be
done away with, for several recasons.
1rFirst, it is necessary to have aerials, for radio
transmitting and receiving power. The same ap-

.anddes to radio, telephony and telegraphy, except, of
,oburse, loop receivers. This being the case, the
1 power waves would interfere with radio waves,
( causing radio aerials to pick up power, blowing
out tubes, coils, etc.. also affecting the transmit-
ting stations. 1 thought this information, or opin-
ion, would be welcome to some who are experi-
menting along this line.
Yours sincerely,

. J. Gorca.
Plymouth, Mich.

The Experimenter Is Looking Good; More
Power To You
Editor, EXPERIMENTER:

Give us more articles by Hugo Gernsback. Give
us more articles on Chemistry by T. O'Coner Sloane.
Insist on authors giving full data on subjects as
weights, dimcnsions, if possible formulae, solubili-
ties, solutions, (how to make) etc.

Tre ExPERIMENTER is looking good; more power
to you. .

Sincerely yours,
Cleveland, Ohio. L. A, LiCastre.

The New “Experimenter” Compares Very
Favorably With The Old

Editor. EXPERIMENTER!

I have just finished looking through four or five
vears of the old “Electrical Experimenter” anc on
taking yp the new “ExrexiveNtTER” 1 hind that it
compares very favorably with the old.

Your first edition is excellent and if you keep up
to that standard you need have no fear of failure.

Give more of that wizard, Dr. Bade's articles,
Elec-Tricks and Short-Circuits. 1f you want humor:
what price the ‘Phony Patent Offiz” of bygone days?

But give us more of vour editorials and hears of
fiction. And now I'm going to ask a question.
Where, Oh Where, is Tom Reed and Thomas Ben-
son and George llohues and Sydney Gerusback?
And Samuel Cohen and Wintield Secor? We want
*emt bhach, old timer; no "EXrERIMENTER™ can be the
same without 'em, can it? 'Member Reed’s articles
on “Bats™ and Clocks?

A series of "home built” laboratory instruments
would be very much appreciated by the younger
“Sperrys” 1 think.

Loug Life to Tue ExpreEkiveENTER and best of
luck to your<elf, Hugo Gernsbhack.,

Sincerely,

Guelph, Canada. Rose BENNETT WALKER.

Articles Wanted

" E want good electrical, chemical
and radio articles, and here s
your chance to makc some casy noney.
e aill pay from one to two cents a
word upon‘publication for all accepted
articles. If you have performed any
nowvel experiments, if you see anything
new clectrical, if vou know of some
new chemical or radio stuit, be sure to
let us hear from vyou. .lrticles with
good photographs arc particularly dc-
_sirable.  Write legibly, in ink, and on
one side of the paper only —EDITOR.

A Friend of Pracricar ELecrrics
Editor, EXPERIMENTER:

P’lease accept my congratulations on turning out
such a splendid magazine as “THe EXPERIMENTER.”

The first copy 1 read of “IP'ractical Electrics” was
the October number which was given to me by a
friend. One of my first thoughts about it was that
if it only included radio in its make-up it would
come nearer to my ideal than had any other maga-
zine so far. Then 1 noticed the announcement of
“Tne ExperiMENTER.” To me, it is the hest maga-
zine on the newsstands to-day, because it is devoted
wholly to experimentation. “Radio News.”” of
which 1 have been a reader for over a vear, I will
admit is “Radio’s Greatest Magazine.” Bnt no
matter how goud a thing may be, it can alwavs be
made better, and I think the best improvemeit you
could make in it would be to insert a few pages on
experimental radio each month. 1 know you have
an article of this kind now and then, but what is
really needed is a permancnt department. 1'm sure
the “gang” would kecp you plentifully supplied with
material as they do now in "“With the Amateurs”
and others,

Very truly yours.

Toronto, Ont., Canada. WiLLiaM FENWICK.

Wants More Departments
Editor, EXPERIMENTER:

In the editorial of your November number of Tne
ExPERIMENTER you ask the readers to send in the
voting coupon filled out or to write you a letter
telling how they like THE ExPERIMENTER or offering
vou suggestions. That is why I am sending you
this letter. 1 will be as brief as possible.

The make.up of the magazine seems good. In
fact I am delighted with it, and T bope the maga-
zine will be prosperous. 1 am hoping that you
will treat all scientific subjects. A subject that I
am very interested in seeing in THE EXrERIMENTER
is Astronomy. I am also hoping that you will have
some subjects on physics. 1 believe that with the
addition of these two sciences you will be covering
al} of the interesting parts of science. As an ex-

ample of physics experiments take light, There are
many things in the sky that an amateur astronomer
will 'see with the proper guidance. I am favorably
impressed with the department, ‘Junior Experi-
menter,” but 1 notice that all of the articles deal
with electricity. Experiments in other sciences
might be desirable, There is one thing in *Experi-
mental Radio” that 1 would like to call to your at-
tention; and that is the symbol for the vacuum tube
in the diagrams. This is a very small detail but 1
think that it has a strong psychological effect. The
symbol looks too much like a light globe. 1 showed
the diagrams to a friend and he was of the same
opinion. 1 am sure that the symbol used in Radio
News would be niuch better., I want now, to con-
gratulate you on the production of THE ExPpEri-
MENTER, Articles on construction and experiment-
ing are good for this magazine T believe.
Yours truly,

Tacoma, Wash. Mervirre T. Press,

From a Faithful Reader
Lditor, EXPERIMENTER:

1 have just completed reading the first issues of
the ExrErIMENTER.  As an old and faithful reader
of the ELEcTricAal EXPERIMENTER, wish to say that
the return of it is like the return of a friend that
has been away for several years.

I am interested in all the departments, particu-
larly in the chemistry section.

Wishing you and the ExreriMeNTER a happy
and prosperous New Year, 1 am

B. I1. CasesoLr,
Operator, Kern Canyon Dower Plant.
Edison, Calif.

A Wise Change
Lditor EXPERIMENTER:

Sceing that you would like to have the opinion
of vour readers regarding your new magazine,
the EXreriMENTER, I thought 1 would give you
mine.

1 have been a rcader of I'RacTicaL ELEcTRICS
for the past six months and thought it was the
best magazine ever, but 1 think you have made
a wise change. The radio department is an excel-
lent addition and the chemistry section is fine if
you don't go too ‘deep’” for us “lowly” experi-
menters,

If you give us some chemical articles that involve
electricity 1 think it will be a great success, but
don’t cut down too much on your electrical articles
and experiments. The various electrical depart-
ments are good and should be kept up.

Mcanwhile wishing the EXPERIMENTER a great
success, and hoping that nothing will stop me
from getting the next copy, 1 am

Sincerely yours,
MarcoLu Pimi.

St. Paul, Minn.

Hafnium and Celtium
Editor, THE EXPERIMENTER:

Taking three of your magazines, I have en-
joyed the change from “PracticaL ELECTRICS” to
“THE EXPERIMENTER,” especially wherein you treat
of chemical matters. .

1 am wondering if a list I have of the chemical
elements is complete. The list that I have I give
you.

Do you consider the new element hafnium well
enough established to include in a list of the
regular chemical elements? About all the inforina-
tion that 1 have found on this new element is that
given in the 193 Year Book of the International
Encyclopedia. 1 understand its atomic weight is
72, but T do not know what its specific gravity or
valence is.

What is the status of the element celtium?

Information in reference books seems to be so
sparse on these new clements that I thought of
addressing you on the subject. Any clements that
are cstablished since the list that 1 have mentioned
above 1 am interested in, and especia]ly in knowing
in just a few words something of their occurrence
and preparation as well as their place in the Peri-
odic Table and their specific gravity and valence.

Very truly yours,
D. E. FARQUIIAR,

Chicago, 1IL

(Your list of chemical clements is fairly complete.
You might add to it the following: Holminm, At
17¢. 163.5; Luteciam, 175; Niton, 222.4. And, of
course, Hafnium, At. IWt. about 179. Dr. G.
Hevesey of the University of Copenhagen, in The
Chemical News of June, 1923, puts it betweeen 178.4
and 180.2, It falls in a periodic table beticeen Zir-
conium and Thorium. The element Celtinm is
rather doubtful, for Hafnium and Celtitm 1we
would refer vou to the London Chemical News, Feb-
ruary 1. 1923, April 20, 1923, June —, 1923, De-
cember 7. 1923, The periodic number of Hafnium
is 72. This is the number you have taken as its
atomic weight.

Hafunium is associated with Zirconium in its
minerals, and is extracted therefrom by a crystal-
ization process operating om the mother liquid of
the potassium zircomium fluoride or similar salts.
—EbITOR.)
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Latest Electrical Patents

Daylight Effect Lamp

Fly-Catcher

The inventor of the fly-catcher shown above
displayed much good intention, if not equal
ingenuity, in devising the suction apparatus
for drawing flies and other insects into the
small chamber inside the apparatus. Once the
fly is drawn in, the only outlet is closed with
a stopper and presto! the fly is captured.
Should the device fail the operator carries a
bag of salt ready to apply to the tail of his
unfortunate vlctims,

Patent No. L.517,131 issued to W,
son, Carthage, N, Y.

H. Thomp-

Electric Lamp

!

NaTaRaaaaa v

The lamp is supported on the end of a metal-
lle tube. Near the top of the tube there is a
vertical rod which 1s free to move up and down
and a transverse bar at the foot of the rod
projects through slots at the side of the tube.
When the lamp Is taken up in the hand, an
outside wooden tube which surrounds the
tube slides upwards, strikes the transverse
piece, pusiies up the brass rod so as to touch
the base of the lamp, and this completes the
clrcuit from the supply battery contained in
the base.

I’'atent 1,518,530 issued to Clarence Lipper
of Philadelphla, Pa.

Storage Battery

into
use.

is the case
in

Multiple knife switches or other form of con-

invention
is lowered when

A part of this

which the hattery
tact are provided on the bottom of the case
within it and on the bottom of the battery
on its outside, The battery circuit ls perma-
nently connected to the contacts in the bottom
of the box. When the battery is lowered Into
position, the contacts meet each other and give
8 closed cirenit as far as the battery and its
cane are concerned. Clamps are provided to
hold the battery in place. It can be instantly
removed from the box for charging or repairs
without breaking any electrlc contacts.

I'atent 1,519,701 issued to Benjamin F. Poth
of New York City.

o
\
B

An electric lamp of blue tinted glass i«
mounted within a set of reflecting mirrors, the
lamp being operated at a specially high volt-
age. This muy cause it to emit an increased
proportion of light in the short wave band of
the spectrum, and the blue tinting of the bulb
cuts off the orange and yellow rays. The mir-
rors can be given different colors as desired,
and a lead glass plate may be used with a
plate of tinted glass to intercept ultra-violet
and other rays as desired,

I’atent 1,519,148 issned to Charles M. .\,
Gamain of PParis, France,

Circuit Tester

A very Ingenious attachment to the ordlnary
flashlight 1s iHustrated above. It consists
of a metallic case which ean be screwed on
the hase of the ordinary flashlight case and
which contains a pair of insulated wires eon-
nected to the terminals of the battery. The
other ends of these wires are brought into
contact with the terminals of the circuit to

be tested. If the circuit is not “open’” the
flashlight will light up.
I’atent 1,508,990 issued to F. J. Schmitt,
Steelton, Pa.
Electroplating
PATH OF CURRENT FLOW
s ELECTROLYTIC'
ELECTROLYTE] - -~ ceLL
CHAMBER ™ oy ]
=X | INNER
METALLIC - INSULATING
DEPOSIT [ CONTAINER
L 5 T e
Wi RO ey
= OPENINGS
PERMIT
PATH OF CURRENT FLOW'  cupacnt 1o

FLOW TO CATHODE

Within the bath used for electroplating there
is a chamber of insulating material, within
which the cathode is suspended The insulat-
ing chamber is pierced with holes, each one
opposite to any place on the catiiode it is de-
rired to thicken by depositing metal thereon.
By this apparatus local plating can be done,
weak spots can be thickened, or especially
thick spots can be formed on the cathode, all
according to the arrangement of insulating
care with its perforatlons.

Patent 1,619,572 l1ssued to Albert Wolf,
Geislingen-Steige, Germany.
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Pencil Flashlight

PENCIL

A small flashlight whicl. can be attached to
a pencil should prove a very useful device for
reporters and other people who have occasion
to write in poorly illuminated or dark places.
The small battery In the shape of a clgarette
casxe is carried in the vest pocket,

Fatent No. 1,516,647 issued to J. W, Saun-
ders, 'ocatella, Lidaho,

Electroplating Anode

GLASS DISH

This Is a cell with sides of perforated insu-
Iat.ng material such as celluloid; there Is o
hopper which leads Inte the Interlor and in
use it is to be fllled with pellets or lumps of
the metal to be deposited. .As long as there
are pellets of metal in the funnel, a circuit is
completed through the metal of the hopper and
the two suspending lugs, one on each side of
it, and the top plate of the cell to which all
three are secured.

Patent 1,517,630 Issued to Glraldus Jones of
Birmingham, England.

Loud Speaker Circuit

i

A telephone transmitter sends Its undula-
tory current through the ordinary type of cir-
curt Including transformers and amplifier with
“A’ and “B’” batteries to a loud speakenr. ' The
sound from the loud speaker is liable to veact
on the telephone and cause singing; therefore,
a second amplifying circnit is connected elec-
tricaliy to the loeal lond speaker circuit and
to the local recelver circuit, thus being 'in
parallel with the original amplifying circuit.
Tre aconstic transmlssion of energy is thans
neatralized by the electric transmlssion from
the parallel circuilt. o

Patent 1,519,211 lssued to William H. Martin
of New York City.



340 The Experimenter for March, 1925

HE idca of this department is to present to the layman the dangers of the electrical current in a manner that can be understood by everyone, and that

will be instructive 100. There is a monthly prize of $3.00 for the best idea on “short-circuits.”” ILook at the illustration and then send us your own par-
ticular “Short-Circuit.” Tt 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!

[RY RIS

i

Beneath this stone Deep in this dust This spot is the grave

Rests Ann McNair. Lies Josephus McFain. Of Patrick O’'Dorm.
She was getting a drink His ‘trombone touched He listened in during
While curling her hair. The lighting main. A thunder-storm.
-7 —Dick D. \Woopwagp. —B. KowANnbpa.

e FARMER ELECTROCUTED |
o BY “LNE" WIRE FENCE |~

Monrae Famig, |17
[3 L0 .
s he | was  olecty s mo g

ire. 11

“:l,c,:,, ;'.. wore ‘i:tu-_ o
i | LIVE WIREKILLS BOY |
AS HE RESCUES PIGEON
iR Specal o The New Tork Times. |q‘

uid]| CHICAGO, Dec 8.~Edward Clark, 13 |
did | Years old. gave up his life to rescuc |
¢ | n_mother pigeon, whase feet had become

. | entangled A plece of string =he wa
ol trying 16 weave Inio hor neat. The |
bird had bullt n nest In a mass of
ellar | clectric wircs under the clovated rail- | st

filih way structure Roowing the dinger

‘B the.bird Incurred In establishing a home

am  amang the live wires. boys In the ne

ng- | borhood tried (o (righten ber away, but

she remalned,

thatl ‘Today tha boye diseovered her hang

relief [ Inc exhausted. one foot tungled Ia a |
v |plcce of string.  Edward voluntecred

This is the tomb
Of Silas O’Dell,
His umbrella tapped
The street-light shell.
—D. BErRNARD HEDRIK.

Here lies Johnny Hun
A prospective voter,
His support was a pipe
While repairing a motor.
P. W. ParLapiN.

In connection with our Short Circuit Contcst, please note that these Short Circuits started in our November. 1921, issue and have run ever since.
Naturally, during this time, all of the simple ones have appeared, and we do not wish to duplicate suggestions of actual happenings or short circuits. Every
month we receive hundreds of the following suggestions, which we must disregard, because they have alrcady appeared in print previously. Man or woman in
bath tyb being shocked by touching -electric light fixture or electric heater. Boy flying kite, using metallic wire as a string, latter touching an electric
line. People operating a radio autfit during a thunderstorm. Stringing an aerial, the latter falling on lighting main. Picking up a live trolley wire. Making
contact with a third rail. Woman operating a vacuum cleaner while standing on floor heating register, etc. All obvious short circuits of this kind should
not be submitted, as they stand little chance of being published.
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TH!S department is conducted for the benefit of everyone interested

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

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

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

in electricity in all its phases.

We are glad to answer questions for the benefit

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

Correspondents

Positive Plate Trouble

(501) Aaron Shapiro, New York City,
writes :

Q. 1. My storage battery gases exces-
<ively and the positive plates are losing the
active material on them. Could you explain
the cause of this?

A. 1. Over-charging often causes the ef-
fects you describe. It will loosen the active
material which then collects between the

separators and plates in the form of a fine
brown sediment. Overcharging sometimes
causes destruction of the plates and the sep-
arators by increasing the temperature. Great
care must therefore be taken that the bat-
tery be not overcharged, for excessive
charging will considerably decrease the
period of its useful service.

Q. 2. What are the effects of under-
charging a storage battery?

A. 2. Repeated undercharging of a stor-
age battery causes a gradual running down
of the cells, manifested as a progressive
lowering of the specific gravity and a tend-
ency of the plates to become somewhat
lighter in color. Such persistent under-
charging generally results in the exhaustion
of some of the cells before the others are
quite used up. Charging the battery until
the cells are again in normal condition
might remedy the undesirable effects of
undercharging. It should be noted also that
some authorities claim that a most frequent
cause of buckling of the plates is insufficient
charging. Too high a discharge rate is also
assigned as a cause of this trouble.

Water Vapor Detector

(502) D. T. Koshland, Buffalo, N. Y.,
asks:
Q. 1. Is there any electrical instrument

that will detect the presence of water vapor?
A. 1. We give here a view of a water
vapor detector developed recently. In the
closed glass tube are two platinum wires
sealed through the glass. These are con-
nected to copper wire leads inside. The
outside of the glass tube is coated with
platinum, after which a thin line is etched
around to break the continuity of the plati-
num surface as shown. This is done by
coating the tube with paraffin and scratching
a line through the wax and etching the
platinum with chlorine water. The tube is
filled with parafin.  Sulphuric and phos-
-noric acids or various hygroscopic salts are
used to form a conducting film across the
scratch. The resistance to alternating cur-
rent of the scratch is a measure of the con-
centration of water vapor present.

Short Circuiting in Storage
Batteries

(503) Car! Wehde, Springfield, Mass.,
inquires :

(). Some of the cells in my storage bat-
tery give an extremely low reading of spe-
cific gravity even when the battery is re-
ceiving its normal charge, and an extremely
low open-circuit voltage. They become
rapidly discharged. What is the cause of

this trouble, and how can I remedy it?

A. The effects you describe are charac-
teristic of cells which are short-circuited in-
ternally.  Short-circuits may be caused by
the breakdown of the separators between
the positive and negative plates, or by the
accumulation oi sediment upon the bottom
of the jars. Sometimes it is due to the
formation of a tree-like structure of lead
over the tops of the separators from the
negative to the positive plates.  We cannot
tell which of these causes are active in your
battery. However, in all such cases of
internal short-circuit we would recommend
a complete dissembling of the cells, a thor-
ough washing of the jars; and an examina-
tion of the separators which if found detcc-
tive should be replaced by new ones.

Strange Static

(504) L. M. Norman, Pasadena, Calif,,
writes :
Q. 1. I was recently pouring kerosene

from a tin can into an ecarthenware con-

A very curious plienomenon due to static ex-
cition of a non-electrolytic liquid.

tainer and was much surprised when, with-
out the presence of any flames, a small ex-
plosion occurred at the mouth of the receiv-
ing vessel Could you explam the cause of
this explosion?

A. 1. The friction of the kerosene wh-le
it was poured generated static electricity and
so the liquid poured into the vessel became
charged. The earthenware vessel being an
tnsulator allowed the kerosene to retain and
accumulate this charge. While pouring you
brought the mouth of the tin can near the
receiving vessel and the spark discharge so
caused ignited the explosive mixture of
hydrocarbon vapor and air above the con-
tainer. In pouring kerosene or other explos-
ive liquids, both vessels ;should be carefully
grounded.

While filtering kerosene in our laboratory
we noticed a beautiful manifestation of this

static electricity. The friction of kerosene
against the filter paper generated enough
static to cause thin streams of kerosene to
spout from the edge of the funnel (see Fig.
1), giving the appearance of a miniature
fountain.

Sulphation of Storage Battery
Plates

(503) F. Hartmann, Budapest. Hungary,
a.ks:

(). What is mecant by the sulphation of
siorage battery plates?

A, According to one theory of operation
of lead-plate storage batteries, lead sulphate
is formed and deposited on the plate when
the battery is discharging. This lead sul-
piate is reduced by the chemical action oc-
carring during the subsequent charge. If,
however, the battery is allowed to stand in
a discharged condition for a long time, this
snlphate deposit will harden and the battery
will become difficult to charge. When the
battery is in this condition it is said to be,
“sulphated.”

Excessive sulphation may also be caused
by an increase in the quantity of acid above
the normal amount used in the cell. It is
not an infrequent practice among amateur
experimenters to add acid to the cell when
the latter is in a run-down condition, in
order to obtain a little more energy from
it. This practice generally results in the
formation of excessivc sulphate. 1f the bat-
terv in this condition is charged. fully the
specific gravity will become abnormally high
and the acid may injure the separators.

Telephone Repeaters

(506) 1. C. Schneider, White Plains,
N. Y., writes:
Q. 1. I have heard that radio vacuum

tnbes are used in wire telephony. Will you
please explain the function of these tubes
in a telephone system?

A. 1. The length of wire over which
audible and distinct messages can be sent
e limited, and when it is desired to com-
municate over distances exceeding this limit
it is necessary to employ some device that
will repeat or relay the message with added
energy at points on the line where messages
would otherwise become too weak. IMig. 1
illustrates one form of this repeater. Mes-
sages are impressed on the grid circuit of
the tube and are amplified in the plate circuit
and transmitted on the output side of the
svstem.  This tyvpe evidently is a “‘one-way”
repeater, for messages can be sent in only one
dircction through it. In Fig. 2 a “two-way”
repeater is represented. Modulations of the
current from either side of the line may be
impressed on the grid circuit of the vacuum
tnbe and fed back to the line from the plate
circuit. The coils (L) are inserted to bal-
ance the line which would otherwise become
wbalanced by the transformers (T). Some-
times a condenser is placed in the plate cir-
cuit to prevent continuous currents from cir-
culating. In this case only the high fre-
quency modulations of this current will
traverse the plate circuit.
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HOLEYIN WHICH TO PLACE
LEG OF BALL USED AS
CAPACITY C,

By Lester Reukema
(Continued from page 308)

The Experimenter for March, 1925

Hiqgh Voltage Experiments
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The. 11lustrations at the left show details of a seven-foot high-frequency coil used at the University of Californla.
and can be constructed.at very little cost by any amateur experimenter,
details of its construction are shown on another page,

of close to a million volts into their bodies
through a saber. The sensation produced by
this high voltage is powerful, tensing all of
the muscles of the body, but is not painful.
At our show this year a large number of
persons in the audience, including a six-year-
old boy and about thirty young women, took
the discharge into their bodies in this way.

The really spectacular part of the perform-
ance comes when the ball is removed from
the top of the coil and a man substituted in
its place. Since at least cight feet clearance
must be allowed between the man’s head
and the ceiling, we place the man on a table
alongside the coil, instcad of on top of the
coil in the position of the ball. Any method
of contact would be satisfactory. We for-
merly fastened the man to the coil by means
of a band around the arm, the band being
connected to the coil. However, when large
amounts of energy were heing u 2d, the cur-
rent density on the arm became so great as
to be painful, so that now we have substi-
tuted therefor a tub full of salt water, the
tub being connected to the coil by braided
wire. The salt water conducts the current
from the tub to the feet, and since it comes
into contact with the feet and legs over a
considerable greater area than that of the
arm band, it allows very much larger amounts
of energy to enter the body without dis-
comfort. The tub is insulated from the
floor so as to prevent flashes to ground. We
use two tables for this, one on top of the
other, The large flames pouring out of the
twisted wires held in the hands (Fig. §)
arer? "measure of the amount of energy
trg{‘% ing up through the body. The only
reagdon for causing the electricity to leave
thid bunch of wires, instead of leaving the
hands directly, is to prevent the hands being
burned.

It is not necessary to hold anything in the

.

hand to get a discharge. However, when
the flames come directly from the fingers,
it is necessary to wet the hand and then
shake it rapidly, so as to prevent the flames
from coming for more than an instant from
one spot. Unless this is done, burns are
sure to result.

If both hands are held close to the body
the flames come from the head instead of
the hands. The smile on the face of the
man in [Fig. 8 shows that the sensation of
being charged to almost a million volts,
while powerful, is not painful. Sometimes
a more concentrated discharge, as, for in-
stance. that shown in Fig. 9, sets fire to
the subject’s hair. Of course, a fire would
always result if the hair were not kept
thoroughly wet.

One way to prevent setting fire to the
hair is to wear a metal crown as in Fig. 10,
In this case the flames come from the points
of the crown instead of from the hair.

C;
SPARK GAP)
SOURCE
OF _L L, L,
POWER -
¢
POWER '
TRANSFORMER =

The diagram illustrates the connection of the
Tesla coll to a power transformer. A condenser
C1 is constructed of a large number of mlilk
bottles containing salt water, themselves im-
mersed in a large pan of salt solution,

At right Is shown a very simple adjustable guenched spark gap.

The coll 1s extremely slmple
The

IFig. 12 shows the reason for the swim-
ming suit seen in some of the other pictures.
Here the student, sitting up to his waist in
water, seems to be getting quite a kick out
of his weekly bath. It is fairly certain that
po man in the history of the human race
ever got more of a thrill out of his tub.
This picture also shows how hard it is to
prevent energy from leaking out on all sides
when using these high voltages. Streamers
of flame are seen pouring from every corner
of the table,

Some of the stunts illustrated required a
strong control of the nerves, as, for instance,
maintaining an intense power arc between a
rod held by the man in contact with the coil
and another one in the hand of a man on a
nearby chair. This represents a current of
several amperes on the surface and even in
part through the body, and is a real test of
3 man’s ability to stand an extraordinary
powerful sensation. The sensation is not
one of pain, but the inexperienced brain will
usually diagnose it as such. The brain does
rot know how to classify it. so considers it
pain. and sends a message to the arm to pull
the hand away from danger. How strong
a power arc a man can stand depends en-
tirely on his mental attitude. If he is able
tn tell his brain that it is mistaken in its
diagnosis, he can take all of the power that
the apparatus is capable of giving with a
smile. One stunt that always provokes ap-
plause is the pulling of sheets of flame fron.
any place on the body of the man who is
connected to the high voltage. Of course.
the body must be wet to prevent burns. A
favorite stunt is to wave sheets of paper
within a few feet of the body, the flames
which shoot out setting the paper afire.

The experiments can easily be performed
by anyone at a very small cost for apparatus
and without any danger whatever.
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a slow development of the image will be
seen, resembling the development of the pho-
tographig¢ plate in its bath.

If we examine it with a microscope, a mul-
titude of little droplets will be seen, which
constitute the image. They have been counted
and the number was found to be 218,000 to

A modlfied form of ionoplasty apparatus is
shown above. The glass bell jar of the previous
type is here replaced by a metal case. This
form was specially designed for coating large
telescope mirrors with silver film,

the square millimeter, which is 1/647 of a
sq. in. The part protected by the screen
showed only a few drops widely dispersed.

The explanation of this phenomenon is
very simple; each of the particles of silver
projected upon the unscreened portion of
the plate became the place on which the mer-
cury condensed, and the resulting droplets
each attached to a little particle of silver,
led to the interesting result, that in count-
ing the droplets of mercury the particles of
silver were also counted. The result of ap-
plying the balance was that each grain of
silver as projected weighed six-millionths of

a milligram, and a milligram is .015432 of _

lonoplasty
(Continued from page 311)

a grain. Fiity millions of particles are
distributed owver less than one-quarter of a
square inch of the surface, and they are
comparable to grains of cement thrown
against the wall by the mason's broom in
stuccoing operations. So fine is the divi-
sion and so close are the particles that the
deposit appears as a bright mirror.

Ionoplasty is the most practical means at
our disposal for coating insulating material
such as glass and porcelain with gold, plati-
num or other heavy metal. I the deposi-
tion of silver, it can in certain cases be ad-
vantageously substituted for chemical plat-
ing; this applies to picces of moderate dimnen-
sion, and it is interesting to note that the
reflecting power is superior to that of the
chemically deposited film.

Sometimes silver articles of glass such as
the mirrors of reflecting telescope show
spots on which the silver has disappeared or
lost its reflecting power. To resilver the
whole surface might be quite an expensive
operatiun, bat by applying this process to
a limited arca of the object the defective
place can be covered pericctly.

The apparatus shown in one of the dia-

The deposit resulting from a short exposure
to ionoplasty when examined under 8 micros-
cope will have the appearance of the picture at

:h{e right. The untreated plate is shown at the
eft.
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grams is for this purpose; here the bell (A)
is ¢f metal and forms in itself the anode.
It is pressed against the glass and packed
with an India rubber ring (N) against the
glass (I.) which is to be repaired. A brass
tube (V) carries the cathode and through this

At the top Is shown a very high metalllc reslst-
ance consisting of a very thin film of ionoplas-
tic sllver, Buch resistances are high enough to
be used as grid leaks in radio, where at present
metnls are rarely used for this purpose., Below
is another form of lonoplastic apparatus.

the air is exhausted. A quarter of an hour
suffices to give a perfect coating of silver,
which can be protected afterward by var-
nish. It is an admirable way of making
high metallic resistances for use in radio,
or for the volometer and one of our illustra-
tiors shows such a resistance.

These are cspecially the scientific aspects
of the case, but the same process will lend
itself to very beautiful decorative effects, in
gold plating china and glass ware.

Abstract from Article by L. Houllevigue in
“La Science et La Vie”

The Ark of the Covenant

to New York you need any help in giving evi-
dence to the police, you'll find me at the National
Metallurgical Bank—Mr. Lamont and my me-
chanie, too.” i

“Thanks, young man,” said the sailor. “Now
:ibout these hands you want. Here you—Clark!”
be said to a seaman who was standing by. “Nip
along to the officer on duty. My compliments,
and will he kindly muster as many hands aft as
he can spare?”

*'Aye, aye, sir!" X

I will say for the British seaman that he is
a handy fellow. The Merlin was no small weight,
but Milliken and a quartermaster, with the aid
of a score of men and a few rollers, soon had
the seaplane round with her engine pointing _to
sea on the port quarter. It was now a question
whether we should risk taking off with our pas-
sengers aboard or get safely afloat—which was not
at all a certainty—and pick them up from one of
the ship’s boats.

Lord Almeric appeared with his secretary, and
she—weil

Miss Torrance Appears

If T had thought of the sccretary at all, I had
thought of her as one of those efficient women,
hard, competent—the sort of woman mne can ad-
mire for qualities one would rather sce in men.
But Miss Torrance was just sheer girl. The littlest
thing, until you got a good look at her, and then
you saw that it was her ways rather than her
size that gave the impression. She had the same
clean look as my Merlin—silver and blue—only
her hair was gold—and there was nothing the
least bit cold about her. I was willing to bet
that she was as competent as any he-woman alive,
for when I took hold of her neat little hand on
Lord Almeric’s introduction, I was reminded some
how of Milliken’s clever fist.

I spoke to Lord Almeric about taking off.

“I take it that you don’t think you'll come a
purler?” he asked.

“There’s a good chance that we may,” said I.
“I shouldn’t like to have a lady aboard *

“You will make me feel extremely uncomfort-
able, Mr. Boon,” Miss Torrance interposed, “if
{{)}u don’t treat me exactly as you would a man.

e won’t sink, if we do capsize?”

“Oh, no."

“Then it seems to me that we ought to risk

(Continued from page 307)

it. Sir Peter has bcen delayed enough without
having to put off a boat for me. DPlease don't
consider me.”

I looked into her eyes. She was as genuine as
the Koh-i-noor.

“Thank you,” I said.
aboard, then?”

We said our good-byes, and we all climbed
aboard save Milliken, who stood on a float to swing
the propeller and to give the signal for release.
The score of men took hold of her wherever they
could.  Milliken swung the propeller. Contact!
Full throttle. The Merlin gathered strength and
began to slide. I waited until the ship Dbegan
to rise on our side, then dropped my hand to
Milliken—and we shot out over the water. Next
moment we were circling the Parnassic to a cheer
that was led by Sir Peter Weatherly himself, who
stood sturdily on his damaged awning, and waved
his braided "cap in hearty farewell. The great
;lnp began to gather way as we sped ahead of

r

“Will you please step

Milliken climbed through the hatch with his
usual air of complete calm, and began to be busy
with hampers of food. Presently, eating a sand-
wich the while, he silently ousted me from the
pxlos's scat so that I might brcak my fast.

Naturally, the main topic of conversation as

we ate sandwiches and drank coffce was the
piratical raid on the liner, but we soon exhausted
the subject for lack of explanation of the mysteri-
ous sleep, and Miss Torrance then wanted to know
what everything on the Merlin was for. Old Milli-
ken, with a grin all over his ferocious mug, nodded
at the wireless set. It was a bright idea and, hav.
ing lowered the aerial, I fixed the receivers over
her ears, switching into the phone attachment.
. T can hear someone talking.” she laughed de-
lightedly, “and he's got the loveliest gruff voice!
Oh, take this quick, somebody—something has
ha?pencd to another ship!”

[ stopped her from taking off the eap, and
switched into the open receiver.

Gasollne Taken from a Navy Ship Mysteriously

“Yes, si1r1” came the harsh voice, with an un-
mistakable New England twang, *U. S. oil
carrying steamer Westbury. We were slowed
down by a red riding-light floating ahead of us,
and a message came from the battleship Argomne,
telling us to heave to ‘because of danger ahead.
At eight bells of the middle watch, sir. Since

then we don’t know a dern thing of anything,
except that our forrard tank is short of 3,000
litres of the highest grade aviation spirit by the
gauge. Yes, sir. And there ain't 2 man on the
ship, sir, that can say what was doin’ in the last
two hours. An' what I wanna know, sir, is—
what the roustin’ hell’s bells of Jeeroosalum the
U-nited States navy’s playin’ at with one of the
United States oil freighters? I wanna know what
prinked-up, bullion-ornamented, lime-juice-weaned
sonofagun in a skin-tight u-nifo'm has had the
sass——1""

The rest was verbiage. I dissed the radio and
looked at Dan and Lord Almeric, who were sitting
stde by side, open-mouthed. His lordship was the
first to speak.

“Farragut, by Jove!” he said. “Riracy plus the
knowledge of the twentieth centusyl

CHAPTER VI.
KIRSTEEN

I.

Lord Almeric’s Nleees

We had left the Parnassic at about 6 o'clock,
New York time, with a flight of nearly 1,200
kilometers before us. Keeping the Merlin at a
steady four-sixty per hour, we expected to make the
Battery soon after half-past eight.

From the bearing which the radio indicator had
given us of the IVestbury's position, Dan and I
plotted out her relation to the Parmassic at the
time of the raid, and found that she had been just
over 60 kilometers from the liner. She was prob.
ably one of the freighters we had sigkted in ap-
proaching the Parnassic.

Now, the hour given hy the Westbury’s skipper
as the time when she was brought to—eight bells
in the middle watch, or four o'clock in the marn-
ing—revealed the astonishing fact that the raid
on the Parnassic had been pulled off, sixty kilo-
meters covered, and the oil-tanker stopped, all
within an hour. Even at record airship speed, the
flight between the two vessels would occupy nearly
25 minutes, which left 35 in which to board the
liner, break open the strong room and specie boxes,
and remove 3,000 kilos of gold before casting off.
It seemed incredible that one group of pirates
could have effected the two operations.

We tried to work out the raids with every con-
ceivable type of craft, taking into consideration
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Is Life a Form of Electricity

which are pictured by the iron filings and
the material manifestations of those lines of
force, along which the magnetic action is
exerted.

Around the pole of a square magnet we
see lines of force extending from each of its
four sides. But if we put beneath the paper
covered with filings, not one pole, but two
magnetic poles, the appearance of these mag-
netic phantoms become entirely different.

Fig. 2 shows us the distribution of filings
on a sheet of paper under which we have
placed two magnetic poles of opposite sign—

The cross-sectlon of a tree shown above bears
a striking resemblance to the magnetograph of

two like poles,

a north pole and a south pole. We know,
by the laws of magnetism, that two poles
of opposite sign attract each other. The
“lines of force” manifest, therefore, a spe-
cial curvature, passing from one pole to the
other, and by the direction along which the
filings are aligned, they materialize the direc-
tion of magnetic attraction between the two
poles.

On the other hand, if these poles are of
the same sign, they repel each other and the
lines of force then present the appearance
of Fig. 3.

If we place a straight magnet flat under-
neath a sheet of paper the particles of filings
distribute themselves as shown in Fig. 4,
and if we place there a horseshoe magnet,
the arrangement of filings presents the ap-
pearance of Fig 5. All these “magnetic
spectres” were obtained by Professor Stan-
oievitch with the aid of a camera.

The intensitics of the magnetic forces
around a single pole (the case of Fig. 1)
are the same at equal distances from the
pole. If, thercfore, we cunsider concentric
circles whose center is a pole, all the filings
situated on one of these circles will be at-
tracted by equal forces. These circles are
called equipotential lines, to use a technical
word, and physicists make important use of
them in their calculations. Equipotential lines
always cut the line of force at right angles.

Now, in living nature, we find remarkable
examples of lines of force and equipotential
lines, at least in the vegetable kingdom. Let

(Continued from page 312)

us take a radish and cut it along a section
as square (Fig. 6); we sce with its axis
the lies of force extending from the cen-
ter toward the circumference and the equi-
potential lines cutting the former perpen-
dicularly, and describing concentric circles.
FFig. 7 represents a transverse cut of the
trunk of a fir tree; here the eyuipotent:al
lines appear alone, but with an impressive
clarity; as to lines of force they are orly
manifested here by the radial cracks which
are produced in the trunks of the trece. The
analogy with the figures obtained around the
magnetic poles is truly striking, and can
escape no one,

But if we take, not a simple plant section,
but a complex section, for example, the sec-
tion made in a branch, above a bifurcation
of a main trunk, we find in this case the
representation of lines of force which are
produced through two magnetic poles. Here,
for example, is a section in the trunk of a
chestnut tree at the place where it separates
into two branches (Fig. 8). We see tae
lines of force, described with great clearness,
assume the appearance of the magnetic lines
of force of kig. 4, where the repilsive ac-
tions of two like poles is rcpresented.

Lines of Force of Plants

We can go still further in taking points
of comparison in the domain of electromag-
netism and in determining what is the dis-
position of lines of force in the electric
field formed by two poles of somewhat dif-
ferent intensities but of the same sign.

We cannot explain within the limits of
this article the theoretical considerations by
which the forms of these lines of force and

Lines of force to be compared with the lines
on cross sections of vegetation,

these equipotential lines are determined. We
shall simply give the geometric figure which
represents  graphically the results of the
calculation. We see around cach pole lines
of force bent back upon meeting those which
repel them and deviate them from their first
direction and we see the equipotential lines
which, enveloping the two poles in their im-

mediate vicinity, are deformed in such a
manner as to envelop together the two poles,
assuming vaguely the form of a guitar.

Such is the result of calculations,

Now, what does reality show us? An
identity truly complete.

Fig. 10 shows a scction made an inch or
so above a branching of a chestnut tree. All
the details of the theoretical figure appear
here with the clarity of a diagram—devia-

e A > . —— -

The cross-section of a flr tree illustrated
ahove shows concentric rings analogous to the
equipotential lines of the electrostatic fleld
arouid a single charge.

tions of lines of force which repel each
other, curvature of equipotential lines which
end by comipletely enveloping the two poles;
nothing is lacking for the similarity, or
rather, for the identity to be as complete
as we can hope,

We can calculate the form which the equi-
potential lines must assume in the case of
an “electric field” disturbed by the infusion
of two magnets; the diagram which repre-
sents these calculations is given in Fig. 11.

Now, in the “cellular ficld,” which deter-
mine the alignment of cells, there may be
a disturbing element anologous to a magnetic
pole which penetrates into an electric field;
this is the knot in wood. Welil! here is a
rcal disturbance, caused, in a fir tree, by the
presence of two knots (I7ig. 12) : the identity
between the two forms, that of the then-
retical diagram and that of the alignments
in a wooden board, is complete.

Professor Stanoievitch has not attributed
to animal tissues the manifestations of laws
which appear in so striking a fashion in the
case of plants. However, he has remarked
that on the tecth of elephants and that on
ivory in general one can notice striations,
which fact seems to prove that there. also,
the cells align themselves according to pre-
cise and perfectly definite laws.

And so, we find in entire nature, life under
the form of movement; and this life hers
is manifested by the same laws in the skies
as in the atoms, in inert bodies as in living
ones. .

CThe Ark of the Covenant

the time factors and the 6,000 kilos weight in gold
and oil that had been carried away. We even tried
Dick Schuyler’s idea of a motorship, giving her
the highest known speed for sea-horne craft, but
we found the thing impossible, despite the fact
that we provided her with hydroplane type of
power boats as auxiliaries. We were inevitably
brought back to our airship.

When we came to consider what kind of ma-
chine would have made possible the whole series
of operations—from the gasoline station at Newark,
Wall Street the Parnassic, to the descent on the
IV estbury—the weight of the evidence was strongly
in favor of a dirigible of the very latest type; and
the abstraction of the gasoline from the Newark
station and from the IVestbury was an additional

(Continued from page 343)

support to the idea, since an airship carrying ont
these operations would certainly nced to replenish
her fuel.

We imagined the pirates operating from a base
within a day’s flight of New York and, judging
from the raid on the Parnassic, probably situated
over the Canadian border. The weakness of the
raider’s position in using a dirigible or dirigibles
for their operations lay in the conspicuousness of
their craft, and of the sheds necessary for docking
them. We did not lose sight of the possibility
that the pirates might he masquerading as a corpo-
ration engaged in civilian transport. A few such
companies wecre in existence, despite the popular
prejudice against the so-called “lighter-than-air”
machines on account of the structural weaknesses

which in the latter secemed to be past curing. But
every dirigible that took the air, whether experi-
mental or otherwise, could only do so under permit
or license from the government. It would present
no great difficulty, therefore, ior the police to run
to earth any unregistered airship on American
territory,

With the help of Lord Almeric and Miss Tor-
rance and an occasional word from Milliken, Dan
and I decided on a present plan of action. If the
raiders had used an airship, they would now be
making for their base and could not be far away
from us in the air. To escape detection they
would probably get to as high an altitude as pos-
sible.  We determined that, while keeping our

(Continued on page 350)
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FREE—25¢ Book on Wood Finishing
= [t Tells:

How to stain wood artis-
tically,

How to refinish old
wood in stained and
enameled effects.

How to remove old paint
and varnish.

How to fill unsightly
~ germ - catching cracks
in floors and wood-
work.

A S

How to secure a beau-
tiful emamel finish.

/ 1 ._: ; i i I ':. : ;:IEII i I"I___ " .1‘.. A ' ¢ : -

. RN | ([ 2 T AR | JOHNSONS

How to make your home gt d : it lI wnon DYE
m o re artistic, cheery
and inviting.

How to keep floors,
woodwork and furni-
ture in perfect condi-
tion.

How to finish soft and
hard woods.

—

If you have a hobby for making cabinets, furniture, radio boxes, etc.—you will find our Book invaluable.
For, naturally, you want to give your handiwork a beautiful finish. Our Book gives complete instructions for
finishing all wood—hard or soft, old or new. Tells how to make soft woods beautiful as hardwood. It is the
work of experts—beautifully illustrated in color. Gives covering capacities—includes color charts, etc. Use
coupon below.

JOHNSON’S WOOD DYE

(Penetrating)

Johnson’s Wood Dye is very easy to apply. It dries
in four hours and will not rub off or 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 Oak
1130' %g? g’"’k ﬂlﬂ(}h(;'gany No.130 Weathered Oak
0. rown Mahogany

No.329 Red Mahogany xz. i;g f’lofmoi::Oak

No.120 Fumed Oak : .
No.178 Brown Flemish

No. 123 Dark Oak

No.126 Light Oak No.131 Walnut

No.124 Golden Oak No.140 Early E nglish

No.160 Brown Oak No.180 Gray

All shades may be easily lightened, darkened or inter-
mixed. 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 and give you a copy of the
Johnson Book.

]
S. C. JOHNSON & SON, Dept. Ex. 3, RACINE, WiS. :

“The MWood Finishing Authorities®
(Canadian Factory—Brantford)

——
SERVICE
EPARTMENT

P -y

l ]

Please sead me free your Instruction Book on g
Home Beautifying and Wood Finishing. I enclose g

10¢ to cover postage and wrapping. .

[]

ARTISTIC MY DEALER IS......c.oiiiiiiiiieinnnnnn.. :
woons My Name ......ooiiieiiiieiiienennnnennnnn. :

\ (BT Address ...oiioiiiee '
FINISHE AR '
City and State.............covviiinrennnnn. .. :

it L L E L L LYY YT Y
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How This Man

Won Success
As an Electrical Expert

General Manager of his company at 28 years of age!
His own boss—owns his home—married and happy and
prosperous—that’s the remarkable success achieved by Wal-
Isce H. Rohrschneider, now General Manager, Secretary and
Treasurer of the Hustisford Licht, Power and Manufactur-
ing Company of Hustisford, Wisconsin.

Mr. Rohrschneider got his start toward his quick and
brilifant success at School of Engineering of Milwaukee.
There he recelved the practical, Intensive and speclalized
training that enabled him to make good in a big way.

Why Don’t You Get Into
This Big Pay Field?

The same kind of training that put Mr. Rohrschnelder
into the ranks of the highly-pald Electrical Specialists will
quallfy you for brilllant success in this fascinating fleld of
unlimited opportunities, Come to America's Greatest In-
stitution of Elestrieal Education. Learn by actual practice
n our big laboratories with their magnificent equipment,
ncluding motors, dynamos, switchboards. {ignitlon and
ighting systems, ete. Recoghized experts give you personal
nstruction every step of the way.

Earn Your Way Through
This Great College

You c¢an earn money to help defray your expenses while
you sre learning. Our wonderful co-operative plan brings an
Electrical Career within the reach of every ambitious man.
Our Free Employment Department secures positions for thote
students who wish to esrn part of their expenses. In addi-
tion. the Department will heip you get a good position Io
the Electrical Industry when your training s completed.

BiG BOOK FREE—Mall the coupon today for our big
new {llustrated catalog. Check the course that Interests you
most and we will send you special informeation. Read about
the Bchool that tralns men for practical and quick succeas.
8ee how easy it is for you to get the training that will
enable you to step to a splendid position and a handsome
incoms.  Matl the coupon right NOW. No cost or obiigation.

GCHENL of ENGINEERING
of Milwaukee
Oent, PE-325A, 415 Marshall St., Milwaukee, WIis.

MAIL COUPON NOW
e e e R ]

S8CHOOL OF ENGINEERING OF MILWAUKEE
Dopt. PE-325A, 415 Marshail St., Milwaukeo, Wis.

Please send me without any cost or.abligation, full partieu-
lars of the electrical course 1 have checked and your big
Froe Book telling about your institution and how 1t will fit
me for 3 big position in the elecirical fleld. Also tell me
about your Earn-While-You-Learn plan.

(Check courses Interested in. and

be sure to give your education.)

—8¢chool of Practieal Efectricity—6 months or 1 year csurao.
Complete general course, cotering entire_electrical feld.
={nstitute of Electrotechnics—12 to 30 months® course.
Practical electrical training combined with thorough Acad-
emic education.

olfege of Electrical Engineering—3 years' cour<e. Reg-
ular collegtate work granting 3. S. Degree. 11 Hizh 8chool
units or diploma from our Institute of Electrotechnics re-
quired for entrance.
~Commercial Electrical Engineering—1 year course. Thou-
sands of Trained Men wanted In this new profession. 14
Hich School units or diploma from our Institute of Electro-
technics required for entrance.
=Schoe} of Automoetive Electricity.
—Auto Electricai Service Engineering—1 year courss.
—Automotive Electricity—3 to 6 monthe,
—Radio Sales and Service.
=—A.C. and D.C. Armature Windinp and Motor Generator
Course—3 to 8 months’ enurse. lrief, but intensely prac-

tical, leading to well-payine positions,
«=Eloetrical Home-Scrvice Training with laboratory facili-
ties, for those who csnnot come to Milwaukee.
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The Klydonograph
(Continued from page 310)

Lessons in Elementary
Glass Working
(Continued from page 321)

The klydonograph in its simplest form is
indicated in Fig. 1. The photographic plate,
of course, must be in a dark box. If a
voltage is impressed between the terminal
and the ground plate, as at (E), on develop-
ing the photographic plate, figures will ap-
pear which will give pertment information
concerning the nature of the voltage im-
pressed. If, for instance, the voltage is in
the form of a surge that is unidirectional,
with a sheer front or a tapered front, the
figure of the photographic plate will differ-
entiate between the tapered front and the
abrupt front and it will also indicate whether
the surge was of positive or negative polar-
ity. The diameters of the figures also give
a measure of the magnitude of the surges,
although the positive and negative figures
have quite different calibrations, the figure
for the positive surge being considerably
larger than that for the negative surge of
the same magnitude.

For practical application, the instrument
is made continuously operative and is capa-
ble of recording the exact time of the occur-
rence of the disturbance. Fig. 2 shows a
klydonograph suitable for such application.
This instrument makes use of a 10- and 12-
inch plate in a special plate holder. The
moving parts are driven by a clock that
makes one complete revolution in 24 hours.
Fig. 3 shows a method of connecting the
kilvdonograph to the line. Since this instru-
ment is practically a zero current device, it
is possible to connect it to the line electro-
statically. This makes it possible to con-
nect to a high voltage line without introduc-
ing an insulation hazard. With the klydoro-
graph connected as shown in this figure, the
figures produced give the magnitude and
polarity of the surges.

Fig. 4 shows a method of connection that
will give the steepness of the surge front.
A counterpoise is run underneath or along-
side the transmission line for 1,000 or 2,000
feet, with the far end grounded directly and
the near end grounded through a high im-
pedance. The klvdonograph is then con-
nected across this high impedance to ground.
The voltage induced in the counterpoise is
a measure of the steepness of the current
wave, and since the current wave and the
voltage wave have exactly the same shape,
it gives a measure of the steepness of the
surge front. By comparing simultaneous
readings of the klyvdonographs, one connected
to the line through the electrostatic potentio-
meter and the other to the counterpoise, the
following information concerning the surge
can be obtained: magnitude, polarity, steep-
ness of front, and the direction in which the
surge is traveling on the toransmission line.

Magnitude and polarity are obtained di-
rectly from the first klvdonograph, steep-
ness of front directly from the second, and
from the relative polarity of the two figures
the direction in which the surge is travel-
ing is obtained: that is, if the polarity of
the two figures is the same, the surge is of
the same polarity and is traveling in a direc-
tion fixed by the manner in which the re-
corders are connected to the svstem. If the
figures are of different polarity, the surge is
of the polarity indicated by the recorder con-
nected to the potentiometer and is going in
the opposite direction to that of the one pre-
viously mentioned.

The klydonograph is one of those inter-
esting scientific appliances in which one dis-
tinct branch of science is called upon to
help out the other. Here we find the sensi-
tized electric film used to register the passage
of an electric surge of extremely short
duration.

end of a tube and then blow a bulb in
the end, but such bulbs are thin and are
unsuitable for apparatus work. To form a
useable bulb on the end of a tube proceed
as shown in the figure.

One end of the tube used is first drawn
out to a point as shown. This narrow
part should be from two to three inches
in length depending upon the diameter of
the tubing. The tube is then heated imme-
diately back of this reduction until soft and
then pressed in slightly. This is done in
several places as shown in (b) until suffi-
cient glass is collected to form the bulb.
This compressed and ribbed area is then
heated as a whole with a large brush flame—
until it smootlis out and assumes a sym-
metrical appearance. Often, the tube must
be blown into during this step to prevent
it from collapsing. \When ready the bulb
is then blown into the desired diameter,
using great care in blowing and employing
a succession of small puffs rather than one
continuous effort.

Welding Glass Tubes and Rods

Complicated pieces of physical and chem-
ical apparatus are often made by welding
together several parts separately made. In
welding glass it should be borne in mind
that only glass of identical composition can
be successfully welded. It is even better
if the pieces joined come from the same
lot. It is frequently required to join two
tubes together. These tubes may be of the
same or different diameters. In case the
tubes are of the samne size proceed a3
follows. Border slightly the ends of the
tubes after the manner previously described.
Then close the opposite end of one of the
tubes with a small stopper. Now heat the
two bordered ends at the same time in the
blowpipe flame, using a fine flame so that
only the very ends are heated to an almost
molten condition. When they are nearly
melted bring the two tubes together care-
fully with enough pressure to make them
adhere together. Then with a fine pointed
flame heat successively each point in this
rough joint to redness, blowing carefully at
the same time into the tubes in case the
junction shows any tendency to collapse. If
the finished joint is too large in diameter it
must be carefully drawn out and reduced.

In the second case where the tubes have
different diameters the large one is always
drawn out and severed at a point where the
diameter equals that of the smaller tube.
The procedure is then the same as when
the tubes are of the same diameter. An-
other elementary welding operation consists
in joining a tube to the side of another one.
This is done as follows.

The second tube to which the attachment
is to be made must first be pierced. The
method is to heat the tube at the desired
point with the “ncedle” flame, the smallest
flame the blast lamp will give. and then tn
blow out this spot. The ends of this tube
are now closed with corks and the second
tube whose end has previously been bor-
dered is then joined as described above.
The joint should be properly finished by
blowing and reducing until an evenly appear-
ing juncture is obtained.

Annealing Glass

All glass that has been heated must be
annealed. This is done by allowing the
glass to cool slowly to moderate tempera-
tures. The process of slow cooling removes
all internal strains in the glass. Unannealed
joints will break at the slightest blow.
It is very essential to anneal all glass work
if any degree of permanency in the finished
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Build the getxﬂm%mmcfmnw&o%

TROPADYNE SUPERADIO OUTFIT

Superior to
Super- Heterodyne

HIS Superadio 6 Tube Set

brings in Station KFKX

(Hastings, 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 here is com-
plete, as listed below, everything
needed 1s 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
mncludes 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.

NO. M4477

Your Money Refunded if this set does not satisfy
you in all respects—if after § days’ fair trial you do
not proclaim the TROPADYNE the best radio set

o ‘ever Hatened o Note These Important Features:
REAR VIEW OF DISTANCE, VOLUME AND TONE QUALITY equal to any
TROPADYNE  § tube sct sold anywhere at any price.

LOOP RECEPTION—OQutside aerial not to be used with this
set—the complete loop is included in outft.

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-
hoganite Cabinet and everything else necded, except tubes and
=> batteries.

ECONOMY and SIMPLICITY—This is not a reflex, yet six
tubes do the work for which other sets require eight to ten.

The Editor of Radio News Complete List of Parts:
f]'n'n:h'ie’e‘e‘iﬂ'?"33123.‘s\ige‘\vi’ﬂ.‘.’n;h:—Lﬁi’n".}iﬁn'g"g'35?"{3:&221"?1"h:s“;'é‘v“e'rk.} 4 RICO Tropaformers; 1 Standard Variocoupler; 2 Certificd Low
nml::h"'v‘gluugzs::lufnia:nl::ersahel;t'\]hbeeﬂl;sc'ie[rl::f\g\gnlzrgot:?l:t?:ﬁyui?duﬂ:l;‘:g 1; Loss 23-plate Condensers; 1 Calibrated Transformer; 2 Jacks; 3
x:‘l:;un‘lr.m‘Ulll,;qu{AuIlI'tllnc; zgc?u"lﬁ:ar’n;:el:lo 2?(251-{051':::"!1&:5‘{00;::; b::;l gg:: Fixed Co?denscrs; 6 Bakelte Sockets; 2 Vernier Dials; 1 I.{heostat;
tuned, 1t can be left this way, no further tuning being mecessars, I Potentiometer; 1 7x24 Panel; 1 7x24 Mahogany Cabinet and

““This system makes for maximum sharpness and maximum volume, A

n- Q PO = 1 a: 1. R
other outstanding point of superiority of the Tropadyne clrenit is that 1t Baseboard; 40 {t. Bus Bar Wire; 1 Folding Loop Aerial; 1 Grid

practically does no\t mdlato.!mereby not interfering wlhh other!nea‘rby re- Leak and Mounting; Binding Posts; Flexible Wire; 1 Bakelite
:sel;ér:ag(::iu’tl;_)nsﬁ u;lssrtx‘;\’:%l?cult:a tubes as well as an increase of se ectivity Binding Post Strip; 4 doz. Screws; Full Directions.

RADIO SPECIALTY COMPANY. 985S PARK PLACE, NEW YORK

Tropadyne Gets Europe! 32>’ SEND NO‘MONEY.

SEE OUR| & g a
. RADIO SPECIALTY CO., 98S Park PL, New York, N.Y,
~Rasahvsl 2bD, Aberdeen, on November 25th. Results pre - Please send at once one complete Tropadyne Superadio Outfit

: [ §
good, except noises. 11:30 to 11:40 talk, from 11:40 to ADNORH] + [gras advertised in February Radio News. I will pay postman or
12:00 piano number. Piano number good, talk poor. Used PAGES | g o pressman $60.50 upon arrival.

e 1618and | ¢
Tropadyne Circuit. 1619 W ENAME ... ouiatadanernnrasesnnnnnsersonnns st oot

J. Zimner, 157 James St., Newark, N. J. RADIO | W
’ ’ g & STREET RIED. uufsin ik . g g st 455 -+ §55 « 2 o-lieommt v v anry
The above has been verified by “Rapto NEws” X N or
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FLECTREIT ELECTINOT
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Paiwtr _CNOFT _CROFI CROF  CAor! _CROFT: CaDrY , CAGH
ey O T e O e

~_a valuable electrical
book—if you start on
the pay-raising Croft
Library NOW!

To all who subscribe to this pay-raising set
now we will give a copy of Taylor's great
book on Transformer Practice. This book
gives you the plain facts about the construc
tion, operation and care of tramsformers and
other static induction apparatus. It is a book
no man would expect to get free—it comes to
you with the Croft Library as a premium for
promptness.

The Croft Library

(A combined home-study course
and reference library)
8 volumes-—3000 pages—2100 illustra-
tions—flexible Keratol binding—
40,000 in use

Make yoarself worth $10 an hour!

In the eight books that make up uie Croft Library
will be found tie essentlals of a cowplete electrical
education.

Volume One, by Pulmer, contains a complete, practiecal
eourse ti mathematics. Volumes Two and Threo present
the fundzmental facts and theories of electricity and
its present-duy applications

Volume Four is a practicai working manual eovering the
basic principles, operation and_maiagement of commonly
used electrical machinery Volume Five thoroukhbly
eovers modern central-station practice.

Volume Six tells how to install wirini and apparatus for
practically all services under practically all conditlons.
Yolume Keien cavers the wirlng of finished bulldings and
Yolume Elght deals with tlie probiems of eleetric illumi-
nation, The man who masters the information contalned
in these eight standard handhooks has his future success
in the electrical field definitely assured.

Accept this great bargain offer
NOW—Insure your promotion

No course. no set of hooks offers a quicker. surer method
of mastering electricity than the Croft Llbrary. It Is
founded on practice—on work as It is actually done. Tt

jx jammed from cover 1o cover with the kind of hard-
headed, pay-raising facts yon want. Written so that
the berinner can easily understand it. yet so sound, g0
thorough that It s the daily guide of thousands of
highly paid electrical workers and engineers,  Croft
shows you how to master the finer points of electrieal
practice. Jle teaches you clectricity as experts know
it and puts you in line for an expert’s pay.

Free examination—ho money
down—small monthly payments

We want you to test our statements—we want you (o
compare the Croft books with others. Fill in and o
mall the coupon attached and we will send you o
the entire sct of eight volumes for ten dnys’ @
Free Examination. \Ve take all the risk—pay V)

all charges. You assume no obligation—you @

pay nothing unless you decide to keep the 4

books. Then $1.50 in ten days and U4

the balance at the rate of $2.00 a & MeGraw-

month, Send the coupon NOW and & MHill Baok

see the books for yourself. & Co.. Inc.
370 Seventh

When your first payment of $1.50 & Avenue

iz recelved we will send you
your free copy of Taylor's
Transformer Practice,

New York
" Gentlemen—
Please send me
the CROKFT LI-
& _ DBRARY OF PRAC-
Only ¢’ TICAL BLECTRIC
1ITY (shipping charges
7c & prepaid) for 10 days® free
examination. If satisfactory,
a € 1 will send $1.50 in ten days
D 7 and $2 per month untll $19.50
AY % has been paid. 1f not wanted,
I will write you for return ship-
¢ ping instructions. TUpon receipt of
this & my first payment of $1.50 I am to
& receive a copy of Taylor's Transformer
coupon & Practice without additional eharge.
today! " (Write plainly and fill in al lines.)

¢ Name
& Address
& Position ...
Compans
'O pany

Mail

«... Exp.3-1-25

work is desired. For small bulbs and ends |
of stirring rods, etc., it is enough to cover
the hot glass with a layer of soot from a
candle flame. Large pieces are best an-
nealed by wrapping them in cotton batting
or soft asbestos iabric.

Etching and Marking Glass l

There are three methods of successfully
inscribing marks on glass. There are:—
(a) The use of a writing diamond. This

| method is permissible only when a single fig-

| cation of the character of the solution.

ure or mark is to be made. \When making
graduations or numercus figures on glass ap-
paratus the methods below give more uniform |
and safer results. The use of a marking
diamond on glass apparatus is very liable
10 ultimately cause a iracture at that point
if the mark is made of any depth.

(b) This method depends upon the etch- |
ing properties of a solution of hydrofluoric
acid. This acid may be obtained from sup-
ply houses in wax bottles. The glass sur- I
face to be etched is covered witlh a thin
layer of wax and the desired markings |
written on the glass through the wax by
means of a sharp steel pomnt. The liquid
acid is then brushed over the wax by means
of a swab of cotton fastened to the end of
a handle. Care must be taken not to get
any of this acid on the skin as it forms
sores difficult to heal. Etchings made in
this manner are clear and translucent.

(c) This method although the most both-
ersome is the best one of all for it gives
white marks easily seen especially on grad-
uated apparatus. It consists in exposing the
waxed surface prepared as in the last method
to the fumes of gaseous hydrogen fluouride.
This gas is generated by the action of sul-
furic acid on fluorsphar. It is essential
to use a leaden trough to generate the gas
and to hang the glass picces over the top.

Travelling lons
(Countinued from page 319)

not destroy the filament if the bulb becomes
shorted with the battery. The solution to
be tested is poured into the beaker, the bat- '
tery is connected, and, if it is a good con-
ductor, that is, if the solution is ionized, a
current will flow through the lamp which
will then glow. This gives a visual indi-

When the ions touch the electrode, they
are discharged which induces a physical as
well as chemical change. But this is done
instantaneously and the atom reappears as
an ion by again being dissociated in the fluid
in which it is dissolved.

Salts in solution are ionized, and different
salts of the same metal will show many of
the same properties, as for instance the sarae
color, because of its common ion. If ioniza-
tion does not take place, widely different re-
sults might be expected. If a crystal of
cupric chloride is added to a few drops of
absolute alcohol (not 95%) which is a non-
conductor of electricity, the color of the
solution is an olive green, adding a few
drops of water changes the color slightly
due to decreased concentration, but the color
still is green and any change is due to the
slight ionization of the salt. Cupric nitrate
is blue in solution and the color is due to
a fuller jonization of the metallic part of
the salt.

Dissociation can also be illustrated by
heating. Here partial decomposition takes
place, and, on cooling, returns to its former
case. Ammonium chloride illustrates this
type of ionization very readily, because of
the difference in diffusibility of the dissocia-
tion product, whereby a partjal separation
is brought about. A few grains of am-
monium chloride are placed in a test tube
and through a two hole rubber stopper, a
long glass rod is passed. On this rod. moist
litmus paper is tied or even stuck by ad-
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the Price!
'Wide Reception

Py !
Send No Money C} arity ! /
To G Distance

THE NEW DE LUXE AMBASSADOR
WithSpecialFeatures--CanBeWired Easily--Quickly
TI[IS it enables you to baild a set that will compare with any

factory ballt set. Will bring In atl the distance you want- toud,
i i ird d nssembling chartthntcomeswithklt,
makea building eimple, easy. Ylug in car phones or loud speaker
R0d et Frisco or Now York. By building It yourself you save 60%%
KIT CONSISTS OF 1 {lennl:inrdGlns»-EnclosedGnd

1 Drilled 7x10 Radion Mahog- . o
anitePanel, EngravedinGold. | 2 ﬂ'{;‘gﬁ‘g“l_s"m“*’ﬂ Bakelite
3 Genuine Ambagsador Master | 2 Moplded'Mnhognny Dials

3-Cireult Litzendracht Tun- rained to mateh panel.
bi:;enplhs Professional Round

ing Coil,
1 Genulno Brunswick Low Loss
Condenser,
1 Triploid Mounting Socket. Rl
2P mounted,
2Premler Howohog Audie |, 5401\ Bluo Print for thia
) ck Understung Foun- circuit, Notanoroinary hook-
Beackets. | up,wut in clear yicture form
ck Jacks with Golde any child can understand and
Fronts; 1 for phones;

make.,
1 for loud spenker, All packed in handeome pox.
1 Freshman Mica Grid Cone

Complete
denser. Pt $27.95¢.0.0.
Send no money--juat mail poatalor letter today. Written money
back guarantee with every order. RADIQ SHACK. Amenica’s

us Bar,
1Set of 7 Instrument Finle
Binding Posts completely

leadlng
Sel

Lareeat Radio Deal Vesey St., Dept £T6 s Vsl

3% rapio

Storage “B” Battery
Lasts Indefinitely—Pays for Itself

12Cens
24 Volts

Economy and performance unheard of before. Recharged

at a negligible cost. A proved and listed as Standard by
dio Authorities cluding Pop. Radio 1.aborntories, Fov.
1. Inst, Standards, Radlo News Lab.. Letax, Inc. snd other im-
portant institations. Eﬂuinped with Solid Rubber Case, an insur-
ance againat scid snd leakawe. Extra heavy glass jar Heavy
rugrced plates, Order yours today!
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* All equipped with Solid Rubber Base.
RADIO s

{KDKA= WEAF = WGN # WS = KHJ = KGO # KFAF # WY = KOP

STORAGE BATTERIES
7Y

offer. It will interest you.
MIDWEST RADIO CORP'N

Buld, Sets
480.C Eramn St Cindlnnad, ohlo

ECHANICAL
DRAWINC

AND MACHINE DESIGNING
% TAUGHT AT HOME, aopress
\\| THE PRACTICAL MECHANIC

P.0.BOX 98, SOUTH HAVEN, MICH.

HERES MORE

150 HOME STUDY BOOKS
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Railroading and 20 other trades. Full cata-
logue. FREFE. A postcard brings yours.

. ). DRA & CO., Puhlishers
1006 S. Michigan Ave., Chicago, 11N,
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offers You

$300 to $500

a month |

Never more opportune time to
enter this great field! With the
era of hydro-electric power and
super-power development  just
opening up the expansion of the
Electrical Field will be enormous. - |
Our whole mode of living will be changed. Every-
thing now driven by steam will soon be driven by
electricity. Old worn-out methods will be discarded
and new industries will spring up. This will force
thousands of men to seek new trades or add an
Electrical IEducation to the one that they already
know.

This development means OPPORTUNITY un-

Thousands of new
Pre-

bounded for the ambitious man,
trained Electrical Experts needed every day.
pare for one of these big pay jobs NOW.

America’s Greatest Electrical
School Now Trains You At Home

Without leaving your home you can get an Electri-
cal Training and receive the personal attention of
a Staffi of Expert Advisors and Instructors. Thig
Staff includes men selected from the best technical
Schools of America and Europe. 1t includes Engi-
neers, Scientists, Executives, Educators and
Writers. These men will develop all there is in
you—your Electrical ability—your Mechanical abil-
ity—your Executive ability and your Inventive
ability.

Lack of Education No Drawback

In order to master our Home Study Course you
don’t need to be a High School Graduate or even
a Grade School graduate. If you can read and
write we can train you. Our lessons are so simply
writtten—so well illustratetd with cuts, diagrams,
etc., that anyone can understand them. You grasp
them ecasily and in a surprisingly short time make
yourself into a real Electrical Expert.

Wa Equip Your Home Laboratory-

Shop FREE
We train you by our special Shop-Laloratory
method. It is just like going to school and work-

ing in a power plant at the same time. We send
to your home absolutely FREE of charge a most
extensive assortment of Chemicals and Electrical
apparatus for experimental and practical work.
You learn by doing. You are taught through the
use of your hands, your eyes and your brain. You
get the practice along with the theory which pre-
%rarlc;s you quickly for A REAL ELECTRICAL

Why Our Graduates Get Big
Jobs Easily

The School of Engineering is linked with the
largest Commercial Concerns and Power Com-

panies of the United States which gives S. of E
Graduates a decided advantage over all others and
237urcs them a proper entrance into this wonderful
eld.

We Guarantee

to train you to your entire satisfaction, or refund
your money. We can do this safely, because after
20 years’ experience in teaching Electricity, we
know what your verdict will be when you have
finished our course. We have never had a com-
plaint from a graduate. We believe no other school
can lay claim to such a record.

Big Book FREE

The first step in realizing your ambition is to clip
and mail the coupon below. Tt will bring you

big free book, with all details of this amazing
training. Don’t hesitate! Don’t wait! Act now!

Home Study Division

School of Engineering of Milwaukee
Dept. PE-H325 Milwaukee, Wis.

Home Study Division

School of Engineering of Milwaukee,

Dept, PE-H323, Milwaukee, Wis,

Please send me at once your big book, “The Right
Way to Master Electricity Through Home Train-
ing,”” and details of your wonderful Shop-Labora-
tory method of training in Practical Electricity.
All this is free and obligates me in no way.

Name

hesion in such positions that a red and a
blue are near the bottom of the tube, and a
red and blue are at about the mid-way point.
When the bottom of the tube, where the
ammonium chloride grains are lying, s
heated with a small flame, the chemical s
volatilized and partially decomposed into
hydrogen chloride and ammonia; the lighter
and more volatile gas, which is ammon:a
diffuses more rapidly and changes the red
litmus to blue. This for the two lower
papers; then the hydrogen chloride rises
slightly and changes the blue to red: the
upper paper by this time has changed, duc
to the ammonia, from red to blue.

The results that fons produce are, at times,
freakish in the extreme. An iron nail placed
in dilute sulphuric acid liberates hydogen:
add a drop of a concentrated solution of
sodium bichromate and no difference in the
action can be noticed. But if a globule ot
mercury is added and the iron is brought
in light contact with the mercury. a cecase-
less vibration of the globule takes place.
This rapid to and fro movement can be
easily observed and will last for hours.
Mere, in all probability. the mercury re-
ceives a charge of electricity in the acid,
the charge being removed by the nail and
again replaced by the acid, and so on.

Tuned Radio Frequency

Circuits
(Continued from paye 302)

amplifiers. The Super-Heterodyne also may
employ single control circuits. Another use
is for multiple tuned circuits illustrated in
the diagrams, Figs. 4 and 5. It is well
known that the ordinary three-circuit turer
with tickler feed-back is not very selective
in localities in the vicinity of broadcast sta-
tions, In the early days of wireless teleg-
raphy, when crystal detectors were used,
selectivity was increased by using several
tuned circuits between the antenna and the
detector with very slight coupling between
each circuit. This required several tuning
condensers and the selectivity was consider-
ably improved. There is no reason why this
system cannot be used today with vacuum
tube detectors. It will enable the experi-
menter to build a three-tube set equal in
selectivity to the present day five-tube sets.
\With regeneration added, it will receive over
as great distances as the larger set.

_The diagram of Fig. 4 shows three tuned
circuits connected to one tube, of which the
variable condensers, C1. C2 and C3, are ¢on-
trolled by one dial. The taps, T1 and T2,
are approximately at the center of the coils,
L2 and L3 If these taps were exactly at
the electrical center, or nodal point, the
coupling between the circuits would be zero
and the set would be non-radiating. By con-
necting the taps, T and TI, slightly off cen-
ter, we get a slight amount of coupling be-
tween the circuits, and tuning is extremecly
sharp. Low loss coils and condensers are
essential.

Fig. 5 shows a similar circuit, except that
the coils, L1, L2 and 1.3, are placed in in-
ducted relation with each other so that the
energy from the antenna circuit passes from
coil L to L3 via coil L.2. The three tuning
condensers, C1, C2 and C3, are controlled by
one dial. Regeneration is obtained by means
of the feed-back coil, I.4.

The Ark of the Covenant
(Continued from page 344)

course for New York, we woud go up in search.
First. we got in touch by radio with Dick
Schuyler’s headquarters, but while we were asking
for him, he himself broke in from another direc-
tion.
“I'm just taking a flip out to meet you, Jimny,"
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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 given in Standard Wiring.

No wireman is ever out of a job.
1t contains The National Electrical Code explained
and illustrated. New illustrated chapters on Out-
side Wiring and Inside Wiring for all systems for
both direct and alternating currents: House and
Residence Wiring, Garage Wiring, Theatre and
Moving Picture House Wiring. Marine Wiring,
Electric Sign Wiring. Radie Wiring.

How to install, operate and care for Generators,
Motors. Storage Batteries. Meters, Electric Ranges
and every kind of wiring device for light, heat and

power,
53 00

Leather Cover Gilt Edges. Pocket Size.
Sent Post Pald on receipt of Price

H. C. CUSHING, Jr.
10 WEST 40th STREET, NEW YORK
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he explained cheerfully. “Look out for me soon.”
h_“Havc you heard from the Parnassic?”” 1 asked

im,

“Just got the radio from her captain. The air-
ship notion seems to be all right. Anyway, we
cops are acting on the idea, and are going through
our particular sphere with a fine comb. It's a
silly question, Jimmy—but you haven’t seen any
signs of a dirigible, have you?”

*No, I'd have told you "’

““Help us in this. Climb as high as you can
without discomfort to your passengers and keep
a sharp lookout. If you see anything, tip me the
direction, and we’ll be after the joxers like a
knife, For the nonce, so-long, Jimmy! Cheerio,
Dan!”

Dick's request came on the hcels of our own
decision. We had already turned on extra heaters
and the compressed air, and were climbing good
and high. We kept up a bright lookout, but until
Dick and his scouts hove in sight below us to the
west, the upper air was clean of aircraft.

As we dropped to meet him, Dick hegan another
discussion, He agreed that the likeliest direction
in which to look for the raiders was to the north-
ward, and on his order his five scouts made a
sweeping movement under our bows to starboard
which was pretty to watch. He himself came near
enough to us to let us sce his cheery grin and to
give us a wave of his hand. before turning to fol-
low his scouts. I’resently all six were the merest
dots on our starboard quarter.

It was worth while carrying a passenger like
Miss Torrance. She was keenly alive to every-
thing that was happening, and, like her uncle.
took a useful part in the lookout. Iun fact, she
had her eyes so steadily fixed on the upper air
that we were in good sight of New York before
she realized the landfall.

Miss Torrance’s First View of New York

I will say that her first view of the city was
almost worthy of her, I have never seen the old
hive look quite so splendid. It was one of those
cool bright sunny mornings we sametimes get in
March that make cverything look so clean.

The pale golden light pricked out all the towers
and pinnacles of the city in wonderful defnition.
until they became miere points of light against the
smeary blue of the distance. This blue distance
rose up and up till it lost itself in the tawny base
of the sky, and from that, cloud was piled on cloud
in an arch that curved toward us in gold and pale
tan and grey, to end in dazzling white against the
deep blue right over our heads. The waters of
the bay looked in the sun like a filmy grey-green
gauze carrying countless spangles, excep: where the
tall buildings threw their long shadows, which were
deep indigo with lighter patches of pure cobalt.
I think even Lord Almeric was stirred out of his
habitual quiet by the sight.

“My dear,” he said to his nicce, *“you are to
be envied. New York has summoned all her
charin to greet you, In all the years I have known
her, she has never seemed so winning.” )

“Lovely, lovely! Sce all the buildings like
golden cliffs,” the girl cried. “So tiny! It nakes
one think of man as only a very industrious in-
sect—Hlke the weeny things that build the coral
tslands.” .

“Then you have to thank Mr. Boon for giving
you a god's-eye view of your kind, Kirsteen,”
said Lord Almeric with a smile.

She turned to me and looked up
serene blue eyes of hers very grave.

“Do you cver develop a gollike indifference to

with those

the invisible little active creatures helow you,
Mr. Boon?” )
“No,” said I. “I'm afraid I'm always too

conscious that I'm just one of them myself, and
that my particular activity is only a part of the
human scheme, Miss Torrance.”

She turned to Milliken with a smile,
wide grin about split his old face.

“What about you, Mr, Milliken?
feel superior?”

“Bless you, miss,” said Milliken. “I know the
old earth’s pulling at me all the time. and that
sometime I'll have to give in and get down. You
can’t he a god if your job has a string to it.”

“The philosophy of flying in a nutshell, Kirs-
teen,” Lord Almeric laughed.

“I see T must not hecone imaginative,” said
Miss Torrance. *“Mr. Mililken is hraver-minded
than you are. Mr. Boon. I'm sure there are mo-
ments when he isn‘t carthbound.”

When Milliken goes red. he gets hlack—if the
Irishism can be excused. 1 have never seen him
quite so dusky as he was when he pushed the
Merlin into the long drive that would bring us
into our hover to the landing stage at the Battery.
It was a marvel to mec how quickly he and Miss
Torrance had understood cach other, and I was
not a little envious of my mechanic. I'd have
given a good deal to have said something that
pleascd her.

Well, anyway, the god’s-eye view soon hecame the
ordinary human view, and we floated gently up
to the seaplane jetty just after the quarter to nine.
My father had already arrived. In faect, T had
seen the Seren pass far below us as we came down
over Long Island. He was waiting for us on the
landing stage. and he and lLord Almeric shook
hands like old friends. There was a trifle of for.
mality to go through with the customs, but that
was soon over,

and his

Do you ever
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Earn*50 to*200aWeek
in RADIO

You can!

your share.

big money opportunities,
the past year on

design. test, repair—as radio engineers and

broadca«ting stations,
wonderful opportunities.

Easy to Learn Radio at Home
in Spare Time

No matter if you know nothing about Radio
now, you can gquickly become a radio expert, by
our marvelous new method of practizal nstrue-
tion—instruction which includes all the mate-
rial for building the latest up-to-date radio
apparatus,

Scores of young men who have taken our
course are alrrady earning from $75 to $£200 a
week.  Merle Wetzel of Chicago Heights, 11,
.jul\'anc_cd fyom lineman to Radio Engineer,
increasing his salary 100% czen wehile taking onr
conrse! Emmet Welch, right after finishing his
traiming, started earning $300 a month and ex-
penses.  Another graduate is now an operator nf
a hroadcasting station—I"WX of Ifavana, Cuba, and
carns $250 a month. Still another graduate. only 16
years old, i> averaging $70 a week in a radio store.

Wonderful Opportunities

Hardly a week goes by without our receiving ur.
gent calls for cur graduates. “We need the services
of a4 competent Radio Engineer.” “‘We want men
with rxecutive abili-
ty in addition to ra-
dio knowledge to be-

Hundreds of ambitious men are already earning thou-
sands of dollars in this wonderful new industry—you, too, can get
Mail coupon below for Free Book which describes
fully the amazing money-making opportunities in Radio and
tells how YOU can earn from $5000 to over $10,000 a year.

The astounding growth of Radio has created thousands of
Millions of dollars were spent during
Radio, and thousands of young men ire
needed right now to meet the ever-increasing deman | of werk,

Men are necded to build, sell and install Radio sets—
execn
tives—as operators at land stations and on ships travel
ing the world over—as operators at the hundreds of
And these are just a few of the
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(Signed) T. Winder.
Grand Junction, Colo.

come our local man-
agers.’ “We require
the services of scv-
eral resident demon-
strators’ —thcse are
just a few small in-
dicaticns of the great
variety of opportun-
1ities  open to  our
graduates.

Take advantage of
our practical train-
ing and the unusual
conditions in Radio
to step into a big
paying position in
this wonderful new
field.  Radio offers
you more moncey
than jyou probably
ever dreamed possi-
hle—fascinating easy
work—a chance to
travel and see the
world if you care to
or to take any one
of thc¢ many radio
positions all around
you at home. And
Radie offers you a
glorious future!

The National Ra-
dio Institute is one
of America’s Pioneer

Radio Schools—established in 1914. Our course is
an absolutely complete one which qualifies for a
rovernment first-class cominercial license. It gets
you the bigger paying jobs in Radio.

Send for FREE RADIO BOOK
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. .
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GET THE FACTS

about the high-pay
opportunities in

ELECTRICITY

Do you want the real, “brass tacks”
facts about your chancesin the elec-

trical field?

A big new 64-page book issued by the As-
sociated Electrical Engineers of America, gives
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is the answer to your questions. You can have
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- - {
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Lord Almeric and Miss Torrance poured thanks
on Milliken, who was to take the Serlin back to
Gardiner Bay, until he was almost cbony colos
with embarrassment. Then Dan and 1 joined the
party to go uptown for breakfast.

1L

The Story of the Sea Robbery Is Told

While we waited for Lord Almeric and Miss
Torrance to discard their wraps and make them-
selves comfortable after the flight, Dan and
gave my father a full account of the morning’s
doings.  Ile already had heard the bare particu-
lars, as supplied to the press by the captain of
the Parnassic, for the papers were selling in the
strects with 1the news. The full force of the air
police, both the sea and land divisions, had becn
mustered at once to sweep the air in a wide radius
around New York. The navy and the river police
were active among the shipping at sea and in dock.
Through the night, the territorial police had been
scouring town and country, examining garages and
all places wherce the thieves might be concealed,
and all known criminals in New York of the safe-
breaking persuasion had been rounded up and their
haunts thoroughly examined. But no cluc to the
whereabouts of the stolen gold was discovered.

“The chances are that it is in the air at the
present moment, dad,” 1 said to him. “We must
have passed somewhere near the airship—if air
ship i1t was—on the way out, We must have
sighted the I[Vestbury less than half an hour after
the pirates left her. If the airship is making for
the American continent at all. it can hardly cscape
being seen, at least, with all those police machines
out.

‘Do you think they'll send her
down?”

“It depends greatly in what circumstances they
come on her. She may be too high to be got at
in an open plane, and the police machines are
notoriously unsuited for high altitudes. But the
fellow that sees her may be able to broadcast her
position to all aerodromes, and so get properl
cquipped planes to help. I won't consider she’s
escaped until dark has come on.”

“Let’s liope you prove right,” said the old man.
“Things arc too uneasy to be comfortable, and a
solution of the mystery would stave off a lot of
trouble for the business world.”

Miss Torrance and Lord Almeric joined us
then, and we went in to breakfast. The talk,
perhaps naturally, was still of the robberies, until
the two bankers fell to discussing some obscure
financial situation. Lord Almeric, asking his niece
for confirmmation of some figures, cffectually iso
lated Dan and Myself, aud it was with something
of awe that we heard Miss Torrance tatk familiarly
of millions, using such phrases as ‘‘ranking pari
passu,” “funded loan,” *par of exchange.” In
spite of her obvious efficiency, the talk fell strangely
from the lips of such a pretty girl. I think even
my father was surprised.

“You have a wonderful grasp of figures, Miss
Torrance,” he smiled.

“Wonderful because of my sex. Mr. Boon?”

“Not at all,” said my father; *“wonderful in
any case.”

“My niece.”” Lord Almeric explained, “‘comes
of a stock famous in mathematics. Robert Torrance,
the mathematician, was her uncle.”

““Then, Miss Torrance,” Dan Lamont butted in
“you must be related to—— I beg your pardon

He broke off in confusion and flushed red. Miss
Torrance regarded him with kindness.

“If you intended saying that I must be related
to David Torrance, the physicist, who disappeared
just over 22 years ago,”” she said, “I am proud
to say that he was my father, Mr. Lamont.”

“I'm sorry,” Dan stammered. “I did not mean
to cause you pain.’”’

“You do not hurt me by rcealling the fact of
my father's disappearance. 1 never saw him—
and he never saw me. I was born after he was
tost. Uncle Almeric is the only father 1 have
known—indeed the only parent—and his kindness
has softened any regrets 1 may have for my real
father. He was a great physicist, I belicve, and 1
treasure any information about him, any praise
that is given to his work.”

be able to

David Torrance

“David Torrance was a great man,” Dan said
quietly, with recovered cquanimity. “Every sci-
entist owes him a debt of gratitude and must
regret that he was not permitted to work longer.
The best men of our time' he finished warmly,
“arc ploddcrs and half-blind crawlers compared
with David Torrance!”

“Thank you, Mr. Lamont,” the girl murmured,
and her eyes werc misty.

“Well spoken. Dan!” said my father, and turned
to Lord Almeric and his niece. *“Dan Lamont.”
he explained, “has one of the greatest r.eputn.tic.ms
among physicists in this country—so his opinion
on such a subject is of some value.” ) )

Red-faced as usual at any reference to his emi-
nence, Dan rose in some confusion.

“If you'll ‘excuse me, Miss Torrance—Lord
Almeric,” he said hurriedly, “I—I must he going.
Some important work—I—good-bye. Miss Torrance

—sorry I was so clumsy. Good-bye, Lord
Almeric—"" X
“\Wait a moment, Dan,” said I. “I'll come

with you.”
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I, too, made my adieus, and we both went off

There was nothing new to hear in Dan’s labora-
tory, except a lot that was speculation and clean
over my head at that, so [ left my friend to take
off his jacket and plunge into work. I could see
no uscful purpose to be served by stopping in New
York, and I went down to the Battery where
Didcot was still standing by with the Seven.

We moored at the workshop jetty within half
an hour.

1.

What Did the Radium Mean?

Then began a fortnight of close application to
work. The flights we had mmade on the AMerlin
had given me ideas for slight variations in the
design, and I wanted mny shops to be set as soon
as possible on the task of making a Merlin 1]
which would incorporate those ideas.

My hurry was actuated by the certainty that [
had of the raids being carried out with a new type
of dirigible. I had that inexplicable feeling.
gencrally termed a hunch. that we had not seen
the last of the raiders, and that before we were
done with them there would be a few Meriins
in the air.

I was puzzled by the radium, which the back
of my mind refused to let me dissociate from the
pirates. If, indeed, those priccless hoxes had come
from the mysterious organization that had carried
out the amazing series of raids in two days, they
were no ordinary crooks that we were opposing.
The sale of the radium, Dan assured me, would
have brought in mncarly as much monev as the
robbers had stolen.

There was something underlying the raids that
the mind could not fathom. an idea too big to be
merely criminal, too vast in conception find 1ts
limit in the affairs of the past two days.

To me, my side of the job was now plain. The
menace was from the air, and the air was my
element. I had, I could tell myself without i
modesty, the finest weapon for air fighting that
was known to exist, and my business was to pel
fect that weapon to the best of my ability

To bring the position to its lowest estimate

If the gifts of radium to the institutions were
not the work of the raiders, it was cxtremely un
likely that a criminal gang, possessed of such
powerful and effectively proved aids to plundering,
would be content with their present gains. It
would be humanly impossible to resist the tempia-
tion to work the feat again. They might wait
until the outcry against them died down, till the
forces that might be opposed to them were lulled
into a false sensc of security, but it seemed to me
psychologically impossible that a criminal gang
could withstand the itch of their fingers for such
easily acquired wealth,

In any case, hurrying up my work would do
me no harm. My ideas for the improvement of
the Merlin were concrete enough to warrant push
ing ahcad. I did net want, for some indefinable
reason of sentiment maybe, to part with wy orig-
inal model to the government. The Alertin was
almost alive to me, and 1 knew that Milliken
shared the feeling. Besides, in herself she was the
most flexible of machines—responsive, grateful to
one’s hands—just that uncanny accident of as.
sembled material that happens once in a hundred
times, Iler design might be repeated over amd
over again to the fraction of a millimeter, and
yet no machine be produced that had her personal
quality.

The wvariations in the design which [ coutem
plated were merely to make the machines that
might be built from it safer in unskillful hands.
The original Merlin in the hands of Milliken or
myself would be capable of everything that ler
sister planes could do.

‘Before dark that Tuesday night it became plain
that no trace of the air pirates would he discovered
The air police abandoned the chase, having combed
out a great radius from New York without the
slightest result. During the day 1 had been 1
radio communication with Dick Schuyler, who
kept me well informed, and his last message be
fore he went off from a long spell of duty was
that the authorities were taking the tardy step of
doubling the patrols for the night.

My father arrived at the workshops soon after
seven, and for a while he sat beside me on a high
stool as I worked at the drafting table. Thus
perched, he told me very calmly of an exhausting
day. The run on the banks of the Monday had
been repeated on the Tucsday, and there had heen
the greatest difficulty in meeting the situation
Nothing but selling had gone on in the Stock
Exchange and the fall that had ensued in all
classes of shares, in some cases reducing quota
tions by as much as half, had produced a position
in the matter of loan accounts unheard of in the
history of banking.

“If the government investigators wcre to ex-
amine our hooks at this moment. Jimmny.” said the
old man, “they’d find a position of affairs Ihat
theoretically could land me in jail. Think of that!"

YI'd rather not think of it. dad,” said I. “The
thing's quite abnormal, isn't it? Tt's out of all
relation to the actual loss?”

“Of course it is. It!s the result of cold feet—
don’t you call it?>—among speculators in the stock
markets, Not a few men have been ruined today
who, two or three days ago, were worth consider
able fortunes. There's nothing more unreasoning
than a scared investor or speculator. [It's all
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all over the country 1ia the solving of puzzling electrical problems. Every-
thing the experts know about maintenance and repair is given in the books.
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Think of it, fellows!

apparatus that performs those fascinating, actual chemical experiments.

Here is a real chemustry outfit with regular chemical

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 outfit consists of 44 Chemicals and Reagents
all C. P. put up in appropriate wooden hoxes,
glass bottles, and hermetically closed jars. The
acids are pat up in glass hottles 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 aparatus furnished are all of the best
obtainable make and of standard laboratory size
and shape,

The Instruction Book is a real Chemistry Conrse
for the Beginner. Some of the Contents are:
Division of Matter: This is a Treatise on Elemen-
tary Chemistry and deals with the theory of the
Eléments, 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 Opcrations; Glass Working; First
Aid; Fire Extinguishers; Experimenters’ Aphor-
ssmis, etc.

A good part of the book is devoted to Weights
and Measures. The Metric System, The English
System and the U. S. System arc fully explained.

The following tables are furnished: Symhols
and Atomic Weights of the Elements; Measures of
Weights, Volume, Capacity and Length; per cent
solutions; Conversion of Measure expressed in
parts; poisons and their antidotes; technical and
common name of chemical substances; formulas
for cleaning various substances, etc.. etc.

Among the 100 Erxperiments are:

How to make chemical tricks; How to make in-
visible and magic inks; How to test flour; How to
test soil; How to make chlorine gas and smoke
(German War Gas); How to bleach cloth and
flowers; llow to produce Oxygen and Hydrogen;
How to make chemical colors; How to test Acids
and Alkalies and hundreds of interesting hints
and formulas,
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A Chemistry Laboratory for $7.00
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Complete, $7.00 Sh. Wght,, 10 lbs. (Shipped by Express only)
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the

BOY’S
ELECTRIC
TOYS

The Boy's Electric Toys contains: Enough material to make and complete over
twenty-five different electrical apparatus without any other tools except a screw-
driver furnished with the outfit. Student’s chromic plunge hattery, compass-
galvanometer, solenoid, telephone receiver, electric lamp, etc. Enough various
parts, wire, etc.. are furnished to make the following apparatus:

Electromagnet, elect-ic cannon, magnetic pictures, dancing spiral, electric
hammer, galvanometer, voltmeter, hook for telephone receiver, condenser.
sensitive microphone, short distance wireless telephone, test storage battery,
shocking coil, complete telegraph set, elcetric riveting machine, electric buzzer,
dancing fishes, singing telephones, mysterious dancing man. electric jumping jack,
magnetic geometric figures, rheostat,” erratic pendulum, electric buttertly, thermo-
electric motor, visual telegraph, ectc., ete.

With the instruction book we furnish one hundred experiments that can be
made with this outfit, nearly all of thesc being illustrated with superb illustra-
tions, No other materials, goods or supplies are necessary,

The outfit contains 114 scparate pieces of material and 24 picces of finished
articles ready to use ai once.

The size over all of the outfit is 14 x 9 x 23{. Shipping weight 8 pounds.
“The Boy's Elcctric Toys' outfit as described, $7.00. Immediate shipment,

SEND NO MONEY

We have so much confidence in thcse sets that we desire to ship either one to
you by express C.0.D. with the privilege of inspcction. In other words, we ship
on approval. It do_es net cost you one cent to take a good look at whichever outfit
you want, and sec if it comes up to your expectations. If it does, pay the express
man $7.00, plus express charges. If not, you need not accept it, and we will pay
the return charges as well,

ELECTRO IMPORTING CO., 233 Fulton St., NewYork City
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madness—stark madness] Coming home to din-
ner?”

“Give me a minute to hand this over to the
pattern maker, and I'll be with you."'

We had a quiet dinner together at Hazeldene,
and my father approved of my plans.

“I don't see what else you can do, son.” said
he. *The thing is too big for ordinary detective
work, 1'm convinced you're on the right lLines.
What about fnances?”

“I'm well in funds, dad. That mooring tackle
brings in enough in royalties to keep the sheds
going full swing, even if they did not pay—which
they do. Thank you all the same, dad.”

“That’s all right, then. I depend on you to
play fair_and let me stand my share of the ex-
penses, Mind that.”

“You shall have the gasoline account, dad.” I
grinned at him. *'I can see old Milliken joy-riding
furiously at your expense!”

“Ah!" my father said suddenly “That’'s a
good man of yours, Jimmy—that Milliken. lLord
Almeric and his niece are greatly attracted to
imi,

“By the bye,”” he went on. “I have asked them
both out here for the week-end. I hope you'll be
able to show tkem round your shops?"

“Very glad.”

*“And perhars you'll be able to spare a little
time from your work to look after Miss Torrance.
She is very much a business girl, but I'm sure
slht:'d like to d> a theatre or two—something like
that.”

“When I have the drafting doue for the new
Merlin, T'll be delighted.”

*“Good. I knew you would. Well, I must do
some work, son. Are you going back to the
shops?”

“Must, dad,” said I. “I want the men to have
a clear start in the morning. Good-night, dad.
See you at breakfast, I hope. I'm punking down
at the shops, but I'll come over in the morning.”

“Half-past eight, then. Good-night, Jimmy.”

Next morning, by the time I had breakiast with
the old man, I had done enough work to let my
fellows get a clean start on laying down the keels
of three new Merlins. The drafting had taken me
and my assistant all night, so when I had driven
my father down to the jetty, and had seen him
off with Didcot on the Sciren, I turned in, leaving
Milliken in charge of the construction.

IV.

The “FParnassic’

I slept until two o'clock in the afternoon, when
I was awakened by an SOS through the bank
from Sir Peter Weatherly, who hal berthed the
Parnassic in the morning and wanted the evidence
of Dan and myself for the police. It was a nuis-
ance, but there was nothing for it but to take the
Seven and get to the Battery as soon as I could.

The Government Investigators

I found Dan and the old sailor being baidgered
into a state of irritation by one of the government
investigators, who could not accept the evidence
they had given him, but wanted the very things
explained that everybody was puzzled about.
pair of them greeted my arrival like a couple of
lost pups—they both had that extraordinary likable
doggy quality you sometimes see in men—and
listened to iy evidence with obvious relief. I
imagine the investigator had badgered them into
thinking my version might possibly contradict
their own.

“But it's preposterous!” the investigator cried.
*“Three sane men can produce only a bare yarn
like that!”

“What sort of yarn do you expect us to pro-
duce?” I asked. “'Of course, it's preposterous from
start to finish, It's up to you to explain the pre-
posterousness.”

The man was rattled. A relic of the bad old
days of the police, he found himself, like the rest
of us, against a blank wall, and the fact annoyed
him. He banged his fist on the tahle.

“This is a case of collusion!” he yelled.

“I'll give you one minute to get back your
sanity,” I told him, “If you can’t do it in that
time, my friends and I will quit.”

“Quit, will you?” he snarled. *“If you say an-
other word, I'll have the three of you detained.”

“If you say another word like that,” said I,
“I'll have you pushed out of the service for the
danined fool you are! You get an account of this
affair from a man so distinguisked at his job
that his country gives him one of its highest
honors. You get another account from another
man, equally distinguished, except for his age. and
a man trained in the most exact observation as
well, TI'l say nothing of myself, finally, except
that until now my honesty has never been ques-
tioned. And you have the gall to use such a word
as ‘collusion’! As an investigator you’re not only
crudely impertinent—you’re a pitiful vulgar joke!™

“Why — why — you pup! You — you — skinny,
mangy pup!” he gasped, livid with rage.

“You're a judge of pups. Maybe the kennel
you came out of taught you that,”” said I, “but
it failed to teach you how to investigate! Come
on, Sir Peter. Come on, Danny.”

There was no attempt to stop us, and we got
into the street. Old Sir Peter took hold of my
hand and shook it nearly enough to take my arm
from its socket.

“I congratulate you, young man!’ he cried.
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partment secures positions for those students who
wish to earn part or all of their expenses. In addi-
;llo]n, tite Department will

clp you get a good posi-
tion in the Electrical in-. New Term
dustry when your train- BeEmS
ing is completed. Daily
Broadcasting W.S.0.E. MarCh 30

Big Book FREE

Mail the coupon today for our big new illustrated
catalog. Mention the course that interests you
most and we will send 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.

SCHQL ohf; ENGIN EERING

f llwaukee

Dept. PE-325
415 Marshall St., Milwaukee, Wis.

LEL XYL R Y Y ¥

S8CBOOL OF ENGINEERING OF MILWAUKEE
Doemt. PE-325, 415-17 Marshall Street,
Milwaukee, Wis,

Without obiigating me In _any way, please mail free
72-page 1llustrated book, ‘'Electricity and the One Best
Way to Learn It,”” and particulars rezarding the course 1
have marked with an X.

«...Electrical Engincoring.
oo .. Eloetrotechmics.
..Commereial Electrical Enginesring.
Autometive Electricity.
Aute Electrieal Service Engimeering.
Radie Sales and Service,
A.C. and D.C. Armature Winding,
.Light, Moter Wiring and Testing.
Practieal Elsctricity.
am interested im your “"Earn While You Learn’ Plan.

Name.............. 5

....... Age.........
AOATOO8 . ... ittt e ie e eeaaes
(%) 50000000000000066806006000006a60a00a0 Etate.........
Pducation



ELECTRICITY

There is a wonderful opportunity right now

for boys who like electricity. Boys who are
ambitions and will train themeelves in spare
time can step into good positions and pet ex-

perience that' will give them a real start toward
success in life.  Good »salaries are offered with
rapid promotion.

For 33 years the Internatinnal Cerrespondence
Schools have heen training boys for success in
clectricity and over 300 other subjects,  They
will help you prepare right at home for a posi-
tian in the line of electrical work you like lLest

—or in any other work that appeals to you.
Thousands of hoys, through I. C. 8. training.
have stepped into fine jobs, but never were

opportunities so great as now.

Let the I. C. S. Lelp 101, Chocse the work
you like bhest in the coupon below. then mark
and mail it to-day. This doesn't «bligate vou in
the least, and it will bring you information that
may start you on a successful career. This is
cour chance. Don't let it slip by. Mark and
aail this coupon xnow.

— e — e emTEAR QUT HERE = == o o o

INTERNATIONAL CORRESPONDENCE SCHOOLS
Box 8886-C, Scranton, Penna.
Eaplain, without obligating me, how I can quallfy for
the position, or in the subject. before which I mark X.
ELECTRICAL ENGINEENR ] CHEMICAL ENQINEER
Electricisn o Pharmacy
Electric Wiring \d SALESMANSHIP
Electric Lighting 't ADVERTISING MAN
| Window Trimmer

Electric Car Running Bhew Card and Bign Paint'
= §
ef

Heavy Electric Traction :ll‘tlLROAD POSITION.

Electrical Draftsman
Eieetrie Machine Desiguer
Telefnrh Expert
Practical Telephony

] MECHANICAL ENGINEER
Mechanical Drsftaman
Machine Shop Practice
Toolmaker
Gas Engineer
CIVIL ENGINEER
Surveying and Mapping
Mining Engineer
AROIfITECT
Architectural Draftemasn
Architects’ Biue Prints
PLUMBING AND HEATING

USTRATOR

L GNER
RUSINESS MANAGEMENT
Private Secretary

L Business Correspondent
BOOKKEEPER
Stenographer sad Typlet
Cert. Pub. Accountant
Traffic M-nnf.ement
Commercial Law

Ll GOOD ENGLISH

1 STATIONARY ENGINEER

i~ CIVIL SERVICE
Railway Mail Clerk
Textlle Overseer or Supt.

}_ AGRICULTU

RE

Sheet Metal Worker rnnurylhl-lngl Spanlsh

Navligator [ Automobiles RADIO
Name.
Present Business
0 Address _ — —
Street
and No. R
City. — ~ ____State -

Canadians moy scnd thus coupon 1o International (orse
d Schools C; Limited, Momvrcal, Cannda

ON ONE TUBE
RIG FREE BOOKLLT tells the story. California users
of CROSS COUNTRY CIRCUIT hear Atiantic Coast,
Canada, Cuba, Mexico and Hawalf., Atlantic (oast users

i plained that Sir Peter and Dan

“Fifty seare at <ea, and 1 never heard a man
tichedt off like 5t Lefore!  And only one casual
c\f:ss-\\ord in the whole recital. That’s the wonder
of it!™”

It was curious how the traditional dread of the
shipmaster for the police had got the better of
the dignitied commander of the great liner, and
had reverted Sir Peter back to the innocent sea-
dog, putting him at the mercy of a connmon bully.
But by the time we had adjourncd to the smaoke-
room of a neighloring hotel the sailor was him-
sclf again,

“T won't forget that, Mr. Boon,” he said. *“That
fellow had got me so flummoxed that | thoupht 1
had been in lcague with the pirates.”

“You ought not have gone to the Pelice Burran
at all, Kir Peter ™ | tol] him.
received all inqguiries on yonr own deck.”

“I wich 1T hal,” he hicathed.  “I'm at home
there—and  «ven my  King, bless lnm,  couldn't
order me about!”

I was mad at the tieatment of my friends, znd
we went to the hotel stenogiapher, who took doawn
« letter to the Chief of the Volice, in which 1 ex
had been treased
with extreme (]ijmurtesy‘ and that apologics were

| due to them. They got letters of apology mnext
morning.

The indident, however, was symptomatic of the
exasperation and bewilderment the authoritics were
experienang. The vewspapers came out with the
most wonuderful  theories,  intercsting enoungh  to
tead, but 1ot the least helpful to those whose joh
1t was to solve the problem of the rauls. The
country was gonc over, as it were, with a tine
sieve, without the slightest result.  The land and

2ir police were bitterly attacked by the press, aad
«ven the naval and military authonties came in
for condemmation.  As time went on the ol ground
had been turned over and the ohl facts redressed
~o often that the public got sick of the affaur,
and skippad any items m the papers that referred
to the raids,  But business confidence remained
badly shahken.

Dan Lamont's ivestigations of the gold tarnish-
ing resulted in s finding compounds of coppet,
and a hint of some radio activity This scemed to
me absurd, but it fired Danny’s entiisiasm, since
he thought it indicated that the raiders had his-
vovered some enlargement of the science of radio
activity as applied to the atomic theory. ile had
the terrier’s tenacity, and he went after the thing
from every pos«ihlc angle. worrying the facts anud
hims<elf until he developed between the cyes a per-
manent furrew of concentration. Ile bored after
an explanation of the mysterious sleep, too, and
discovered at least one gas which, if not lethal
m ity effect, was tremendously anmsthetizing
~o far as it stunued the olfactory senses. Property.
it might have been called a lachrymatory gas, for
its effect on the nose made the eyes stream !

The work on the three Merlins meantime prog-
ressed rapidly at the workshops near Gardiner Bay,
aud 1 had time to devote to social obligations. Dan
and T dined two or three times with Lord Almer.c
and Miss Torrance, and we all had a golfing-flying
party at Hazeldenc during a week end. The work-
shops were inspected thoroughly, and Milliken and
Miss Torrance formed a curious compact of frieud-
ship that had the cffect of making my mechamic
go ahout with a ready grin on his normally formid-
able countenance.  She petted lim shamefully, ard

“You should hava

The Experimenter for March, 1925

$300046510000 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 special offerof a
FREE 1000-mile receiving set, and how
you can quickly train at home by mail.

Be a Radio Expert

No previous experience nece-ur{. Anyone
with ordinary education can now learn Radio
uickly ander our simplified home-study plan.
e need 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 hovlv] ttg oper;ll‘.e.t :tu t:‘" eu‘rn enough
money ri rom the sta pay for course,
A Nothing difficult about it.
Low cost and easy terms.

1,000-MILE

Receiving Set

Don’t miss this big special offer to mgyly
FREE all parts necessary to construct a
high-grade 1000-mile receiving set. You can
seﬁ this set alone for practically the entire
cost of the course. for the facts now,
Find out all about this big-pay field. Address

Radio Association of America
4513 Ravenswood Ave., Dept. 483 Chicago, I,

SEXUAL
KNOWLEDGE

320 Pages ILLUSTRATED Cioth
By Winfleld Scott Hall, M.D., Ph.D.

SEX FACTS MADE PLAIN

What every young man and
Every young woman should know
What every young husband and
Every young wife should know
What every parent should know

Table contents and

commendations on request.
366 Winston Bidg., Philadeiphia

Postpaid. Mailed
in plain wrapper,
Ameriean Pub. Co..

Thousands of radio bargaing, standard
standard

El= e

4 tubes. otc at one-thwd less than regutar
prices. aiso latestinformation on all cucuits compiete st

e TAEK o oo s W e
NORWALK RADIO CORP
Dept. 55.g 66 READE ST., NEW YORK'

.

seYourLathe

Now You Can Get This
11" x 33' Quick Change
SOUTH BEND
SCREW LATHE -

CUTTING

—for ONLY $288 casy payments if desired

Here is your chance to get a brand new latest improved South Bend Lathe on
convenient terms.  We ship Lathe upon receipt of first payment, allow 30
days’ trial, and you have the use of the Lathe while paying for it. In this
way it helps carn its own cost. \We make this liberal offer on any South Bend

hear England to California, Our new nlan makes this
set easiest and cheapest to build, One hour puts In
operation. One tuning contro). No soldering. Any
novice can do it. BIG BOOKLET FREE or complete
instructions for 25¢ stamps or coin.

VESCO RADIO CO., Box. Exp.-117. QOakiand. Calif.

SOUTH BEND

Lathes embody 32

o g : s Lathe. 31,000 in use in U. S. and 64 Foreign Countries.
major improvements , . p
SIG“S, BANNERS, CA S mmi'(‘ withiF:l the last CATALOG FREE' Shows 96 styles in all sizes, from small Bench
N . d""‘""‘” of > years, Unsurpaseed . : ® lLathe to largest Factory Llathe. Compare
Eas“y Painte Letter Patterns. S GG, surpas our prices with what others ask, and remember every South Bend Lathe carries
Simplr trace around a letter p,aﬁerl; in accuracy and effi- our liberal guarantee and 30 day trial offer, Send for Catalog today.
and fill in. Made in a large variety of ciency,

t risingly reascnable
S Tren. Bond ctamp Tor Treo eampics. John
E: Rahn, N2433 Green View Av.,Chicago

304 E. Madison St.,
South Bend, Ind,, U. S. A.

South Bend Lathe Works,
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even flattered him into letting her take the joy:
stick of his beloved Merlin. Nobody could blame
Milliken for being enslaved—Miss Torrance had
a way of deserving any little service one might
do for her. Hazeldene and the workshops were
dull places for quite a while after she went back
to New York on the Monday.

The establishment at Gardiner Bay was not a
large one, but it was fairly well equipped. It had
a small foundry where we did all the castings for
the wings and body work of our planes and, of
course, we had a moulding shed. There was a
smithy with a goxl welding plant, drawing office,
pattern-maker’s shop, fitting shop and in addition
to our mooring shed and landing stage. we had a
large field for landing with a one-bay hangar.

The only part of the work we did not do our-
selves was the building of our engines. These
came from a little-known factory in which I had
an interest near Pittshurgh. Its products were
reliable to a degree. and heautifully finished, de-
veloping a great horse-power in ratio to their
weight. We seated these engines ourselves on the
machines we constructed. and we had our own
notions of fuel supply and cooling system.

With this small establishment working at top
speed, we were ahle to have three Merlins lying
in the fitting shop awaiting their engines by the
Wednesday of the second week after the Wall
Street affair. This last piece of assembling had
to wait. It was all to our advantage that our
power-units should undergo the very strict tests
that the factory at Pittshurgh considered neces-
sary before passing out any engine.

v.

More About Miss Torrance and Her Uncle

There was one thing that made the enforced
wait easier to bear. [ had more time to spend with
Lord Almeric and his niece. Their visit to New
York was nearing its end, for Lord Almeric had
atlmost finished the work that had brought him
to America. Only a matter of business with the
Treasury in Washington remained to be seen to
before he returned to England. Miss Torrance,
it appeared, was taking advantage of the trip to
spend some months in Washington with relatives
there, a picce of news that scemed pretty good to
me. It sounded such a waste of time for a girl
like her to come to America for a fortnight. Wash-
ington was less than an hour away for a machine
like my Merlin.

We were having dinner together on the Saturday
evening before going to a theatre. My father was
there, Lord Almeric of course, Dan Lamont and
Miss Torrance. | was telling her how ecasy it
would he for me or Milliken to run down to Wash-
ington and take her back again if <he wanted
cven a day in New York. She laughed at me.

““There doesn’t seem any end to your American
hospitality,” she said. *Does there, uncle?”

“American hospitality,” said Lord Ahueric, “is
the only thing known to work miore than 24 hours
a day.”

“No, but seriously, Miss Torrance,” T insisted.
“T think it would be a real good plan just to wire

me if you wanted to come to New York. ‘Boon,
Gardiner, L. L: Plane wanted. Torrance.”—just
that, and within an hour Milliken, or me, or

Dideot would be fluttering down on the [I’otomac.”

*“‘As easy as that?”

“As easy as that,”” said I. ‘And to show you
how easy 1t is. I'm going to ask Lord Almeric to
let me carry you both to Washington tomorrow.
May I, Lord Almeric?”

My dear Mr, Boon—you must not make us
impose on your good nature.”

But T had my way. At seven o’clock on the
Sunday cvening, Milliken and myself took off
from the Battery in the Merlin with Lord Almeric
and Miss Torrance. and some of their luggage.
Soon after half-past seven, in the first crecp of
dusk, we sighted the pale lights of the aerodrome
and seaplane basin on the Potomac, and by twenty
to eight we had landed our passengers.

“Pon’t forget. Miss Torrance, that there will
always be a bus at your disposal whenever you
want to come to New York.” T said.

1 won't forget. Mr. Boon, Good-bye, and my
grateful thanks for many kindnesses” she said.
“Goad bye, Mr. Milliken! Remember that you're
to conch me for my pilot’s certificate.”

Milliken grinned that big grin of his.

“T'll wemember, Miss Torrance,”” he said. ‘It
won't take you long.”

“Good-hye. Mr, Boon,” said Lord Almeric. 1
<hall <ce vou on my return to New York. Good-
bye, Milliken. Best wishes for the success of your
new machines,”

They stepped into a government auzomobile that
was waiting for them, and drove off.

“Pad fetch it. Milliken!” T grumbled. “What's
the gnod of making friends only tn lose thev]\?
1 don’t cven know her address. It seemed in-
quisitive to ask.” ) .

“That's all right, Mr. Baon.” said _ Milliken
cheerfully. *“She’s a niece of the 'Presldent.
Evervhody knows his telephone number.’

““The White House! How did vou know?”

©#Ghe told me comnig along. I have to send her
a copy of your book on flying.”

“Why didn't she ask me for one?
had one specially bound for her *”

Milliken looked at me queerly.

(To be continued)

I'd have

Your Lifetime Opportunity
to Learn Newspaper Work

250 COURSES AT SPECIAL REDUCED RATE

ORIGINAL
Price of
Course $10

Complete
Course Now
Special at

*2.98

Send No Money!

Just mail your
name and address
and we will for-
ward the course to
you upon receipt
of which you pay
the postman $2.98
plus a few cents
postage.

YOU CAN LEARN
NEWSPAPER WORK

Experienced Editor Will Teach
You How to Become
a Reporter

FASCINATING WORK—GOOD PAY

Only a Few Months’ Work Re-
quired to Qualify You for
a Better Position

Regular reporters eara from $40 to
$125 a week. Good deskmen on a daily
paper are paid from $60 to $100 a
week. A "Star” Reporter can command
his own salary. Hundreds of ambitious
men and women enhance their income
materially by corresponding for news-
papers or writing for inagazines in
their spare time.

| We Will Teach You at Home

We can develop your talent for writ-
ing and lead you into this well paying
profession. Our Practical Course in
Journalism was personally prepared by
Henry J. Brockmeyer, Assistant City
Editor of the New York Evening Post.
Mr. Brockmeyer has trained hundreds
of men and women, many of whom
have, under his guidance, developed
into front rank reporters or feature
writers.

Mr. Brockmeyer's course will teach
you what it would take years of actual
newspaper work to learn. It consists of
six comprehensive lessons just brimful
of everything a reporter must learn.
The following are only a few of the
subjects covered.

Starting in Journalism. What is a
Newspaper? What is News? Startand
Finish of a News Story. Technical
Terms. The Type Point System. Styles
of Type. Proof Reading. Capitaliza-
tion and Punctuation. A Late Fire Bul-
letin. Court Stories. Libel Laws, Copy-
right. Hints to Reporters. Personal
Conduct. Re-Writing and Condensing
Stories. Paragraphs and Short ltems.
Good and Bad Styles. Broadening the
Vocabulary. Aids to Good Style. Spe-
cial Stories, Suggestions for Stories.
Rhetoric. Preparing Your Story. Don’ts
for Writers. Office Organization. Syn-
dicated Matter. Business Office. Me-
chanical Department., Hints for Head-
line Writers. The Make-Up. The
Country Correspondent, etc., etc.

ORIGINAL
Price of

Course $10

Complete
Course Now
Special at

*2.98

Send No Money!

Just mail your
name and address
and we will for-
ward the course to
you upon receipt
of which you pay
the postman $2.98
plus a few cents
postage.

Only 250 at this Special Price— Applicants
will receive preference as letters are received

THE PRESS GUILD, INC.

66-3 West Broadway, New York, N. Y.
Please mail me Henry J. Brockmeyer's complete Cour«e in “Practical Jour-

nalism™ at $2.98 which 1 will pay to the postman upon receipt of books.

Address..........

Citv, State..........
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RADIO’S

Most Complete
Book of
(nformation

By
HUGO GERNSBACK

Editor of RADIO NEWS, SCIENCE

& INVENTION, THE EXPERI-

MENTER, and MOTOR CAMPER
& TOURIST

What the novice in radio needs
is a bonk in which he can get all
the informmation necessary for him
to understand radio telephony and
telegraphy, to make or buy a re-
ceiving set suitable to his means,
to know how to operate his sct,
and, after he has an understanding
of the radio art, iuformation that
will enable him to advance and get
the most out of his outtit, Al this
must ordinarily be dug out of text
books, pamphlets and government
publications, but the amm of this
book is to have all the data and
information that the beginner will
need from the time that he takes
up radio. 1t is a permanent, com-
prehensive reference book for the
dyed-in-the-wool dabbler in Radio.

WHAT THE BOOK IS.

A combination of a radio course for the
novice in radio telegraphy and telephony
with a reference book for the more ex- H
perlenced amateur. Half a dozen books
in one.

FOR THE BEGINNER.

The theory of radio carefully explalned
with drawings.

Description of and instruction for oper-
ting instruments of recelving and send-
tng sets, with all plcture dlagrams of
the wiring of the apparatus.

How to make your .own receiving set.
costing from $3.00 to $50.0v,

How to read diagrums; for every ple
ture diagram there a corresponding
technical diagram wusing the symbols
tnstead of drawings.

How to tune sharply and eliminate lnte

ference from other stations,

How to protect your set from lightning,
and the laws resardlng installation.

Explanation of time and weather signals

FOR THE MORE
EXPERIENCED
AMATEUR.

How to muke a practical vacuum tube
detector, two stage amplitier set costing
less than $350.00, that will work. H
How the radio compass works. H
All  about underground aerials, loop
aertals and directional aerlals,

Formulae for findlng wave length; mis-
cellaneous formulae for finding capacity
of condenser and other instruments.
Tables of iire resistances, wave lengths
and thelr corresponding frequencies, ap-
uroximate wave lengths for different
aerlals, tunlng coll dats, and much more
tnvaluable information.

SPECIAL FEATURES.

Lists of all the broadcasting stations In
the United States and Canada for con-
certs, time slgnals, weather reports,
press, stock market reports, ete., with
$3 their call, wave length and time of
: sending.

= Detailed deserlption of Washington
00 weather signals and thelr translation. =
[ Description of a modern broadeasting E
e, g statlon and its operation.
POSTPBID Large inap showing locatlon of all U. S. !
radio telephone broadcasting statlons suit-
able for hanging up In radio room.

Coliection of miscellaneous radie informa-
tion for the amateur.
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Mail all orders with money order or cash
direct to

(N OTHER WORDS.
The EXPERIMENTER PUBLISHING CO.,Inc. : BTl ot B RoiRa g LY s
53 Park Place MNew York City

text-books, pamphlets. ete., 15 handil
combined in this one book. .
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OPPORTUNITY AD-LETS

As a reader of The EXPERIMENTER it will pay you to read
these ads. Fach issve contains offerings made by reliable firms
who are desirous of vour patronage.

You can place your ad in these columns for 6 cents a word
reaching a great group of readers covered by no other magazine

and which you can reach in no other way.

Ad-Lets for

May should reach us not later than March 20th.

The circulation of The EXPERIMENTER is 100,000 copies
GERMOTT PUBLISHING CO,, INC,

3 PARK PLACE,

NEW YORK CITY

Agents Wanted

Agcntn—Wntc for free samples. Sell Madison
‘‘Better-Made" shirts for large manufacturer direct
to wearer, No capital or experience required.
Many carn $100 weekly and bonus, Madison Mills,
564 Broadway, New York.

Earn Money at home.
culars. Experience unnecessary.
pay weekly. York Supply Co., Dept.
Fifth Ave., New York.

Sells Like Blazes,

Addressing mailing cir-
No selling. We
140, 309

New Instant Stain and Rust

Remover., For clothing, table liner, etc. Fine
premium every sale. Big Quick I'rofits. Free
Outfit. Write today. Christy, 508 Union, Newark,
New York.

Big Money and fast sales every owner buys gold
initials for lus auto. You charge $1.50, make $1.44
profit. 10 orders daily easy. Samples and infor-
mation free. \World Monogram Co.,, Dept. 34,
Newark, N. J

American Made Toys

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 specdy production, furnished at cost
price. We guarantee perfect work without pre-
vious experierce. We buy goods, plain castings,
one color dipped and decorated oﬂ'crmg highest
prices. Cash paid on deln'cncs Write only if
you mean business, QOur hook, ‘Amecrican Metal
Toys and Novclties Industry,”” and information
mailed free. Metal Cast Products Company, 1696
Roston Road, New York.

Books

“Nature's Finer Forces™; lights, Colors,
Tones; Vibrations; Electromagnetons; Odic-
Auras; Radio; Coldlights; Coming Inventions;
Wonderful Opportunities; Fifty Lessons; Marvel-
ous Color Cures; 260 pages; Satisfaction Guar-
anteed; $2.00; Del uxe Edition $3.00. Table Con-
tents Free. <. Stevens, 242 Powell. San
Francisco.

Business Opportunities

Free Instructive Book—Start little mail order
business ; home employment evenings, Outfit fur-
nished. Pier, 867 Cortland Strect, N. Y.

Educational

Railway Postal Clerks start $133 month ; railroad
pass. Send stamp for questions. Columbus Insti-
tute, N-17, Columbus, Ohio.

Help Wanted (Continued)

Patent Attorneys

Be a Detective. Work home or travel. Experi-
ence unnecessary. Particulars free. Write, George
Wagner, former CGoavernment Detective, 1968
Broadway, New York.

Languages

World-Romic System, Master Key to All Lan.
guages, I'nimers, $1.94: Chinese, Freuch, Span-
ish.  Languages, 8 West 40th St., New York.

Manufacturers

Patented articles, Models,
Construction, Dies Made,
tics, Kansas City, Mo.

Brass Wark. Machine
Buaum’s Mectal Special-

Miscellaneous

Make and Enjoy your old favorite beverages.
Many valuable tested formulas you should know.
Free information. Meriden Co., B3322 \Vhite Bldg.,
Seattle, \Wash,

Beautiful Registered Bull Pups Cheap.
dogs, 501 Rockwood, Dallas, Texas.

Bull-

Send for this book to.day, "60C Ways to Get
Rich.”  Price $1.00. l.aac C, Reese, Cynthiana,
Kortncky.

Patents—Send for form, ‘““Evidence of Concep-
tion” to he signed and witnessed. Form, fee sched-
ule, information free. Lancaster & Allwine, Reg-
istered  Patent Attorneys in U'nited Siates and

Canada, 288 Quray Bllg., Washington, D. C.

Patents—Trademarks. Write for free Guide
Books and *‘Record of Invention Blank” hefore
disclosing inventions. Send model or sketch of
your invention for our Examination and Instruc-
tions Free, FElectrical cases a specialty. Terms
reasonable. Victor J. Evans & Co., 913 Ninth,
Washiagton, . .

Patents Procured. Trade Marks Registered. A
comurehensive experienced, prompt service for the
protoction and development of your ideas. Pre-
liminary advice gladly furnished without charge.
Booklet of information and form for disclosing
idea free' on request.  Richard B. Owen, 5 Owen
Bidg., Washington, D. (., or 41-H Park Row,
New York,

Personal

Lonely—Join Our Club.
where,  Particulars free.
Rox 26, QOakland, Calif.

Know Thyself —\Wonderful Three-Page Horos-
cope — your talents,  character, love, friends,
enemics, business.  Send birthdate, year, specimen
of landwriting and 10c. (mrglhs, Box 2771 G,
Bo~ton, Mass,

Make friends every-
Write Mrs. Mathews,

Polmet—The Wonderful Polishing Cloth that
cleans all metals without liquid, paste or powder,

Approved by “Good Housekeeping” and "Modern:
Priscilla”—-«ells fast at 25¢. Sample free. F. C.
Gale Co., 117 Edinboro St., Boston Mass.
Fn(ndshlp Magazine. Classy illustrated. 10c
. F. Bea 178, New Haven, Conn,
Learn Barbering at home. Same as | did or
family fricnds,  Easily learned.  Simple, expert

instructions,  $1,

hing.
2 ¥

including latest «tyle <hingle bol-
Foster System Licensed barber, Dipt. A,
S&th 8t,, Chicago, HIL

Foreign Currencies for sale. \Write Albert Har-

vey, Lake Warth, Florida.

Double Entry Bookkeeping masterad in o0 honars
with 8 key~; guaranteed ;: diplomas. Intermational
Bookkecping Institute, Dept. 27, Springfield, Mis-
SO,

Your favorite
formulas.
Co, Dopt. I,

and  other
The Formula
Scattle, Wash.

beverages, «xtracts
F e valuahle information.
122 West Howe St..

Medels and Model Supplies

Electrical

Motors $2.98,
ternating  direct current,
man. Perry Trading Co.,
Racine, Wis.

twentieth horscpower 113 volt al-
Order now. DP’ay post-
Dept. E, 815 Lake,

Telegraphy

Telegraphy. Morse or Radio tanght at home.
SOS!  Broadeasters silent.  Human tragedy at
sea. Learn the code, get the greatest thrill of

radio.  Booklet RE free. l.earn-O-Graph Co.,
Ridgeficld 1’ark, .
For Sale
Typewriter—cost $100. will sell for $35. Car-
negic College, Rogers, Ohio.

The Modelmaker.
ing working modecls.
I'. 1., 120 Liberty St.,

For those intercsted in mak-
Send 10 rent~.  Address
New York.

Novelties

New Book of Card Tricks. 10c.
Mystery, 10c. Ventriloguism, 10c.
ties, trichs, books, etc.  Freeo H.
Vernon Ave., Chicago, TIL

Trick Cards that arc abse lutely guarantecd.
samples, €. D. Blankenship, Adrian, W, Va.

Fun, Magic anl
Catalog of nove -
Bremer, 3213

Free

Printing

560 Neargravure printed Lettcrhcads_—Enchopri

5 25 postpard. Solliday's, Knox, Indiana.
Radio
Radio booklet free. Dollars saved clubbing

Radio Maguzine Subscriptions. Spencerman Agen-

aes, West Los Angeles, Calif.
Radio Sets.

free
Ohio.

Our prices save yon mouey—Lists
The Radio Shoppe, Box 6453, East Liverpool,

Make Your Own Transformers.
gaugze silicon stael strips 1, 1%, 13, and 2 inches
wid: by 28 inches long. TPiice 2 to 4 cents per
stiin, Instructions for making transformers 25c.
I\emplhurn Specialty Co., . O. Box 752 CS,,
T wdo. Ohio,

15 to 25 per cent discount on nationally adver-
tize«l sets and parts. Every item guaranteed. Tell
us your neads.  Imperial Radio Company, Dcla.
ware, Ohio.

Very best 28.

Kadio Shcck Absorber—Eliminates vibration, re.
duees body capacity and lengthens life of tubes.
I1atd rubber base with sponge rubber cushion. $1.00
for 2 set of four. State type and finish of cabinet.
Lecen Ruabbr Ca Bax 108 1. Greenshurg, Pa.

15% Of—Standard sets, Foxco—1665
Third Avenue, New York.

2550. Miles Distance with one tube. Any Novice
understands our Simplified instructions.  Big {rec

kits, etc.

haoklet tells the story. Vesco Radio Co., Box
117, Oakland, Cahf.
Complete Audio Amplifier $7.00 Postpaid! Iun-

cluding tuhe.  Will greatly increase range and vol-
vme of any tube or crystal set.  Money back guar-
antee. I'hoto for stamp. Trellcott Co., 2118-A
Hale Ave., Louisville, Ky.

Help Wanted

Money! Silvering mirrors, refinishing tableware,
auto lights, radiators, chandeliers. Outfits. Methods
free. Sprinkle, Plater, Dept. 87, Marion, Ind.

Earn $25 Weekly, spare time, writing for news-
papers, magazines, Experience  unnccessary.
Copyright book free, Press Syndicate, 1175, St.
Louis, Mo.

TEACH YOURSELF

operator would,

—____ _“THERE'S MONEY,INIT* -
ZAL=LEARN TELEGRAPHY=3%:
——_—_MORSE AND WIR ELESS————"—

in h-a_lf- us:al time, at trifling cost, with the wonderful
Automatic Transmitter THE OMNIGRAPH. Sends un-
limited Morse or Continental messages, at any speed,
Adopted by
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,

- W e ccE— - — S = —

just as_an expert
U. 8. Government and leading Universities,
3 styles. Catalog free.

16-D Hudson St., NEW YORK
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Every
Circuit a

Separate
Color

The new Consrad Pat-
terns contain every pos-
sible idea that will be of
assistance to the user of
these patterns while con-
structing the receiver.
The latest innovation is
the printing of the wir-
ing diagram on the new
patterns in four colors,
thus: GREEN for the
Tuner-Oscillator circuit,
YELLOW for the low
potential wiring or “A”
battery circuit, RED for
the plate and “B" bat-
tery circuit and WHITE
for the grid circuit.

This unique idea makes
the wiring of the set
much easier and pre-
vents any possibility of
making a mistake by
misreading the blue-

The Superadio—THE ONLY Radio Receiver

with “Tunable’”’ Intermediate Transformers

The new Tropadyne circuit is spreading like wildfire. Front pages of many radio
magazines and newspapers are featuring this circuit, The secret of its tremendous
popularity is in the TUNABLE Intermediate Transformers called Tropaformers.
Tropaformers enable you, after the set is built, to tune the intermediate transformers
so that you have no worries about balance. They take a big question mark out of
vour Super-Heterodyne.

Consrad is again right up to the minute by publishing in its usual complete form a
pattern on the authentic Tropadyne circuit. This pattern contains two extra large
sized blueprints (19 by 22 inches). The blueprint of the wiring diagram is printed
in the latest Consrad method explained elsewhere on this page. With these blueprints
comes a large 16 page booklet complete in every detail, fully illustrated and written
in plain understandable English.

Altogether every modern aid toward making a radio diagram easy to understand and
easy to follow is incorporated in this latest Consrad Pattern.

ON SALE AT ALL RADIO AND NEWS DEALERS
Published by

__J
The Consrad Company, 233 Fulton St., New York City ¢

RADIO’S FOREMOST PUBLISHERS — Everything in Books, Patterns and Diagrams




Let These Guides Solve Your Problems
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HAWKINS ELECTRICAL GUIDES {5

8500 PAGES $1 A VOLUME
185 B OREE ot A MonTH SEND NO MONEY—SEND ONLY THIS COUPON |

Kacw the facts in Electricity. They n"ean more moaney and hetter

position for yon. Hawkins Guides tell you all you need to know THEO. AUDEL & CO,,
abont E ect-icity. Every important eiectrical sub:ect covered so 72 Fifth Ave.,, New York City

you can inderstand it. Easy to study and apply. A complete, Pl iy P 1 iination. HAWEKINS
practical working course, in 10 volunes. Books are pocket size; )

flex_ble covers, Order a set today to look over.

LEARN ALL ABOUT
Macneti _Tnducti Experiments Dynamos Electric Ma-

1L¢

@~ r

1dg

rs — St 1Cip of Alte
I'ransformers
s - Circuit Breakers
Measurinz Instruments—Switchboar: Wi sing- r Stations—Installing
Talephere—Tel2graph-—Wireless— Bells— _ixhtin Railways. Also many
Modern Practical Appllcations of Electricity and Readr Reference Index D o

of the ten namboars.
SHIPPED FREE
Not = cert o pay until you see the books. No obligation to buy unless Home Address c.v.iveiiiiaviiiinaivorosessrenansnanes
you are satisfied. Send Coupon now—roday -and get this great help
lisrary and see i it is not worth $100 to you—you pay $1.00 s month for
ten months cr return it
Reference . TR (g v Wr—

i
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GCHALL of ENGINEERI

of Milwaukee
 dmericat Greatest Institution of Electrical Education

l“;

Expert in

Become an Electrical

Or Learn an Electrical
Trade in Three Months

12 Year

a—

Experts Train You in

Ceme to this great sciool where pracrical applied elestricity is taught ir all
its paases, quickly amd thorougaly. -le-e under the gudance cf ou- Staff
of Electrical Engineers and Prac:izal Experts, in the most elaborately ecuipped
scaool laboratories in America, you czn hecome an expert Electrician in ¥
yar or learn an Electrical Trade .n taree moatas.

For ower 18 years the School of Eugineering cf Milwau:ee ha: been
training men for brillant success in all branches of electricity. This great
scao0l is devoted exclisively to electricl educatian znd offers ycu advzntages
ncat to be Hund enywiere else. A la-ge four-swory concrete bu lding houses
its electricl automotive and chemical aboratories, lacture halls and d-afting
roons. T.ousands o dollars of equipment. including motors, dyiamos,
switchbozrd3, ignition starting and lighticg systems, headlight testing
lasorator.es Radio Br<adcasting S:atimm W LLA.9.. etc.. ete.. are featires of
the School of Eag:necering of Milwakee's magniticent laboratory system.
H-re the s udent is taoroughly trained in bo:h the theory and prac ice of

i

Our Big Laboratories

all types of electrical worc. He lezves the Scheol fitted for a high salarie¢
positon as an electrical e<pzri,

Thz great field of elwtrici y ofers unh>unded succzss to t3e ambhitious
properly trained mar. The eleetriczl industry has developed so rapidly that
there exists today a great shortage of properly electrically :rained men
Dectle w0 train now for a tigh.aid positicn “in this great, fascinaring
uncrwded feld. Join ou- amlitious stucents—fine, strapping soung fellows
fromr every State in the Umoi —wiao after a short, in easive training will
ente= kiz jobs as elestrieal ecparts.

Our school is located in th- hexzrt of Milwaikee, a arge. tp-to-date city
with the added attructon of bething and hcating on beautiful Lake Michi-
gan and orher lakes in tle su-rowiding country. Qur studen.s engage in
foottall, baseball, baskctba |l anc oth2r sperts; Fraternities. Schoosl Band. etc.
You will enjoy vour traiung at the Schoel >f Enginerring «f Milwaukee
and your time here will »ay you golden dividerds all tie rest ¢f your life
in imcrezsed earning power ani bizger opprriuaities.

What You Learn

The man who succeeds todzy rist specialize He
must center his thougats and cflorts on one calling
and then stick ta it. That's why Schoo. of Engi-
nesring of Milwatkee irst grounds the student i1 the
gemeral thecry and practice of clectricty. then rrains
hinm for wimtever brarch o the work which h- de

!Electrical!
Engineering |

with B. S, degree in thre2 years.

Electrotechnics

Beceme an  Elec'rotechnic an—a  special type of
expert qualifed to fit =lectricity t3 the ilemands of
modern  industry. Praciical  elactrical training of
1 t>» 2 »ears whick leacs to pasidions swh as super-
intencent of mainterance, direcor of construction,
rad o enzinee-, superir tendent of testing ani instali

‘This makes hime both

siras to specialize. a good

electrician znd a specalist who can :olve the great 4

electrical p-oblems and werk for waiich the high ing hundreds
salaries are paid. Tle highly specmlized coarses SUre  SUCIEsS

offared by School of Engineering of Milwaukee give
rox complese, expert knowledge in eaca partcular
{)renchA

cred-ts.

Practical Electricity

A “acult’ of specialis.s is lead

Fu 1l provision is made for mak
ing up deficient
Don’t delay ACTION |

EARN NHILE YOU LEARN

ing. Al of these positicns pay extremely well and
the work itsdf is intensely fascirating.

Commercial Electrical
Engineering in

ONE YEAR

i yourg ren to
Why not you

high  schhol

Course requirss six months for eomplaticn an
gives the stadent bo:h principles aad oractice it the
application of clectricity. The course mc udes house.
fagory and theatre wiring, testing anl meter work.

For thise students whe must
cowinue o earn their living ex-
penses while taling the course.

Unparallded oppostunities for brilliart, successful
carcers a1 the unew field of Comuiercial Electrical
Emgineering. To mee the extraordinary
present-day dermand for trainad electrical

D. C. and A. C. Azumture Winding, moto-s. g=ner- 11 - b . t :
ators, transiormers, eficiency tests. imstallatien and we secuse oositions near the ?Pnz“x]:;:rs.m\r:'c Sg::““'i‘: t}ll:::ougmcwcr:)?-
ca}n‘t_-.: r‘Of commerc.al electrical equ.pment and nia ! schol which affords work dur- dersed and wery pracscal traiaing espe
PULCTE: . ing their spare time cia ly adapted to higk schocdd graduates
A three-inenths’ coutse— L " 5 .
Arma&ure brief but inteasely praetical and Electratechaicians.
L and leading b well p:ying
. . positions.  Ins-ruction mde- .
w‘ndmg experts wha hive made :hor New Term
: ouga stidies of inost srac Ojsens
ticzl and erpedient methods in this feld. A wvery

March 30¢)

pormlar coume among men who dJdesire a short period
of intensive trainicg.
A’ very complete. prac

M tical course aovering tnree
AutomOtlve months' t.me. Teaches every
. vhase of eleetric staring
Electrlc‘ty lighting. ignitbn and stor-
age hattery wark for zulo

todiles, trucks, tracto-s. motorcycles. arrc-aft. etc

Opens up the way to 2ig pay positions in <he zuto-
mo-ve industry.
LYY LT Y Y YT P PO L DD L q

T S . Mail he covpon today for »ir FREL !
sC Ilo(())llf:" (‘)"i L‘i‘\"\'!l,'?(.l:"':ﬂ“l\ ‘ : 72.page  lllustrated catalog. Tell us ‘
3 J 2 :
Ex -325. 415-417 Maralkall $t,, Milwnv kee. Wis g will seni yo ecial informa i Find |
K . ost abaut great opport in |
Hease serd me wihcut cost or ctligation your g [ todiy. Lear can |
big free illustrated bcok and detals of the course g I ) rm ne |
which [ have ‘indiczted below. B s
H |
Course . 8 L
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: SCHG)L of ENGINEERI NG
City State 2 [
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ge =

EX.325 415-17 Marshall Street

Milwaukee, Wisconsin



