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i_f_o__ Practical D_/{en_ ;12 Electrical Students:

Yorke Burgess, founder and head cf 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 or 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,
[lumination 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 doilar ($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 bool:
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. M. H.-720 Cass St., CHICAGO. ILLINOIS
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ABSOLUTELY

LAST CHANCE
to get this book free

For a short while we have been giving Taylor’s great book on
TRANSFORMER PRACTICE free with the pay-raising Croft
Library. Hundreds of men have jumped at this big book bargain
—a great bargain, indeed, at a special low price—on small monthly
payments. If you want to cash in on this offer—act now—this is
absolutely the last chance vou will have.

e s S This Offer Will Never Be Made

$10.00 an hour %"

gmuulls like gig ;f»ny, doesl}:'t ili‘ I 7 Reasons for Owning
ut thousands of men, when they have climbed the ladder and figured .
back, have found that the time they spent in spare-hour reading and the Croft Library
studying paid them bigger than any wages they ever earned Every page of this 3000-page Library is
Let's figure it out. There are at least three evening hours a day that '(?kcf“ é"’;" "f”d‘?"il '-;I:C“EF“II Qracly
1 i g - h H t d nly wi e kind of pro
can be used in putting practical knowledge into your head. Suppose you Kovs Poumest L yBrT JAR WaTk.

The author’s knowledge of electricity has

used just a fair portion of these, putting in, say, 500 hours a year for two 2
heen obtained through actual shirt-sleeves

years—1000 hours in all.

I'he well-informed man in any business can expect to earn $2000 a year practice.  Beginuing as an apprentice
more than the uninformed one. In five years this difference amounts to linemnan, he went through the variou
$10,000 $10 f h 7 k - stages of wireman, draftsman, etc., unti

o » or Jor every hour ot your spare-time empIO) ment. lie attained the position of electrical en

We are putting it conservatively. Many men have found their use of incer with one of the big electrical mas

. . E . 4
spare time paid them as high as $25 to $50 an hour. Spare-time invest- uiacturing companics. Now he hcads his

own consulting company.
3 Seven years of thought, time, and effor

were put into these great books. In then
The CrOft LIB RARY OF you will find all the essentials of moden
clectrical practice. Their thoroughness
niakes them the standard electrical refer
CAL ELECTRICITY ene books of taday

. . The books contain nothing but live, prac-
A combined reference library and home study course tical material. They are kept up to the

8 volumes, 3000 pages, 2100 illustrations, flexible binding minute by periodical revisions by the aun

$1.50 in ten days and $2.00 monthly for nine months thor.  Every clectrical worker will ap-
preciate the value of this.

ment is the biggest thing you can undertake.

B The man who gets anywhere in any line of endeavor is the man who 5§ Everything iu the volumes is clearly writ-
KNOWS.  And generally the more he knows the more he earns en—clearly illustrated. Every man alle
For the man who wants to know there is nothing better than the Croft 0 read ‘;‘.‘d Rt eLeTy “"‘~l°1“'““;' andjilse
Library of ngucal Electricity—eight volumes packed to the covers with ;.‘;;m,...“-e‘:ri's;.(, dre pether dlementan
.~¢;und, helpf.ul mform:mon on every phase of electricity from first princi- 6 The flexible keratol binding of the Croit
ples to central station work. ) books makes them ideal for either worl
Croft knows how to teach electricity—how to fit men for big-pay jobs shop or hawe library. They are easy to

because he has been through the mill and knows what is needed to get Beudis—end ghey vill s
7 The worth of any set of books is usually

ahead. What he knows i actice— S ;

;las e sl A a]bolu_: elelctrfcal practice—and he knows a lot- indicated by its sale. Over 40.000 elec
s been gained by actual shirt-sleeves contact with everyday electrical trical workers—bexinners aud experts

problems, are now using the Croit books. There's

o o % a sound reason for this popularits
Know electricity as experts know it :
4

Earn an expert’s pay g

groft teaches you electrical practice complete—inside and outside work—central stations and the whole subject. it
¢ tells you the things you need to know about motors, generators, armatures, commutators, transformers, cir- _o°
cuits, currents, switchboards distribution systems—electrical machinery of every type and installation, operation &
:II:IIId repair—swiring f'or hght. a.nd powe.r——.how to do it mechanically perfect in accordance with the national o ,}1,‘;‘3,;3:'(
b ectncal.Code—wn-n}g of finished buildings—underwriters’ and municipal requirements — how to do a o Co.. Inc
complete job, from estimating it, to completion—illumination in its every phase — the latest and most im- o* 370 Seventh
proved methods of lighting—lamps and lighting effects, etc. o’ Ave, New York
. N 0 .
@ Gentlemen ~—Sepd me
Free examination—send no money s the LIBRARY OF
\ 2 O to test our statements—we want you to compare the Croft books with others. Fi and o* PRACTICAL ELEC-;
¢ will send you the entire set of cight volumes for ten days’ Free txaminatton, ¢ TRICITY (shipping chary-
he risk—j wes.  You assume no obligation ¢' es prepaid), fon 10 days’ frec 8
N . e1 8ep e e o @ €xamination. If satisfactory. 18
' ' ; : g will scnld $1.50 in ten days-and 2%
g 0 . i i i '
When your first payment of $1.50 is received we will send vou vour f e copy o' ")‘.‘5(;"}?:; Le‘::::“;])a'n?le si}?crll‘:rlt ‘:\':i\el:;f ’
will write you for return shipping in-
'0 arucl;om =U|{),| receipt of my first pay
o] 0. 5 * of §1.50. am to receive a copy of
Thls coupon Ieadsyou to the blg pay _]Ob'o Taylor's Transformer Practicce nb;oluvl
e (\ 1 11
P W fi
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THE EXPERIMENTER READERS..BUREAU

R 5 o e AR S e < IR TR S TR S e S L T S
®
Time and Postage Saver
IN every issue of THE EXPERI- If the advertiser requires any money
e MENTER you undoubtedly see or stamps to be sent to pay the mailing

" numerous articles advertised about charges on his catalogue or descriptive

_ which you would like to have further literature, please be sure to enclose the
information. ) correct amount with the coupon.

. To sit down and write an individual We will transmit to the various adver-
letter to each of these respective con- tisers your request for information on
cerns, regarding the article on which their products.
you desire information, would be quitc This service will appear regularly

- ataske o every month on this same page in
As a special service to our readers, we THE EXPERIMENTER.
will write the letters for you, thus sav- If there is any Manufacturer not ad-
ing your time and money. vertising in this month’s issue of
Just write the names of the products THE EXPERIMENTER from
about which you want information, whom you would like to reccive lit-
and to avoid error, the addresses of the erature, write his name, address and
manufacturers, on the coupon below the product in the special section of
and mail it to us. Y the coupon below.
............................................................................... TR ANLBINTE TSI LR oo oo e . e i .5

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

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

| If Catalogue

|
List here specific article on of  complete
| line is wanted

NAME ADDRESS which you wish literature. | 2% \
check in this

(Street—(City—State)
column,

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

NAME ! ADDRESS
(Street — City — State) l
.............................................................. et ettt e l 60055000 0EEAE0a e BEEEEEOBAOEEEECEENOEERNEEIEGEEONEOECNE0
.............................................................. e
.............................................................. | coooeoooomanascs © @ 900 46 a o s G0 oooea cRGANEROONND  COCOSMISONEOSCOVRSEARGRCAERBCRECAREEORREEROOEEOAOCO0OAEI000D
Y OUT MV o noreeeieee eeeeereeeeeeneeeeeeeeseeeseeeseensane e emean e eeeeas P Dealer’s NAME c..oooviees ceeeeceere e eecene e e esvsesae e eeaeeseennns
Y our addresS. oo e e e e His address. .. ..o oo ceeen e e e eeee e
[ Mfvouareadealers Cipe e State ... CHty. o e State................
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WORLD FLYERS
Greeted by huge crowds

when  they landed at

Puris efter flying 17,000
nules

(I, & A. Photo)

Daring Young Men

Needed in Aviation

Aviation in America is on the threshold of an amazing new development.

The prediction of

pioneers is now an actuality—for in the past few months the newspapers have announced the

establishment of gigantic commercial air lines.

The biggest capital and Lusiness forces in the

world are behind this enterprise. And now, even in the beginning. thovsands of young men
are needed. For those who can qualify there will be thousands of highly paid jobs which will
lead quickly and surely to advancement and success.

HERE is no field of work in
the world today which offers
such amazing opportunities to
voung men of daring and who love

fly around the werld. Yes, Aviation
offers the same wonderful opportun-
ities today that the automobile and
motion picture industries did 15 and

adventure as does Avi-
ation, Although still in
its infancy, there is a
crving demand in Avia-
tion for young men
with courage. nerve and
self-reliance. For those
who can qualify there
will be thousands of
highly paid jobs which
will lead quickly and
surely to advancement
and success.

Big Opportunities
Await the Trained
Man

Look over the ficlds
of work which are open

PREPARE
For One of These
POSITIONS

Aeronautical Instructor
$60 to $150 per week
Aeronautical Engineer
$100 to $300 per week
Aeronautical Contractor
Enormous Profits
Aeroplane Repairman
$60 to $75 per week
Aeroplane Mechanician
$40 to $60 per week
Aeroplane Inspector
$50 to $70 per week
Aeroplane Salesman
$5000 per year and up
Aecroplane Assembler
$40 to $65 per week
Aceroplane Builder
$75 to $200 per week

20 vears ago. Men who
got in on the ground
floor of those mdustries
made fortunes before
others woke up. AVIA-
TION 1S NEW! It
clamors fornervy voung
men—and the trained
man has the world be-
fore him in Aviation,
Easy to Become 'an
Aviation Expert —
$50 to $100 a
Week

You can
qualify now
quickly for
one of these
exciting  high-
ly paid jobs

to the yvoung man today. You will
find that Aviation is the ONE
FIELD that is not overcrowded—
the ONE FIELD in which there is
plenty of room at the top. Think of
it! Only 21 vears ago Orville and
Wilbur Wright made the world’s
first airplane flight. Now airplanes

through a new, sure. easy method of
training. The study of Aviation is almost
as interesting as the work itself. Every les-
son is fascinating and packed full of in-
terest. That’s why Aviation is so easy to
learn—you don't have to force yourself to
study—once you start, you can’t get enough
of it. Only one hour of spare time a day
will give you the basic training in an amaz-
ingly short time.

One student, S. F. McNaughton, Chicago, says:
“Yaur lessons are like a romance, and what is more.
after one reading, the student gets a thorough un-
derstanding.  One never tires of reading them.”
Jimes Powers, Pa., another student, says: I am
indeed surprised that such a valuable course can be
had from such practical men for so little cost.”

Personal Instruction By

Experienced Men

Men who have had actual experience in
Aviation give you personal attention and
esuide you carcfully through your training.
They sclect the lessons, lectures, blueprints
and bulletins.  They tell you the things that
are cssential to your success. [Svery lesson
i1s casy to read and quickly understood.

Big Book on Aviation FREE

Sead coupon below for New Free Book, just out.
“Opportunities in the Airplane Industry.” It is
interesting and instruc-
tive and will show you
many things about
Aviation which you
never knew before.
Only a limited numbe:
offered—get yours be-
fore the edition is ex-
hausted.

American School of Aviation
Dept. 8718
3601 Michigan Ave., Chicago, IlI.

AMERICAN SCHOOL OF AVIATION, -

3601 Michigan Ave,. Oept. 8718, Chicage, 1l1. |
Without any obligation, send me your Free Book,
‘Opportunities in the Afrplane Industry,” alse In- l
‘crmation about your Course fn [I’ractical Aere-

|
I
|
l nsutfics.
[
I
|
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A Lacault Development

Guaranteed

To protect the public,
Mr.  Lacault's personal
monogram seal (R.E.L.)
is placed on the assem-
bly lock-holts ot all genu.
ine ULTRADYNE Model
L-3 Recewvers. All Re-
ceivers are  GUARAN.
TEED so long as these
scals remain  unbroken.
No equivocatton  about
this GUARANTEE. This
seal 1s as posttive in its
protection as a bank
note.  As long as you
refrain  from tampering
with at, the ULTRA.
DYNE. Model L-3. will
be mamtained in perfect
condition by 1ts makers.

R

O the radio-wise, the mere fact that the designer of this new
Tkind of receiver is R, E. LACAULT is a sufficient recommen-

dation. ‘I'his famous technician has frequently lead the forward
march of radio. His popularity is founded on the recognition of his
intense practicality. He is no mere theorist! He never misleads,
never entangles with useless technicalities. He perceives the require-
ments of the average radio user and designs in strict accordance with
these practical requirements. The result is always complete satisfac-
tion. This new type receiver is the realization of Lacault’s fondest
ideals of radio reception.

Specifications

Circuit—The new ULTRADYNE Model L-3 employs six vacuum tubes of the
six volt, one-quarter ampere type. The first three function as radio frequency
amplifiers, the fourth as detector and the last two as audio frequency ampli-
fiers. Operation has been simplified by using automatic filament controls in
place of rheostats. The first two stages of radio frequency amplification are
tuned while the third stage is fixed.

Selectivity—A special resistance system of stabilization prevents these circuits
from oscillating at resonance points. More than this, the system actually
increases the selectivity of the set without any loss in efficiency. Though the
set is so highly selective, there are none of the “critical tuning characteristics”
common to so many receivers, due to the use of straight-line wave length
condensers. The lever system of control provides a vernier action of a new

~

order,

Matched Loud Speaker and Amplifier Units—Distortion has been eliminated
by striking an equality in the impedance of the loud speaker umt and the
plate to filament impedance of the tubes. The two work in perfect harmony
with each other. The new ULTRADYNE is designed to use either an indoor
or an outdoor aerial. For most purposes an indoor wire is sufficient, A
section of lamp cord run around the moulding of a room is very satisfactory.

Cabinet—"TThe cabinet is 24 inches long, 14 inches high and 14 inches deep.
Space is provided for the “B™ batteries on the inside. Binding posts on the
rear of the vacuum tube socket sub-base take the aerial, ground and “A”
batterv connections which are run through holes in the back of the cabinert.
T'he wood is a rich, brown color, made up of five-ply mahogany veneer and
decorated with two-tone line cuttings. DUCO finished to guarantee the
permanency of color, grain and lustre. The grill in the center, which conceals
the loud speaker horn, is a statuary bronze color and is backed by a meshiny
of dull gold.

ALTRADYIE

MODEL L-3

PHENIX RADIO CORPORATION

No Dials~No SPanel-Builtin ofoudspeaker-

114-H EAST 25th ST.,, NEW YORK
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A New Qoncept

A

New Kind -o/‘ Receiver
No Dials -No Panel 1
\  Builtin (oudspeaker
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Yastefilly lnoblrusive

This new kind of radio-musical in-
strument marks the mastery of tech-
nicalities to the point where the
whole range of radio’s resources are
literally at your instant command.

The ULTRADYNE, Model L-3,
supplants the usual “laboratery ma-
chine.” It is a new artistic table-
piece that makes the entrance of ra-
dio into the well-appointed home
unobstrusive, inconspicuous. It rep-
resents the triumph of art over mere
mechanics.

The ULTRADYNE is worthy of the
place of honor in the most luxurious
home,

The ULTRADYNE, Model L-3,
fulfills everything that the critically-
minded have demanded of radio.
Why wait any longer, why deny
yourself the infinite treasures of ra-
dio? The ideal has at last been
attained.

Skepticism will vanish if you will
allow your local dealer to demon-
strate this new modern radio re-
ceiver,

Illustrated Foldcr on Request.

ALTRADYIE

MODEL L-3

PHENIX RADIO CORPORATION 114-H EAST 25th ST.,, NEW YORK

Beauty in Jone~Jeauty in Pesign
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BURIED
TREASURE

can still be found in

00od Chemists Command High Salaries

and you can make yourself
independent for life by un-
earthing one of chemistry’s
yet undiscovered secrets.

Do you remember how the tales of pirate gold used to fire
your imagination and make you want to sail the uncharted
seas in search of treasure and adventure? And then you
would regret that such things were no longer done. But that
is a mistake, They are done—today and everyday—not on
desert islands, but in the chemical laboratories throughout
your own country. Quietly, systematically, the chemist works.
His work is difhicult, but more adventurous than the blood-
curdling deeds of the Spanish Main. Instead of meeting an
early and violent death on some forgotten shore, he gathers
wealth and honor through his invaluable contributions to hu-
manity, Alfred Nobel, the Swedish chemist who invented
dynamite, made so many millions that the income alone from
his bequests provides five $40,000 prizes every year for the
advancement of science and peace. C. M. Hall, the chemist
who discovered how to manufacture aluminum made millions
through this discovery. F. G. Cottrell, who devised a valu-
able process for recovering the waste from flue gases, James
Gayley, who showed how to save enormous losses in steel
manufacture, L. H. Baekeland, who invented Bakelite—these
are only a few of the men to whom fortunes have come
through their chemical achievements.

Now Is the Time to
Study Chemistry

Not only sre there boundless opportunities for amassing
wealth in Chemistry, but the profession affords congental

T. O'CONOR SLOANE,
AB., AM. LLD,. PhD.

Noted Instructor, Lecturer and
Author. Formerly Treasurer Ameri-
can Chemical Society and a practical
themist with many well known
mchievements to his credit. Not
only has Dr. Sloane taught chemis-
¢ry for years but he was for many
jyears engaged in commercial
chemlstry work,

employment st good ealaries to hundreds of th who

What Some of Our
Students Say of This

Course:

1 have not written since T received the big
set. 1 can still say that it fur exceeded my
antlelpations. Since I have been studying with
your school I have been appointed chemist for
the Seranton Coal Co. testing all the eoal and
ash by proximate analysis. The lessons are
helping me wonderfully, and the interesting
way in which they are written makes me wait
patiently for each lesson.—MQRLAIS COUZ-
ENS.

I wish to express my appreclation of your
prompt reply to my letter and to the recom.
mendation to the General Electric Co. I in-
tend to start the student engineering course at
the works. This is somewhat along electrical
lines, but the fact that I had a recommenda-
tlon from a reliable school no doubt had con-
siderable influence in helping me to secure the
job.—H, VAN BENTHUYSEN.

So far I've been more than pleased with
your course and am still doing nicely. I hope
to be your honor graduate this year.—J. M.
NORKUS, JR.

1 find your course excellent and your instrue-
tion, truthfully, the clearest and best assem-
bled I huve ever taken, and yours is the fifth
one I've studied.—JAMES J. KELLY.

From the time 1 was having Chemistry it
has never been thus explained to me as it {s
now. 1 am recommending son highly to my
friends, and urging them to_ hecome members
of such an organization.—CHARLES BEN-
JAMIN.

T shall always reconimend your school to my
friends and jet them kuow how simple your lese
sons are.—C. J. AMDAHL,

I am more than pleased.
from the start. I am going to get somewhere
with this course. I am so giad that I found
you.—A. A, CAMERON,

I use your lessons constantly as T find §t
more thorough than most text books 1 can
secure.—WM, H. TIBHS.

Thanking you for your lessons, which T find
not only clear and concise, but wonderfully
interesting. 1 am—ROBT. H. TRAYLOR.

1 recelved employment in the Consolidated
Gas. Co. appreclate very much the good
service of the school when a recommendation
was asked for.—J0S. DECKER.

You dig right in

merely follow out its present applications, These appii-

chemist ean hardly be cailed work at all.
in & chemical laboratory are fllled iwith

You Can Learn at

eations are {nnumerable, touching intimately every business and every product in the world
It is the keenest and most enjoyable kind of pleasure.
thrilling and delightful
Drospect of s discorery (hat may spell Fortune alwuys at hand to spur your enthusiasm.

To qualify for this remarkable calling requires elaborate speclalized training.
necessary to attend a univeralty for several years to acquire that training, but thsnks to our
highly perfected and thorough system of instruction, you can now stay
position, and iet us educate you in Chemistry during your spare time.
schooling you can take our course wnd equip yourself for immediate practical work in a chemleal

The wark of the
The days

experimentation. with the alluring

/
/

Home

Formerly it was

at home. keep your
Even with only common

/

/7
7/

/

/ CHEMICAL
INSTITUTE

laboratory. Dr. Slcane gives every one of his students the same careful, personal super-
vision that made him celebrated throughout his long career as a college professor. Your
instruction from the very beginning is made interesting and practical, and we supply you
with apparatus and ehemicals for performing the fascinating analyses and experimenta)
work that piays such a large part in our method of teaching. and you are awarded the /
Institute’s officlal diploma after you have satisfactorily completed the course, /

OF NEW YORK
Home Extension
Division 9

66-X—West Broadway
New York City

Experimental Equipment

5 Easy Monthly Payments =
ease send me at onee,
FurnlShed to EverY Student You fon': h‘m o lrluu even the umn'll price or”u:‘eh course to start. You can / without any obllxnﬂg\ on my
pay for it in amall monthly amounts-——so sma at you won’t feel them part, your free Iiook ""Opportunt-
ch:yn"lcf.":qﬁ?p:f:ﬂ Slm?ﬁﬂfn:"rtﬂ'y‘-r-'l?n"e“{ﬂ::‘e,ﬂ;?”f:m,":'alf The cost of cur course s very low, and includes everything, esen the ties for Chemists,”” and full par-

chemistry outfit—there are no extras to buy with our course. Our plan ticulars about the Experimental Equlp-
of monthly pasyments Dlaces s chemlical education within the reach of ment given to every student. Also please
everyone. Write us and let us explain our plan in full—give us the /ml me about your plan of payment and
epportunity of showing you how you ean qualify for a highly tralned / your special 30 day offer,

technical position without even glving up your present employment /

Special 30 Day Offer
Besides furnishing the student with his Experimental
Equipment, ‘ve are making an additional speeial oTer for
s short while only. You owe it.to yoursell to find out
about it. Write today for full infermation and ‘ree
book ‘’Opportunities for Chemists.”* Send the coupon
tight now whilo it is fresh in your mind. Or jusc
write your name and address on a poatal and mail /
/CITY...
jExp. Norv. 25

; apparatus and supplies., and forty different chemicals
:‘:3 re';pgenls‘ These comprlse the spparatus and chemieals
used for the experimental work of the course. The fitted
heary wooden box serves not only as a case for the outfit
but also as a usefui laboratory accessory for performing
countless experiments.

CHEMICAL INSTITUTE
OF NEW YORK, Inc.

Home Extension Division 9
68-X—WEST BROADWAY NEW

1t to vs. But whatever you do, act today before
this offer ts wi

thdrawn.
YORK CITY DON'T WAIT—MAIL COUPON NOW]
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Materials Used In Experimenting
By Hugo Gernsback

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

N important thing the experimenter should keep in
mind when starting out on no matter what experiment
is to attain thorough knowledge of the materials he
intends to use. It seems commonplace and trite
enough to say this, but the average experimenter would
be astonished at the time, labor and money being

wasted annually by those experimenters who as yet have not learned
what certain materials may and may not do. Just to give a few
examples: An experimenter makes a knife switch, using soft brass
for the blade and blade clips. If any amount of current is used,
the brass soon turns black and becomes covered with an oxide which
will put a high resistance into the circuit, and poor results will be
had. Also, clips of soft brass will spread so that still poorer
contact will be made. The material to use is, of course, hard copper,
which, first of all, is springy, gripping the blade. Second, it does not
oxidize, except at high heat, and third, it is a much better conductor
than brass, which is a relatively poor conductor.

An experimenter recently wrote in that he had constructed a Tesla
Coil according to specifications, but that it didn't work. We were
puzzled, ourselves, until we found that instead of using the suggested
glass insulators, he had used porcelain cleats, which were not even
glazed. Now if there is a poor insulator for high frequency work it
is unglazed porcelain. This material is very porous and literally
leaks like a sieve as soon as the high tension current is turned on.
Porcelain could have been used in such a coil, but the experimenter
should have used at least glazed porcelain, which would have given
fair results whereas the unglazed material did not.

Another experimenter recently attempted to construct a Wimshurst
Static Machine. It was built according to specifications, but did not
operate. The reasons were, as we soon discovered, that the glass
used for the Leyden jars was ordinary lead glass, which, to the high
tension currents, and particularly such as due to static charges, is
about as good as a piece of metal! In other words, it is no insulator
at all. Any one who builds a static machine must use the so-called
“potash glass,” which is not easily obtainable in this country. In
Furope it is a commonplace substance and is used much more than
the lead glass we have here. In this country, where the use of
potash glass is not in vogue, it is best to use a substitute such as good
hard rubber tubing, or bakelite tubing, or a tube cast in sulphur.

A test for a Leyden jar is that after the jar is finished, coated
inside and out with tin foil, and the jar charged, it must retain the
charge for at least a full half minute. In other words, when charg-
ing it you should be able to pull out a good strong sparx half a
minute after charging the jar. Otherwise the static machine will not
work well. Mica can also be used for the same purpose, and retains
its charge very well.

When making chemical experiments, only chemical glassware
should be used, and we need not urge this too strongly, because
most chemical experimenters are aware of this, but the beginner
is not. He often uses vessels that crack as soon as the Bunsen burner
is turned on, with disastrous results, many times.

Those who experiment with permanent magnets for radio or other
purposes find that the only steels that retain their magnetism are in
the order as given here: tool steel, chromium steel, and tungsten steel,
the tool steel being the poorest—the tungsten the best. If you use
soft steel or cast iron, it is true that such can be magnetized, but the
magnetism will be retained only a short time, after which it has to
be remagnetized. Naturally, if we need an instrument that should
stay put for any length of time, we would wish to use only the

best tungsten steel, as, while it is very hard, it can be heated and
bent into shape and worked by means of an emery wheel. After-
wards it must be heated to a cherry red and dropped in oil for hard-
ening. Then it is ready to be magnetized.

A few hints about magnetizing steel may not be amiss. When
magnetizing, be sure you know which polarity you require, because
once the steel has been magnetized you can not easily reverse the
magnetism, If you find vou have the wrong polarity, it is then
necessary to first heat the magnet to cherry red again, reharden it,
and then remagnetize it. It is a wrong impression, when magnetizing
for permanent work. that the electric current should be left on for
any length of time. The magnet is magnetized practically instantane-
ously, ten seconds being sutlicient for all purposes. While it is being
magnetized, it is a good plan to hit the magnet with a piece of hard
wood or hard rubber a number of smart blows, which seems to assist
in realigning the molecules of the magnet, and a much stronger
magnet results,

In winding radio coils, a most important item is frequently over-
looked. Most designers give specifications of double cotton covered
wire, which is really excellent, but they forget to tell that such a coil
is highly hygroscopic; that is, it will work very poorly on a wet day
when the insulation will absorb a good deal of the moisture of the
air, which spells deieat for long distance reception. The obvious
thing to do when using double cotton covered wire is to put a @cry
light coat of thin shellac over the entire coil. This gives the protec-
tion required without adding greatly to its capacity.

One of the most interesting materials to work with is celluloid.
Here is a substance that has been overlooked a good deal by our
experimenters. There are thousands of different uses to which
celluloid can be put in making models, etc. The material can be
worked easily, and by means of a simple liquid can be cemented
together in such a manner that it is impossible to pull it apart,
because, unlike most other materials, celluloid practically welds to-
gether under a cement, and as the liquid dissolves it, the cemented
sections really become one and the same piece. The cement is made
as follows:

Procure a wide-mouthed bottle of acetone. Into this throw small
pieces of celluloid—pieces such as you get from photographic films,
which must be clean of its emulsion. The emulsion comes off easily
in hot water. The pieces must be rather small, and no large ones
should be thrown into the bottle. After the bottle has stood over-
night, you will find, next morning, that the celluloid has all been
dissolved, and that you now have a celluloid cement. If made cor-
rectly, its consistency should be that of thin syrup. It must not be
heavy flowing, and it it is too thin, add celluloid. If too thick, add
acetone. Use the cement with a brush, but be sure that the bottle is
well stoppered, otherwise the acetone will evaporate, the, cement
becoming too thick. This cement can be used in a myriad of different
ways. It is good ior cementing together porcelain, pieces of wood,
and can be used to much better advantage than shellac for many
different purposes. Self-supporting radio coils can be made by coat-
ing a thin coat on the wound coil and then withdrawing the mandrel.
This leaves a really beautiful coil.

Using a number of thin photographic flat films and very little
cement, sheeting can be built up by this means to any desired thick-
ness. Qther celluloid pieces can be welded to it, by using the cement
and putting the cemented pieces under pressure over night. Flowers
and beetles can be covered with this cement in a most beautiful man-
ner, that is astonishing in its effect.

Mr. Hugo Gernsback speaks every Monday at 9 P. M. from Station WRNY on various radio and scientific subjects.
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A view of the apparatus for liquefying hydrogen, with
its non-conducting lagging or casimg removed. In both
this and the photograph to the right the Dewar flask for
receiving the gas as liquefied, is shown at the very bottomn
of the apparatus.
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Liquefying Hydrogen

General view of the apparatus for liquefying hydrogen used by the Bureau of
Standards at Washington, D. C., is shown
impressive from its small size.
taining the chemically pure hydrogen.
containers of vacuum-jacketted or Dewar

below. The compact apparatus is

In the background is seen the gasholder, con-
On the little table are seen various
type.

[ e i

When liguid hydro-
gen is made to eva-
porate under reduced
pressure by a quick
acting vacuum pump,
it freezes and forms
hydrogen ice. The
small apparatus re-
quired for this is
shown on the left.
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IIE United States Burcau of Standards

has been doing very interesting work

on the liquefaction of hydrogen in its
laboratory at \\ ashington, D. C.

Sir James Dewar first hquefied hydrogen
in England, about 25 years ago, and this,
in spite of any earlier claims, it is fair to
say, is the first certain liquefaction of
hydrogen.

Two years after this liquefaction the Eng-
lish scientist succceded in freezing the liquid
to a sohid. The famous cryogenic laboratory
of Prof. Kamerlingh Onnes, in Leyden, Hol-
land, has produced considerable quantities of
the liquid.

The principle cmployed in liquefying
hydrogen is quite simple: hydrogen gas is
first compressed to a pressure of 75 to 100
{mospheres and then pre-cooled to a tem-
perature of about —200° C. (—328° F.),
which temperature is produced by the evapo-
ration of liquid air under reduced pressure.
The principle of heat exchange is then ap-
plied. The cool gas is passed through a
coil and expanded as it issues from its end,
and withdrawn in contact with the outside
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Simple apparatus for removing traces of oxy-
gen from hydrogen. A heated platinum wire
brings about the combination of any traces of
oxygen with the hydrogen so that water is
formed and is condensed or frozen out.

of the tube through which it has just passed.
The expansion lowered its temperature still
more, so, in this way, the incoming gas is
cooled to a lower degree. The temperature
keeps falling until —233° C. (—423.4° F.)
15 reached and the hydrogen begins to
liquely. This temperature is only 20° (.

CThe

\ ANY monmhs have passed since we
i illustrated in our pages various ex-
amples of old telephones and of scenes in
the early history of the science, the latter
reproduced from contemporancous publica-
tions.

The Western Electric Company, of this
¢ity, has established a museum oi hisorical
relics of the Bell telephone, and the ex-
amples of early telephones which we showed
were those exhibited in the cases thereol.

Quite an extensive museum has been in-
stalled in the \West Street building of
the Bell Telephone Company in this city.
Numerous glass cases are filled with the in-
teresting original telephones or reproductions
of the old-time instruments. The exhibits
precede the telephone in date. for an acenrate
copy of the famous harmonic telegraph
transniitter and receiver of 1875 is there.
This is less than a year older than the
tamous bell telephotie that transmitted the
first message in history: “Mr. Watson, come
here, I want you.” Even anoriginal smoked
glass tracing of speech sounds giving its
graphs of specch is here. It was made by
Alexander Graham Bell and Dr. Clarence
John Blake before telephone days had come.

Wherever there was a gap in the series
oi relics it was filled by a reproduction, but,
fortunately, a great number of the exhibits
are the gemnine original ones. veterans of
the telephone, and which served in com-
mercial practice. In the early davs, once
the microphone wias adopted in commerce,
changes were. perhaps, comparatively few:
then came a period of development leading
up to the present granular microphone, and
now, except for wireless headsets and the
like. it would seem as if more or less of a
perind of rest were once more obtained.

It is interesting to note that the subject
of wireless telephony is well represented;
such historical instruments as the transmit-

(36° I*.) above the absolute zcro, — 273° C.
(—439.4° F)

If the hydrogen contains oxygen and
nitrogen, which inevitably find their way
into it, they must be removed, because they
liquefy and solidiiy long before the hydro-
gen yields to the apparatus and they thus
plug up the expansion valve: that is, the
valve at the end of the coil through which
the pre-cooled and compressed hydrogen
expands. The problem of liquefying hydro-
gen in quantity is comparatively simple if
absolutely pure gas can be obtained, and the
Burcau of Standards has taken up the work
of purifying the gas and, incidentally, of
analyzing it to determine the infinitesimal
amount of nitrogen which it contains as
oxygen is casily idsposed of.

To free it from oxygen, the gas is passed
through a tube within which is supported a
series of parallel leads of a long platinum
wire, whichl are vertical in position and kept
in place by a weight at the lower end. These
are heated by an electric current and the gas
passed through and over the wires: any
trace of oxygen preseut combines with the
hydrogen to form water, which is readily
condensed. No matter what is done, how-
ever, nitrogen always finds its way in. This
is removed by refrigeration.

The hydrogen is made by clectrolysis,
using an alkaline electrolyvte, such as sodium
hydroxide or potassium hydroxide solution.
The gas is collected and stored hetore ligue-
faction in a gas-holder; this holder floats
in glyeerine; originally oil was used, but
nitrogen penetrated into the gas-holder from
the air, diffusing into the hydrogen. Glycer-
ine resists this action better than oil. Very
ingenius methods of analysis were devised
to detect the amount of nitrogen, all based
on liquefaction at low temperature,

Dy refriceration of the hydrogen with

11

liquid hydrogen outside the glass tube in
which the hydrogen was being purified, the
nitrogen  was reduced to as little as
2 millionths of 1 per cent. of the original
samples,  The analysis is supposed to be
accurate to 171500 of 1 per cent. The few
hundredths of 1 per cent., however, clog up
the apparatus.

One way of determining the nitrogen con-
sists i passing about 200 cubic centimeters
of lhydrogen over heated cupric oxide; the
hydrogen reduces this to metallic copper,
forming water which is frozen out, and
by repeated passage, along with reoxidation
of the cupric oxide, all the hydrogen is
burned up, forming water. Liquid air is
used to get rid of the water; the amount
of nitrogen which is the residuum left after
this treatment is determined by measuring
the pressure of the residual gas. The results
of ditfferent  determinations  of  hydrogen
comtaining a few hundredths of 1 per cent. of
nitrogen agreed within 1 thousandth of 1 per
cent. Naothing is said abont the removal of
areon, but when we recollect that this is
only about 1 per cent. of the total nitrogen,
it will he seen that its amount is mfinitesimal.
The liquetier used by the bureau reduced
about 2 liters of liquid hydrogen per hour;
it was found that it could be preserved for
a day or two in silvered glass Dewar flask-.

The value of liquid hydrogen is in its use
ior theoreticul investigations on the prop-
erties of matter at low temperature and it
i~ more than a simple trivmph of chemistry
or physics,  After it has been liquefied it
can bhe casily solidified into hydrogen ice
by placing it i a vactum container or
Dewar flask and evaporating it under re-
duced pressure by a rapid action vacuum

pumip.  The freezing point is —239° (.
(—4342° 1), which is only 14° C.
(252° 1) ahove absolute zer..

Bell Telephone Museum

ter which sent the first spoken word from
Arlington, Va, to I'rance and Honoluli is
preserved.  The original apparatus uscd at
President Harding’s inaugural is presented
intact; vacunm tubes from the first crude
devices to tie modern high-powered tubes

are shown,  The apparaius developed by the
Army and Navy for war nse is to be seen
with samples of submarine cables.

Tacre are aver two thousand exhibits in
the eollectiom and our illustration conveys
an tfea of how they are displayed.

ol

A view of the Museum of the Western Electric Company. We are indebted to the company for

the photograph of which the above is a reproduction.

In its cases there are contained a wonderful

collection illustrating the history of the Bell telephone and of the development incident to the micro-

phone and the vacuum tube.
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Transmitting Photoqraphs

By Leon L. Adelman

Flioto courtesy of the North American Newspaper Alliance

The unretouched photograph of Miss Ederle in her attempt to swim from France to England as
drawn by the artist at the recciving end, in New York City a few hours after it was taken in the
British Channel. Note minute details, even some of the bubbles in the water have been successfully

reproduced.

OR the first time in history a picture

of a Eurupean news event was trans-

mitted by cable on the day the photo-

graph was made and reproduced the
tollowing day in newspapers in New York
City, Chicago and San I‘rancisco.

The feat was accomplished by the use of
the Leishman Telegraph Picture Process and
the American Telephone and Telegraph Com-
pany's Tele-photo-graph process and stands
as a record of achievement.

The Leishman process is the only one that
will operate on a trans-oceanic cable and con-
sists of the following steps: The picture to be
sent is enlarged if it is a small one, usually
to 18 inches square, and is placed upon the
surface of a so-called coding device. This
latter is a board having two scales, one hori-
zontal and the other vertical, the letters of the
alphabet representing the graduations of the
scales. The coding board and photo being of
the same size, the outlines of the various
tones comprising the pictnre are traced by
means of movable arms similar to those on
the Telautograph, and as this is done the posi-
tions of the tracing stylus are indicated on
the two scales. There are more than 100,000
Jdifferent positions possible on any picture and
the readings on these scales indicate the move-
ment of the stylus from one position to an-
other.

The readings on the scales are thus in the
letters of the alphabet and are incorporated
into a code message with letters that indicate
the exact shade of the various parts of the
picture. The system is therefore one which
is entirely different from those with which
we are more or less familiar; such are the
modulated carrier wave system, as used by
the R.C.A., and the bichromated gelatin pro-
cess of Belin and the Jenkin revolving prism
methods of telephotography.

The particular picture in this case was a
photo of the world-famous American swim-
ming star, Miss Gertrude Ederle, which was
taken while > she was struggling her way
through the choppy sea of the English Chan-
nel.

The photograph was developed in the usual
manner and an enlargement was made. The
enlargement was placed on the coding ma-
chine and an operator decoded it. FEach posi-

tion of the stylus corresponded to a group of
five letters, the first of which denoted the
vertical position on the board; the second,
the horizontal position ; the third, fourth, and
fiith, the intensity of the shading.

Regarding the intensity of the shading,
there were five degrees of shades correspond-
ing to plain white, light, medium, heavy, and
black. It required 548 groups of letters with
five letters to the group to code the picture
of Miss Fderle. At the recciving station, an
operator had a similar coding board and re-
corded the series of letter combinations as
points. These points were then connected by
lines which it is interesting to note were never
more than 1/32 of an inch out of the way,
and the areas were shaded according to the
code letter prescribed.

Thus the picture is built up mechanically by
the receiving operator and after final shading
has heen completed is reduced in proportion
to about the size of the original photograph

This was the process which was used at
the receiving station in New York City. In
order to send the picture further on to San
Francisco, the American Telephone & Tele-
graph Company’s photogram system was uti-
lized, which is entirely different from the
Leishman system.

The photogram method consists of the fol-
lowing steps:

A positive transparent print is made of the
picture and it is wound on a rotating cylin-
der which has the light of a small lamp con-
tained within it focused on its periphery. By
means of a worm-gear arrangement, the
beam of light cuts a tiny swathe 128th of
an inch wide, passes through the transparent
positive and falls upon the active element of
a light sensitive or photoelectric cell. This
produces what is known as a modulator cur-
rent which is super-imposed upon a carrier
wave or radio frequency current. It is this
modulated current which is transmitted and
at the receiving station is brought back into
the original picture by means of photoelectric
recording devices kept in perfect synchro-
nism with the transmitting apparatus.

Thus, while the photogram system requires
absolute synchronism, the Leishman system is
independent of synchronism. In the Leish-
man system an automatic tape is used to rec-
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ord the letter combinations and the picture
can be decoded later at will.

One may be led to believe that minute de-
tails could not possibly be reproduced by this
system, but the success of the process lies in
enlarging the picture before transmitting it.
The operator is enabled to outline carctully
even the smallest detail and in the picture ot
Miss Ederle, it will be seen that several bub-
bles arising irom the tops of the waves were
exactly detailed.

It has not as yet been poussible to send a
fluctuating direet current such as would re-
sult when modulating by means of a trans-
mitting microphone button, over a trans-
occanic cable. The attenuation in a line pre-
vents such a method being used ; as yet it has
heen impossible to use the modulated carrier
wave system.  The pulsating modulations
which would result from decoding a picture

in the manner such as is used in the photo-

gram system or Belin's process would be
very similar to the voice currents set up if
telephone  communication were  attempted.
And of course as we all know, sub-sea tele-
phony over such great distances has been
found impractical.

An analysis of the Leishman process will:

show that it is a very simple practical method.
which involves no special apparatus nor takes
into account the time elapsing between trans-
mission and reception as some of the other
methods do. It is surprising to note with
what exactness it is possible to build up a
picture from mere combinations of letters.
Iiven o poor artist can readily fill in with the
(Continued on next page)

-CODING THE PHOTO -
LONDON TO NEW YORK
] (Via CABLE)
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'L STYLUS IN HAND OF OPERATOR WHILE
PICTURE 1S IN PROCESS OF DECODING.

Showing the method in which the picture was
coded. A pantograph arrangement with a hori-
zontal and vertical scale together with a code
representing the intensity of tint of the various
areas forms the basis of the Leishman telegraph
picture process.
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Electricity From Wind

By Dr. Albert Neuburger

Fig. 1 shows the general layout of
what may be called a farm electric
generator, taking its power from a
windmill, whose speed of rotation is
controlled by a governor.

Fig. 2 shows the gavernor located
on the hub of the windmill to prevent
it from going too fast in a high wind.

Fig. 3 shows the freming up of one
of the wings before it is completed. It
recalls the construction of an airplane

wing.

ODERN technical science contrives to
L make more use of the wind than has been
ione herctofore; it is specially used to produce
electricity. As the wind is an unreliable
sort of fellow, which may not blow when
clectrical current is desired, there are some
difficulties to be overcome. Still, the ques-
ion is settled to a certain degree.
Our photograph shows a wind-motor.

Four big wings are to be placed in the direc-
tion most favorable with respect to the wind.
Based on experience in aeroplanes they are
constructed so as to revolve with high rela-
tive speed. If the wind has a speed of 18
to 25 feet per second, rather considerable
amounts of electricity can be produced by
it—of course. differing with the size of
the plant. The revolving windmill operates

Fig. 4 shows the main
shaft of the windmill
with the transmission
gear for giving proper
speed of rotation to the
generators.

Fig. 5 illustrates how
the apparatus is mount-
ed, presenting quite a
contrast to the Amevi-
can system of farm
windmill. This appara-
tus is a German produc-
tion.

a dynamo generator charging the battery.

The current produced can be used either
at once for purposes of lighting, driving
machines and so om, or it can be used to
charge storage bhatteries or accumulators.
When power is needed and no wind of a
sufficient strength blows, the electricity can
be taken directly from the batteries where
it has accumulated on windy days.

Transmitting Photographs by Cable

necessary shades the areas which he outlines
hy connecting the various points, which he
plots.

It would have been possible to send the let-
ter combinations via radio as well as by cable.

In the transmission of the various letters
by cable, it has been found that some of them
do not register very well and perhaps become
unreadable at the recciving station. These
characters are omitted and not all of the 26
letters in the alphabet are used. Another in-
teresting fact is the time required to tran-
scribe the character groups into the picture.
A relatively short space of time is required
to do this but a careful artist will take a bit
longer in putting on the fina! touches.

The following data illustrate the speed
with which this particular photograph travel-
ed. After it was taken when Miss Ederle was
half way across the English Channel at about
one o’clock Tuesday, August 18, a speed boat
conveyed the photographer back to Dover

(Continned from preceding page)
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At the receiving end the various letter combi-
nations are plotted by the operator and filled in
by the artist.

where a train took him directly to London.
There, in the London office of the North
American Newspaper Alliance, it was coded
by a Leishman operator and sent by cable to
the New York office. It is interesting to
know that the picture was sent in two parts
so that the receiving operator was able to
work on the first half of the picture while
the second half was still being sent.

As soon as it was completed, it was filed
with the American Telephone & Telegraph
Company who relayed it by telephotographic
process over telephone wires to Chicago and
San Francisco, where it was delivered to the
press.

While the various methods of transmitting
photographs by wire, cable, and radio, have
their particular advantages over one another.
scientists are far from satisfied with the re-
sults and will not stop until the problem of
television itself has been solved.
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“Lulu always wants to do What we boys don’t want her to

A true and interesting narra-
tive, in wohich Lulw is the star of
inspiration, and Ired creates the
masterpiecce of his carecr.
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A corner of 2ZABM’s shack with Fred
A. Parsons, the owner and chief operator,
at the “mill.” Mr. Parsons, a real old-
timer in the wireless game, has one of
the most up-to-date stations in existence.
Note the key-switch, plug-jack control
system which automatically controls the
various relays, amplifiers, meters, motors
and signal and pilot lights. A 100-foot
triangular pyramidical tower of home-
made construction supports the antenna,
spark signals from which have been
heard over record distances.

Rear view of the famous Luludyne.

By Simon Kahn, 2CGX

e

Note the exception-

ally well balanced layout and arrangement of apparatus.

Of especial interest are the relatively short leads connect- o
ing the various instruments and the scparation of the tun- £

ing unit from the rest of the set so as to prevent losses by

absorption and interaction.

The grid leak and grid con- 3 D -

denser are connected directly from the tuning condenser

to the grid post of the detector tube.

marnaaiieu,

“ H, for something more excit-
ing,” mused Lulu, as she sighed,

with restless ease. “This mo-

notonous drone of rise early,

dress quickly, swallow breakfast, and then
race for the subway in a determined effort
to get to work—on time or otherwise—is

*From the popular song hit, “Don’t Bring Luld.”

This is a vital con-
sideration where efficiency of the highest order is to be

L Tt 2

LEON L. ADELMAN

“The Luludyne"

Radio 2FZ and Mr. Frank Frimerman at the helm.
The station and its owner have gained wide publi-
| city, having been named as first honorable mention
{ in competition for the 1924 Hoover cup.

seen from the photo, the apparatus is practically all
! home-made and a control system similar to the one
used at 2ABM is employed. The transmitter is used
for phone, CW and ICW, the three 50-watt tubes
acting as modulator, speech amplifier, and oscil
lator, respectively.
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I CAST OF CHARACTERS |
! Lulu—2iss Lucille Faleicr. ‘
i Fred—AMr. Ired A. Parsons .
8 24BAL. Y
] 217 '
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simply getting on my nerves!”

Versatile Lulu!

Besides the theatre, the art galleries. the
chase, the varions social functions with their
innumerable dances, and a host of other
things to take up her time, Lulu had noth-
ing to do excepf spend an cccasional hour

in learning the intricacies of radio and prac-
ticing the code. In truth, what Lulu could
do with two hands, few could do with four.
Agile. alert, robust and strong, beaming with
1 radiance that fairly emanated the health
of youth and vitality : her figure—divine even
as that of Venus; her hair, a world of it
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maore lustrous by far than Diana's; her eyes
—softer and more brilliant than Helen'’s of
Troy; her lips—rubies that shone resplen-
dently, more beautiful than Cupid's bow at
its best.  Such was Lulu—and more, yes,
much more. Ifor Lulu can cock, she can sew,
she can »ing, and. 11 I may be allowed to use
the tamiliar phraseology, she can “‘pound
brass,” as well as the regular he-man oper-
dator.

But with all these diversions, Lulu was
restless.  Life was becoming just one dull
affair after another. Not that she lost in-
terest, nor was bored, but because events
seemed to follow in a fixed sequence.  ller
date hook was usually filled for several
weeks jnoadvance, and it perchance some-
thing transpired to interiere with her plans,
shie still managed to {ulfill all obligations.

Would she care to play tennis this after-
noon?  No, that would hardly do.  1lorse-
back riding came first. Would she like to
go swimming some time next day?  Sorry,
but an engagement to entertain at tea would
prevent that. And so on and so on.

To say that Lulu was pampered would not
do.  She simply wasn't,

True, she had found the stady oi radio
both timely and interesting.  For had she
not heen tutored, in her spare time. by her
friends who had followed the progress of
the so-called wireless since the ecarly days?
Fascinated by the art, she became enthmsed
to such a degree that she finally mastered the
code, and it really is wonderinl to sece her
copying at 30 per” with a nonchalant air
about her.

But Luln was quite diseontented.  Fn-
thralled though she was with the diversity
of activities which fell to her lot, she was
constantly yearuing for something else, some
new thrill,

It is rarely that one’s wishes and desires
are granted and (uthlled to such a large ex-
tent as were Lulu's. She wsually got what
she desired. although she had to work very
hard for it.  Her grit and determination,
combined with an exceptional power oi will,
soon overcame seemingly impossible  situa-
tions which might have caused consternation
and bewilderment {for a man. DBut in the
face of all this she never lost her temper or
became angry.  To become provoked was
not in her constitution.  Yet, pity the one
who wilfully violated her rights!

* * * * * *

Frank is one of the surt that can stretch
the rather vivid imagination beyond the limit
ol elasticity amd then go a step further.
Many o time and oft he repeats the episode
of the “flving buli”*—when he was able to
receive such stations as Nauen, Moscow and
Yokohiama on a crystal set using a loop an-
tem during a severe thunderstorm.  So he
salemuly swears, but little does he dream

that Fred, of whom we shall hear more
shortly, “fixed” him that evening. (Please
don’t be tog previous. It was nothing to
drink.)

IFor Frank to sit down and work out a
problem with pencil and paper was an im-
possibility, and he admitted it.  Strange to
relate, he could diagnose a cause and source
of trouble in the most perplexing complica-
tions, but when confronted with the sim-
plest rudiment. he failed completely to ac-
count for anything, except for the fact that
he knew he didn't know! Ordinarily. IFrank
is @ high-strung individual who, being tem-
peramental in the extreme, is a fine speci-
men of a handy man around the house. He
is carpenter, plumber, artist and painter,
clectrician and hod carrier, all in one.  But
above all, he is an accomplished radio man,
adept to a great degree in building, wiring
and mstalling sets.  Tis handiwork is most
pleasing and he takes no small pride in his
products.  In the vernacular, he gets great
cujoyment in telling the “cock-eyed world”
about his achicevements, However, one can-
not blame him, becaunse his work is really
exquisite and he is continually trying to im-
prove it. And he did try very hard at a
special occasion, with most gritifyving re-
sults. But wait, we shall see later.

Some say that Frank was too busy with
his work to think of apything but radio.
Others say that he was constantly dream-
g of new worlds to conquer.  Of these,
the latter are correct in thei- assertion.
I'rank was a born dreamer.  Not that lhe
wasted his time  in deep somnambulistic
trance, but he strove in utmost fashion to
create things worth while.  Tle would start
with a spurt, all clated over the prospects
»n the outcome of some certain project, and
then invariably fail to complete it nutil aiter
too long a time bad eclapsed. His inspira-
tion seemed to fade onut soon, distressing him
sorely.  How to relieve the sitnation was
hoyend his power.

With serious intent, FFred begar a lengthy
lecture on the henefits of recreation, its ef-
fect on stimulating the mind, the body—and
the reiaction on the pocketbook.

It did not take IFrank long to see the point,
a very literal rransition indeed, for the next
week-end saw them both down at Rockaway
Point. enjoying them-clves and glad 1o leave
the turmoil of the city.

* * * * . .

“T must introduce you to Laulu and the
gane,” was the opening remark made by
I'red when they got there. TFor Ifred and
Lulu had been great chums for many years,
and by putting two and two together, Fred
figured that no small ammmt of fun was
in prospect.

Did you ever meet a fellow who was good
looking—a regular fellow in cvery way

" Bulls go wild when they sce red.”

I
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who was as “straight as a string”? Did you
ever have need of a firiend who could be
depended upon, be thoroughly trusted and
do more for you than justifiable expecta-
tion could demand?  No less than such a
friend was Fred. Muscular, powerful, well-
built, with a mind that could think quickly
and clearly under the most adverse condi-
tion:, Fred was truly a super-man.

Fred was an old-timer in the radio game.
Ie first became interested wlhen announce-
men: was made of  Marconi's successful
trans-oceanic experiments.  The next day,
and for several months after, he could be
Towrd listening-in, in his spare time. He
adm s that about all he heard for two
months was the 60-cycle A.C. hum from the
nearhy transmission line.  Yet, his persis-
tence,  adroitness  and  general  enthusiasm
kept him at it, and so aiter many a moon
had passed he was rewarded for his patience
by the strains of melodious open-gap spark
signsls from a ship that happened to be in
the immediate neighborhood.  From  that
time on he and radio have been inseparable.
What has gone before is forgotten history,
as it would take several volumes in order
to pit down all the escapades, trials and
tribuations which were Fred’s. You will
recall that I mentioned that IFred listened-in
in his spare time.  Verily. but his teacher
must have thought all his time was spare,
as Fred had the happy faculty of forgetting
to go to school, and often remained at his
wireless contraption all day long.  But men
change with time, and althongh the proverb
states that men are but grown-up children,
Fred was the exception that proves the rule.

* * * * * *

The meeting was pleasant, one which [
shadl not forget soon. | can remember
I“rank, with face beaming, Fred with flus-
teredt cheeks and Lulu with a twinkle in
her eres that fairly teemad with mischief.

A short time later fonnd FFrank raving to
Fred about how charming Lulu was.,  After
IFrank  winded himseli—he must have been
speak ng  for several hours—IFFred  quictly
told Tim that he knew all about it and more.
You can imagine IFrank’s consternation!

Noticing the conspicnons absence of a
radio set at the bungalow. Frank suggested
that be should bring one up the next weel:-
end. On second thought, he didn’t have one
which would serve the purpose.  IFrank
wsually gets bright ideas. but Fred has the
knack of getting hriahter ones, so the “four-
letter crossword puzzle™ suggested that they
cach bnild one in Lulu's honor which would
do her justice.

It was an excellent idea, thought Frank,
and he was in rapturous ecstacy. IHe knew
that IFred was determined to beat his efforts
and thus made up his mind to do his very best.

(Continued on page 48)
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Sound and Audio Frequency Amplification

N the preceding article the author dealt

with transformer coupled amplifiers,

and indicated a particular construction,
which gives exceptionally good results com-
bined with great volume, and exceptional
quality for that type of amplifier. How-
ever, at the present time it can scarcely be
said that the transformer-coupled type of
amplifier gives the best possible results,
above all at the very lowest sound fre-
quencies,

INPUT

Lumuuuuuuir

A simple vacuum tube circuit.

It will now be the endcavour of the writer
to give constructional data and a popular
explanation of two types of amplifiers,
which are almost perfect in their function-
ing: the so-called resistance and choke
coil coupled amplifiers.

Right here it should be pointed out, that
these names are more or less wrongly ap-
plied. because, as will appear later, the act-
ual coupling’ between consecutive tubes is
not accomplished by resistances or chokes
in these amplifiers, but by a condenser. Both
types of amplifiers then might rightfully
be called capacity coupled amplifiers.

To fully understand the manner in which
these amplifiers act is not a simple matter,
and an explanation without the use of
mathematics, as will be attempted here, is
extremely difficult, but with the proper ap-
plication on the reader’s part can be under-
stood.

First of all, then, we must realize, that
the tube is the real amplifier. In other
words, that when a certain alternating cur-
rent is fed into the grid circuit of a vacuum
tube, an alternating current of greater
magnitude will be released in its plate cir-
cuit. As the action of the vacuum tube is
practically without any lag, almost instan-
taneous therefore, it appears then as if in
some manner the current used to actuate
the grid has grown and appears Jargely
magnified in the plate circuit. Needless
to say, this increased energy is derived from
the plate battery and released by the action
of the tube.

Discounting now the true functioning of
the vacuum tube and its action in the cir-
cuit, we might represent the matter in this
way: that it appears as if in some magical
way a greatly magnified current has been
induced in the plate circuit. Roughly we
may say that the amount of magnification
or amplification is determined by the char-
acteristics of the vacuum tube, or rather one
of the characteristics, which is called the
voltage amplification factor of the tube,
or, with a convenient term, its Mu, (Greek
letter n.)

Let us first suppose that we have a vac-
num tube and that no apparatus of any kind
is inserted in its plate circuit, There will
then be no other resistance, or, as we are
dealing with alternating currents, imped-
ance, in this plate circuit than the internal
impedance of the tube itself, its resistance
between filament and plate. Such a con-
dition is represented in Fig. 1, where we
see a vacuum tube, containing a grid cir-
cuit as input, and an extremely simple plate
circuit. Tf in this eircuit the “B” battery
has a potential of say 45 Volts, these 45
Volts are fully effective across filament and

® Research Engineer, Radiall Co.
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plate, so that we may say that across these
two points there is a voltage drop of nor-
mally 45 Volts. The current flowing in this
plate circuit depends then only on the re-
sistance between filament and plate at the
particular moment. As was explained in
the previous article, this resistance is de-
termined largely by the grid potential, and
thereiore, the current flowing is a factor of
this grid potential.

As is generally known, a battery con-
nected in a circuit has generally a lower
potential than it would show when it was
not connected in a circuit; unconnected it
shows the so-called open circuit voltage.
As soon as it is connected in a circuit, a
certain amount of current flows, depending
on the resistance in that circuit—and the
voltage drops according to the amount of
current the battery is called upon to {urnish.
Thus, if the resistance of the circuit, in-
cluding the battery, would be nil, the cur-
rent flowing would be infinite, and the bat-
tery voltage would drop to zero.

In our figure we then have a variable re-
sistance, the tube itself—the resistance of
the tube being determined by the grid po-
tential.  This then causes the battery poten-
tial available to vary in accordance with
the resistance of the tnbe, (with the grid
potential therefore) but at all times this
potential will appear across plate and fila-
ment of the tube. neglecting the slight re-
sistance of the battery proper and the con-
necting wire.

If, however, we insert a resistance in the
plate circuit, it is apparent that the voltage

R

F6.2  Casuniing

Showing the relation of an external resistance
in the plate circuit. The voltage of the “B"
battery is now proportioned between the inter-
nal impedance of the tube and the external
resistance.

drop in that plate circuit is no more con-
fined solely to plate and filament terminals,
but that now there are two distinctly dif-
ferent places where a voltage drop occurs.
For this refer to Fig. 2. The total re-
sistance in the plate circuit is now equal to
the internal’ resistance of the tube plus the

resistance of R, and if the “B” battery still’

is 45 Volts, and R is equal to the moment-
ary tube resistance, the voltage drop would
be 2214 Volts across the tube and 22%%
Volts across resistance R.

. But, as has been understood, the tube re-
sistance is not constant, but depends on the
grid potential. Imagine now that we were
able to completely nullify the tube re-
sistance by means of its grid potential. then
the result would be that the total “B” bat-
tery voltage would appear across resistance
R. which is constant, and in that case the
voltage across its terminals would be al-
most 45 Volts. Or again, if we make the re-
sistance of the tube infinitely large, there
would be no voltage whatsoever across the
resistance R, as in that case the full voltage
would appear across filament and plate of
the tube.

Of course these are the two extreme
cases, which are never reached in actual
operation, but the reader can realize that
at least theoretically, it should be possible
to vary the voltage drop across the re-
sistance R from zero to almost 45 Votts.

Tt is then clear from the above, that if we

discount the very small resistance of the
“A” and “B” batteries, there will appear
a changing voltage across filament and
plate, when the grid potential varies and
also across resistance R, and that these
last variations depend upon the proportion
between the tube resistance at any moment
and resistance R. Also, it can be easily
grasped that these variations will be largest
when the two resistances are alike, or,
better still, when R is greater in resistance
than the tube resistance. To understand
this, is only necessary to imagine resistance
R smaller than the tube resistance, or com-
pletely absent, as in Fig. 1. In that case the
full voltage fluctuations in the plate cir-
cuit are confined to the two terminals at
plate and filament of the tube, the resistance
of the rest of the plate circuit being negli-
gible, and therefore not showing any po-
tential differences whatsoever.

But—the tube resistance or impedance is
constantly varying, and can assume quite
high values, and for this reason then, the
resistance R should be equal to the higher
values of the tube impedance, to retain
maximum effcctiveness, as explained in the
preceding paragraph. It is for this rea-
son, that the best effects would be obtained
when resistance R is extremely high, but
in that case it would be almost impossible
to use the apparatus in practice. To under-
stand this clearly it should be remembered
that the vacuum tube needs an effective
plate voltage for proper functioning, i.e.,
a certain voltage between plate and fila-
ment. \With a given “B” battery voltage,
the mean voltage across plate and filament
depends on the plate-filament resistance and
resistance R, so that if we enlarge the lat-
ter unduly, the effective plate voltage de-
creases to a point where the tube cannot
function any more. To attain in those cir-
cumstances a suitable plate voltage it would
be necessarv to increase the total “B” bat-
tery voltage, and this of course can be done
only to a certain extent, as otherwise the
voltages employed would become quite
dangerous and great leakage would occur
in the B batteries. For this reason we give
resistance R a compromise value, mostly of
about 100,000 ohms. Dne to this arbitrary
value there is of course a certain limitation
to the pure proportionality of the voltage
variations across resistance R, as a conse-
quence of this practice, but it may be stated
that in the main, the voltage variations
across R are perfect for all practical pur-
poses.

We will now see how we can use these
voltage variations across resistance R for
the purpose of application to the grid cir-
cuit of another tube. TFor this purpose we

-
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FIG.3

A theoretical resistance coupled amplifier
which would give a maximum transference of
energy but which requires the use of separate
batteries for each stage.

5 L] = L[ i 1]

refer to Fig. 3. There we see two tubes.
T1 with the same circuit as in Fig. 2, and
T2, The resistance R lies in the grid circuit
tube of tube T2. From the foregoing it fol-
lows then, that if, as demonstrated in Fig. 2.
the voltages across resistance R vary as a
consequence of impulses on the input or
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grid circuit of tube T, there occur the
same voltage fluctations across grid and
filament of tube 12, and thus tube T2 will
be dircctly affected by the output circuit
of tube T1, so that we will have amplih-
cation in both tubes T1 and T2, with the
result that we will find a greatly amplified
signal in the telephones O. But—and this is
very serious—we cannot use the same “A”
and "B batteries, because it we did so, the
grid of tube T2 would be extremely posi-
tive and this tube then would cease to
function. As the circuit is arrunged now,
however, the circuit would {unction quite
cffectively, as all that would atfect the grid
of tube T2 would be the fluctations across
resistance R.

i course it would be quite impossible to
use this circuit. on account of the large
number of batteries required, and there-
fore. the circuit should be rearranged in

some of the proper values for condensers
and leaks.

The grid leak R1 is, as will be readily
seen, a dircet shunt across the grid and fila-
ment oi tube T2. This then means, that,
if we make its value small, the voltages de-
veloped in this grid circuit also will be
small—the amplification of which the tube
is capable cannot be attained under those
conditions.  Accordingly, we will make this
value quite high—thus retaining the highest
possible amplification.  R1 should prefer-
ably have a value of from 500,000 to 2,000,-

(00 ohms. By making it variable, we can
control the resulting amplification com-
pletely.

O1 course, we will want the fullest bene-
fit of the voltage fluctuations across re-
Jstance R, and this means that we will
want the influence of condenser C to be as
small as possible, or in other words. its ap-

L] such a way that the same batteries may be
employed for all stages. To do this, it is o "C
imperative that the grids oi the various v T T
tubes to be emploved should be separated 1 2
N clectrically from the steady high potentials  |NpyUT R Ry
of the preceding plates. but only as far as 0
this steady potential is concerned, while the
fluctuating voltages of these plates should —]
be effective on the grids ot the ]a(ljninirt;g - €
tubes. A logical way of doing this is by i
means of cﬁndcnsers, bcc;nu\ca it is well HI'I'I’;"I'I'I'I'I' +
known that a condenser is an effective FIG.4
barrier aguin's: dAireCl currents and constant The practical resistal:ce coupled amplifier.
voltages, while it affords an cdasy passage  The value of the reactance of C at low fre-
to alternating currents and potentials. The  quencies should be as slight as possible.
virenit of Fig. 3 changes then automatically
to that of Fig. 4. parent resistance to alternating potentials,
In Fig. 3 it will be scen. that the circuit its reactance, as this resistance is called,
of tube T1 has remained the same, but that  <hould be as small as possible.
its plate, instead of being connected di- Now the reactance of a condenser de-
rectly to the grid of tube T2, is scpurated creases with its size and the frequency of
from the latter by means of condenser C. the alternating currents applied.  There-
If now voltage fluctuations occur across fore, we must take a condenser which has
resistance R. these voltage fluctuations will a low reactance at the lowest frequency we
be effective al~o across the grid and filaiment  ever will apply. As we are concerned solely
of tube T2. because resistance R actually  with audio frequency amplification, the re-
exerts its influence between plate and fila- actance of condenser C should, be quite low
ment of tube T1. when we disregard. as we at a frequency, if possible, of between 14
may, the hatteries. As condenser C con- and 30 cycles per second. That this should
ducts voltage fluctuations quite easily, the be so will be understood from the follow-
voltage fluctuations across R are then ef- ing reasoning:
DETECTIR C1H,-.— c FM; C g INF
Ia & in g R 3 <
3 R3 3 R 3 R
)] o1 ). P p] H
sww&:1 ; & g & 1 : S _1
\‘llllll' * |||]:"] ) ] AMPERITE
woBaTT- e————— e
C BATT/ l l HBlBlAlTlrl l
> The circuit of the carefully designed resistance coupled amplifier using four tubes. It will be
noticed that the coupling condensers C are of high capacity and that the grid leak on the last tube
is variable. As high as 250 volts can be employed and good volume with exceptional clarity insured.
fective also between the common filament Condenser C and leak R1 are in series as
» and the grid of tube T2. far as the potential fluctuations across re-
Without further additions, the grid of  sistance R are concerned. Imigine now that
tube T2 would then have no grid return, R1 has a value of 500,000 ohms, and that
which in some ciases might be extremely  the reactance of C at, say 20 cycles, also
detrimental to quality amplification. With  has a value of 500000 ohms. In that case
most tubes. the grid would accumulate then, the voltage fuctnations would be
negative charges. due to the electronic emis-  cqually devided between C and Rl, but only
sion from the filament, and irregular action  the voltage fluctuations across R1 are ei-
of the tube would result. and thus it is fective on the grid of tube T2, so that this
necessary to provide a grid return, in the erid would only have fluctuations equal to
form of a grid leak R1l. This grid leak at half of the total voltage fluctuations avail-
the same time serves the purpose of afford-  able across resistance R. As we now increase
ing a by-pass to voltages due to leakiness of the frequercy, the reactance of C decreases.
condenser C. which condenser rarely would therefor:c the proportion of the voltage
he completely perfect, and which condition fluctuations across R1 to the total voltage
would tend to make the grid positive, thus ?:;;)tl‘:;l::g’tr:(sm il‘)gzzzzf in::nr((::;cs;sesa—:ihl:; tl;e
. . . , . F : 3, n e re-
all({;\.mg ta grid currc;r}t#(; ﬂ:“' ag‘};g '™ sult is unequal amplification at various fre-
periling its proper action as an ampliher. quencies. We must therefore make con-
,Of course, several stages can be com-  denser C of such a size. that its reactance
bined in this manner, but'of this we will 4t say 20 cycles, is insignificant against the
speak a little later. We will first determine resistance of leak R1. This condition can
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only be obtained when using a large con-
deaser, of one microfarad, for instance.
With such a condenser the reactance at 20
cycles is only 8000 ohms, so that if Rl is
equal to 300,000 ohms, the voltage fluctu-
ations across R1 will be about 500/508th
of the total fluctuations available—prac-
tically the whole fluctuation will then be ef-
feetive and amplification will be almost com-
pletely equal over all frequencies, as the in-
crease of amplification with irequency can
be only very slight indeed—less than 2 per
cent., in fact.

We now come to the actual construction
of an amplifier of this kind, but first will
coasider another point of great importance.

In the preceding article we explained the
action of vacuum tubes in detail, and took
pans to point out that precautions shoutd
be taken that the grid of an amplitying tube
never should become positive, as in that case
distortion was sure to result. We prevented
this occurring by means of a C battery, and
stated that the grid should be given such a
negative potential, that even with the very
strungest signal the grid never would be-
come positive.

It is evident that the same thing holds
true i1 the case of the amplitier contemplat-
ed liere. Oue may even say that distortion
would be more pronounced in this case. We
wil see why.

If an extremely strong signal serves as
the input and we thus give a considerable
positive potential to the grid of tube T2,
this grid will at once siurt to draw a cer-
tain amount of grid current, in other words
electrons are attracted by the grid. These
accumulate on condenser C, because leak
R1 does not allow them to flow off rapidly
cnough.  But—this action then means, that
the tube is apt to become paralyzed and in
any case to distort grievously, because first,
by the influence of the attracted eclectrons,
which represent negative charges, the grid
cannot complete its full swing toward its
highest positive potential, attainable in the
ahsence of electronic charges accumulating
upon it.  Then, in the sccond place. when
the grid fluctuates toward its highest nega-
tive potential, the grid becomes entirely too
nezative due to the presence of the clectron-
ic charge, as far as the latter did not yet
leak off. The ratural rewult is tremendous
distortion and blasting of the loud talker.

Commercial makers of this type of ampli-
fier scem to have been completely ignorant
of the fundamental principles of their own
product—and had to find some way out of
the above difficulties. They did this by
gradually decreasing the resistances of the
leaks R1 in successive stages, until in the
last stage they went to a ridiculously low
vasue, simply to enable the accumulated
charges on the grid and condenser to leak
nff quickly—which prevented blasting. but
left the distortion as it was and decreased
the possible amplification appreciably.

And vet it can he so easily understood,
that the simiple addition of a C battery
weuld have prevented the grids from ever
casrying current, and thus the trouble en-
contered would have bheen ended at once.
while at the same time almost perfect am-
plification could have been obtained.

Another serious drawback in these com-
mercial units is the too small coupling con-
denser. One manuiacturer started out with
condensers of only 006 microfarad, which
at low frequencies had a very large re-
ac'ance (at 20 cycles almost 1,300,000
ohms), with the result that amplification at
low frequencies was not one-third of what
it might have heen. At present this manu-
facturer uses condensers of .1 microfarad.
but, while this represents quite an improve-
ment, the difference in amplification between
low and high frequencies is still more than
10 per cent.

How strongly this amplifier distorts i<
proved by the fact that in the literature on

(Continued on page 48)




. wave-meter described in this article.
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Fig. 2. A view of the complete

The hole for viewing the resonance
indicator is just to the right of the
cap nut.

T 1S quite true that there have been

numerous articles written dealing with

the construction of wave-meters in gen-
cral. but in most of them only the barest
outline of the work is given and the uses of
the instrument are leit to the imagination
or the ingenuity of the reader. In this ar-
ticle we will present enough constructional
details on  wave-meters for the average
reader to design his own and at the same
time, we will show how to calibrate wave-
meters from standards and how to use the
instrument to the best advantage after it
has been carefully and accurately made.

In essentials. a wave-meter circuit stripped
bare of its useful accessories consists of
a coil and condenser connected in series and
nothing more. Although it might scem that
a combination of this kind would be limited
in use, still when one knows how to manipu-
late it, it can be applied in many ways to
hoth transmitters and receivers for measur-
ing the frequency to which the circuits are
tuned. In order to extend the scope of an
instrument of this nature and make it casier
for use in measuring the wave-lengths of
transmitting stations, some sort of a reson-
ance indicator may and should be added. For
CAV. transmitters, nothing is simpler than
a neon gas-filled tube. Probably the casiest
way for the average person to obtain one
of these tubes is to purchase one of those
automobile ignition testers which show a
flash of light through a slot in a hard rubber
tube. This flash emanates from a gas-
filled, electrically sensitive glass tube, con-
tained within the outer protective casing.
After you purchase one of these instru-
ments, carefnlly remove the glass tube from
within, being sure not to hreak any wires
that may be connected to the ends of it.
Some of these tubes have wires sealed into
the ends, whereas others merely are pro-
vided with a silver-like coating on each end.
In cither cvent, the tube will suit our pur-
pose if it is not broken in removal. This
little indicating instrument or resonance in-
dicator, as we may term it, is connected in
parallel with the variable condenser in the
wave-meter circuit and all of the connec-
tions are shown in Fig. 1.

There is an excellent little wave-meter on
the market today made by the General Radio
Co. that is particularly adapted to amateur
work. It consists of a coil and condenser
connected as mentioned above and with a
little ingenuity the reader should have no
tronhle in attaching a resonance indicator.
The photograph in Fig. 2 shows a view of
this instrument and it will be noticed that a
hole is drilled in the top of the casing of
the variable condenser. This is done so
that the resonance indicator. mawmted di-
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How to Make and Use a Wave-Meter

By A. P. Peck, 3MmMO, Assoc. 1. R.E.

rectly below the hole, can be viewed to best
advantage.  Placing the glow tube within
the casing in this manner puts it in the dark
and renders cven an almost imperceptible
glow ecasily visible. The wave-meter illus-
trated is supplied with a standard coil that
covers a range of from 200 to 600 meters
and the wave-length readings are engraved
directly on the dial.  The accuracy of the
unit is great. You can also purchase to go
with this wave-meter two extra coils, known
as half-wave and quarter-wave coils. With
the former, one-half of the dial reading in-
dicates the wave-length to which the circuit
is tuned. and with the latter. onc-quarter of
the dial reading is used. The writer is at
present employing one oi these wave-meters
at lis own station and finds it to be very
accurate in its work. The only difference
between his wave-meter and the one illus-
trated is in the vernier attachment. The
company manufacturing these instruments
have now changed from the gear type of
vernier shown to a geared vernier dial.
Either type is quite satisfactory.

The resonance indicator shown in the
photograph in IFig. 3 does not have any wire
sealed into the ends, but the silver-like coat-
ing mentioned, is provided. All that is nec-
essary to do is to wrap wires tightly around
the tube at the ends. as illustrated, and con-
nect the wires to the two terminals of the
variable conden<er. Beiore this is done, a
hole is drilled and conntersunk in the cover
of the variable comdenser so that the indi-
cating tube can be seen.

RESONANCE
INDICATOR

~

ol

FIG. |

The circuit of a simple wave-meter equipped
with a gaseous tube indicator.

1f you purchase one of these complete
wave-meters and desire to reach even shorter
wave-lengths than the quarter-wave coil will
cive vou, make up a form for winding a
basket-weave coil with a diameter of 3
inches. Make np a 2-turn coil using No. 12
D.C.C. wire. Form the ends of the winding
so that they can be plugged into the two
binding posts. Tie the coil securely so that
it cannot change its shape and take it off the
form.  This cail might he termed a one-

wnentieth-wave coil and it gives an approxi-
mate range of from 10 to 3V meters. Read
1/20th of the wave-length inscribed on the
dial when the meter is in resonance.

A 4-turn coil wound on the same size
form and securely bound gives a ranee of
from 20 to 60 meters and might be called
a one-tenth-wave coil. Read 1/10th «i the
designated  wave-length.  Remember that
these two coils are only designed for use in
connection with the wave-meters illustrated
in Iigs. 2 and 3 and give only approximate
readings.  The addition of the resonance in-
dicator or gas-filled tube does not change
the characteristics of the circuit very much
and, therefore, you need not worry about it.

IFor those who do not have a wave-meter
of the type shown and wish to make their
own, the following details will be of value:
Use a variable condenser oi good muke in
which the rotor and stator plates are risid
and accurately aligned. Choose one with a
maximum capacitv of .001 mi. The plates
~hould preferably be soldered together as
this results in greatly increased efficiency and
precludes the possibility of change in calibra-
tion after the wave-meter is in use. The
coils to be used with this condenser are to
be wound on a cylindrical form 4 inches in
outside diameter.  This form should be very
rigid and the coils must be wound upon it
tightly so that they cannot possibly become
disarranged. A layer of thread or cord
wound over the coil will make the whole
unit more rigid.

A range of approximately 40 to 110 meters
can be covered with 5 turns of No. 12
D.C.C. wire wound on one of these forms.
Thirteen turus covers approximately 65 to
200 meters and with these two coils it can
be seen that the more important amateur
Lands can be covered.

We are not giving any details herewith
on the actual mechanical construction of this
wave-meter as we will leave that to the
rcader’s ingenuity. The variable condenser
might be mounted in a shielded box with
binding posts on the top to which the coils
can be connected by means of lugs. Ground
the shicld when using the instrument. You
can get a good idea of standard practice in
wave-meter construction from Figs. 2 and 3.
With the above coils and this variable con-
denser, an indicating unit can be connected
as shown in Fig. 1.

It is sometimes desirable when calibrating
receivers to add a buzzer or driver to the
wave-meter circuit. This can be done by
making the connections shown in Fig. 4.
The buzzer current passes through coil L,
exciting it and causing its ficld to interact
with the fickds of any other coils that may
be within its range. More will be spoken
of later regarding the use of a wave-meter
wquipped with a buzzer.

There arc other methods of determining
resonance in wave-meter circuits than with
the gas-flled tube mentioned above. A
crystal detector is a common form and cir-
cuits for its use will be fonnd in Figs. 5
and 6. We will pass over this phase o1 the
subject quickly because crystal detectors are
not suitable for use with pure C.W. stations,
hut can be used on phone stations.  In gen-
eral, however. the form <hown in Fig. 3 is
preferable as the exact resonance point can
he more nearly determined.

Probably the best all-around resonance in-
dicator, but on the other hand the most cx-
pensive, is a current-square thermo-galvan-
ometer having a full scale reading of about
zero to 100. This is to be connected in the
circuit as shown in Fig. 7.

How to Use a Wave-Meter
Probably the most valuable instrument in
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the amateur’s station when it is properly
and intelligently handled is the wave-meter.
The whole trouble is that a good many ama-
teurs do not know how to get the best from
these comparatively simple instruments. You
should most certainly have oue at your sta-
tion if you wish to get the very best results.
A wave-meter is very easy to make as can
be seen from the above description and you
certainly cannot afford to do without one.
\With it vou can determine the wave-length
of an uscillator, the wave-length upon which
you are transmitting or you can calibrate
your receiver and can measure the wave-
length of incoming signals.

After a wave-meter has been constructed
and befure it can be used. it must be cali-
brated. Before you do this, make sure that
the dial is fastened so securely to the shaft
that it can never work loose, because if it
does, the calibrated curve that you will make
will be valueless. The best system to follow
for calibrating a home-made wave-meter is
to inquire around among your iriends and
horrow a standard wave-meter. Probably
you can locate one of the type shown in
IYig. 2. Then make up a standard oscillator
using the center tap circuit with a variable
condenser across the entire inductance. Place
the cuil of the calibrated wave-meter near
the coil of the oscillator and set the dial of
the wave-meter at its lowest reading.  Start
the oscillator working, varying the wave-
length by means of the variable condenser
until the resonance indicator shows that the
two circuits are tuned to the same wave-
length. Move the wave-meter coil further
away from the oscillator coil and readjust
the oscillator condenser slightly,  As you get
further away from the oscillator, you will
find that the tuning is sharpened consider-
ably and that more accurate results can
be obtained. When vou have determined the
oscillator setting {or the lowest wave-lengtl
that the standard wave-meter will rcach.
leave the oscillator condenser at that point
and replace the standard wave-meter with
your home-made instrument.  Turn the dial
until resonance is reached as indicated by
cither the neon tube as in Fig. 1 or the gal-
vanometer as in IFig. 7. You have then lo-
cated one point on vour scale and can start
to make up a chart such as that <shown in
Fig. 8 Use cross-section paper for this
work so that accurate plotting can be ob-
tained. Now repeat the sumie process, sct-
ting the standard wave-meter at about 10
degrees higher. Continue this process until
vou have located five or six points adter
the manner shown in Fig. 8 [1 voun have
conducted this work correctly, caretully and
accurately, vou will be able to draw a
smooth curve hetween all of the points. If.
however. you find that one of the points is
off to one side as indicated by XO) in Fig. 8.
take vour readings over again and continue
the work until your curve presents a smooth,
even appearance. In the writer’'s opinion
this mcthod of calibrating a wave-meter is
superior to making an engraved dial. In

any event, it is easier for the average ama-
teur to make.

The oscillator mentioned above may be
your regular transmitter with the antenna
coil removed from proximity to the primary.

After the wave-meter has been calibrated.
it can be used in turn for measuring the
wave-length at which any circuit is oscillat-
ing. If you have a wave-meter that is cali-
brated but is not equipped with a resonance-
indicating device, you can use it on transmit-
ters that have a plate milliammeter in the
circuit. Merely couple your wave-meter coil
to the oscillator inductance and turn the dial
of the wave-meter slowly. A point will be
found where the plate current will rise con-
siderably.  Now move the wave-meter a
little further away from the oscillator and
try again. The point where the current in-
creases due to the setting of the wave-meter
condenser will be found very sharply and
by referring to the curve you can find at
what wave-length the oscillato~ is working
This is a method used for tuning transmit-
ters. After the oscillator is set at the cor-
rect wave-length, couple the secondary coil
to it and tune the antenna circuit to reson-
ance as indicated by the antenna meter.

I{ your wave-meter is equipped with a
buzzer as shown in Fig. 4, it caa he used for
calibrating receiving sets or de'ermining the
wave-length of an incoming signal.  Suppose
that a signal is being receiveld.  Start the

buzzer operating by closing the switch and
couple the coil I. quite close to the see-
ondary inductance in your tuner. Vary the

Fig. 3. Here is shown how to connect a Neon
gas tube to the variable condenser of a wave-

meter. Note peep hole.

condenser O and at the point where the
wave-meter is tuned to the same wave-length
as the recetver, a loud huzz will he heard
in the phones.  The tuning can be sharp-
ened by loosening the coupling between the
coil L and tle receiver secondary. You can
then read the wave-length of the incoming
signal from the chart or the dial, aceording

BUZZER SWITCH
e oo coo
i ) ’
: 1 4 E
0o L L prm S P e e
e “I E C C DET,
Four circuits
BATT, of different types
!'I'Illl o f wave - meters
are given at the
FIG 4 FIG. 5 left. Type shown
in Fig. 7 is most
efficient, but, on
the other hand, it
is' most expen-
sive.
L —L,_ 4 PHONES L —‘7._c M C)
c DEY <\ <> G G (W< G
FIG 6 FiG 7
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to the type of wave-meter that you are
using.

In case vou do not have
buzzer on your wave-meter,
used for calibratihg receivers.

any driver or
it can still be
When the

FIG.8
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This chart will not fit your home-made wave-
meter but serves to show method of making a
calibration curve.
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receiving set is in oscillation, couple the
wave-meter cotl very closely to the secondary
and vary the condenser. At some point on
the scale a click will be heard in the phounes
and two or three degrees further on, an-
other click will be heard. By loosening the
coupling. the two clicks will be brought
clower together and soon a point will be
found where they sound almost as one.  This
indicates the wave-length to which the re-
ceiver is tuned.

\With an ordinary amateur-built receiver
having a variable primary and tickler coil.
there is little use in attempting to calibrate
the receiver accurately,  This is  because
there are so many variables that must be
taken into consideration.  However, you can
get a rough estimate of the range which
vour receiver will cover by one of the meth-
ads deseriledd above and that estimate will
oiten come in very handy in tuning.

Of course, one can also calibrate a re-
ceiver or wave-meter, by using the harmon-
ics from an oscillator or transmitter whose
fundamental is known,

Thus vou can sce that a wave-meter is an
almest indispensable adjunct to any experi-
menlal radio station. With it you can per-
form numy experiments, can do your work
quicker and more accurately and can be more
sure of your results when you are through.
When vou start to tune a transmitter, you
will be through much sooner if you have a
wave-meter on hand. You will not have to
tune it to what you think might be the wave-
length upon which it is to operate and then
call 2 half a dozen stations for reports. ln-
stead. you will tune the set and then check
the wave with the wave-meter. Thus you
can set your transmitter at any wave that
you desire without any trouble other than
the ordinary balancing of the inductances
and capacities.

Then again, when somebody calls you, and
asks for a report on his wave. vou can give
it quite accurately and quickly by checking
with the wave-meter against your receiver
as described above.

_ We believe that we have covered the sub-
ject of amateur wave-meters quite thor-
oughly in this article, but if there are any
questions that may arise in the minds of our
readers regarding the construction or use of
these most usetful instruments. the writer
will he only too glad to help them further.

As a valuable suggestion, it would be well
for one to mark the corresponding frequency
alongside the wave-length on the graph, thus
saving later computation and trouble.
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Modulated Oscillator for the Radio Experimenter

NE of the most useful appliances

around the radio experimenter’s labor-

atory is an oscillator, which has quite
a number of applications for measuring and
calibrating nurposes.

Yet, most oscillators have to be used in
conjunction with expensive apparatus and
meters, because a pure oscillation cannot be
detected by an ordinary radio receiver, un-
less another oscillator is used simultaneous-
ly and one works with the heterodyne
method.

The modulated oscillator described in this
article can be used to advantage by any ex-
perimenter, for calibrations, testing and com-
paring receivers and the like, determining
wave-lengths covered, etc.

The instrument is extremely cheap and
functions remarkably well, requiring only
dry cells for its operation, if so desired.

The principle upon which it is built is to
have an ordinary oscillator modulated by
means of a small buzzer. such as made by
several concerns. The buzzer used in this
mstance is a Federal Century buzzer, which
is very cheap. 1f it be so desired, a more
elaborate buzzer system, like the General
Radio Co.’s 1,000-cycle oscillator, can be
used, and the only change necessary in that
case is to enlarge the cabinet.

The complete diagram of the oscillator is
given in Fig. 1. It will be seen that the
whole oscillator with batteries and all can
casily be housed in a 7 XX 18-inch cabinet, if
the arrangement is built carefully.

The oscillator, to answer its purpose,
should be completely shielded. and the cover
should be so arranged that when it is screwed
down in place and the box is closed, there
is formed a completely metal-encased space.
The easiest way to accomplish this purpose
is to first mount all instruments on the pancl
and, this accomplished, to use the pane! as
a sort of template. After having cut out a
piece of sheet copper generally used for
shielding purposes exactly the size of the
panel, we punch or cut holes to accommo-
date all controls, switches and fastening
screws.

Research Engineer, Radiall Co.

By Theodore H. Nakken*

The modulated
oscillator mount-
ed in its hermet-
ically shielded
cabinet. The plate
milliammeter on
the panel shows
whether the out-
fit is functioning
properly. On the
left is the tuning
control, while on
the right is the
coupling dial.
Ranges: 125-
240)\; 185-590)\.

The cabinet should preierably be a plain
one, where the front panel is fastened by
screwing it to the front edges of the bottom
and sides of the cabinet. The top of the
cabinet should be removable, no hinges being
cmiployed, and should be screwed down aifter
the oscillator is completed and after the
tube and batteries are placed in the cabinet.

The cabinet is lined throughout with cop-
per sheet which is soldered together wher-
ever the sheets join. The copper should
overlap all the front edges, where the panel
will be screwed on. In this way the panel
shield comes in metallic contact with the
inner lining of the cabinet on all the edges.
In the same manner the lining should be
bent over the edges at the top of the cabi-
net, so that the upper edge, when later the
cover is screwed down, forms a complete
metallic surface to receive the cover.

We now shield the cover plate, the shield
covering its entire surface and bend it over
the edge where the same plate is later to join
the panel. The panel is, of course, so ar-
ranged that it is fastened by means of
screws to bottom, sides and cover of the
cabinet.

Aiter the whole instrument has been built
and tested for oscillation aiter assembly, we
will have a completely shielded container,
so that the only place where the oscillations
are effective is at the two output binding
posts, which are provided for exactly that
purpose. While in use the shield should be
grounded, for which a separate binding post
must be proviged,

So far the shielding of the instrument—
we will now shortly describe the instrument
itself. See Fig. 1.

We see first of all coils L1, L2, L3. These
coils can all be wound on a single 3-inch
length of 3-inch tubing. Coil L1 consists of
43 1urns of No. 26 double silk-covered wire
ind is tapned at the 20th turn. Coil L2 is
the plate coil, wound about I4-inch from
coil L1, and has 15 turns. Coil L3, the
pick-up coil, has 6 turns, and is spaced again
about 4-inch from coil L2. All coils are
wound with the same wire, in the same
direction.

Coil L1 is tuned by means of a variable
condenser of .0005 microfarad, and coil and

condenser form a tuned circuit. The con-
denser is indicated at Cl

n ordinary switch, a battery

switch for instance, S1, allows the

lower part of coil L1 to be short-
circuited, so that we obtain two tun
ing ranges. The one for long wave-
lengths is obtained when the switch
1s open, when the whole coil is used.
Thg other range is obtained when the
switch is closed and thereby 23 turns
are short-circuited, so that only 20
turns are in service. This gives us a
short-wave oscillator.

(Continued on next bage)

B W - e .

Rear view of the assem-
bly showing the various
parts and their relation-
ship. Immediately be-
hind the rheostat is a
small Century buzzer
which modulates the
radio frequency cur-
rents generated by the
tube. The rheostat is
connected in series with
the buzzer while the
amperite controls th e
tube.
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A Selective Receiving Circuit

GOOD many radio fans nowadays are
< progressing from one set to another in
a vain attempt to find a more selective re-
ceiver, which will at the same time bring
in the stations with undiminished volume.
Conscquently, all kinds of *-dynes” have
made their appearance on the market, and
on the pages ot the many radio publications,

Any good standard apparatus may

be used in constructing this set. I'he
tollowing list is suggested:
177 X 21" hakelite, hard rubber,

Radion or Celoron panel.

7 Binding posts.

31" X 8" terminal strip.

3 Rheostats (Bradleystat for detec-
tor tube).

3 4" Dials.

1 Open circuit jack.

1 "A” battery switch.

2 Audio  {requency  transivrmiers
(44 to 1 and 3 1o 1).

4 Sockets.

4 Tubhes.

b 4)Z2-volt “C” battery.

b Split variometer “LL1°.

1 Aperiodic R.F. transiormer ~1.2
and L37  (neutroformer may  he
used).

1 .0005 mid. condenser to  match
above.

1 Fixed mica condenser 0001 mid.
2

I Fixed grid condenser 00025 mid.
U3

1 Grid leak to suit tube.

1 600-meter variometer “L47.

1 D-L 300 coil 13",

30-ft. hook-up wire.

2 oz. resin core solder.

777 X 19147 baseboard or to fit
cabinet.

By Donald E. Learned

nntil one wonders that they do not run out
of names. A great many of these “dynes”
are not delivering the goods in accordance
with the apparatus emploved, and the num-
ber of the tubes used. It might be well to
suggest that the same indiv.dual care should
go into ecach unit of a multi-tube set as is
used in making a single tude set., otherwise
it 15 possible that the results will be no bet-
ter than from the “single-cyvlinder” set.

The writer has used the hovk-up here de-
scribed for two and one-hali years. in one
form or another, and has tried out the bulk
of the new hook-ups during that time, only
to turn back to the old four-tube outfit.

It is not intended to give the impression
that this circuit is a “world-beater,” but it
brings ‘em in in good shape, with plenty of
volume, and is sufficiently selective to de-
liver the goods.  The locals don't bother and
twhisper it) the writer has forgotten that
they were on many a night. The set may
be logged easily, although the dials do not
read together, and the set will not radate
on the average anteuna.

A\ glance at the diagram will Jhow some-

thing different, but at the same time not so
extraordinarily novel. The output of the
first or radio frequency tube is fed into the
plate circuit of the detector tube, leaving
the grid circuit free from any connection or
coupling to the input circuit, except that
provided by the detector tube. This last
feature has earned the nickname “iull-float-
ing grid” for the set. Selectivity is gained
thereby.

As to the theory of this circuit, all the
writer can hazard is contained in this para-
graph.  The amplified signal at radio fre-
quency is fed into the plate circuit of the
detector tube and there rectified. The re-
action of the radiv {requency charges on
the plate causes like variations of grid
potential.  These changes in turn react on
the plate circuit, controlling the audio cur-
rents in the detector output circuit. The
rectification of the R.F. output of the first
tube tends to stabilize it, as a similar action
of the first tube steadies the second. On
strong signals the detector 4B lead may be
conmiected to —B and reception will take
alace very satisfactorily,
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is not in inductive relation to the other
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Modulated Oscillator for the Radio Experimenter

The system is connected as the grid cir-
Gt of a vacuum tube T. which conveniently
can be a WDI2 be. as this tube only
requires a dry cell as its “A™ battery. No
rlicostat is used. an Amperite serving to con-
tral the flament. A small 22M4-volt bat-
tery, "B”, serves as plate supply.

The tapped coil is connccted directly to the
grid on one side, and to the filament on the
other side over a small fixed condenser, C2.
which may be of 001 microfarad. This
condenser is shuuted by the secondary of a
transformer, Tr, which completes the grid
return.

This appliance, Tr, is preferably made
at home from an old burnt-out transformer,
I'f such a tran~former is not available. 2 core
can be made from iron wire bunched to-
gether, as all we will nse from the trans-
former is the core. On this core then both
primary and secondary are wound with ahout
100 turns of No. 26 wire each. taking care
that primary and secondary are well insu-
lated by means of paraffin paper. empire
cloth or the like. The tran-iormer should
be finished as nicely us possible.

The primary of this transformer is
hooked up in series with the Century buzzer
“Br” and the battery “A”. Batterv cwitch
S2 then disconnects both tube and buzzer
in its off position.

The pick-up enil 1.3 is naw connected to
a coil 1.4 which preferably is one of the

(Continned from preceding page)

two coils of a 180-degree variocoupler. This
coupler, hhwever, is rewound in such a way
that both primary and ~ccordary have but
i few turns—8 each. ifor instance. The
other coil is connected directly 1o the two
output binding posts BDP.

By varving this coupler from 0 to 100
the strencth of the modulated oscillatjions
available at these two binding posts i~ varied,
while cordenser Cl regulutes the wave-
length. By connecting the output binding
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The modulated oscillator is a handy device
which is certain to find numerous applications
by the experimenter. It can be seen that the
device covers two ranges of wave-lengths.
-aphs should be made of these ranges.

posts to the antenna and ground connections
of a receiver the modulated o~cillations will
act as an ordinary signal and the buzzer
tone will appear in the head-phones or the
loud talker, ii oscillator and recciver are
n tune,

Calibration of the oscillator is easily ac-
complished by means of a wave-meter or by
nmicans of comparisons with known broad-
casting  stations  or umateur  transmitters.
The procedure is as follows:

H, for instance. WIEAF i+ received at
the locality of the experimenter. the re-
ceiver is timed to that station.  Now the
oscillator is substituted and connected to
antenna and  eround binding posts.  C1 s
then tuned till the bhuzzer tome i~ heard in
the receiver, which then is an indication that
the oscillator is working at 492 meters.

The oscillator i~ now left as it is (still
going), and on the receiver we retune till
we have tuned it at the lower range to 246
meters, which is indicated because then we
receive the buzzer signal once more. but now
on the first harmonic of its wave. \We now
leave the receiver in this position and retune
the oscillator till once more the buzzer is
heard, and we know then that the oscillator
is working at 246 meters. and in this way
we have obtained two points of its tuning
ckart.  Doing this with different wave-
lengths, controlled by different stations. we
will soon have a complete calibration chart
of the whole instrument,
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QRM~—[1 am being interfered with

6 HERE is that amateur iellow
again with the everlasting code
playing with his radio and disturh-
ing my radio reception, | shall

have to report this interference to “The

Radio Supervisor.”  So sayeth the betlig-

erent B.C.L. (Broadcast Listener.)

~Hang it all, here comes that mductive in-
terference again. [ wish someone would ~¢-
about it So saveth the exasperated Ham.

(Amateur.)

And 1. who have had experience with both
classes. know that they mean well cven
though they are very prolific in their de-
nunciations of radio when their reception 13
interrupted in the slightest.  Lhey long for
the coul nights in, the spring or fall and
the erystal clear, cold nights of winter when
radio DN comes ponnding in from all sides.
For the broadeast listener who holds a
charter  membership in this  greatest fl'i'l-
ternity. this bappened quite viten back in
the days when hroadcasting was in its in-
fancy.

The amatenr, on the other hand, has been
more fortunate in that he has passed out
oi an era of chaos which was made up oi
spark  transmitters, arc lamps, sputtering
spark coils and the like, into the era ol prac-
tically pure CAV. (Continuous Waves) \\'hECII
iv truly an approach to the wltimate. For
the broadcast listener though, those good
nights are few and rather far hetween these
davs, unless one lives in some secluded spot
where conditions are more or less ideal, say
jfor example, away out on the Kansas plilll!\
or in the middle of the North Atlantic.
“I'liec broadeasting game is growing more and
more complex for those wha live in con-
sested districts. The more you turn your
dial the more convimeed you are that it i
prowing worse and worse. PPermit me to
enumerate just a few of the causes of this
trouble.  And these apply to the broadcast
listener and amateur alike.  If the shoe
pinches, yvou know it fits—an old proverb
changed to suit present requirements.

First, and perhaps most aggravating, we
have interference of an inductive nature
caused by power leaks, conflicts, defective
insulators or any interruption of an electri-
cal circuit carrying sufficient voltage to sct
up radio frequency waves or waves whose
harmonics extend into the radio bhands at
each interruption or hreak.

Second comes intevference caused by os-
cillating receivers—applicable to B.C.L. and
amateur, ) )

Of third importance we have stations -
terfering with cach other in the same band—
as amateur with amateur. )

Fourth, and practically a part of the third
division, comes interierence caused by one
service to another.  In this class commercial
and naval interierence must also he con-
sidered.

Fifth., and for hrevity's sake. the last to
he discussed is defective apparatus.

Now that a few of the more severe and
various causes of interference to radio re-
ception have been mentioned, it is time to
take up the consideration of ways and means
of locating these faults. However, first it
is mv duty to advise, instruct and warn my
readers, that if they expect this article to
furnish more than a passing thought, they
must place themselves in a receptive state of
mind. willing to retain the information that
is to follow. for future use in locating and
curing some of the above-mentioned faults
when it so happens that their own reception
is interrupted. It goes without saying that

By George H. Turner

Asst. Radio Inspector, 9th Governmental District

G ) - -

“The Thinker”—
(with  apologics
to Rodin)

This young fel-
low needs a bit of
sympathy. He is in
evident perturba-
tion and is appar-
ently vexed by the
reproduction o f
sounds similar to
midnight feline se-
renades and break-
ing of dishes — in
other words, music.

- e e ) e

thought alone or profanity either, for that
matter, can never remove that buzz from the
cther nor that code from the church ser-
vices.,  With this warning in mind we will
now take up the method of locating inter-
ference of an inductive nature.

This is aftentimes very difficult. inasmuch
as it is very intermittent in character. Such
interference may come in onwaves any-
where on the dial and usually with unbear-
able intensity.  Because such interference is
only of short duration and only occasionally
at its worst, it requires special efforts to
locate its source. For instance, one proven
method would he by means of bearings taken
by three or more observers using their re-
ceiving sets on loop antennae.  Naturally,
the ohservers should he as widely separated
as possible and at the same time their recep-
tion of the interference should he with suffi-
cient intensity to use a loop. Tt is now pos-
sible to remain at vour own receiver and
obtain a bearing on the source of the trouble.

A little hint regarding the swinging of a
loop on interference: greater accuracy can
be had by swinging for minimum signal
rather than for maxinmm. In this case, of
course, the interference will lie at right
angles to the plane of the loop.  Once this
plane has heen determined it can he verified
by swinging for maximum intensity. This is
necessary 1f an uni-directional connection is
being used in order to determine the point on
the compass from which the interierence or-

izinates. Now. by comparing the findings of
the different observers and extending the

planes of greatest signal pickup or normals
to the planes if minimum intensity i~ used.
until they intersect, this intersection will he
found to he geographically very near the
source. It is then only necessary to make a
visual inspection at your convenience in
order to find the cause of all the trouble.
Sometimes, it may he a “high tine” passing
through trees where the limhs lave rubhed
the insulation from the wire leaving it hare
to spark to ground through the moist tree.
Again, it may be a down-guy in conflict
with a supply line. Or it can be anything
clectrical that makes and breaks contact,
causing sparks that are oftentimes harely
visible to the eve, but on an cight-tube

“super,” fairly wreck the car. As an aid in
locating outside interference the following
list oi gencral causes is given:

1. Conflicts as mentioned above,

2. Leaky and cracked high tension insula-
tors,

3. Delcective lightuing arresters,

4. Transiormer fuse block with corroded
or loose contacts.

5. Unsoldered joints on primary or sceond
arv wires.
0. Loose connections on old  type
.’._’(Nl-\'u_h transtformer terminal boards.

7. Failure to ground transformer nentrals,

8. Defective  transformer  hushings  on
2.300-volt side.

Occasionally, our  bearings  indicate
trouble as .()riginating from an  electrical
power station or sub-station. Thereiore,
list of representative troubles o this sort
are also given as follows -

Sub-station:

1.. droken or leaky hich tension or
tension bushings.

2. Loose connections on transformer
minal board.

3. Fuse wire or fuse holders making
contact with resulting arcing. )

4, _I)iSCnnnuCting or sectionalizing switches
making poor contact with resulting are.

5. Charging of electrolvtic arresters.
Power station:

1. Delective current and potential trans-
formers.

2. Deidective
sheathes.

Again, it is possible for a telephone ex-
change to the the point of origin.  Such in-
terference often results from the operation
of ringing devices in telephone exchanges.
The machines responsible for most of the
interference arc those in which the \.C. for
ringing is derived from D.C. supply. by an
interrupter. The ringing current wave irom
such devices contains frequencies which ex-
tend over into the radio frequency bhand.
For the reason that they oftentimes extend
over the entire broadcasting hand it is im-
possible to tune out the interierence.

If. upon investigation. the interference ap-
pears to originate in a residence, the follow-

(Continued on page 47)
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How to Make a ¢Toroid Coil

By Herbert E. Hayden

il
o

First, take a piece of cardboard tubing
3Y; inches in diameter and saw off a ring
1Y, inches wide. Bakelite, hard rubber,
celoron or formica tubing can also be
used and results in lower absorption
losses.

o0

A good grade of orange shellac should
be used and the tubing is given two coats
and allowed to dry thoroughly. Do not
use ordinary varnish as a substitute for
shellac, as it is far inferior.

Next, take a wooden stick about
10 inches long and one inch wide and
cut two deep notches, one at cach
end. The jack knife is pointing to
one of these U-shaped notches at the
end of the stick.

Wind 45 feet of No. 24 D.S.C. magnet
wire on the stick as shown. With this
simple appliance it becomes a far easier
task to wind the coil than otherwise, as
you will note in the next photo.

Having made two pin holes in the tub-
ing, to anchor the winding, the wire is
then easily wound round the ring as
shown. The stick with the wire is passed
through the core, over and through again.

|

The toroid coil with its completed
secondary winding of 250 turns. At
least 6 inch leads should be allowed
for terminal connections. The next
step is the primary winding which is
wound over the secondary.

. QA

Consisting of 45 turns of the same size
wire, the primary is placed directly over
the secondary and its turns are spaced
so as to completely dispose themselves
over the entire secondary winding.

In order to protect the windings, the
coil is covered with thin cotton tape one-
half inch wide. The leads are allowed
to project through, there being, of course,
four of them.

o

The completed coil is mounted on
the back of a low loss variable con-
denser having a capacity of .0005 mfd.
The toroid offers an excellent induct-

ance since its external field is very
slight.

° GO )
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Interesting Experiments with lodine

by

By Eugene W. Blank

On the left is shown the apparatus for
producing and collecting iodine, Manga-
nese dloxlde, sulphuric acid and an iodide

are heﬂed in the retort, and the sublimed iodine

[ collects in the flask. In the center is shown the reaction be-
- o tween iodine and iron filings. After the reaction is complete gentle heat - iy
will expel any excess of jodine, and you will have ferrous iodide.

The salt thus produced T

in solution is filtered and evaporated to crystallization on a water bath as shown on the right.

ODINE is a grevish-black, lustrous solid
discovered in 1812 by Courtois who ob-
tained it from the ashes of sca plants.

It forms beautiful violet colored vapors
when it is warmed to volatilization and this
phenomenon is what led to its discovery.

It is found free in small amounts, being
present in the waters of some mineral
springs and in the sea, In combination it
is found in larger quantities; the main source
at present is the crude Chilean saltpeter ob-
tained from South America. It is present
in the sodium nitrate as sodium iodate and
sonstitutes about 0.2 per cent. of the whole.
The saltpeter is treated with sodium bisul-
phite and the indine is precipitated from the
solution. It is allowed to settle, collected
and rendered pure by sublimation. Subli-
mation is the process of changing a sub-
stance to a vapor and then condensing the
vapor on a cool surface. Non-volatile im-
purities are left behind.

TIodine readily dissolves in some iodides,
and the solution is used as a counter irri-
tant in medicine. Iodine is also adminis-
tered internally in diseases which are caused
by disturbances in the thyroid gland.

The experimenter can readily prepare
iodine by placing in a retort a mixture of
manganese dioxide and potassium iodide. A
little sulphuric acid is then added to the
mixture and the retort is gently heated. The
liberated iodine passes into a dry flask in-
verted over the end of the retort and the
iodine collects on the cool sides of the flask.
The iodine in the flask can be dissolved in
alcohol and used for some of the follow-
ing experiments.

Todine can readily be detected hy the hlue
color it imparts to starch solution. To a

little of the alcoholic solution of iodine just
made add some dilute starch. A blue to
violet color will appear. The starch solu-
tion can be made by heating some starch in
a small quantity of hot water.

Iodine in combination, that is, united with
some other substince, will not give this re-
action. In that case we take the salt, potas-
sium jodide for example, and add to it a
little chlorine water This frees the iodine
from its chemical combination and when car-
bon disulphide is shaken with the solution,
the iodine will dissolve in it, giving a beau-
tiful violet color.

Iodine rcacts with many substances to
form compounds known as iodides. This
can well be illustrated by the action of yel-
low phosphorus on iodine. Place a small
piece of yellow phosphorus on a ring stand
base and over it place a few crystals of
iodine. A violent reaction accompanied by
flame will take place.

Todine also combines very easily with
iron. Place some iodine crystals and some
iron filings in a beaker and add a small
amount of water. A mild reaction will take
place. Warm the mixture until all the
iodine has disappeared and you will have
a solution of ferrous iadide. Filter the
solution to get rid of the excess of iron
and to the filtrate add a small amount of
indine crystals. This excess of iodine will
convert the ferrous iodide into ferric iodide.
Now add pntassium or sodium carbonate
until all the iron is precipitated. Filter and
you will have a clear solution of sodium or
potassium iodide. Evaporate and when the
liquid tends to become thick, set it aside
to crystallize.  The iodide can be used for
the following and other experiments.

Many ijodides are characterized by their
brilliant colors.  Thus, mercuric chloride
solution with potassium iodide gives a scar-
let red preciprtate, silver nitrate will give
a yellow amorphous precipitate, and lead
salts give a yellow precipitate.

Some of these iodides change color when
they are heated and hence are used as heat
indicating pamts. A double salt of silver
and mercuric iodide s yellow at ordinary
temperatures, but when heated to 50° C.
(122° Iy, 1t turns a deep red. When the
temperature is lowered, 1t quickly returns
to 1ts original color.

To prepare it, make a solution of potas-
sium jodide hy dissolving 6.5 grams of the
salt in 25 c.c. of water. Make another solu-
tion of 1.5 grams mercuric chloride in 25 c.c.
of water. Mix the two and then add a solu-
tion of silver nitrate A yellow precipitate
is formed. Filter the precipitate, wash with
cold water and then dry on a water bath.
When the solid is dry. place it in a tube
and notice the color changes which occur
as it is placed in hot water.

lodine is also known in combination with
hydrogen, in the form of hydrogen iodide,
a colorless gas. Its formula has been de-
termined to be HI. It can be made by plac-
ing a mixture of red phosphorus and jodine
in a flask and allowing water to drop upon
the mixture from a separatory funnel. The
phosphorus iodide is decomposed and hydro-
gen iodide is evolved. If the reaction is
slow in starting, gently heat the flask. The
gas is passed through a U-tube containing
a small amount of red phosphorus to ab-
sorb any excess of iodine vapor and the
gas is collected in bottles. It is not very
important, but the water solution, common-
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Water is dropped from a separatory funnel
upon a mixture of red phosphorus and iodine in
a flask. This evolves hydrogen iodide which is

passed through a U-tube containing red phos-
?horus and the purified gas is collected, either
in water or by displacement.
than air.

It is much heavier

Iy known as hydriodic acid, is of some use

A water solution of the gas is readily
made by passing hydrogen sulphide gas
throngh a suspended solution oi iodine. Add
about 4 grams of powdered iodine to 230
c.c. of water in a large beaker and slowly
pass through it a stream of hydrogen sul-
phide gas. In a short time all of the iodine
will have dissolved, The reaction is as fol-
lows:

1I.S + 1. —> S 4 2HI
ITydrogen sulphide + iodine —)-sulphur
<+ hydrogen iodide

Add more powdered iodine and keep pass-
ing in the gas until the solution is colorless
or nearly so. Then pass in a stream of car-
bon dioxide to remove all the aydrogen sul-
phide.  Filter off the separated sulphur and
the filtrate will be a water solution of hydro-
gen jodide. The hydrogen sulphide gas is
made by slowly allowing hydrochloric acid
to drop upon some ferrons sulphide in a
flask. The carbon dinxide is made by allow-
ing the acid to fall upon calcium carb mate
or marble.  Iydriodic acid acts as a mouwo-
basic acid and forms iodides with several
metals.  The acid character of the solution
can be ascertained by placing a few picces
of zinc or magnesinm in the solution.
Hydrogen gas will be evolved and the metat
will go into solution as an iodide.

Ii in performing the preceding experi-
ments the experimenter has  happened  to
stain his clothing with todine, it can readily

27

be removed by rubbing the spot with hypo
solution and then dilute ammonia.  When
the hypo comes in contact with jodine, it
dissolves the indine {forming a  colorless
solation of sodittm fodide and sodium tetvi-
thionate.

An aqueous solution of hydrogen iodide is
made by passing hydrogen sulphide through
iodine suspended in water, a most interesting
reaction.

Match Experiments

Making reproductions of the first match; a
mixture of sulphur, potassium chlorate and
sugar constituting the head is ignited by being
touched to fuming sulphuric acid absorbed in
asbestos. By no means pulverize the sugar and
potassium chlorate together, or you may have
an exnlosion,

T is strange, yet true, that some of the

most indispensable things are given the
least thought, yet when one pauses to con-
sider the effect upon our lives, which the
removal of some of these things would have,
le is impelled to hail the chemist as a bene-
factor to mankind.

One oi these products of the chemists’ in-
genuity is the modern match. It is a part
of our lives, so much so that it is almost
inconceivable that we ever managed to exist
without it. Yet no longer ago than the year
1812 the first match made its appearance.

ASBESTOS SOAKED
IN SULPHURIC ACID

The asbestos soaked in fuming sulphurig acid
i+ contained in a flask or tube and used to ignite
vhe match.

Compared with the matches with \vhif:h we
are familiar, it was very crude; yet it was
a decided improvement over the flint and
«teel which were the source of practically
all fire prior to that time.

In 1812 a chemist named Chancel pro-

By Leslie E. Raymond

duced the first match which was made as
follows :

A smull quantity of sulphur or “brim-
stone” is melted i a poreelain or iron dish
over a small flame, and the sticks dipped into
this, forming a “head” oi sulphur. This
lead is then (while still warm and soit but
not hot) dipped into a mixture of equal
parts of potassium chlorate and sugar (well
powdered) and allowed to harden.  In order
to light these matches they must he brought
into contact with fuming sulphuric acid.
which was to be absorbed in ashestos and
kept in a small vial. The reaction between
the potassium chlorate and sulphuric acid
produces chloric acid, which ignites the
sugar. This ignites the sulplur which, in
turn, ignites the wood of the match stick.

It was not until some fifteen years later
that the first friction matches appeared and
five years more beiore the first match con-
taining phosphorus. The last matches alluded
to were made by dipping the ends of the
sticks into a mixture oi potassium chlorate
and phosphorus made into the proper con-
sistency with glue. About sixteen years
later, or 1848, a Swedish chemist, named
36ttger, invented a match which was the
beginning of the present safety match.

The experimenter may collect the sticks
f1om burned matches or use too:lhipicks which
are dipped in the following mixture:

Soak one gram of glue in a little cold
water for about twenty-four hours and rub
in a mortar until smooth. Now add two or
three grams of antimony trisuphde (this
occurs in nature as the mineral known as
stibnite) and six grams of potassium chlor
ate (both previously finely powdered) and
stir with a glass rod or wooden stick in the
mortar unti: thoroughly mixed  This mix-
ture is for the heads of the matches. For
the friction surface take four grams of the
same glue and soak in cold water as heiore,
rmbbing in the mortar until smooth. Now
add ten grams of red (amorphons) phos-
phorus and eight grams of manganese di-
oxide (powdered) and contitfue the stirring
until thoronghly mixed. This mixture is

spread thinly on cardboard or any other sur-
face on which the matches may be con-
veniently scratched. It is better to first coat
the surface thinly with a mixture oi glue
and fine sand, allowing this to dry, and then
to apply the phosphorus mixture.

The sticks of matches are dipped into a
solation of some salt, such as alum and
dried before being tipped. This prevents
their heing dangerously inflammable.

Formerly vellow phosphorus was used for

Making the friction surface on which safety
matches are scraped in order to make them ig-
nite.

all matches, which gave rise to serious dis-
cases, principally of the jaw-bone among the
factory workers—the so-called “phossyjaw.”
Its use has been entirely supplanted by the
nse of the amorphous or red variety which
is pot poisonous and does not oxidize in the
air, making it unnecessary to keep it stored
uncer water as was the case with the yel-
low form. The diseases peculiar to match
workers have gradually disappeared and the
use of vellow phosphorus in the manufac-
ture of matches is now prohibited by law.

Mixing the semi-liquid solutions in a mortar
with which the ends of safety matches are to

be coated.

Do not pulverize the mixture except
when moist.
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Kinks for Experimenters
By Raymond B. Wailes

A piece of wire bent as shown will hold
its position firmly on a Bunsen burner
and will carry a heavy soldering iron
while the latter is being heated. This is
far superior to using a ring stand for the
purpose, as the soldering iron has an
unhappy faculty of rolling off.

over its jaws makes a bl

chemist’s tongs available &»_i__

for glass vessels contain-
ing boiling fluid.

Insulation made of bits I i
of rubber tubing slipped . ==k}

An extemporized current detector, polarity indicator
and galvanometer is made up with a common pocket
compass and a honeycomb coil borrowed from the radio
supplies. It can be permanently mounted and nade a
very neat piece of apparatus.

A curtain rod is held by
brackets or screw eyes at its
ends, under the edge of the
working table or bench to
carry spools of wire of various
sizes as may be required by the
experimenter.

A cork mat is a valuable accessory in
the laboratory if a slate top table, now

so common, is used. The disadvantage .
of the slate top is that it cracks beakers. i H
The cork mat will protect them.

On the left is shown an extemporized
arc lamp; the carbons are carried by
burette clamps and as the ringstand
which supports the whole is of iron, rub-
ber tubing is used as insulation.

On the right is shown a gas generat-
ing apparatus; this will work for gener-
ation of sulphuretted hydrogen very
nicely. The one requirement is that
whatever substance the gas may be
evolved from niust be in lumps large
enough not to fall through a spiral of
soldering iron which rests upon the
stricture. The basis of the apparatus is
this well-known students’ lamp chimney.
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Kinks for Experimenters

If\' the first illustration our chemical read-
ers will recognize the very familiar cru-
cible tongs. This implement is designed
primarily to pick up hot crucibles and sim-
ilar objects between its extreme ends, using
it just as we would an ordinary pincers.
The bow back of the points of the jaws is
for the purpose of gripping a crucible on
the outside. The chemist finds it hard to
resist the temptation, however, of picking
up flasks and small beakers with it, and the
nictal against the glass is very apt to break
it. Such a pair of crucible tongs may be
nsed for removing boiling hot flasks from
over the Bunsen burner. A short length of
rubber tubing slipped over the prongs or jaws
of the tongs will enable a very firm grip
to be taken upon the neck of the flask and
at the same time will keep the metal tongs
irom touching the glass, which might crack
1t

A stand for heating the soldering iron
cver the Bunsen burner can readily be made
from a length of heavy wire about No. 8
<ize. A little inverted saddle is formed in
which the iron rests. The free ends of
the wire are wound several times about the
stem of the burner. The tip of the inner
Hame is the hottest spot of the flame. The
old-time experimenter maintains his affec-
tion for the old-fashioned soldering iron, in
the face of its competitor, the clectric one.
I he stand as shown makes it fully as con-
venient as the last named.

A handy place for spools of wire is be-
neath the table, just at the edge. A length
ot curtain rod thrust through the spools and
lield away from the table by wooden blocks
eniables the spools to turn frecly on the
rod. The spools are never in one’s way and
wire can be instuntly and conveniently taken
off as needed.

The above arrungement speaks for itself.

By Raymond B. Wailes

Instead of blocks of wood, screw eyes may
be used to support the rod.

A simple current detector and polarity
tester can be quickly made from a honey-
comb coil and a compass. The coil is fas-
tened to the wooden block by a copper strip.
The compass is set within the coil and when
a current traverses the coil, the compass
needle will be deflected according to  the
strength and direction of the current. A
pair oi man-sized binding posts and a coat
of varnish makes the whole instrument a
handy addition to the experimenter’s labora-
tory.

It would be a simple matter to calibrate
this appara‘us so as to make a sort of am-
meter out of it, in which case it would be
well to draw a new card for the compass,
which card would be laid out in amperes or
fractions thereoi. With a small ecnough
compass supported by a standard in the cen-
ter of the coil tangential readings of approx-
imate correctness might be obtained.

A cork mat is ideal upon which to place
hot beakers, flasks, etc,, with their boiling
hot contents. You will never have a beaker
crack if a cork mat is kept handy.

Ilere is an arc lamp which is very ser-
viceable and casily adjusted. It is made
from a laboratory support and two burectte
clamps.  Both clamps grasp the carbon rods.
The lower clamp is insulated from the sup-
port by being screwed to the support over
a short length of tough rubber tubing. The
arc is started by adjusting the thumb screw
of the upper clamp. It will burn quite a
while before having to be adjusted again.
An electric flat-iron makes a suitable re-
sistance to be used in series with the arc.
A water rheostat can also be used. Dind-
ing posts are affixed to the carbons by metal
bands.

I'he soldering iron described above can be
put to good use if the carbons are copper
plated, tor then the wires can be >imply
twisted around them and soldered for the
upper and lower connections,

A student’s lamp chimney affords the ex-
perimenter a very practical and efhicient gas
gederator. It is fitted at the bottom with a
stopper carrying a glass tube which is pro-
vided with a pinchcock and delivers the spent
acid into a dish such as a chrystallizing
dish, evaporating dish, or the sink in some
cases. The separatory funnel at the top
contains acid (1:3 sulphuric commercial
quality serves well). The top stopper also
carries the [ delivery tube from which the
gas is taken off. The body of the gus
generator is filled with the gas generating
substance—iron sulphide, zinc, marble chips,
etc, according to the gus to be generated.
The mass is kept from falling into the lower
chamber by a spiral of wire solder. The
acid trickles down upon the muass, expends
itscl and the solution formed falls into the
lower chamber where it can be drawn off
by opening the pinch-cock. It desired, the
generator can be clamped to an iron labora-
tory support.

The student’s lamp chimney with its stric-
ture is quite suggestive for the chemist, for
other uses than those shown in the gas gen-
erator. One trouble with it, however, is that
the glass is rather thin and if the cork is
puthed in too hard a picce will infalibly
break out of the end. The writer is speak-
ing from experience. The cdges of the
chimney which are disastrous to corks be-
carse they are so rough and almost sharp
should be rounded off with a rat-tail file or
if one is very sure of himself, they can be
rotnded  still better in the flame of the
Bunsen burner.  But here there is danger
of cracking.

A Curious Thermit Experiment

THE thermit experiments illustrated in,
our October issue have excited a great
deal of interest among our readers. It is
tair to say that ground is covered by this
way of heating, which is practically unat-

Iron is melted by the thermit reaction in a crucible of low heat
conduction and the vessel can be held in the ungloved hand

tainable by any other method. The process
eives the operator a mass of iron in liquid
fusion at an extremely high temperature,
the point being that while the oxy-hydrogen
or the oxy-acetylene flame or the arc weld-
ing apparatus
may give as high
a temperature,
their total qual-
ity of heat is
limited. But i
the operation of
the thermit pro-
cess, hundreds of
pounds of ubso-
lutely liquid iron
may be pro-
duced, giving an
amount  of heat
which can be ac-
curately localized
by sand moulds

and  flasks, so
thatiron can
be added and
welded to an ar-
ticle where de-
sired, or can be
used  simply to
give a very

large volume of
intense heat.

In the iltustra-
tion we show a
hand holding the
crucible in which
iron has been

produced by the thermit process. The crucible
1s made of magnesite composition, so called,
whase coefficient of heat conduction is ex-
tremely low. It gives a peculiarly available
crucible for thermit experiments, becanse
the heat, practically speaking, hardly pene
trates the walls or sides of the crucible, anl
it ean be held in the unprotected hand us
shown in the cut.

Of all ordinary substances, calcium ox-
tde or quicklime, magnesium oxide or mag-
nes.a are among the worst conductors of
heat known. This has made them very
available for lights for projection and they
were extensively used in the old davs before
the invention oi the electric light.  The
writer has used them on several occasions
in lecturing.  While magnesia has very great
advantages as giving a very =mall wnd in-
ten-¢ arca of light, lime was uuiversally
used by old-time projectionists.  An oxy-
hyd-ogen flame wias made to impinge upon
a pece of lime cut out in cylindrical shape
about 34-inch in diameter and quickly brought
a sinall arca to white heat. This formed an
adirirable source of light, projecting pic-
tures hy the magic lantern and stereopticon.

Magnesite crucibles can be hought at ap-
paratus dealers, and an interesting variation
on their use could he made by getting a
large lump of quicklime, the harder the
better, and drilling a hole in it s0 as to make
a sort of rough crucible. Care should be
taken in drilling not to split the block open.
and the experiment of melting metals can
be done with very small quantities of thermit
coniposition in it.
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Darious Chemical Experiments

Experiments With Turpentine

ZYNURPENTINE is familiar to most of
us only as a paint thinner, but to the
chemist it has a varied interest. For

cxample, it may be used to produce isoprene

Ma:—ing oil of lilac by distilling terpin hydrate
with sulphuric acid and water.

irom which synthetic rubber can be made
by treatment with metallic sodium, heat or
acid; or terpin hydrate, used in medicinal
preparations for coughs and throat affec-
tions or as a source of terpineol, the latter
used in perfumery as the basis of lilac per
juntes; and last, and perhaps most important
of all, as a basis for the manufacture of
synthetic camphior, which has of late ap-
peared on the market in increasing quan-
tities.  Of these, terpin hydrate. terpineol
and pinene hydrochloride starting point of
one of the synthetic camphor processes) can
he easily prepared by the careful experi
menter,

Terpin Hydrate

Terpin hydrate can easily be made irom
oil ol turpentine hy treatment with dilute
nitric or sulphuric acid. the only neces-ary
precautions being the use of fresh turpentine
tacetic and other acids develop in the il
upon long standing) and a dilute acid. for
concentrated acids will rapidly carbonize it
with the formation of a resm. 11 ahot
one-fourth its weight of dilute nitric acid
15 added to turpentine, it will be slowly con-
verted to terpin hydrate and dipentene: the
terpin hydrate may be crystallized out and
stored in a clean, tightly stoppered bottle
for further experiments. It is necessary to
let the mixture stand several davs before
ey ~tallization occurs.

Terpineol (Oil of Liluc)

Terpineol is usually prepared hy distilling
terpin hydrate with sulphuric acid and water.
The crystals of turpin hyvdrate are placed
i a distilling flask.  They are covered with
water after which sulphuric acid 15 added.
The flask is then connected to a condenser
and heat is applied.  Terpineol and water
distil ¢ver and may be collected in the re-
ceiving vessel,  The terpineol may he recog-
nized by its fragrant odor of lilacs.

Pinene Hydrochloride

Pinene hydrochloride is made by passing

hydrogen chloride gas, whicly must he abso-

) HYDROCHLORIC ACID
- GENERATOR

The production of pinene hydrochlor
solutely dry hydrochloric acid bubbled through
sulphuric acid in a wash bottle, acts upon tur-
pentine kept below the freezing point of water,

By C. F. Miller

lutely dry, into turpentine kept cool by sur-
rounding the container with a mixture o1
salt and ice. The pinene hydrochloride
forms as a white crystalline body with an
odor like camphor. [t so closely resembles
camphor that it is sometimes sold as arti-
ficial camphor. Commercially it is used a~
a starting point for the synthetic prepara-
tion of camphor. The intermediate products
are campliene, isoboruy! acetate, isoborneol
and then synthetic camphor.

Turpentine readily reacts with oxygen.
chlorine, bromine, jodine., acids and other
chemically active substances.

Carbon Tetrachloride

Carbon tetrachloride, commonly sold as
carbona, a non-explosive, fireproof cleaning
thid, may be easily made by chlorinating
carbon disulphide. It is prepared by pass-
ing dry chlorine gas into carbon disalphide
in which a little ferric ¢hloride or aluminum

Use of a reflex con-
denser, in making
sulphuric acid react
upon ethyl alcohol,
which Jatter has been
saturated with dr y
chlorine gas. This is
the last step in the
manufacture of chlo-
ral.

chloride is dissolved.  Sulphur monochloride
is also produced i the reaction and mas
cither be separated by distillation or mad.
to react further with the production of mor.
of the tetrachloride and precipitation of iine-
ly divided sulphur. The crude tetrachloride
is next treated with lime to remove all sul
phur compounds and is then distilled, the
fraction distilling from 71° to 77° C. (160°-
171° ) being collected as pure carbon
tetrachloride.  If it is desired to produce
both sulphur chloride and carbon tetra-
chloride. a slightly different procedure must
be Tollowed. Chlorination is kept up onlv
until sulphur begins to deposit. then the re-
acting flask is removed and distillation i~
begun. The fraction from about 70° to 80°
C. (158°-176° I7)) is collected, treated with
lime and redistilled as above: the remain-

Pouring out the
melted chloral on
acold slab on
which it solidi-
fies.

ing liquid is heated still further to about
140° C. (284° 1)) at which point the sul-
phur chloride distils over.

Chloroform

Chloroform can most easily be prepared
from the carbon tetrachloride prepared in
the last experiment. The reaction is sim-
ply the reduction of carbon tetrachloride with
nascent  hydrogen, generated within  the
liquid. The formula is CCl, + H,=»CHCI,
4+ HCL Part of the hydrogen combines
with the freed chlorine atom to form hydro-
gen chloride. The hydrogen is vsually gen-
erated by means of iron and hydrochloric
acid added to the carbon tetrachloride. The
action by which chloroform forms proceeds
slowly.  Chloroform may be separated from
the other liquid by distillation, the chloro-

Detection of nitrogen and ammonia salts in
natural soil by treatment with an alkaline bath
and testing with litmus paper. Such are a.
important element in fertility.

form distilling over from 61° to 63° (.
(142°-145.4° 7))
Chloral Hydrate

Chloral hydrate is prepared from alcohol,
chlorine and water. Ethyl aleohol is satu-
rated with dry chlorine gas with the for-
mation of an alcoholate. Then sulphuric
acid is slowly added preferably under a re-
flex condenser. Then the mixture is distilled,
the distillate up to 100° C. (212° F.) being
collected. This is then redistilled. the fraction
above 94° C. (201° F.) being collected as
pure chloral. This is mixed with water and
poured on a cold slab where the mass soon
solidifies,

Crystals may be formed by breaking up
the mass, dissolving it in chloroform and
crystallizing.  If it is desired to use it in

A still more sensitive test for
nitrogen and ammonia in soils by
/ \ exposing a glass rod dipped in

methanol silver nitrate solution to
ammoniacal gas evolved.

medicine, it must be remembered that 0%
gram is the prescribed dose. Chloral is sl
dom used now as a hypnotic. as it is claime |
to De a habit-forming drug.

Detection of Nitrogen in Soils

The powdered sample of soil is mixed with
prtlverized soda lime (mixed sodittm and cal-
cium hydroxides) and finely divided copper
and heated.  Ammonia, if present, may be
detected by its odor. effect on red litmus,
behavior with hydrochloric acid fumes, or
more delicately, by the formation of a silver
mirror on a glass rod dipped in menthanol
silver nitrate solution and exposed to the
escaping fumes.

Copper Test

[f a cold concentrated solution of gallic
acid is added to an alkaline sulphocyanate,
copper salts will produce a distinet white
coloration in it, even when preseri only as
a one-thousandth normal volution.

solution.

10,000
An even more delicate test solution may
be obtained by preparing a 2 per cent. solu-
tion of phenolphthalein in 20 per cent. solu-
tion of potassium hydroxide decolorizing
the red solution by boiling with zinc pow-
der. The addition of copper solution con-
taining hut one part of copper in 100,000,000
marts of water colors the solution pink.

rd
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A Chemical Cross-Word Puzzle

Here is something for you fellows who
dabble with chemistry, to cut your atomic
cve-teeth on.  (Not I-teeth —that would
mean iodine teeth)., Better get out your
tables of elements and atomie® weights be-
fore you commence on it, for a cross-word
dictionary will be useless for solving this
puzzle.

There are no words in the answers—mere-
Iy chemical symbols aud figures. If you know
yvour “Chemical Short-hand” as you should
von will speedily arrive at the solution with-
out reference to either the solution or to the
aforementioned tables. If you don't know
the symbols, you will know more of them
when you have worked out the solution to
this puzzle.

To begin, No. 1 Horizontal
symbol for aluminum.

is Al., the

—Contributed by Philippe A. Judd.
Rep. 7297.
HORIZONTAL 79 Argon.
1 Aluminum, R0 Thorium.
3 Sodium hydroxide 82 Oxygen.
7 Merceurie Oxnide, 83 Number of H atoms
10 Antimony. in formaldehyde.
12 Arsenic. 84  Nitrogen,
14 Atomic weight of 11, 83 1. atomic weight of
15 Water. o.
18 Argon. 86 Atomic weight of
19 Zirconium. hydrogen,
21 1000 87 Samariun,
22  Neodymium, 89 Carhon.
24 Vanadwm, an  Scandinm.
25 Sulphur, 92 Number of sodium
26 Tungsten. atoms in sodium

27 Mangenc-e. ferrocyanide.

29 IPhosphorus, a5 Osmium,
30 Gallium. 97 Germauium.
32 Ytterhium. 99 Atomic weight of
34 Potassium  hidrox- scandium X 10,
ide. 102 Furopium.
37 Silver. 104 Titanium,
39  Columbium. 106 1-17 of the atomic
41 Zero. weight of V.
42 Nitrogen. 107 Cadmium.
43  Inudinm. 114 Nitrogeun.
45  Atomie we ght of 115 Arsenic,
He. 117 Sodiun.
46 Caopper. 119 1/29 of the atomic
48  Flourine, weight of Lu.
49 Atomic weight of 120 Atomic weight of
He. less that of —2.
H. 121 Thallium,
50 Arecnic. 123 Mercury.
52 Helinm, 125 Number of (1
54 Lead. atoms in  ferric.
56 Carhon. chloride.
57 Cobalt. 126 Black copgper oxide.
39  Carbon disulphide 129 Number of H ator-
62 Argon. in salicylic acid.
63 Rubidium. 131 Indium.
65 Plaster of Paris, 133 Oxygen.
70 Samc as 106. 134 Boiling point of
71 Scandiuum. 1H.0:(° F)
73 Ruthenium, 137 At : h
55 Tron 3 oniic weight ot
77 H atoms in ammo- Li. x 100.
mum sulphocy- 140 Tin.
nide. 142 lodine.

VERTICAL 31 Argon.
1 rgon. 33 Bismuth.
2 Lanthanum, 34 Pota~sium,
3 Nickel, 36 Ilydrogen.
4 Same as 1 (vert)) 37 Goll.
5 Hydroxide. 39 Carhon.
6 Sulphuric acid. 42 Sodium sulphide,
7 Mydrogon, 44  Rhadium.
] Gallium. 46 Columbium.
9 Freezing point of 48  Flourine.
H.O (°C). §1  Sulphur,
10 Strontiuni. §3  Erbium.
11 H:mm. S4 Phosphorus,
13 Tin. §6 Calcium fHluoride.
i éf;g- 57 Cohalt,
21 Magnesiun oxide. Z% (\:]’ic;nne‘
23 Dy<prosium, N wiphur.
24 Vanadium. 62 Argon.
26 Tungsten. 64 Bromine.
27  Magnesiun, 65 Carhen,
29 Minium, 67 Selenium.

109 Calcium carbide.
113 Zero. .
114 Radium emanation.

72  Calcium,
74 Uranium,
78 Atomic eight of He

80  Thalium, 115 Argentum.

81 Hydrogen, 117 Nitrogen.

82  Osmium, 120 Atomic weight of
&4 Sodium iodide. Mo.

86 lodine. 122 Lithium,

87 Selenium, 123 Holmium.

89 Tartaric acid. 125 Freezing point of

91 Cermum, 11,0 (°F).
92 Atomic weight of 127 Uranium.

He. 129 Number of H atoms
93  Niton, in acetic acid.
06  Su'phur 132 Nickel. . .
97  Gadolinium, 135 A e weight of
99 1/3 the atomic I

weight of iodine 138 Atomic weight of
101 Atomic weight of O F—10.
10 Uranium, 140 Sulphur.
107 Cae<ium, 141 Nitrogen.

11"atch for Solution in Neat Issue.

Hydrogen Sulphide Without Acid

AVING noticed in a recent number of
the magazine an inquiry as to a method
of generating hydrogen sulphide without the

The fusion of sulphur and aluminum filings in
the ratio of two atoms of aluminum to three of
sulphur, for the production of aluminum sul-
phide, which gives off hydrogen sulphide on con-
tact with water.

use of acid. I thought that the iollowing
might prove of interest.

In chemical and metallurgical analysis in
the laboratory, hydrogen sulphide is often
nsed as in precipitating lead and other metals
in the form of sulphides, and perhaps the
best method for generating the hydrogen
sulphide for this kind of work is by the
action of water on aluminum sulphide.

Aluminum sulphide cannot be made the
wet way, but can be made by direct fusion
of sulphnr and aluminum in molecular weight
proportions.  Thus by fusion of 54 grams
of aluminum filings and 96 grams of sul-
phur, 150 grams of aluminum sulphide are
formed. \When the salt so produced is
thrown upon water, hydrogen sulphide is
immediately evolved according to the equa-

tion.
.+ 3H.O = ALO, 4+ 3H.S

In the laboratory a large bottle is half
filled with water and a one-holed stopper
with a bent glass delivery tube is inserted

in the neck.  Then whenever H.S is needed
& small lup of aluminum sulphide is thrown
mto the bottle and hydrogen sulphide is gen-
erited. Contributed by Harry L. Elder.

By dropping aluminum sulphide into water in
such a bottle as above and immediately corking
it, sulphuretted hydrogen will be evolved to be
utilized in analysis, without the requirement of
any acid.
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How to Make the Electro-Mystic Crystal Globe

OR the magician, the spiritualist, the

pseudo mind-reader, and those oif you

who like to mystify visitors to your
laboratory, the gazing crystal, herein de-
scribed, will be found not only less expensive
but also more interesting than the commer-
cial crystals on the market. It may also be
used in place of annunciators and door-
bells, using a different colored lamp for
each door. For this purpose, its highly or-
namental character permits a prominent posi-
tion in the hall or on the desk.

The sphere consists of a 130-watt nitrogen
lamp, of the tipless type, from which the
base has been cut. This is mounted upon
the pedestal, as shown in the illustration,
so that it has the appearance of a solid
crystal orb.

The pedestal is constructed irom a cylin-
drical cardboard box, cut as shown in the
detail, and covered with black paper. It is
then decorated by pasting Chinese charac-
ters cut from gold paper upon the black
background. The cylinder is mounted on a
hardwood disc, which serves tu strengthen
the pedestal and to prevent its tipping over,

Several variously colored lamps (those
used for Christmas tree decoration are best)
are mounted inside the pedestal, so that their
light is thrown up through the crystal. A
green lamp will produce a very spooky ef-
fect, while one of an orange color, when
flashed quickly, gives onc the impression of
a flash of flame within the crystal. The
wires from the lamps are run down through
the base and are led to a concealed battery
of push buttons. They may be supplied
from a toy transformer or by a storage bat-
tery.

To further the magical effect produced by
the colored lights, a means for filling the
alobe with a white vapor is provided. A
two-hole rubber stopper, carrying two short
glass tubes, is inserted in the neck of the
globe as shown, Rubber tubing of a small
diameter is led from these tubes through
the base to the “smoke” jars and bulbs. The
vapor-making apparatus is shown in the
upper illustration. It consists of two glass
jars, the connecting tubing and two rubber
bulbs. One of the latter has an outlet valve
in its outer end, while the other is provided
with an intake valve,

The first jar is partly filled with aqua am-
monium, the sccond with a strong aqueous
hydrochloric acid solution. Upon squeezing
the bulb (with the intake valve). a dense
cloud of white vapor is injected into the
hollow sphere, producing a lambent, opales-
cent appearance. The other bulb is for the
purpose of removing the vapor from the
globe.

Although the entire apparatus might be
inclosed in a pedestal or taboret, the long
tubes and cable permit remote control of
the crystal orb and thereby add to the mysti-
fication of the uninitiated.

The production of smoke by bringing to-
gether gaseous hydrochloric acid and gaseous
ammonia, is very familiar to the chemist. It
is even used in the detection of ammonia and
may be used in the detection of hydrochloric
acid. Thus, if we suspect ammonia of being
evolved from a solution a glass rod or a

By Philippe A. Judd
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A crystal gazing globe is made from a large sized discarded incandescent lamp bulb. Although
of thin glass, it resembles a solid crystal and by using colored lamps flashing upon it, various effects
can be produced which may be supplemented by filling it with ammonium chloride smoke.

picce of paper may be dipped in hydrochloric
acid solution and held in the mouth of the
vessel containing the suspected liquid.  I¢
ammonia is being evolved, a very characteris-
tic production of white clouds of ammonium
chloride results. If hydrochloric acid is sus-
pected, the paper or glass rod should be dip-
ped in a solution of ammonium hydroxide, so
it seems that there is some serious chemistry
involved in this experiment.

One thing to be taken cognizance of is
that the smoke will not continue to fill the
bulb, but will gradually be deposited in its
inner surface, so that after a while it will be
pretty well clouded-up, giving the effect of a
frosted bulb. Accordingly after each experi-
ment the bulb will have to be washed out with
water and a subsequent rinsing out with alco-
hol will cause it to dry more quickly. It is
quite a problem to dry moisture from the in-
terior of a flask-like vessel.

The article states that a tipless lamp must
be used; this is for appearance sake; so maay

tipless lamps are now made that there will be
no difficulty in procuring one. Again refer-
ring to the illustration, it will be observed
that the inlet tube in the vessel containing
ammonia dips down pretty well into the bot-
tom of the liquid. It is most essential not
to dip the tube into the hydrochloric acid, but
only to pass the ammonia vapor over the sur-
face of the acid. Otherwise the acid will be
drawn back almost violently into the am-
monia vessel, destroying the desired action,
Above all, be sure that you blow it in the
right direction.

The production of smoke is quite a prob-
lem; for lecture experiments the ammonium
chloride smoke which we have just descrihed
is unquestionably the simplest and best. For
smoke writing on the sky a more solid smoke,
if we may use such an expression, is needed.
But the ammonium chloride smoke is so easily
dealt with and so readily cleansed from ves-
sels that it is to be highly recommended for
all such purposes as the one described here.
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Experimental Galvanometer

of galvanometers, and instructions

have becn given from time to time
for the construction of these sensitive little
indicating instruments at home.

It has been noticed, however, that the be-
ginner has not been considered in the prepa-
ration of these articles, as the constructional
data call for the use of many special tools,
not always found in the average experimen-
ter's kitchen worlkshop.

Thereiore, in presenting this article to the
experimenter who has a great-deal of am-
hition but only a few tools, the author makes

1\/ UCH has been written on the subject

Fig. 1. An embroidery hoop serves as a con-
venient frame for the windings of a galvano-
meter which is of the tangent type.

an atiempt to tell the story in pictures and
to delibcrately use tools that the veriest
novice would have.

It is known, of course, that if an ordinary
compass ncedle is allowed to rest in its
natural position, a picce of bell wire being
held in line above this needle, and a cur-
rent irom a dry cell or other source pass-
el through the wire (say, from north to
~outh), the north end of the needle will
he immediately deflected toward the west, It
the wire is placed under the needle, the re-
verse of the foregoing holds true. This then
is the fundamental principle of a galva-
nometer.

It is true that many types of measuring
instruments are based on this simple oper-
ating principle. A simple galvanometer,
however, consists essentially of a magnetic
needle suspended in a magnetic field (coil
of wire), the needle being free to swing over
the face of a graduated dial of some sort.

Secure an embroidery hoop about 6 inches
in diameter and wind about ten turns of
No. 24 double silk magnet wire right around
*he outside of the hoop. This is shown
in the photo.

After this has been completed, bring the
eads through the hoop after first making
two little holes with a needle or drill. As

Fig. 2.
hroidery hoop will suffice for the tangent galvan-
ometer,

Ten turns of No. 24 wire on an em-

By Herbert E. Hayden

a matter of fact, it is not necessary to use
an embroidery hoop at all, as a piece of
cardboard can be rolled up into the shape
of a ring, and the winding placed on it i
the same manner, but it will not make as
neat a job as will the embroidery hoop.

In either case, aiter this simple winding
has been completed, the whole thing should
be covered with a light coating of orange
shellac to keep the wires in place.

The next step is the magnetic needle. You
can probably purchase a small compass in
the five- and ten-cent store that will cover
all needs, but it is not at all hard to maxe
the needle without a compass.

Get about 2 inches of some old steel spring
taken from the clock that used to hang on
the wall, and with a pair of ordinary stecl
scissors (don't u-e a good pair) cut a little
pointer-arrow as shown on the end oi the
future permanent magnet i nFig. 3.

Beiore placing it on the magnet to mag-
netize the steel, hit the center of the pointer
lightly with the point of a wire nail as a
punch, using the regular household hammer.
The purpose of this little dert is to provide
a recess or cup for a pivot on which the
needle turns.

Aiter this has been done, the needle is
magnetized by slowly drawing it across the
poles of a ten-cent permanent magnet as
shown in FFig. 3. If the little needle is now
‘placed on a brass pin point, it will inmme-
diately turn to a north and south direction.
and of course the particular end that does
point to the north is the "north pole”™ of

Fig. 3.
prepared from a piece of sheet steel magnetized
with a horseshoe magnet. It must be short com-
pared to the diameter of the coil to get tangent
factors.

The galvanometer needle is easily

this compass needle, Cheap pins are made
oi steel—do not use such.

Now the next step is to mount the ring
with its winding as previously described on
a little block of wood about four inches
square. This is easily done with two small
brass wood screws, and a piece of thin brass
as shown in Fig. 4. Two binding posts are
also arranged and the ends of the wires are
scraped and attached to these posts.

If you happen to understand what in these
days seems to be the magic soldering art,
it will be better to make sure of your con-
nections by neatly soldering the wires to
the post.

Now right across the center of the ring
place a little strip of thin wood, or card-
board, if you can’t find the wood. The strip
need not be very wide, say about one inch
will do very nicely. Mark the center of
this strip with a fine lead pencil line.

Right over this line glue a little cork taken
from some old medicine bottle, and after the
cork is firmly cemented in place, cut the
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head off a pin and stick it in the cork so
that the point of the pin protrudes upwards
about ¥5 of an inch. This pin is going to
act as the pivot for the magnetic needle.
tSee Fig. 5.)

The next step in the construction is to cut
a small disc of cardboard, say about 2%
inches across, and after puncturing a hole

Fig. 4. The coil mounted on the tangent gal-
vanometer base and ready to receive the mag-
netized needle.

iz the center with a hat pin, place it on top
o+ the cork with the pin protruding as shown.

This particular type of instrument is
known as a "tangent galvanometer,” but as
the purpose of the article is to acquaint the
beginner with a simple measuring instrument,
ho attempt is made to go into the detailed
instruction of what a taugent is and how
ta mark off the scale for tangent readmgs

The finished instrument is shown in Fig. 3
and if the experimenter will get a fresh, dry
cell and just touch the terminals to the gal-
vanometer coil he will find the needle will
iuirly spin, the action is so strong.

It the reader wants to put a “tangent” scale
on the little dial, he can follow the instruc-
tions given in the EXPERIMENTER, page 016,
July, 1925.

Fig. 5. The completed tangent galvanometer,
with scale and needle in place. If the scale reads
plain angular measurement, a table of natural
tangents can be used for their conversion.




voitaic pile,

Fig. 4. A butterfly swinging by a slender thread from the top of a glass globe keeps swinging
back and forth from flower F to flower G and back again for years.

The mystery lies in a concealed

The butterfly has a metallic surface which touches a metallized surface on the flowers,

cach flower being connected to a terminal of the battery.

HE outward presentment of the device

is an oval stand, covered by a glass

globe, and ornamented by artificial
floners and leaves, to resemble nature as
closely as possible.

Two flowers are clevated above others
at extreme ends of the oval, and a real or
imitation butterfly suspended by a fibre of
cocoon  silk  constantly  oscillates  between
them until the mysteriously conserved force
shall, aiter the lapse of a (uarter of a cen-
tury, be dissipated. Day and night, year in
and year out, the butterfly will flit about
three times per miaute berween the raised
flowers.

The curved battery or voltaic pile which is
hidden among the artificial flowers and leaves

beneath the glass shade, At CC are seen the
metallic caps and the position of the wires is in-
dicated on them.

The first thing required is an ordinary
oval stand sold with the glass shades in
common use. This may be of any quality,
bit as the apparatus is designed from the
out~et to be long-lived, it is best for it to
be of good material.  The extreme lengih
of the oval stand (Figs. 1 and 4) may
be about 15 inches. An ebonite or vulcanite
tube (B) of 1 inch clear internal diameter
and about 1% inches external diameter, and
18 inches in length, is fitted with metal
caps, (CC). preferably brass or gunmetal.
They may be arranged to screw upon the
ends of the tube (B), but in any case will
have to he supported by screws or pins pass-
ing through them and the substance of (B)
in order to withstand the strain to be imposed
upon them. Provision should also be made

for the attaciiment. by soldermg or other-
wise of pieces of wire to each of the
caps (CC).  These picces of Hexible wire
should be ¥ of an inch in diameter and
should allow of bending freely to contorm
to the projected style of ornamentation.

The caps (CC) must be very firmly fixed,
and every means should be adopted to secure
this cud: otherwise the whole apparatus is
faulty.  laving, therefore, securced one cap
(C) safely, and provided for cap (C') pres-
ently to De also securely placed in position,
we may proceed to make a punch (1Iig. 3).
.\ picce of seamless tube, ohtainable of any
lirge ironmonger, is cut off to about 3 inches
length (C, Fig. 3). The upper end is fitted
with an elm or other tough wood plug (B)
and then the lower end is ground down at
(1)) so as to present a sharp circular cdge,
1 inch in diameter.  But if any difficulty is
experienced in procuring such a form of
tool, it is Dbetter to purchase a “leather-
punch.” Discs of card or paper, about 1 inch
i diameter, may be cut, so as to casily it
within the tube (B), Fig. 1.

Now, most people know the paper in

Fig. 2 shows the vol-
taic pile with its termi-
nal wires and caps be-
fore it is bent into an in-
complete circle, as in
Fig. 1. Its two terminal
wires connect with the
metallized surface of the
flowers F and G.

Fig. 3 shows the tubu-
lar punch made of a
tube C, sharpened to an
edge D, and fitted with
a wooden plug B, for
punching out discs for
the voltaic pile. The
discs are made of what
is sometimes called tea-
paper.

Fig. 5 shows the but-
terfly as suspended by
the delicate thread H of
Fig. 4, There must be a
metallic surface on the
wings of the butterfly so
that it will make good
contact with the flowers
F and G, as it swings
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Electrified Butterfly Lives Twenty-five Years

By B. Dincent

which tea and coffee is sometimes wrapped,
which has a coating o1 metallic lead and tin
upon one side and a rather rough paper sur-
tace upon the other,  Groceers' stationers sell
this by the quire or pound and it is usually
naude i two sizes, the shects 14x16 inches
being the most convenient, A quire oi this
paper will sufiice, and ecach :heet must be
carerully dried, and care taken that the
metallic suriace vpon vne side is not cracked
or braken. A quarter of a4 pound oi the
black oxide ol manganese (MnO,.) should
e mixed with sufticient thin size (fish glue
is excellent) to render the mixture of the
consistency of ordinary paint.  The backs
of each sheet of the metallic paper should
be coated without stint, and when the first
coat s dry, the second may be lightly laid
on. each sheet being placed to dry separately.

When all the sheets are thoroughly dry,
they may be placed upon a soft pine board,
seme =X sheets thick, and the dises punched
out.  The total number of dises required is
S500, and one quire of paper of the size
quoted amply suthees, allowing for all waste.
The next thing is to pack the discs within
the c¢h.mite tube, which already has one
metallic end firmly fixed to its end. This
operation, although  very simple, requires
the greatest care and precision.

Starting  with a disc manganese  side
dewnwards, this order must follow through-
out—that is to say, a manganese suriace
must always lic upon a tin surface, and if
the manganese leads when the first dise is
put i, it must always Tollow that order
until the last is placed. A wooden ramrod
should be used from time to time to press
the discs firmly home within the tube. \Where
the whole of the discs in their proper order
are pressed  and rammad  into the ebonite
tube () the pressure should be appreciable
when the cap (C') is fixed in its place, or
clie the cfticiency of the device will be im-
paired by reason of bad electrical contact.

When all the dises are in position within
the tube, and both ends fixed, as shown by
Fig. 2, two very flexible metal wires
are attached. Then, marking out a plan
upon the stand. as shown by Iig. 1, the
chonite tube (B) is warmed and bent care-
fully 1o correspond to the marks or lines
made upon the stand.

Now comes the artistic part. The whole
base should be made up to imitate na-
ture as nearly as possible. the two flowers
(IF) and (G) in Fig. 4. being cither of un-
covered metal or presenting metallic surfaces
in contact with the two wires of Fig. 2. The

(Continued on page 49)
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Making a Selenium Cell

BRASS STRIP i 0 _H
I @ ~
- 3" - b
FiG. 1

BRASS WASHER
1ol
z?s' - 2 - 3 T‘s‘“
FIG. 3 FiG. 2

Dimensions of brass strips, mica dielectrics
and washers for building up the frame for a
selenium cell.

selenium is dependent upon the strength

of the light illuminating it. experiments
with this substance are particularly interest-
ing.  Sclenium s uot the only  substance
possessing  this property. but it is by far
the most sensitive of any yet discovered.
A Uselenium el as the apparatus utilizing
this property i~ called. may be Clilhll’lll_:lt'd
in the shop or laboratory at very little
expetisc. )

Two types of cells are used. one at com-
paratively low rvesistance, the other of a
higher resistance.  Doth types possess a cer-
tain amount of inertin, developing lag—that
is. they do not respond instantly to a slight
change of illomination, and this character-
istic is intensified with excessive or over-
illumination. .

It may be well ta make a little study of
the element selenium before building  the
cell, as the cell must receive a certain care-
ful heat treatment after assembling,  Seleni-
um is a non-metal of the sulphur group and
is generally  found  associated with it in
nature.  Like sulphur, it exists in several
forms. the A" selenium being that used
for the cell. The “A™ selenium i a dark
gravish-black crystalline solid. possessing 2
metallic luster. [t iz unsoluble in carbon
disutphide and has a specific gravity of +4.8.
It begins to melt at 217° C. (422.0° 1) and
is a liquid at 250° C. (482° I°) At higher
temperaturs in the air it is oxidized.

) BRASS STRIPS

BECAUSE the clectrical conductivity of

-~ BOLT AND WASHER

f WASHERS

MICA

FIG. 4
Building up the brass strips and mica insu-
lations to form the basis for the cell.

The “B™ selenium. which i~ the most stable
form, is of dark reddish-brown color, spe-
cific gravity 4.3, soluble in carbon disul-
phide, from wlhich it crystallizes in prismatic
cryvstals. 1t melts at 2172 C. (422.6° 7)) and
boils at 700° C. (1.202° )y A third va-
riety, specitic gravity 4.26, is found in two
forms. the one electro-positive and unsoluble
in carbon disulphide, the other electro-nega-
tive and soluble in carbon disulphide. [t
fuses at 100° C. (212 ¥ and when sud-
denly cooled becomes vitreous, When heated
to 270° C. (518° I°)) and ~uddenly cnoled
to 180° C. (336° .}, at which temperature
it is kept for several hours. it is converted
to the "A" <elenium,  On heating the <1
variety to 130° C. (302° F.) it chanues to
the "A™ variety with the evolution of heat.
The chemical properties of selenium are very
simitar to those of sulphur.  These proper-
tics are given here that the experimenter
may  better understand  the heat treatment

By Hymen Bushlowitz, E. E.

which the completed cell must receive in
order to render it sensitive to light.
The material needed Tor a fair-sized low
resistance tape of cell is as follows:
15-foot strip of brass, La-inch wide by
Ye-inch thick.

2 brass or iron bolts, 4 inclies long by
Gi-ineh thick, with 2 washers and 2
nuts cach.

!a—ounce selenium, stick preterred.

I picce nmica, § by 12 inches, very thin.

Cut from the brass 50 strips. 3 inches long,.

Le-inch wide, by s%-inch thick, as <shown in
Fig. 1. cach with a yy-inch hole %-inch
from the end. 1Kitty copper or brass wosh-
ers, Ya-inch square, with a -inch hole i
the center, should also be provided; they
nake a fair-sized cell, but the more strips
in Figo 20 Pifty strips and  washers will
make a fair-sized cell, but the more strips
and washers the lower the resistance of the
completed coll will be. From e mica cut
50 strips 2% 4-inch long by L,-inch wide.
One of thowe strips should be very lightly
shellacked to cach brass strip. as shown in
Fig. 3. so that the eud of the mica covers
the eud of the brass strip farthest away
trom the %-inch hole,

= ==

= e
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FIG. 6

Making up the cell from its two sections,
using a clamp if desired, but this is not neces-
sary. [If the clamp is used. it must be insu-
lated from the metal of the sections.

Twenty-five strips and 25 washers are
then mounted aliernately on cach bolt, with
the mica always on top, as shown in g, 4
The two scetions are slipped together and
the nuts tightened down, as shown m g, 3.
so as to hold them securely. A clamp, as
shown in IFig. o, may be made to fit over
the center, if desired, but it must he insulated
from both scctions by mica. or fiher, cte.

The top edge surface of the strips should |
be well smoathed down, with a file or other-
wise, 50 as to he pericctly sniooth, The two
sections should then be tested with a volt-
age 5 to 10 times as high as that to be used
in connection with the cell, so a~ to be sure
that the sections are insulated irom cach l
other. [T the insulation 15 periect, the
smoothed surface should be heated until the |
selenium melts freely when rubbed over it
Be careful not to get it too hot, so as to
oxidize the selenium, vet it shonld he hot
enough to cause the selenium to adhere well.
The parts of the cell where the brass strips
overlap should be given a thin, even coating
of scelentum, and while hot, the excess may
he removed with a spatula, so as to leave a
~mooth, even surface.

The heat treatment is then given.  The
cell is placed in an oven and heated to about
200° or 270° C. (300° or 518° .y, at which |
point it i~ kept for about two hours. The
cell i~ then removed and cooled in the air.
the A" sclenium resulting.

The extra nut on each bolt may be used
for conunections. It is best to mount the
cell in a small box with a glass lid. so as to
protect it from injnry, dust, etc.

The high resistance cell is made by wind-

ing two wires in paralicl, or side by side, on
4 narrow strip ol heavy  mica, asbestos
board, slate. or other suitable insalating ma-
terial, as shown in Fig. 7. The cdges of
this insulating material may be notched be-
fore winding, so as to hold the leads of the
coils in place. Holes should be bored in
caca end. through which the ends of the
Wires may pass, so as to seenre them. A
medium-sized coil i~ about 1T by 3 inches,
with ouly the top side coated with selenium.
It should be wound with copper, brass, silver

NOTCHED
EOGE

+

5
WIRZ 1*/4—wm: "2

FIG. 7

Winding the mica with wire for a high resis-
tance cell. The two wires are wound on, being
held in position of parallelism by notches on
both ends of the mica.

or olttinum wire of about No. 33
The reststanee o1 the cell depends on s
size and tiie spacing of the wires. It is best
to Fave the wire as warm as possible when
winding it on the form, so that, as it con-
tracts on cooling, it tightens, thus holding
it more rigidly in place. A Ya-inch spacing
or less is very often used. The closer the
wires the less resistance. Adter windimg,
the ~elenium i~ apphicd iu the same way, and
the ~ame heat treatment given, as in the
construction of the low resistance cell.

gauue.

Non~Aqueous Doltaic Cells
By Henier Farers Joroax, B A,

A N ordinary voltiie cell is made by put-
- ting two dissimilar electrades in a
solution of an electrolvte (1 e.. acid, base,
or sty with water gas the dissolving me-
divm, 11 such a cell i connected to a
sensitive galvanomdter, it i~ found that the
galvanometer deflects. denoting a passage of
clect-icity throngh  the gatvanometer  coil.
The voltages of these cells vary according
o the positions of the clectrode materials

(Continued on page 49)

<—MAGNESIUM
ROD
{ATHODE)

.~ ETHER
-] SOLUTION OF
4| BUTYL BROMIDE

| PLATINUM
FOIL(ANODE)

A curiosity in batteries. A primary cell with
an ether solution as excitant in place of the

aqueoms solution always used.
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Simple High Capacity Accumulators

OW ERFUL storage cells can be readily
constructed irom simple materials, and
with a minimum ininial outlay in both
cost and necessary parts.
1t is well known that accumulator cells
may be “formed” by charging and discharg-
ing a unit comprising two lead plates im-

FINED \WOOD
CONNECTION POST

PARAFFINED {
wWOOD DOWEL i
SEPARLTORS,

1 - LEAD ROD
2 v OR PIPE

)
L

Pl

ELECTROLYTE

SECTIONS OF
STORAGE BAT-
TERY STPARA-
TORS. BENT TO
CONFORM WITH
SPACES BE-
TWEEN LEAD,
PIPES

GLASS BEADI

Fig. 1. A four-volt storage battery compris-
ing two cells but utilizing only three plates. The
plates are made of common lead pipe. The con-
tainer acts as a plate.

mersed in dilute sulphuric acid as an elec-
trolyte. The alternate charge and discharge
tends to bring about the same condition of
the opposing plates as exists when positive
and negative plates are “formed” by me-
chanical means, i. e., by “pasting” the posi-
tive and “sponging” the negative plates.

For a variety of ules a comparatively
power ful cell is readily adaptable and desir-
able. It may be for radio, signalling via
wire and similar usages. Necessarily for a
given rendered potential the capacity in am-
peres will depend upon the areas of the
opposing plates which are immersed.

In FFig. 1 is shown a 4-volt battery com-
prising two cells, but utilizing only three
plates. Both arcas of the second plate are
used—one side as positive and the other as
negative electrode.

The plates are formed of three lengths
of lead pipe, aligned concentrically. While
separated at the bottom by a few glass
beads (marbles will serve), the lateral sepa-
rators are portions of the wood separators
taken from old flat plate storage cells, and
bent to fit the spaces between these plates
(pipes) as shown in the figure. At the top
a wooden cap carries two rows of dowels,
running ‘at right angles to each other, and
thus placing a separator at each quarter
point around the circumf{erence of the pipes
(plates).

Although the central plate is shown as a
leaden rod, it may be another section of
pipe. This carries a section of a machine
screw, forming a binding post which not
only secures the cap, but serves for purposes
of connection to the circuit.

These cells may be formed of several
lengths of pipe (lead), each telescoping with-
in the other, but separated by the wood and
glass bead separators and the electrolyte.

The cap and dowels should be treated with
hot paraffin before final assembly. This is
highly desirable. The external connection i

By J. F. Bront

made to the outer length ol pipe at some
convenient point.

It is necessary that the lower ends of the
pipes be sealed. The most satisfactory and
dependable manner of accomplishing this is
bv beating down the open end of an ordi-
nary piece of pipe, completely closing the
opening and subsequently fusing any appar
ent breaks or opening. A hot torch blow-
pipe will accomplish this.

I'he pipe lengths will graduate in size
according to the size of the botiom sepa
rators. The overall length (height) of the
completed accumulator may be 12 inches
(more or less), according to individual de-
sires. The potential will be approximately
2 volts per cell (i. ¢, 2 volts for each space
fitled with clectrolyte

Fig. 2 shows another construction, but the
scheme is exactly similar to that of Fig. 1
with the exception that the height of the
complete battery is reduced and its diameter
greatly increased. The broad leaden vessels
in Fig. 2 may be formed, if conditions re-
quire, from plain sheet lead, beaten to shapc.

It is necessary that the battery be alter-
nately charged and discharged a consider-
able number of times before strong cur
rents and long discharges may bhe taken
from it. The condition of the plates im
proves with use, and with every subsequent
charge and discharge.

The 40 per cent. sulphuric acid solution
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SECTIONS OF WOOD
\ BATTERY SEPARATORS

GLASS BEADS

Another form of lead-pipe storage battery,
whose elements are made of sheet lead. Glass
beads and wood are used for separators, and cup
shaped electrodes are employed.

may be used, pouring the acid into the waicr
and letting it cool to the room temperature
hefore introducing it into the battery. Never
add wwarm clecirolyte to a storage battery.

JWRNY Tool Table

The WRNY control room is provided with this tool rack and work bench which places all tools

and repair supplies ready for instant use.

Mr. H

. Haddon, maintenance operator, is shown testing

the equipment used in broadcasting code lessons from WRNY.
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A Perplexing Convention

By HARRY R. LUBCKE

N the whole, the adoption of conven-
O tion in the study of a science is bene-

ficial. It gives an unchanging mcan-
ing and standardization and is valuable for
comparisons of the work of different scien-
Lists.

Take for example. the extremely simple con-
vention used in the indication of direction. \We
call the direction in which the sun rises ecast.
and that in which it sets, west: this 15 the
sante all the world over, whether America,
England or Australia. But imagine the con-
fusion if some person turned it around and
said that the sun rose in the west! I you
were traveling in this country and asked
for the direction and distance to a given
town, he would give you instructions that
would lead you in the reverse direction you
wished to go in. Again, il a sea captain
should wireless another ship, asking the dis-
tance to land (the other ship having arbi-
trarily taken west as the direction in which
the sun rose) and received the answer, " Ten
miles to the east,” he might sail a hundred
miles in the direction that was wrongly
called “east”™ without meeting it.

It we consider the terminology used in
electricity, vou will find that we are doing
the very same thing. You will recall that
the smallest unit of electricity is an clectron
in motion. It travels in a certain direction
around any circuit. We have said that cur-
rents move from positive to negative, but
now we find that the electrons, which really
constitute the electric current move in the
opposite direction.

Benjamin Franklin, an carly experimenter
who knew nothing about electrons. arbi-
trarily considered that the electric current
moved from positive to negative. At that
time electricity was regarded as some sort
of fluid that flowed from one place to an-

other. It just happened that he picked out
the wrong direction for it to flow. Now
P
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«--CONVENTIONAL FLOW OF CURRENTS
<— TRUE FLOW OF ELECTRONS

A conventional diagram of the Edison effect
rectifying cell, contrasting the presumably true
and the conventional flow of the current.

we have a more complete knowledge of the
electric current, but we still retain the anti-
«quated convention.

According to the accepted theory of atomic
structure, the atom is not the smallest divisi-
hle part of matter, but is composed of a
number of smaller particles revolving about
a common center, the nucleus, so that an
atom is taken as similar to the solar system.
The center, which is the positive nucleus,
corresponding to our sun, consists of a num-
ber of negative electrons and positively
charged protons. The charge of the pro-
tons is more intense and of such magnitude
that the whole group constituting the nucleus
is positive. The nucleus is the focus of the
orbits of a number of clectrons which re-

<+--FLOW OF CURRENTS
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ELECTRONIC
<— FLOW OF ELECTRONS

FIG. 2

The same as shown in Figure 1 but on a different basis, involving the production of lines of

force.

If the current is made up of the flow of electrons the diagrams at the left which shows the

accepted idea is wrong. A contradiction is seen to be involved.

volve around it, in much the same manner
that the planets revolve about the su
Atoms of different substances have varyirg
nmumbers of these “planetary™ clectrons.

The sum of all the positive charges equals
the sum of all the negative charges in a
normal atom, so that such an atom is neu-
tral.  But ii one of the outside electrons
breaks away from the nucleus, it disturbs
this equilibrium. Since the clectran is nega-
tive, it goes off as an independent negative
charge while the rest of the system is left
positive.  This is the condition in any body
which has an electric charge. 1 charged
negatively, it has an excess of electrons,
whereas ¢ positive it sutfers a deficiency
of electrons.

The Tungar rectifier and the vacuum tube
of radio depend essentially upnn the flow of
electrons through a rarefied medium for their
operation. In a study of the action of these
devices we come face to face with the utter
ambiguity of the conventiona; flow of cur-
rent. DBy referring to Fig. 1 this will be
realized. Consider that at any given instant
the polarities are as indicated. Now, fol-
lowing arrows, shown in solid line, we see
that the current flows from (—) through
the tube from filament to plate, then through
the battery and out through (4). In the
tube the current is carried by the electrons
emitted from the hot filament which are at-
tracted to the plate due 1o its positive charge.
But. according to the convention that charges
flow from positive to negative (indicated by
the dotted arrows), the current would have
to flow from the plate to the filament! Simi-
lar perplexing situations arise in the study
of the three clement vacuum tube.

In the study of physics or clectricity the
students are told to think entirely in cur-
rents, for elearly, if one were thinking of
the current flow in a wire in terms of elec-
trons, he would arrive at exactly the oppo-
site conclusion to that deduced by one think-
ing in terms of conventional electric current.
To some this is never wholly clear and leads
to entirely unnecessary confusion,

Considering only the maotior of the elec-
trons, the right hand rule for solenoids, coils
and magnetic field determinations would be-
come a “left hand rule” This is clearly
shown in Fig. 2. Similarly, all the rules for
determining the relation between magnetic
ficlds and the direction of current would be
changed to the apposite hand; the motor rule
would become the generator rule, etc. But
then there would be only one correct repre-
sentation of current flow and no difficulties
could be encountered.

In the <tudy of bhatteries and electro-
chemistry in general, with the adoption of
electronic considerations throughout, much
greater clarity would he obtained. In con-
sidering the inside rcactions between the ions
the electron view must he taken hecauce it
is the only convention in use. but to have
to reverse all considerations when deal'ng

with the external circuit to make them con-
form to the current idea is a nuisance.

A change, universal in extent, over to the
electron view, which is the only correct con
ception, is worthy of the consideration i
every influential person in the electrical field.
The metric system was adopted universally
for scientific work because of i's extremc
simplicity and utility, and it high time
that we should do likewise wi:h the true
mwtion of electric charges.

Therr:a_l Telephone

By Morwis Cuiryow

HE following is a description of 2
thermai telephone which can be con-
structed at a cost of sixty cents. This

rceeiver differs from the magnetic tyvpe of
telephone, and works on an entirely different
principle.

The parts required are an old telephone
case and about three inches of platinum wire
—about (001 in diameter—known as Wal-
laston wire. It can he purchased at any
¢l emical supply honse for about fitteen cents
peroinch,

Its action depeuds upon the heating effect
oi the clectric current.  Normally a small
current passes through the receiver and fluc-
twtion of the current, as from received sig-
nels, suddenly heats and cools the fine plat-
inim and creates pulsations of the air in the
telephone.  These pulsations are transmitted
to the car drum through the opening in the
cap of the receiver.

To construct a receiver of this type hore
two holes about one inch  apart through
which the binding posts are mounted, first
mnerting some cardboard washers between
the metal of the receiver base and binding
posts, so that they do not touch and cause
a short-circuit.  Then take the picce of Wol-
laston wire and solder its end< to the two
binding posts.  The diagram below will make
it all clear.

When tested it proved equal in volume
amd sensitivity to a pair of Baldwin phones,
while having the advantage of heing verv
metch lighter and with no magnets or dia-
phiragms.  Magnetic telephones are alwavs
linble to deteriorate from loss of polariza-
tion of the permanent magnet. In the thermal
telephone there is nothing to deteriorate,
Great care is requisite in handling the almost
invisible wire.

BINDING POSTS 1* APART

WOLLASTON
WIRE .0001°
IN DIAM.

OLD TELE PHONE BASE

A thermy-telephone. depending for its action
on the variation of current passing through a
Wollaston wire of extreme thinness.




“From the bushes near-
by two shots rang out—
mighty good shooting,
too, for the aerial snap-
ped . . . . another two
shots go bang, and from
the noise 1 judge they’ve
punctured t h e floats.
Then I have a go with
B the mitrailleuse.”

[(What Has Gone Before]

_ A number of Nc:o York banks have been robbed.
I'he tinie is neav the end of this century, The Pres-
deut of one of the banks stands by his son’s bed
side oarly i the morning and tells him of strange
robberics. They fly to New York in an airplane.

T'hey find that throughout the financial district
cvcryone has fallen senseless. Automobile engines
have mysteriously stopped.  Everything of gold,
watches, coius, gold leaf signs and the like have been
tarvished., The vaults of o number of banks ha:
been cut open, apparcntly by oxyacetylene, and
robbed.

Powdered glass s found in the street to add to
the strange events. Little lead cases came into the
F;xost Office by mail. Raduim salts were enclosed in
them.

The airplanc Merlin, the fastest of all airplanes,
takes an active part in the story. The mystery deep.
ens 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 been taken.

They go out on the famous Merlin in search of
the liner Parnassic after hoving vainly tried to find
how the gasoline was taken from the station: they
hear that there was a cabin in the air when the

robbery was being pe petrated. Going out to sca,
they land wpon the Parnassic. Ficrvone an her is
yecoiering from a trance. the Captain goes to the
treasure safe and finds 15t robbed. )

Lord Alweric, a well prcscr.‘;d man of 60, joins
them. The ercw recovers. A discussion ensues and
it is concluded that the raiders used an_ airplane
The Merlin starts off after the ship’s engines begin
to turn, with Miss Torrance, Lord Almeric’s niece.

ANowr nmetws comes that Louisville has bcen at-
tacked, and an hour and forty minutes takes the
Merlin to Louisville, where the New York raid has
been duplicated. Next the Atlantie is crossed to
Europe. .. .

A robbery of the Bank of England is invests.
gated. Mysterionsly, only a relatively small amount
of gold was taken, Gasoline has been taken from
the Euglish tanks. The House of Commons was sub
jected to the soporific agent and when they recov-
cred members on the Treasury bench found their
faces blackened with burnt cork. Paris and Berlin
are raided on the same doy. Radium left by the
raiders is still @ mystery. o .

A scarch for the mysterious airship or vaider
begins in earmest. The Merlin shortly after the
take-off from England reaches American and Gar
diners Bay without sight of the cnemy. And now
our hevo wants @ roving commission for a new
Merlin to carry out his own and his associates
views as to the raider. He proposes to arm his
airplane and go off prepared for attacking and for
defense. An appointment with the President of
the United States is made and the Merlin goes to
the federal capital. The interview with the Presi
dent follows, a wery cordial one. as young Boon's
fathcr is a friend of Mr. W hitcomb, the President
Afiss Torrance has been pleading the cause of the
Merlin at the White House

The search is prosccutcd and the cnemy is
sighted. Lager to attack, a gas defense by the enemz
threatens.

An airplane is launched from an English cruiser
to join the attack. Signal flags transmit messages
back and forth between the cruiser and the Avk of
the Covenant. Then comes a description of the
landing of the Merlin on the drck of the Fmglish
ruiser. and the Ark of the Covenant meanwhile
l:as disappeared at amazing speed. In England
there is a busincss panic) the Gouvernment falls,
The Merlin and her erew at last return to America.
Information comes divectly from the raider that
she desires to stop all ear.

The northern coast of South America {s patrolled
in scarch of the great dirigible—she is scen—but
escapes the crippled Meriin. A strange desolats
district is discovered by her crewe in South America,
and the presence of rhodolite, the radio-active
mineral, accounts for the desolation. And snow
beging the story of Sholto Scton telling all about
the history of the Avk of the Coienant and the
eflorts to annihilate war.

Now comes the story of the formation of the
League and the gatheving of o crew. A new ele-
ment and a ncw gas have been discovered; the
earth is drilled for the gas. The great dirigible
proposed is described, and tests with the spectro-
scope and electroscope reical strange substances in
the carth of the South American cavern. .

The story goés on to te!l of the radinm emana-
tions, the anaesthetizing gas, and thea the getting
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The Ark of the Covenant

By Victor MacClure

of recruits to wie these powerful weapons tn the a
cubitres i the co ' [ air
her travels follotvs.

The Airship

1 imagine the absurd spectacle afforded
me in one particularly offensive politician.
from whose obtuseness 1 had {requently
suffered while in the air service, had a great
deal to do with my complacence over the
scheme. To see the pompous fat-head with
his face blackened was complete solace for
all the irritation I had experienced formerly
through his fatuous ignorance.

The Chief, however, took another view
11e considered that our mission had been de-
graded, and he gave Devonridge a wigging
which, white it held no trace of anger, did
not lack in point. But even the Chief was
not proof against the gay, insouciant humor
of Devonridge, and in the end I think he
forgave the culprit fully. At any rate, the
joy of the English members of the crew was
worth any little lowering of tone we suffered
by the exploit.

The raid on the House of Commons oc-
cupied little more time than it takes to write
of it, and after operations on the Army and
Navy Stores we dropped down the river to
Purflect, where we replenished our depletel
store of' petrol. Onuce again we took to th
highest we could compass. and we driftel
slowly west to be in readiness for our d
scent on Berlin.

The Berlin raid was accomplished withou
mishap, but it was at Paris that we were
made fully aware of the preparations against
us. We were comfortably settled on the top
of the buildings in Rue Bailiff, and the burg-
lary party was inside the Banque. when we
heard the drone of acroplanes. Fortunately,
Thetford was on the ship's observation top
in rcadiness for such an emergency, and in
spite of the machine-gun fire the little fel-
low pluckily manipulated the ray for upset
ting the clectric circuits of the plane engines.
He came out of the scrap without scathe.
and had the satisfaction of seeing both hi
opponents go down out of control. \V
hastened the depositing of the gold, whicli
was designed for creating further confusior
in the minds of those after us, and left ou
usval quantitv of radium_before speedily
taking to the air again. From Paris at
agreat height we bore due south until w
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were over the Pyraees, where we swung
sou'westerly in arched e for the platcau.

It was now apparcnt to us that we had put
a very ecffective spoke in the wheel of the
world’s business, and had stirred Europe and
America into a state of apprehension and
mystifted anger, It was plain, too, that
drastic measures would be taken to run us
to carth, now that it was definitely known
the raids were accomplished by airship. We
determined to demonstrate our powers by
day-light, and give those who chased us
cvery chance to mieet us if they could.

Our raids on Ifurope took place on a
week-end in April, and our next raid, which
wis by day-light on shipping along the Soutl:
Adrica route from LEngland, took place on
he first Sunday in May. We knew from
“he wireless messages which we picked up
Jiat many acroplanes were after us, and
iater, when we had shipped back to the

plateau,  messages  emanating
- irom one particular plane. the
y derdin, showed that we were
bioing pursued by the fastest air
mechine ever known.
We ook the tronbie of re-
cording the ntessages

. irom this Merlin, and
ot we began to note that
1.t only could she get
v about Irom place to

pliace i incredibie
4 time, but she scemed

capable of extremely

prolonred flights,

. The following

# week-end  found  us
ro ding  shipping  on
the  Narth  Atlantic,
wi'le the Merlin, we

Al “The immensity of the
A, caverns was awe-inspir-
‘ ing. With the glare of

it the arcs, the shimmer of
F oy the great airships, an ef-
fect was created that
gave one the impression

X of being in a dream.”

r K wa o

=

knew, wis scouring the Canaries. News of
our Nourth Atlantic raids—which we took
irouble 1o relay by wireless ourselves —
brought the M erlin to the Azores, but by the
time our most assiduous pursucr was sweep-
ing the Atlantic for us, we were flying out
of sight above him on our way home,

We now rested for another week, and i
the late evening of the middle Saturday oi
May set out for further ruaids on the African
~hipping. We reached Madeira in the carly
hours of Sunday morning, and foamd a tem-
porary moosing place on the Paul da Serra.
that barren picce of desolation to the west
of the island.  There we lay snug until the
tirst peep ol day, when we unhitched to fly
northwards  to  intercept  a - Union-Castle
liner.  This time we were wnaware that the
ubiquitous Verlin wis close hehind us,

111

How the "Merlin" Attacked the Ark of the
Covenant

We had droppad onr g2as cloud and had
swept the ship with ite. We had grappled
our gondola to her side. It was a rad of
terror, merely, but we broke into the strong-
room as a matter «f course,  We found
httle, not enough to justity abstraction. but
we were helping ourselves to the ship's
~tores of food when the message came from
oty Ware planes !

To recall the crew was a matter of see-
onds, and we had the g adola into the <hip
aud had cast off betore the silver plane
dived at vss Fastwards, now, we saw the
approach o1 the  British  plane-carrying
Lritiser,

There wis ~ancthing divinely  beantiful
o the swift, brave swoop of that lovely
silver shape.  She came down at dizzying
speed, 5o that it was useless to try our ray
npott her, for she had the force of gravity
to bring her, But we opened the gas-jets
abont the ship, making a cloud of anwesthetic
canvelop us, Tt seemed with the steady rise
of the shin that the plane was bhound to
miss us, but we were sadly mustaken.  The
pilot knew his business.  Before we realized
what had hanpened, he had fattened in a
fashion  which  would lave shattered  the
average plane into her component  parts,
and we were opened fire upon with accurate
hursts of shell-fire hith fore and ait of the
plane as she whizzed under ns.

The drk of the Corenant stagoerad a lit-

tle, but answered readily when we gave
her more gas, She rose steadily,

!
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focs had to climb. We saw that the Merlin
—1or so we supposed our attacker to be
from her speed and her fine  design—was
somehow immune irom our gas cloud.  She
~swuug after us into the cloud, but got off
a burst of shell-fire none the less.  She
round she could not take us at her present

angle and she spun quickly about, Her pilot
was one in a hundred for knack., Machine-

gun fire irom her quarter, and another burst
of shells from astern. We could not afford
U experunent any further, and we put our
tay on her. She slid back on her tail im-
e lately, only to flip over into a well-con-
aolled and peculiar hovering descent. To
maehe sure of her we swept a gas cloud about
her as she lay on the sca.

By this time we had to turn our attention
to the cruiser, which was coming up on our
position in great stale. We saw a plane
catapulated  after us. and  presently  the
cruser opencd fire with her heavy anti-air-
craft guns, Then came a second plane. The
reniunder of the encounter was as has been
previously described, down to the messages
wh ch passed bhetween us and the Brilliant.

We could have cleared beyond range at
aby time atter dealing with the Werlin, and
our only reason for prolonging the business
wdan to sce that the pilots were picked up.
W did not want any of them o be drowned
aiter an extremely plucky flight. It was for
thiz reason that we swept the gas from about
the Verlin and told her her engines were
all right, When we saw that all was well.
we gave the airship her full lift of gas and
ma.le eastwards out of sight, where we
turned south for a space hefore swinging
westwards and home to examine our hurts.

The damage done to us hy the Merlin's
2urs was not important, and we considered
it valued at the measure we had taken of
the planc’s capacity against us.  She had
raked the dining quarters of the crew.
wrecking them almost, and had pierced sev-
cral of our ballonets, but had missed every-
thing vital.  There were no casualties to
speik of, save that Billy Havnes took a
machine-gun bullet in the leg. a ntere graze
whelr did not even make him limp. But,
unimportant thongh the damage to .{rk of
e Corenant—/[ was, it was cnough to put
her out of action for a ~pace and neces-itate
the commissioning of her sister ship.  The
rk—IT was fully equipped and had been
tricd. - She was in a state of complete pre-
parstion to 1ake to the air

(Continued on puge 49)
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Mission Table Lamp

16, 1 <hows a finished table lamp of

home construction; Fig., 2 gives a »sec-
tional vicw. A square base or footplate, I,
is cut irom a !F-inch board. Bore a hole
in each corner and one in the center. The
center cne iy for the passage of the wire.
the corncr ones for the insertion of the
little knobs, which are the feet on which
the lamp stands.  For these vou may use

cither small wooden knobs, or the “domes
of silence” sold for use under chairs.
the latter no holes are to be bored.
To (FF) glue a smaller board (I°,) of the
same woud and bore four square holes in
four columns, C.
4-inch  dowel

Ior

take the
columns are of

the coraers to
The four

A very handsome table lamp made in a style
of mission furniture; it will be seen that the
idea of members of square and rectangular sec-
tions is well carvied out.

sticks and can be from 6 to 7 inches high.
On top of the columns fasten the “box™ (B).
which holds the socket.  The best way to
insert the socket is to let the small round
tip At into a hole in the bottom of the box,
and to have the cover fit snugly around the
neck of the socket.

The box itseli needs no description. It
should be of good quality wood, and have
a small board glued to the outside of its
bottom. to which the column tops are se-
cured in the same way their lower ends are
to (F1). A pull-socket may be used, in which
case a hole must be bored in the “box” to
let the chain pass, or a switch can be placed
at the base. as shown in the sectional view.
The shade is made of a square frame (A)
of thin wood, oak veneer or something simi-
lar. To the inside of the four corners four
blocks of wood are glued. Into these fit two
wire “arches” or bows, bent according to
the illustration, and their free ends are
brought down and fastened to the box: they

are passed through holes in the lid and bo:-
tom, or fastened to the sides by small brass
preierred.

collars, as These two wires

SWITCH

e

A sectional view of the lamp, making its con-
struction still clearer than the preceding ele-
vation, which is only part section.

cross each other and form the framework
of the shade.

Test Tube Perforating

HE illustration explains how to make a
tiny hole in a glass tube. The test tube
is corked tightly, and a very sharply pointed
blowpipe flame is directed against the spot
where the hole is to be.
The blowpipe may give enough heat or a
Bunsen burner may be used in addition.
When the air inside the tube is heated
it will expand and force its way through the
melted point, and a small hole is formed with
a feeble explosion. Both ends should be
corked if an open ended glass tube is to be
perforated.
Contributed by K. Liu, Shanghai, China.

RUBBER STOPPER 7

i |

S BUNSEN
~~——— BURNER

Simple and effective way of making a small
hole in a test tube; by plugging up the hole an-
other can be made by the same process, and in
this way any number of perforations can be
made in the tube.

Making a Geissler CTube

By Ravyoxp B. WaiILes

REALLY good Geissler tube can be
made by the experimenter without the
slightest knowledge of glass working.

Geissler tubes are made with electrodes
sealed in at each end and the air within re-
moved by means of a vacuum pump. The
type of tube illustrated here has no inter-
nal sealed electrodes; neither is a vacuum
pump used to create the diminished pressure
within.  The bndy of the tube is made from
a test tube of any size.

First hold the open end of the test tube
in a Bunsen burner flame, rotating the
while, until the glass softens and tends to
collapse. At this point draw out the plastic
end with a pair of tweezers or forceps. The
drawn out end should now be broken off;
about an inch of it should remain on the
bady of the test tube.

The tube is now evacuated by simply
heating to a temperature just below the
softening point of the glass. This is accom-
plished by waving a Bunsen burner fitted
with a fish tail attachment slowly back and
forth under the tube while it is held in the
jaws of a hurette clamp affixed to a ring-
stand or laboratory support. This will ef-

GLASS TUBE

BUNSEN
BURNER

A suggestion for making a Geissler tube with-
out any pump, using heat to produce rarefaction,

fectually drive out the air. But to seal the
tube !

This is accomplished by quickly fusing
the drawn out tip with the aid of a pointed
Bunsen flame from another buruer. The
heating flame must continue its work dur-
ing this sealing-off process, and subsequent
cooling, or the tip will collapse and be sucked
in when the tube cools. due to the removal
of the evacuating or heating flame. This
sealing-off process is not at all difficult.
After the end has been scaled, the sealing
off flame is removed and when the seal has
become somewhat cooler, but while the
whole tube is still hot. the evacuating flame
is slowly lowered and finally removed alto-
gether.

Electrical connections are made with the
Geissler tube by means of a ring of tinfail
wrapped at each end. The tube will work
very well with a half-inch spark coil, light-
ing up with a blue glow.

By using different sizes of tubes, evacu-
ated glow tubes can be made which will it
the handles of the many so-called “violet
ray” machines on the market.
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High Doltmeter Resistance

T is quite expensive to possess a variety

of voltmeters. Here is a little idea that
works well.

A voltmeter having a reading of irom
0 to 150 volts with external resistor was used
and a high resistance was added as shown
in FFig. 1. The high resistance was made of
Rasco grid leak paper. A sheet of the paper
Jin. x 4 in. was marked off as shown in
Fiz. 2. Five strips are needed, each 1 inch
long and Yg-inch wide, as shown at A in
I"iz. 2. In cach strip two holes were made,
Y% inch from the end. just large enough to
let a binding post go through fairly tight.

A binding post as shown was used
to make contact with the five strips of
resistance. It may be that five strips will
not be enough, but these were found sulfi-
cient by the writer.

The voltmeter is to have a reading of
0 1o 1.000 volts. One hundred volts are used
to set the voltmeter by, With 100 volts
the volimeter will show a reading of 10 volts
if the resistance is right. A sixth strip may
be cut as shown in Fig. 3 if needed.

The writer has used the voltmeter up to
200 volis with excellent results. It will show
a reading of 30 volts when you have 500
volts an the circuit. No higher voltage than
300 hLas been used: if the voltmeter will
<tand a higher voltage. it will show a read-
ing of from 0 to 1,500 volts.

Contributed by De Forest Urey.

Wind Storm Alarm

IN rural districts where winds oi high
ve.ocity are oiten disastrous, warning of
the storm’s approach is highly desirable.
The obtaining of this warning is the object
of the device here described.

Placed at distant points. the alarm will
instanidy sound an alarm—or it may be used
locally for night signals.

Pr.marily the device consists of a brass

TIN SPHERE

INSULATION

Wind acting on the suspended ball brings the
brass rod in contact with one of the segments
(A, B, C, or D), ringing one of the bells which
gives an indication of its direction.
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A very convenient voltmeter multiplier can be made out of strips of Rasco grid leak paper.
Fig. | shows the finished form of voltmeter resistance. Fig. 2, the r_nethod of varying the resistance
of a strip. By cutting small pieces off the strip, its resistance is increased.

rod swinging on a universal joint. On the
rod is a pressure arca, in this instance
formed by a sphere (it may be practically
any shape). the height of which is adjust-
able to conform with a given wind pressure,
the rod being deflected to different angles by
different pressures of air on the sphere, de-
pending on the height of the sphere along
the rod. A clamp and thumb nut secures
the sphere, so as to provide adjustment.

The “‘universal joint” may be formed by
loosely secating a pool ball in a socket formed
by shaping a hole in the supporting disc to
the proper dimensions.

IFor simplicity the lower contact fixture,
touched by the rod in operation, may be a
metal ring—brass, copper, galvanized iron or
other fair to good conductor. The illustra-
tion shows the ring cut into segments whicl
latter are separated by insulating blocks.
This is done to provide means for sound-
ing different alarms so that the approximate
direction of the high velocity winds is de-
sired to be made known.

The pendulum hangs perpendicular in still
air and under stress of light breezes does
not make contact with the conducting ring

Contributed by J. FF. Bront.

Arc Light for Bromide

Enlargements

THF. photograph represents an arc light

with its carbon holders, which was de-

signed for enlarging photographs. The ap-

eration of the device is shown in the illus-
tration.

By pushing the handle inward, the carbons

are hrought together and by a sort of elbow-

The carbons of this handy arc light are re-
moved by the longitudinal motion of the cen-
tral rod provided with an insulating handle,
operating elbow-joint levers.

joint action are thus regulated. The carbons
are insulated by ordinary porcelain cleats
with notches ground in their centers.

For a rheostat a five-gallon jar partly
filled with water and with copper sulphate
tblue vitrol) dissolved in it, is used. lron
plates are the electrodes.

The holder can easily be regulated for
height and distance by thumb-screws, and
when once set requires very little adjust-
ment.

The iron electrodes in the solution rapidly
precipitate the copper and iron replaces it,
giving iron sulphate solution as the final
dectrolyte. Contributed by 1.. R. Laypory.

Another Oscillograph

T occurred to the writer that it is about

time for another article on the oscil-
Ingraph. This onc is certainly a simple one,
and if not looked at from the standpoint of
etliciency, will do very well.

All that is needed is a vessel of water, a
reedle and some wire. Wind the wire around
the vessel and place the needle, which has
been dipped in oil, on the surface of the
water. When an alternating current is sent
through the wire winding, the needle will
start vibrating, which will cause the water
to ripple. If a light is focussed on the water
and the film is properly placed. something
cf an idea can be had of the nature of the
aurrent alternations.

__The ripple will necessarily be small, but

if the vessel is placed in such a way that the

I ght strikes the surface, thev can be seen.
Contributed by Jess B. Prouty, Jr.

By oiling a needle it may be made to float
upon the surface of the water owing to surface
tension. Winding a wire around a tumbler in
which such a needle floats, an alternating cur-
rent will throw the needle and consequently the
water into a very delicate vibration which can
be observed by letting light fall upon the sur-
face at the proper angle.




42 The Experimenter for November, 1925

Award in the $50 Special Prize Contest

For Junior Electricians and Electrical Experimenters

First Prize, $25
Ronald T. Symms,
237 S. Helena St.,

Spokane, Wash.

Second Prize, $15
C. L. Hard,
1422 North 9th St.,
Quincy, 1L

Third Prize, $10

L. Russell Rohr,

449 E. Carrol St,,
Kenton, Ohio

Honorable Mention
Claude H. Slaney,
59 East St.,
Walton, N. Y.

o a0 g

First Prize
Renewable Fuse Plug

HE devices used to save the price of
juses are many and varied, but the one
here shown is, to my idea, the best both

Two common paper clips are soldered respec-
tively to the two terminals of a plug fuse and
by springing them so as to hold a piece of tin
foil extending across them, a temporary and
perfectly efficacious fuse is made.

because of its cheapness and its ease of con-
struction.  The only items necessary are a
detachable plug, two paper-clips, and an
occasional strip of tinfoil, of which every
cxperimenter has a plentiful supply.

One can casily determine the sizes needed
to carry various currents, but a strip about
three-cighths of an inch wide is the correct
size for the ordinary house circuit of ten or
filteen amperes.

After placing two of these plugs in the
fuse-box, the experimenter can experiment
to his heart’s desire without continually
cmptying his nearly empty pockets to buy
fuses. —— e

Second Prize
Automatic Switch

AL.\IOST evervone forgets his cellar or
attic light and leaves it burn‘ng per-
haps for days at a time. The step-switch
depicted here has worked periectly for over
a yvear and has well paid for the outlay aml
work of installing it.

The device is merely a hinged step that
operates a pull chain socket.  As the step i~
hinged at the outside there is no danger of
tripping; because of its simplicity it will
work well for a long while and is very casy
to construct. The one point to watch s 1o
make sure that the hinged step moves only
enough to operate the pull chain socket. and
then rests firmly on its base, otherwise the
weight of a person on the hinged step would
break the chain,

$50 IN PRIZES

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

First Prize $25.00 in gold

Second Prize $15.00 in gold

Third Prize $10.00 in gold

Total $50.00 in gold

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

This prize contest is open to every-
one. All prizes will be puid upon pub-
lication. 1f two contestants sumbit the
same idea, both will receive the same
prize.

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

r A.C. MAIN L ‘
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A step on a stairway hinged as shown and
its play restricted by a stop, operates a pull
socket; its contacts are short-circuited by a
piece of wire soldered to them. The socket is
in circuit with a lamp which is lighted when
the step is trodden on, and stays lighted until
‘the step is trodden on again.

Third Prize
Burglar Alarm

BATTERY

RAZOR BLADE SCREWED
ON EDGE OF DOOR

A thread holds open a spring-switch and is’

carried across a door which is to be protected.
A razor blade is screwed to the door so that
when it is opened the string will be cut. The
spring switch then closes and a bell starts to
ring continuously.

N efficient burglar alarm can be built at

a low cost by Jollowing these details.
On a picce of wood (3"x3"x1.") screw a
stiff strip of brass bent at a right-angle
(Fig. 2).

A strip of spring steel or spring-tempered
brass should be serewed to the wood so that
it will form a contact, as shown in Fig. 2.
A picce ol thread is tied to the steel and is
drawn across the door and tied to a nail.
holding the circuit open as shown in 1Mig. 1.

A safety razor blade is screwed to the
end of the door so that it will cut the thread
when the door is opened, causing the circuit
to be clused. Lither a bell or w buzzer can
be uscd. —_—

Honorable Mention

Simple Galvanometer

Wllll.l". experimenting in the laboratory
one day our galvanometer broke. Being
very anxious to finish the task in hand and
being unable to repair the broken one. we
decided to make or extemporize one.  This
we did; of course, ours would not tell us
the exact amount of current passing through
but it did give us an idea that there was

N2.20 WIRE

An extemporized galvanometer; a bundle of
soft iron wires wound by a number of turns of
No. 30 insulated wire is suspended between op-
posite poles of two magnets; the arrangement
is a useful testing galvanometer that can bec
extemporized in a few minutes.

some, also the direction. and that was the
main thing we nceded to know.

We hastily took a ring stand with a clamp
and attached the clamp about a foot above
the table. Taking some No. 30 insulated
wire, we made a number of turns (about
sixty in all) around several soft iron nails.
We attached this No. 30 wire to some No.
20 which we had twisted around the clamp
to hold it in position and then extended the
nds of the No. 20 wire to the battery. Now
our coil was freely suspended from the
clamp,

Taking two bar magnets, we placed them
in supports about one inch away from the
suspended bunch of nails. A magnet was
placed on each side of this suspended coil
with the unlike poles facing each other. The
No. 20 wire was then connected to the bat-
ery.  There was quite a twist, showing ns
that plenty of current was passing. We
immediately  attached this simple galvano-
meter and completed our work.



The Experimenter for November, 1925

What Our Readers CThink

Efficiency in Experimenting

foditor, THE FENFERIMLNTLR: A
1 camnmt refrmn from relatig how timely your
article “lfficiency 1u Fapermentmg.”” catne to e
To begin at the begtnumg, 1 sant to say that |

derive very much  pleasuse from experimenting,
and have been at it more or less for twenty tne
yars.

As you will votice fram our letterhead. T am a
cleaner. and while this business is now coming to
the front. for yeurs the industry in general gropedl
in the darkuess and ignorance of proper methols
and equipment.  During this time T have worked
out mauy experiment. which have beon aledidedly
to iy advantage in omy basiness,

However., onby once have | become <o enthusel
a~ to tiy for a patent. nd then b olearned that
many devices of similar principle had gone thraugh
hefore.

Now T have anather propesition whiclhh 1T have
Leenn working on nore or less for a couple of
vears and have brought it te a point where 1
want to find out if it has heen anticipated by
some one elsc. And this s whore vour article came
in so timely.  Yesterday mormng bowas turning
over in my mind the methul of how to proceed
without winceessary  expense when 1 thought 1
would try the newsstand et o b othere m eve
fell on Tue Bsreerrvister, anl after noting all
that Eleetrical Ruadiwmee shooting from thar boy's
head. T <aid to myself: “Hello, T wa~ jnst lonking
for vou.”" mnd handed the Jdealer a quarter. But
the elimax came when T dscoverad the article. for
now T know how to proceal

M. E. Kiseg.

Rapid City, S. D.

Mr. Esten Moen and the Railroads
LEditor, Tue Exprrive voe: )
1 honght wy first KarrriunNTeR mazazine a few
davs ago and I find my-elf very much mterested

in yvonr wonderful magazine.
Tonight when reading your magazine T came
to an article in the “Junior Kxperimenter”™ by

Foten Moen. his first artic’e where he explains T
to use a radio rheostat tn determine the rate of
speed at which a train i~ traveling.  Thi~ article
appears on page 332 of the Jume issue

From my point of view this methol may be
weed on some ~mall heanch Hoe or logging railread,

But | think it shonld not be usel on the nnin
lines of the prineipal raitroads of this conntry
where high speed trains are heing operated. or on
dangerous grades in the mouneains, The reason

why this methad should nos be nsed T will now
explain, _

Almos~t all af the important railroads of this
country employ same elecirie safety signal system.
such as the Dlock sy~tem. the staff  system and
others.  Many clectiic ~sstems ave onerated by
an eleetrie current continnally Mowing throngh the
rails for a certain distance from one signal pole or
station to the next one .

A person not familiar with the actions of these
svstems would probably use this artic'e published
i vour magazine. 1 he was net caveful he would
short the current in the rails cmsing the safety
~ignal to o into action amd perhaps delivering o
Fie~sage to a speeding train to <op or to slow up
a~ the given ~ignal mav indicate. We will now
tike one of the well known trains in this country
and use it as an exampie.

The San Francisen Ove='md Timited  from San
Francisen to Chicago is one of the Langest train
runs that T know af. w it e of these deviees
were placed hetween -weh el every signal, eans
ing the signal to show the stap—then procecd 1
next signal. ete., as orderad by the <afety laws of
the railrords, kheep in mind that the train would
have ta stop at every ~iunal |n||c..'|l||| then ~tart
vp again. T the time wore o he fizur e for evers
Froneiceo  anl Chicigon the

~stop  hetween  San 1
t-ain would he traveling it the ¢ n'(-!—wl wagon
Ny may ask vou whee vonr apinion on this

suhject may he?

I remain g~ ever one of Famriurxerg readers,
Winrnva HL Greaasses,

Kqeramenta, Calif

(Ur. Voen's swagestion zoonld probably, as car-
Jicd oat. tnzolie se shaht @ biodaing of the rails
that it would do wo harne  There e tainly neser
will he a set of these corne trous distributed from
the Pacifie Ocean to Tale Michion.-—EmTor)

Tnsulating Induction Coils Periodically
I“ditor. Tne FXPFRIMENTIR:

Tn the July, 1925, isaue of Tor FirFRIMENTER
I wi<h to call your attention ‘o the artie’'e on ©
Four Inch Spark Coil™ page 610 In the fmrth
<ection it direets the maker of the co’l o take the
greatest eare in insnlating well every vear,

What the tdea i~ m insuliting well every vear
iv hevond me!  Waonldn't dusulation the year the
coil i~ made he sufficient for years to come?

T am mu~h iuterested in veur honored magn
zine. especiatly the cheniistry department, T owonld
wrggest having more fornmlae and eaperiments ia
thi~ section, have a home laborat vy and am
guided Ty Tor Fxreriavistir aml owies of the

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

-oen e e e ied

ool old  Elecivical Expesimenter procured  from
a former follower of scicnee.

Hoping you will keep wp the ol work, 1
remain,
Respeetiuily soun.
Joux I Woenix,
Omaha, Ndbia-ka.
(Our anthor is 1espousble fur the suggestion

you refor to He does aot eant you to reteind
Your cons hut to g o fresh coat of shellac or
other tarnivh vave a ven = ot

Our Many Topics

Lditor, Tk FAPERIMENIERE

I am now doing ~omctling 1 shoual have done
long ago but just been puttin’ at off. To begin with
Tak BEaeERIur STER i~ the best amagasne 1 ever
read, no. I'll tale that back, Seea o and Inzcntion
is: no. Radio News: well, one i~ <o zoml T ocan’t
tell how goond the cthers wre <o T diop the matter,

But one thing T do like i~ Mro Chatles Shaw s
letter m the Autzust issue of Toe ExrikiMeNIR
because he sad articles on home-made varable o
densers and avdio frequency  transfarmers. ete.
are foolishi.  He wants articles on physics. mer-
cury vapor arc, ultra violet light and phoresceuce.
and ain’t a Wit nore interestad in that apple <au «

WANTED

TLECTRICAL articles on automo-

mobiles, alsn electrical short-cuts,

kinks and Landy turns for the car and
the man who goes camping.

There are thousands of little ideas
of use ta 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 yourselt with
what is waated secure a copy of the
magazine from your news dealer. [T
he cannot supply you write for free
sample copy to

Motor Camper & Tourist
53 Park DPlace, New York City

o

than a
nore

O T Jdon’t know what, hut gimime ~some
o cles o home madc variable condensers
and denlss orystolss novel crystal hook-ups. VUT.
wachets, tmotors, movie camera~ and sl sorts of
thines  like that. hecanse 1y pockethook  ddoesn’t
ligre st sueh thing..

Now T oguess Mo Shaw sees one ozperimenter's
fancy i~ one thing wl anocher™s isoa ther thing

Congratul ati s ta S dcwce aad  Toocution amld
his tar hery arodelfld=co, and the whale Fxner -
menter Publishing Company farce aml nar Teaving
out WRNXY.

sinerrelvy vonre,
Grorek N

I an.
RexTtrx.

Hermitage, Ten.

(H'e tox to seach a someshat caten baf vovae of
corentine tterests. aad strze to gt a aod seler
tian and proror fropativas of coch d ision, Rut
roor point of e voa conmifort oy and ae
appreciote yomwr Find eo de—Voitor)

Vactum Insulated Condensers
[ ditar, Tur FaxvFeivesTra:

Sice 3o scenn 1o wdlenme comments an Tur
oarertursTter, T "edd at liberty to make a few sar.
castic remarhs.

For instance. the article "Vacuum as Tn-nlator,’
I G, Lagervquist, ahich anncared in the Semtenher
issue, woald hear worie corcenent. T have aim 1y s heen
of the oninion tivit the charge in a condenser was
stored in the dielectrie am? that the greator ddensity
per given resistance of the ddielcet=ie th greater
the resultt capacity. Nonv he detines saenum as
gas at any pressuwee helaw that of the wamosphere
T helieve that when e renmves the air from his
condenser the capacity will heenme practically  nill

1 have seen ideas for clectrocuion published
under “Short Cirenits.”” <ome of them prize win-
ners. which are ncither poassible nor prohah’e and
can name them on reanest

If vou have rewd this far T owish to thank vou

tor Jdmng <o uanl to state that in
nLgactne bs very gomd,

Veny tra'y yours,

general your

JasEs Cury.

Destrort, Micl.

e weliome comments fazorable or the 1oierse;
the lattey e consider taluable as suggestions por
anr gmidance.  Qf conrvse we nay  not  palloe
them The charge in a condenser is a surface
cffect and the diddectric operates to precent the
Darge on one suwiface cecaping te the opposite
cnrfo e The caconm ddea appears most ter
exting to ns, we cannot say howe 1t oweonld eork.
{he wvore rmprabable short circuits are the belter
it is n oone sewse, as it wonld fndicate less danger
to the publc. DBut o wartmings are all the better
if dmprobable sitnations are taken pp.—VYoriow )

Appreciation from England

Editar, THE FAreriveN LR

Ma. 1 tihe the opportunity to congratulate you
o yoir very hne paper.  Fov many yvears I e
wantesl something like this magazine and when 1
hought your Nugust issue I at last found I lhad
got what | wanted.  With Scince and fu:cution,
and Rad o Newes. Tone Fivirivuextek makes 2
combi vition hard to heat (for the experimentery. |
have seen things it vour books about experiments
in Fuglin i which lzul not vet been published in
any bFaogh<li paper. Wishing all Kineds of success
to you in Tur FArERIMENTER.

Yours truly,
C. PosTLE.

Lonlon, Englawl.

(O Jondon correspondepnt’s conaratulations ae
neoat aceeptable.  Uhe Lwgliad scader s oapt to he
1ostern criti . but we scem to haie pleased one
of our friends abroad. —Emtorn

More Friendly Suggestions from England
Lditor TIHE FAPERIMPNTIR:
handshake for Kroest Carpenter. Worcester.
Mass., whaose letter i~ in the September issne. |
endorse all he has to say.  Why not put in Tur
FaerwourxTir another page for the beginner: it
will shaw that you take an interest in the young
exvertienters,
A~ for pictures, a goad picture or diagram i-
better than o hundved words for explaining mat

ter~. [ Jook furward to this feature. which T am
sure will satisfy all wonld be experimenters.  An
hes cature wlich 1 think would be appreciated
would he a page each month for the exnlanation

of electrical, radin, chemical and seientibie terms
nsetd it the present dav, after the ~thle of a die
tinnarv or “The Faperimen er Radio Data Shects,”

Perliips you may consider this at some future
date. Tir EXtrRIMINTER i- quite passable as it
i~ but there surely i~ room for a little corner for
the young binads,

I tale this opportunity to wish Tar XPERI
ex s el it compamon papers the success ther
deserve  Hoping vau will take riv eriticism a< .
gond editar should,

With hest

wishes,

Ioux M, Virrev

Lincaster. Foglaml.

(Thiv oriticiam or rather swagestion from acros.
the pord is taken “as a goed editor <honld” -
aasnre o O diFeulty 0 the qrestion of roons
for cicovthinng, but e chall certainls keep
srugaest=m o aaind o the foetonr - —Fmror)

vy

Crystal Set Owners, Note
Fditor, Tue Farrriv NTER:

T am writing to thank youn for vaur prompiness
in ~eml'ng e a copy of the Tune ExrerrivuexTix
ahich T owrote yon about a <hort time ago.

I am ~aving al' of the magazines. as there o«
many rticles which T treacwre very much. [ am
more of a reader than an experimenter, hut e
haps 1o cou'd ran this in vaur colunm. T rhin'
a few ciystal et usems wanld aporecite it One
cvening when listen'ng in T found that there was
o ethit g wrang with yy ervetal, as it had heen
getting fainter grudually for ahont three ar fown
weehs, T oput enough mercury in the crvstal ennp
<o that ahen T oreplaced the erystal All the snace
hetween  the

walls af che enp and erystal were
il -1
Upon triing the crystal sou can imagine nn

sutprise to tmd that reception was lounder  than
whe 1 1t was ey anmd Bue times s efficient, theo e
hang Inud spnts <11 over the who'e snrface nf the
ervatad, wherens when it was new anlyv ane-quarter
of the a-ca could he nsed.

Haping this will prove of interest to you aml

few cry=cal users.
Re-pect fully yvours,
Ratrie MakrinT
Derrmait, Mich,
(\Mr wrriott bac aqga‘n come upow an ahir ?

feraatten Mok ‘n e kina with crvetals, e in
traduct ot of the werenrs pot onlv connects it
the susface of the crvstal and cnp. hut the poren
tral diffeenees hotiecen e divawilar metals vy
ha:e a aveat dcal to do with the ircrease v
colwme and selectizitn. It is swaucsted that e
periventers oy small coltaaes vear'ated by poten
tioomgctere ceith thie stunt —FmiTiwr)
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Latest Electrical Patents

Telephone Receiver With Cushion

This is an attachment for telephone receivers
shaped in general conformity to the human ear,
and made of hard rubber with a felt pad. The
latter acts as a cushion between the receiver
body and the ears.

Patent No. 1,536,712 issued to F. K. Hehnly,
Madera, Pa.

Automatic Radio Log
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The invention provides for a chart readily at-
tachable to the dials of the panel as shown, on
which may be entered a log for quickly and
automatically tuning-in and recording different
stations.

Patent No. 1,546,675 issued to Lyleton E,
Renney, Stockton, Calif.

New Dry Cell
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The inventor claims a dry cell, free fro.m l!\e
effects of creeping salts and local short circuit-
ing. is an insulating filling material of
sand or sawdust or the like, (B) is th‘e electro-
lyte paste, (C) contains the depolarizing paste,
(D) is the curbo'n electrode. The container
as usual is made of zinc.

‘Patent No. 1,546,461 issued to S. Apostoloff,
New York, N. Y.

Two-Way Radiophone

This simple apparatus for wireless telephony
can be used for both sending and receiving at
the same time, and, it is claimed by the author,
that it supplies maximum power effect with the
least possible apparatus and at minimum cost.
An interesting feature is the utilization of the
same tubes for transmission and reception.

Patent No. 1,524,413 issued to N. W. Sterns,
New York, N. Y.

Loud Speaker Horn

The inventor claims a horn of proper shape
and design for faithful reproduction and ampli-
fication without distortion. The material of the
horn is notched at points of curvature to re-
lieve strains which would lead to distortion of
vibrations.

Patent No. 1,546,537 issued to Carl Bornmann,
Binghamton, N. Y.

Novel Loud Speaker
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This new Brandes loud speaker is claimed to
have moving parts of very low mechanical in-
ertia. It employs a floating armature eliminat-
ing friction at fulcrum points.

Patent No. 1,533,372 issued to Cecil E. Brig-
ham, E. Orange, N. J.

Telephone Repeaters

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

Patent No. 1,533,842 issued to H. Fassbender,
et al, Berlin, Germany.

Electric Car Brake

When excited by an electric current contvol-
led by the engine driver, the electromagnet (C)
adheres to the stationary housing and causes
the brake straps to distend and grip the rotating
wheel.

Patent No. 1,546,864 issued to T. B. Patch,
Brookline, Mass.

A. C. Vacuum Tube

The inventor has provided an additional lead
connected to the center of the filament to permit
the use of alternating current for heating the

filament.
Patent No. 1,546,696

issued to James F.
Yates, Massillon, Ohio,

Unidirectional Loop

The usual loop antenna is bi-directional giving
maximum reception in either of the two direc-
tions in its plane. The inventor claims that by a
certain comhination of a fixed horizontal loop
and a rotary vertical loop, he achieves a purely
unidirectional effect.

Patent No. 1.546,731 issued to John H. Herzog,
Brooklyn, N. Y.




will be instructive too.
ticular “Short-Circuit.”
bave a good chance to win the prize.
wou can do!

The Experimenter for November, 1925

HE idea of this department is to present to the layman the dangers of the electrical current in a
There is a monthly prize of $3.00 for the best idea on *‘short.circuits.”
It is understood that the idea must be possible or prohable.
It is not necessary to make an eiaborate sketch, or to write the verses

manner that can be understood by everyone, and that
Look at ithe illustration and then send us your own par-
If it shows something that occurs as a regular thing, such an idea will
We will attend to that. Now, let’s see what

Damp was the death
Of poor John Van Camp,
He viewed his flooded cellar
With a trouble lamp.
—Joe MacDonald.

This tells the tale
Of trackman McCrum.
In lifting a rail, he used
A third rail as fulcrum

—George Lanier.

PRIZE WINNER

*1 1 Gl

'Neath this somber spot
Rests \Villie Baitor
He grounded his soldering iron
On the radiator.
—E. §. Washburne.

LINEMAN ELECTROCUTED

Touched High Tenslon Wire With
Dare Hand, OMcials. Delleve.
1 Samue) Clegs. 33, of 5302 Carnegle
avenus S. E, was electrocuted yese
terdsy whtle working on & Cleve-
land Electric Illuminating Co pdle
at SOM Center rnd Mayfield roada,
{Euelid village. [
i Clegg was working on the cem.’
pany's line east to. Geauga county,
when the foreman gave the signal
‘fof lunch.
. _Sparks euddénly sizzled around
‘Clexs, who hung Iimp In his eafety
| belt. He was'lowered to the ground
‘writh a rope. Clegs probably re.
Jmoved his rubber glove and touched
a wire cirrying 4,600 volts, offielals
, belleve. d - sl
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Beneath this weeping willo
Lies Mrs. John Hink,
Who put her electric iron

Into the sink.
—J. W. Collins.

Peace be with the soul
Of Pieter Van Yew!

His key was in the H. T.
Of his CW.

Ted Farrell.

contact with a third rail.

In connection with our Short Circuit Contest, please note that these Short Circuits started in our November, 1921, issue and have run ever since.

bath tub being shocked by touching electnic light fixture or electric heater.
People operating a radio outfit during a thunderstorm. Stringing an aerial, the latter falling on lighting
Woman operating a vacuum cleaner while standing on floor heating register, etc.
vot be submitted, as they stand little chance of being published.

Naturally, during this time, all of the simple ones have appeared, and we do not wish to duplicate suggestions of
month we receive hundreds of the following suggestions, which we must disregard, because they have already appeared in print previously. Man or woman in
Boy flying kite, using metallic wire as a string, latter touching an electrie
main. Picking up a live trolley wire. Making
All obvious short circuits of this kind should

actual happenings or short circuits. Every
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THIS department is conducted for the benefit of evervone interested

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

»

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

1. Not more than three questions can be answered ifor euach correspondent.

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

2. Write on only one side of the paper; all matter should be typewritten, or else written i1 ink. No attention can be paid to penciled letters.
4. This department does not answer questions by mail free of charge.

¢ ns The Editor will, however. be glad to answer special questions at the rate of
On questions entailing research work,

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

Correspondents

Gramme Ring

(541)  Berthold Gross, Brooklyn, N. Y.,
writes :
Q. 1. 1 sce in the older books on elec-

tricity a good deal about the Gramme ring
as being an important invention and step in
the development of the dynamo. Can you
explain it to me and tell me why it is not
used any more?

Diagram to illustrate the operation of the
Gramme ring, a historical armature. The
dotted line suggests where connections may be
made to the commutator and the small arrows
show the neutral points where current may be
taken off were it not for armature reaction.
The large arrows show the direction of the
current.

AL 1. The diagram gives a representation
of the winding of this armature. 1{ a coil
of iron wire such as shown in the cut was
wound around with a continuous coil of insu-
lated wire of copper, and if the whole is then
rotated in a magnetic field as indicated, tl.lc
points opposite the poles of the magnet will
be points of masimum excitation where the
most lines of force are cut in a second hy
the wire. At the one pole the induction will
be the opposite ot the other, so that oppo-
site polarities, as it were, will join at points
at right angles to the line connecting the
points of maximum excitation. -

It a wire is kept in contact with these
points hy brushes and extends from hrush
to hrush, making a closed circuit, a current
will flow through the cotls out at one so-
called neutral point and in at the other, as
it may he expressed. As a matter of con-
struction, leads from the coil are carried to
a cylindrical commutator upon the shait.
Such is the Gramme ring, and it is a very
difficult one to wind, and most of the work
is done by the wires on the outside of the
core. Its high magnetic reluctance and difh-
culty of construction have caused its aban-
donment. The drum armature is the direct
evolution of this one, as it replaces the ring
core of rather high reluctance with a large
cylindrical core, filling the gap as nearly as

passible hetween the poles of the field mag-
net; and this with its commutator is the
regular construction familiar to all, and it
acts like the Gramme ring. The winding
of the drum armature represents the outside
lavers of wire of the ring armature.

Referring to the diagram, the loops proj-
ccting imwards from the ring suggest points
to which the commutator should be connected.
The straight arrows at the top and bottom
of the ring indicate the points of zero excita-
ti‘(%n, from which points the current is taken
Ofr.

Selenium Cells

(542) Thomas W. Wootton, Schenectady,
N. Y, asks:

Q. 1. I require the use of a cell sensitive to
light of the selenitm #ype. I have just re-
ceived quotations from two firms who mann-
facture these cells: one costs $30 and the
other $30, which is more than I wish to pay.
Can vou give me references as to how (n
manufacture a simple cell embadying the fol-
lowing features: a, sensitivity to daylight and
darkness ; h, compactness; ¢, low resistance?

A. 1. We have given a number of articles
on this subject and heg to refer you to the
following copies of Tur ExerrizesTir and
Practical Elcctrics, in which vou will find
them very fully described :

The Experimenter, March, 1923 issue, page
328; Practical VFlectries, December, 1922,
page 745 and ditto February, 1924, page 193.

D. C. (Transformer

(543) Ernest Phillips, Alexandria, Ind.,
asks:

Q. 1. Cana person obtain a transformer to
step up and step down a direct current ?

Q. 2. How can a 6 volt direct current mo-
tor bhe changed to run on a transiormer
through 110 volt A.C. honse circuit ?

Ao L What is known as a rotary trans-
former is what you need.  This is a machine
which hac on the same shait a motor turoed
by dircct current. and this turns a dynamo
which generates a direct cnrrent of any de-
sired potential according to its winding.

A. 2. We reier you to Mr, Sceor's very
exhaustive article on A.C. and D.C. motors
in the July and Aungust issues of Tur Ex-
PERIMEXTER.

., Photo-Eleciric Cells

(544) Al Kideel, Brooklyn, N. Y., asks:

Q. 1. What is the best method of con-
structing a photo-electric cetl*  The cell is to
be used for experiments only but must be very
sensitive.

A. 1. For a description of sucl a cell we
refer vou to Radio News of September, 1923,
i which vou will find an article on that sub-
ject. T a selenium cell would answer your
purpose, vou will find several of them de-
scribed in Practical Electrics and Tur Bx-
PERIMENTIR of the following months: Prac-
tical Electrics, Dee. 1022, page 74 and Feb
1024, page 193, The Experimenter, March
1023, vage 328

Gravity Battery

(345) AL
asks:

Q. 1. What is the principle of the gravity
hattery? I refer to the one using copper
sulphate as the excitant, It seems to me
that as zinc sulphate makes a solution of
higher specific gravity than does copper sul-
phate. the hattery will not work.

A, 1. We received from a contributor
some months ago a suggestion for making
a gravity battery in a test tube which will
give an answer to your question. The
copper sulphate lies at the hottom and an
insulated wire connects with a coil of wire,
the latter buried in it. At the top there is
the zinc plate. The battery is filled with
water to which a small amount of sodium
sulphate or zinc sulphate may bhe added.

As the battery works, zine sulphate accum-
ulates in the upper layers, while the saturated”
solution of copper sulphate lies at the bottom,
hut aiter a while the action vou predicate
in your question will take plice. The zine
sulphate solution will become of equal or
higher specific gravity than that of the cop-
per sulphate and the two will mix, and the
battery will be put out oi action.

In practice this is avoided, by removine
the zine sulphate solution irom time to time
before it has a chance to get too strong, and
replacing it with water. This may be very
conveniently done with a large glass or India
rubber syringe.  Oil is sometimes placed on
top to prevent creeping. Like practically ali
batteries. the gravity battery is an expedient
and is far {rom perfect.

One trouble is that metallic copper pre-

Granhert, Syracuse, N. Y.,

ZING
FULPHATE

COPPER
SULPHATE

A pgravity battery contained in a test tube,
quite applicable for some purposes. It will give
a good voltage within a reasonable volume on
account of the smallness of the tubes, but has
the disadvantage of high resistance.

cipitites on the zinc plates if the hattery
is idle.  Sometimes this is avoided by keep-
ing the hattery on closed circuit of high
resistance. Enough current is supposed to
pass to prevent mixture of the two solutions
and to preserve the zine from accumulating
copper on its surface. [ it does so accumu-
late. scrapping the zinc plates is the only
remedy and this is a disagreeable operation

4
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ing causes should be considered :

FFan motors.

. Washing machines.

. Sewing machines.

. Vibrating reed batterv chargers.
. Mercury arc rectifiers.

Tungar rectifiers.

47
QRM~[1 am beingqg interfered with]
(Continued from page 22)
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Vacuum cleaners.
Loose fuses.
. Defective entrances or circuit switches.

10. Stator coil open or grounded in phase
motors.

11. Dirty or worn brushes or cut slip
rings.

12. Induction tvpe clectric furnaces.

13. X-ray machines and violet ray ma
chines.

14. Electrically operated refrigerators.

15. Defective sockets.

16. High frequency apparatus.

1f the interference appears to originate in
1 factory, besides everything mentioned
above, consider the following :

1. Smoke and dust precipitators.

2. Electrical flour bleachers.

Providing the interference cannot be lo-
cated by taking bearings from fixed loca-
tions as previously mentioned, it would then
be necessary to load a portable set operiating
on a loop into the family flivver and tour
the neighborhood.

Regarding a receiver, someone is sure to
ask which type is to be preferred and will
one set work to the exclusion of all others?
My answer is emphatic in that any sensitive
receiver will serve satisfactorily. T have
used anything from a crystal set to a six
tube super-heterodyne. And on one occa-
sion very satisfactory results were obtained
using a crystal reflex. To prove my state-
ments, I have heard amateurs on code with
regenerative detector and two step audio
operating on a two-toot loop over a distance
of a thousand miles or bhetter—and broadcast
stations almost as good.

\When operating any type of receiving set
inn an automobile, you will find that the igni-
tion system will generally play havoc with
reception of anything else. so it will he neces-
sary to institute the policy: “Drive—Park
—Listen” or else “Drive—Coast—Listen.”
A Ford is more easily adapted to the latter
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“Aha' he laughs
in joyous abandon.
“It works fine, now
that the trouble is
cleared up. Those
amateur fellers are
pretty good skates
at that.”

- ) - )

method than most other cars and people will
not think anything unusual is happening.

Growing reminiscent, I pause to smile at
some past experiences down in Kansas. The
IF'ord was being used and we were looking
for faulty insulators on a high tension line
carrying hot stuff—about forty kilovolts.
Such a1 high voltage acts up mighty peculiar
sometimes and will spark to anything if
given the least opportunity. For that reason
it was necessary to check every pole for
trouble witlin the city limits. Qur “modus
operandi” was to get the old bus going down
a “lead,” and give her plenty of gas between
poles. Just as we approached a pole we
would kill the engine and coast past listening
for all we were worth with the loop set at
right angles to the line. You can easily
picture the resemblance to a bhalky mule or
some ancient Ford in distress!

A little information as to what may be ex-
pected when out on interference will not be
amiss. It does not matter whether the

He removes the
phones in the ex-
pectation of locat-
ing the trouble,and
quizzically rubs his
cranium. “There is
that amateur fel-
low again . . .”

O - ) - -

source of the trouble is a part of an electric
line such as faulty insulators, transformers,
or some electrical device attached indirectly
to the supply line such as a vibrating battery
charger—the existing interierence will lead
vou a merry chase unless vou are experienced
in this kind of work. Such interference has
an exasperating way of iollowing every elec-
trical conductor ot circuit directly connected
or even in inductive relation. [or this reason
interference may be picked up on a circuit
which itself is entirely clear. On the other
hand. a loop or leg off the circuit connected
to the circuit on which is located the defective
apparatus would also carry these radio fre-
queney currents that continually go astray.

Now that I have told you how to get start-
ed, the rest is up to your ability as an opera-
tor and to the patience of the chauffeur. Pro-
cecd as outlined in a preceding paragraph us-
ing the method of triangulation—obtaining as
many different bearings as possible and at
the sanie time noting the intensity of the sig-
nal.

On a difficult case it is often possible to
solicit the cooperation of the local light com-
pany and have them kill supply circuits or
arc circuits in the neighborhood affected, and
then by trial and error the faulty circuit is
easily discovered. By referring to the com-
pany's circuit drawings, this defective circuit
can be traced from its source to its end in-
cluding all its loops and taps.

These little side-lights arc interesting and
often of much assistance. With this in mind.
I offer another. It is easily possible that the
interference you are experiencing can be
caused by some defective wiring or defec-
tive apparatus in your own home. In order
to determine whether such is the case it is
only necessary for someone to open the main
switch located at the meter while you listen-
in. If the interference disappears entirely, it
is practically certain that the trouble exists
very near at hand. If the interference is con-
siderably reduced but does not disappear, it
would seem as though the trouble was on your
supply line but not in your house wiring or
attachment§.

This is part 1 of two articles dealing with
the preblem of interference.  Mr. Turner,
whe Is wocll fitted for the task of writing on
the subject, as he is in constant touch with
the situation. will continue with the other
sources of trouble in the next issue.—Editor.
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Both set to work anu nrescribed a certain
date upon which they were to compare their
craftmanship—on that date, the virtues and
outstanding qualities of their work would be
revealed.

With a diligence and persistence that is
part of his complex anatomy, Frank carefully
rounded his receiver into shape, and then
when he finally exhausted everybody’s pati-
ence. appeared on the scene at the last mo-
ment and with his well-pronounced ego, ac-
claimed himself conqueror of conquerors.
And he had SOME set with him! Knobs
and dials galore; switches and meters and
bezels; pilot lights, petite clock and panel
lamp—all decorating the panel and giving it
a resplendent air.

Fred had already surmised what Frank

was going to create—a veritable bunch oi
Junk—an expensive array of entirely and
wholly unnecessary apparatus which, al-
though improving the appearance of the
radio set, did not in any way improve its
operation, its simplicity of control, or its
distance-getting ability and quality of repro-
duction. Frank’s set was a 5-tube tuned radio
frequency affair, which, after a brief test.
was no mettle to Fred's, for Fred had pro-
duced a set which was also some set!
{ With a unanimity that was spontaneous,
the glory of-the occasion went to Fred, who
named his receiver “The Luludyne.” FEven
Frank bowed in acquiescence. He had been
beaten and Fred's masterpiece, The Luludyne
entered the Valhalla of Fame.

It certainly does “produce the goods,” and
if you could see Lulu twirl the dials in ex-
uberant delight! She has finally found a
diversion of which I am glad to say she will
never tire, At least she told me so. And as
for Fred, he is more than content to build
Luludynes for his appreciative and thankful
friends and neighbors. He’'ll build one for
you, too.

Constructional Details of the Luludyne

The Luludyne, as can be seen in the ac-
companying photos and diagrams. consists
of a low-loss regenerative tuning arrange-
ment to which audio frequency amplification
of the highest quality is added. One stage
of transformer-coupled and three stages of
resistance-coupled amplification comprise the
faultless amplifier which gives such splendid
reproduction.

It is surprising to note with what regu-
larity and clarity distant stations can be
brought in. And the other great features
of the set are that, first, it is primarily a
single control set, in which the added option-
al controls of antenna coupling and tickler

Sound and

this amplifier the fact was stressed and used
as a recommendation that the resistance
coupled amplifier modulates down—meaning
that when a milliammeter is placed in the
plate lead it indicates a decreased current as
soon as signals are being received. Now it
happens that one of the best and most re-
liable ways of discovering if an amplifier is
distorting is just this procedure, and if the
meter indication is not steady, proof is had
that the amplifier distorts. A non-distorting
amplifier will show an absolutely steady
plate current, because the meter is a direct
current meter, which does not show an alter-
nating current of pure alternating current
characteristics, as the signal should be.

We can now readily realize how such an
amplifier should be built in practice, for
almosg ideal results—a diagram is given in
Fig. 5.

The only points that should be brought

CThe Luludyne

(Continued from page 15)

feedback adjustment, for the reception of
local stations, are incorporated. It thus be-
comes a simple matter to accurately “log”
stations.

Alongside a five-tube radio frequency cir-
cuit, straight, neutralized, reversed fced-back
or other modification, the Luludyne can
easily run rings around it. To be convinced,
you need but build one for yourself and sce
the vast superiority it has over the “frcak”
sets now on the market.

To begin with the following necessary
parts ‘will have to be procured:

17" X 24”7 panel.

1 6” X 22" baseboard.

1 Lopez low loss coupler.

1 General Instrument low loss .0005

mfd. condenser.

Standard sockets.

20-ohm Yaxley rheostat.

6-ohm Yaxley rheostat.

Federal double circuit jack.

Federal single circuit jack.

Cutler-Hammer key type filament

switch.

4-inch dials.

00025 mfd. grid condenser.

2-meg. grid leak.

Dubilier .006 fixed condensers.

3% to 1 ratio Erla audio transfor-

mer,

Rasco binding post strips.

Binding posts.

Veby grid leaks, 1,000,000, 500.000,

250,000 ohms.

3 Veby resistor
ohms each.

1 Cabinet.

o — — — 01
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couplers, 100,000

It is the conviction of the author that the
three-circuit tuner and the very excellent
audio frequency amplifier as described, added
to it, make it the very best radio receiver
that has as yet ever been built.

The tuning unit will be described first.
The primary and tickler coils are both
wound on a rotor form, 3 inches in diam-
eter. Twelve turns of No. 16 D.C.C. con-
stitute the primary winding. The tickler coil
has twenty turns of No. 22 D.C.C. For the
secondary, which is wound in the well-krown
low loss method, forty-four turns of No. 12
D.C.C. comprise the coil formed by thirteen
pins placed in a 4%4-inch diameter circle.

The coupling of both the primary and the
tickler coils can be varied by means of a
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shaft attached to the rotor form of each.
‘The tuning is resolved into a purely single
control, the .0005 tuning condenser provid-
ing ample accuracy and ease of tuning. Note
from the photo that the tuning coupler is
placed away from any other apparatus. This
in itself prevents any undesirable feed-back
and allows perfect control of regeneration.

Proceeding from the detector tube, the
next device is the audio transformer. This
must necessarily be of a low ratio, one in
the order of 3 to 1, serving the purpose very
nicely. If a higher ratio is used, slightly
better amplification may result, but the con-
trol of regeneration becomes hampered and
the quality of the music may be affected.

It will be found best to employ no more
than twenty volts or so as plate voltage for
the detector tube. Remember, a smal] over-
load or slight distortion in the detector tube
circuit becomes greatly amplified in the am-
plifier circuit. It is, therefore, better to
satisfy one’s self with lesser volume and
greater clarity will then ensue.

The resistance coupled amplifier has long
been known for its superior reproducing
qualities. The three stages incorporated into
the Luludyne have proved no exception to
the rule and do their work to perfection.

Nothing more need be said concerning the
amplifier except that as little deviation as
possible from the given values be allowed.

One 20-ohm rheostat is used for the de-
tector tube and affords an extremely fine con-
trol of filament current. For the amplifier
tubes, a 6-ohm rheostat furnishes sufficient
degree of control.

Note the slight length of the wire leads
from the grid leak and grid condenser tn
the grid terminal and tuning condenser, re-
spectively. In fact, the word length cannot
be properly used, for the connections are
direct to the terminals themselves, no wire
being used. This is a salient feature that
goes a long way in keeping the efficiency of
the set at its highest.

From all outside appearances the Lutludyue
looks exactly like a neutrodyne, but as a
matter of fact it is by far superior, both in
performance, looks and all-around efficiency.
It is one set which its owner can truthfully
acclaim as the best.

All the parts of the very best matertals
can be procured for less than thirty-five dol-
lars. and this incentive of low cost for such
an exceptional receiver should prove a deter-
minant factor in persuading you to duplicate
1t.

The Luludyne is here.

e ' Long live the
.uludyne!

Audio Frequency Amplification

(Continued from page 17)

out appear to be the following ones- the
diagram represents a detector tube with
four stages of resistance coupled amplifica-
tion. On all of the tubes amperites are used
as filament controls, first because these as-
sure the operation of the filament at the
right temperature, and prevent so-called vol-
ume control by means of the filament cur-
rent, as is done on only too many commercial
receivers. As explained in the preceding
article, the duty of the detector is the sepa-
ration of the audio frequency component
from the carrier wave frequency. and for
this reason the plate circuit of the detector
is provided with a by-pass condenser of
either .00! or .002 microfarad, as indicated
in the drawing.

To enable the user to control the volume
obtained in the loud talker it will be seen
that the grid leak of the last tube is indi-
cated as a variable one: This resistance

should preferably have a range of from
50.000 to 500,000 ohms. If a greater con-
trol of volume is still desired, the scheme
shown in the previous article, a stage con-
trol switch, can be employed, in which case
it is recommended to have a variable re-
sistance of from 10,000 to 100,000 ohms
across the loud talker.

Of course. there is one drawback—and a
fairly serious one—to this type of ampli-
fier: the fact that a very high resistance is
used-in series with the plates of the tubes,
so that in order to obtain sufficient actual
plate voltage it is necessary to employ un-
duly high “B” battery voltages. This prompt-
ed experimenters to seek and find means
which overcome this drawback completely :
the use of choke coils in the plate circuit
instead of resistances. We will consider
these amplifiers in more detail in the fol-
lowing issue.
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Building and Taking Care
of Your Home

HOME OWNER'S HANDBOOK. By A.
C. Lescaboura. ix. 494 pages with index.
Scientific American Publishing Company,
1924. $2.50.

The author's namie is familiar to many of our
readers. It is fair to say that many people have
a laudahle ambition to own their own house, and
especially is this the case with those of limited
means. In ncarly five hundred pages Mr, Les-
carhoura covers what may be fairly called the
entire field of home construction. He has followed
what must be conceded to be an excellent plan,
going to such authorities as the Bureau of Stand.
ards, the great Weverhaeuser Forest Products
Organization, Brick Manufacturers Associations, the
Portland Cement Association and many others.
An allusion is made to these in the preface and
as the leaves of the book are turned over the
illustrations will be found credited to their sources,
largely to technical concerns.

One of the movements of the day is the issuing
of high grade literature by commcrcnal supply
houses ; so the use of such sources gives this book
a particular value. As a typical section, we might
refer to the rather too short description of heating
with oil, but short as it is it covers the ground
quite satisfactorily and two authorities are here
referred to, so that anvbody who wishes to cope
with the numerous coal strikes can address the
firms cited under the illustrations and get the last
word on the subject of oil in the home furnace.

It would exceed our space to tell all that is in
the book, but we feel that we can recommend it
warmly.

Notes on Dynamos

FUNDAMENTAI. PRINCIPLES OF
GENERATORS AND MOTORS: EX-
AMPLES. By Professor F. E. Austin.
vl, 108 pages, including index. IL.ancaster

Press, Inc.
This hook whose author treats his <ubyec! largely
from a mathematical standpoint, which is preemi-

elf

nently the right way to do., using calculus as re-
quired, dnes not lend itself to review. All we can
say is this: that the general aspect of the work is
stch as to make ns feel that it is worthy of warm
commendation, and within its 108 pages the reader
will find an inuuense amount of practical informa-
tion concentrated. Unless he is willing to regard
each page as possibly involving some hours of work,
he will fail to get the right conception of it.

Elementary Chemistry
of the Day

SMITH'S ELEMENTARY CHEMIS-
TRY. By James Kendall. xvi, 423.
Index. The Century Co., 1924

Professor James Kendall of Columbia with the
collaboration of five instructors in five diticrent
states of the Union has revised and edited this

bouk originally by Professor Alexander  Smith
which is  specifically a school or college text
book. The writer of this review has always found

that the tucid treatment of the elements of a sub-
ject makes most agreeable reading and to write a
book for the student is like \\rmng a story for
children. It requires the exercise of the greatest
ingenuity, The mathematician and logician of
Oxford University made his reputation by two
fairy books as they may be ternied, and while we
do not know whether the l‘rofc~sor Alexander
Smith who originally wrote this baok, could write
fairy stories, he has produced what is a very in-
teresting treatise on the subject of such absorbing
interest at the present day, and which is brought
so well up-to-date that we heartily commend it to
our readers. An instance of its advanced text
and treatment is given by a few words on fused
quartz, which seems only a few days old in its last
developments, yet it is described and illustrated
here.  Orgaaic  chemistry, radinm and atomic
chemistry are given in brief. Eleven pages of in-
dex are given, in itsclf a good example of book
making,

The editors of Tue EXpPerIMENTER were far
from sure how its section on Lxperimental Chem-
istry would he received by its readers. Numerous
letters have shown us that our readers are greatly
interested in the science, and we are glad to have
the opportunity of reviewing some elementary
treatises on the subject.

Non~Aqueous Doltaic Cells

(Continued from page 33)

in the electromotive series, but are in gen-
eral of the order of one and a half or two
volts. In the case where an acid is the
electrolyte, such as hydrochloric acid (HCI1)
or sulphuric acid (H.S0O,). the one metal
goes into solution as the salt of the acid
and hydrogen is given off at the electrode
of the other metal or carbon. Thus in the
case of zinc and copper in hydrochloric
acid, the zinc goes into solution as zinc
chloride and liberates hydrogen. and the
current flows from the copper (positive)
electrode to the negative zinc electrode
along a wire connecting the two outside the
solution.

The same kind of thing is reproducible
by taking solutions of organic substances
in dry ether. If a platinum electrode is
inserted as the positive anode, and a mag-
nesium electrode as the negative cathode, in
a solution of one part of cthyl bromide
(C.H,Br) containing a trace of crystalline
iodine in 20 parts of dry ether, a current
will flow from the platinum to the mag-
nesium along a wire connecting the two
outside the solution. This cell has a voltage
of about 1.5 volts. The reaction in this cell
is a little different from that in the aquenus
solution, the magnesium going into solution
as follows:

Mg + C.H.Br = CHMgBr
magnesium ethyl ethyl
bromide  magnesium bromide

As the cell has a rather high internal re-
sistance, it furnishes very little current,
although it has a voltage equal to that of
the corresponding aqueous cell, If other
metals are used instead of magnesium, volt-
ages are obtained as follows:

Flectrodes Voltage range
Pl mnum an(l Aluminum (Al) ... .71 - 89
Cadium (Cdy .. .. 72 -

" * Zinc (Zn) L., 1.02 -1.08
: * Nickel (Ni) . .027- .098
" * Chromium (Cr) ... .09 - 142
o * Lead (Ph)Y ........ 40 - 607
. * Mercury (Hg) . .. 40 - 45
“ * Iron (Fe) ..... L 13 -.20
* * Magnesium (\Ig) 80 -1.6

[n the above measurements hutyl hromide
(C,H.Br) was used in place of the ethyl
bromide because it is less volatile.  For
thase cells made up with ethyl hromide,
however, the same values were obtained as
for corresponding cells using butyl bromide.

In making the cells mentioned ahove, it is
ahsolutely necessary that the ether be as dry
as possible., or the reaction will not take
place, and the voltages will, of coitrse, not
he produced. The ether may be dried as
follows: Put the portion of the ether to
be dried in a flask with a tight fitting stop-
per and shake up with ten or twenty grams
of dry calcium chloride (CaCl,) and let it
set for a few dayvs to make sure that all
the water and alcohol have been taken up.
The calcium chloride may then be removed
by filtration, A small piece of metallic
sodium is then put in the flask to react
with any alcohol or water that still remains,
The Grignard reagent (i. e.. the ethyl mag-
nesium bhromide) is decomposed by any
water that may bhe present and prevents the
reacting of the magnesium. so this precau-
tion is necessary,

The great similarity of galvanic cells in
which ether is the solvent. to those in which
water is the solvent, is at once perceived.
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Electrified Butterfly Lives
CTwenty-Five Years
(Continued from page 34)

larger the surface and the smaller number
oi sharp edges presented the more ethcient
will the apparatus be. The prominence and
good metallic connection of the flowers (L)
with the wires (AA) must be considered
carefully so that nothing may resist the pas-
sage of the slight electric current.

A butterfly (H) is suspended by two
fragile fibres of cocoon silk to the top of
the glass shade so that when it rests it
hangs centrally between the flowers (I7 and
G), which latter form the ends of the con-
nections (A and A'). To be bifilarly sus-
pended by a fibre thread may seem impos-
sible, but a reference to Fig. 5. showing the
two ﬁbres joining to form one suspensory
fibre is a sufficient explanation of the term.
The butterfly may be a dried specimen or
one made of thin paper; in both cases the
lower part of the thorax under the head
should be coated with bronze or other metal-
lic paint. The length oi the fibre should
be adjusted to allow the insect to touch
both flowers in its swinging, and when this
is satisfactory the glass shade may be
finally fixed in position, and before the
chenille border ring is placed on, the glass
should be well warmed and the edges sealed
with glue, or other compound, so as to pre-
serve a dry atmosphere within it.

This done. the only remaining thing is to
cant the stand sharply, so as to set the but-
terfly in oscillation; and if cvery part of
the construction is carried out as here de-
scribed, the indefatigable insect will hover
fram flower to flower without ceasing for
at least 20 vears, and under exceptionally
favorable circumstances, 25 years.

CThe Ark of the Covenant
(Continued from page 39)

CHAPTER I
Prisoners in the Great Cavern

Dan Lamont and myself were neatly trapped.
We found ourselves looking down the muzzles
of three rifles and a pistol, the latter held by
Shalto Seton.

I+ would have hecn useless to give way to my
first impulse., which was to pull my gun. T
calculated the chances of shooting, but it was
certain that the men facing us were putting up
no hiuff.  Surprise and anger robhed us of
sperch, and for a moment or two Dan and I
faced the threatening muzzles without a word, our
hands in the air. Seton stepped aside and q\.uckly
deprived us of our weapons. I found my tongue
thcn.

'S0,” T said hotly, ‘“you are the leader of the
damned pirates, after ail!”

“H you like to put it that way.,” Seton replied
qmrtly ‘yes. You may put your hands down
now

[ thought of the kindness that Seton had re-
ceived from Kirsteen Torrance and Lord Almerie,
of the friendly reception of him at the White
House by the President, and I choked with rage.
T took a look at Dan, and from the whitencsa
of his face [ could see that he was sharing my
feeling. But we said nothing further.

It looked as if our capture had been fully ex-
pected by the other side. The movement on
the part of Scton's men was just about automatic.
They closed in on us, and our eyes were quickly
bandaged. We were ordered to march,

For a yard or two we were directed through
scrith, then we found ourselves descending some
rough steps. From the air and from the sound
of our feet ac they crunched on the rock under
us, it was evident that we were in some sort of
tunrel, The crude steps gave pIaLe to a rambling
downward incline, and the air blew cool about
us with a smell of ozone. Our guards were
silent. but the touches by which they guided us along
this winding subtcrranean path were kind enough.
Once, on a picce of rocky going, I stumbled, and
the fingers on my arm tightened to a grip that
saved me from falling. But no word was spoken.

There was a steady descent of about hali a
kilometre which hrought us into a wider passage,
it sremed, and the sound of falling watcr came
to our ears. There was the hum, too, of ma-
chinery, and a distant clang of hammers., We
began to go down some steep steps, some scores
of them, and it felt as if we were descending into

3
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a great hall or cavern of vast proportions. There
was the sound of voices. Somewhere a man was
siuging a sort of coon song with a most haunting
lilt, but as we with opur captors came down the
sieps, the voices fell silent, and we did not nced
our cyes to tell us that men were looking at us
with curiosity all about. The rushing sound of
falling water was louder now, and the hum of
machinery in good bearings more insisfent.

Ve reached level ground, and threaded our
way among machines—we could smell the lub-
ricant—then our feet rattled hollow on a wooden
bridge. Solid ground again, and another flight
of wooden steps, a rocky path, and then we were
halted with a touch, and the bandages were
whipped from our eyes.

Dan and 1 were blinking at each other in a
higgish cave whose rock walls were cream colour,
Well-scruhbed tables stood in regular pattern on
the roughly levelled floor, with crudely-made
henches about them. In one corner of the cham.
ber, shelves of lumber held a number of books,
cheap editions of novels mostly, and on the walls
were targets for dart games, and boards for wall-
quoits. llere and there on the cave walls were
pasted coloured and half-tone illustrations from
American  and  Laoglish  nmagazines, reprinis of
drawings by Kirchner and Fontain that made one
think of dugouts on the Western Front years ago,
.\ big hewn opuning in one of the cave walls gave
light and ventilation and through it was a view
of what T took to be the cup-shaped basin to the
north of the plateaun. 1 would have crossed to
the opening to look out on the scene, but one of
our guards pointed his rifle,

“No, don’t do that, Mr. Boon,” he said, and
he added whimsically, after a pause: **Sit down
and make yourself miserable for a bit.”

The Americans Appear on the Scene: the Prisoners
Get Synthetic Lemonade

e was an American, a lean and lanky indivi-
dual with a twinkle in his eyes.  The other, for
now there were only two, was a stout man with
that irradicable air of the sea about him which
always tells the British seaman.

“Give me yonr word that yon'll make no fuss,”
the Amwerican went on, “and I'll slack this guard
on you a morsel, 1t would do you no good,
anyhow, to try and escape. You're corralled.’”

was desperately anxious about Milliken and
the Meriin., but it was plain that to attempt
dropping from that high opening or to rush the
door, would he the height of folly, so after a
look _at Dan 1 nodded.

“That's fine.” said the guard, “and now you
can have a drink. 1t is ouly synthetic lemonade,
but you'll find it good and cold. What say?"”

“Sounds like home to me,” [ replied. *‘What
abont you, Dan?”’ .
“I'm with you.” said Dan,

The stout scatman waddled out, and by and by
returned with two long glasses full of an iced
bublbling liquid. After onr adventures on the
plateau top. it was delicious,

“You look after yourselves here, then?” 1
suggested to the guard.

“Sure, Wc¢ don't have to deny ourselves
much,”

**Ice, too?”

“As you see.”

Ouestions  seemingly were barred, In  silence,
then, Dan and 1 seated ourselves in two camp
chairs, and felt to our drinks. As may be judged,
we were both a bit dazed. and feeling dead foolish
at having walked so neatly into the trap that
was closed on us so firmly, 1 had a faint hope
that Milliken had scen our capture from the
bluff, and that he had had the sense to get off
with the Merlin immediately. he had, it was
only a question of time until armed hordes were
swooping down on the pirates’ lair. But as !
considered the idea, T hegan to sce that it was
next to impossible, At the time of the hold-up,
Dan an1 T had been dcep cnough in the trees
round the sinter cones to be screened effectually
from view from the bluff.

With that hope in the diccard, T began to
formulate another, which was that my mechanic
would have the time to get off a broadcast mes-
sage of our whereabouts if the Yln(enu party
tried to hold him up. But even as was turning

over in my mind that and other schemes for
Milliken, my calenlations were puilled up by a
distant noise,

a pause—and
rat-tat-tat!”

Two rifle shots in the distance,
then the unmistakable ‘‘rat-tat-tat!
of a machine.-gun,

Milliken was fighting for it!

My heart leaped at the sound, and T felt my-
self quiver with excitement. We jumped to our
feet. Danny and T, and my friend's eycs were
ablaze,

The Sound of Battle; Milliken at the Gun

*Oh, Milliken!” yelled Danny,  “Atta-
hay ™

We both knew the mechanic's deadly skill with
the machine gun, and the likelihood that his at-
tackers would be \\'igcd out if they were any-
where in his reach. We shook hands on it.

1 sympathize with your feclings, Mr. Boon—
Mr. Lamont.”” the cool drawl of our guard came
to bring us back to reality. “But don’t yon let
them feelings take you an inch nearer the window
for instance.”

His rifle was in the crook of his arm, and he
was smiling at us grimly. Tt was galling to have
to stand there and listen to the noise of our com-
rade’s lone fight, Now Milliken had brought one

you,

of the hali-kilo guns into play, The steady
“crack-crack!” .of it was shattering the air about
the plateau. From the aitackers no sound came,
except twice—two deliberately separate shots from
a rifle. There was a last drum of fire, despairing
in sound somchow, from one of Milliken's lighter
guns, and then—dead quiet.

The silence held through an hour and a half
of suspense.  lad Milliken managed to get away?
I saw difficulty in this, even supposing he had
so elfectually disposed of his attackers as to let
him get out of the Merlin’s cabin. Before he
could make off, he wounld have to turn her nose
away from land, and then there would be the
difficulty of starting without some omne to fhp
over the propeller. There was just a chance that
he had managed this, though the operation was
difficult and dangerous, but I cursed mysclf that
1 had not thought of arranging a self-starter for
the plane.

Dan and I discussed the probabilities in low
tones,  We kuew the determination and resource
of our comrade by a hundred experiences. We
pinned our hope to those stout qualities of Milli-
ken, and began to think that we had a chanee
of rescue. But when ninety minutes had passed, we
found our hope was vain.

The curtain over the cave entrance was thrown
aside, and Seton entered, leading our mechanic
blindfolded.

“Here's your man, Boon,” said Scton. *lle put
up a jolly good fight, but the dice were against

him,  Cheer up, Milliken—no man could have
done Dbetter.”
1 don’t want any certificates from you.”

Milliken said grimly, the bandages off his eycs.
“That’s just about the last thing I'll stand for.”
“Come, come, Milliken,” said Scton gently, “You
can’t bear all that ill-will.,”

“You sink the Merlin and capture me—well,
I can face that!" said Milliken thickly, ' But
you dope women—a girl like Migs lorrance —

wio’s given you
into your eyes!  Il-will!  Hell?

1 see)” Seton said quictly.
you're right, Milliken!”

her hand to s!l‘ake and looked

“Well—perhaps

lie turned on his heel and left us with the
guards,
Milliken faced Dan and mysc then.

“1 did my best.” he said miserably,

“P'm certain of that, old Milliken,” said T.
VM you't only fired a shot or somcthing—to
give me warning ko

I thought with shame that 1 night have risked
a wound to draw the fire of our ambushers, and

felt pretty sick, | can tell you. But I only
nodded to him to go on.

Milliken’s Story After His Capture

“l was cleaning up, before turning her to be
ready for making off,” Milliken said, “when |
heard  somchody “call. ‘Oh, you, Milliken! It
sounded like you, Mr, Boon, but I thought it
was mighty queer that you should call at al.
Opcning the front screen, | answered the hail,
‘Oh, you, Milliken.” the voice sings out again,
‘come here a minute !’

“Thinks T to mysclf, that's mighty queer—and
then 1 catch sight of somehody dodging amoug
the trees—and he was wearing clothes of a dil-
ferent shade to yours or Mr. Lamont’s, T get
wise to the fake, and not knowing what would
come of the fight that was duc — the Merlin's
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nose being hard up against the trees—I start
lowering the aerial of the radio to send off a
quick message. There wasn't much chance of
it being picked up, what with us being on the
water, and with the trees and stuff around, but
I thought it was the first move in the game i

“Good for you, Milliken," said Dan,

“But 1'd no sooner lowered the wire than from
the bushes ucar two shots rang out—mighty
good shooting, too, for the aerial snapped and
the loose end came coiling up into the cabin.
That finished the first trick. 1 made a jump for
one of the machine guns. 1t wasn't much use.
From the position of the boat, 1 couldn’t get the
arc of fire I wanted. So 1 tried the forra’d gun.
That wasn't any use. 1 couldn't get the depres-
sion. But 1 loosed off at a big tree trunk, hoping
the shell fragments coming back might do a
bit of damage, 1 brought the tree down.

“‘All this time the others hadn’t answered. But
another two shots go bang, and from the noise
I judge they've punctured the floats. That is
right. ~ The old lady begins to scttle, swinging
sidewise, then I have a go with the other mit-
raillcuse.  But she’s settling by the head, and
by and by her propellor is huried in the mud.
I thought of having some gun play with my
automatic, but they'd got me corralled for sure,
with no chance of relief coming, so when the
blasted pirates wiggled a white flag and [ saw
who it was was up against, I chucked in my
hand *

“It was the only thing to do, Milliken,” I said.
“They'd have starved you out, or riddled the boat.

Don’t you think so, Dan?”

“Sure,” said Dan.  “We'll work better three
together, anvhow—now we're hiere.”

At this moment Sctou came into the cave

again, with two or three men—not the least bit
piratical. any of them.

“Sorry to disturb you,” he said, *“and that I
must hlindfold you once more. You are wanted
elsewhere.”

There was nothing for it hut to submit. and
presently we were led along a short passage into
another cave.

The bandages were taken from us, and we
found ourselves looking into the strangest pair
of mild blue eyes ever seen.

11

The Chief of the League of the Covenant:
A Remarkable Character

The Chicf of the League of the Covenant, who
stood facing us, was the mcrest wisp of a man,
physically, = Seton would have made four of him.
and mysclf probably three. e was smaller than
Dan Lamont.  But if the man's physique was in-
significant, there was nothing small about his per-
souality, A pale-faced, onc-armed little fellow,
witl a higgish head ornamented with thin brown
hair and a silky heard, some keen force jumped
out of him that was like a bhright blade. The
eyes that at first you teok to be so extraordinarily
mild had depths “in them that were blue flame.
The cyes held you, mastered you, and in the still
placidity of that gentle face vou read of a soul
that was above pain, sorrow, joy—everything that
nfluences the thought and actions of the ordinary
human. 3t held a sense of bravery, too, relentless
courage that made you shiver to think of, lor be-
hind it lay a will and a power that nothing human

(Centinued on page 54)
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7 REASONS WHY

you will want to examine these five
great books on electrical mainten-
ance and repair for ten days free:

1. The five books in this library discuss actual
repair jobs and show you step by step
what to do when anything goes wrong.

2. They show you how to locate and remedy
motor and generator troubles.

3. They show you how to reconnect motors
to meet any condition of voltage, phase,
frequency and speed. 3

4, They give you suggestions for preventing
electrical machinery troubles.

5. They cover fully rewinding of motors.

6. They present information that will help e
you get better service out of electrical "
equipment. ) P

7. They give you tabhles. data, kinks
and diagrams that you wil find " )
of priceless value every day on o '?“
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See the books FREE

Fill in and mail the coupen

attached and we will send

you the entire set of flve P 1

Yolumes for 10 days’ Freo % the Library of Electri-

Examination. We take ¢ cal Maintenance and Re-

ull the risk—pay all @ pair, all charges prepaid

charges. You assume " for 10 dayy’ Free Examina
no obligation—you o tlon. If satisfactory I will cenil
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to keep the " It not wanted I will write for ship
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PATENTS

Write for free book
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607 Woolworth Building, New York City
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415 Tower Building, Chicago, 1/,

368 Hobart Building, San Francisco, Cal.
223 Van Nuys Building, Los Angeles, Cal.,

If your invention is new and useful it s patentable, sena
me your sketch. Inventions developed, patented. Trade
marks and copyrights obtained in the U, 5. and Foreign
countries,

Z. H, POLACHEK -

Reg. Patent Attsrmoy
Professional Engineer

- 70 Wall 8t., New York

Insure your copy reaching you each month,
Subscribe to The Experimenter—$2.50 a year.
Experiménter Publishing Co., 53 Park Place,
N. Y. C.
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N this page every month we will give our readers the benefit of our experience un
patents and questions pertaining to patent law. Years of our treatment of the subject
of patented, patentable (and many unpatentable) devices has proved satisfactory to

hundreds of thousands of experimenters.

The writer, who has handled the Patent Advice

columns of SCIENCE AND INVENTION MAGAZINE f{or the past seven years, will

answer questions pertaining to the experimental side of Patents in this publication.

If you

have an idea, the solution of which is puzzling you, send it to this department for advice.

Questions should be limited to Electrical, Radio and Chemical subjects.
publications, SCIENCE AxDp INvENTION, handles patent advice in other branches.

Another of our
Address

“Experimenter’s Patent Service,” c/o The Experimenter, 53 Park Place, New York City.

Auto Water Heater

(21) Leo Watson, San Francisco, Calif.,
asks whether we advise him to apply for
a patent on a heating coil operated by elec-
tricity from the storage battery of an auto-
mobile, which is to be inserted mto the rad-a-
tor of the automobile. The circuit to the
same is closed hy means of a thermostat
whenever the water in the radiator reaches
the freezing point. In this way he hopes
to avoid cracked radiator or cylinders.

A. Although your system of heating the
water in a radiator, so that it will not freeze,
is of some value, it is not by any means as
effective as you believe it to be. The amount
of heat developed by a small resistance coil
operated from the storage battery of a car
is not great-enough (over a period of twenty-
four hours) to heat the water in the radiator
without seriously running down the charge
in the battery. If a heating coil developing
a great amount of heat is employed, then
that heating coil consumes a large amount
of current. If the coil gives only a I'ttle
heat, the current consumed is not so great
and the battery is kept in a better condition.

It is just as difficult to start a car with
a run down battery as it is to start a car
when cold. The starter itself will often fail
to operate when the battery is low.

One can easily heat the gases in the intake
manifold for starting cold engines by in-
serting a small resistance coil at this point.
Of course, such a system would not prevent
freezing but administering a small quantity
of alcohol to the water or substituting kero-
sene for the water will lower the freezing

N

sent Free on request.
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PATENT
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Highest References
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point of the fluid in the radiator.
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COPYRIGHTS

Before disclosing an invention, the inventer should write
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Philadelphia Offices:
518-519 Liberty Bldg.

San Francisco Offices:
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It is true that water containing alcohol
boils at a much lower temperature than
ordinary water, and on warm days this water
containing the alcohol would not be as efhi-
cient for cooling the engine as unadulterated
water. On cold days this same theory can-
not be held. QOften water containing alcohol
in a radiator will cool the engine as efficiently
as straight water.

Even assuming that an electrical heating
coil is to be placed in the water through
the radiator cap, the possibility is that the
water in the radiator would freeze. The
reason is simple. The position of the heat-
ing coil in the top of the radiator does not
provide for a convection of the water cur-
rents. The water in the immediate vicinity
of the heating coil is heated. \Warm water
remains at the surface, whereas the colder
water sinks to the bottom. This is true until
the temperature of 4 degrees Centigrade has
been reached, when the cold water no longer
goes to the bottom of the container. The
possibility is that the water remaining in
the engine water jacket would not get the
benefit of the heat produced by the coil and
would freeze. A better system would be to
place the heating coil at the bottom of the
radiator.  The difficulty of installing such
a device there is readily apparent.

We doubt if applying for a patent on
tlns.latter suggestion would be advisable.
Taking the system all in all, it presents a
sort of gambling venture, and we do not
advise anyone to undertake the manufac-
turing and selling of a device in which the
possibility of sale is so limited and the
chances of loss are so great.

Mercury Vapor Lamps

(22) H. W. Phillips, of New York City.
requests patent advice on a mercury vapor
lamp embodying a chain fastened at the top
to an iron core, which core slides up and down
in a solenoid surrounding the lamp. The
chain makes contact with the mercury.

A. The mercury arc which you have de-
vised is not as practical as those mercury arcs
now in use. The arc which your particular
device would throw is so small as to malke
the svstem impractical. The arc in a mer-
cury lamp rarely breaks down. Consequently
the application of a solenoid and a chain is
not particularly advisable. There are, how-
cver, a great many automatic lamps on the
market which start their arcs very simply.
quickly and easily, and which do not have to
depend on a dangling chain for the making or
breaking of the arc. An oxide coating on
this chain would undoubtedly soon form and
make the chain a non-conductor. We would
'.:;’t suggest that you apply for a patent on the
idea.
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MY PATENT
LAW OFFICES

INVENTORS

Write for these

employ. fe
pared under my personal supervision,

PROTECT YOUR IDEAS

At theleft ins a view
of my drafting an
specification offices where
o large staff of experienced
expe-ts pre m my constant
Al drawings and specifications are pre.

Take the First Step Today—:3\: D

If you have a useful, practical, novel idea for any new article or for an improvement on an old one, you \
should communicate with a competent Registered Patent Attorney AT ONCE. Every vear tkousands of
applications for patents are filed in the U. S. Patent Office. Frequently two or more applications are made
for the same or substantially the same idea (even though the inventors may live in different sections of the
In such a case, the burden of proof rests upon the last
application filed. Delays of even a few days in filing th= application sometimes mean the loss cf a patent.
So lose no time. Get in touch with me at once by mailir.g the coupon below

country and be entirely unknown to one another).

No Charge for Information
on How to Proceed

The books shown here contain valuable information relating to
patent procedure that every inventor should have. And with
them 1 will also send you my " Record of Invention’’ form, on
which you can sketch your idea and establish its date before a
witness. Such evidence may later prove valuable to you. Simply
mail the coupon and I will send you the hooks, and the * Record
of Invention”’ form, together with detailed information 01 how to
proceed and the costs involved. Do this NOW. No need to lose
a minute’s time. The coupon will bring you complete informa-
tion entirely without charge or obligation.

Prompt—Careful
Efficient Service

‘This large, experienced organization devotes its entire time
and attention to patent and trademark cases. Our offices
are directly across the street from the U. S. Patent Office.
We understand the technicalities of patent law. We kncw
the rules and requirements of the Patent Office. We can
proceed in the quickest, safest and best ways in preparing
an application for a patent covering your idea. Our success
has been built on the strength of careful, efficient, satis-
factory service to inventors and trademark owners located
in every state in the Union.

Clarence A. O'Brien

Registered Patent Attorney

Member of Bar of : Supreme Court of the United
States; Court of Appeals, District of Columbiay
Supreme Court, District of Columbia;
United States Court of Claims

Practice confined exclusively to Patents, Trademarks
and Copyrights

CLARENCE A. OBRIEN
e et

Ll ) T ad

Strict Secrecy Preserved
Write Me in Confidence

All communications, sketches, drawings, etc.,
are held in strictest canfidence in strong, steel,
fireproof files, which are accessible only to
authorized members of my staff. Feel free to
write ms fully and f-ankly. Your case will
have my personal at:entior. It is probable
that I can help you. Highest references.
But FIRST—clip the coupon and get my
free books. Do THAT right now.

Mail this Coupon NOW

CLARENCE A. O'BRIEN,

Registered Patent Atiorney,
237G Security Savings & Commercial Bank Bldg.,
Washington, D. C.

Please send me ycur free books, '‘How to Obtain a Patent,”
and *Invention and Industry,” together with your *‘Record of
Inventian'’ form without any cost or obligation on my part.

Name

Address

(Important: Write or Print name clearly)

'-—--—-—-—-_-------—--J



Choose as Your Profession

Electrical
Engiheering

Electricity offers a brilliant future to the young

man who is about to choose his career. Never be.
fore has there been such wonderful opportunity in
this great field. Big paying positions in electrical

work thie world over are open

f‘n- §-3:aﬂrfsee ) G Bl i

knowledge. Come to the
i School of Engineering of
Milwaukee—the largest and best equipped electrical
school in America. Here you are trained in both
theory and practice by a faculty of experts. You
learn in large, finely equipped laboratories, If you
have 14 high school credits or equivalent, you can
become an Electrical Engineer with a Bachelor of
Science degree in 3 years. If you lack these
credits, they can he made up at the School of Engi-
neering in a short, intensive course.

A Complete
Practical Electrical
Education

“Learn by the thorough, approved scientific meth-
ods which our twenty years of specializing enable
us to give you. In addition to Electrical Engineer.
ing, the following complete courses are given:
D.C. and A.C. Motors and Generators, Armature
Winding, 3 mos.; Electric Light, Heat and Power
Wiring, 3 mos.; Practical Electricity, 6 mos.;
Automotive Electricity, 3 mos.; Radio Sales,
Service and Radiocasting, 3 mos. ; Junior Electrical
Engineering, 12 to 30 mos.; Electrotechnics, 1 yr.;
Commercial Electrical Eungineering, 1 yr.

Earn While You Learn

By our speclal system you may earn while learning. Our
employinent depsrtment will secure you a positton to which
you may devote part of each day, spending the rematnder
at the school. This plan both solves the student’s financisl
problems :nd provld'e; splen-
did experience at the same
time. Low tuition fees. Board Classes NOW

and room reasonable. Dally .
Broadeasting WROE.  School
Orenartra ™ Peatorsitior Organizing

Write for Free Catalog

LECTURES ON - Write today for free, 1llus-
ELECTRICITY | trated catalog just oft the

i i press. Read about this won-
Glvenlweekiyprom I dertul institution and the
WSOE - great opportunities that ille
Radiocast Statlen. :  befors you. Find out about
Ak for Free Schelar. om'l |'Dech¢}|lzn°d g z‘neit'l:u‘c’lr o::
in U I{ . tealning and the deta
daD Lon:ie;t"ln orme “*Earn While You Learn’’ plan.

GCHOOL of ENGINEERING

of Milwaukee
Dept. Exi125, 415 Marshall Street, Milwaukes, Wiscensin

SCHOOL OF ENGINEERING OF MILWAUKEE,
Dept. Ex.1125, 415 Marshall St., Milwaukee, Wis.

I'lease send me vour fres flusteated catalog on your
............ veu...course and glve me detatls of your “"Earn
While you Learn’” plan. (Ite sure to give your age and edu-
cation),

Age ... . . Ehentim

The Ark of the Covenant
(Continued from page 50)

could thwart. Here was a man oue could not
bluff, for the mind that looked out of himn was
analytical of your faintest motive.

I'm afraid that I put down very badly my
own impressions at first meeting the Chief of
the League, Many a time since ! have asked
Dan Lamont to turn his uncommon power of
analysis on the subject, but even lie fails in de-
scribing the sensation he felt when he first looked
into those extraordinary eyes. The nearcst we
can both get to it is simply contained in one
word—power—power to the ath degree.

He took us all in, one by one, then he bent
his gaze on me.

“Mr. Boon, [ take it?”

I bowed.

“You have pursued us long, Mr. Booun.” he
said, ‘‘and tenaciously. It was inevitable that we
should meet. | am afraid that, now you have

found us, we must detain youw.”

Milliken was the next in order.

“1 hear, Mr. Milliken, that you are a duoughty
fighter and that you gave your capturs sumnic
trouble, 1f your guns had had position, you
probably would have created some carnage. We
shall know each other better by and by. Mean
time, we must keep you also. Remains then Mr
Lamont P

e turned to Daunny, and oue would have saié
his still look changed slightly as he gazed at my
friend. As for Danny, lis eyes were alight with
a queer excitement—for round the rootn, or cave,
were disposed instrument upon instrument, of all
queer shapes—the very stuff that Dan keeps his

Orchestra Dol-
ume from
Phonograph

One of the great drawbacks with
phonographs is lack of volume when a
number of people are tu be entertained.
This has been overcome in the newly
devised instrument that is fully and
zompletely described.

Other Interesting Articles To
Appear in November Issue of
SCIENCE AND INVENTION

Chemical Tricks
By Dr. Ernest Bade

Lamp Chimney Experimental Apparatus.
By Raymond B. Wailes

A Continuous Time and News Broadcast

Service
By C. A. Oldroyd
A Novel Six-in-One Receiver
By L.. Ringer
Five Tubes With Simple Tuning Control
By A. P. Peck

nose amongst normally in his lahoratory in New
York. X

“Mr, Lamont,” said the Chicf of the League,
“I do not know what feelings you have about this
capture, but [ hope I may be able to dissipate
your resentment by showing you some interestiug

sidelights on your own vein of research. 1 have
read your interesting little book on pleochroic
halos, together with other of your works. 1 have

long had a bone to pick with you on the subject
of thorium disintegratiow. Forgive me, then, if
| welcome the happy accident that brings you.”

“You're very good. sir," said Dan, red-faced
as always by any reference to his work.
*\Why, that’s well,” said the little man. “1 .o

not despair of making friends with you—with you
all. Now, gentlemen, it is obvious that [ cannot

release you until the task of our League is fum-
ished. We cannot afford to have our secret laid
bhare. 1 do not wish to keep you in close cap:

tivity. and you will, therefore, give me your word
that” you will not attempt to escape?”’

Danny and Milliken both looked at me in in:
quiry. 1t was obvious that the mau in front of
us had charmed them as much as he charmed
me, but the question of giving parole was oue
that could not be decided at a flash. The Chief
picked up the thought.

“Naturally, you will need time to consider the
question. To sit down quictly in the present
situation might savor of cowardice. Let me put
it to you, however. 1i I do not’ have your word,
gentlemen, you will be closely confined, except
for brief periods when you may exercise. Your
machine will he dismantled where she lies and
brought to some other place, so that that means
of escape will be cut off. The country round

about us is nearly impassable without bearers and
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Make $100 Weekly—
I Will Show You How!

oS OU can do it in your
; ; spare time—even-
ings. Lay the foundation
for a permanent, profitable
business of your own. Give it
all your time when you've
proven the big opportunities
it holds for you. Sell what
the public wants—

Sell Radio In
Spare Time!

Demonstrate the Ozarka in
your own_home or in your
prospect’shome.Salesexperi-
encenotnecessary—weteach
y yop!ed0qal;‘l:a in gts;.lumhe'l"s

priced right, wit| es helps,
. Matheson Bell -~ patjonal and local advertis-
res., Ozarka Inc.  ing, make your selling easy.

12 Selling Lessons FREE!

The Ozarka plan of sgelling radio is entirely differ-
ent. Most practical—easier to explain. Sales are
made quicker and easier. Knowledge of radio not
necessary—we teach you every detail without chargel Cur
success with 5,100 men proves merit of our w-:ﬁnc

3,100 Meltlnd Are Doing It!

The Uzarka ol izati day istaof 3,100 men. In terri-
tory not now covered the right man is wanted. $100 weekly
in spare time js not unusual. Many Ozarka men ave making
{ar more—some have been with us for three years.

FREE Book Tells How—

‘Write me personall 11 me about yourself, and 1'll see
that my “IE“" book, Ozarka Plan No,loo,in sent you with-
out cost, Please mention the name of your county. To ba
sure of my I low. to

J. Matheson Bell, Pres.
OZAnKD 7\
120 Austin Avenve D, J__" lf _ _Chicage, llinols _

|
Gentlemen: 11-28-120D §
Y i

1 ly interested in the FREE BOOK **
Ourk.ﬂ’m{n:e H T :
[}
]

by I can sell your radio instruments.

pem———————

Name
AddAress ... . e e City ..ooovirenrnne eeen ]
COUNLY ...ovvreeeiires rrvrereenren oo« v oen SEALE it s :

You've heard

your nelghbor praise the

old reliable Pathfinder, the

wonderful national weekly home

magazine that 3 miition people read. You

can try this unbiased digest of domestic and world affairs for a tri-

fle. The Pathfinder is in a class by itself—nothing else to equai it:

time-tested, wholesome. Chuck full of the choicest reading—the

cream of everything. Science. politics, travel, fun, question box,

health, radio etc. ;real stories, p! i lon, e i

for all. Send t5¢ (coin orstamps) for thisbig paperon trial 13 weeks,
or $1foc full year (52 issucs). P der, Washi D.

OWN a Typewriter

Big Typeuriter Bargain!
Own i'our own Underwood Digg
Model 51 Why takeless whenour
rebuilt plan brings thia ace of il
writing machines at a big saving
and on easy monthly termsi

S and its yours

Don’t buy & typewriler ane
Gl Aftera frre trialof this

one! We aive you & gulck course |
g, o toudny, he

offer; we'll ae
og e, Iulhlnwff‘rn
Freo, Adidress SnTrMan. WARD.
e

WADE BENCH LATHE

Cap: 4" dia. x 12
leugth. Sliderest has
_ travel entire lencth of

Turning, faelng. bor-

ing, drilling. wind-;
fng. ‘hread-eutthng. !
Price $28 F. 0. B. New York, Free Catalog.
HE GEROLD COMPANY |
Dept. E-2, 120 Liberty Street New York

UESTIONS
.%’ SWERS

Snaay,/ Eleetrictans’ Examinations

.-Q‘ Diagrams, symbols, tables,

notes and formulas for prepa-
Read Pub.Cs., 206 Broadway, N.Y.C.

ratlon for license. New book
—House Wiring and Bell
Work, $2.00,
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“Build Your Own’’— Special (nducement

To get you started dealing with us, we offer special prices on these most popular two kits. But
your order will have to be sent by October 31 when our regular catalog prices will again be in effect.
Your chance to get the best kit at a big saving! Take it!

AI! of our Kits_contain complete parts for receiver, including drilled and engraved Bakelite-Dilecto panel, finest, roomy msahogany
finish cabinet, simple new.style blueprint and instructions, everything—nothing more to buy. All parts highest grade—advertised, well-
known, reliable, dependable—fully guaranteed by manufacturers and ourselves. Look at these brands. You cannot get better kits!

our New Method of Wiring—Perfectly Simple—No Radio Knowledge Needed

No solder—No bare wires—No poor connections—No dissatisfaction.
No tools needed except a common screw-driver and common pliers.

il ol

e
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All connections are made by the use of our flexible, insulated eyeletted connecting wire in place of bus bar or wire, and solder. And in e
fraction of the time usually required when using the old fashioned way. And when the job is done it is neat and your connections are tight,
Combines principles of Ketlex, Neutralization, ‘Funed Radio Fre-

4-TUDe RODerts KnOCK'out quency, Regeneration (witheut blooping), and Push-I'ull Amplllll_cu-

2 tion, smooth-working—easily tuned—non-howliing—non-squealing

SpCUieg (0 el Ol Postpaid —non-reradiative. Guaranteed absolutely to give entire satisfactlon.

&£ Kit KR, 9215
Range 3500 Miles

sets REGARDLESS OF
NUMBER OF TUBES!

Spl.*43%

See what Doubleday, I'age & Co., through Mr. Arthur H.
Lynch, Editor of telr magazine, ''Radio Broadeast,' say
about the ltadio Broadcast's sensational 1-Tube Knock-Out
Set developed by Walter Van B. Roberts:

“Tuhe for tube, dollar for dollar, result for result, we
will ~tack it up agalnst any recelver for home construction
ever dessribed by uny radlo publication and gamble that it
conies out winner.®

MR, LYNCH ADDS8—READ IT!

1t i+ the hest we have ever seen—and we have geen and
cperated almost every type made and used during the past
twelve yrars. it has pulled in forty-six stations on a loud
speaker w11l two tubes, using an indoor antenma. Its sig-
nals hase been heard through the alr more than a quarter
mile. It is mot meralv the best four-tube receiver, but the
best by a very good margin.’*

CUSTOMERS PRAISE (T!

Bchenectady. New York City,

B e e e

e e e

See What You Get—Best Quality

Special Features

Great vulume,

Receives Calif.
from N. Y. on

1 perfect, even eon eccaslons
Two Tubes! when | have used neither
*'1 have followed the de- eciaNBergysTsundINLiga

velopment of the Roberts
eircult with results far be-
syond all expectations, 1 find
it to be EXACTLY as effi-
clent as deseribed. although
1 was skeptical as to the

Chicago, 13oston, ete., it
need not be mentloned, are

sure it was a licky day
when this set came ton my
sttention.”* L. L. Clifford.
190 RKecond Street. Fulton,
NEW YORRK.

I'ine 7x4x8 mahogany finish cabinet, drilled and engruvedl L:\‘\.':,«"“‘,:'s‘;""‘:{",';’,:'& :’;‘:’“::,d"“::“l";‘:e Uis LN se"‘:tiv_ity Better
Bakelite-Dilecto panel, extra good, non-warping basehoard, | Hizhly selective. plished. 1 no longer have than Eight tube

Nickles’ Ruberts’ coils, 2 Hammarlund iow loss variable conden-

sers, 3 E-Z Toon vernler dia

is, Thordarson transformer, pair

(‘heap to build,
Easy to operate,

any doubis, for in the last
week of August and to date

Heterodyne

Modern push-pull transformer >, . | Recelves great distance. in September, 1 have re- “Last week I constructed
Mode 'll h-p ! b formers, 3 lncfnt rheostat's.‘} Bell Bake- | 1)o0e not radiate or cause | ceived KGO st least four  the four-tube Roberts Knoek-
ite low loss soc ets, Improved single-circuit jack, Improved squealing in  your neigh- times. On 6ne of these oc- Out set. 1 am more than ¢
duuhle-clrcu]t jack, Cutler-Hammer inductance switch Smilear bors® recelvers. caslons 1 received it on my pieased by its operation, its |
filament switch, I’acent grid leak, Mileo grid condenser and | oW cost of upkeep. Dictogrand  loud <peaker,  odelectivity heing better than
mounting, 2 Hileo fixed condensers, Amplex grid-denser. 7 [ 11 gers & betwer conbliation | using snly tws tubest & e On & Door ment 1 war

. I3 y. b < 3
Qrmtm:'rat binding posts, binding post strip, complete set '“No- and quality fo= the total lo“rr; dlrmn::.msu’;h ;:"D‘:l nlyr?: lo" .hms:r nlflm ‘]\'5;'
Sod-er gonnecting wires, hardware, blueprint and instruction cost than any other circult las, Fort Worth, Auburn, WGN. WO, WSAL WRZ,
sh;eeit. You casr: a;:xembh- in oluly three hours or su. ““'ehi.:n've‘e_\l'_;rm_knmlvnim — “( l}astlrlllp!.hlml ﬁK.n-u -nd‘an at 'Inull ’Fx"k" in-

.ist price, $64.69; our regular catalog price, $48.56—special L LE L g 7 Ay, dn sl ahout 65 sta.  tensitv t Toule R Jeffrey,

g : ’ constriction ever produced. tions, while just “‘fishing.°* a1 Niwark Street, Hoboken,
price to November 30, oniy $43.51. Locals, sach as Plttshurgh,  NEW JERSEY. 1
3_Tube LoLos S 5' Postpaid—KitKR6996 )

} E l l &2 2 Range 1000 Miles on Loud
. Exelorer—Sel. Speaker <
3 l'm'ltlvely lﬂ “*hummer!’ We have m.‘{er 1
- e tested an outfit at anywhere neur our piice
4 . Statgglis Logsed in2 more sultable for long Uistance broadeast 4
r " hours at New York CIty reception.  Contalns a low [uss J-cheult 9
; . . luner,sa lw| ng cnudenwr.llm\- Inulsm-lkel.\. 4
ete. pocial Featuree: Nensltive—Nelective—
» A" on Loud Speakel‘ (‘lear rereml;m —SI;ng»Ie ul) rmlslruvt-l-simule {
- to operate—Dependable—Low  loss lesign—
’ .| - By ene of the editers of Iteceives long dlstances—Gieat volumwe. & 1
3 = *“‘Radie News w . . 4
=T e T T S i e Give You High-Class Parts {
4 WEAF |86 )77 (N, Y. ¢ty Fine 711818 mahogany finish ecabinet.
el w 65|21 IN. Y. Clty drilled and engraved Bakelite.Dilecto pancl.
] WFAM | 55 ] 18 [8t. t‘loud. Minn. extra good, non-warping baseboard, Gen-Win 4
WQAO | 73] 40 IN. Y. City low loss eoupler, Hammariund Jow lo-3 varia-
S WERH | 75 | 43 |Chieago ble condenser, 2 Bell Bakefite iuls. 2 Rasco 1
S wly 72 | 52 IN. Y. City verniers. 2 Paeent A. F. transtormers, o L
[ KDKA | 70 | 32 {E. I'lttsburgh, I"a. Pacent rheostats, 3 Bell Bakelite low loss 4
WTAS | 87 | 25 |Elgin, IN. sockets, Impreved single cirenlt jack, 2 Im- 4
4 WGRS {67130 |N. Y. City preved double clrcuit jacks, Smilear A hat- )
> VHN 72139 IN. Y. City tery filament switch, Hileo fixed grvid con-
4 WIAX | 88| 48 ICleveland denser and mounting, Pacent grid leak, 7 1
s WIT 75 | 83 IPhiladelphia. Pa. Aristeerat moulded binding posts, binding 1
4 KYw 78 | 82 'Chicago post strip, complete set *'No-Sod-er’’ con- L
woe 83 | 74 IDavenport, Towa necting wires, hardware. blueprint ind in. 4
: nruetloln :(r:(eetﬁ You !rjn us’emhl;- in only ¥ b 4
a_ couple ours. st price for paris, ‘ou cannot get better Kits a here!
b This I1s & dandy! Order it! %37..34.'. ';""" "‘"’""'30"""[ ”32”625""‘ Special y * e :
) rice ovember 30, only .51,
. | oLDEST RADIO . ORDER DIRECT FROM THIS AD—ON APPROVAL—NO MONEY IN ADVANCE{ \p gy p )
: - — SHIPPED SUBJECT TO EXAMINATION WHEN REQUESTED — WE PAY
4 MAIL ORDER : TRANSPORTATION-24-HOUR SHIPMENT—SATISFACTION OR MONEY BACK N 1
p = (Forsign custemers will please remit with erder and include encugh for transpertation and insurance which we do net pay.) 24 HOURS )
s H )
H 4
4 H
, w 1 Send for BIG CATALOG---36 pages. FREE : i
| amemica | Filled with big bargains in Kits, Parts and Accessories. Send today! | Guarsmteed |
& g g ' . 0day: Guaranteed }
s N 4
RADIO SPECIALTY CO.. Kit Di Y G i Y. |
4
. Kit Div. 633Y, 245-0, Greenwich St., N.Y. ;
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P Train At Home™
j Yor a fine

ELECTRICALY

J OB and
abi$ RALSE
ey /.4

“1f you are now
.| earning less
chiet Engineer buNLAP than 40 aweek

—if you want to be an ELECTRICAL EXPERT
—if you want to step quickly into the class of
men earning from $60 to $250 a week—write me
al once! This million dollar school offers ambi-
tious fellows their big opportunity to learn every
branch of Electricity at home in spare time by a
new, practical JOB-METHOD,

Go into ELECTRICITY!

—the Business of a Miilion Opportunities
Be an Electrical Expert. Go into the one great industry
where it's easy to get to the top, to make money, to
make a real success. You don't need money in the bank
gr “pull’” to get ahead in Electricity—all you need is
ralnl i :

onest, training, such as I guarantee,
Learn Electricity - 'I'nlnln&Bullt
Quick by Dunla? by 23 Noted
**Job-Method’ Engineers

Rapid progress s
made by my stu-
dents because 1
train them on ae-
tual Electrical
jobs, with stand-
ard-size tools and
materials which I
supply them with-
out extra charge.
The first half of
my training is
Applied Efectric-
ity — a comnlete
course {n itself,
In the second half
1 pive you Elece-
trical Engineer-
in g subjects. 1
give yon Elec-
trical  Drafting,
tadio, Automo-
tive Electrictty,
and many other
valuable subjects
all for one »mall

price — on easy terms.
Get My PAY-DOUBLING
OFFER

Refore you put your time
and money Into homc-train- profit,
Ing. you want to know if {t
will lead to a better Job and
bigger pay. 1'll answer that

tor, same type as

the great.

i)ower plants. It
s shipped knock

down so you get
actual practice in

. clur-
rent or 32v farm
electric systemn.

This is not a one-
man, one-ides
school. 22 fam-
ous Engineers
from Westing.
house, Western
Eloctr'o, Massa-
chusetts Inst. of
Technology, and
many other great
corporations and
universities help-
me make this
course complete.
Free Job-Servica
for Students and
Graduates
YWehare aupp]ied
thousands of jobs
Freo both to8tu-
dents and gradu-
ates., This Job-
Service keeps in
touch with great
electrical emplioy-
ers in America.

The AMERICAN 8§CHOOL

is chartered under the laws
of Massachusetts. ag an ed-
ucational institution not fop
Est. 20 years. Over
200 Executives, Engineers
and FEducators have prepar-
ed the texts used in these

in plain English. Get my Wwonderful American S8chool
catalog, my wonderful mew home-studycourses in Elec-
offers —quick. itricity.

CHIEF ENGINEER DUNLAP, Electrical Division
AMERICAN SCHOOL Q2ot:r sooomdies
Mall coupon to
Chisf Engineer Duniap Dopt. E-869Chicage
D gI want to be an Electrical Expert. Please rush

uarantee, job-pervice facts, complete information,
money-saving offers,

Name. ..o eninininneeracenarnnannnns seeaen

Will §20.00 Help You?

OU can easily earn $20.00 extra this

month by selling us your spare time.
Thousands of busy men and women are in-
creasing their income by taking subscription
orders for our four popular magazines—
The Experimenter, Science and Iniention,
Radio News, and Motor Camper & Touriss.
You can do the same.

All particulars and instructions will be
mailed immediately on request. No obliga-
tion. Simply fill in your name and address
below and

—————— MAIL TO-DAY — — — — — —
EXPERIMENTER PUBLISHING CO.
Box E-11, 53 Park Place, New York City

G0 ooacromoaoonmamos oo e oo oo

Street o
City _.State

stores. T may tell you that—I who have tried it,
and | have an accurate knowledge of the dangers
and difticultics that beset the traveler through the
dense Amazon jungle, If you are ignorant ef
them, these dangers will not daunt you, They
daunt me. But take your time to consider the
matter, by all means. Let me hear from yau
when you decide.”

He turned back to his work at one of the im-
struments, and the guards blindfolded us once
more.

This time we had a cave to ourselves, a little
cave. well enough lighted and ventilated hy a
winding crack in the outer wall, through which,
however, it would have been impossible to make
any exit. Three beds were disposed about the
cave, and a rough stool or two. We found all
our clothes and stuff, bLrought down from the
Merlin, but they had not left us even a pocket-
knife by way of a weapon, or vven a watch Ly
way of a compass.

Food was brought to us by the stout seaman
who had been guarding us in the bigger cave—
fragrant tea in enamclled mugs, with excellent
white bread and jam the first time, and later a
savory stew of venison of some sort with vege.
tables, The stout seaman was most unloquacious.
IHe waddled in and out without a word, hardly
ever looking at us, hut staring glassily in front
of him or beyond us, He was, we found out
later, one Smithers, formerly a warrant officer
in the Briti¢h navy. Ounly once did this strange
attendant speak to us. Apropos of nothing, he
suddenty fixed the trio of us with a comprehensive
and basilisk glure. A hoar<e rumble mounted
apparently from his fect to his short throat.

“Docs any o' you gen'lemen know anythin’
about toticans?’ he rumbled.

. The inappropriateness of the question beat us
into surprised silence. We simply gazed at him.

“I thought not,” he said complacently. “Well—

Movies and Radio
Are Now Linked

Recent experiments in  California
tied .up the voice of the actors and
their motions on the screen. This was
predicted six years ago by Radio
News, Read the complete story in the
November issue.

Other Interesting Articles to
Appear in November Issue of

Rapio NEws
Radio With the Rice Expedition
By T. S. McCaleh

Radio-Controlled Automobile
By Iorndon Green

Hot Cathode Metal Vapor Tubes
By Dr. Bazzoni

‘ New Ideas in Radio Receivers
By (.. C. B. Rowe

New Two-Range Receiver
By Sylvan Harris

you soon will!” And with a portentous nod to
the company in gencral, this strange fellow heaved
himself from the cave.

We were well treated. Games of sorts were
offered to us, and we had the use of poweriul
electric lights when night came, but we were
strictly left to ourselves. No guard was left in
our cave, but a peep around the curtain orver
the entrance showed a fellow with a ritfle sitting
a little along a well-lit passage. It was a trfle
disconcerting to peep out and find ourselves
winked at sereuncly hy a periectly wide-awake
and obviously competent sentinel

Escape Through the Wilderness Impossible

The three of us thrashed out every possible
scheme of cscape, but everything we tried in
imagination brought us up with a round turn.
Milliken and 1 reconstructed a map on the tinor
of the cave, and came to the conclusion that we
were somewliere on the borders of Colombia,
Venczuela and Brazil, hundreds of kilomesers
away from any reasonable civilization.  Without
food or any weapons for providing it, with no
sense of our direction once we I(-Ft the platean
and hegan to traverse the sunless forest or follow
equally sunless rivers, escape secmed impossible,
South of us lay league upon league of dense tor-
est and swamp, north and west high barriers of
mountains, and to the east a ramified veinwork
of rivers, apparently tributary to the Amazon.
I did not fcel competent to lead my companions
through any of these ways, granting that we
escaped from the plateau. My paths are in the
air. [ _have no skill in woodcraft and jungle
work. T felt lost.

This sense of heing lost was shared not omly
by Dan Lamant, but even hy the resourcsful
Milliken. Had [ been competent to lead, he
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Battery Prices
SMASHED!

To Consumers Only
Hereis areal battery quality,
g:amuleed to_you at prices
e baring public. - Geder O
Jisissi ety by F
i rect From lpactory. Put the
Desler’s Profit in your own pock-
et. You actually save much more
than half, and so that you can be
convinced of true quality and perform-
ance, we give a Written 2-Year Guaran-
teos. hmbyour protection! No peed to
take a chance. Our battery is right—and
the price is lowest ever made, vince
1f. Read the prices!
Pla .;t.: ':':I‘l?ooA .50
6Voit,11 Plate.$9.50 6Volt, mp. $9.!
.13 Plate.11.50 6Voit,120 Amp.11.50
B TP 1308 Svaltli Ams:13:00
Buy Direct—Send No Moéney
e ask po deposit. Simply send name and od-
‘s oiyte wanted. Hiattars will bed\%ped
name wa recetve your order Expreas C.0.D.
mutrjoct to your e tion

.. You cannot lomel
i Imr order today

ARROW BATTERY CO.
Dept. 14. 1218 So. v O
Wabash Ave.,Chicago

Amaze Your Friends With

Chemical Tricks

Write secret letters with invisible ink;
pour blue, brown and black )iquid (rom a
glass of water; make a magic pitcher of
biulng; make your own magie writing
paper, your own ink and dyes. It's all
easy il you have Chemcraft Junior—the
pocket Chemical outit. Get yours now,
Order right away and get a FREE Cupy
of The Boy’s Ilandbook of Chemistry ;
130 pages of experiments, formulae, in-
teresting chemical information, money-
—= making sugges-
71| ®estlons and ca-

talog of supplies.

Porter Chemical

Company
107 Washington
Hagerstown, Md

EMCRAFT|

JUNIOR};

CHEMICAL OUTFIT
ruice 255 cents

RADIO MAILING
LISTS

18,119 Radio Dealers, per M. ... ...
970 Radio Dealers in Mexico, per lis

2,324 Radio Jobbers, per list

1,808 Radio Mfrs,, per list ..
597 Radio Mirs., p!
128 Radio Battery Mirs.
125 Radio Cabinet Mfs.

25,000 Radio Amateurs, per M.
325 Phonograph and Music Radio Dealers...

Guaranteed 98% correct. Ask for General Price
List showing 4,000 other liste.

A. F. Williams, Mgr

166 W. Adams St,

Chicago

»
tube Miraco gets I
distance o‘n lot:a 35
speaker. Set, ONLY —
J, SEND for SPECIAL OFFER? u'-“‘

Uaers everywhere

Earn $35 to $100 a week, part or full thine. Everyone

& prospect. Complete 1llne standard sets and acces-
sories, $3 to $90. Write today for illustrated catalog
and exclusive selling plan for live dealers and com-

munity ag
20TH CENTURY RADIO CO..
1261 Ceca Cola Bidg. « - . Kansas City, Mo.
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The Simplest Practical
Radio Set Made

g &

RADIOGEM

The simplest radio outfit made—
yet as practical as the most expen-
sive. A crystal receiving set that
you can operate and enjoy even
though you know absolutely noth-
ing about radio. You receive the
RADIOGEM unassembled, together
with a clearly written instruction
book, which shows you how to
quickly and easily construct the
set, using only your hands and a
scissors. The outfit comprises all
the necessary wire, contact points,
detector mineral, tube on which to
wind the coil, etc., etc. The in-
struction book explains simply and
completely the principles of radio
and its graphic illustrations make
the assembling of the RADIOGEM
real fun.

AERIAL OUTFIT

Complete aerial outfit for
the RADIOGEM, consisting
of 100 ft. of standard cop-
per aerial wire and two
special porcelain insulators.
Price .....oovviiiinnn.. 50c.

Radiogem - - - $1.00
Aerial OutAt - - - - .50

Radiogem and Aerial

Qutit - - - - 1,50

RAGEMCO

N

Radio Headauarters for the Finest and BEST Radio Tools

an==gE) r:pi0

TOOLSET

S  SEESSSSRES3 Ty s the handiest
;=._—-=_—_"ﬂ set of tools ever made

for Radlo Woik by

Ihe makers of the

= {anicus “YANKEE™

Tools. It contalns the

followinz: 1 Rachet

Screw-driver, A4 In.

iong  holding nll attachments; 1 Ttlade, 5% x 3-16: 1
Rlade. 312 x % 1 ilade 2% x % : 1 Countersink; 2 Bock-
et Wrenches for all small nuts; 1 Reamer to onlm:,go holes
in panel from % x %.: 1 W rench. one end 5-16” square
or_hex. for jack. other %" hex.. etc.

HAND DRILL

T h e hardwood
handle is hallow
store drills.
lron frame, nick-
eled parts, ball
bearing three jawed chuck holding and eentering aceu-
rately round shank drills from 0 to 3-18. Length of
hilil. 12 tnches.
PRICE—No. 308 .......cco0cvensee eeevessosrecs.$2.25

=% | HANDI-

E Bends Rus Baror

scrapes wire.

bores and reams

holes, ete. Tool

black ;apanned handle. to which s attached wire bending

devlce. with nickeled ferrule and 3 in. lonik two sided
ream

Set consists of “LOUK

h% GRIP master handle,

ish with steel chuck, nickel

plated. buffed and with the following 9 tools: Naw, brad-

awl, large screwdriver, file, scratch awl. whmlet, reamer.

ol RADIO
wire strips and
JI« c—“‘-\
of 1 in.
PRICE—No {72 R R 50¢
long, biack 1tubberold fln-
chisel, small screwuriver. Each tool of tne steel. drop

forged tempered. hardened, and nicely finfshed. Net comes
in leathernld hax with tras.
PRICE—No, 703

WIREBENDING
TOOL

For making eves, loops,
bends, and offsets on Bus

Bar wire, With this device

u any Radlo Constructer can
wire his set to compare fav-

orably with any fuctory made set. Easler to use and more
acentate than pliers.  Full directions in box. Made of

heavy steel. blued and finished.
PRICE—No. 203

SCREW STARTER
and DRIVER

Holds any screw by lts slot
with a firm grip, niakes it easy
to place and start screws in dificult places.
Just the tool for the Radlo Constructor. All
pms heavily nickeled and polished.
PRICE—No. 304

CIRCLE CUTTER

Especislly designed for the Radio
Constructor, Made of the finest
material and equipped with tne
highest grade high steel cutting
bits, It does three things at cnce,
1t iills its onn pllot, cuts out
plug and tnts bead or scroil
aroand the hole In ane operation,
Cutsy holes 3¢ to 1 In. In diam.
PRICE—No. 402 ........ $3.00
401, =ame tool bt smaller and
not fitted with bead or scroll in
one operatlon,

PRICE—Ne. 401 ........ $2.00

RADIO
DRILL SET

Coniposed of 10 stratght shank

oo Bu e Do o Be e Do B
twist drills, fitting all hann
and Dbreast drille.  The selee-

NNIIITTT

espechiully made for Radio Constructors ln(l consists of
the followlng sizes: l l». H-f1, 102, T-R1, Y%, 9-8)
5-32, 11-64%, 3-18, 17 Drille are mounted on white
Holland Linen wlth sl/m rlmrl\ mitiked.

PRICE—No. 305 ..

........... $1.25

Especially deslgned for Radlo Work by the makers of the

famous *‘Yankee' Tools, A heautiful balanced, smail.
powerful drill with 4 to 1 ratio of gears for speed. 8pe.
clal chuck 9-32” capacity, to take largest drill, mostly
furnished with dril] or tool sets. Length over all. 9% in.
Weight 1% ibs.

PRICE=—No. 302 .........cc.iiiiiiiiniieinannass $2.75

ELECTRIC SOLDERING IRON

A perfect tool for Radlo Work, Operates efther on 110-
w1t M., or D.C. The heat element fs of Nichrome.
which prevents overheating and assures the desired even
temperature. Size of Iron, 10% in, long. A 4-ft. cord
and plue = furniched.

PRICE—No. 800 e aeeaeseeas $2.00

1YY

Throe-in-One Nut Wrench. Consists of hardle with hol-
fow stem 6 inches In length and three Interchangeable
sockets fitting ponular sizes of nuts. The hexagon sockets
pritt the nut otdle,

PRICE per set—No. 301 . .. 5 Gom0oo Ao 65e

Combinatien Plier, Wire Cuner. Wln Former and Vlnneh
Dirop forged, slonder bat exeeptlonally strong, 8 In, long.
PRICE—Neo. 202 .. . . . P £ 1]

Side Cutting Nlpper. Lap loint. For cutting all kinds of
wire Jaws hardened and ofl tempered. Natural steetl
finlsh with polishel jaws. Lensth 6 inches.

PRICE—No. 208 ..............

Long Sharp Nose, Side Cutting Pliers. Just thie pliers
for the r1adie con-tiuctor. Bends and cuts all kinds of
saft wire.  Nose 1% Inches long. hiack body, poliched
rans  Length ‘é lnc es,

PRICE—No., 200

Order all tools by order number.

All goods are shipped fres of transportation charges to all parts of

the United States and possessions the same day as the order is received.

MONEY REFUND GUARANTEE

If you are not satisfied money will be refunded on return of goods.

-\The RADIOGEM CORP., 66-E W. Broadway, New Yorj(/
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SUPER-HETERODYNE

g

—and you can build the |
finest Radio Receivers THE REFLEX

Quickly and Easily

It takes but one or two evenings, using only the simplest tools to construct, at
home, any one of the big, popular receivers shown on this page.

All you need is the well known CONSRAD Pattern that covers this particular
receiver. CONSRAD Patterns are marvelously simple. You don’t have to
measure the spacing on the panel board or the placing of the parts. It is all
drawn for you on the Blueprints the same as indications are given on a lady’s
dress pattern.

And you don’t have to use 100 different tools to complete the job—just six or
seven ordinary tools found in every household. A screwdriver, a pen-knife, a
pair of pliers, etc., and you are ready to go ahead.

Visit your nearest Ragio Dealer, ask him to let you look at some CONSRAD
Patterns, select the one you want. Pay the Dealer 50c and you have complete
instructions and blueprints for the construction of the Receiver.

IF YOUR DEALER CANNOT SUPPLY YOU, WRITE DIRECT, MENTIONING
THE RECEIVER YOU WISH TO BUILD AND ENCLOSING FULL PRICE.

REMEMBER: CONSRAD Patterns—only 50c—give complete full sized blue-
prints and instruction booklet. Everything ready to build.

The CONSRAD COMPANY 233 Fulton St., New York

Consrad

EVERYTHING IN RADIO BOOKS, PATTERNS AND DIAGRAMS
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would have followed, but taking the lcad him.
self he feit to be out of the question, It must
be remembered that in our approach to the
platean, the Merlin had covered hundreds and

hundreds of kilometres in wide circles without
biinging into our view the slightest trace of
human occupation. We had to discard the idea
of escaping by land entirely.

We had a vague notion of one of us stowing
away in the airship and escaping from her on
some raid, but consideration of the plan soon
showed us that it wa~ impossible.  There remained
the breaking of our parole. We did not discuss
that. At length we decided to give our word
not to attempt to cscape.

To this moment, when 1 look back and wonder
a little that we did not make a bhid for freedom,
1 hold the belicf that the dominant and persuasive
personality of the ¢ lief of the League had much
to do with our acceptance of the situation. For
myself, I became avid to see the ship and the
weapons which had foolel me so completely on
my Merlin, and Dan Tamont was in a fever to
be nosing out the scientific facts that gave the
raiders such power.  In the laboratory of the
Chief he had seen much in the way of instru-
ments and plant that was unfamiliar even to his
skilled eye, and he considered that his object in
joining my party was gained in having reached
the workshop of the man who had plinned the
raids.  Milliken <aw no means of escape. e was
downeast ahout it, but he accepted the situation,
and shared the desire to look closely at the air.
ship—though in a <lightcr degree than myseli,
since e had a 1ooted contempt for so-called
lighter-than-air machines.

When morning came we all three desired an
interview with the Chicf, which was inunediately
grantud,

“You have acted wisely, gentlemen,” he said.
“FEscape was impossible.  Fven if you had etuded

pursuit, the chances were all against you ever
reaching civilization. Let me explain to you,
partly o

e went over to a cupboard, and brought out
a linen bag containing something roughly 1ound
in shape, little bigger than an orange.

“Of all the men who have joincd the ILeague
of the Covenant,” he said quietly—"and there
are close on to Hfty inen here, some of whomn
have been in these caves for three years—only

one fell short of absolute loyal and devoted
service. One man—a traitor.  We do not say
his uame, nor do we mention his nationality.

He is forgotten as if he never existed, This man
forgot his allegiance, The world pulled at hrim,
his desire for the fleshpots—he deserted the com-
pany and tried to make his way back to civiliza-
S T

\\"i(h a solitary hand the Chief was undoing
the strings of the linen bag with a singular
deftness.

“Oun his journey out—it was two days before
we started in pursnit, for he had been hunting—
he fell in with a tribe of Indians, the Mandaruen,
who have one curious art. The story we heard
afterwards was that this traitor insulted one of
the native women —he was that sort of man—and
he was taken and killed.. Months later, two of
our 'hunters came upon the same tribe.  In one
of the huts they found this.”

The Head of 2 Traitor—Mummied and Shrunk by
the Indians

Ile let the sides of the bag fall away, aud he
pulled out a miniature head.  This was longish
haired, highlysvarnished, and the lips had been
sewn together with brightly colored threads which
hung down in long strands far below the sev-
ered neek. - .

“GoodrJord Tt
traitor’s, head?”" . .

“That,, Mv. Boon,” said the Chief, *‘is just
what this- object is. [t is the head of our traitor,
shrunk to this little measure by the art of the
Indians.” , °

“I have hegard of the process, sir,” Dan Lamont
put jin. ; YThey take out thle bone structure, and
shrink the, flesh with liot pebbles——2

“That’ is "the’ process, T Delie The lips arg
sewn together to prevent the victim cursing his
captor. The preservation of the lineaments is
quite remarkable.”

sir!” I exclaimed. isn't the

The Parole

The Chief gently replaced the head in its cover
and turned to, us. -

T do not insult you hy suggesting that, having
given your word, yon wonlds cudeavor to escape.
and that is not why 1 have shown ,you this
curious relic of one who attempted it. ou will
he free to explore round the platean as you hke,
and to examine all our caves. But I warn you
not to stray too far. It i, dangerous to be-bushed
in the Amazon forests, and to fall victim to the
curious pickling ‘art of the Mandaruen is perhaps
the least painful of the fates, that might overtake
you, 1 warn you solcmuly_‘to take care how
you go."” . <

“Thank you, sir,”” 1 said.

“One other“thing I must request of yoy.,” he
went on. ““You3are granted “the freedom“to go
outside the égves on the obvious condition that,
in the c\'cnt'_qf‘ aircraft flying over the plateau
as your Merlin did, you will not make any signal
or reveal your presence in any way. If you sight
aircraft- while in_the open and out of fajrareath
of cover, you will stand quite still at once<4pd
not loock up.. As an airman, Mr. Boon,_.you will
appreciate my reasons for that request?”

“Yes, gir, Quite.”
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pedigrees
VERY MUSSELMAN Certifi
the tube.

R.egardlcss of whose tube it is, the
of a tube you are getting. Only M

far your set. Ii your dealer cannot

Sales Office
A. J. MUSSELMAN
651 Machinery llall, Chicago

A, J. MUSSELMAN,
651 Machinery Hall, Chicago.
1 inclose § for which send e

understanding that if they do net prove all you
my money.

Name

These perfect tubes carry their

gree, in the form of a characteristic curve chart, packed right with
This chart gives the exact operating data for that parti-
cular tube, as read from delicate electrical instruments at the factory.

offer you this absolute protection against disappointment in bhuying tubes

List price: $3.00.
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with them

ed Radio ‘Tube is sold with its pedi-

re is no other way to tell what kind
USSELMAN Certified Radio Tubes

supply you, order direct.

Manuvfacturer
THE vAN HORNE €O,
549 Washington Blvd., Chicago

Musselman Certitied Tubes. It is ‘my
clann for them. you will replace them or reiund

D MEN TO MANUFACTURE
METAL TOYS AND
NOVELTIES

(H
Gouwd chance to start yonr own well-paying husmess
producing such big sellers as Toys, Novelties, Ash
Trays, Book-blocks, Souvenirs, Advertising Special-
ties., Paper \Weights, etc. We furnish forms with
complete outfit for speedy production. Absolutely
no experience or tools necessary; no special place
needed. Small investment puts you on road to suc-
cess. Demand exceeds supply and we assist vou and
co-operate with our manuiacturers ir selling their
products. We put you in touch with the buyers
and assure an outlet for yonr goods. Strictly a
business proposition and thorough investigation in-
vited. A splendid opportunity for an enormous and
profitable business for ambitious men. No others
need apply. Catalog and informat on mailed
on request

METAL CAST PRODUCTS CO

1696 Boston Road, New York

DRAFTING Lessons

actually sent FREE!

to prove you can learn AT HOME
In your spare time!

T have made Drafting so simple to Tearn,
that any fellow with commonschooling can
now muster it quickly and easily at home
in spare time! I will send you g interest.
ing lessons Free to show you that you can
become an_Expert Draftsman. At the
same time I will tell you all about the
wonderful opportunities and big salaries

open to Draftsmen. There's a big demand
for men wno know Drafting from begin-
extrs cost.] ning to end, at $76 to $12

& week.

- ' - . ___
Trains"Job*2? Raise (e
1f yon're earning less than v
$40 g week, go into Draft-
ing. You can learn by my
new‘hu;b-l}qetho(} li)ns; few
{nonths. Free Jo rvice

's' d]’od .;.l‘mcn.fnol-
Iece:n (‘:::t!:::y .-:E::: J:;uh‘.
Chief Drafting Englneer
AMERICAN SCHOOL, pert.0359, Chicago

Insure your copy reaching you each month.

Subscribe to The Experimenter—$2.50 a year |

Experimenter Publishing Ca.,, $3 Park Place, N. Y. C.
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clencee and
Invention

18 merersy

A

Here’s an easy, pleasant
way to keep informed—

On latest develpments in: Radio—Electricity, Chemis-
try—Motoring, Camping, Touring-—Science, Inven-
tions, Astronomy, Physics, Mechanics, Patents, etc.
Simply subscribe to one or more of these national
magazines—all of which are‘the acknowledged leaders
in their respective fields.

Earn These Valuable Premiums

With every subscription to any one of our magazines we are giving free, your choice of a beautiful “"Ekko
Stamp Album,’’ the new radio craze for keeping stamps of various stztions logged, or a copy of the “'Ra-
dio News Amateurs’ Handibook,'’ a compact, illustrated Radio Instruction Book containing over 200
pages of radio data and information.

RADIO NEWS

Radio News has been radio’s
greatest and biggest magazine
since the very beginning of radio
broadecasting. It is the outstand-
ing authority in the radio indus-
try carrying more new develop-
ments, more detailed drawings
and more news than any other
radio periodical. Some of the
regular features are liberal prize
offers, an attractive roto-gravure
section, articles by Hugo Gerns.
back and other foremost writers,
departments giving Standard
Hook-ups, Radio Patents, etc. In
short, Radio News covers every-
thing worth while in the radio
field.

SCIENCE AND INVENTION

Sclence and Invention thor.
oughly covers every important
and interesting event of the
scientific or inventive world
that occurs from day to day.
All of the latest developments
in Electrics, Patents, Chemis-
try, Mechanics, Magic and
Psychic Phenomena, Automo-
tive Subjects, etc., are written
up and illustrated. This fasci-
nating magazine also makes a
big hit with the radio beginner.
In every issue the sound prac-
tical fundamentals of radio are
carefully and completely ex-
plained and simplified.

THE EXPERIMENTER

The Experimenter authorita-
tively treats of the three great
branches of modern research—
Llectricity, Radio and Chemistry
—and the advances that are
made from day to day. Every
page tells of something new and
interesting in experiments, appa-.
ratus and ideas frecm laborato-
ries, large and small throughout
the world. In every issue there
are seventy-two pages of experi-
ments and drawings, a timely
editorial by Hugo Gernsback: a
unique radio section of twelve
pages of radio experimental ar-
ticles by the foremest radio au-
thorities: etc.

MOTOR CAMPER & TOURIST

Motor Camper & Tourist is
the only national magazine
edited for every person that
owns, travels in, or has the use
of a car. It is an indispensable
guide, a complete equipment
and an entertaining story ma-
gazine attractively printed in
colored roto-gravure. In every
issue there are special depart-
ments giving latest information
on Routes, Maps, Where to
Camp or Stop, Vehicle Laws,
Motor Camping Cars and Ac-
cessories, Kits and Packs, Mo-
tor Modes, Care of the Motor,
Camp Cookery, Roadside Re-
pairs, etc.

sesemeseesmseccmccnsnsesssce==USE THIS COUPON-======sssrss-ccacacacnaanann

SUBSCRIPTION OFFERS EXPERIMENTER PUBLISHING COMPANY, Inc.,

One Years Subscription to:— 53 Park Place, New York, N. Y.
RADIO NEWS
SCIENCE & INVENTION
THE EXPERIMENTER I am enclosing $ .. for One Years Subscription (Twelve
MOTOR CAMPER & TOURIST Issues) to (Check Magazines desired) Radio News [J, The Experimen-
Combination Subscription ter [, Science and Invention [J, Motor Camper & Tourist [J.
Any two magazines, One year each. .. $4.25
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“l put it briefly. In the event of anything
happening hostile to the purpose of the League
of the Covenent, you will act as if you were
members of the League, short of joining in any
retaliatory measures we may take against our
enemies, Do I make myself clear?” -

“Yes, sir,” we said.

“And 1 have your promises?”’

We all assented.

“That is well. You are free to move about as
you please. If you wish to go hunting, guns
will be provided you. 1 advise you, however, to
join with either Lord Devonridge or Mr. Haynes
to begin with. Or perhaps Mr. Greenslecve or
Mr. Whittaker might guide you. These are our
most skilled shikaris.  You must aot allow your-
selves to be without anything necessary for your
comfort. We are your hosts.”

We were amazed at such reliance on our simple
word, and we could see how it was that the little
leader had gained the unswerving loyalty of his
band, We thanked him.

“Not at all,” was the reply. “We want you all
to have a real idea of us, to ste that we are
honest men banded for a great purpose. To
subject accidental prisoners to close captivity is
no part of our scheme. And now. my guod Boon,
you are no doubt anxious about your beautiful
seaplane. Commander Setun will supply you and
Milliken with all the tackle and the men neces-
sary for raising her.  When she is reconditioned.
bring her down to the north basin and into the
cavern. We shall find a place for berthing her
in safety.”

He turned to Dan,

“Mr. Lamont,” he said, ““I have much to show
you, but you may go with your friends if you
desire 0

“I'lt stay with you, sir,”” said Dan, his face
aflame.

111

A Great Machine Shop in the Depths of the Moun-
tain, and the Repairs to the ““Merlin"

I must not say much about the interior of the
great system of caves under the plateau. Seton
has given a full description. But the amazement
of Milliken and myself, and later of Dan lLamont,
on secing the marvelous equipment of the l.cague,

We Pay One Cent a Word

WE want good electrical articles
on various subjects, and herc
ts your chance to make some easy
money. We will pay one cent a
word upon publication for all ac-
cepted articles.  1f youw have per-
formed any mnovel experiments, if
you see anything new elcctrical, if you
know of some new clectrical stunt be
sure to lct us hear from you. Articles
with goed photographs are particu-
larly desirable. Write leqibly, in ink,
and on one side of the paper only.
EDITOR.

the splendidly organized machine shops and power
<ations, may easily be guessed. 1t seemed in-
credible that a mere handful of men had so secretly
collected that mass of material and had created
<uch an efficient depot for thc crection and dock-
ing of the two marvelous airships. )

The immensity of the caverns was awe-inspir-
ing. With the glow of a furnace here, the hum
of the dynamos there, the rush of water to the
hig hydraulic mains of the turbines and the splash
of the excess to the hasin of the cavern, the glare
of the arcs, the shimmer of the great airships,
an effect was created that gave one the impres-
sion of being in a dream. Truly, it was difficult
to persuade oneself that one was awake.

As Seton conducted Milliken and myself about
the caves, showing us everything that was to be
scen, we met many members of the League. There
was not a man among them who could not lovk
you squarely in the cye, or who lLad not every
appearance of sterling honesty. In Milliken and
myself, as the pilots of the Merlin—the only air
machine to get within real fighting distance of the
Ark of the Corvenant—the men in the caves showed
a keen interest.  We had to_fight the battle off
Mogador over and over again with new groups
as they collected round us in the various depart-
ments. Even Milliken bhegan to lose his resent.
ment.  To harbor ill-feeling amoug so many spe-
cimens of decent citizens was impossible. Here
were clean-limbed, keen-faced young Americans
and Englishmen, and older men, graver of mien
than the younger fellows, but all clearly good
types of intell gent humanity. A crew less pir-
atical could not have been imagined.

That every man among them was imbued with
a sense of high purpose was mnot obviously ap.
parent, but that it was there could not be denied.
The eager questions that were shot at us about
the effects of the raids were a clear indication
of the keen interest that was taken in the object
of the League.

1 will say that Seton had a splendid way with
the men under his command. He knew just the
right thing to say, and the right way to say it
to get the hest out of each man.
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The gang he picked to help in the refloating
of the Mt'?l'ﬁ could not have been bettered. They
seemed to be sailors mostly, and among them was
that stout and silent mariner of the question about
toucans, specially called out of the commisfiriat
for the job. The gang collected material for“the
purpose, and with i(‘illiken, myself and Seton, set
out for the top of the plateau. 9

We climbed by a high staircase to a tunnel

| entrance, and began to ascend that passage by

which Dan and myself had been brough blind-
fold into the cavern. This passage was a natural
one, the track, we were told, of an ancient undes-
ground stream. 1t was lit up at intervals along
its length by electric globes, and emergence to the
top of the plateau was gained by an opening
which was concealed among dense undergrowth.
Near here stood the sinter cones that Dan amd
I had been examining when we were captured.

The raising of the Merlin was done in very
seamanlike fashion. A tree was felled close to- the
plane, and was lopped and trimmed into the arm
of a rough derrick, and this was hoisted by means
of cables reeved to standing timber, firmly stayed,
till its upper end hung over the Merlin., From
this point was depended a tackle of two double
blocks, the lower of which was hooked to the
ring-bolt on the AMerlin’s cabin-top. When all
was set, the gang ‘ran away” with the cable.
navy fashion, aud the hull of the seaplanc came
out of the water. Pumping out the water fram
the floats and patching thic bullet-holes took very
tittle time, and at last the Merlin floated on the
lake, very much hersclf again, except for a muddy
nose and a scratch or two.

Her engine, in spite of the ducking, was in
such a condition that only half an hour's Work
was needed to put it in order, and when Seton
had given instructions to the gang to remove all
traces of our opcerations before returning, he joined
Milliken and myself ahoard the plane. Presently
we had taken off from the lake and were circling
above the plateau.

I don’t think I need tell of the feelings that
held me when I found mysclf in the atr with
the old bus again, or of the ternptations tha
possessed Milliken and inyself. [ think Seton
gauged the turmoil in our hearts with fair ac
curacy, for he smiled whimsically at my mechanic
and mysclf with a nice air of sympathy.

“Let her out for a bit, Boon,” he said. "‘I'd
like to see how she gues. No hurry to return
yet.”
. I took him*at his word and swung the plane
into a northerly course, stunting to show he:
paces. In the interest shown by Scton in the
bus, we went further north than we intended.
and T was just about to let him take the controls
to try her when, dead ahead of us, the speck ot
another plane came into sight!

Seton saw the approach of the other machine
as soon as I did.

“Kcep to your course, Boon,” he said quietly.
“And answer her signals.”

You forget that our radio aerial’s shot away,”
T replied.

“Haven't you a spare?”

“Rig the spare aerial, Milliken,” I told the
mechanic, whose hands were working convulsively
and whose face was white,

Milliken silently snipped the cords binding the
coil of wire and quickly attached the spare
weight, which he lowered through the aperture.
He then connected the slack to the drum.

“I'll do the lying that’s necessary.” said Seton,
and went to the keyboard of the radio.

On came the machine, heading for us, and we
heard a voice in the open phone,

“Hullo, Merlin? Anything doing this way?"

“Use the key,” Seton tapped. ‘‘Phone attach-
ment dis.”

. “Anything doing this way?" the question came
in Morse.

“Not a thing,”" Seton buzzed back. *“We've
been wastng time here,”

“Where are you heading for?”

“Don’t know—Caracas way, likcly., Been on a
false scent. Try eastwards.”

“Thanks, Merlin, Good hunting!” .

And with that the stranger swung east, while
we kept to our course.

All this time Milliken had been standing behind
Seton, with plenty of loose tackle about that
would have made a weapon for attack. One
blow with a spanner, for example, on the back
of the big man’s defenceless head would have
given him his quietus and us our freedom. When
at last Seton turned, my mechanic was staring
out of a porthole on the opposite side, pale of
face and his lips working.

“Thank you, Milliken,”” Seton said quietly.
“But T beg your pardon. T had uo right to ex-
pose you to that temptation.”

“Mr. Lamont was left in the cave,” the
mechanic said hoarsely, still looking out of the
porthole.

“l don’t think it was that, Milliken,” Seton
said, and he thrust his hand past the mechanic,
so that he could not help seeing it. Milliken
turned with a fierce gesture.

“Hell!” he almost snarled. Then with some-
thing of a gulp:

“You gave me the back of your head. Seton—
and me with a spanner handy i

He snatched at the extended hand. Seton
wrung the other hard, and turned to me.

““May T have that chance to handle her,
Boon? he asked, “when we turn south again?”’

(To be continued) 0

(Copyright by Harper Bros., New York.)
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OPPORTUNITY AD-LETS

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.

these ads.

As a reader of The EXPERIMENTER it will pay you to reed
Each issue contains offerings made by reliable firms

who are desirous of your patronage.

Ad-Lets for January should reach us not later than November 20th.

T'he circulation of The EXPERIMENTER is 70,000 copies

GERMOTT PUBLISHING CO,, INC.

Agents Wanted

53 PARK PLACE, NEW YORK CITY

Miscellaneous

Salesmen Wanted

Agents— Write for free samples. Sell Madison
‘“Better-Made'’ shirts for large manufacturer direct
to wearer. No capital or experience required.
Many earn $100 weekly and bonus. Madison
Mirs,, 511 Broadway, New York.

Mirrors Re-silvered at Home—Costs less 5 cents
per square foot; you charge 75 cents. Immense
profits, plating autoparts, reflectors, tableware,
stoves. Refinishing metalware, etc. Outfits fur-
nished. Write for information. Sprinkle. Plater
87. Marion, Indiana.

Easy Money Applying Gold Initials, Monograms
on automobiles. Anyone can do it.  Simply trans-
terred from paper; takes 5 minutes. Make $1.50,
cost 5¢. Samples free. '‘Ralco,” 1039A Washing-
ton, Boston, Mass.

Agents—Good steady income. Exceptionally use-
ful househo¥ articlee. The Handycap Company,
Newark, N. J.

Wonder fluid charges batteries instantly. Chance
to make fortunc selling to garages and dealers.
Gallon free to agents. F & M Sales Co., 2069
Eastern Ave., Cincinnati.

Books

25 "Easy™ Lessons In Hypnotism by Prof. L.
E. Young. A complete course ounly 25c. P.
Collins Co., 197 Fulton St.,, Brooklyn, N. Y.

Business Opportunities

Beverages Our Specialty. Formulas, everything.
S‘yrup‘s, extracts, flavors, etc. ther processes.
Free information. The Formula Co., Dept. E, 122
West Howe St., Seattle, Wash,

Build a long distance single-tube set for lese
than six dollars, with Mimax coil. Coil. circuit
particulars  post paid $1.00.  Address Specialty
Sales Co, Greeley St., Milwaukee, Wis.

Make $100 Weekly in spare time. Sell what the
public wants—long distance radio receiving sets.
Two sales weekly pays $100 profit. No big invest-
went, no canvassing, Snarpe of Colurado made
$955 in one month, Representatives wanted at
once. This plan is sweeping the country—write
1oday before your county is gonme. Qzarka, Inc.,
126] West Austin Ave., Chicago.

Radio and Electrical Experimenters Guaranteed
Electric Soidering lron $1.19 postpaid. Send for
Keeypnce list. Robert E. Bedford, Johnstown

Gummed Labels, Name and Address, 500, 2 lines
30c, 3 lines 50c. Catalogue. Eastern label Co.,
Y, Clintonville, Conn.

Laboratory Supplies—All kinds of glass ware for
chemistry. A few hooks on chemistry left. Order
quiqk. Guaranteed. Money refunded if not satisfie.
Write for prices, send stamp. Ray Laboratories.
517 Millard, Chicago, Ill.

Experimenters: Send dollar bill for minerals and
complete instructions for performing experiments.
Write for prices on minerals, chemicals, apparatus
and all kinds of supplies for experimenters. L. R.
Raymond. Chemist, 318 Pine St., Wallace, Idaba,

A Salesman Wanted in every town or city with-
it 25 miles of a broadcasting station to sell Radio-
gem, the complete radio recciving set that retails
for $2.50. With Radiogem there is nothing else
ta buy—the outfit includes the Radiogem receiv-
ing apparatus, 1,000.ohm phone, and aerial outht.
Iae cheapest radio outfit on the market—yet as
practical as the most expensive. Big money to
tie right men. Send $2.00 for sample outfit.
The adiogem Corp., 66-R  West roadway,
New York City.

Stories, Manuscripts Wanted

Stories, poems, descriptive articles, plays, etc.,
are wanted for publication. Submit Mss or write
Literary Bureau, 550, Hannibal, Mo.

Old Money Wanted

82 to $500 cach paid for hundreds of Old o
Odd Coins. Keep all old money, it may be very
valuable. Send 10c for New Illustrated Coin
Value Book, 4x6. Guaranteed prices. Get posted.
We pay Cash. Clarke Coin Company, 14 Street,
LeRoy, N. Y.

Free Book. Start little Mail Order Business.
Pier, 996 Cortland Street, N. Y.

R 11 g

Resp urers wants cotnpetent men
t» manage office and salesmen. $300 to $1500 nec-
essary ; will allow expenses to Trenton if you qual-
ify. Address Manager, 536 Forst Richey Bldg.,
Trenton, N. J.

Chemistry

Learn Chemistry at Home—Dr. T. O'Conor
Sloane, noted educator and scientific authority,
will teach you. Our home study correspondence
course is a real short cut. You can learn in half
the usual time. Gives you the same education as
you would get at a college or university. See our
ad on page 8 of this issue for special 30-day
offer. Chemical Institute of New York, 66 W.
Broadway, New York City.

Chemistry Apparatus. Chemicals. Radio Sup-
plies. For experimenters.  list 4c.  Chemical
Apparatus Co., Dept. D, 4402 West End Ave,
Chicago.

Farms and Orchards

Pecan-Orange-Fig Groves “On the Gulf.” Guar-
anteed care. Monthly payments. Big quick re-
turns. Suburban Orchards, Dept. E, Biloxi, Miss.

Help Wanted

Be a Detective—Work home or travel. ExXperi-
ence unnecessary. Particulars free. Write, George
Wagner, former Government Detective, 1968
Broadway, N. Y.

Incorporations

Delaware Incorporator. Charters; Fees Small;
forms. Chas. G. Guyer, 901 Orange St., Wil
mington, Del.

Patent Attormeys

Stamps and Coins

Attention Stamp Collectors: 102 stamps four
cents to applicants for our 50 approvals, Bok
Stamnp Co., 642 Meredith St.. Dayton, Ohio.

Attention Stamp Collectors: 102 stamps four
cents to applicants for our 350% approvals. Bok
Stamp Co., 642 Meredith S1.. Dayton, Ohio.

_ Patente—Send for form, *“Evidence of Concep-
tion™ to be signed and witnessed. Form, fee sched
ule, information free. Lancaster & Allwine, Reg-
istered Patent Attorneys in United States end
Canada, 288 Ouray Bldg., Washington, D. C.

Patente—Trademarks, Write for free Guide
Books and *"Record of Invention Blank” before
disclosing inventions. Send model or sketch of
your invention for our Examination and Instruc-
tions Free. Electrical cases a specialty. Terms
reasonable. Victor J. Evans & Co., 913 Nintk,
Washington, D. C.

Patent-Sense.—As one of the oldest patent firms
in America we give inventors, at lowest consistent
charge, a service noted for results. evidenced bv
many well-known Patents of extraordinary valie.
Book. Patent.Sense. free. lacey & lacey, 683 F
St.. Washington, I). €, Estab. 1869,

Patents.—Xy fee in installments. Free personal
advice. Frank T. Fuller, Washington, C.

Printing Outfirs and Supplies

Print your own cards, stationery, circulars,
paper, etc. Complete outfits $8.85; Job Presses
$12, $35; Rotary, $150. Print for others, big
profit. All easy, rules sent. Write for cat-log
presses, type, paper, ctc. Press Company, A.14,
Meriden, Conn.

Radio

Ivory Radio Panel—Grained white Ivorylite
makes most beautiful set of all. 3/16 inches thick.
Shipped anywhere prepaid or 3¢ square
inch. Free Sample. Ivorylite Radio Panel Co.,
3222 Ave. F, Dept. E, Fort Wortk, Texas.

New Crosley Sets. Latest Kits and Parts. Com-
plete list for stamp. Ray Radio Supply. Box 317,
Sandusky, Ohio.

Tubes—Dynetron type—201A price $1.25 ppd.
Three circuit tuners bakelite $1.50 ppd. Al kinds
of Radio parts by mail. J. S. Radio Co., 86 E.
4th St.. New York City.

'YOU CAN GET |

THIS TUNEFUL
BANJO-UKE

wirn 1
FI'E MINUTE
INSTRUCTION BOOK

ERE'S a Banjo-Uke that von

will be proud to own. Fine |
workmanship and high grade mate
rial have given it rich tone, a neat
looking appearance and it will
stand plenty of rough usage.

A complete Instruction Book is
packed with every Uke. In five
minutes the simple lessons in this
book can teach vou how to play
many of the latest song and dance
hits. A few weeks later and you
may be known as an expert, wel-
come at parties, dances, church,
lodge and school socials. etc,

We will award hundreds of these
Banjo-Ukes. You can easily earn
one in your spare time. Full par-
ticulars mailed immediately on re-
quest. No obligation. Write today.

E. J. FOLEY,
Experimenter Publishing Co., 53 Park Pi., New York
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HAWKINS ELECTRICAL GUIDES NIew
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i ol o 2 A MONTHE SEND NO MONEY-SEND ONLY THIS COUPON
Know the facts in Electricity. They mean more money and better
position for you. Hawkins Guides tell vou all you need to know
about Electricity. Every important electrical subject covered
you can understand it. Easy to study and apply. A complete,
practical working course, in 10 volumes. Books are pocket size;
flexible covers. Order a set today to look over.

LEARN ALL ABOUT
Magnetism—Induction — Experiments — Dynamos — Electric Ma
chinery—Motors—Armatures—Armature Windings—Iustalling of
Dynamos—Electrical Instrument Testing—Practical Management

THEO. AUDEL & CO.
63 West 23rd Street, New York City

Please submit me for free examination, HAWKINS
ELECTRICAL GUIDE (Price $1 a number). Ship at
once prepaid, the 10 numbers. [f satisfactory, I agree
to send you §1 within seven days and to further mail
you §1 each manth until paid.

of Dynamos and Motors—Distribution Systems—Wiring—\Wiring Ni: R T e
Diagrams — Sign Flashers Storage Batteries — Principles of Alternating
Currents and Alternators — Alternating Current Motors — Transformers
Converters—Rectifiers—Alternati Curre 1 C ] Orcunatio
Measuring Instruments—Sw hoards—Wiring—Power Stations—Instdling pation ... . L= 7 s am Lo ol
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SHIPPED FREE
Not a cent to pay until you se= the books. No obligation to huv unlecs Home Addres:
3 d. ( on fay—and get this great help
library and see it not worth $100 1o i
ten months or return it Reference T B S §
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Every Life $Should Have Iss Harvests!

Drudgery without y .. ’ *.’ ‘
direction means~ ’ .l
MORE DRUDGERY

It Stands
to Reason:

THERE 1S NO
SUBSTITUTE
FOR PERSONAL
TRAINING, IN
GREAT SHOPS,
ON COMPLETE
ELECTRICAL
APPARATUS

COMPLETE
ELECTRICAL
TRAINING

In 12 Happy Weeks at COYNE

My newly-enlarged
and unusual course
ofinstruction in
Electricity is the
result of 27 years of
experience, solving
the needs of young
men and of the
Electrical Field.
Remember, COYNE
hes been teaching
Electricity ina
PRACTICAL way
since 1899,

My course is abso-

., €, LEWIS, President
lutely thorough, COYNE Electsical School

easy to master,

covers every single phase and factor of
the subject and fita men for BIG Electri-
cal jobs, HIGH-SALARIED,thrilling jobs.

YouDon’t Need Advanced

Education or Experience

Don’t worry if you lack advanced educa-
tion, knowledge of higher mathematics,
or experience. My course is not some-
thing that you merely study from books
and letters. Itisa practical, LEARN-BY-
DOING Course. Every COYNE student
receives INDIVIDUA L and PERSONAL
instruction, on COMPLETE electrical
apparatus, under EXPERT INSTRUC-
TORS, in the COYNE Shops at Chicage,
the Electrical Center of the World.

What will Ton be
DOING and EARNING

HUNDREDS

COYNE teaches only ONE thing —ELECTRICITY. We are SPECIAL-
ISTS. Our interests are not divided, nor is Electricity a sideline or merely
an ""additional” subject with us, Furthermore, we have been SPECIAL-
IZING in the teaching of ELECTRICITY for more than a quarter of a
century. Bear that in mind, for the sake of your future happiness and
Erosperity! Men who never before had the slightest knowledge of ELEC-

RICITY have become REAL ELECTRICAL EXPERTS and stepped in-
to BIG PAY JOBS because of our advanced, simple, practieal methods of training,

EARN WHILE YOU LEARN

My wonderfu"rorganized EMPLOYMENT DEPARTMENT helps you to geta job to
earn part or all of your expenses while tralning at COYNE. and nssists you to a good
Jjob on graduation. Furthermore, itstands by you THROUGH LIFE, without a penny
of extra cost to you! 1f you act promptiy I’ll include, without extra cost, my Special
Courses in Radio Electricity and Auto, Truck and Tractor Electricity.
Established

COYNE ==

ELECTRICAL SCHOOL

1300-10. West Harrison St., Dept. 1578, Chicago, Ill.

H. C. LEWIS
President

5.10 o715 years
Jrom now ?

—Provides BIG REWARDS
Day After Day, Week After
1 Week, Year After Year!

GET your share of life’s harvests! Reap some big stacks of dollars in return
for your time andenergy. Don’t continue to drudge along through the years,
merely hoping that things will break right for you. Make certainof your future
before you get into a rut that will hold you fast in misery and despair.

Electricity is the Ficld of Wonderful Opportunities today. It offers BIG PAY,
clean, fascinating work and steady employment—anywhere, any time! COYNE-
TRAINED MEN are in demand because the Electrical Industry appreciates the’
care and thoroughness which I and my great staff of EXPERT INSTRUCTORS
devote to students. Spend a few happy weeks at COYNE, working in big shops
on great Electrical apparatus, and inspecting
great power houses and industrial organizations.
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SOLUTELY FREE

This Surprisingly Large
Handsome and Complete
Electrical Book Given To You
Without Cost o Obligation
I've 1Innt rinted n gre-t big, bandsome, two-
color alectrical hook thec | want ta send you at
eace. It in 12x15 fn size und ¢ontaina 151 actual

photos of electricn! acenes an: 4
obout dynamos, radios, sutos, Ierllnc
lghting nnd power, otn.’ hnth'nwlkeh You'll
beumazed. ABSOLUTELY FREE, REMEMBER.

SEND COUPON NOW

H. C_ LEWIS, President
COYNE ELZCTRICAL SCHOOL
1300-10 W, Harrison St. .
Oept. 1578, Chicago. 1liinois

Dear H. C,—You can just bet] want one of
those big, handsome FREE 12x15 books, with
151 actual photographs printed ir: two colors,
Send it quick, before the supply is exhauvsted.
Be sure and tell me all about Special Courses
without extra cost.

Name

sovosmssnssIIIINTSS

Address



