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Worid-famous Electrical Engineers
helped me build this training.

No onz man or carth knows everythigg abont every
subject in Electricity.  So to give yan the kond of
training that will surely lead you to sreeess and hig
pav. I have hal the help of men frorm the foll-wing
great corporatiors and Universitiss, zach an AU
THOEITY in lus subject:

. Geniral Electr ¢ Co 9. Columbia Universitr

) (éomg:m»w.;‘nhl Edison Co. 10, Dartmourt Colleqe

. Crocker eeler Co. i
Gt Hammarh Wial Co! I _l:_‘lcncshsggll::ls‘gt(s tnstitate of
American  Telepiene & Lehi oo .
Telearanh 12. Lehigh University.

0.
. Westinnhouse Electric & 3. University of Verment.
Mfq., Co. 14, Armour !pstitute of Tech-

, ou a JOB . Western Electr ¢ Co. mlogy.
. Underwriters Laboratories. 15. University of Kansas.

4 and a tnc, and miny others.

CHIEF ENGINEER 50 % RAISE || Get 4 Electrical Outfits

DUNLAP Dunlap JOB-METHOD training is hbuilt

GO INTO ELECTRICITY! Make $75 to $200 a week bossing Elec- around four Electrical Outfits \vgacll I send
trical jobs. The world’s biggest, most fa:cina:ing business NEEDS you as a part of t.l‘ns course. Yuu .]_e‘”“ by
‘ IL YOU. I have made it easy for you to becomz a successful ELEC- doing actual Electrical jobs with _‘_h_‘;‘ equip-
A TRICAL EXPERT, right in your own lume, in spare time! .Ind I ment. Includes house-wiring, bell-wiring, elec-
guarantee to place you in an Electrical joo, at 5% raise in pay or tn ‘“cﬁl'f:htv Radic and motor
refund your monry! No other school has ever dared to guarantee you outfits, I guarantee to

o a job and a raise, as we do! supply the mos: elaborate,
’ costly and complete outfits

}l,f’ (TrainYouatHome! $63 Scholarship || e, =in by v home

Any man umder 40 ycars, with only M:nl coupon immedi- Turn my training
common schanoling, can win success FRE .u“]\ andsave $63 cash. into money QUICI('

BN D CRwN=

o and  p:omotion  with  Dunlap
tiaining. 1t is the most com- I will send you my big }(n“s‘?urk‘m;;nm leygon. wirhin a
-, > ol Yo ~

plete, the most up-to date, th'( Free Bo-k and copy of my guarantee o ““nmxi ‘f \nllll ! ’\ 1 ldgx::‘u
most valuable on eartht We 1 » g el Jalb m cial inerruetion in BLICTIICN,
train _ yau on actual Electrical to place ycu 1n an Llectrical job a and RADIO JOS, sa yon can g0

ﬁ TOBS. 53 you get the theory at 50% rai-2 in pay after you complete right out and meke ¢n i, b

the sime time as you get the my trainirg. Iiere is the chance money in Sour spiie thue to

°'v practice My instruction is casy ; Y, & .- £ s 'i‘e‘"{rrl l,';" AL N have

you've been wainng for to get into plenty left over. = terms,

to understand, rapi R q 0 combined vith mv “*£a-n as

the Electrical business, to head for big W Ly jab lessons plage

thig wondep-

Chief Engineer DUNLAP P2y and independence. l)r}n’t let ful trainiog

lack of recady money or anvthing else within yoar
Electrical Division keep vou back. Mail coupon imme- reach
diately!

AMERICAN SCHOOL

Dept. E969 Drexel Ave, & 58th
Chicago, 1ll.

[T 1 4 1 1 1 L | J
PAY-RAISING COUPON!

Chief Ergineer Dunlap, Electrical Division,
Amcrican School,

Dept. E369, Drexel Ave. and 58th, Chicago.
Rush free Electrical book, $63 Free Scholarship
oifer, capy of your guara rtee of a Job and a
£0ve raise and complete information about Dun-
lap-trainit g in Electricity.

.......................... verevaeas.s Name

l_ Only a part of my Outfit
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Drawn from an actual photograph
furnished by graduate student A.
Malanyan, Detroit, Michigan.

You Too, Can Get tBig Jobs

“Cooke” Trained Men Earn
$3500 to $10,000 Yearly in

“Cooke” Talks
on Electricity.
No. 4

The Electric Light and Power Com-
panies in the United States are now
serving 14 millinn customers in 16
thousand communities.

Six billion dollars are invested in
this branch of the industry alone
and more than 750 millions of new
capital willbe required this year to
complete new plunts and extendser-
vice fo meet the large and constant-
ly growing demand,

Of the 26 million homes in the U.
S. 12 million_are now wired for the
use of electricity. Others are being
wired at the rate of more thana mil-
liwn a year, and very few new homes
are being built without electriclight-
ing and provisions for the use of
glectric appliances.

The electrical energy generated in
1912 was about 11 billion kilowatt
hwurs. In 1924 it will total aimost 60
dillion kilowatt hours-—an increase
of nearly 450 per cent,

The U. S. government census re-
port covering the X0 year period
from 1910 to 1920 showed an increase
in population of 15 per cent. 1n the
same ten ’vﬁars the cuatomers of the

etric Light and Power Com-
ramea increased 276
tke amount of electriral energy us
increased 850 pur eent—an increase
tweaty times lnrger than the ine
crease in population.

Watch this space every month for
other astounding facts on other
branches of Electricity--the world’s
greatest industry — the world’s
greatest opportunity.

8 per cent and

Now you earn $20 or $30 or $40 a week. In the same
six days as an Electrical Expert you can make $70to $200
and make it easier — not work half so hard. Why then
remain in the small- pay game, in a line of work that
offers no chance, no big promotion, no big income? Fit
yourself for a “Bossing” job—

‘ 3
Be an “Electrical Expert”

Today even ordinary Electricians—the “screw driver”
kind—are making money— big money. But it’s the trained
man—the man who knows the whys and wherefores of
Electricity — the “Electrical Expert”— who is picked to
“boss” the ordinary Electricians— to boss the Big Jobs
~—the jobs that pay.

$3,500 to $10,000 a Year

Get in line for one of these “Big Pay Jobs” by enroliing now for
my easily-learned, quickly-grasped, right-up-to-the-minute, Spares
Time Home Study Course in Practical Electricity.

Age or Lack of Experience
No Drawback

You don’t have to be a High School Graduate—it isn’t even
necessary that you should have finished the grades. As Chief Engi.
neer of the Chicago Engineering Works, I know gxacﬂ&the kind of
training_you need, and 1 will give you that training. My course in
Electricity is the most simple, thorough, successful and practical in
existence, and offers every man, regardless of age, education or pre-
yious experience, the chance to become, in a few short months, an

Electrical Expert” able to make from $70 to §200a week.

Earn While You Learn

With me you do practical work—at once. In my first few lessons
I show you how to make money doing Electrical work in your spare
time. (Over half of my students are paying for their course in thig
way.) I show you, also, how to get started in business for yourself
and then I help you to get started.

FREE wontneoorer FREE
WORKING OUTFIT

To do spare time wark you'll need tools, etc. These [ give you—
FREE—a whole kit, including measuring instrument, a real electrical

motor (no toy) and other things—the greatest value ever given by
any School.

Electricity

Your Satisfaction Guaranteed
by a Million Dollar Institution

. 1 absolutely guarantes to return every penny paid me
in tuition if, when you bave Gnished my Course, you are
not satisfied in every way with my instructions, Anc
back of me, in my guuarantee stands the Chicago Engi-
neering Works, a million dollar instiution,

Nothing Like “Cooke”
Training Anywhere

#Cooke’’ training ia different because it’s the most
ractical and most euccessful. It's best becsuse it's
acked u%by thegreatest Service tostudentsever known,

It’s this Service ptue ‘‘Cooke’’ training that makes the
“Cooke’’ trained man the ‘' Big-Pay’’ man every where.
Become a *'Cooke'” Trained Man yoarself, anc earn $12
t0 $30 a day—$70 to $200 a week—83,500 to 310,000 a year,
. .
Investigate! Mail Coupon
Get the Vital Facts. Let me send you free my big new
book on The Future of Electricity. Let me tell you more
about the big demand for “Cooke’” trained ectrical
Experts. Sign and send me coupon.

L.L. COOKE, Chief Engineer
Chicago Engineering
Works, Inc.

2150 Lawrence Ave., Chicago

L.L.COOKE,
ChiefEngineer,Chicago
Engineering Works, Dept.

Mail
this Wyt
Coupon P e
for my A
FRE

BOOK [t

Dept. 219
oG ®

tricity.Noobligation on my part.

73
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Examine this Library for10 Dayskree

We want to place these books in your hands
for 10 Days’ Free Examination. No expense to
you—we pay all the charges—take all the risk.

———

It is only by seeing them and actually trying > oy ‘1“ A
them out in your work that you can judge the ( JECTRICAL .“.'L-ECTRICAL UECTRICAT *
‘alue of the books to you. G0 MOENANE Horpns  VNIENANE apuia

Fill in and mail the coupon below. The books Q:E;‘Xm )\';;X]R ;,ﬁ;‘:m
will be sent to you by return mail. B 1 ! '_

Electrical Maintenance and Repair—

5 volumes — 1736 pages — 1818 illustrations — library binding

- - e

” ™

These five volumes contain the largest collection of ;,R&li‘gs AMATURE ’.:%}.\NEC‘[L\JG "‘;,EC'[R]CA], {WOBooK
practical methods for electrical repair and maintenance L r ZDUCTION Z‘TACHNERY COF
men ever put together in book form. :-’F“P%;xl‘cl?sl. ‘k)TORS' 3 _‘_ . }-Tzcmm

Every one of the books is jammed from cover to cover ASTALLZTIONS RAV DupLey ANNETT IETHODS

with good, sound, how-to-do-it information—the kind you e il e
have to have when anything goes wrong. ¢ i ;

They cover every phase of electrical repair and main-
tenance work from armature winding to the correction
of brush troubles. And the treatment is always from
the practical man’s standpoint.

Fundamental laws and rules are discussed when neces-
sary but there is no hard-to-understand theory or dis-
cussion of design. All of the material presented in these
five books has been obtained from actual experiences.
The library outlines the practical remedies that have
been applied by repairmen all over the country in the
solving of puzzling electrical problems.

N
S
These books tell you $~“
$
How to replace commutator segments— S U d h ~‘§
How to connect an induclir:'n motol‘: even goo reasocns w y you g:
winding to meect any condition o &
voltage phase. frequeney and speed— Should have these bOOks ¢$
How to check this reconnection 1o . . 3 . . .. f
know if the motor will operate under 1. The five books in this library discuss actual repair jobs and shew &
the new condition— you step by step what to do when anything goes wrong. &
How to draw a diagram for any wind- P \S\
ing— 2. They show you how to locate and remedy motor and generator & Grav-Hill
Tor. most eommon defeets in windings— troubles. & o ‘?Ic(_'m“in:.
> D0 0., .
How to locate defeets— ; S
”"“’ t") z;‘“‘; ‘: e‘;i indine for an 3. They show you how to reconnect motors to meet any condi- & 374 Seventh Avea
ow C X an w o ré H a B . ~¢
M ey tion of voltage, phase, frequency and speed. S New York.
llm\lf) "freuucnc.v affects  winding and 4. They give vou suggestions for preventing electrical ss Gentlemen: i
- .. R
-p.m. machinery troubles. & f
How nm-{_‘nrmfgncn_‘ is affected by a & o .;end Fm[e Fﬂ:‘erl{{"lﬂ(l_AARI“
change in winding— 5. They cover fully the rewinding of motors. 3 ANC

& MAINTENANCE AND RE-

int H : & PAIR (shipping charges pre-
6. They present information that will help you get & paid). :(,ho](';m-:: free examina-
better service out of vour electrical equipment & tion. If satisfactery. T will send

& @200 in ten days and 22 pcr month

How to find out what the trouble is
when a motor or generator will not
run—

How to remedy the trouble -

Ilow to keep electrical machines in 7. Tl.](:'y give you .Iab]es’ data, kinks that you e‘: il fis Special ! e of M..J'I'OO ‘1‘1.:'\!-
first-class operating eondition wil; find of priceless value every day on & hen puid. If net wanted, T il write
. every JOb & vou for return shipping instructions,
How tn]rc—nrralmzc aﬂthtéoc-\\-lrc |ysTem ° & (Write plainly and fill in all linex.Y
to reduce voltage fluctnations . &
g No money in advance
How to test meters— S II bl S Wame
[ 5 MO, ciiit i b s ieasee s enes 5
How to turn down a commutator— mall mont Y payments &
How to insert spare transformer in Q(}:‘]yﬁ‘: l;f;‘}'))oti‘::‘sa‘:“(’llj‘?_s““‘:‘l'fhl_”o}lf\'&"*;m?c;’".lc‘.c" Ss oM Addross . v o et e ee i iseeeee e eenns
star-delta group— bz naid_ in monthly instalments of $2.00 until $¢
How to remove defective ficld coils- the price of the library -§11.00- -iz paid. & ity ADA SIALG. 1 e ee et eae e e e et n e nsaasonsanns
. Send fer the books today. Fill in and &
4nd hundreds of other practical mail the ¢oupon. No money down-—no &
hod d ki agents. You simply agree to return & Employc(’ 3350 00 060000 300000000000000000006000000 060AA0
methods an inks the books, postpaid, in ten days or &
remit for them on our convendent &
monthly payment plan. & Qceupation .. .ivtiiiiiirieiereese o covenmann EXP. 12.1.2¢4
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“
THE EXPERIMENTER READERS’ BUREAU

“
Time and Postage Saver

N every issue of THE EXPERI- If the advertiser requires any money
MENTER you undoubtedly sce or stamps to be sent to pay the mailing

numerous articles advertised about charges on his catalogue or descriptive
which you would like to have further literature, please be sure to enclose the
information. correct amount with the coupon.
To sit down and write an individual We will transmit to the various adver-
letter to each of these respective con- tisers your request for information on
cerns, regarding the article on which their products.
you desire information, would be QUitC This service will appear rcgularly
a task. 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 whom
about which you want information, and you would like to receive literature,
to avoid error the addresses of the man- write his name, address and the prod-

ufacturers, on the coupon below and v uct in the special section of the cou-
mail it to us. pon below.

v

TEAR ALONG THiIs LINE-- e

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 THY EXPERINMENTER.
- N | If Catalogue
NAME ADDRESS List here specific article on rifne :::Iefal;t:
(Street—City—State) which you wish literature. led, check ia

| ithis column.

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

Your own name here

Address

¢ y:hx e:;eh: riealer, City State

12-24
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Why work at dull uninteresting work, at low pay, with no future? In 12 weeks 1 will train you for a big pay job where you
can command $60 to $200 a week as a COYNE TRAINED MASTER ELECTRICAL EXPERT or you can go in business for yourself
with very small capital and make up to $15,000 a year. Men trained as I train them are in demand ev{erywhere. The great
development of the Electrical industry makes the demand for trained men tremendous. Big opportunities and advancement
for those who prepare now. The Coyne school was founded 26 years ago and my thousands of SUCCESSFUL GRADUATES are living proofs of
what my training can do for ANY AMBITIOUS man. Many of these fellows will tell you in my big free buok what Coyne has done for them,
L3 - - -
Complete Electrical Training in 12 Weeks
I train you thoroughly on the greatest outlay of ACTUAL YouDon't Need Education or Experience
ELECTRICAL machinery ever assembled in any school. You work  you don't need a lot of schooling to master my course. You don’t have
with your hands on all kinds of Electrical apparatus, door bells, house 4 be a high school graduate or even a grammar school graduate. My
wiring, armatures, switchboards. dynamos, everything to make you methad of instruction is clear and plain, and yet thorough,
an all around ELECTRICAL EXPERT. ThisREAL WORK and if you can: understand plain English I will make vou an
with REAL tools, on REAL machinery trains you many electrical expert even though you naven’t a lot of education
times FASTER, many times MORE THOROUGH than try- or any previaus electrical experience
ing to learn in the field or by beoks or lessons. Coyne Trains You ‘Fo' Life
No Bwks_no Lessons No Classes You get afree life scholarship which enables you to stay
—You Do Actual Work! Iort:gerl,}tnan thgrec{nitrel:i timeif you c‘inieto. or youmay
1 do not attempt to teach you by books or lessons. I train you return at anytimetetake up new work I am constant-
to work with your head and hands on thesame kind of Elec: L’; a(lildtdinmgets‘.) my school to make it the most modern
trical Machinery used in power houses, industrial plants and & -
on the outside, under actual working conditions, with in- Earn While You Learn
structors at your side. I have no classes, every student My employment department will assist vou to H.C.LEWIS
gets individual trainiag. a part time job where you can make a good co‘?ﬁ"i‘f“‘

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

COYNE

Electrical School

1300-1310 W, Harrison St., Dept. 157.9, CHICAGO, ILL.

part of your living expenses while train-
ing, and they will assist vou to get a
BIG PAY job on graduation.

Get My Free BooRk

Electrical School
1300-160 W.HarrisonSt.

Dept.157-9
Chicago, Hllinois

H. C. LEWIS, President

This  bhig handsome new .

. < A s e Dear Sir:—Please

hook just off the press—size 12x150 inches— "m(""u,,;i)“,,}?"“ 's,f.;:.‘;;‘g
vour hiz mew book and

shows actual phatographs of my biz shops.
Costs me o dollar to print, but it’s yours

U i 1 ol perticulars of your
PRE i you mail coupon.  You owe it two extra courses MREE.
to yourself 1o get the
faets. Name ... cceeee B e
Address...... [SRS———

Town.........
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To Practical Men and Electrical Students:

—

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

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

The work on Calculations consists of Simple

THE McCLURE PUBLISHING CO.

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

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

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

Dept. W-720 Cass St., CHICAGO, ILLINOIS
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How 1o Experiment
By Hugo Gernsback

“Apn ounce of experimenting s worth « pound of theorizing”

—‘TFHERE is hardly anything more fascinating
I r | today than experimentation. Whether one
Ak is interested in electricity, radio or chem-
istry, each of these fields presents huge pos-
sibilities to the wide-awake individual. Whether you
experiment for pleasure or otherwise, sooner or later
you will be able to make your experimentation pay
if you proceed along the right paths.

The writer started experimenting in electricity at
the age of seven and has been at it ever since. What-
ever success he may have achieved can probably be
traced directly to his experimental work. At the age
of thirteen he had a well-equipped electrical labora-
tory, and there was hardly a day that he was not
engaged in some sort of experimentation. But the
great lesson that the writer wishes to preach is the
following:

Whatever experimenting you do, plan it out before-
hand and know why you are experimenting. It is all
right to make various kinds of experiments, but it is
not all right if you do not know why you are doing
it and what goal you wish to arrive at. And right
here it is important to say that you will not be a
successful experimenter unless vou can kLeep at it
continuously, and unless you can accustorn yourself
to systematic and assiduous work. Experimenting at
best is always strenuous labor, whether done for
pleasure or professionally. For that reason, one of
the first rules to remember is that whatever you do
should be done in a well-planned manner, never in
a haphazard way.

Think out all of the steps beforehand and, most
important of all, lay out your work on paper,
mapping out all the successive stages. Then, before
vou touch anything, be sure that yvou have all the
materials at hand. There is nothing more distract-
ing, more annoying and more conducive to failure
than to start working out a certain experiment with-
out having all the material necessary to carry it out.
As a rule, such experiments are doomed to failure.
All of your materials must be ready, and not until
then will experimenting secem a pleasure rather than
hard work. If you can take yourself in hand and
form this excellent habit you will have no trouble
in your experiments and you will achieve success
many more times than if you go ahead without
planning beforehand.

The next most important thing to remember is
notes. Such outstanding inventors as Edison, De-
Forest, and many others make it a rule never to per-
form any experiment, no matter how insignificant,
without making notes. When the writer visited Mr.
Edison recently, it became apparent why he achieved
such success. He had in front of him continuously a
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small block of vellow note paper, measuring approxi-
mately 514 % 4 inches. As he proceeded he jotted down
notes. He was careful to date the notes, and nearly
all of them were initialed by him. In the evening,
when the day’s work is done, Mr. Edison looks over
his notes and destroys those which he deems of no
value. The important notes are then handed to Dr.
Meadoweraft, his secretary, who takes charge of
them in a systematic manner. These notes are not
just filed away, but Mr. Edison has them bound in
book form every month.

There are hundreds of such small bound volumes
in Mr. Edison’s library and each one is labeled on
the backbone with the date. If Mr. Edison wishes to
look up an experiment he made one year or twenty
years ago he experiences no trouble in locating the
particular note almost instantly. And these note
books, by the way, have often won Myr. Edison a
decision when it came to fighting an infringing
patent. Often the mere date of making an experi-
ment will prove priority over some other worker who
may have made the same experiment, but at « later
date.

Dr. Lee DeForest, of radio fame, and the inventor
of the Audion, is also a great note jotter. By reading
his biography, which is now running serially in
RADIO NEWS, it will be seen that he started making
notes of all his experiments while still a mere child.
He remained faithful to this habit right along and
has collected thousands and thousands of notes of ali
sorts of experiments. This is probably one of the
reasons for his success.

The experimenter who takes no notes and does a
lot of experimenting is unable to remember new and
intricate experiments within a few months after
they have been made; then when the subject comes
up again, instead of referring to notes, he has to do
the work all over again, losing valuable time. It is
much better to look over old notes when one has the
time and then leisurely pore over these notes and find
whether improvements can b2 made on the particular
experiment.

The writer adv'ses the young experimenter to
procure at any stationery store a small book, which
can be had for 25 cents or less. The writer suggests
that one note book be kept “or every month, even if
the entire book is not filled up during that period.
The experimenter will in time, therefore, have a
handy reference library in wkich he can look up details
of any experiment which he has made, no matter how
far back, which may prove very valuable. Such books
are really worth their weight in gold, as the writer
will explain in some future chats with the experi-
menting fraternity.
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CThe Rotating Coin

By C. H. Ostermeier

SIMP’LIS electrical trick i
which is easy 1o carry
out and which will always ut-

tract attention at  electrienl
shows, ete, ix the Rotating

Coin trick. Ttx operation de-
pends upon principles which
all  electricians understand.
mamely the prineiples of rthe
electrie motor,

Purehase at an art or brice-
a-brae store a fuir sized statue
of Buddha with an altar at
the front of the hase, Ilollow
out thix altar about half an
inch deep and one inch wide,
as shown in the illustration,
Mount two contacts it oppio-
site sides of the hole, solder-
ing leads to them and running
them down through the hase.
Hollow out o place for 3 per-
manent mawmet in the hase so
that the lines of force trom
the magnet will ent across the
hole in the altar.

Filt the hole with elean
wercury o that the eontacts
are just covered and place n
new copper coin in the mer-
cury. Now if a direct current
is passed through the mer-
cury the coin will rotate, the
divection of rotation depend-
ing o the direction of the
current  with respect to the
permanent magnet. Changing
the direction of the current

BRASS OR COPPER
CONTACT IN MERCURY

will change the rotation of

PENNY
FLOATING IN MERCURY
PERMANENT MAGNET |

the coin,

The ugly zod looking down
at the turning penny produoces
it very weird effeet.

A rotating penny, floating in mer-
cury on the altar of this Oriental
god, lends a mysterious air to the
idol. An invisible permanent mag-
net and an electric current sent
through the mercury and the penny
make of the arrangement a minia-
ture electric motor, of which the
penny is the armature.

The Oriental zod as shown
here is Buddha, the great ox-
penent of the value of quiet
and meditation, A very emi-

nent  Liwyer once  told the
writer that a thoughr was

WOrth many hours of reading.
There are many readers who
measure their efliciency  and
the value of their lives hy the
books (hey reuad, but it really
is in a sense impoverishing to
the mind 1o rely too mneh on
hooks,

Elsewhere we are deserib-
ing the work of Faraday, and
here we have the great Indinn
Zod meditating on an experi-
ment really dictated by Fara-
day’s work., The coin rotates
mysteriously, and it was Fara-
day who evolved the theory
by which its rotation was ex-

plained. Tt makes an attrae

Fluorescent Fluid Geissler Tube

By Raymond B. Wailes

M.-\NY experimenters possess the ordi-

nary type of Geissler tubes which do
not contain the fluorescent liguid sealed in
an outer chamhber surrounding the ex-
hausted center tube in which the elec-
trodes are sealed.  The simple type of
Geissler tule ¢an be very readily  con-

-
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If the manufacturer has not provided fluorescent
material within your Geissler tube, you can com-
pensate for the deficiency hy this ingenious method
of surrounding the tube with fluoresecin.,

verted into ome of the flnorescent-fluid
types as the illustration shows,

A glass tube of about 1% or 2 inches
in diameter is procured,  Tts length should
be a trifle less than the entire glass body
of the Geissler (ube now at hand. A
length of tubing can he cut very easily
from a longer piece by means of the
electrie glass cutter as described on page
554 of October, 1923 issue of PRracTICAL
ELEcTRICS,

This glass tube of lurge diameter forms
the outer chamber in which the flrorescent
Hauid ix placed and should be fitted to
the Geissler tube by corks as shown, two
being required,.

Many liquids can be used in the outer

GLASS TUBE\

GEISSLER TUBE \.SOLUTION

No extraordinary apparatus is required for con-
verting the ordinary Geissler into the fluorescent
type. A glass tube surrounding the Geissler tube
contains the necessary fluorescent liquid.

chamber  which  hys Just been  made,
Quinine solutions jre eaxily procured and
are inexpensive,  To make . duorescent
quinine xolution, <tir the contenis of o five
Zrain ‘quinine” capsule into about half a
cup of warer to which a few draps of aeid
such as sulphurie, have heen added.  The
ordinary storage Lattery acid can he used,
This renders the “quinine” soluble,  The
resulting solution is then used divectly in
the outer chamber,

A solution of fhiorescein in water to
which a little sodimn hydroxide or chanustie
soda has been added produces a heautiful
glow when the Geissler tube is operated
by means of the psual spark coil,

Solutions of easin, fresh stramonium
feaves, some type of machine oils which
have the characteristic blue “hloom™ or
bluish hue, all ¢an be used with good re-
sults. A fluorescein solution is the best.

tive exhibition,

Quick-~Action Alarm Switch

By Jacob Raible

HE switch shown here is for alarm
clock operation. It is fastened to the
wull with four little screws and the line
wires connected to it.  About six inches
on either side of the switeh a nail or
pin is driven into the wall to hang the
clock on, with its face toward the wall,
or it may stund on a table,
The little hook on the end of the chain

No alterations or
special mounting is
required to adapt an
alarm clock to the
operation of an au-
tomatie switch, A
weight attached to
the cnd of a chain
is rcleased when the
alarm key turns,
and in falling opens
or closes the switch,

may be put in either end af the switeh
lever, to open or close the ecireuit ax de-
sired,  On the other end of the chain is
a little link and fork hanger to engage
the alarm wind key so that the motionless
key will support the weight at the end of
the chain.

The end may be forked so that it will
engage any stiff-blade  winding keys or
there may be a link to take the lie-flush
kinds. When the chain is in place at
both ends it will hang in a U-shaped

(Continued on puge 136)
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MANY tines l:l ¢ hox ta locate the
person will \ ¢ o LENS AND | watch at the proper

wa:«a up lélm at ;:i;:ht Ao MOUN NG Lo point.

and want to know ] H . -‘l The hatteries arve

what time it is. The I connecied  in o series

radium-dial clock is by ~olcering them to-

wood, but it must be vother  with  small
}nlu('e(l (;loso to tl}v wire, and the Iamps
yd, otherwise is may  alse  he  con-
hard to read. A pro- nected thus, I stiff
jector which will pro- wire is uxed no

jeet the face of your
own watch on  the
wall  or ceiling  of

sockets are necessary
to support. the small
Lliwmps. A dength of

your hedroom ix Fimp cord and a pear
shown here, <witch are then con-

IFirst  procure  the nected in cireuit as
lens equipnment with in the diagran,

it< mounting from an
old magic lantern, or
tneking  this  meoeunt

tini<h the c¢abinet
simila~ly to the bed-
room tumiture and

any lens in a metal et it on the dresser
or heavy cardboard or table, running the

fube so that the tfo- cord cver to the bed,

cux may bhe adjusted. The  ifmage  of  the
will answer the pur- witteh greatly en-

pose. Then construet

i wooden

Larged,  will  appear

bhox large

on the ceiling when
enough to hold four the lens isx  focused

flushilight batteries That laziness rather than necessity is the mather of invention is demonstrated by this ingenious right, and rhe lamps
and  two  six-volt device by means of which you can sec the time indicated by vour watch at any time in the are tarned by the
1 N ight, without inconvenience. A pear switch lights two lamps in the case, where ; are turned on by

s . as <hown, One night, » Y N . s two s se, whereupon an image e avitel The
‘.““l"\‘ ass : of the illuminated dial of the watch is cast on the ceiling. pent <witeh, 1
side of the lox should image will he re

of 1he field of ihe lens,  Small brads or
cleats may he nsed on the hotton of the

have an opening at the bottom 1thronh

| versed so the sleeper, seeing the reversed
which to insert the woteh in the center

image, must he ready (o correct it mentaliy.

0O OO R e

HIS time we have a brand new
idea in a cortest that should be
of much interest to all of our
readers. Since we changed the
name of the magazine to THE ExPERI-
MENTER you will note that in our two
cover illustrations we have used only
“How to make it” or Experimental
subjects.

(2°) Commonplace ideas will have
little chance of winning a prize. Tt is
the UNUSUAL thing that attracts
readers to buy the magazine and this
is what we want to feature on the
cover,

(3°y If you have
tried the experiment and built the ap-

possible <honld

$100.00 Prize Contest

words, describing the idea in full de-
tail.

(5°) The article describing the idea
must be either written in pen or type-
written. No perciled matter can be
considered.

(6°) Drawings should be made in
pen and ink and if photographs of the

[t

i

i

ULt

. paratus or instrumert yourself. Mere :

The subject on the November cover design are submitted, such photographs
was “How To Make an Electric Water g @ must not be smaller than 5 inches by 7 =
Finder.” The subject on the present £ inches. =
cover is “How to Make a Crystal Set . =
Loud Speaker.” Since we changed the : pRlZES (7°) Al manuscrl])t.s and  photo-
name we have established the policy 5 : graphs r.nust be sent in flat. Rolled :
that every cover will be a “How to sloo 1n qold : manuscripts or 'photogr'fiphs are not -
Make It” or experimental idea, this ] . acceptable. Ent‘rles to this contest can-
being more in line with what our read- st Prize.........850.00 in gold not be.ret.urned oy this magazine. I.d“'“-"
ers demand. and ¢ el 2000 ¢ .not winning a prize may b.e published

f Now we admit that it is not an easy ) . . . : in the magazine at our option at regu-

! e £ 3rd Y ..ol 15.00 “ : lar space rates,.

S thing to get up a good cover every i

= month with a good popular subject. f fth © 1000 “ “ % (8°) Should two contestants submit
The Editors have to worry not a little 5th ¢ 500 «“ ¢ the same idea, then the same prize will
and strain every nerve in order to ¢ be paid to both.
present a new subject every month. & ol

REAIRE

i

So we decided to put it up o our read-
ers and let them earn money by supply-
ing us with some of the ideas, hence
this prize contest.

This is what we want:

(1°) First of all a rough illustra-
tion of the idea, but understand that
THIS IDEA MUST EMBODY SOME
NEW OR UNUSUAL EXFERIMENT,
electrical, chemical or radio.

suggestions are not greatly favored in
this contest, although if for any reason
vou should not be able to build the
device yourself, goad drawings might
then be accepted by the Editors if the
idea is good.

(4°) Your entry into the contest
must be accompanied by a ‘“How to
make it” article of not more than 2,000

(9°) Models reed not he sent with
the entry unless the contestant desires
to do so.

(10°) This contest is open to all ex-
cept employees of this company and
their families.

(11°) This contest closes on Febru-
ary Ist, 1925, 12 noon.  No contributions
postmarked at a later date can be con-
sidered.

000 i A A ||III|II|l||IIIIIIIIIHIIIIIIIIII'»UHfIIINIIIIMIIIIIIIIIIIIII[IIIlfw%illlll|III|I|||lIII|IIIIII‘HUUHIIIIII[Il[IIﬁ
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Electric Wool-Silk Tester

The electroscope, known for twe hundred years, has at
The charged gold leaves
of the electroscope will remain extended when the appa-
pure silk or wool, but contact
through cotton will cause them to collapse, thus giving
a rapid indication of the quality of the material tested.

last found practical application!

ratus is touched with

S

AR IR

o L S R R B 0

O the benelit of our readers we givoe

the above name of an apparatus for
testing the purity of wool and of silk.
Pure dry wool and silk are non-conduetors
ot electricity even ut the high potential of
W statie charge,

The appuratus which we illustrate is a
gold leaf electroscope,  The side plates
operated by the horizontal rods slide in
and out,  Attached to eaeh ix piece of
gold leat.  There is a central plate parallel
to the plates, carvying the gold leaf, and
this is insulated from the ense of the in-
strument. A rod of vuleanite is supplied,
The rods carrying the gold leaf are drawn
out ax far as they will go,

The first process in using the instrument
is to charge it, This is done by rublhing
the rod of vuleanite agninst the sleeve
of the coat or other animal fabric and
rubbing it for its length down the odge of
the button,  After one or perhaps two

ol three vepetitions of the rocess, the gold
leaves, whieh hitherto have heen practi-
ailly  invisible as they lie against  the
phates, spring out and stand rigidly hori-
zontal nearly touching the centyal plate,

H is the excitation of the pate that
holds them in this position. If now the
pliate is grounded by tauching the button
with the finger. for instance, the Dicees
of gold leaf instantly fall, seeming alimost
to disappear. In use. the central plate is
charged ax deseribed,

The fabric to he tested is touched to the
button. It it is pure silk or Mre wool
and of course it must be diy, no effoct will
be produced upon the gold leaf., It will
stand out horizontally, quite immobile;
but if there is the least bit of impurity,
cotton mixture or “loading”, the leaves
will fall instantly,

It ix quite inferesting to test different
silks.  Some produce absolutely no effect

Pneumatic Miner's Lamp

HERE is n certain amount of danger
involved in earrying a long electrie
wire through a1 mine where gas nizy bhe
evolved, and especially where switches are

The small turbo-generator used to supply power
for miners” lamps has a pneumatic-turbine rotor
and a rotary permanent magnet for the generator
ficld, mounied on the same shaft.

turned on and off and connections made
and broken. These operations are apt to
give rise to xparks which if fire-damp is
present miy bhe the eause of an explosion,

The illustrations give two views of a
miner's lamp which is self-contained and
which operates by the compressed  air
used in the pnenmatie mining machinery
such ax drills and under-cutters,

The ease. which is quite comjuet, con-
tains a turbine to be operated by the com-
pressed air, Attached to the shaft of the
turbine is the rotor of an electric sen-
erator,  The generator is an alternator
whose field revolves, so that thore are
no rubbing contacts, and the operation
is entirely inductive, This dhsolutely
precludes sparking,

One of the greatest causes of mine catastro-
phes is removed by this miner’s lainp cennected
to a small pneumatic turbo-generater, al mounted
in a compact case in which a pressure consider-
ahly above atmospheric keeps ‘explosive gases from
coming in contact with the incandescent lamp.

The Tamp and apparatus are sealed in
by the glass cover, which also proteets
the clectric lamp, and the easing is in
communication with the exhaust side of
the turbine, =0 that a constant pres<ire
of about two pounds per square inch is

(Continued on page 136)

upon the gold leaf: others give it a slight
tendency to descend, it may only go down
i fraction of an ineh, while others instant-
Iy affect it and it drops,  Others cause the
leaf to drop but it immediately springs
bhack, The degree of et ivity gives an idea
of the purity of the fabrie, The manufac-
turers say that science has discoverod that
any nuterial which offers o resistance to
the passage of electricity, often offers sim-
ilar resistance to the passage of heat, and
silks and woolens are commonly used to
preserve the heat of our own bhodies,

This apparatus comes from Italy and
bears the imposing name of The Lanaseto-
scopio, which literally trauslated, means
I See Wool Silk, Tt is certainly a most
inferesting  apparatus, a  scientitie play-
thing, in addition to its practical value,

Be sure to discharge it and drop the
zold leaf hefore pushing in the rods.
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83

A Crystal Set Loud Speaker

HE microphone as a reluy of tele-

phonic currents undoubtedly offers

more field for research to the radio

experimenter than any other phase
of the scicnee. Detfore the debut of the
vitenum  tube when practicatly all wire-
less communication was carried on with
erystal  receivers many  attempts  were
made to produce a suitable microphonic
relay for intensifying the received cur-
rentg, and thereby increase the range of
the apparatus.  Some very good progress
wis made in this line, but unfortunately
for the microphone, the vacuun (ube made
its appearance and experimenters turned
their attention to the tube with the result
that little work hax been done since on
the microphone,

The coming of the vacumm tube did
more than crowd oul the microphonie

amplifier; it made radio so popular that
it ix now used as a publie utitity and en-
joved by thousands, and it bhrougzht back
the erystal reeeiver to the many who do
not desire the more expensive tube sets.
And these ervstal nsers are busy at work
in perfecting the microphone for ampli-
fying purposes.  In the very near future
we niy expeet aoocerystal receiver that
suceesstully operates o loud speaker hy
making use of the sensitive microphone,
In fact some of the microphone relays
«hown in the illusteations will do this
now hut they have a few draw-backs that
nutke them undesirable for universal use.
It only remains for the tfraternity of ex-
perimenters to perfeet the device,

In our illustiations we show several
forms of microphone amplitiers. These
are given as a baxix for experimenters to
work on,

Perhaps the simplest form of relay is
that <hown at Fig. 1. comprising o miero-
phone button attached to the diaphragm
of a telephone receiver.  The complete
crystal receiver cirveuit is shown in this
illustration.  Although the scheme works
with a fair degree of sucecess it is very
eritical in adjustment and the adjustment
is not permanent.  With its use a low re-
sistanee loud speaker is required, one of
ahout five to ten ohms resistance.  Those
whio have the old style Magnavox, having
a field electromagnet exeited by a battery,
can easily adapt it to this cirenit by dis-
connecting  the input transformer.  The
tloating coil attached to the diaphragn of
thix loud speaker hiax ahout the correct
vexistanee for thig work.,  Otherwise it

LOW RESISTANCE _,

' LOUD SPEAKER

DETECTOR
¥ MICROPHONE
BUTTON

= UL
HIGH RESISTANCE PHONE
FIG. |

An elementary form of microphone relay that
gives good results on strong gignals. This type
makes use of the well-known transmitter button
mounted on the diaphragm of a telephone recciver.
A low resistance loud speaker is used.

Photographic view of a microphone relay con-
structed in the EXPERIMENTER LABORATORY.
The microphone contact takes place bhetween a
pointed carbon pencil and a carbon diaphragm.
A steel dise is cemented to the underside of the
carbon diaphragm so as to be actuated by the tele-
phone magnets.

The following instruments will he re-
quired for conducting these experiments:

1 erystal receiving set,
1 Baldwin phone.
1 Rico 1,000 ohm phone with metal
ap.
6 Rasco carbon  diaphragms, with
carbon grains and carbon balls,
1 iransmitter button, Skinderviken
or Newman-Ntern,
low rexistance loud speaker,
telephone indietion coil or modu-
lation transformer.

—

G O T T TV TR YT

will he neeessary to proeure a low resis-
tanee lond speaker of some other make or
10 rewind a stuandard radio loud speaker
for this purpose,

It ix a simple matter (o rewind a loud
speaker magnet for five ohms,  First take
the instrument apavt and remove the fine
wire on the bobhins,  Then rewind the
hohbins with No. 26 eneled copper wire,
Phe resist:mee of the tinished nmagnet is
not eritieal.  Simply wind as many turns
as poxxible on the pale picces and conneet
themn as they were before.

Those who do not desire to rewind their
Toud speaker may ohtiin good results hy
using o step-up trnsformer between the

microphone  amd  high  resistanee loud
speaker.  Although the arrangement  is

not nearly as good as when using a low
resistanee loud speaker without the trans-
former, it will he suitable for condueting
experiments with the microphone and will
in no way affect the results, For this
purpose a transformer having a low resis-
tunce primary and a high resistance sec-

ondary is required. A modulation trans-
former such as ix used for radio tele-
plione transmission work or a telephone
indueion ecoil will be suitable, A suitable
transformer may be constrieted as shown
in IMig, 2. It consixts of an iron wire core
fonr inches long by three-cighths inches
in diameter.  The primary winding con-
sixtx of four layers of No, 26 D, (. C. wire
wound directly on the core. Paper insula-
tion is placed over the primary and the
entire space hetween the two end blocks
is filled with No, 32 enameled wire.
Cioing back to our microphone experi-
ments, it was found that the scheme
shown at Fig 1 did not work very well

unless  the  input  curvrents  were  very
stronz.  In fact a weas station will
hardly be audible, The reason ix that the
button is compartively Teavy and does

not follow audio vibrations of small ampli-
tude.  In order to aunplify weak currents,
i very light contaet ix required, and the
confaet between o portion of a tungsten
Eunp filament ard a polished earbon plate
ix excellent.  Thix is clearly shown at
Mg, 3. The tunzsten filament is attached
directly to the dinphragn, and it isx not
heavy enough Gainterfere with the vibri-
tioms.  To attach the wire, it is best to
<older one end of the diaphragm. A piece
of a polished carbon diaphragm is uxed
for the other electrode.  The pressure be-
tween this and the wire is made adjust-
able by the adjustment serew, ax shown,

This method gives very wood results.
The  volume and quality of the repro-
ducell music depends largely upon  the
pressure and the current flowing through
the contact, One dry cell ix suflicient for
{he operation, whereax in Fig, 1 three dry
cells are required.

A very simple microphone amplifier con-
strueted  in the  EXPERIMENTER  LABORA-
rorres is shiown in Fig, 4 This amplitier
ix also shown on our cover illustration.
When nxed with i good erystal reeceiver
locit broadeasting stations were veceived
with good volume on a loud speaker.

This amplifier is so enxily construeted
{hat it would be advisable for experi-
menters (o make two or taree and operate
ther in casead» A “Rieo”™ lond speaker
phone unit is wsed beeause thisx phone has
a4 onwetal eap. The iron diaphragm is re-
moved and g earbon diaphragmn  substi-
tuted.  Before elunping the earbon dia-
phiragm in place a dise of iron five-cighths
of 1 ineh in dizmeter ent from the iron
diaphragm is cetmented to the ceuter of
{he carbon diaphragm, T do this ronghen
the <urface of the iron dise hy eriss-cross-
ing the disk with a sharp knife point:

5

-0
SQUARE:

1.
z

-

FIG 2

Details of a mivrophone transformer.
of this instrument a high resistance radio loud
speuker may be used for conducting these experi-
ments.

By means
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TUNGSTEN FILAMENT

ADllUST ING SCREW

5 x % BRAss
STRIP

TO BATTERY AND
LOW RESISTANCE
LOUD SPEAKER

TO CRYSTAL RECEIVER

= N
The construction of a super-sensitive microphone
relay comprising a portion of a tungsten lamp

filament in contact with a carhon button. A very
light contact is ohtained, and the weight of the
tungsten wire does not interfere with the vibra-
tions of the diaphragm.

then sprinkle a few grains of seiling wax
upon it : holld it over a hot soldering iron
until the wax melts and then clop i
firmily to the earbon diaphragm,  When
cool it will adhere  sccurely, Paper
washers, equal in thickness to the dise, are
placed between the shell rim and the dia-
phragny, so as to give the proper aiv gap
between the pole tips and the iron dise.
A brass capped earhon pencil taken from
an old small Hashlight battery is soldered
1o lever as shown and mounted =o as to
press lightly on the carbon diaphragm.
A sharply pointed peneil guve the best
results,  The lever isx made of brass and
supported by two pointed bearings farmed
by soldering pin points to the lever, It
is well to solder a fine copper wire to the
lever and its support so as to short eir-
cuit the high contact rexistanee of the
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pointed bearings. The sapport is insu-
lated from the shell ax shown.

It was found that the lighter the con-
tact the greater the amplification, and in
order to vary the contact pressure the
complete unit s<hould he tilted, OQur cover
illustration shows the unit mounted on a
framework tor tilting purposes,  Another
way is to mount the entire unit in a4 box
packed with absorbent cotton so that ir
will not pick up outside noises and to tilt
the entire hox for obtaining adjustinent,
A battery of two dry cells gave excollent
results with this nnit, A low resistaneo
loud speaker was used,

Those¢ who experiment with microphone
amplifiers will no doubt strike other ideas
that will improve the device.  For ex-
ample, the galena erystal may he mounted
divectly on the vibrating phone magnet,
so (that the catwhisker contact acts as
hoth detector and microphone amplitier,
We know of no one who has tried this

methaod.
In eonducting experviments with icero-

METAL CAR

CARBON JIAPHRAGM
/

INSULATED
SUPPORT

CARBON POINT

Fig. 4. Assembling drawing of the microphone
relay shown in the photograph. The finished in-
strument should he mounted in a sound-proof hox
to prevent feed-hack howling from the loud
speaker.

3" BRASS_ o
12 8 HOLE

e |
g . [
=T ]{uu:
L3 '

A ¥ .
-_|~\ PIN POINTS ' ]Q

SOLDERED gE===
/ k ic™

BRASS CAP BEND
CARBON : /_.5 ‘\.

DENT FOR /*——Ié’——'l

POINT OF PIN

Fig. 3. Details of the parts required for build-
ing the microphones relay shown in the other
illustrations and also on our freut cover.

i6 HOLE

phone amplitiers, one shoulid be eareful as
to the location of the instrmnents. 1t the
loud speaker ix placed near the micro-
phone, the wicrophone will pick up sound
from the speaker and a loud how!l will be
the resnlt. Noises, and footsteps in the
rooni, Will also he picked up hy the micro-
phone and  be reproduced in o the  loud
speiaker. whieh <hould he plaeed as far as
possible trom the microphone to avoid this
trouble, and after a suitable microphone
hax been constructed it should he enclosed
in o sound proof hox,

The wicrophone amplitier, when eare-
fully constructed, ¢an replaece one or (wo
vitenum  tubex, It is the indispensable
adjunct of all erystal receiving <ets, and
it< development will Iwing many new en-
thuxiaxts into the radio field,

(To be continued in our nert issue)

Single-Tube Reflex Experiments with the Hook-Up Board

N our last month's issue we showed
a number of single tube retlex cir-
cuits, many of which were standard
and practieally all of which have
heen descrihed elsewhere,  The experi-
inenter would do well to try each of these
circuits before attempting to hook up the
following ones.  The cirenits next to he
described require many new instruments
in addition to the ones shown in the pho-
tographic views published in the Novems-
ber issue. Many of these circuils have
never hefore appeared in print, and they

offer a wide field for experimenting. We
are reproducing herewith a  photograph

of the hook-up hoard with many new in-
struments mounted on it, One of the
illustrations shows how the honk-up board
looks with circuit No, 13 connected,  We
are giving on column 2 o number of in-
struments vequired for making the follow-
ing experiments:

It has been found that the Rasco radio
frequeney transformer is one of the best
for use in refiex cirenits. Those who de-
sire to build thix transformer will iind
the necessary construetional details  in
Fig. 14, The wire ix wound in tive grooves
cut in the wooden forwn. The primary
consisting of 81 turns of No, 40 R.8.C.
wire is wound in the second and the
fourth groove as shown, 4014 turns in each
groove, The =secondury consists of 169
turns of the same size wire wound in the
other three slots, with 36 turns in the
first and Ilast groove and 57 in the third
groove, When uxing this transformer it
is well to try reversing both primary and
secondary connections as the instrument
works well only when properly connected.

The oscillator coil has two windings on
# three-inch bakelite tube. One winding

(Continued)
By Clyde J. Fitch

—_

hook-up  board made aecording
to the details in the November
issue,

Frla fixed-adjustable erystal de-
tector,

1 National  Air
transformer,
600 turn  honeyeomb
mounting  and several
size honeycomb eoils,

Ritter Collapsible loop aerial,

Bradlcpolim Varviable grid leak,

- Raseo  radio frequency trans-
former,

1 Rieo Oxscillator  coil

according to Fig, 15,

13

Phone  ealibrated

[}

coils with
smialler

— b

constructed

his 20 turns of No, 24 insulated wire and
the other winding has 50 turns of the
sane size wire wound in the same di-
rection,

Those wha build reflex sets, espoecially
single-tube ones, no doubt wonder why
these =ets do not give as zood resulis
ax they are supposed 1o, For example, a
single tube straight reflex cirenit should
apparently  wive the same awmplitication
ax o a circuit employing a one-tuhe radio
frequeney amplitier, erystal detector, and
a4 opne-stage  audio  frequeney  amplifier,
Hardly one set out of fen will do this,
vet the connections will he correct in ench
set. The indieation ix that the fault must
be in the design of the apparatus. The
transformer mauy not have the correct
ratio, condensers may be too large in ea-
pacity, or any number ot things may cause
the trouble, Thix ix one reason why the

hook-up hoard was made, to enable ex-
perimenters to try out various instru-
meuts in the same circuit in order to
select the hest combination. A few lines
pointing out just why one set ot instru-
ments will work and another set will not
work may not be amiss,  For our explana-
tion we will refer to any standard reflex
circuit, such ax the one shown in Fig, 1,

In thix c¢ircuit the radio  frequency
currents are hinpressed upoen the grid and
fikunent of the tube, repeated in the tuned
plate circuit. and detected hy the erystal
detector; the rectified or audio frequency
currents pass through the step-up trans-
former and are hmpressed upon the grid
and fikunent of the same tube,  They are
aplitied by the tube and repeated in the
telephone headset.  Thus the tube ampli-
fies both radio and awdio (requency eur-
rents simultaneously.  To explain why we
do not obtain the amplitication that we
are entitled to, we must consider the
rectifying action of the tube ax well as

that of the crystal. On acceoant of the
rectifying action between the grid and

filinent of the (ube, the incoming radio
frequency currents build up a negative
chiarge on the grid side of the fixed eon-
denser () across the secondary of the
audio transtormer,  This causes 2 reduc-
tion in plate current and the signal is
heard in the headset with the erystal
dixconnected,  With the crystal connected,
the rectifying action of the erystal builds
up a negative charge on one side of the
condenser  ((4)  connected  across  the
primary of the audio transformer. Thus
for each group of incoming oscillations a
negative charge is impressed aeross both
the primary and the secondary windings
of the audio transformer, setting up g
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HOLE FOR
LOOP AERIAL

The hook-up board is clearly shown with new instruments mounted on it. The numbers designate the
detector; 3 and 4, variable condensers; 5, honeycomb coils; 6, amplifving transformer; 7, rheostat; 8, potentiometer; 9, socket
i These numbers correspond with those in the other illustrations.

denser; 11, grid leak; 12, oscillator coil.

current  tlow in both  windings, whi.h,
from the nature of the circuit, muss op-
pose each other, and unless the ratio or
the transtormer =uits the constants of the
other instruments;, the fransformer  is
useless, 1t is on thisx account that ex-
perinenters have obfained ax good resutfs
with the erystal and fransformer removed
as with them connected. Now that we
Know the trouble we will see how it can
boe aveided. It may be well to meation
tir<t that thix cireuit, Fig, 1, is one ol
the simplest and best reflex cirenits in
exixtence today. It hax the disadvantoge
of picking up audio frequency hoises from
lichting circeuits, the amount of disturb-
ance, of course, depending upon the loea-
tion of the set.

Improved Reflex

Iig, 2 shows o circuit in which the
rectifying aetion of the rube has no efleet
on the action of the audio transformer.
Thix is accomplished by connecting two
tixed condensers in the grid lead () and
(). Condenser (%) ix of comparatively
large  capacity, 002 mfds, for it must
pass both radio and andio frequency cur-
rents.  Condenser (C)) is of =mall ca-
pacity, 00025 mfds., ax it should by-pass
the radio frequeney currents only, The
wrid leak (R) is required. It <hould he
of one-hulf to one megohm.  With this
cireuit, the negative charges that acecumu-
late on the grid must leak off througzh the
wrid leak (I); they cannot leak off
through the secondary of the tramsformoer
on aecount of the hloeking condenser ('),
and therefore cannot halance out ile cur-
rent in the primary of the transformer,
FExperimenters <hould obtain very good
results from this cireuit,  The remainder
of the cireuit needs no special cormuent
as it is standard : all of the circuits shown
in this is<ue and also last month’s issue
should he tried out with the double grid
condenser,

Simplified Reflex
A ximplited  retlex  eircuit with  the
added improvement of the extra grid con-
denxer is shown in Fig. 3. All this circuit
requires is g standard three cireuit tuner,

such as the type shioavn in the photo-
graphic views in lass montlh’'s Experi-
MENTER. A crystal detector and audio

transformer  are  connected  across  the
tiekler winding of the coil, The seeondanry

ix connected across the small grid con-
denxer nx shown,  XNote that the con-

densers have been reversed from the loca-
tion= <hown in g, 2, merely to <how that
there are two ways of obtaining the same
result.

Ultra-.‘udion Crystal Hook-Up
An ultra-audion yjre of retlex cireuit is

> &
SLOTS FOR ENDS OF WIRE

Wooden form for constructing the Rasco radio
frequency transformer, The experimenter may
tarn this form out on a Iathe and wind the coils
according to the directions given in the text,
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following instrumnents: 2, crystal
H

10, grid con-

shown at Fig. 4. No audio transformer
ix atsiel i this circuit, 1ois interesting
to note that there is ro direet connection
from aerial to ground, the eapieity be-
tween the primaey amd secondary coils of
the tuner being sutlivient 7o by-pass the
current.  This cireuin oscitlites continu-
ously, unless  the tikonent rheostat s
turned down far enouzh,  Many interest-
ing experiments can be performed  with
this circuit axs it is somewhat of @ rreak
and seets very  heculiarly.  Oceasionally
extrenie distanees are covered in jts use,
Peck’s Reflex

Peck’™ retlex circnits nse no  erystal
detectors gt all, The tube ix used ax a
vidin amplitier, detector, cnd audio am-

plitier. The action resembles audio fre-
quency rogeneration, with an audio fre-

transformer  for the feed-hack
cotpler. Figs. 5 and 6 show two of these
circaits, Both are easily tried on the
hook-up board, tie only additional equip-
memt required bheing o variable grid leak.

Of courxse, with an audio frequency
feod-back  connertion, the  circuit  will
howt at audio frequeney unless the feed-
haek is controtlal, This is accomplished
by djusting the @rid leak., I the cireuit
doesn’t work at first try reversing the
transtornier conhections, .\ variable grid
leak shoubld also he tried across the pri-
mary  of the transformer.  The hook-up
shown at Fig, 5 hasx a tuned plate circuit
for regeneration: in Fig, 6 o tickler feed-
baelk ix employed.  Honeycomb eoils of
ahout GO and 106 turns each may be tixed
in thix cireuit.

quency

Simple Reflex

A simple retlex cirenit that gives ex-
ceptional  volunwe on  local  stations  jx
shown in Fig, 7. This hook-up isx casily
connected on the hook-up hoard and re
quires few c¢lip saind ip leads, A Rasco
RR. P, transformer is used and the oscilla-
tions are controlled by the potentiometer,
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Thirteen single tube hook-ups that may be tried on the hook-up board, Small numbers indicatc the instruments shown in the photographio
views which are numbered correspondingly. Circuit No. 1 is a simple reflex circuit that gives very good results. Circuit No. 2 is a standard reflex
circuit with the added improvement of a blocking grid condenser, the action of which is described in tne text. Circuit No. 3 is a simplified reflex
embodying the improvement of circuit No. 2. Circuit No. 4 is a peculiar tube-crystal hook-up. Circuits 5 and 6 are two forms of Peck’s no-crystal
reflex hook-ups. Circuit 7 employs a fixed R. F. transformer. 8 shows the oscilloflex circuit. 9 is a single tube reflex that works with a loop.
Circuits 10 and 11 are superheterodynes and circuits 12 and 13 are tropadymnes.
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The hook-up board with circuit No. 13, connected.
best single-tube hook-ups there is. as it operates a loud speaker

Note the number of connections required for this complicated hook-up.
from a single tube when using a loap aerial.
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It is one of the
In addition to th~ instruments shown

in our hook-up board illustration the following are used: 1, loop acrial; 13, “B” battery; 14, “A” batterv, and 13, loud speaker.

The experimenter nuiy try viarious sizes of
fixed condensers across the sceondary of
the audio transformer and he may also
try two grid condensers as shown in Fig,
2. When the proper combination has been
fountd a very good one dial single tube
receiving set can be made,

QOscilloflex Circuit

In the oscillotlex eircuit o<cillations are
generited by the tube condinuously, but
the oscillations are of an extremely high
frequeney, having a wave letszth of about
100 meters.  Fig 8 shows< rhe eircuit,
The high frequeney oscillations from coil
(1) cause a current to condinousiy tlow
through the crystal and head  phones,
The :imount of current depetuls upon the
wrid potential, which is adjusted by the
potentiometer and varied by the incoming
signal,  In other words the siznal cuarvent
modulates the high frequencr oaseiflation,
A standard  three eiveuit tuner is used
in thix cirenit, The eoil (L) may consisi
of 50 turns of Na, 18 D, (% ¢70 wire on a
threc-ineh tube with a eenter tap,

Loop Reflex

Many improvements are embodied in
the loop receiver shown in Fig 9. The
tickler or feed back coil is mounted within
the loop, and may consist o two turns
mounted =0 that the coupling is variable,
Thus we have regenerative enplification,
Rectification is obtained by the erystal,

The rectified current is passed through
the audio transformer and fmpressed on
the grid and filament of the tube, re-
peated in the plate civeuit and heard in
the headsel, Two grid condensers :re
uxed. =0 s 1o have the advantages of the
circuit shown in Fig, 2. Very good re
sults are obtained from this eircuit on o
25-mile range, and  loeal  stations are

s(rong enough to operate a lowd-speaker.

’,47 turns # 24 5.5.C.

1

SN

18 1
urns =
#24 5.5.C. g T

A S

~3”6”QZ
Fig. 4

Details of an oscillator coil used in some of the
Super-Heterodyne circuits deseribed in this issue,
A center tap is provided on one of the windings
so that the coil may be used in a Tropadyne
circuit.

.

Lo

Super-Heterodyne Receiver
The usual super-heterodyne receiver em-

ploys cight or nine tubes.  In our illus-
tration,  IFig, 10, we  show  a super-
heteradyne  receiver in which only one

tube ix uxed. The tube is connected as
an os-illator for heterodyning the received
stgnals,  Two eryvstal detectors are used,
one for deteeting the heat note and the
other for detectiug the audio note,  Very
coml resulis are obtained from this re-
coiver when using o loop aerinl. The
construction of the oscillator eoit G-1°-13-P
is =xhown in Mg 15 Coils (L) may be
of tho honeyeomb type of ahout 600 turns
each. A variable condenser isx shown con-
nected across each of these coils, The
experimenter may try fixed condensers in-
«tead of the varinble condensers in this
cireuif. The disadvantage of this hook-up
ix that it ix necessary to make two erystal
detector adjusttents, but with o little
practice ane can easiiy tune in o station.
Thix circuit offers many possibilities ot
improvements,

Reflexed Super-Heterodyne
Fig. 11 shows o hook-up that is similar
to the one shown in Fig, 10, except that
the output of the second crystal detector
ix fed into an audio transtormer and am-
plitied by the oscillator tube. The head-
get or loud-speaker is connected in the
(Continued on paue 136)
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Superdyning the Reflex

~

8
T

[

Rear view of the superdyned
ments:

. reflex receiver.
I, plate circuit condenser; 2, grid circuit condenser; 3,

By R. Washburne

numbers designate the following instru-
tuning coil; 4, audio frequency

The

transformer; 5, plate coil; 6, socket; 7, crystal detector; 8 telephone jack.

ERETORFORE, to use 2 word

tine-worn hut apropas, retlex re-

ceivers have been operated in

Swell oo way ax to permit only o
wery low negative, or someriines positive,
bias on the 2rids of the tubes nnplifying
combined currents of radio and audio fre-
quencies,  The grid hias voltage control
has usually taken the form of a “losser”
(potentionieter). By utilizing the supoer-
dyne principle of negative feedback, os-
cllintiors are perfeetly controlled, thereby
eliminating the need of o detrimental po-
tentiometer, and resulting in greater am-
plification.  The apparatus given in the
list will be required to build the set,

The photograph of the set indicates that
the instrumens will not tit in a standara
cithinet, if mounted as shown,  llowever,
the layout used was entirely an experi-
mental one, The panel used was seven
fnches Ligh and ten inches long: it should
have been 14 inches long, A tonger panel
would  have permitted  pncunting  the
voupler between the two variable con-
densers, 1for that matter, a 12-inch panel
would have permitted this, but it is of
primary importance to have the grid and
plate cireuits well separated,

With one exception, standinsd equipment
wius  used  throughout,  Fhe spider-weh
plate induetance was that exception, A
spider-web left over from previous experi-
ments proved admirably suital to the ex-
isting conditions.  Possibly o honeycomb
would alsoe Lave proved savisfactory: or
uny coil having equivalent eharicteristies,
The spider-web was chosen in preference
to other forms of inductance hecause of
its small size. This reduesd the effects
of coupling to a minimum,

When working out the original design
tle following peints had to be conxidered :

List of Materials

I Abassador variocoupler

2 Bruno low loxs condensers

1 Foote erystal detector

1 Nu-Ald socket

1 10:1 Andio frequency transformer

1 Phore jack

I o0 turn inductance, low  external
tield type

1 Rheastat

1 Dubitier tixed condenser, 00025

mfil, capacity
I Radion panel, T 14
S Ely binding posts
us wire sutficient

T T T T T T T N T T T TR T RV R VIR T TR

(1) Low loss instruments;
detector suitable for retlex work; (3)
Non-inductive relation ot coils; (4) sim-
plicity of tuning: (5) high amplification
@t both radio and audio {requencies,

Eaclr point was well met in the follow-
ing manner:  Double section condensers
having loskes too low to measure ol most
testing instruments, and having balanced
plates, were eniployed, Litzendraht wournd
coils  (including  the  spider-web  induc-
tance) were used. The audio tfrequency
transformer has a 10:1 ratio. The vario-
coupler  should  have a  roter turning
through 180 degrees; a erystial detector
designed for rellex work was found best.
The inductive relation of the coils is
shown in the photograpl,  Only two tun-
ing dials and one coupling control are
required.  High amplilication was secured
when a W, L 216-\ tube was uxed in the
circuit.  Heretofore potentionteters have
been used to put a positive, or low nega-
tive, potential on the grids of the retlex
tubes. A few sets eliminated the poten-
tiometer by introducing other losses.

A positive, or low negative, bias of the
grids results in very poor amplification
at audio frequencies, and only fair am-
plification at radio frequencies. Iy util-
izing the Superdyne principle the grids
thay be biased with from three to six
volts negative,  Still the set will not os-
cillate and the use of low loss instru-
ments will result in maximunm eflticiency.
The highest amplitication from hard tubex
is had with a high negative bias and
high plate potential. This ideal situation
is realized in this receiver,

(2) crystal

Very peculiar results have been  ob-
served during the various tests so far

made with this receiver, The acrial was
a composite one, approximating an “In-
verted 1 125 feet long.  Aerials greatly
affected the results. Different tubes pro-
duced widely different results alzo, Using i
standard storage battery tube with a plate
voltige of 100 1o 150 volts, excellent head-
phone reception wax had from stations
within a radius of 50 miles and nrore,
Two Chicago stations were received dur-
ing the initial tests, This was considered
quite satisfactory for a single-tube  set,
but a surprike was in store for the de-
signer and  his associate  investigators,
When o Western Electrie 216-A tube was
inserted in the socket, in place of the low-
consumption tube previously in use, signal
strength inereased greatly,  Readjustment
of the apparatus produced the surprise,
The 11 o'elock program of station WNYC,

an air-line distance of 25 miles, came
through <o strong that suflicient loud

Continued on page 97)
z
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Circuit showing the connections of the superdyned reflex receiver.
‘eed kark tickler for the prevention of oscillations.

Note the 42-turn reverse
Experimenters may easily try this circuit on

the hook-up board described elsewhere in this and the October issue.
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Yicter van Musschenbroek, in the University of Leyden, 1746,
conn>cted the water in an insulated glass vessel to a static
mechins, The vessel showed unexpected electrical activity when
it discharged through the body of Cumeus, who attempted to

remove the connecting wire from il

=

This later Torm of the Leyden jar is provided with an
ndjustable spark gap wherchy itx potentisl can be measured.

LESFR VAN MUSSCHENRROEX  a professor of
mataral  philo~ophy an tae Universty  of  Levden,

C o dueted,  in 1746, nuraerous  eaporiments in an
| artempt to accamulate electricity in nsulstors. ]
means for wenerating electric ty wire well hnown ai
tat time, Otto von Tuerick: having, in the latter
part of (he }ith ceniury, eonstructed tae famous
t-retional electric maciinz, v hich was discussed in
tue preceding issue of T) Extrnivmesthi,  But the
methods of  staring electricity we <till unknown,
natil the experiments of van Muassehenhrook, leading

A J 9 v invention of the Leyéen car, which were so
oncessful that Cunews, a friend of the professor,

vho received tne first shoek from that little vessel

Al tiasin indueed to approach it,
Sinee chese ly days the Leyden jar haz boeen much investi-
at . om vrantile Franilin has made important studies of

1t is the incipiert form of the modern condenses.

a inde en used in the form of smsll glass tubes with
netad  contin in older types of the radio circuits. It directed
he & t or f <cientists of the I8th centnry to the study of
o1 ¢ these scientists I'Abbw  Nollet, & ¢on-
physicist a* the Court of

rivner, dil urh to render ati henom-na interesting to

Jne of his ] riments, illustrated on

] capacity

89

Historic Experiments
No. 2
CThe Leyden Jar

Some ycars after van Musschenbroek's experiments, the Uni-
versity of fcyden installed the large static machine and battery
of 135 leyden jars shown above. The illustration is a repro-
duction of an old engraving from a book by Van Marum
published in 1786.

Yhe human condenser, deranstrated by Nollet at the Court
of France, is & boy insulated from the ground and charged with
an ebonite rod rubbed with fur. When -“he body accumulated
sufficient electricity sparks were drawn from it, and it attracted
pieces of paper or other ligh' insulativg substances.
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What Experimenters

A daring experiment will be attempted by Dr. T.
F. Wall of Sheffield University, shown at left, who
will attemnpt to disintegrate the atom. Such disin-
tegration of an atom into its component electrons
and protons liberates stupendous energy and if per-
formed on a large scale may result in a world catas-
trophe.

Below: An efficient crystal set, reminiscent of pre-
prohibition days, was bailt by an ingenious experi-
menter who wound his coils on a cognac flask. The
set works well on local stations.

—

—
=

g3 \‘W'ﬁ
N

The *“‘Hoop aerial” fqr trans-
mission and reception, is the
subject of the sunecessful experi-
ments of R. S. Wood and B
Johnson, who recently
exhibited this ngvel
antenna at the Radio
World Fair.

Due to the extremely low temperature
required, attempts to liquefy helium
gas have proved unsuccessful until
Prof. J. C. McLennan of the University
of Toronto, Canada, with the apparatus
shown above, succeeded, after two yearxs
of patient experimentation, to reduce
the gus to a liquid at a temperature of
269 degrees Centigrade, below zero.

Electricity in the service of the em-
balmer is illustrated at the left. The
dead body, placed inside the large re-
tort, becomes dehydrated by electrically
produced heat and the electrolytic action
of & current passing through the body.
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Are Doing Today

The operation of the reflex -ircuit is ecasily
understood by the aid o this electsical demon-
stration board used at the Chicago Radio Show.
The oscillations are represented by neon tubes,
which become successively illuminated, show-
ing the various stages ef both radio and andic
amplification and” detection.

Six months of patient resesrch on the part of British radio
engineers have resulted in this 24-tube radio receiving set, wpe-
cially designed to pick up communicstion from Mars. Compare
with the ordinary two-tube set at left.

This thimbleful of radio apparatus is
a crystal receiving set that fits nlo a
matchbox—and works! It was con-
structed by a youmg experimenier,
Charles Allen, of Alameda, Californ:a.
whe used it successfully in receiving
locel stations.

The small crystal receiving set at the left
was bailt at a cost ot only #3.15 by Dr.
Birger Holmboz, known for his experiments on wmin
iature radio sets. This set will fit into a coat pocket
and can receive stations within 25 miles. Efficiency
and sclectivity of the set are obtained by the use of
spider-web coila, which may be moved alonx the rod
for coupling and tuning.

The interior view of the 24-tube receiving set displays umex-
celled neatness in construction. in this respect, ss in efficicacy.
the two-tube set at the left compares unfavorably with it.
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CThe Ark of the Covenant

By Victor MacClure

“Thi« ix mizhty interesting, Jimmy—mighty interesting. [ never heard of

anything to tarnish gold in this way.

{What Has Gone Before)

The jrexident of a bank, stern basinesz wan,
itands by hiv son's bedside early in the morning
and wukes ki, Iustinctively he  realized  that
e thing was wrong, and juniped oul of hed.

Sccong that hin father was v dvadly carnest
no o guestions vre owlicd, but wentic hes roeadster

snd wivilane e oundectook o cush Rim to the
oty Tne story rar n the Jutuic, in the gray
Maceh miarieng the Battory aas soun rveached gt
wte of t o per hour
t,oing wan vy step showed  that
son i thiny weana had happencd,  The watehman
e bar enewlodges that he aeas aslecp, and
¢ wraduntly deevlops that sliep porvadid the dis-
i, 1 t done had heen opcned by ory-
1l . « 2o Pl that cut through
' cnit nbs The watrhman pul'td out his
catei to i eraid Knd: o coatid nppar-
! ’d The pohieeman, tou, hus
e a o Whon this (nstallment ur the story
closis, tive case s o wmonr avolecd wyslery thar

Four other hanks, ot seems, had bheen robbed.
CGuerds and wcatelmen had been ashoep Some
niw: beriowe: nicthod eas wsed to bhurn open the
afr, and the oridation of the watvh odiled to
mpsiery and hronght ¢ imto the realm of chem
<l ry.

Crue of the policcmen  rerorered  conscion 3
“« s hnd been Ity asivep on the side

]

hix ovm gnapce

" nes Tk

S YAY ! he yellwl.  "What deo you
know about thix, ehs  Were yon
AJ eve-witnesses?”
“As far ax T can see,” Dick told him,
Yeve-witnesses are just what there aren't.”
Dut he shot a quick account of what
he had heard to the little man, and ad
vised him to get after the foot police and
the watchmen of the banks,  The little
man wunted pothing <o much as a reason
able theary to explain the success of the
raid. but we wanted that just as muoch as
he did, and he went off with an openty
exhibited contempt for our Inck of imagi
nation,
Still a Mystery
The furttier we went, and the more in-
formation we aequired about the atffair,
the thicker grew the mystery of it. The
central fact was this—and all else was
refatively nnimportant in the face of it:
that for two hours of the morning, be-
tween three and tive, the tinaneial distriet
ot New York had been peopled by mnen
who, whether doped or otherwixe rendered
unconseions, might fo all purposes have
been dend, for il they saw, There was
no clue to the bdentity of the gang that
Bad contrived to bae inte tive of the

sreeatest Lanks in and et away

with u fortune in gold and easily nego-
tiable <erip. T heard that a finger-print
had twen found in one of the hanks. But
I fimvagined it would need more than that
tu lesnd to the recovery of what was then
reported to be g staggering Joss,

I had a twdk with one of the policeinen
who hud been in the district during the
tost hours, In a general way 1 got noth-
ing that wuax fresh out of his account, but
he was a big Trishman who made me
Inugh with the unconscious humor that
ran through his conversiation, and T spoke
with him long enough to get quite friendly
with him. I wus leaving him, to turn
back and see how my futher was faring,
when suddenly I remembered something,

"By the way,” I said to the big fellow,
“do you happen to have about you asny-
thing mude of gold—i wateh or a trinket
of any sort?”

e grinned sheepishliy  behind a big
hand.

“I've a bit of a loeket,” he sadd, "with
@ photy av the girl in ut.  She makes me
wear ut next me beart, Deon’t laogh, an’
Il show ut to ye—"

I gave him my promise not 1o laugh
and he produced the trinket froon under
his tunie. e wasx much more surprised
than 1 wax to find it tarnished to o dub)
brownish green,

CHAPTER TWO
Clues and False Leads
I

It was round quarter past eight o'clock
when [ ogot back to the National Metul
turgicai, T found it difficult to realize
that only an hour had passed sinee T bad
fnded  with my  futher at the seaplane
Jetty on the west xide of Battery Park.
and T had a feeling that the time shouldg
have beenn close to poon at least, for the
bour had been cramined with incident and
impres<jon

A number of the hank executives bhad
arrived, and the place already had a tlus
tered air of aetivity, The chief ncecountant
wus with any father, and T judged by the
look of him that he was a very seared
min.  Apparently he and the president
had been culculuting the bank's Josses, for
as 1 eame into the room the old man
drew a firm line under two rows of figures
he had written on a sinall piece of paper.

The Baunk’s Losses

YA good haul, Risbridger,” my father
was siying casuatly, “Two hundred and
fifty-three thousand, five bundred dollars
in gold.  ‘'wo hundred and thirty-four
thousand, seven hundred In sceeurities,
But God knows why they didn't take all
we had, You hud hetter see abom broad-
ciasting the deseriptions and numbers of
the seeuritiex, and inform the polee, If
the thieves have not succeeded fn geuting
out of the country, we muay get @ line on
them, should they attempt to dispose of
the scrip.  Sce to thiz at once, will you””

The white-faced official seurried away,
glad to have something to oceupy hix mind
and my father turned to e,

[ old him everything T had pleked up
and he listened without comment until
I had tinished,

“ManS he safd. That's a queer thing
about the gold tarnishing,  What do vou
make of it, son?”

1 don't know «quite what to muke of
it T told hin "My mind somehow eon
neects it with whitever wis used to dope
the watchmen and the police. "Phe stulr
would have to be distributed in such a
way that Irs fumes could vt hig

LA
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The whole affair has such unusual fea
ures, it might even prove that if we were

dixeover what had sent everyone t
steep, we might tand on the thing that
arnished Jaxon's wateh and the police-
s locket. T don't know of anything
tat s such an effect on gold, nor of
nything capitble of producing the anes-
thes<iz, ' inclined to think some sort
ol s was used. The first ditliculty we're
up against is that none of the suffervrs
were conscious of even the slightest smell.”

A New Gas
“Whew " my tather whistled. “A new
was, el If youre right, Jimmy, we're

up against o big thing,  When o gang of
crooks can put the whole of the Wall
Soreet district to steep and get awny with
it, ean you prophesy where the game finds
its limit?”

“1t opens up limitless possibilities.” 1
agreed,

“There's no saying where this morning’s
work will end.” the ohi man mused, “As
it stands, if the other banks have been ax
casily  entered asx we have, there’s the
makings of a fine old panic,

If there's zoing to be ructions, dad
don’t you think you'd better meet them in
coutfort 7 What about 2 bath and hreak-

fast "
The old muan surprised me by letting
out i <udden littie lnugh, with a queer

note in it, as if xome hidden chord in his
memory had heen struck.

“You're like your mother, Jimmy,” he
said, after a pause. “You have her faiv
hair and gray eves, and when you aiid
that--T eould faney it was she who spoke,
You see, son, life was preity full of rue-
tions in the old days, and you said the
very thing she would have said when

' ;\_L :
!
|

ERaE

“Five lead cases with extremely thick aldes! . . .

rrouble wis brewing,  You don’t remem
ber your mother?”

I <hook my head. My mother died when
1 was an infant, and I bad never created

any definite picture of her, to a great ex

tent because my father seldom spoke of
her. 1 expeet it was that he missed her
too much.  She had been dead close on

thirly vears, but 1 could sce. even then
in hix presidential room, how much she
still meant to him  He Jooked at me
queerty, and 1 have never seen him <o
softened either before or since

“No," he said slowly. “You were only
a very litte fellow when .

e bhroke off and lifted hix shoulders
in a sigh,

“You're right,” he
the idea.”

I anticipated that by this time there
would he a jam in the subways and on
the street cars, and as 1 wanted him to
have ax little phyxical exertion as pos-
sible, T telephoned for an automobile.
While we waited my father issued instroe-
tions for carryving on in bis absence.

Whett the car came, we rode uptown
through the rapidly tilling strects oo
quiet hotel where he would not be recog-
nized, mied we both had a bath an'd shave
before hreakfust, [ was wishing now that
I knew enough about banking to <tand by
during the crisis I felt wis imminent | ot
that 1 fancied my father could net stand
alone, but [ think my wish came largely
out of the new realization of how much 1
cared for the old man. [ wauted to be of
some assistance, but I did not know just
how. 1 spoke to him ahout it as we were
finishing breakfast,

“Look here, dad,” T said. I want to
stand by, T can be of no use to you on
the hanking side, bhut 1 could be rairly

said,  “Breakfast's

();

voud wiateh-dog, If 1 can d nything 1o
keep treublesome people oil u. or if

m runt errainds or attend to the o ~
sriat o Just say the word, ' de
thing 1 can.”

Assignment of a Reszarch

S knew that, son,” the old man sl
“hut I'ln well supplied with wateh-dogs
and messengers, who know m; ways.  No
Listen. I'll give you bette. than thut to
do. My hands will be full of the complii
cations that ave bound 1o rise from this
ratd on the banks, and 1 won't have tione
for sny-hing else.  In that tarnishing o1
the gold iden you've hit on sornething that
mayhe will give you further ideas, an
F'd like you to follow up yoar theory o
the gas and see what it leads to. You're
an engineer, and you'll attack the problen
from a different angle from thar o thie
average detective,  You ean have o fre
hand in the matter of expense.”

The old man's suggestion almost took
my brenth away, and [ faney my face ot
red, | omust explain that wh e my fathes
and myself had been good etough fricnds
up to thisx, our ways had Inin very mu
apart. e was devoted to his banki
business, and [ was immersed in aerona
tical research.  There had been times
when we did not meet for months an
when we came together again it had <in
'y heen, “Hullo, Jitmmy ! and “Hulln
dad 1 —pretty much as it we had porte

overnight, 1 knew all rizht  wihi
thought of him. What he t mught of m
had been another story, Tl beo

vood eroush opinion of me to hand e o
job of this <ort, and give ne the rn f
hix purse. with it, put me in s Wt
that T could only neil aceept
(Continued on page 130)

PO PeR——— S R L Ll S MR
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1 sm inclined to think some oatrage is to;\lemvlau»d, I should say—cxplonives,
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Larqest Electric Clock

v d

7

bav = shows the hoisting of the hour hand of

4 ¢t he o erected on the roof of the Colgate fac |
1oty i Jersev City. This
it «n, with its
ement 2nghing four
and run by a small

quar ¢ hor.epower
tie mator, is replac-
reg the olld ek shown
right.  Nate -kat in

L of tigu-ex large
mws  of  eleetric lights

¢ used un the d al.

T h o« Shiohlingragian
Colyate clock, whose
hands ar¢ «hown st the
right, is the larges: elee-
teic clock an tac world.
The hour haand is (8 ft., '
an.l fthe minute hand 24
ft. loag. cach weighing
229 ths, and carrying
ner 2 electrie lights.

| Odd Electric Accidei

A strange casc of

\ electrical paralysis BOY TR2APPLD IN TRE
occurred t young s s
\ boy. who, in_climbing © BY ELECTRIC CERRENT
a tree, suddenly re-
ccived a shock and 1nds Himeel* 1 astened to Himb,

was anable to reicase 5
the branches he was at fscapes ! ahurt Wh e

showed that a branch ‘ Power L Shat O
bending under  his
weight caused contact
between an  electric
lighting main and =&
guy wire attached to
being a good conduc-
tor, some current
passed through it
by the boy, who
thus sustained i
part of the 7,000 ;

holding. Investigation
the tree. The tree
and was received
volts between the

lighting main and
the ground.

T

s ,
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Up-to-Date
EXPERIMENTERS

A happy union of culinary science and the more
exact science of electrical engineering has contrib-
uted much to the success of Miss Ethel Peyser's
electrical household inventions. Her present experi-
ments concern the home generator shown below.

Confronted witk a difficult di-
\ lerama in the course of her
. experiments, Miss Mary Texan
% Loomis—the first woman to con-
8 duct a radio school-—has re-
course to the infallible powder

Directed transmission, while still in its e).(perimental
* stage dpromises success with this parabolic peflector
for radio waves; devised by Marconi.

Persistent experimentation has led to the complete :
elimination of interference by means of this “vertico- R y
horizontal”" loop antenna which achieves perfect selec- ) . 72T
tivity by a combination of vertical and horizontal ﬁx&
loops. ¥ AN\
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A Famous Experimenter

arnduy’s notebooks are repde ith ideas
hea alnve are reprodueed from  his
ome of the experimerncs Hustrated on

Puraday, the father of exporimental
v, 15 the discoverer of tiie phenomena at

The & snarhal i i HY .
0-” .a|i(;1:‘l) D GRS T MIC}\EIG] Faradaq \, & enrdicion of the elecirical :ndustry today
P — - - 1r The far-rvaching  cletunieal poplieaticns NF) T o— 7
o . XN that cheracterize the modera industrial eivil-
ization 2re a tribure to the gentus of Michsel
Faraday, who di'l nw han avy; other
vidual to elevate ¢leciricity from tha srate
N of ivinl evperimen AW Usnent  to h
position of a preal and comprehensise s |
ence. That he was the =on a bla-kemit
with not even ihe opyan ity an chrmen
I tary schoaling, te ! hii thirst fo
knowledps: and the inechau tible enercy tha
enabled Faraday to leceme the worle for
| dil most  experimental ientiae, To n less
marn, his most mportant expotimects, it | b—‘An T ‘nrn:_t»h' 5 g eas
| trated t!\ia page would have see zr:u[ v conprantc by Pradss i 574 sE@AIR: o alectrd
| pEROs D .Lh“‘r far rd [STRRGLT R B mas ic induction UVpon closiy *he hattery
the eyes of Juraday, who i esperimeniag |[ sirewst a4 current pulee induced inoc se secondar
I b ditaNcguididpith, ol o gl | causes A vaomentary defection of cedle.
— facts, theoy assumaed a vital imypo. . Wt ! o ¢
J as his eaperiments were characte sned oy al|
—— striking and beautiful simplicits, s & « man-
Y Faradas e\_porim:-;n«; Y oo nor_ol' e\pn-ssk‘m in vriting and lecture was ‘
th electrolysis His apparatus for de- lueid and DRSSP &) U2 'l‘. e \'l\'h',»,'
WL e0ftanhes  The unumtial featurs (nmh .hv:m(xfnl by the vision that pr_t:mptud {
ing the 1 'eetrodes ottt aled tap . T uy,.'m}x' hix and full it [
thex, rathes than throagh the I OrIMPE 4wyl S & (|
. oas done Ly modern experimenters l m‘f.“*t‘ " v“.nl Whwe 2 10l Anto il m {
o S teries of Man's environment [
< e He vas horn in Engend, 1791, aad at an
. catly age caaw apprenticed to bookbinider
Fortunate circumstai brouvht his semark
able ability to the atiention Sir Humphr.
Davy, under whose §atronase heen the
direetor of the latwratories of the Royul In-
) stitution, where he did most of his valuable
J work., His death in 1%67 terminated one of
the most produetive, most important lives in

D Y 7

YN

The hige ewir ¢ motors of
the present dr, -~re material
espressions o } principles
involved in  the  experiment
illustrated ahovce. The electro-
maymetic vuetion hetween a
permanent magnet and a wire,

maodern yenerator is
mdustrial outyrowth
e simple eaperiment
ted  abave The
tmanent  magnets  ine

u clectromative force i i
3 ! carrying an  dloctrie current
al dise rotating i i .
il Tole and dippming in 1er-ury, cruses

rotation of the wire in ‘he ap
paratus st vigbt and of the
maxnet in the apusel at the

feft,
NN Drimitive
A changre in
awtic field cansed
len motion of
nt  maxnet

Electromaynese induction is
illustrated  stiiariey by the
fumous  Faradar  experiment
shown wui the 1=ft The small
coil carrying » curr=nt indures

ctromaotive
“ o At a current larye sec-
¢ terminals ondary when o inK into irs
core.  The ceirda current
s ndicat e s Ivanom-

e {
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Above—The superdyned reflex receiver with one stage of A. F. amplification.
volume as the ordinary ihree-tube recciver.

conditions this circuit gives as much

U'nder proper

Below—An improved circuit in which the erystal is inductively coupled to the plate coil. By

using the proper ratio R. F. transformer very good results are obtained.

ratio seems to worlk better with a crystal.

spealker audibility wax obtained to make
the program clearly heard on the second
floor (xet being on the ground floor) of
the building in whiclt most of the tesis
were hade,  Purther tuning brought in
four or tive other stations at greater dis-
tanees, aixo on the loud speaker, but with
reduced volume, of course,

The writer will he pleased to give fur-
ther information on the above or follow-
ing points which may not be elear.

Of course, there may he conxiderable
roont for improvement of thix eircuit. A
few of the variations of thix cireuit, which

the experinienter will want to try, are
<hown,  Fig, 1 ix the original circuit.

Fig, 2 is the same circuit, with one stage
of audio frequeney amplification added,
FFig. 3 shows a little variation in the

N view of the great quantity of receiv-
ing circuits, more or less eflicient,
which have been published and are
known by the public, a new one would

have no reason for announcement if it
did not combine positive advantages over
the others,

The following cireuit ix the most eco-
nomical of all known, and in a few sec-
onds can be adiapted to existing single or
double cireuit receivers: simply <hort cir-
cuit the grid condenser and disconnect
the terminal of the A bhattery from the
cround, ‘I'he variable resistance can eaxily
be mede or a satisfactory one obtained in
the storex, taking the precaution of not
using a combined variable leak and grid
condenser,

It ix immaterial whether the primary
coil and the tickler coil ave of the stand
ard vario-coupler, or spider-web tform, but
if you wixh to have a wide range of wave
tengths the primary should have taps; the
tickler c¢oil hax no taps,

It ix convenient that the tube <hall be
hard like the 201-A, but any kind of tube
works, In my experiments 1 used a 201-A
and a W, D, 11, adways with better results
than with the sine tubex used in ordinary
rezencrative cirenitz, AW, D12 dry cell
tube ix reconunended,

The head-set <hould be connected  be-
tween the positive terminal of the 13 hat-
tery and the tickler. A bypass condenser
is not required, The Baldwin ¢ and the
N. K. head-sets work good,  Various ex-
periments  xhould  he  tried for reasons
which will be explained in another article,

A variable 0005 mfd, antenna series
condensger ix used., The voltage of the BB
battery, storage battery or dvy battery is

Note that a step-down

97

coupling unit which may resalt in sharper
tuning of the plate wireuit, which other-
wise wux found to tune hroadly, This wax
not a4 disadvantage, due to the sharp tun-
ing of the grid circuit,

A Dlocking condenser wirs tried in series
with the erystal deteetor in order to pre-
vent the D (L plate current froin passing
through the cerystal cirenit,  Plate tuning
wax 1ol greatly sharpened by this ar-
rangerent,  Adding radio frequency ame-
plification will inerease the range and
wdding audio frequeney amdlification will
increase the volume,  No rheostat was
used in the experimentail sot, since there
wix one in the current supply line. The
<tandird  varinble condenser symbol has
heen made to indicate proper connection
by showing the arrowhead on the rotor
plate side of the comdenser,  ‘Thisx prac-
tically  eliminates  eapacity  effects,  We
wixh 1o point out that pyrotex tixed erys-
tal detectors operate splencidly in thix re-
ceiver, requiring no adjustinent.

L
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Simplidyne Circuit
By Aurelio L. Fernandez

that which the type of
tuhe nsel,

It muxt be taken into aceount that while
tuning in a transiitting station the varia-
We resistance  which 1 desceribe below
shoutd not be used,  Only when the maxi-
mum of clearness x to be obtained may
we think of using it

If the eircuit ix unstable while tuning
in a station and the volume inereases or
diminishes with the approach of the hand
or movement of the hody, or of the tickler
coil, or the xound ix not clear, it indieates

correspolls to

TICKLER
ColL

VARIABLE RESISTANCE /

The simplidyne circuit, which is similar te the
ordinary single circuit recciver except that no grid
condenser is used and a high variable resistance
is conneccted hetween the filament and the ground.
Remarkable results are claimed from this re-
ceiver,

that the circuit is oscillating and the pri-
nary ywiteh tap should be chunged.

I have in the preceding written with
detail to prevent amateurs trom having a
disinelination to the principle: in general,

FIG. 3

the wdjustment is easy, moving simulta-
neously the antenna connection and the
tickler coil,

I+ ix possible to reeceive long-distance
tracismission, but 1 have ne data as 1 have
no antenna adapted theretor, [ hope that
some amateur will tell what results he
obtained,

It one wishes {o use an extra stage of
amplitieation with a tronstormer, a =ep-
arate B obattery should e employed.  The
tiknment current ix eritieal, just as in
every-day circuits,

I'he unplification of the circuit which 1
dexcribe ix obtained by the variable non-
inductive resistance, which 1 have made
in the usual form of a grid leak using :
commmon No. 2 pencil and a little piece of
insulating fibre.  One ond of the resis-
tanee is connected to the ground by a
conductor and the othe: end is free

In connecting the positive pole of the B
hattery with one of the terminals of the
telephones the movable tap of the resis-
tance may rest upon the gronnded el 1
repeat that while tuning in o station the
resistanee should not be used, nor in weak
stations exeept when it ix dexired to obtain
oxtra resistance coupled amplitieation, It
ix 2 question of experimentation,

If clear reception ix not obtained, the
moviable tap is placed on the resistance:
it the volume is the xine or inereases, the
maximum of rendition should bhe striven
for: in practice the movable tap is slowly
pushed to the other ex'reme, and ax each
movenient is made the tuning should alse
be changed slightly, moving the antenna
condenser and the tickler coil.  As the
infensity inereasesx tuning is more eritical,
In general this isx easily carried out,
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Experimental Radio Frequency Circuits

HEN the iteh for distance over-
comes the experimenter he wmtur-
ally turns to radio frequency am-
plitication. Figuring that one stage <hould
increase the receiving range, a new eircuit
with thix addition is fried. After working
on the set for a few nights it is found
that the range remains ax hefore,  The
long-distance stations are as elusive as

BLZ, RET

By W. L. Pearce

amplification will tfall off,  ‘This will be
understood when it ix explained that a
radio  requency  civeuit must be tuned
to a given station, and asx a transformer
has o certain natural wave length, it will,
of course; function hest at this point.
Radio frequency transformers are wound
with fine wire having a large resistance
to broaden the tuning so that it will take

"3

=+ -

wive fength, As the plate cireuit is tuned
to resohance with the grid circuit, the
tube will naturally oscillate and a potenti-
ometer is essentinl,. Whenever a poten-
tiometer is used a tilainent switeh should
be cinployed, ax otherwise the potentiom-
cter would always be consuming curreut,
even when the tubes are turned out.

This type of R, . amplitication  will
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Left—A radio frequency amplifier employing a fixed R. F. transformer.

oscillations.  Right—A radie frequency amplifier employing a tuned impedance instead of a R.
connection for obtaining regeneration in the detector circuit.

ever, and in disgust the old reliable re-
generative  receiver is aguin put  into
operiation,

It is difficult for the novice to under-
stand why this is <o, If radio frequency
amplifies the signal before it reaches the
tletector, then why does not the addition
of one stage of R 1, amplitication improve
the distance reception of the receiver?

Some types of radio (requeney anpli-
fiers, it correctly used, will give a notice-
able inerease in etlicieney, bur others will,
i anything, give poorer resylts,

It must be remembered thiar when o
standard R. . transformer is employed
regencration must be sacrificed, and as
regenceration ix in itself equal to one stage
of R. 19 amplitication, it will be evident
that no advantage will be gained by using
only one stage. A diagram of thisx circuit
ix shown in IFig. 1, .\ potemiometer is
usually employed to keep the radio fre-
quency tube from oscillating,  If the po-
tentiometer lever can be moved completely
to the negative side without the tube
oscillating, the potentiometer is not neces-
sary and may be discarded.  In this case,
the grid return of the 1Y . tube is con-
neeted directly to the negative “A' hat-
rery lead.

The main disadvantage of using an R .
transformer is that it has not been pos-
sible to design o transformer that will
amplify equally well on all wave lengths.
There is a certain wave length on which
the amplification will be at maximum, and
above and helow this wave length the

S P

Fig. 5. An untuned primary coupler that has given excellent results in Mr.
well the primary ir spaced from the secondary so as to reduce e

in w wider band of wave lengths, This
naturally decreases the efliciency of the
transformer at all wave lengths, even at
the one on which it functions hest,  Nome
nunufucturers  make  different  trans-
formers for each stage, The first stage
transformer may be designed to be most
eflicient on 300 meters, (he second trims-
former on 400 meters and the third on
SO0 meters, Tt will thus be seen that
amplification will be nearly equal trom
about 230 to 550 meters,  This system.
although giving the siune amplitication on
it wide band, will be lower in etliciency
than if all stages could be tuned to any
dexired wave length,

Ax regeneration cannot be used and as
the (ransformer must be broadly tuned,
it follows that a tuner must he employed
that ix seleetive,  Such a tuner shoutld be
%0 designed that the coupling between (he
primary and sccondary may be made very
looxe,  The coils should also he wound
with large wire, not simaller than No, 20,
and preferably double cotton covered. A
condenser ot good manufacture and of
the low loxs type should also he used,

A more efficient form of R, K. aunplitier
is xhown in Fig, 2. Thix is known as it
tuned  bpedance amplitier. It includes
an inductance in the pliate civceuit of the
R, I, tube, tined by a condenser.  This
inductance may consist of 1S turns of
No, 22 8 €, ¢, wire wound on a three-
inch tnbe, By means of the condenser
the coil can bhe tuned to any station and
amplification will be at maximuin at any

S
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A potentiomcter is used for stabilizing the circuit and preventing

transformer. The dotted lines indicate a

prove quite selective and when carefully
operated will bring in numerous distant
stations. It will be found that for maxi-
mum results the potentiometer lever must
be  shifted for every change in wave
length.  As the lower waves are tuned in
the lever must be moved closer to the
positive side to prevent the tube {rom
oxcillating.  Instead of the plate coil and
condenser, a standard variometer may be
used  with  good results.  The eoil and
condenser, however, are recommended, as
with this combination the tuning will he
sharper,

Regeneration nuty also he obtained in
the detector cireuit by inserting a coil
(L") in the plate cireuit and placing it in
inductive relation to the tuned impedance
coil (L). These coils may take the form
of the primary and sccondary of a stand-
iard variocoupler,  Only enough of the pri-
mary turns should he uxed to cover the
desired wave length band.  With this ar
rangement <lightly greater volume ean he
obtained if the set is correctly  tuned,
However, it is doubttul if regeneration is
of much advantage in this cireuit, as the
action of the tickler eoil affects the tuning
of the radio frequency circuit and makes
aecurate  tuning  very  ditlicutt. An  in-
crease of  regeneration also brings the
R. I tube closer to the oscillation point.
and if the potentiometer has been set for
maximum signal strength the tube will
break into oscillution, thus necessitating
further adjustiment. A variometer in the
plate circuit, in non-inductive relation to

Pearce's cxperiments with radio frequency amplifiers. Note how
lectrostatic coupling between the two windings.
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Left—Circuit showing how one stage of radio’ frequency amplification may be connected to a standard three circuit receiver,

the variocoupler of the standard set is used as a tuned R. F. transformer.

coil.
tubes,

the tuned impedance coil. would perform
better, as it would not directiy atfect the
radio frequency circuit,

It often happens that one stage of radio
frequency is desired with a standard three
circuit receiver. A radio frequency trans-
fortner cannot be employed, as it would
have to be inserted between the tuner
and the detector, which would mean that
the whole set would have to be completely
rewired. The obvious solution is to place
the radio frequency stage hefore the set
proper as shown in IFig. 3. If a series
condenser is not employed in the original
set, and if the filament is not grounded,
no changes at all will have to be made in
the receiver. If a series variable con-
denser ig in the primary cireuit it must
he removed or shorted, otherwise the “I”
hattery cdirenit of the R. F. tube would
he open and the set would not function.
It will be noticed that no transformer of
any kind is ewmployed, as the original
variocoupler serves as a tuned radio fre-
quency truansformer. The plate of the am-
plifying tube ig connected directly to the
antenna  binding post and  the ground
binding post is connected to the positive
of the “1¥ battery. Anywhere from 43 to
090 volts may be used for the plate of the
amplitfier.  The same “A” and “B” bat-
teries are employed for both tubes, If.
in the original set, the filament was
grounded, this connection muxt be broken.
otherwise the “B” battery wonld De
shorted. Any type of tuner may be em-
ploxyed in the antenna cireuit, but an un-
tuned primary coupler is recommended.
This may consist of a secondary of 50
turns of No, 20 ], C, C. wire wound on 2
three-inch tube, The prinuury consists of
10 turns of No, 18 or 20 8, (. C. wire
wound directly over the center of the
secondary and separated from it by two
or three layers of eardboard. A variable
condenser of 0005 mfd. capacity is shunted
across the secondary for tuning. It will
he noticed that the grid return of the
radio frequency tube is connected directly
to the negative filament. and that no po-
tentiometer is employed.  If the radio

Inductance Coil Mounting

N spider-weh c¢oil ix easy to make

and simple to operate. The base is
made from a 30-ampere fuse caxe, which,
when snapped into the fuse clip, turns
easily far coupling adjustment.

The stem is made from a meat skewer,
and the coil is wound around mateh sticks
which have been inserted in a cirele of
holes to give a round form before wind-
ing coils of different sizes can be wound
for the primary, secondary and tickler.
Very good results have been obtained with
coils of this type on hoth tube and erystal
sets,

Contributed by WALTER MARKOWSKI.

This is the most efficient method of obtaining radio frequency amp

frequency tube tends to oscillate, thix con-
dition may bhe corrected by using fewer
turns of wire on the primary of the vario-
coupler in the three-circuit set. As these
turns are controlled by a switch, this is a
very simple matter. There will be no
danger that the tuning of the secondary
will affect the tuning of the rudio fre-
quency amplifier as the coupling may be
toosened to such a degree that this will
be impossible. With the addition of this
one stage of radio frequency amplification
it will be found that regeneration is re-
tained in the detector circuit, distance
reception iy inereased and weak signals
are greatly strengthened.

I'or those who wish a receiver incorpo-
rating one stage of eflicient radio fre-
quency amplification the circuit shown in
Iig. 4 is reconumended. This receiver
bears a close resemblance to the circuit
just deseribed, but a tickler coil is em-
ployed for regeneration instead of a plate
rariometer. The tickler will not be found
more eflicient as far as actual results are
concerned, but it will prove much simpler
in adjustment. When using a plate vari-
ometer for regeneration it will be found
that maximum results at about 250 meters
will be had with the variometer set at
minimum inductance and for 550 meters
it will be set at maximum. Thus a rota-
tion of 180 degrees niust be made for max-
iinm results to cover the broadeast band
of wave lengths. When a tickler is em-
ployed it will be found that for the lowest
to the highest broadcast wave length
variation of only about 10 degrees on the
dial will be required. It will then be
seen that once set for maximum regenera-
tion on the lower wave, it is in a very
sensitive position for the whole band and
need only be touched to strengthen a very
weak station,

This cireunit also dispenses with the po-
tentiometer, the absence of oscillation be-
ing due to the mamner of winding the
primary of the tuned radio frequency
transformer, This instrument is a stand-
ard varioconpler of the 180-degree type

A very simple spider-
web coil mounting is
easily made with a
30-ampere fuse and
its rcceptaele. The
experimenter may
mount two of these
together and vary the
coupling by swinging
the coils sidewise.
Different sized coils
may be plugged into
the fuse base.

LJIIMIHM:
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In this case

Right—A radio frequency amplifier circuit similar to Fig. 3, except that regeneration is obtained in the dctector circuit by means of a tickler
lification and a standard three circuit tuner is used for coupling the tw .

The primary winding should be removed
and a new winding consisting of 42 turns
of No. 20 8. C. C. wire wound on. This
number of turns applies to 2 form of 3%
inches in diameter. 1f larger or smaller
than this, less or more turns will be
needed, respcctively. This new winding
will be the secondary of the coupter. The
primary, consisting of 10 turns of No. 18
S. C. C. wire, should be wound directly
over the secondary and separuated from
it by at least three-cightlis of an inch.
This may best be done by placing a layer
of cardboard over the sceondary and
fastening eight pieces of hardwood, three-
eighths of an inch high, at eaual distances
around the circumference (see Ifig. 5.).
These pieces of wood may ne fastened in
place by meuans of collodion. The wire is
now wound on the edges of the wood strips
and may be held in place by means of a
light coat of collodion. If desired, any
standard untuned primary coupler may be
employed, but it will then be necessary
to experiment with the number of turns
needed on the primary to keep the R, F.
tube from oseillating, This shonld be tried
with the receiver set at a law wave jength.
‘The tuner, consisting of primmary and sec-
ondary, may be wound the same as de-
scribed for the circuit shown in Fig, 3.
Condensers ot 0005 mfd, capacity are em-
ployed to tune the secondaries of hoth
couplers, For distance reception this re-
ceiver will preve superior to most two-
tnhe setx on the market, If a loud speaker
is to be operated one stage of andio fre-
quency will be found sutlicient for many
stations,

Two stages of audio will give loud
speaker volume on practically any signal
that will actuate the detector. This re-
ceiver will not cause interference with
other nearby sets as the radio frequency
amplifier will not oscillate, and conse-
quently will not radiate in the anfenna
system,  Fven though regeneration is car-
ried too far and the detector tube oscil-
fates, it will not cause any more interfer-
ence than any laboratory oscillator,
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Experimental Short-Wave

OW that several hands of wave
lengths have been ofliciatlly  as-
signed to the amateur for experi-
mental purposes in addition to

the 150-200 meter band, many are at a loss
s Lo how they are to maintain efficiency
over such a wide range of frequencies
with the same set.

At present we may ax well discount the
2 to 4 meter band except on sets especially

auoog

Amateur transmission anq reception on wave lengths less than 100 meters have brou;
short wave tuning unit comprises primary, secondary, and tickler coils.

coils substituted.

designed to handle such high frequencies,
but for the 20 to 22, 40 to 43, 75 to S0
and 150 to 200 meter bands, it is quite
practical to use one set to cover anyone
of these hands and maintain o fair dogree
of efficiency on any or all of then.

It is not the purpose of thix article to
stute what is the best means of aecon-
plishing  (his  purpose—for short wuave
work is far too young for inyone to make
any claims in this direetion at the present
time, but rather to deseribe some arrange-
ments that have given =ood results for
this class of work and which show pros-
pects of development,

Kirst of all let me wuarn those who are
inexperienced in short wave work. not to
let the natural efliciency of these high
frequencies mislead you into believing you
have a first-class receiver just hecause yon
happen to get pretty good results,  Almost
any half cflicient set will give results at
75 or 80 meters superior to those which
1owell made set will give at 200 meters,
provided it will tune that low, so wuatch
vour step and have cverything as near
right as possible if you desire to get the
best possible efliciency.,

Coils wound single layer fashion are
appuarently far superior to those wound
in any other method for reception helow
100 meters. Large enameled wire seems
exeellent and  probably  more  desirable
than any other,

Due to several causes three-cireunit re-
ceivers (tuned primary, secondary. and
plate) seem more effective than other gr-
rangements where attempts are made to

The

By A. L. Groves, 3BID

simplify tuning by doing away with some
of the controls,  Also in addition to these
three main controls o variable foed-back
between the plate and secondiry coil s
desirable as well ax a variable coupling
between the primary and secondary,

It ix extremely important that small
capacity variable condensers of good make
be used in such sets, A five-plate con-
denser of stundard size ix recommended

il

to be used across the grid coil and one
of not more than seven plates aecross the
plate coil.  The one in the primary cireuit
had bext be arranged for either series or
parallel connection and may he of almost
any size between 13 and 23 plates,

As the first important demand is for an
outfit that will tune down to the short
waves, @ very good set for this purpose
¢t he  construeted in the  well-known
“honeycomb™ method, and making several
special single layered coils for work on
the various bhands of waves ax dexired.
The eoils should be wound on forms three
inches outside dizmeter. each one equipped
with an individual plug for inserting in
the honeycomb mounting,  The largest of

these coils should be composed of ap-
proximately 22 turms,  Other coils are

made with about 18, 12, 10, S and ¢ turns.
Connect the instruments up in the regular
honeycomb  three-cireuit system. not neg-
lecting  the =mall  variables, for large
variables in short-wave work are prac-
tically  useless, With  the  condensers
recommended and a 22-turn coil in the
secondary and a 15- or 1S-turn eoil in the
plate cireuit and one of about § or 10
turns on the primary cireuit, aceording
to the xize of your aerial, 4ll wave lengths
well over 100 meters may be tuned in
while the minimum wave to whieh the
set will respond will be approximately 80
meters,

Ax a rule with most sets it will be ad-
visable to use the 18-turn ¢oil in the
secondary circuit and the 12- or 15-turn
eoil in the plate circuit for the 75 to 80

O U

ght forward many new designs in receiving apparatus. This
By pulling the knobs out the inductances may be removed and different size
Thus the entire amateur wave length bands may be covered.
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Receivers

meter band of waves. The coil nsed in
the primary in this and all other cusoes
will depend upon the size of the aerial, of
the primary condenser and upon whether
the xeries or parallel connection of the
primary condenser is used at the time.
Such an arrangement will tune up nearly
to 100 meters and go down ta approxi-
mately GO meters,

Placing the 15-turn coil in the secondary

ounm‘

)m:no

and the 10-turn coil in the plate eireuit
will allow the =et to tune well helow
50 meters,  Other coils muay he wound
with different numbers of turns for
various other wave lengths higher or
lower. A 48-turn coil in the secondary
and a 22- or 24-turn coil in the plate
will cover the old 130-225 meter range
nicely.  On waves below 50 meters the
effect of different length leads in the set
during construction and  different tube
characeteristics, ete,, make it impossible to
give the exact number of turns to he used
for any wave length, but the experimenter
will have little trouble with thix part if
he Keeps in mind that ene turn means i
considerable frequency variation at wiave
lengihs below 40 or 50 meters.

While such a set will work very of-
ficiently and ean be constructed quickly
and cheaply it is recommended that for
somewhat better results a special arrange-
nent for mounting the coils be made, as
the honeyeomb coil mountings, while ef-
fective for the longer waves for which
they were designed have several unde-
sirable features that make themn not so
well suited to the high frequencies en-
countered below 100 moeters,

The special mounting may be arranged

according to one’s own ideas in all de-
tails, the main  consideration being «
mounting that will allow for quick

changes of coils and the bringing out of
the opposing leads of the coil windings
it opposite ends or sides of the cylinder.
Good contacts of the bearings are also
important. One suggested form of mount-
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ing that hax proved quite satisxfactory, and
well adapted for mounting the coils be-
hind the panel (no cabinet should ever be
wsed inoa short-wave set) i shown in
Fig. 1. In thix sketch (1) represents the
panel which should be of bakelite: (2)
is @ 14 ineh square brass rod 3l inches
tong drilled and tapped at each end with
G/a2-ineh thread; (2A) are 14 incl cross
picees 2 inches long, drilled transverscly
at about 14 inch from cach end Lo pass a
G/32 inch machine serew, the center hole
being countersunk, If dexired the two
side holes may be drilled and tapped for
G/32-inch thread. thus doing away with
eight nuts in assebling,  (3) is a bake-
lite strip about 14 X 1 ineh X 10 inches
lung, used to support the rear b mrings,
(4) represents the primary coil, (5) the
secondary coil and (6) the plate or tickler
coil. The monnting hote for the secondary
i drilled in the exact center of the bake-
lite strip and those for the primary and
tiekler not less than 1% inches or more
than 214 inches to each xide of the eenter.

To make sure of true running bearings,
after the exaet toeation of the mounting
on the panel ix decided upon, this strip is

e % T
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The circuit used in the experimental short wave
receiver. Note that antenna, grid, and plate-
circuits are each tuned by a variahle condenser.

v

uxed % a template in loeating the cor-
responding bearing holes in the panel,
The bearings may be made ax follows:
(7) represents a No. 6 braxs rod 14 inch
ong threaded 6/32 inch for ahont one-
half of its length, (8) and (D) are 6/52-
inch nuts nsed to fasten the rod to the
hakelite evlinder. (10} is a #%-inch brass

rod about #-inch long furned down to
receive o 6/392 or 8/32-inch thread for
about 14 ineh.  The remaining <houlder

ix then drilled in the end for about 14
inch to reeeive the plain end of the rod
(7). Special thonght must he given to
the contacting surfaces between the two
parts fo insure good eleetrical contaet,
The left-hand end of the winding i made
fast under nut (8) as shown at (L), eoil
(5), or may be soldered thereto  (espe-
cially after experiments have shown that
the correct number of turns have heen
wound on the evlinder), The eorrespond-
ing terminal in wiring the instruments is
taken from under the shoulder of part
10 as shown at (A). the pare 10 being
held firmly in place on the strip by the
nut (11).

The front bearings consist of a No. 6
or No. 8 brass rod about #) inch long
threaded about one-halt its lengh, ax at
(12)., A =mall pin ix then inserted near
the end of the unthreaded portion as
<hown at (15) and left projecting abeut
14 ineh. (13 and (14 are nuts for
holding this part firmly to the eylinder.
(16) s n %e-ineh or Th-ineh brass rod
about 114 inches long turned down to No,
8 size for about 1ineh of its fength,  Thisx
piece is then threaded for a short distanee
at the small end to receive the knoh bish-
ing while the end of the targe shonlder is
drilled to allow the plain part of rod (12)
to «lip in, after a <lot has been made to
allow the pin (15) to pass,  Care should
he taken to arrange the parts <o that good
electrical contact is maintained at this

end and the rear hearing by pressure of
the coil spring (17). The pin (15 tining
in the slot made in part (16y allows the
entire cail to he rotated by means of the
knot 18y,  Contact for the right-hand
end of ¢oil winding is made under the nut
(13) as shown at (1Y) coil (H). and the
correspomding terminal is taken off pref-
cerably  between  the  coil  spring  and
shoulder of part (16) ax shown at (),
The coils nay be eaxily inserted by pull-
ing out on the knob thus coinpressing the
coil spring enough to allow the coil to be
removed or inserted.  Separate parts (7)
and  (12) should be made for each coil
Ax it is not necessary to rotate the see-
ondary or middle coil, only a1 =malt knob
need be uxed on thix mounting for the
purpose of compressing the spring  in
changing coils,

The letters show the terminals to be
connected to the varions instrmments, In
conmnecting  the variable condensers in
shunt{ to the secondary and plate coil eare
must be taken that the stationary plates
<holl he connected to the grid terminal of
the secondary coil amd to the plate ter-
minal of the plate coil. The negative tila-
ment lead trom the secondary coil <hould
al=o be connected to the gronnd,

The complete wiring diagram ix shown
in Kig. 2 to which <honld be added one
<tage of audio amplitication for bhest re-
sultx of DX stations,

The ¢oils or inductances for this set are
wound on bakelite eylinders three inches
outside diameter and preferably of very
thin walls and of covrect width to receive
the number of turns desired plus the
spiace for the bearings,

It ix important for short-wave work to
plitce the condensers well apart, at leasr
five inches between  centers s recoln-
mended, and to use good condenxers,  The
wiring and placing of the instruments
should e <o done asx to admit of the least
possible ammount  of  wire  heing  used.
Medium “hard” tubes such as the Wh-1l
or WD-12 are reconnmended for the very
short waves at least, where they seem to
e well suited due to their low internal
capaeity,  non-eritical audjustments and
free oxeillating,  The maximum aud mini-
mum wiave-length range of the set will
depend upon the number of turns used.
Approximately the same number of turns
may he wound o start with as recon-
mended previously,  Such o set will, if
carefully made, give a good aceount ot
itcelf on all wave lengths in practical use
below 200 meters,

Super-Regenerative Set

Confrary to general helief a form of
super-regencrition ean he used with
splendid result= amd many advantages at
times in conneetion with the <hort-wave
previously  desceribed,  expecially  on
wavex between  about H0 and 100
meters,  The ecirenit for sueh o super-
regenerative  set ix shown in Fig.o 5.
Great care must be made in constroeting
and adjusting the oxeillator cireuit for
this elass of work and it ix upon these
adjnstuients that the snecess or failure
of the sct hinges alumst entively, The
recenerative part ot the et <hould be
constructed  along  the  lines  previousiy
mentioned and the same care tiken in the
construction of this part a< if the set was
to he used ax regeneritive only, The
vitrintion frequency musr be cudjusted in
<ueh o manner that it is barely audible,
and after experience ix gained, hest o re-
sults ny be obtained with the variation
frequency entiveiy inandible,

IFor some reason the WD-12 or WD-11
tube operating at 45 volts B3 hattory seems
to he more effective in thix circait than
the more powerful storage hattery tithes,
The enuse of thix is not clear unless the
variation-frequencey-energy handied is xo
small, as to allow the tube to perform its

Ne s
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other  dutiex  without  beesming  over-
loaded, thereby making a newe powerful
tube unnecessary and undesirable beense
of the greater natural cofliceney ot the
snuller tube on the short waves,

I'roperly adjusted, thix form of super-
rezeneration will not give rise to howling.
squealing, and will not operate with the
familine roaring sounds to which super-
regeneration  is subjeet  on the  longer
wives, and there ix no bhothersome hun in
the receivers, for at the most this hinm
muxt he adjusted <o il actually hasx to be
listened-for to be heard even when no sig-
nals are coming in.  Seleetivity ix enor-
mously greater with this form of super-
receneration  than  on  any  other  type
suited 1o the longer waves, and while no
earsplitting signals result the average sig-
nal <honld be tonnd to double its strength
over that received with plain regeneration
and the distance over whielr the =et will
operite effectively in the dar time shonld
be inereased something like 40 per cent
over that of a good regeneraztive receiver,
Adjustments and results will, of course,
viry considerably in each individual case
and no exaet formulas can be given for

s g

i -

+ \j -
I

. FIG. 3

A super-regenerative cirenit for short waves em-
ploying the Flewelling principle. Experiments
with this circuit show it to he far superior for
short wave reception to the standard circunit.

Sl

the velues of the oscillater induetances
or their shhunt capaeities, hut onee work-
ing right thie resultx will Le steady with
0 decided  radio-frequeney  amplifieation
power.  Approximate result< oy he first
obtainad by using D1-1250 turn coil in the
arid oseillator <hnnted hy a 001 mfd. con-
denser and D1-750 coil in the plate oxeil-
Lutor shunted by n 0005 n d. condenser.
The eoils are placed in indactive relation
to each other and adjusted until oxeilla-
tions are noted hy the taine high pitehed
sound in the receivers if 1he fregueney is
audible or a Aull thud if it ix inmdible,
The ecupling <hould not he :my closer than
absohiHely necessary to ngintain oxeilla-
tionx,  LFxcellent resulis con be obiained
if a Eitle time is taken n getting the
variation frequeney correes, Do onot he
dizcouraged at the first attempt, i results
are not perfeet, and do not Try ty inerease
dixtanee and signals hy  nereasing  the
strength of the varviation frequeney, for
although comparatively Tomsder nearby <jg-
nals (nn be obtained in th < wanner, the
DX eannot foree itk way throush and
traublie witt e experienced by the fube
chiokire up, and <ignalx ceopping up in
all unreasonable manners,  More than 45
valts <hould never he u=ed on the plate
of any tube for thix pnrpose,  Aways re-
membor yoir have to deereis<e the strength
ol nearby  signals ax received on the
super-regencrator to get resalts from the
dixtunt <tations and ceneral safistactory
result<, Tt isx no trouble 10 make any
super-regenerator tear thines np on con-
paratively short distances in the signal-
strength line, bt it ix quite another prob-
lom to redues this <ignal-<trength and zet

stooth acting satisfaetion from the dis-
tant stationg,  This is onc great trouble

of the paxt with super-regeneration and it
(Continued on page 1.37)
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Constructional details of a compact single
tube portable reflex receiver that gives good
results on a loop-aerial.
diagram of connections. It employs a tuned
plate circuit and the output of the crystal
detector is directly connected to the input
of the tube without the
Fig. 2 shows the rear view of the
instrument. Fig. 3 is a plan view showing
the location of the coils and the compact
mica dielectric variable condensers, the de-
tails of which are shown in Fig. 4.
5 shows the method of spacing the filament
rheostat to make room for the condensers.
Fig. 6 shows the panel drilling.
and 8 show the compactness of the complete
receiver installed in a medical cabinet.
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How to Make a Portable One-Tube Reflex Receiver

By Tud Garver
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use of a trans-

Fig.

Figs. 7

used.

HERE is a simple receiver free from
complicated parts that is eaxy to
build with & minimum of expense. 1f is

two sets of colls is eliminated by
mounting them at right angles.,

Owing to the small space avail-
able variable miea
These are preferably one of
the many commercial {ypes or you
may build them according to
the drawings, ig, 4.

condensers ire

mounted in a medical battery cabinet.

The parts needed are comparatively few
and in the diagram each part bears a
designating letter,

The electrical wiring diagram, Wig. 1,
shows how to connect up the instruaments
exactly as they go in the set. With the
exception of the grid lead of coil (B),
which is soldered to the variable con-
denser lead, all connections are made (o
binding posts.

The photograph, Fig. shows the ar-
rangement of the instruments and the
simplicity of wiring with direct, shorr
leads.  Note position of condenser (1)
over coil (B) ; condenser (1) below suh-
hase and coil-supporting bracket (1.). The
erystal detector terminals are also below
the sub-base.  Connection to the movable
condenser phites is made with tlexible
wire,

Fig. 3 shows the correct positions of the
units as mounted on the panel and sub-
base together with the mechanical detuils
of coil construction and the proper connec-
tion of the leads., Coupling between the

)

$50.00 in Prizes

This is a monthly prize contest
for radio experimenters. There are
three monthly prizes as follows:

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

In order to be eligible for a prize
the manuseript must deal ONLY
with the experimental phase of
radio, somewhat along the fol-
lowing lines: Radio ewperimental
wrinkles, Short cuts for the eu-
pertmenter. Simple devices to help
radio cwperiinenters in their work
ure wanted particularly.

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

FIG. 8

A minimum of panel space requires the
rheostat to be set back of the variable
condensers, Thig is done by using fibre
bushings and a shaft extension as shown
at Fig, 5.

Panel drilling plan is shown at Fig. 6.
This plan should be followed very closely
in order to build the set in such a com-
pact space,

IMig. 7 shows the front view
finished receiver,

This receiver has shown its ability to
pick up signals with fine volume on a
tapped loop shunted with a 0005 mfd.
variable condenser,

The neatness and portability of the set
are well jllustrated in the photograph, Fig,
S, Ample space is provided in the Hd of
the medical cabinet for “B” bhuatteries.
These are held in position by metal strips
and the terminals brought out through a
fibre panel. Complete with batteries the
receiver weighs less than 20 pounds.

of the
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1. Carbon dioxide. 2. Methane, or marsh gas. 3. Wood or methyl alcohol. These three are made up of tetrad carbom and monad hydrogen
atoms, and Fig. 4 shows the separate atoms, along with a friad nitrogen atom. Fig. 5 shows the bond of a tetrad satisfied by two monads and one

dyad. Next comes water. Two monad hydrogen atoms and one dvad oxygen atom. Fig. 7 is grain

alcohol.
hydrocyanic acid.

HE microscope shows, under the
highest magnification of 3.000 diam-
eters, living organisms which appear
to have a diameter of one-tenth or a mil-
limeter. In reality these orgunisms are
only one-thirtieth thousand of u milli-
meter in c¢iamerter. But such a creature
has a number of organs, eich of which is
compased of varions organic compounds,
which, in turn, split up into molecules,
and it is these molecules which are com-
posed of atoms, Therefore it is almost
incomprehensible how tiny and minute
such a molecule, to say nothing of the
atom, must be
The atoms when linked together form
motecules, whieh are the smallest indepen-
dently exigting camplex substances known.
The atom has ro independent existence.
Bach atem has its ewn peculiar character-
istic. An atort of hydrogen ¢11) has what

This might be COCl: or COH:, formaldehyde. A A At
Fig. 8 shows the triad nitrogen taking up three bonds of the tetrad carbon, the other bm_ld being saturated with hydrogen, giving us
Fig. 9 shows another nitrogen compound, methylamine, the type of an enormously important series of compounds.

we may picture as eone arni, called a bond,
with which it may attich itself to an-
other boud of the same Kiml of atom, or
to a different kind of atem, forminz a sub-
stunce or molecule, Oxygen (1) has two
bonas, nitrogen (N) in ammonia, three,
and earbon (C) forr honds with which
fo unite to other atams.

When each of the four free bhonds of
carbon are united with four atoms of
hydrogen a molecule of - marsh  gas is
formed, Tt is an interesting fact that
marshv gax ean be obtained by the direect
union of carhon and hydrozen at a teni-
periture of 1200 degrees Centigrade, or
by meunns of an electric discharge between
two carhbon poles in an atmosphere of
hydrogen.

If an oxygen atom with its fwo honds
is substituted for one hydrogen atom of
marsh gas an incon:plete molecule is ob-

tained, for since oxygen has two bonds,
one bond ig linked to one carbon bond,
hut one is still free. This free bond is
tuken mp by the hydrogen atom just dis-
arded and the cross-like structural form-
uia is obtained which is of wood or methyl
wcohol. When the hydrogen opposite the
oxywen atom is remeved and a carbor sub-
stitated, bydrogen being held by the three
other honds of the carbon atom, grain or
ethyl aleoliol is obtained.

Dut the dance of the carbon atom is
by no means finished. When the hydrogen
atom attached to the oxygen of the wood
aleohol is freed, as well as another ad-
jueent hydrogen of the carbon, then the
free end of the oxygen turns back on
itself and locks 1o the free end of the
carhon. TPhis is formaldehyde, the well-
knewn disinfeetant and antiseptie. It can

(Continued on page 139)
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Filtration and Crystallization

F you were given a sackful of vari-
ous coins, what would he the first
thing you would do with them? It
goes without saying that whether you
intended to save them, spend fhem or give
them away, your tirst task would he to
tind out their value, This would necessi-
tate sorting the coing into pilex of equal
denomination in order that you might
count them,  Nuch a simple operation may

FILTER CLOTH SUPPORTED BY
EMBROIDERY RINGS

Large volume filtration can b(- done through
a filter cloth and cmbroidery rings secured in
d‘emrtment stores are excellent for holding the
cloth.

seem of little moment, yet separating or
sorting things out is perhaps the most
frequently recurring problem of our daily

lives.  The farmer separates the weeds
from the vegetables, The dairvman sep-
arates the cream from the milk,  The

smelter separates the metal from the ore.
Even the swindler sepurates the victim
from his money,

Filtration ix nothing but the separation
of a solid material from a liquid, usually
by straining through a screen that will
permit the passage of the one while ob-
structing the passage of the other, It is
precizely like fishing with a net., which is
reallty o tiltration of the tixh from the

viater,

Fittration in the laboratory is generally
done through paper, while industrial fil-
ters ave uswally of cloth. The word filter
comes from the Latin “tiltrum.” meaning
felt, as felt was first used for the purpose,

FOLDED IN QUARTERS
AND OPENED OUT

CIRCLE OF FILTER
PAPER-FOLDED IN HALF

FITTING THE FILTER,/ )

PAPER TO THE ,f" /m
F > )
UNNE L g = J\\

Pufting the filter paper in a funnel.
one way of doing it. Other ways will he described
in a subsequent article. The funncl contains water,
the little finger of the left hand closing the lower
end of the stem.

This is

Felt hags are still employed in filtering
nuny phairmacentical prepaeations, You
cian use cheexecloth for the following ex-
perintents, though it would be betier to
Drocurve sotme regular filter paper if possi-
ble.  This paper is obtainable at drug
stores and is sometimes ealled  hibulous
paper, hecause it can absorh liquids,
Tuke some tine sand, ashes or some clay
broken up into small lumps and mix it
with a quantity of common table salf.
Add a little coal dust so ax to make the
mixture more complex, and then stir it all
up in a vessel of water. Next prepare
Your filter. If thix is to be of cheesecloth,

By J. Edmund Woods

tiake several layers of the material and
attach them to a xquare or round wooden
frame.  Emhroidery rings serve very well
for this purpose, If you are ahle (o get
filter paper, a single layer will do, hut it
must be fitted 1o a funnel.  Cut the sheet
of paper into circular form with a diam-
eter about one and one-half times that of
the funnel.  Fold the eirele first in half
and then in quarters <o that it has the
shape of a sector of a circele, Thix is to
he opened out like a cone in the wanner
illustrated, and after putting a little water

in the funnel the tilter paper can be
pushed down into it and made to tit the
sides closely. A common enamelad tun-
nel ix suitable for the present work

though glaxx funnels of two to four inches
dizimeter are preferable in laboratory fil-
trations,  The funnel must be supported
sonehow and o good make-shift is (o seot
the funnel in the neck of a clean hottle,
Pour the liquid through the filter with
the assistance of a rod as the sketeh in-
dicates, A peneil will do for the rod.
The chemist always uses o glass rod, The
liquid passing through isx called the ftil-
trate, and it should be absolutely elear.
If it is not, pour it through the filter
paper again, asx meanwhile the pores of
the paper will have become eclogged up
to some extent with solid particles, 1f
4 cloth filter ix heing used, add an extra
layer or two of cheesecloth,  Naturally
the more obstruction you place in the way
of the liquid the slower it will filter
through, hut the separation must he abso-
lutely complete.  Not the least particle of

solid matter should run through. The
materials we have named should filter

very well with the possible exception of
clay.

Transfer the clear filtrate to a wide ves-
sel, preferably a poreelain dish that will
withstand heat, and leave it in a warm
place so that the liquid can evaporate.
When it Jus evaporated down to o small
bulk, the dissolved =alt will commence to
crystallize out, and here you can tell how
complete has been your separation. The
erystals may be dizcolored by particles of
coil which were =<mall enough to prass
through the tilter,  You can then dissolve
the crystals and tilter them again or else
recrystallize, which is a common method
of purification. The method is best shown

in separating two substances which are
hoth soluble,
Take a few ounces onch of sugar and

table salr. and after mixing, dissolve the
mixture in as little water as possible, Fx-
pose the vessel containing the solution to
a4 moderate heat <o that the water will
evaporate,  After a time you will observe
small erystals boginning (o form on the
surface of the liquid and around the sides.
These  should he  practically  pure salt,
which ix much soluble than sugar
and ix therefore the first to erystallize,
Colleet the crystals on o little square of
wire gauze with its xides hent up to form
a baxket, When about halt the witer has
disappenred. take the hasket with its col-
lection of crystals and dip it (wo or three
titnes in clean water, "Fhix will allow any
adbering sugar <oltion to drain off, Then
taste a few of the crvstals, It the sweet
taste of the sugar ix dixeernible, (he sep-
aration ix incomplete and you must re-
dissolve the maxs in a little water and
recrystatlize. One  or two  repetitions
should be enough to give you a pure salt.
Note particularly the cubical shape of the
salt ery=tals which is characteristic of
this compound,

Isomorphous substances, or those that
crystallize in the =ame forn, cannot he
separated in this way, and it is necessary

less

to change one of thent chemically. Pro-
cure .llmut an ounce cach of copper sul-
phate and ferrous sulphate.  These are
known to the trade ax blue vitriol and

green vitriol, respectively,  Dissolve half
of the blue vitriol and a little ef the

green vitriol in a small volume of water
and let the solution evaporate, Crystals

POURING THE SOLUTION THROUGH
THE FILTER
Filtering through a filter paper directly into a

bottle. Paper wedges are placed between the neck
of bottle and the funnel to allow air te escape.

made up of both compounds will appear,
and the (wo eannot be separated.  Now
dissolve the remainder of the blue vitriol
and a little fresh green vitriol separately,
Add a drop of uitrie aecid to the latter
and boil.  This may ecause a brown sedi-
ment to forni, which will have to be 1il-
tered out before mixing the solution with
the blue one, The effect of the nitric acid.
which is what we call an oxidizing agent,
is to change the ferrous sulphate to f(‘lll('
sulphate.  Ferrie sulphate  simply  con-
tains a larger proportion of the sulphate
group than does ferrous sulphate, but the
important point is that its erystals belong
to o different system.,  Now evaporate
your solution slowly and the copper sul-
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CRYSTALS

SMALL WIRE BASKET F'OF?
REMOVING CRYSTALE/——-' =
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Crystallization; as the crystals form they may
be removed by a little wire basket. If solution of
table salt is used very beautiful hasket- shaped
aggregations of erystals are produced.

phate will crystallize out in nearly pure
condition,

These operations will consume a good
deal ot time and meanwhile you can begin
work on amethod of rapid filtration called
suction tiltering. A few picces of special
apparatus are required, but you will find
then handy for o great many Iaboratory
uses,  First of all there ix the aspirator
or suction pump, a simple form of which
is illustrated lhere. The pump consists of
4 tapered glass tube sealed into a glass
bulb which has a side outlet, When wates
passes rapidly through the tapered tube it
carries with it some of the air in the bhulh,
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thus creating o partial vacuum in the
bulb ax well asx in any closed ves=el to
which the =ide tube may be connected.
The upper tube is attached to the waier
faucet by rubber tubing which ix securely
wired on <o that a rush of wuater may not
detach the instrument md break it. The
side tube ix joined to the tittering vessel
ax iHustrated,  An ordinary folded filter
paper will not do for the rapid filtration
that thisx arrangement is capable of, so
we plug the funnel looxely with a smali
widd of abzorbent cotton, This should he
wet beforehand and the efticieney of the
apparatux tested, O placing the pahn
of your hand tirmty over the mouth of the
funnel. you =hould feel a decided pull.
Good water pressure and ab extension to
the outlet of the pump improve its opera-
tion. but the most important thing ix to
have the joints ax tight ax you can po
biy mimke thein, 1t may even be necessary
to coit the cork of the filtering tlask with
sealing wiax =o = to avoid leakige,

Now prepare a turbid liquid. =ay, of
conl dust and water and pour it into the
funnel, At the same time turn on the

s

water faucet so that the pump will begin
te act, A very rapid tlow of clear water

FILTER PUMP

PORCELAIN DISC
FOR
SUCTION FILTERING

OPERATION OF SUCTION
FILTERING

Filtering by a vacuum; a simple tilter pump
draws air from the large bottle so that the liguid
is forced by atmospheric pressure through the filter
paper.

105

through the cotton  filter <hould oecur.

Thix device ix one of the most effective
tinme savers in (he laboratory and you will
tind almost countless applications for it
in your general work. [t may be stated
at this time that eotton is not the hest
material tfor thix kind of . filter, and i
ix well to obtain some ashbestox wool if
vou ean. The wool comes in =nmall fibers
and hax to he supported ir the funnel by
menns of @ perforated dixk, usually of
porcelain,  The ordinary tilter paper can
he used with the disk.  SNome chemists
prefer the Gooch erucible, vohich is o smali
poreelain cup having a pevtorated hotton,
When lined with filter paner or ashestos
wool it serves the same purpose ax the
disk and ix attached to the funnel by
means of wide rubher tubiag, Any of the
lahoratory adjuncts we have deseribed can
he procured from the regular dealers in
such supplies.

The next article will treat of other
standard methods of separation and puri-
fication by which imporiant  commercial
processes can he carried out in your own
Lhome,

Chemistry in the Home Laboratory

NLY too often the home Inboratory
becotnes o place of play where a
number  of  chemicals  are  just

mixed together to see what happens, It
ix xeldom that anything doesx happen, but
when it does, it is a serious

By Dr. E. Bade

nnattacked.,
on the glass,
The entire chizs, hoth sides i it ix tat,
s inxide and outside if it ix a tumbler,
are covered with paratlin.e The paeatlin

A desien can also he worked

dlxo be covered with paratlin tfo prevent
the exeape of the gas senerated.

nanter.  Aeecidents occur any-
where and any time, but it is
really not necessuary too work
promiscuously with chemicals,
Many interesting and instrues
tive things can  be aceeoms
plixhed in the <implest nhora-
tory. ‘The equipment need not
he extensive but cuan he en-
Lirged cradually ax new chein-
jcals md apparatus are re-
quired,

Our experiment =<hall he the
frosting and etehing of wlass.
Thix ix not at all difticult it
chemical  methods ave -
ploved.  Any type of  glass
nay be etched, even the elec-
tric bulbs may he <o prepared,
One picee of apparatus isoes-
cential, and this ix a lead
dixh. The chemicals required
are powdered enleium fluoride, sulphurie
acid and pavatting A small cardboard box
whieh ean be tightly fitted s also to bhe
provided,

If un eniire piece of gluxsg is to be
frosted, then one side ot the glhiss is
conted with paraflin. and placed in the
hox which isx the ehamber in which the
fumes of hydrogen fluoride. which afttack
the glass, are generated, Al those pratrts
of the glass exposed will he etehed, those
partx covered with paraflin will remain

151 & long slass trough with a solution

of potassium iodide and divide the
trough into three compartnients= with two
pieces of porous eardboard. In the first
compartment put a few drops of phe-
nolphthalein and in the third conparts
ment put =ome stareh solution.

Then put @ carhon electrode in the first
and third compartment amd attael the
newative of a battery of dry cells {o the
tirst electrode and the positive to the elee-
trode in the third eompartmeni. Tn =«
<hort time the compartments will be re-
spectively red. white and blue.

What fakes place is this—the current
decimnposes the potassinm iodide and the

_—

Etching or frosting the glass bulb of an incandescent lamp with hydvo-
fluoric acid;

ix melted and brushed on the gliss with
a xoft hrush, Then the design isx seratehed
in the wax after it ix cold, care heing
taken to remove all wax from the dexign
to he eotched. The ghiss =0 exposed Qs
aceted on by the gaseous hydrotlnorie acid
which frosts the glaxs on these spots,  1f
only part of a buth, =ay the lower half,
ix 1o bhe frosted, then the eavdboard box
receives an opening through which fhe
bualh iz itrodneed. It wmust (it tightly.,
and the cdees of the hole in the hox st

Chemical Tricolor
By Arthur A. Blumenfeld

FEW DROPS OF PHENOLPHTALEIN
CARBON ELECTRODE

POTASSIUM IODIDE AND \
STARCH SOLUTIO

POROUS CARDBOARD

\

ST

GLASS TROUGH FILLED WITH POTASSIUM
IODIDE. SOLUTION

the mixture of sulphurie acid and calcium fluoride supplies
the gascous acid, and the glass will be permanently frosted.

The gux is produced by mixing the
harmless enleium throride powder, abour
one-sixth  of an ounce, with =alphuric

acid,  uxing  enough  coneen
trated acid to make a thin
paste.  Stir the mixture thor-

oughly togethor with i wooden

paraftined  rad, taking  arent
care nol to inhale the very

poisonous gas which exeapes
slowly.  DBe =sure that the dixh
usedl tor mining ix ot lead:
olaxs dishes will e erehed aud
will uxe up acid,  Ax =oon ax
the mixing ix complete place
the dish in the cardboaed box,
nlace the ghass in it close the
cover and =eal, i necessary,
with paper gined 1o the edaes
ot the box 1o make it tich,

The entire box isnow placed
out of doors end covered with
2 wooden e X to proteet it
from the dew 11 an evapora-
tion hoad is at hand, it can be
placed in it. The eseaping
cas should not enter a oo, Leave the
hox out of doors until “he =econd day.
then remove it. take out the glass, rinse
it with water. take the lead dixh and
thoroughily elean it hy letting o stream of
wiater play on it until he paste is re-
moved,

Remove the paraflin from the glass hy
witrmming it and wiping it oft. AT papis
will he etehed which wers exposed fo the
wax: those parls covered with this wayx
are protected from it and ave unaffeeted.

alkali appears in the fert hand division
and affects the phenolphtalein, This gives
the red, The central divigion derermined
by the porous paper, ix umtilected, The

A very interesting experiment in electrochem-
istry. A tank is filled with colorless solutions.
On passing cleetric current through it. a hlne,
white and red coloration liks a French ilag is
produced.

right hand compartment has iodine sot
froe by the current and thix produces the
characteristie amd  oxceedingly  sensitive
starch reaction,



106

The Experimenter for December, 1924

Electro~-Chemistry Experiments

Jlectrolytes and Non-electralytes. 1t is
an interesting fuct that most chemieal
compounds can be divided into electrolytes
and non-clectrolytes,  An electrolyte isx a

compound which in solution dissociates
into minute positively  and  negatively

churged particles called ions and eonducts
the cleetric current. A non-electrolyte
does not thus dissocizate and does not con-
duct the current, To be sure, no chemist
ever saw an jon, hut few chemists doubt
that these small particles exist, At least
solutions hehave as though they do.

To determine what substances are elee-
trolytes and what ones are not will form
it most interesting picee of experimental
wark for any home-laboratory worker. To
do  thix best  requires a

[Continued]
By Floyd L. Darrow

ter an acid dissociates and conducts the
electric current, the stronger acid it is.
Try solutions of the ordinary bases—
sodium, potassium caleium, and ammon-
fum,  Which are strong bases and which
weak? Test solutions of the various salts.

Then test aleobol and solutions of sugar
and glyeerin, These last compounds be-
long to the cluss of organic compounds,
which in general do not dissoeiate and do
not. conduct the current,

Flegtroplating.  During the Great War
I visited one of the largest copper retining
plants in this country. There I saw, fill-
ing at least an acre of floor space, huge
clectrolytie refining baths, converting the
relatively impure copper from the smelter

Iytic eell.  The square of copper is the
anode.  As the current passes, the posi-
tively charged copper ions are drawn over
to the cathode where they give up their
charges and attach themselves, thus plat-
ing the key. At the same time the negi-
tively charged sulfate ions are attracted
to the anode where they discharge and
then draw into solution more copper from
the anode. If you will weigh the anode
before and after the experiment, you will
find that it has become lighter. In time
the anode will have wasted away and it
must be replaced,

Determination of Copper in Brass. An
interesting analytical application of this
process is found in the determination of
the percentage of  some

sl elecrrolysis apparatus
having platimunn electrodes,
A simple form of such ap-
paratus for the electrolysis
of water isx shown in an
aceompanying tigure, Nmall

platinum  electrodes  are
fustened to heavily insu-
lated copper wire,  These

are placed inoa small jar
containing  water and «a
little sulfuric acid.  Over
these  electrodes  are  in-
verted test tubes also con-
taining acidulated water.
When thix apparatus ix
connected to a half dozen
hichromate cells or to the
110-volt direct current with
one lamp in series, chem-
ical action will at once be
observed and gases will he
seen (o colleet in the tops

of the test tubes, If the
direct  current. and  lamp
are  used, the lamp will

light, thux showing the
passage of the current,

It will be interesting {o
test, the wases given off.
To do so lift one of the
test tubes when quite full
from over the platinum,
and light it. 1t will burn
it" it is the hydrogen tube.
Meunwhile the other is

filling. Remove when full,
invert and apply to its

mouth a glowing  splint ;

sulfurie acid is the eleetrolyte, and the
water Ix simply the dissociating medium,
Rinxe the appuratus out thoroughly and
Place in it pure water. No action will he
observed. The incandescent lamp will not
light, and no gases will collect.

If you have no platinum for electrodes,
simply place in your jar pieces of copper
connected to copper wire, Of course the
copper will he acted upon chemiecally ut
one of the electrodes, but that will make
no difference with the determination of
whether or not a substance is an elec-
trolyte. You cin still observe any chem-
fecal action und note whether the lunp
lights,

Now in turn place in your apparatus
fairly strong solutions of any chemiecal
compounds at your command and fry to
pass the current. Be sure each time to
rinse out the apparatus thoroughly hefore
putting in a fresh solution. No inverted
test tubes need be used now.,

Try the ordinary acids first.  You will
find that they are all good electrolytes.
However, you will find that acetic, oxalic,
and tartaric acids are very poor. The bet-

Weighing with a horn scale.

,?‘

f"s."""f ]q'ﬂ

From Author's Boy’s Own Book on Chemistry.

The weights are handled by pincers, as the hands
OIS - TN 0 iz must never touch them. The horn scale, owing to its lightness, is really quite

oxyyen  will GLD g Wty sensitive and will answer for rough work.

oroux combustion of the

splint, Now in the above experiment the

into metal 99.98 per cent pure. 'The prin-
ciple involved here ix an application of the
electric current identical with that of or-
dinury electroplating, which you may
easily carry out.

Place in a battery jar 250 grams of
capper sulfate, ordinary blue vitriol, and
dissolve it in a liter of water. At one side
of the jar suspend a fairly heavy square
of copper and connect it to the positive
pole of your hattery or source of enrrent.
One or two cells of a storage bhattery ov
two or three gravity cells in series will
be best for thix kind of work. Opposite
to the squuare of copper suspend an iron
door key. Defore doing so, however, clean
it thoroughly. Polish it to rentove cor-
rosion.  Wash it with soap or dip it in a
solution of sodium hydroxide to free it
from grease and rinse it with clean water.

Now pass the current. Ior a good, firm
coat only a small current should be used,
and it should be allowed to run for some
tinte,

The Chemical Action Is This: The ke,
which you are plating, being connected to
the negative side of the bhattery, is the
cathode or negative pole of your electro-

metal in a given alloy, If
| you like, you may carry our
thix determination for
yourself,

With tin shears cut out
A small sample—about a
grim—from a piece of
brass.  Weigh it carefully
in hornpan scales, or better
ones  if you have them.
Dissolve the brass in nitrie
acid and nike up the solu-
tion to 500 ¢.¢. Then care-
fully weigh 2 clean iron
dish.  (Small ones similar
to an  evaporating dish
may be had.) Pluce in
this dish 50 ¢.¢. of the so-
lution. That will contain
one-tenth of the sample of
the alloy which you dis-
solved. Nuxpend in this so-
Iution, but xo that it will
not touch the bottom of the
dish, a copper wire spiral-
shaped to inerease the sur-
fuce and conneet it to the
positive pole of a storage
hattery or to several grav-
ity cells in series. Connect
the dixh itself to the nega-
tive pole of the batrery,
Allow the current to flow
until the blue color of the

solution has entirely  dis-
appeared. A good way to
determine when all  the

copper has bheen deposited
from the solution ix to re-
move i few drops of it to
i test tube and add a little
ammonia water, If any copper remains
in solution, a blue color will result,

When all the copper has been deposited
from the solution on the iron dish, break
the circuit, remove the copper spiral, and
pour out the solution. Rinsxe the deposited
copper with c¢lean wuter, then with alco-
hol (denatured will do) and dry it in an
oven at a low temperature. If the oven
is hot, both the copper and the iron will
oxidize and the determination will be
worthless.

Now weigh the dixh. The increase in
its weight will be the amount of copper
in one-tenth of the sumple taken. I'rom
this data, you may easily determine the
percentuge of copper in the brass.

Local Action and Polarization. Two of
the chief defects of a number of the
simple cells are local action and polariza-
tion, both chemical effects,

To learn the nature of local action,
place a strip of ordinary sheet zine in a
tumbler of dilute sulfuric acid. At once
vou will notice a vigorous bubbling around
the zine and small black particles floating
up to the surface of the acid. Commereial
zine always contains impurities, chietfly




The Eaxperimenter for December, 1924

«urbon.  When such zine is placed in acid,
we have exietly the conditions necessary
for & myriad of tiny clectric cells. De-
tween cach partiele of impurity and an
adjuacent particle of zine a miniature
couple is formed, and a current is set up.
Thix resuls in a waste both of acid and
zine.

RUBBER
COVERED WIRE

Electrolysis of water; the radio operator’s spa-
ghetti would be a convenient covering for the
wires, if rubber insulated wire is not ut hand.

Now, if you have at hand a little mer-
cury, rub the zine with a bit of zinc or
galvanized iron as already described, and
the mercury will spread over its surface.
This process is called unmalgamuting the
zine, and it covers up these little particles
of fmpurity so that the tiny cells can no
longer form. Again place the zinc in the
acid and you will find that this local ac-
tion has disappeared. To prevent local
action, either pure zine mmst bhe used or
the zine must be amalgamated.

Al cells which produce hydrogen tend
to polarize. That ix. a layer of dis-
charged hydrogen hubbles colleets on the
positive plate and forms a non-conductin
surfice which stops the action of the cell.
You have often noticed how a dry cell
quickly “runs down” on closed circuii, but
rapidly recovers on open circuit.

Place a simple acid cell on short circutt
and notice the layer of hydrogen bubbles
which forms over its surfuce. If you have
a voltmeter, connect it across the termi-

Al'NIQL’E chiemical motor, which will
rotate slowly for a long period, can
be constructed as follows:

From a zinc plate, about one-eighth
inch thick, a disc having a diameter of
two inches is cut. Through the center of
the disc a small hole ix drilled; later, a
steel wire is forced throngh the hole to
act as a spindle or shaft.

By filing down the heavier side of the
disc the rotor is perfectly balanced, so
that the dige, if placed on a glass tumbler
(as shown in the illustration), will re-
main stationary in any position.

To start the rotor, the tumbler ix filledd
wiih @ dilute sulphuric acid xolution. and
almost immediately the motor dise will
begin to turn slowly.

The explanation is  that hydrogen
bubbles are formed on the zine dise: these
bubblex displace water, and cling to the
zine, thereby acting like little floats.

Owing to the uneven surface of the
dise. bubbles will formn more quickly on

nals of the cell and parallel with it a
variable resistance. With a resistance of

Electrical analysis of a key.
pretty experiment,
copper from the key and weighing of the same.
If the key is of true brass the difference will be
zingc,

This is a very
involving the deposition of

about 15 ohms note the reading of the
voltmeter. Allow the current to flow for
two minutes and again take the reading
of the voltmeter, This time it will be
found to he much lexs. Now reach into
the cell with a stick of wood and wipe
the bubbleg of hydrogen off the copper
plate. Immediately the voltage will rise
to its original value, showing that the
accumulated hydrogen g stops to a large
extent the action of the cell.

An Electric Furnace, Although the elee-
tric furnace ix not a direet chemical ap-
plication of the electrie current, yet be-
causxe it is so useful in the laboratory I
am going to describe the construction of
one. Of course before making it. you
must understand that either D. L or AL C.
current of 110-volts pressure ix required
for its operation.

The most useful electrie furnace is of
the resistance type. It depends for its
salue upon the heat-producing properties
of an alloy known as nichrome wire, Al-
though for a time, on account of patents.
it was impossible to buy this wire in the
market, it is now available for anyone,

The materials for this furnace are fire
clay, asbestos tibre, water-glass, a corru-
gated alundum core 2% inches deep and
2 inches in diameter, and 42 feet of No, 20
nichrome wire, The first step in thix
process is to wind the wire as closely uas
possible on a spindle 3/32 of an inch in
diameter. This is ditficult to do by hand,
and it is better to have it wound at a ma-
chine shop. DBe sure to leave about a foot
free on cach end for connections.  Stretch
the coil slightly so that the turns will not
touch and short circuit, Then wind it
about the alundum core, fitting it into the
grooves, You will have some difficulty,

A Chemical Motor

By C. A. Oldroyd
~ ZINC DISC

2° DIA.X '/é THICK

HYDROGEN
GAS BUBBLES
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probubly, in holding the coil in place until
you cun cover it with a layer of alundum
cement.  The e¢ement powder is simply
mixed with water and spread on to a
depth of about a quarter of un inch. Place
the core in a warm place and let the
cement set.

The rest is simple. Obtain a box ahout
8 inches long, 6 inches wide and 5 inches
deep. In an old basin mix into a doughy

mass some of the fire clay. ashestox fibre
Press a layer of it into

and wuater-glass.

A simply constructed furnace for use in the lab-
oratory. A coil of wire heated by the current
produces the heat. It sometimcs happens that
one has to work in a Iaboratory without gas.

the bottom of the box and set the alundum
core upon it, making the mouth of it just
level with the top of the box. Now pack
firmly about the core more of the mixture,
until the hox has been completely filled.
Smooth off the top and insert in one end
two binding posts, to which fasten the
free ends of the nichrome wire. Now
place the hox in a warm place and let it
remain until it has dried and hardened.
This process may be hastened by connect-
ing the furnace with the electric current.
In the meantime you may make a cover
for the furnace from the same materials
as the furnace itself. In doing so leave
a small hole in the center directly over
the pit to serve as a vent,

When the furnace is dry, cover it with
a thin layer of cement in order to stmooth
up the surface. When ready for use the
current from a 110-volt source should give
a heat of almost 1,000 degrees Centigrade.

Thix furnace will be found useful in
making alloys, quicklime. the reduction
of metallic oxides with carbon, and in
{he preparation of coke and illuminating
gas and for many other purposes.

one xide than on the other (shown In the
diagram by 4+ and — signs), and the
side which has the greater “lift” caused
by the bubbles will be lifted up and rota-
tion will begin.

Once started the motor will continue to
run for @ long period at a regular low
speed; for the surface of the dise suh-

The accumulation of hydrogen irregularly on
the surface of a zinc disc immersed in a:id and
dissolving slowly therein, throws it out of balance
and it rotates, constituting a chemical motor.

merged has already bhubbles adhering to
it, while the new sections immersed by
the rotation have to remain in the acid
for a few moments hefore hubbles form.

In the meantime. the other (4) xide,
has the upper hand, and ix lifted from
the acid by the buoyaney of the hydrogen
bubbles adhering to jt.
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Indelible Labels for Reagent
Botiles

T is often desiruble to label vials and

bottles in such a way as to prevent the
destruction of the labels by (he strouger
reagents.  An etched label filling this re-
quirement may be made in the following
manner:

MELTED
/ PARAFFINE

——\ FIGURES
‘,A\ cuTOoUT

SCRAPED OFF OF =X
BACKGROUND =2

Etching labels on bottles for the lahor;atory.
This is a practical application of the .cxpe.rlmer}t
deseribed in Dr. Bade’s interesting article in this
issue.

The hottle is first dipped into melted
parafling so that its entive outer surfice
is coated.  When the wax has set, the
letters may be drawn with g stylus or
knife point. Two methods are shown, one
giving raised figures on an otched back-
ground, the other etehed ficures.

The prepared bottles are then placed in
a tank of hydrofluoric acid so that the
parts from which the wax has heen re-
moved are covered by the acid. ‘T'he acid
container should be either of lead or
coitted on the inside with paraflin,  Leave
rhe hottles in the acid for several hours,
or until they appear to he sutliciently
etehed, After washing thoroughly in hot
water, the figures may be ftilled with a
black  asphalt  vioenish. applied to the
ctehed portions with o small camel-hair
pencil.,

Contributed by 'mviers A. Jebp,

Substitute for Rubber Gloves
IPPING the hands in a 10 or 12 per
cent solution of raw rubber in hen-
zine Will act as a substitute for the use
of rubber gloves and  will prevent many
had burns when working with neids. The
hands should be spread out for several

_ /‘\ﬁ\
_

N
10% SOLUTION OF GUM RUBBER
IN BENZINE

Coating the hands with rubber solution, intended
as a substitute for rnbber gloves to protect the
skin.  Yet a chemist should as a rule know how
to take care of his hands without protection.
Stains generally are unnecessary.
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minutes until the benzine has evaporated,
This kink is also useful in handling
baper, as it prevents finger-prints and
is superior to gloves in this instance in
that it does not affect the sensitiveness of
the finger-tips.  To remove the coating
wash the hands in benzine, or ruly it off.
e will roll up into evunibs and come oft,
Contributed by Piiriers A, JUbn.

Continuous Water Still for the
Laboratory

By Ravastonn B, Warnes
DISTII,LED water is at timex a neces-
sity for laboratory work. Atlthough
some city water contains so little dissolved
solids that the water is used for storage
hatteries, well, spring and of her witers
are <o full of dissolved salts that distilled
wuter is absolutely the only type of water
to use in a bhattery.
A chemist, too, would not think of using
@ water from a well or even g city water
to determine the quantity of iron or
chlorides in a substance. tor the solutions
used would cause an apprecinhle error in
the analysis.  The sketeh shows @ water

still which operates continuously and pro-

i A eorner of lI!e writer's laboratory, with a con-
tinuous water still set up to supply distilled water
for analyses.

Auees distilled water in fair amnounts reg-
warly. The whale is cisily made hy the
average experimenter, the amount of wlnss
blowing, or rather bending, being tittle :
only seven hends in glass tubing are re-
quired,

The still proper consists of » one liter
(1000¢¢) Pyrex flask, round bottorn,  I'lat-
hottomed flasks should nevor be uxed for
boilinz.  The reservoir containing the re-
serve water js oshown as (I, 1 js a
lirge bottle, The glass tuhe (DY) connects
the hottoms of {he reservoir and the dis-
Ulling flask.  TI'he gliss tube (\) is the
reculating tube and passes from the :ir
liead in reservoir () to the witer level
of the distilling sk (S).  This tube
should end ahout half wiay in the flask
(8). The offtake (U) carries the steam
from (8) to the condenser ("), Tap
water should pass in the bottom of this
condenser and out of the fop.

As the water boils from the heat of
the Dunsen burner burning with @ small
flanie, the steam passes into (7)) and is
condensed and colleeted at (W). As the
water boils away, the water in tubes (\)
and (D) will change. That is, air will
enter the bhottom of tube (A), for the tip
has been uncovered by the water which
has hoiled away, as the witer level in

(R) is now Jower, This air will enter to
the fop of (R) and allow water to syphon
through (1)) into (N), filling up the water
level in the still (N), and thus sealing
the open bottom of the tube (A), whiech
had become unseuled. This operation cuts

off the air passing hy suction, through

WATER IN
WHEN LOwW

BUNSEN
BURNER

WATER IN
DISTILLED WATER
HER

Diagram of the continuons still, showing its

mode of operation.

(A), and stops the flow of wiater fromn
(R) so that (8) will not overfiow,

The tubes (A). (D) and (U) should
be all glass, except. perhaps, for twao little

rubber connections in (A) and (D),
These should he very shovet and tight. The

ends of the glass tubing in cach should
come together. avoiding exposure of the
witter to the rubber.

An ashestos covered wire “LHuze or n
plain wire gauze should he wsed hene:;ttly
(N), allowing (8) to rest upon it. This
wWill prevent the cracking of (X) by sud-
den temperature changes of the DBunsen
burner,

Of course, when the reservoir (R runs
low in water content the hurner should he
turned off and water added through the
inlet (1) of (). This inlet =hould he
closed when the still is operating,

Chemical Tongs
ONGN for the use of chemists
recently heen evolved, differing
terially from the old familia- ones,
The implement we illustinfe has areed
Jaws which will fit g large variety of sizos
of ovaporating dishes,  Nof oy do the
Jaws hold the dish below, but 1hree pirro-
Jections, fwo from the ends of the jiws
and one from the fulerum. reach over the
edee of the vessel, increasing the security
of the grip very roatly,
Contributed by Joux T SCIIALEX.

f

have
nii-

In the lower view

Improved chemical tongs.
the dish is broken away to show how the tongs

grip it. Note rubber band.
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CThe Vacuum—There's Something In 1t

Abstract of Lecture By Dr. W. R. Whiiney

Director, Research Luboratory, General Electrie Company

VERYDBODY pretends to know that
“nature abhors a vacuun.”  But he
who started that tale merely meant

that 2 zood vaeuum was hard to produee.
Ax probably no one has ever made a vae-
uum with less zas-molecules in a cubic
inch than there are people in the world,
we cun maintain that perfection in vacua
is still precluded by nature.

Electricity

1 may not be sacriticing historieal truth
too much if T elaim that electricity at rest
wias the first kind known, This may be
wrong fron many points of view, but I
wish to assumne it. It then seems logieal
that eleetricity in
simple direet motion

these

when
were developed, after Faraday had shown
the effect of moving a wire through a mag-
netic tield,

electric machines produeed,

The direet current of such generating
machines wax much later followed by the

P

B —

A

The evaporated

The latest arrival in the family of the
chemicnl elements (hatfnium) wis discov-
ered by trying it in vacua ax an Neray
turget.  Our list of possible chemical ele-
mentx wis rounded off by Moxeley's study
of the N-ray spectra just in time to mect
the wonderful discoveries of J. J. Thow-
con and Aston, all made in vacua, The
latter showed that most of the elements,
supposedly simple, are =till mixtures of
two or more similar elements (isotopes),
while Professor Thomson's experiments
disclosed by the positive ray method a
whole series of new atomice compounds,

While the vacuum was not essential to
the work of Millikan in iselation of the
oloctron, yeot the earlier work hy Thomson
and gthiers, and much of the recent work
on thix uitimate constituent of nudter, has
been necessarily carried out in vacuum,
Today there seems to he no end to the
studies which ean be based on the fuct
thit an atom or molecule of material may
be sepurated electrically into a positively
charged ion (carrying most ot the NEsS)
and a negatively charged electron (carry-
ing most of the current).

gold from a gold-plated tungsten
experiment illustrated ahove, casts a marked shadow on the walls of the
vacuum tube when a design is interposed, showing that the molecules of
the evaporated substance travel in straight lines in high vacua.

filament, in the

That electrical discharges dv net always follow the shortest path can
be demonstrated by the tube shown abave.
tube with 1 mm. bhetween clectrodes and with the helical tube 375 em.
long, found that at certain podentials the discharge showed decided pref-

Hittorf using a high vacuum

erence for the longer path.

<hould Tater appear and that still Tater we
shoutd find various divections and rates
of its motion, if it moves at all. Tt will
interrupt this line of argument it we doubt
the existence of olectrieity ax a thing, or
question the existence of sueh dilferent
Kinds of it ax static and dynamic. The
electricity of rubbed amber was the first
and stationary kind (it you will admit
that prior to Thalex such things ax light-
ning were  sontething vlxe).  When the
clectricity first moved through metals the
process wias  looked upon asoa simple
directed flow which proceeded untit the
charged hody Tiad delivered its chavee.

Currents

Thix direct flow of clectricity (a cur-
rent) was strengthened in its hold on our
conception hy the great minther of” dilfer-
ent chemieal current-producers which fol-
lowed the controversies between Gatvani
and Volta a ecentury and a quarter ago.
Primary and secondary or storage bat-
tories without number were soon discov-
ered. The current from such batteries
was exactly like that which the magneto

alternuated tlow, and xoon alternating eur-
remt generators were made for different
rafes of reversal of diredtion, RNixty, forty
and  twenty-five cyele currents are how
common and the user takes his echoice,
These frequencies were onee aceidents of
convenience and economy, IFor some uses
other widely different frequencies of alter-
nation are very desirabie. ax in wireless,
where 100000 cycles are common,

Wow the phenomena which have been
found ih vaemnn tubes promise to give
conplete comtrol over all these details ot
kind and frequency’of current.

Electrical Control

Ag will he more tully shown hater, when
a unidirectional  current meets vacuum
tnhex, as thoush it woeuld pass thvough
themy, it must find one particular kind of
fube, and the current’s direetion must be
rieht, becnuse <ome  fubes will let it
thronzgh only when it ix both unidirec-
tianal and in the proper direction, These
in  themselves are rether remarkable
things to expeet of a vacuum, hut as usual,
the truth exceeds the expectation,
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Catalysis

To give some idea of the extent to which
vacuum studies may affeet remote ficelds,
let me mention chemical  ¢atalysis, the
seeret of most reactions of life,  For ex-
ample, it ix known that mercury vapor in
a vacuum, when illumined by light of a
certain wave length, will ahsorh that light
and turn the energy over to hydrogen, if
hydrogen be present, so that this, in turn,
will chemically reduce such substances as
cold copper oxide, 1lere ix a new kind of
chemical process. It is the kind we have
needed in order to begin to explain sone
of those life-reactions which vegetation
diseloses, That js, similar facts will prob-
ably be found to contain the explanation
of the cataiytic action of sunlight on grow-
ing plants,

High Vacua

Flectrie eurrents through vacua where
was is <o completely removed that it has
no appreciable action are more strictly a
part of my present paper. After the work
by which the individual and indivisible
negative clectrical charge or electron was
defined, it seemed quite fitting, though un-
expeeted, to Jearn that these negative
charges were exuded by hot bodiex, The
result of this disclosure formed the basis
for most of the modern electrical phenom-
ena in vicua.,  ‘The activities of electrons
are apparently the cause of maost eleetrical
and chemical processes,  Their motions
constitute electrie currents and the cur-
rents are determined and controlled hy
voltage or potential difference,

If @ house-fly elimbs up a window pane
one inch he does a definite amount of
work in lifting hix body that much, 1f
this work econstituted the supply fed into
the wireless tube from space it would
suflice continually to actuate the outtit for
@ quarter of a century,

The

or forty years of research work had heen
spent on high vacoum incandescent bunps

betore Dr. Langmuir showed us  how
to muake stitl better Lunps by putting
bhack into the vacuum gases like argon

and nitrogen,

Distillation
When the material of a filament distills
in vacua it does not weet interference to
the motion of its molecules, and the dis-

K
e
This spectacular experiment illu:ftratcs grid
control in a striking fashion. An incandescent

lamp illuminated by the plate current of a radio-
tron was extinguished by the approach of a
charged picce of insulating material to the up-
right wire connected to the grid.

filling substance proceeds in straight lines
from the heated source,  Thix is often
obrerved when an ineandeseent  vaeuum
Liunp ares or burns out,  Metal shadows
of interior parts of the bmp are then
often cast upon the walls, Thix ix shown
more clearly when a wetal like gold is
evaporated from the surface of o tung-
sten fiiiment in vacumn, Dy interposing
i design (in thix case a4 star) the shadow
in gold wax cast on the glass,  Thix sim-
ple phenotnenon s mentioned becenuse ir

v
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one bulb to the other it evidently chose
the longer instead of the shorter path, be-
wuse the longer tube bhecame highly Tumi-
nous, while the shorter one (did not. This
i« o quality of electrieal conduction in
vaeua where small quantitios of gases still
rematin, but it cannot be gone into here,

Edison Effect

The historie FEdison effect was discussed
and itx relationship to pure thermionic
cuarrents  <hown,  Where it wax  once
thougini  that nearly visible partieles of
the tilmnent were shot across the space
between filament legs in vacun, now we
recognize in very high vieeun only the uni-
direetional motion of negative electrons,

Rectifiers

In vacuum tuhes like the kenotron these
electrons pass from the hot tilmment to an
electrode commonly  called the  “plate.”
This pure emission current is the basis
for the so-called rectitiers beciuse only
when the filament ix negative does any
current tow across the space.  When gaxes
are present greater currenis may bhe car-
ried, because by the ionization of the ZUNeN
the moving electrons produce new  con-
ductors from the gas molecules, Thus (he
tungar reectifiers, containing a little argon
and the older mercury viapor rectitiers, in-
volve the same principle.  Without some
gas present the negative electrons, by their
very  concentration, constitute o space
charge which limits the current.  Thix
spitce charge is removed by the ions pro.
dueed within the gas when present,

Radiotrons
When we interpose a grid or wire sereen
between the hot filament and the plite
of the two-clectrade tube or rectitier. we
hitve what we now xo commonly use in
wireless  for  receiving,  for amplifying
and for produetion of

Lamps
Now for some ex-
riments,  The tirst
it uxe of vacuam
wis in incandeseent
Tamps. 1 Inom out
an ordinary tungsten
lamp by raixing its
voltige  very  much
above normmal, It
lasts for a tew min-
utexonly, hut it gives
A light perhaps five
tinies as eflicient as
we usually see, The
Limp dies hecause
fhe tungsten vapo-
rizes or melis,  ‘The
vicuum is not ot
fault. Tt ix hecause
of these limitations
that commercial
imps are so made

pe

orpy
iy

that  they  bhurn at
normal  voltages on
proper  eirenits an

average of one thou-
sand hours, 1 we [
woere sitistied with o
shorter life we could

hich  freguency  cur-
rents,  The discovery
of the contralling or
trivgering  action ot
the third or inter-
medinte electrode
wis  made by De
Forest. .\ negative
clirze applied to this
electrode or wrid in-
ferrupts or modifies

the electron stream,
the cwrrent, from the
hot titiment to the
plate.  As it takes
allost no energy to
charge this grid
(little more than «
“token” of energy,
voltageY, the slicht
power fram a wire-

lexs antenna in its
flnctuation  may  be
used to control or to
frigorer, or to lor
throngh  correspond-
ing jolis of greater
energy, which are in
furn supplied by some
local battery. In the

have a more etlicient
light, bt experience
hies <hown that we
would be unwilling
to submit o <hort
life Inmps in order
to have the added efliciency. To lengthen
the lite of Lamps much study has heen
niude of distillation of metals in vieua,
and ot methods for returning the distilled
metal to the tikonent,  Much has  also
heen  done to make the deposit on the
alass invixible or white, so ax not to inter-
fere with light transmission,  Naturally,
we are always on the lookout for metals,
such as the newly discovered hafnium.
which might possibly live longer ax tila-
ment than tungsten now lives, Thirty

netic field

The current through a coil of wire wound around a cylindrical two-clement vacuum tube may.
by its magnetic field, prevent the eclectrons from reaching the plate.
is made ecqual to that of the earth, and by
b.rour.zht into combined action; the milli-ammeter showed various currents,
direction of the earth’s magnetic field is thus determined.

fits in with the kinetic theory of gases
and  explains many  things observed in
e, The “mean free path™ of male-
cilex or atoms is very long in good vacua,
and so straight line distillation ocenrs,

Hittorf
In the historic Hittorf experiment two
vacuum hulbx, each carrying an electrode,
were joined together hy two glass tubes,
one very short and one exceedingly long.
When electrie¢ current was passed from

In the tube shown the mag-
rotating the tube the two ficlds may be

experiment shown, an
ordinary incandes-
cent Eonp was Heht-
ed by current which
wax passing through
i three-electrode tube
fronn hot tikiment to plate,  Tts light indi-
cated this carrent, The grid, or antenna-
wire, was sticking up from the tube so
that it could “pick up”™ electrie charges
from sparee. .\ small negative eharge was
produced on a rod of insulating material
by wmerely rubbing it with a picce of paper,
The charge <o produced cansed the lamp
fo go ont, or light up. ax the charged rod
was brought near to ar removed from the
exposed end of the grid wire,

(Continued in our nerl

The intensity and the

I‘.\'.\'NI')
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Making a Hughes Induction

Balance

IS Hughes induction halance is an

apparatus seldom fonnd in an ex-

perimenter's workshop. This is prob-
ably beruuse the instrument and its uses
are not as well undersiood as those of
the more common apparatus.  One partle-
ular applieation for the balance is in the
detection of counterfeit coins, as in Mr.
Benson's story of the Wireless Wiz, It
Is also possible to compare the strength
of magnets, the conductivity of metals
the sensitivity of telephone receivers, or

To balupce the cireuits so that the in-
duetances neutralize each other and there
is no detleetion of the galvanometer, it is
first necessary to make sure the second-
aries are pliced on the uprights with the
windings in opposite directions to the pri-
niaries. This done, the eoils are earefully
moved up and down until the needle of
the meter Is at zero,

For detecting counterfeit coins a gen-
uine coin is placed in the hole through one
secondary coil and the apparatus is bal-

N i

i

/7.1

Experimenters will find an_endless source of instruction and entertainment in the Hughes In-

duction Balance, illustrated ahove. It can be
comparison of magnetic conductivities of metals,
iron vessels, and numerous other tests.

to measure the difference in frequency of
two alternating current circuits,

The induction balunce is composed of
four coils, fwo in the primary and twe
in the secondavy circuit. When the rela-
tive positions of the coils are adjusted
correctly the inductances neutrialize each
other and no current flows in the second-
ary circuit, I, however, the slightest
change is made in any of the coils, such
as by the insertion of any metal object,
the mutual induetion is unbalanced and a
sound is made in the telephone receiver.

A balance for use in deteeting counter-
feit coins is pictured in Fig. 1. Two of
these stands are vequired for the appar-
atus. Bach spool is 316 inches in diam-
eter, wound with exactly 300 turns of
No. 32 single silk wire, spaced evenly,
layer on layer. Any difference in the
windings will cause trouble when the coils
are adjusted, A circular wooden piece 1%
Inch thick is glued to the underside of
spont 1. Tn the piece is a 34-inch hotle,
making a tight tit on the upright 3. No
nails or elmping scerews can be used, as
this upsets the induction halance. The
base is large and heavy enough to sup-
port the upright and spools, Lead wires,
about two feet long, are used to connect
the coils,

Fig. 2 is a dingram of connections, The
secondary coils are connected in series
with a galvanometer.  An experimenter
who has no galvanometer can purchase
an inexpensive Weston ammeter. \When
the shunt has heen removed this will serve
very well as a galvanometer. Some form
of interrupted primary circuit is neces-
sary to induce currents in the secondary.
An interrupter, mounted on the armature
of a buzzer, serves for this purpose.
When the key is closed the interrupted
primary circuit induces a current in the
gsecondary, causing the galvanometer te
deflect until the inductances are evenly
bhatanced.

used for the detection of counterfeit coins, the
comparison of the thickness of the walls of closed

anced.  Any other good coin of the same
size will also halance the inductance, but
if 0 counterfeit is inserted there will be
a deflection of the indicator, or a sound
in the telephone receiver,

Interesting Articles to Appear
in January Issue of the
Experimenter
Experimental Detector and Two-

Stage Amplifier
By Leon L. Adelman
Wave Telephony Explained by Me-
chanical Example
110-Volt D. C. Line Replaces “B”
Batteries
Mechanically Depolarized Primary
Cell
By Earle R. Caley, B. Sc.
Experimental Microphone and
Transmitter
By Raymond B. Wailes

When the difference in freguency of
two alternating currents is measured, one
cireuit is connected to coil 2 and the other
circuit to coil 4. The current in the see-
ondary coils will give heats: that is, the
sound will grow strong, then weak, The
number of beats per second is the differ-
ence in the frequency in eyeles,

ANY inventors have attempted to
construct primary cells in which
carbon would be copsumed rather

than zinc or some other metal, thinking
thereby to generate electrical  power
cheaply in a direct manner, If carbon

111

Model Carbon Cell
By Earle R. Caley, B.Sc.

could be utilized in a primary cell with
the same efliciency that zine is, such w cell
would  yield ten or tweive times ihe
amount of available energy present than
ix obtnined from earbon in the form of
coil s used in the average stemmn geher-
ating plant.

The most promising ot all the attempts
1o generate eleetrieity in this manner,
and one that aroused conxiderable diseus

+FROM AIR PLUMP
g —
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li ﬂ ﬁ BUNSEN
BURNERS

Experimeniers with a taste for strange ap-
paratus should try this “wet” cell which fune-
tions through the simultancous operation of Bun-
sen barners, an air pump and & chemical reaction.

<ion st the time, was o cell invented by
W, W, Jacques in the Iatter part of the
last century. A working model of this cell
can be readily made by the eleetrical ex-
perimenter and sueh a cell is shown in the
illuxiration,

One electrode of this cell is an iron
vessel which also serves as the container
for the cell. The other electrade is a rod
of earbon that dips into an electrolyte of
fuxed caustie soda Kept molten by Bunsen
bhurrers, Air iz blown in upon the boltom
of the carnon rod by a tube leading from
an air reservoir or an aspirator pump.
The iron vessel used may be a cast-iron
one such as a glue pot or simmilar vessel,
The use of an ordinary tin can is hedmis-
sible on sceount of the soldered seams,
A section of three-ineh pipe capped at
the end makes an excellent container for
this purpose,  The carbon electrode, which
miy be un ordinary battery carbon, is
fitted inte this by means of o (urned
wooden dise as shown,

The pipe for conveying the air to the
hottom of the cell may he made from tlexi-
Ble ¢opper tubing or else from  one
quarter-inch gas pipe capped at the lower
end and having several fine holes drilled
in this cap so as to allow the air to spray
upon the carbon. A hole is drilled near
the top of the iron container to receive
2 brass binding post, Air may be supplied
from a bicyele pump or preferably from a
wmall tank that is tilled tfrom time to time
by the pumn.

To operate the cell it is tilled about half
full of caustic soda (ordinary commercial
Ive will do) and then mounted on o ring
stand or a similar holder and heated by
several ISunsen burners. or <ome other
gomd souree of heat. As soon as the fused
electrolyte has attained a temperature of
300 degrees (., 932 degrees Fahrenheit
a gentle stream of air is blown into the
cell. A current will then be generated
and an E AL F. of abour one volt,
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IHE ceneral direetions which tollow

will serve in huilding o reetitier

tube for charginze A and B storage

batteries, & Fleming valve for de-
Tecting, o soft three-element tuhe, or an
interesting =ource of light. There ix no
reason why it coultd mot be made into an
amplifying tulw or o power oscillator as
well, the success in ench case depending
on the trouble the experimenter cares to
o to.

Many rvadio fins lhve iattempted  to
build vacuum tubes, but the greatest ob-
stacle hax always been in the glass blow-
ing.  The writer buill his first tube years
ago out of a picee of iron water pipe, and
made all jointx with sealing wax, o that
no glass blowing was required. This was
done because in the experiments in progress
it was necessary o burn out the tilament
every few Liours, and in this way it eould
be eaxily replaced. When thix first iron
pipe fube was bnilt, the obvious thing
wis to let the pipe itself form the plate.
I those days thix was quite unorthodox,
but modern high power tubes are heing
built in thisx way =0 that the plates cau be
witer cooled,  Therefore, in resurrecting
this old makeshift form of tube we are
deseribing something whieh ix right up to
the minute,

Since a large amount of power is to bhe
used. if  desirerd,  water-cooling  is pro-
vided for the ends of the tube, <o that
sealing wax joints camn be used, A picee
of pipe of the desired size and length is
cut, and the ends carefully  smoothed.
Water coolers are then xoldered near the
ends, leaving at least halt an inch of pipe
clear hevond thew se as to give room for
a flame in melting the wax joints when
removing the ends.  In the ease of @
small tube the witer cooler may eonsist
mervely of a fow turns of soft copper {ub-
ing wound around the pine near the ends,
but thisx must be carefully soldered in
plice, or not enough contact will he made
to atllow the Tieat from the pipe to escape
to the water,

Near one end of the pipe a small side
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Building a Power Dacuum Tube

By Dr. Russell G. Harris
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tube ix carefully soldercd in. <o ax (o
make an air-tight joint, amd it is through
this that the tube ix exhausted. One end
of the Iarge tube is then cloxed with a
glass plate sealed on with wax.

For the filument mounting a humed-out
incandescent lamp of 100 waits or over
will furnish two good anchor leads amd a
seal. Directly hetween the ends of these
leads the filament ix 1o be put in plice hy
spot welding,  This is done by laying
about half an inch of filiment acroxs the
two anchor leads, and connecling one side
of a 110-volt line to one of the leads, The
other end of the line is connected to g
rexistance ot from 20 1 200 ohme, aecord-
ing to the xize of rhe filmment to bhe
welded,  Then from this resistance con-
nection is made to the welding tool, which
consists of a nail set in a handle. The
point of contact of filament and live lead
is then lightly touched with the welding
tool: a small flash will he xeen. and after
several trials the filiment will he found
welded in place. Then fhe live lead is
transferred to the other anchor wirve, and
the other end of the filament is welded to
thix, This process is carried out com-
mercially in an atmosphere of hydrogen,
but ax the lafter caumes explosions and
burns the hair off the hands of the oper-
ator. the writer now neglects to uxe hy-
drogen and still hax good suceess, thoueh
care must be taken as tungsten oxidizes
easily, The magnitude of the resistance
to be used must he found in each caxe hy
trialt and error, only the error of using one
tess than 15 ohms shiould not he made.
Alxo this resistance slwulil he capable of
carrving 10 amperes far o short time,

The next point is where to abtain fila-
ment wire.  This ean pow he obtained
very cheaply on the open market, and hy
writing to the inforneition bureau of {his
magazine, one can find where to buy it.
Tt it is not desired to buy it. old inean-
descent Inmps furnish short pieces of vari-
ous sizes, which are harder to use, liow-
ever, as they become very hrittle after
having been burned. Where possible it is

i
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The apparatus on the left are home-made power

o

vacuum tubes, ingeniously assembled from iron
pipes and the anchor leads of burnt-out incan-
descent lamps. The necessity for the water coolers
testifies to the magnitude of the power delivered
by them.

A pair of anchor leads with filament mounted
is shown above. The anchor leads represent the
plate of the regular vacuum tube.

hext to buy new tungsten wire for fila-
ments,

Before beginning on & three elec{rode
fube it is well to try a simple two elee-
trode mounting. A typieal filament mount-
ing as has been desceribed is shown in the
illustration; thisx ix Yhen mounted in o
hole in o brass plate with sealing wax.
This plate ix then xeuled to the end of the
tube with wax, and the tube ix done, all
except the vacuum,

Thix point ix the hardest, vet there are
S0 many wiays of producing o viceaum
eaxily that it ix surprising more ot them
are not hetter known, The type of vien-
um pumip known as the diffusion pump,
which operates with boiling mercury va-
bor and gives the highest vaeunm obtain-
able with any pump. ix one of the sim-
plest to make when the materinls are af
hand.  Tts deseriptiocn must bhe left to a
future article, since no such Ligh vacuumm
ix dexirable in the present case; and sinee
this punp requires a force pump to take

away most of the air hefore it hegins
pumping, thix force pump will serve for

the present werk,

The particular {ype of vacuum pump to
be constructed and  used  will depend
Iargely on the apparatus at one’s (dis-
posal. Tn order to safeguared the tilament
it is necessary that ahsolutely no oxygen
he present. llence we may either putup
all the oxygen out, or waxh it out with
rome other gas, or pump most of it out
and then burn up the remainder bhefore
the fikunent isx lichted. The writer used
the last method. xince it was desired
have sodium in the tube anyway. Hot
sodium combines very readily  with oxy-
gen, and affords probably  the  ensiext
means, but it must e enrefully handled,
Sodium metal is not expensive, hut it
muxt he kept away from water.  The
sodium should e kept in a closed Jar ex-
cept when a piece i< taken out to he i
into the tube.

A simple vaceuum pump can be made hy
reversing the washers on the phunger of
hicyele pump. A stopeock should he i
into the line. for which a heavy walled
rubber tube should be nsed, or else n thin
one wound with wire fo prevent collaps-
ing, aned after the air ix pumped out of
the tube as far ax pessible, opening and
cloxing the stoneock with each stroke, the
latter is left closed and the tube allowed
to stand for several hours to test for
lenkage. If it still shows a vacuum at
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These detailed drawings remove many difliculties in the construction of the power vacuum

indicates an interesting method of evacuating the tube.

the end of that time, pump as much more
air out as posxible, eloge the stopeock, and
zently heat the center of the tube where
the xodium hax been placed, to melt i,
I3e sure the water eoolers are acting, Onee
the sodimm has been well melted you may
be sure there no nmore free oxyvgen
Current may then be turned on, igniting
the tilmnent, and its heat will keep the
<odium melted and take care of any fur
ther oxyeen that leaks into the tube, The
pump should always he used to partially
exhaust the air, however, ax otherwise the
heat in the tube ix apt to raise the pres-
sure inside and push out a window,

The next gquestion is how mueh current
to put through the filament. The experi-
menter should gradually inerease the cur-
rent until he thinks it ix bright enough.
Place an ammeter in series with the fili-
ment battery, and gradually inerease the
currvent until the filament bnrns out, re-
cording the current required to do this.
One should expect to bhirn out sever:!
fiknnents at first, in order to get experi-
ence in replacing them quiekly,  After (he
tube has cooled off, turn off the water,
slowly let in the air, and melt the sealing
wax around the fikunent end of the tube,
Thix eant then e removed hodily, and o
new  piece  of filimient wire  weblded i
place.  No new sodinvm will be needed, as
a small Tnmp will last o long fime, Upon
reassembling, testing for leaks, ete., the
tube ix s good as new, Practice enalles
one to do the whole job of replacing n
hurned-out fitament in a few minntes.

The filiment <hould bhe regutarly run af
i current about four-fifths of the burn-ow
current, unless the burn-out was eanused
by oxyeen in the tube. The writer often
uses filiments for one purpose which bum
out at 85 ampx=. running them for many
hours at 6.6 amps. Bat if care has net

ix

rid of all the oxygen
immediately at

been taken to get
first, these will bum out
four amperes,

Now eonnect the appariatus ax in the
dingram  for a  veetifier, fivst applying
about thirty volts in seriex with o resis-
tance to the tube, heing sure to get the
S battery voltage on the pipe, and the
negative one of the terminals. It o gual-
vanometer with millianmeter <hunt is now
placed in the plate cireuit. a  enrrent
<hould be found tlowing,  Finally, iff the
110-volt . (. line ix plaeed hetween plate
and filinent, in series with a resistanee,
only one =ide <hould wet throuch, Iat-
. )
WAT ER
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This shows a vacuum mercury arc lamp with
quartz lens for emitting ultra-violet rays.

tubes. Besides structural details the diagram

By heating sodium in the tube the residual oxygen is finally removed.

teries ean then be charged by pntting
them in the circuit ax illustrated,

Thix type of tube should never he used
without a resistunce in xeries with the
plate, as a short cireuit is apt to occur
inxide it, due to <pattering of the =odinm:
alko its internal resistance is very low,
as evidenced by the faet that in one case
20 nmps, was foreed throush hy a 110-volt
BT battery, making an  internal
tance of half an ohm, as compared with
many thousands of ohtx in the ordinary
tube,

The space current which attains sueh
Large values in thisx tnhe is not due to elee-
fron emission from the hot filiment alone,
but also to jonization of the <odium va-
por. ax there are many pesifive jons as
wel electrons in the space charge,
These tend to neutralize each other, and
hetee large plate currents ocenr, as
characteristie of =oft tubes,  And of ull
tubes, thix ix the softest !

Now we are in position to add a third
element, the grid. Thix can be built up
like the tilament, out of <heet iron or
nickel and wires of these metals welded

resis-

as

i

torether with the <pot welder,  This is
mounted on o separate lead, as in the
drawing.  Also an extra plate may be

added, if it ix desired to have a smaller
one than that furnizhed by the outer cis-
ing, The elements are builli npon an in-
suliting plate of glass, and fastened in
plice  with sealing wax,  Sowme  slight
practice is needed to make wax  joints
airtight, but if it ix remembered that any
pieee of metal or glass <hould he heated
vontly almost up to the melting point of
the wayx before any is applied, an nirtight
joint will practically always result,

A different type of fube ean be made hy
snbstituting a bit of ealeinm wmetal for

(Continued on page 139)
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Home Made Mercury Dapor Vacuum Pump

N this article will be described two
simple forms of mercury vapor
vaemun pump whieh are constructed
of materiuals obtainable by the aver-

age experimenter without much trouble,
These pumps are based on those forms of
mercury punip which have given the high-
est vacua ever reached, and whieh are
commonly used in commercial work where
vessels must be emptied of all gasex and
vapors as completely as possible,

There are numerous experiments which
can be performed with apparatus of an
electrical nature which are beyond the
range of the average person because he
has no way of producing a high vacuum.
The home-made power vacuum tubes de-
scribed in a recent issue of this magazine
can bhe made inte regular oscillator and
modulator tubes with the aid of one of
the pumps to be described. Besides ex-
hausting luminous discharge tubes, home-
TO ROUGH __,.
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. The mercury condensation pump here illustrated
is a snn}plc cxperimental replica of the famous
Langmuir pump with which a pressure as low as
0.0001 mm. of mercury can be obtained.

made incandescent lamps and mercury
vapor lamps which are to he deseribed
in a future article, many other uses will
immediately suggest themselves.

With either of the two pumps to be
described, pressures so low  that they
could be measured have heen obtained.
Anyone who builds one of these pumps,
together with a simple manometer and a
rough pump to use with it, together with
suitable stopeocks, will have a  high
vacuum outfit surpassed by few com-
mercial pumps.  Modern physies is using
the vacuum more and more, and a high
vacuum pump is part of the equipment
of every good laboratory.

Kamerlingh-Onnes, the Duteh physicist
who has approached to within a fraetion
of a degree of absolute zero in tempera-
ture, used a battery of 20 or more of these
pumps connected in parallel te produce
rapid evaporation of liquid helinm. Some
physicists use several of these pumps in
series, so that one pumps from the pres-
sure of the rough pump down to say one
hundredth of 2 millimeter pressure, the
next down to a wmillionth of a millimeter,
and so on.

Generally when a high vacunm pump
of this type is constructed in the labora-
tory it is blown of glass. Most experi-
menters have no facilities for glass-blow-
ing, however, so the first pump described

By Dr. Russell G. Harris

is designed so as to be entirely constructed
of metal. This does not make it imper-
fect, since the commercial form of the
fumous Langmuir pump, on which this
one is based, is built of steel.

The shell of the pump is illustrated in
Fig. 1. The boiler consists of a piece of
two-inch pipe, or better, of two-inch steel
tubing, about seven inches long. This is
plugged at the bottomn with an irun cap.
All joints in the pump should be carefully
welded, as brazing is attacked by the hot
mercury vapor. Siniilarly, no brass tubes
or pipes can be used in the interior con-
struction of the pump. After the various
parts of the pump have been fitted to-
gether they should be taken to a garage
or welding shop, for all the parts to be
carefully welded in place. Caution should
bhe given the welder that all joints must
be vacuum tight, and an expert will have
no trouble in making them so.

A side neck of pipe or tubing not less
than three-quarters of an inch in internal
diameter is welded to the side of the
mercury boiler three inches from the top.
This is the tube to be eonnected to the
vessel to be exhausted, and may be made
as long as desired. Ordinarily it will be
about a foot long, and the tube connecting
it to the vessel being exhausted may be
sealed to it with sealing wax., The larger
it is, the faster the pump will work.

On the inside of the boiler the neck is
welded in place, as in the figure. This is
probably most eaxily done by fastening the
neck to a piece of pipe which fits snugly
inside the lower part of the boiler.

On top of the boiler is welded the con-
densing cone, cut from a fairly thick picce
of sheet iron, and the seam carefully
welded. On top of this ix fastened the
dome neck, and on this the dome.

Now the water cooler should be put in
place, bhefore any of the side tubes are
welded in. This may be made of brass,
or an old tin can will serve, so long as
it will hold water. Two water tubes are
soldered in it, and it is then soldered to
the boiler. It may be slipped on hefore
the lower tubes are welded, and then
soldered after thix has bheen dene, Be
sure to have the wuter enter the lower
inlet and leave the upper one, =0 that the
cooler is always full. This enables the
cone to condense the mercury vapor, and
on this action the value of the pump
depends.

Now the side tubes can be put in place.
These are made of seamless steel tubing,
fairly flexible, and about a gquarter of an
inch in diameter. Do not omit the small
T-hends in these, since they furnish a
mercury seal to keep the tubes from short-
cireniting the main action of the pump.
The side tubes drain the mercury from
the pockets where it condenses and let it
run baeck to the lower rescrvoir.

Finally the hottom of the boiler is cov-
ered with mercury to a depith of about a
quarter to half an inch, and the lower
part of the hoiler is wound with several
dozen turns of nichrome wire, about No,
20, insulated from it by a layer of miea,
for the heating element. e sure to use
some resistance in series with this wire
before attaching it to the 110-volt ecir-
cuit ; in the final form it should be wound
s0 as to show a bright red, when covered
with ashestos and connected direct to a
110-volt line, Preliminary tests with the
pump cian be made, however, by merely
heating the bhoiler on a gas plate or with
a Bunsen burner. After the mercury has
begun to boil vigorously the flame should
he turned down so0 as to just keep it
boiling, Never heat the pump without
having the water running in the cooler,

or when the pump is open to the atmos-
phere, as the mercury will not only
quickly boil away but mercury vapor is
very poisonous,

This type of pump always requires some
kind of a backing pump. That is, al-
though it will pump out a closed vessel
so that the pressure goes down to say a
hundred millionth of an atmosphere, it
will not do it from atmospherie pressure,
but only from about one-eightieth of an
atmosphere downward. So a rough pump,
called the backing pump, must be used to
first partially exhaust the vessel. Any
sort of an oil pump will do, or an ordinary
bicyele pump with the plunger turned
around so that it sucks air instead of
pushing it, and connected to a glass hottle
which is kept pumped down to a certain
pressure. The vacuum in this bottle
should always be kept below half an inch
of mercury as measured by & manometer
to be deseribed.

The final set-up necessary for the proper

CLOSED END OF TUBE
TO HIGH VACUUM PUMP

ROUGH VACUUM+
CONNECTION

~ MERCURY
MANOMETER
COLUMN _

STOPCOCK A

f v

: = (e
STOPCOCK 2QT BOTTLE MANOMET ER
STAND
FIG. 2

The condensation pump at the right must be
“backed” by a rough pump, a very simple and
satisfactory form of which is shown above. A
closed tube manometer serves as a pressure gauge.

use of the pump is given in Fig, 2. The
pump is shown connected to a glass vessel
being exhausted through a merecury trap,
which is desirable bhut not absolutely
necessary. The joint is made with sealing
wax, and all tubes may be of metal if
glass is not available, A mercury manomn-
eter should be made of a piece of glass
tubing about a quarter inch in diameter
and a foot long, sealed at one emd and
bent into a U. This is conneeted into the
rough vacuum eircuit containing a bottle
about the size of a two-quart jar, and the
rough pump. The U-tube is partly filled
with mercury whieh is then run around
so that no air remains In the scaled end,
and inverted,

As long as no vacuum exists in the line
the columm of mereury in the closed arm
of the U will stand higher than that in
the open arm. Jut as soon as the vacuum
gets down fo a certain point the mercury
will begin to fall in the closed arm, and
at a perfect vacuum the two arms will
be ex:actly even, provided no air was
allowed to remain in the closed arm. The
degree of vacunm is measured by the dif-
ference in level between the two mercury
surfices in the manometer, and for the
proper operation of the mercury diffusion
pumps heing deseribed this should be kept
less than half an ineh if possible, There
are a number of easily built rough pumps
which will do this, but a description of
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one must be reserved for a future article,
The high vacuum pump is dexeribed first
hecause few experimeltters possess one,
whereas many have a rough pump which
will eaxily pump down to half an inch
nmercury pressure.

Stopeocks should be placed in the line
at certain places; these eun he purchased
made of glass, or can be constructed of
shop materials, several types having heen
deseribed in this magazine.  Where noth-
ing else is available, if rubber tubing con-
nections are used (these serving where
not more than onc hundredth thousandth
of an atmosphere viacuum ix  desired)
ordinary pinchcocks serewed up on the
tubing will prevent teakage, These should
not be serewed up so tight that they cut
the tuhes,

The sccond type of pumnp ix somewhat
eusier to construct provided a  small
amount of glass blowing can be done. It
is not only a high vacuum pump but a
mercury are and a mercury still as well,
1t ix shown in FFig. 3.

The two glass tubex at the right should
he about 30 inchex long. but they may be
ax slender as dexired, ax may that at the
other end. The tube to which they are
fastenced at the top should be over an
ineh in diameter if possible,  They dip
into two small bottles such ax ink bottles,
which contain the original mereury to he
distilled and to run the pump.  The joint
hetween the end of the tube and the metal

water-cooling  jacket, the inner tube of
which shoulit be of iron., must be care-

fully nunde with sealing wax, care heing
waken that the layer of wax bhetween the
tubes ix very thin and extends for several
inches, so 1hat the water will surely keep
it cool. The outlet tube is connected to
the rough vacuum pump, ax in the first
pump deseribed,  The outlet hottle should
have o =mall amount of clean mercury
put into it to aet as a <eal, suflicient to

1118 interesting phenomenon of elee-

trochemistry  was  discovered by

Nobili in 1826, In the original ex-
periment  Nobili observed that when a
drop of a strong solution ot copper acetate
wix placed on a silver plate wud the drop
wix touched in the middle with a pointed
picce of zine there was formed on the
silver surfaee around the poeint of contaet
a series of concentriec rings of metallie
copper, alternately light and dark.

Thix original experiment can be readily
reproduced using a strong solution ot cop-
per sulphate (commercial blue vitriol will
do), a pointed zine rod and a surface of
silver such as the bottom of a silver-plated
dixh, Many other solutions of metallie
«itlt= exhibit this peculiar phenonmenon, By
far the most striking and beautiful effects
are produced hy employing strong solu-
tions of tead acetate, whereby the rings
deposited are in the form of shining iri-
descent virctes of tead peroxide which ex-
hiibit all the colors of the solar spectrum.

To obtain the most satisfactory results
the experiment should be conducted as
follows: ‘There is needed, first, a constant
source of low voltage, An ordinary six-
volt storage battery ix excellent, or in
pliace of this an  ordinary  bichromate
plunge hattery. The solution used is pre-
pared by dissolving one part by weight of
ordinary sugar of lead, or betrer still
chemically pure lead acctate in five parts
hy weight of water and then filtering the
solution.

The best kind of a surface to deposit
the rings on is a silver one,  In place of
this, however, one of gevman silver or of
nickel-plated brass well polixhed isx nearly
as satisfactory.  Finally, there is needed
a flat dish of some kind such as a chemi-

fi'l the tube at the left end when the pump
is evacuated,

When the rough pump is started a
partial vacuum ix produeced inxide the

puamp and the mercury slowly rises in all
three lower tubes.  Electrodes of iron
wire carcfully cleaned of any zine coating,
OUTLET TUBE
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T
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IRON ELECTRODES

INK BOTTLE FOR 5 \E

FDISTILLED
MERCURY

TUBES FOR BLOWING ,TO START

FIG 3

In this interesting application of the mercury
vapor arc to the production of hlgh vacua, the
molecules of mercury vapor moving rapidly
through a glass nozzle draw ‘‘air-molecules” trom
the cxhaust chamber.

having been placed in the two right end
bottles, are connected to the 110-volt DO,
lines through a resistanee of about 30
ohms,  The two mercury columns in the
right end rtuhes are made to join by
blowing into one of the bottlex momen-
rarily, then blowing into the other, getting

ap air pressure until the nrereury rises
. O' o
Nobili's Rings
By Earle R. Caley, B.Sc.
cal ervstallizing dish, o small enameled

pan or even a deep saucer,

To conduct the experiment the metal
plate is placed on the bottom of the flat
vessel and connected with the negative
pole of the hattery,  The prepared lead
acetate solution ix then poured in so as
to cover the plate to a depth of half an
inch. The other wire from the positive

Ml
HEAVY WIRE NEARLY l"
TOUCHING PLATE

X TO STORAGE
CELL OR
PRIMARY BATTERY

|«GLASS VESSEL

METALLIC
SALT SOLUTION

POLISHED BRASS
PLATE

The beauty of this fascinating electro-chemical
expcrlmcnt is enhanced by the facility with which
it is produced, a metallic salt solution and a stor-
aze battery being the only requisites.

pole of the battery is then dipped into the
solution above the metallic plate ard al-
1awed to come within an eighth of an inch
of its surface, but not in contact with it.
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into the body of the are. When this falls
back the are should strike. Mercury will
boil rapidly from the are and pass through
the throat tube, carrying with it air en-
tering through the side tube from the
vessel {0 be exhausted, It then condenses
on the cool sides of the iron tube, and
runs down-hill into the end tube, eollect-
ing there and gradually tilling the bottle,
At the end of a run the mercury from
that bostle can be poured into one of the
first bottlex. The air which the mereury
carries along is pumped out by the rough
pump, and again as in the tirst case, a
manometer and bottle should be connected
to the rough vacuum circuit. and the
pressure kept below half an inch difter-
ence in the mercury levels.

(are should be taken that not too much
current is sent through the are, So long
as the glass does not get soft, everything
else is all right. With a Jarge glass tube
as much as 30 amperes have been sent
through sueh an are, only a few volts
being needed to do this, and the pump
acted very rapidly. Thix are may be run
on o s€ix or twelve-volt battery with a
<mall resistanee in series for starting, pro-
vided fhe pressure is about right when
the are is struck.

The above pumps, of the type known
as  condensation pumps, depend on  the
faet that merceury molecules, when moving
sapidly from a boiling surfuce, carry air
or other gascous molecules with them.
They require a certain amount of room
in which to work. however, so the real
pumpirg eflect doex not hesin until the
pressure gets down to about one-seventy-
tifth o an atmosphere, Nince the pres-
<ure of the atmosphere in terms of the
ditfference in level of a wmercury mahoin-
eter (Larometer) is ahout 30 inches, it is
evident that a rough pump must tirst be
used which will get down to less than
half an inch pressure.

Almoxt at once the eharacteristic beautd
tul rings of lead p(-m\ul(- will appear
After depositing these rings on the plate
it may be rinsed off, dried and kept per
manently, since the lead peroxide formed
in this way is of a very tenacious and ad
lering nature,

Instead of using a simple point as the
anode, electrodes of varying shapes can
be tried. For instance, one may be bemt
into the shape of a monogram from single
cotton-covered magnet wire and then al-
lowed to rest on the plate and yet not be
in contact with it. Or a number of short
lengths of copper wire placed in evenly-
spiced holes in an ordinary hoard all con-
nected to each other and to the positive
pole ¢f the battery will produce a whole
series of the rings, which will cause the
whole surface of the plate to take on a
very heautiful ringed effect.  Anodes of
many othere novel shapes may be devised
by the ingenious experimenter. Those in
the form of irregularly bhent and corru
wafed plates give highly variegated buands
of besutiful colors,

With some moditications this proecess
has heen employed to impart to small
articles  of  jewelry beautiful iridescent
colors,  The French chemist, Becquerel,
devised a lead solution by means of which
these heautiful lead peroxide films may he
deposited on almost any metal or .1lln_\
1t is made by dissolving 100 grams of
potassium hydroxide in a liter of water,

-

adding 75 grams of lead oxide (litharge)

and »oiling the =olution 30 minutes or
more, This solution is then filtered and

diluted with an equal volume of water.
The theory for the formation of the
filmis of lead peroxide is relatively simple.
(Continued on page 136)
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The

Simple Electric Transmission

IS problem of seeing at a distanee
is preceded by the presumably sim-
pler achievement  of  teansmitting
pictures by telegraphy.

The simplest and most readily under-
stood 1method of reproducing « picture
electrically ix by electrolysis, The appar-
atus which works on this principle is
based upon the fact that an electric eur-
rent which isx sent through a solution of
metallic salts decomposes them into their

Hlustrative example of electrolytic deposition.

The shaded part indicates metal deposited on the
electrode.

constituents,  Although very many of our
radio friends are now familiar by experi-
ence  with back-coupling and modulated
oscillations, reflex operation and similar
things, very often the simplest basic laws
are quite unsuspected by them, so we ¢an
properly show the clementary dingram.
In the right-hand glass vessel there is
a solution of copper sulphate in water, in
which as electrodes two plates of carbon
(A) and (K) are immersed and connected
with the galvanic battery (E). Then as
the current passes, the heautitul blue so-
lution gives up its copper so that plate

FIG. 2

An elementary form of the sending and receiv-

ing apparatus for the clectric transmission of
drawings is illustrated above., The recciving stylus
actuated by the transmitter current reproduces a
design on a synchronously driven drum. The two
apparatus may he assumed to be many miles
apart.

(K) is coated with copper, red and metal-
lie, as indieated by the hatehed lines, For
producing o picture other solutions are
cmployed;  but  this simple exatple is
enough to make the topic elear.

Now we must explain the apparatus
produced in 1843 by Bain, but first put
into practical form in 1847 by Dakewell.
In the diagram Fig, 2 the sending appar-
atus is shown ahove and the receiving
apparatus below, may be assunmed to he
at any distance, The design to be trans-
mitted, which may he writing or drawing,
is painted upon a plate of metal such as
tinfoil, with an insulating paint or var-
nish such as asphalt or shellae solution.

By Dipl.-Eng. E. Schroder

As u simple example we show here a
squanre crossed by its two dingonals,  This
leat” of tinfoil is then atached to the cyl-
inder (') amd may he cemented thereto.

On the sarface of the covering of the
evlinder  a wetallic siyvlus (N,) rests,
whose insulating arm () is tapped with
i thread at its back and through which
pitsses the lewd serew (8p). The current
of the battery (I9) is conducted to the
right-hand standard and the shaft, then
through the drum 1), and then passes
through the stylus point (8,) when it is
possible to do so, which is when the said
point rests apon an uncovered portion of
the tinfoil covering (13) of the cylinder.
But when the point (8)) reaches @ part
of the foil ¢overed with the insulating pig-
ment the carrent is cut off,  Now if we
turn the exlinder (') on the shaflt, while
at the sime time the point (8,). hy the
dction of the lead serew (Spy) ix slowly
drawn along the cylinder parallel to its
axis, the point (8 will then cover the
surfaee of the tinfoil with a  discon-
tinuous helical line whose successive lines
tie close to each other, The drawing will
therefore be transnitied step by step and
decomposed, as it were, into openings and
closings of the circuit.

The next diagram shows the way in
which this apparatus was constrocted and
imodel made by Bakewell, which was
driven by a clock spring.

But now the current thus
must act upon the distant receiver and
give us visible lines again,  For this pue-
pose the same arrangement as the trans-
initter is employed, including the metal
drum (1), @ ometal point (S,), and the
transferring point (St.). It is essential
that the receiving apparatus shall move
at exactly the sume speed as the trans-
niitter. Then we will find the stylus point
(3;) on the same portion of its drum (T,),
always in place corresponding to the re-
ceiving apparatus drum,

The teclmnician will express this by say-
ing that hoth apparttus must be in sy -
chronism.  Now we wrap around the drum
(T.) of the receiver a sheet of hihulous
paper (I7) which s been moistened with
i colorless solution, from which the elec-
tric current, just as it «did with copper
sulphate solution, will separate a deti-
nitely colored substance,  Thus o ferro-
eyanide (as yellow prossiate of potash)
mixed with ammoninm nitrate and  dis-
solved in water will give a dark blue
color under the action of the current.
'The current  transmitted  in regulated
intermission according to the lines of the
drawing is carvied through the correspond-
ing parts of the receiving apparatus, in-
cluding the moist paper spread upon and
attached to the drum or evlinder,

It follows that the point (8)) will re-
produce on the paper in blue lines the
design painted upon the tinfoil at the dis-

produced

FIG 3

The early form of the “‘telephotographic” device

The stylus is moved
rod or lead-screw

was driven by a clock spring.
transversely by a threaded
geared to the drum shaft,
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tant transmitiing station,  This will per-
tectly reproduce the design from the tin-
foil, giving a point wherever the original
drawing had a line, and will be broken ofl
wherever  the  insulating composition
comes,  Now when the paper which has
covered the entire surface of the cylinder
CF.) is unrolled and spread out we will
have a perfect reproduction of the orig-
inal, i white upon @ blue surfaee, the

—————

FIG. 4

The received drawing is a “negative” of the
drawing on the transmitter drum, since the re-
ceiver stylus is lifted off the drum when the trans-
initter reaches point after point on the drawing.

latter composed of lines in close proximity
to each other, as shown in Fig, 4. The
above ix electrochemical reception.

We have come to the important develop-
nment of receiving a sketeh or writing by
the use of the electromagnet.  We now
refer to Fig. 5. The transmitter is of
exactly the construction desceribed for the

preceding ¢ Again we find in the
receiver a eylinder covered with paper,

FIG. 5

The type of apparatus shown above operates
by a positive action of the receiving stylus, the
latter making a mark on the receiver drum when
the transmitter cireunit is interrupted by lines of
the drawing.

but the metallic stylus is replaced by a
pencil or i sort of fountain pen carried
by un arm (AL, which can be raised by
an electromagnet so as not to touch the
paper. A second bar (St} parallel to the
lead screw (N) insures the position of the
arm carrying the electromagnet, armature,
stylus and movable arm,

When the magnet is passing no current
the reproducing  point  bears  with  its
weight and that of the armature upon the
drum, amd if this is rotated the same heli-
cal line will be drawn upon the paper.
Now let the current from the battery bhe
interrupted at proper intervals by the
transmitter, whichh current goes through
the coils ot the electromagnet (M), it will
raise the arm (AL} and lift the inscribing
point from the paper. This oceurs as Jong
as the stylus of the transmitter rests apon
the insulated varnish on the tinfoil. But
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when at the transmitter any point of the
design opens the cireuit, the magnet (3)
releases the inscribing point (1) so that
it makes o wark upon the paper. By this
apparatus  we obtain the sketeh repro-
duced in points and strokes Iyving very
close to each other in tint or color upon
@ white ground, Fig, 6.

FIG.6

A “positive’”’ reproduction received on the appa-
ratus shown in Fig. 5 is illustrated above. ’!‘his
is an exact duplicate of the transmitted drawing.

The two apparatus so simply deseribed
are xubject to many modifications, but
thexe do not affect the basic principles.

Thus a departure ix <hown in the trans-
mitter of Hubert, in which the design is
produced on the paper in relief, so that
the lines rixe above the surface of the
paper.  The current by the contact (K)
ix carried to the receiver.  But thix is only
possible when the siylus (X)) ix raised by
the relief portion of the sketeh and the
moviable arm (A} pressed against the
contiaect point (K) beneath whicl is a light
spring for the purpose of making a good
connection,

The current thus nuude intermittent pro-
duces on the chemical receiver the sketeh
in blue lines on a white ground, and with
the clectromagnetic apparatus in white
upon a ground of paraliel lines ax shown
in g, .

Thisx has been deseribed in the simplest
possible way, but picture telegraphy can-
not be earried out asx smoothly as all this
Thus the greatest difliculty inheres in es-
tablishing synchronisin: that is to say,
identieal speed of the two drums (1))
and ('I.), which, of course, may he many
milex apart. This isx a complication which
cannot be treited of here,

The question of the speedy transmission
to be obtained Dby such an apparatus is
of interest to us, I we luive regand to
the disturbances in the current, due to
capacity of the eirveait, selt-induction, lag
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of the electromagnet and similar factors,
which are bound to oceur, but which with
our present mmeans we can well overcome,
we cab then under the most favorable eirv-
cumstances produce 300 points ner second,

A picture 314 X 5 inches reproduced in
points 100 to the inch will require some
170,000 points, <o that if this is divided
by 300 we will lave 570 seconds, or nearly

This form of

modified 1
transmitter operates with the drawing to be trans

“telephotographic’”

mitted formed in relief on the paper. The
transmitter circuit is closed when the stylus is
lifted by the raised portions of the drawing.

ten minutes required for the raproduction.
But this thme will have to be increased if
we consider the delay due to difficulties in
establishing synchrouism,

Magqgnetic Density Test
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This apparatus, readily constructed, wil[ enable
the experimenter to investigate the magnetic prop-
erties of the iron used in his experiments.

netic qualities of a certain kind of

iron. In building dynamos aind motors
the iron to be used for the cores isx always
tested to ensure the best results, The fol-
lowing method is one of the siimplest amld
is quite eflicient ;

A frame is made of cast iron, with the
dimensions as shown in Fig. 1. A five-
eighths inch hole is drilled in the top.
The balancing apparatus is easily con-
structed, but eare should he taken to sce
that peints (A), (1), (X) and () are
spateed at equal distanees apart, A sane
ple of the iron should be turned to one-
half inch diameter and about 12 inches
long, fitted with two small cars,

The coil ix to be constructed next. Tt
consists of 200 turns of No, 16 wire wound
on a spool having a five-cighths inch hole
through the center,

When these are completed the appar-
atus should be set up ax shown in Fig, 2.
A spring halanee ix fastened to the arm
at (A), and the ears of the sample of iron
are caught in (¢, The iron sample
passes through the hole in the top of the
iron caxe and through the eenter of the
coil and rests on the lower portion of the
iron case. An ammeter is connected as
shown,

First a current of one-half ampere is
passed through the coil. Pull on spring

IT is often desired to obtain the mag-

By Hcobert L. Moershfelder

seale until the sample is released from
the influenee of the coil. Note the reading
on the spring seale at this point. 1 the
spring scuale is attached at (). multiply
the reading on its seale by 2 1o get the
true number of pounds,  If the spring
seiale ix faxtened at  (I9), the pounds
would then be correet,

Next allow one sinpere to puss through
the coil, amd again pull the seade uniil
the siimple is released,  (Note readings of
pounds and amperes caceh time)) Proceed
in this manner until a current of tive an-
peres ix reached,  The magnetic density
may then be ealeulated in the following
manner:

First I
formula

n:ust he found, by uxing the

We Pay One Cent a Word

WE want good electrical artieles
on various subjects, and here
is your chance to make sone casy
money. We will pay one cent a
word upon publication for all ac-
cepted artieles. If you have per-
formed any movel experiments, if
you see unything new electrical, if
you know of some new electrical
stunt be sure to let us hear from
you. Articles with good photo-
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The graph illustrates the variation of magnetic
density in an iron specimen with variations in
the current through the electromagnet. Such
graphs are at the basis of all dynamo design.
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These details show the utter simplicity of the
magnetic density tester. The frame recommended
by the writer is of cast iron, but the core of a

10"

discarded closed-core transformer inay be used
with advantage.
[
100
T —=3.1418

N — No. of turns in coil
I — Cturrent in mmperes
L= Length of coil in centimeters
I — 4 X 3.1416 X No, of furns X amps.
- 10 % length of coil in ems,
The wmagnetie dengity (ID) equals

B= 13Ty ‘\\+H

,‘ Pull in pounds 1
Area of one end

W — Pull in pounds

A — Area in square inches of one end
of sample of iron

The vilues are  caleulatad for each
reading.  In one sample of irim a curve of
magnetie density was obtained similar to
1the one shown, Thus, wher reading the
“enrve” 1o induce 10,000 Tines in “sample”
it would be necessary fo use 200 X 1.5
amps, or 300 ampere turns,

In this particular sample of iron ‘the
maximum eflicieney would b obiained by
uxing H00 mnpere turns, whieh would give
13,500 lines (point X on curve),

B=17
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CONTACT 9
SEGMENTS —

SPRINGS

FI1G. 1

An electromagnet adaptable to diverse experi-
ments is here provided with a handy base from
which it is readily detachable. By a twist of the
magnet after it is inserted in the basc it can be
disconnected from the circuit.

’ EMBER the time when you was
@ kid—just piekin’ up larnin’ in

tectricity—pickin®  roses ’midst
thorns?  She shore was one hard-1nek turn
after another—but o' course THEM was
the days! Now gone forever!

That little =on  of yours—or little
brothier, or carly bird across the street—
‘jever spare him moments of sympathy ?
Now right here you can do that lad the
finest help in the world—help him learn

N

FIG. 2

Another application of Esten Moen’s versatile

electromagnet! A handle provided with flexible
lamp cord makes a capital arrangement.

electricity !
you can.
I'm trying the very siume thing myself—
there's a kid across the street here (in
act, there's a dozen—so I'd have to turn
my lab into a factory to sitisfy the de-
mand, if)—so here: let’s ALL get to-
gether and then mebhe we can have some

Yescir, you ean do it; sure
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An Electrician's Christmas

By Esten Moen

peace in our lab (& heart) the rest ot
year, C'mon ever-hody, pull t'gether,

One thing a beginner must learn is
CHHOW s electricity made?”  Materials
needed :

One Mason fruit jar (quart size).

Two ounces anunonium chloride.

One sheet zine, size four by nine inches.

One carbon rod.  (From an old dry eell,
heated redhot and cooled).

Carbon powder and manganese dioxide.
('Taken from an old dry cell.) ’

A small piece of cheesecloth.

That's the dope for a LaClanche “wet"
dry cell.

There! That’s hammered into his head
—hey, I forgot—don’t YOU malke the cell ;
but rather give the parts to the kid and
let HIM make it. Atta boy!

Now we'll attend to the coil end of the
business. T s'pose you've all each made a
million coils or so—well, some number 24
wire must be found; ya, an’ some holts—a
stove bolt 3/16 inch Dby 1% inches is
dandy. Then from sone rubber plate
knocked off a storage bhattery jar eut some
dises % in in di:xmeter, with a hole in
the center to fit the bolt. This makes the
ends of the solenoid form—the insulation
around the bolt being one layer of tape.

Don’t forget to tell the kid that he must
wind evenly and tightly. I saw a kid un-
ravel a perfect factory woumd coil—then
when I1E rewound it she wouldn't work!
Well, that’s just the way—we bump into
mystery everywhere, and it pays to keep
your eyes open an’ ‘member ever'thin’,

Wasn't it a tieklish fool job to leave
pictuils on a coil?  Rure, “sall right for
radio coits—but f'rinstance, tor doorhell
ald telegraph magnets?  Listen an’ I'l
tell yon a darn good secret—see INig, 1.
Well, the idea is given in Figs, 1 and 2—
study them, please, ’cause I ain't got the
eddication to pull extry words from ol
man Noah.

Then (heck, we’re soon ready now. Gee,
I wish we could study ’lectrieity all day
long, don't you?)—then, what to do with
the magnet? Iick nails off the floor—pluy
Jackstraws, eh? or make a magnetie erine,
ar—well, we have to have a “jack” (we'll
all the magnet a “plug,” eh?) and a han-
dle and some lampeord. You can see the
dope in Fig. 2.

Last, of course, we gotta hev a buzzer-
telegraph, Sure. So we’ll need a board
(base), a “Juck” (see how hundy? Now
we don’t have to wind another coil!), an’
some more stuff shown in Ivig, 3,

"Member your first buzzer? Iron con-
tacts—after minute she quit buzzin’—the

F1G.3

The electromagnet again, now in the guise of
an electric buzzer, offers another source of en-
tertainment to the young experimenter.

iron burnt ont. Well, you let the kid dis-
cover this for himself. Sure, dom't tell
him—he'll just rubber (gape) like a cow
and feel insulted. Likewise unnecessary
for me to say sce Iig, 3.

Well, so long—hey, wait a minute, we
gotta have a motor—uand a light! ’Mem-
ber how hard it was for you to understand
it takes two wires to light a lamp?

@«— BEFORE BENDING!

SHEET IRON/‘ PIVOT

FIG. 4!

Here is a fascinating example of the electric

motor, improvised from pieces of sheet iron,
wood, wire and the detachable clectromagnet
used throughout these experiments.

Well, a4 motor’s purty hard to make.
Shucks.  Well, don’t give up the ship,

hoys—they’s a peacherino @1l dolled up in
Fig. 4. Rome bimbolina, hey?

Gosh, T hate to quit playin’ with ‘lec-
tricity, don’t you? Nhucks, well, ma has
some  cookies for us.  Le's go. Nlong,
fellers, MERRY XMAS. I1IAPPY NEW
YIEAR, .

Christmas Tree Lamp Tester

YIIRY serviceable Christmas tree light

tester may be made with one dry
cell, one buzzer, and several scraps of
('()I)])E‘l‘.

The buzzer ix fastened to the side of the
dry cell with friction tape. The outside
binding post of the battery is connected
directly to one side of the buzzer with a
short piece of fixture wire.

A strip of copper soldered to the center
binding post of the battery comes within
an eighth of an inch of o similar strip
fastened to the other side of the buzzer.
If the buzzer works when the lamp is
placed across the copper contuacts the fila-
ment is good,

The apparatus is not a plaything but of
size and corresponding efliciency to make

FIXTURE
|
L FRICTION
A <—TAPE
BUZZER

it thoroughly practical. The voltage of a
single cell would not show by its effect
on a lamp, but enough current will o
throngh the circuit to operate the buzzer,

A most convenient appliance to prevent disap-
pointment in the illumination of the Christmas
tree. It does not ensure good lamps, but it tells
if they are out of order or disconnected.

When testing out a tree circuit the lamps
will not have to be wutched, the stight
noise of the bhuzzer tells the whole story.,
The tree may even he tried out in the
presence of guests if the buzzer is not
too vigorous in its action,

Contributed by Wavrrer NoRRIiS,
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Preserving Magnetic Curves

IIE usual method of recording the
curves formed by iron filings in the
vicinity of a magnet is to dust iron
filings over a piece of blueprint
paper and after a few minutes’ exposure
to strong light, to develop and fix the pic-
ture so formed, by immersion in water.
While this is a very convenient and sat-
isfactory method of showing roughly the
paths taken by magnetic lines of force in
picture form, yet it is sometimes desirable
to preserve the actual iron filing figures
themselves. The blueprint method, fur-
thermore, does not show the curves in
relief, and therefore does not faithfully

HOT IRON
HELD OVER FILINGS™)

IRON FILINGS IMBEDDED IN WAX
IRON

MAGNET UNDER PAPER ¢ \NGs

A delicate and transitory experiment is here
made permanent. The iron filings disposed around
a permanent magnet are made to absorb by
capillarity the warm wax covering the paper upon
which the filings are spread, fixing them per-
manently.

record the large arched figures caused by
iron filings in the vicinity of a powerful
magnet. Several methods for preserving
the original iron filing curves are given
in the following paragraphs.

The first method is well adapted to pre-
serving the curves formed by rather weilk
magnets in which the figures formed are
pnot in marked relief. A piece of stift
paper such as manila drawing paper is
thoroughly waxed by placing upon it
shavings of beeswax or paraflin wax and
ironing the wax in by means of a warm
iron. This prepared paper, when cool, is
then placed over the magnet or magnets,
whose curves are being recorded, and fine
iron filings are dusted on and the paper
is tapped gently to produce the magneti¢
curves. When satisfactory curves have
been formed a very hot iron is held above
the filings, as close as may be without
touching them or the paper, and the wax
on melting rises by capillary attraction
between thie filings. On removing the iron
the wax solidifies and the magnetic fig-
ures are thus permanently fixed upon the
paper. It may be advisable to remove the
magnet before applying the hot iron, as
the pressure of the iron in the magnetic
field may shift the curves.

Where the curves are formed by a
strong magnet and are somewhat in relief
they may also be preserved in wax by a
similar method. A piece of stiff card-
board, or better still, a small piece of
ordinary window glass, is selected and
coated with a fairly heavy layer of paraf-
fin wax. The glass is coated by carefully
warming it and allowing the wax to run
on while the cardboard is heated with a
hot iron. The prepared cardboard or
glass is then placed upon the poles of the
magnet whose curves are to be recorded
and the figure bnilt up by carefully dust-
ing on a quantity of iron filings. When

By Earle R. Caley, B.Sc.

this figure has reached the desired dimen-
sions a quantity of fine shavings of paraf-
fin wax is scraped over the curves and
dropped thereon. A very hot iron is then
held near the figure. As before, the
molten wax runs between the iron filings
and on cooling the figure is permanently
fixed.

Another method of preserving curves in
wax is adapted to recording the entire
curve surrounding the pole of a magnet.
The foregoing methods are only applicable
to recording curves in a single plane.

COLD VACUUM TUBES

At the present time we must
heat the filament in our vacuum
tubes in order to operate them. In
the very near future it is likely
that we will use cold tubes. Inter-
esting speculation is given on this
in a comprehensive article by J. H.
T. Roberts in the December issue.
READ ALL ABOUT IT.

Articles to Appear in the De-
cember Issue of Radio News

The Behavior of Radio Waves and
the Heaviside Layer
By Sir Oliver Lodge
A Radio Controlled Railroad Block
System
By Howard S. Pyle
Fake Radio Doctors
By Hugo Gernsback
A New Very Short Wave Oscillator
By Ross Gunn
A Short Wave Super-Heterodyne
By J. L. Cassell
The Cold Tube of the Future
By J. H. T. Roberts

HOT IRON —> 7~

] IRON

i FILINGS
MAGNET

GLAS5 PLATE -

Another method of retaining the formation of
jron filings is illustrated above. By the use of a
heavier layer of wax upon_ a plate of glass and
a stronger magnet, the field is better shown.

The curves for the method next to be
described are best formed by an electro
bar magnet. A small cup made from
cardboard or non-magnetic sheet metal
is needed in this method to slip over the
pole of the magnet and form the curves
on. One can be readily made by gluing a
round disc of cardboard in the end of a
short length of brass tubing of a diameter
slightly greater than that of the magnet
pole. This cup is then slipped on the
magnet pole, the pole dipped into a pile
of iron filings and the excess filings shaken
off to properly form the figure. ‘When a
satisfactory figure has been obtained it is
slowly and carefully lowered into a cup
of molten paraffin and then carefully re-
moved again. On cooling, the cup and
magnetic figure may be slipped off the
magnet pole.

Care must be taken that the current
through the magnet remains constant
until the figure has solidified. The above
method may be also applied, using some
sort of rapid drying spirit varnish such
as collodion or ordinary alcoholic solution
of shellac. This is more permanent in
warm climates. In using this latter medi-
um, however, the current must remain on
much longer during the drying period.

A useful method of preserving these
curves for instructional purposes or for
cabinets of physical speciinens, is to em-
ploy small permanent horseshoe or bar
magnets and by the last method preserve

TO BATTERY

ELECTRO -,
MAGNET

CuP OF MOLTEN
PARAF FINE

The field around the end of a bar magnet can be
shown in striking relief, by immersing the cluster
of iron filings formed on ~ card-board cylindrical
case placed on the end of the magnet, in melted
wax; after withdrawal and cooling it is per-
manent.

the figures in place upen the magnets.
These small magnets dipped into iron fil-
ings and then carefully lowered in molten
paraflin or diluted orange shellac by sus-
pending them from a thread to be removed
and left to solidify form very interesting
specimens for the electrical cabinet or
lecture table.

Referring to the method of capping the
pole of a magnet for the exhibition of lines
of force to be shown by the disposition
of fine filings, if a horseshoe magnet or
Dbetter yet a double pole electromagnet is
used, an arch of filings will be formed
across from pole to pole, forming a little

bridge. These may also be fixed with
paraflin and quite interesting exhibits

may be thus prepared, which, of course,
would be somewhat fragile. If the caps
are well made the little bridge can be
lifted from the magnet.

While on this subject, there is an ex-
periment which can be performed with
fine filings and a magnet which is so good
thut it is a pity not to give it here. The
filings attracted and retained by a mag-
net, if fine enough, may be started into
incandescence by means of a gas burner
producing their oxidation. It is better
yet to use iron reduced by hydrogen. This
is prepared by acting with hydrogen gas
on iron oxide maintained in a tube at a
high temperature; this produces pure iron
in the highest practical state of division
and when retained by a magnet pole and
touched to the outside zone of a Lunsen
burner flame, it will sparkle as it burns
like tinder. As it does this it forms mag-
netic oxide of iron and continues adhering
to the pole, but not showing the curves
as nicely as the metallic filings do, It
would seem even to be a good way of
iemiting iron in oxygen gas, the ignition
to be started by an incandescent wire im-
bedded in the filings.
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(Above) Working on
the frame which is to
hold ten tubes, constitut- |
ing one of the sections of |
a radio B battery.

{Below) Putting the
copper sulphate erystals
into the tube after the in-
troduction of the copper
wire electrode. These
crystals dissolve little by |
little and are expended;
new copper sulphate is
needed at intervals. The
upper solution must some-
times be withdrawn and
water substituted,

Ot radio work those types of bat-

teries are preferved which sive a

constant - voltage  and  amperage,

Al other types, and they are many,
will not give hest results for the voltace
produced soon diminishes in value, The
Daniell cell is constant,

For the hattery containers or jars test
tubex are taken: the larger these are, the
hetter will the results and the longer will
the Tife of the hattery be. Those which
ire sixoinehes long and three-quarters of
an inch in diameter arve the smallest size
that ean be used successtully.  Make a
sef of frames or racks for these test fubes,
using 11 tubes to o rack. Each tube will
give o little less than one volt so enach
frame may be taken ax good for 10 volts,
At each end of the rack there ix o flat
hattery clip. and between each fwo holes
an upricht hattery clip,

Prepare next for each
covered wire as follows:

fube o rubber
Cut off o length
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Making a Radio "B" Battery

By Dr. E. Bade

about four inches longer than the tuboe,
FIXpose on ineh on the top <o that it ean

be held in connection by the clip.  The
other end ix alko exposed, taking off ahout
three inchex of insulation and  winding
thix info a <piral to fit the bortom of the
tube tighily @ this is the negative electrode,
only rubbier covered wire ean he used.
When all the negative elements are in-
froduced, till the tubes one-third to one-
quarter fall of copper sulphate erystals,
Now it ix time to make the positive
elements. Ilere cither hoavy strips of zine
which enter the tube  about  one-third
down from its fop. ar specially  formed
cloments are used.  The former are pro-
vided with o wire which ean either be
soldered in place ar attached with n holt
and ant. The Litter type are maude hy
melting the zine over @ Dunsen flame and
pouring the molten mass< into a mould
made of refractory substance like woell
dried clay (not mud or loam) which has

Jv (Above) Cutting up the strip for the zine
! clectrodes which are next to be introduced.
| Now that the copper clectrades and the cop-
irer sulphate are in the tube, notice the clips

j on top.
= (Below) Putting in the zinc elements,
These are very short, in order to keep
them well above the copper sulphate solu-
tion,
(Left) Putting the complete section into

the battery hox which may hold cight or
ten racks of ten tubes each.

been given the desired shape.  Just affer
the metal is poured, o small piece of
copper wire provided with a small hools,
ix inserted near the top of the molten
masx. - When cold, this wire will form
the negative terminal of (he eell,

Insert these zine elements into the test
tubes after the copper sulphate crystals
are introduced.  Then attach the wires
to the elips. Begin with the end, [Fasten
the positive or long copper wire to the
end elip, The zine olement of the same
cell ix attached to the wprizht elip on the
side of the frame.  To this same post
attach the negative olement of the next
cell. The zine of thix second cell coes
to the second uprizht which also receives
the negative of the third cell, In thisx way
the set ix wired in <eries unfil the fina:
wire, which isx the negative, goes to the
flat elip. ‘Thix <et wWill give approximately
10 volts. We will make five sueh sets
and the terminils of eaech <et are brought
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to the front of the box by wires where
the voltages desired can he taken oft in
steps of ten ecach. This s effected by
wires leading from the various terminals
to the hox, the entire battery being
connerted in series,  Connect each set of
bhatteries in series,  Then. taking the tirst
set (ake a lewd from the negative or zine
pole to o binding post outside of the bhox.,
Plainly nurrk this pole with @ minus sign,
The plus pole receives two  conecting
wires,  One wire leads to a binding post
marked 10 4 outside of the box, the other
wire leads to the sccond set ot batteries
Al conteets the positive of set A with
the negitive of set B The positive of set
B is again brought to another bhinding
post outside of the box marked 20 . The
negitive of set It goes, as has heen said,
to the positive of set A, Fhe positive of
set BB ogoes 1o the negative of set ¢, the
positive of set (' goes to the negative of
<ot D amd so on, and the positive of each
ot connects with a hinding post outside
of the hox where the battery ean be easily
tapped for any voltage,

Thix battery is especially valuable for
the detector circuit of any set. In the

anplifying circuit it will not be of speeial
vitlue, but if it is used in the amplifying
cireuit, then use a standard dry cell B
hattery for the detector cireuit, Under
this latter comdition very satisfactory re-
sults can he obtained,

When the battery isx ready for use till
it with a dilute solution of zine sulphate
in water using about a teaspoon for each
alase of watler. or uxe dilute sulphurie
acid, adding one part of the acid in ten
parts of water. I acid is used the zine
should be anulgamated,  IFH the test
tubes to within three-quarters of an inch
of the top: over this pour it layer of oil
to prevent eviporation, \s soon as the
battery is tilled, it ix ready for use.  As
this battery is a elosed cireuit hattery, it
will operate hest if used at least four or
five hours cach day: if left in open cir-
cuif, that is if not used for a number of
days, the battery will spoil and will have
to be refilled,  If crystals make their ap-
pearance on the zine, clean the tube by
ponring out the water and renewing the
solution. It all the copper sulphate is
used up. renew this also. One filling of
copper sulphate shounld last from three to
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five months, One filling of the test tubes
mentioned, lasts about tour months, but if
the set ix uxed during afternoon and night.
then it will last only three months,
Don't depend upon o neter {o give you
the condition of this battery. The ordi-
nary ctmeter amd  voltmeter cannot e
relied upon to give aceurate readings, The
voltage of cach cell is slightly below one
volt, while the amperage is very low, ve-
quiring a very delicate millimometer, The
hest test for the condition of the hattery
is visual examination, A brown deposit
on the zine element does not materially
depreciate s life, still it is hest to re-
move (his deposit of copper.  Never shake
the hattery, let it stand on one spot,  Re-
member this is a gravity cell amd the
copper sulphate should remain helow the
zine olement if the battery is fo work
efficiently, If the hlue color of the copper
stlphate solution rises more than  half
wiay to the zine, some of the colorless
solution <hould be pipetied off and be re-
placed by water, Do not leave the battery
too fong ol open circuit,  Give it a “run’
now and then to prevent the eopper sul-
phate solution trom reaching the zine,

Electro-Magmnetic Induction

Diagram explaining zcro potential induction. A
coil of wire cuts a field of force without result.

LLL dynamos of whatever form are
A based 1upon the phenomenon  dis-

covered hy Ifaraday known as “in-
duction,”  Thix word hax sceveral mean-
ings as applied to electricity, s general
meaning is the effeet produeced in bodies by
the influence of other electrificd bodies
having no electrical connection between
them.

If 2 body charged with eleetricity be
placed near an  uncharvged  body  the
charged body will “induce”™ charges in the
uncharged body ; this ix known as clectro-
statie induetion, A magnet will induce
nmgnetisim in neighboring bodies of iron
by tlie process called “magmetic indue-
tion.”

The eleetrie current indueed in a con-
ductor by moving it in a magetie field
20 as to cut the magnetie lines of foree
is caused by the phenomenon of “Electro-
Magnetie Induction.”  If the condietor is
in the form of a coil, the movement of this
coil mwmust be sueclt that the number of
lines of force passing through it will be
attered; for exmumple, if the coil of wire
is passed throuzh a wuniform magnetie
field in o straight line as shown in Fig-
ure 1, at (B no current will he induced
in it ax indieated by the galvanometer
(Y, which is connected between the ends
of the coil,

The reason for this is that the coil in a
straicht down movement leaves as many
lines of forece behind as it ghins in move-
ment.  In other words, the number of

By Harold Jackson

lines of force embraced hy the eoil is not
altered in irs moveément ; such eondition
of change is necessary for the induetion
of clectrie currents in the coil,  If the
same coil e seenred to o shaft provided
with o erank ax <hhown in Figure 2, =o
that it cant he rotated. as indieated by the

THE MOTOPELLER

Here is a brand new winter sport
i device that you will see in use all
over the country this year. It is a
small gasoline engine strapped over
vour shoulders at the other end of
which there is a propeller. Used
for skating at prodigious speeds.
Built in SCIENCE & INVENTION
workshops. Read all about it in
the December issue.
Electrical Radio and Chemical
Articles to Appear in De-
cember Science and

Invention
New U. S. to Italy Cable
Science and the Future
Mysterious Magnetic Ball Patterns
Novel Hydrometer

Day Versus Night Radio Trans-
mission

Radio by Telephone
Radio Beacon Guides Ships in Fog

Neutralizing Methods—Part 11
By Leon L. Adelman

More Solodyne Circuits

Every-day Chemistry
By Raymond B. Wailes

War Gas Cures Colds
By Joxeph H. Kraus, Staff Medi-
cal Expert

Latest Patents

The Oracle

Here lines of force are so cut that the number
traversing the coil changes, thereby generating
electric potential as shown on the voltmeter.

arrow, the number of lines of force em-
braced by the coil will be altered and an
eleetriec current will be indueed in the
eoil, which will be indieated by the de-
fleetion of the zalvanometer needle,

In Figure 2, starting with the coil in a
perpendicular position, the first quarter
of i revolution will raixe the pressure in
the coil from minimum to maximum pres-
sure, the next quarter turn the pressure
will die down to minimum again., The
same process will oceur in the remaining
half revolution of the coil.  Therefore
there will be two eleetrie impulses in-
dueced in the coil for every revolution it
makes in the magnetic tield,  1Por one-half
of the cyele the indueced current in the
coil will flow in one dirveetion, and, in the
opposite direetion dnring the second half,
Alternating current will be induced in the
coil ax it ix revolved in the magnetic field,
cutting the lines of foree that thread from
the north to the south pole of the field
mignet,

The rate of inerease or deerease in the
numwbher of lines of foree emhraced by the
coil zoverns the electro-morive foree in-
duced therein. The emf. is inereased
with the increase in number of turns in
the eoil, also by the inerease in speed at
which the eoil is rotated.

The direction of the induced current is
always such that its magnetic field op-
poses the motion which produces it.
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Alarm Clock ChickenwFeeding
Device

TO LIGHT WOODEN STiCK

IN COOP

Industrial efficiency in the chicken house is
assured by this ingenious device which by the aid
of an ordinary alarm clock turns on the electric
lights in the coop at a predetermined time, thus
inducing the chickens to feed.

IN the illustration is depicted a novel
means  of  making  chickens  begin
seratehing about 4 o’clock in the morning.

The chickens are fed at night after
roosting, the alarm clock is set at the
hour desired, and in the early morning
clecirie lights are automatically switched
on, inducing chickens to start teeding.

The switch is a common snap switceh,
with a hard rubber knob, The stick is cut
to fit the switeh knob loosely. The cord
is fastened to the alarm-winding key, and
when the alarm rings the revolving alarm-
key winds in the cord, thereby turning the
switeh, The wooden brace holds the clock
firm against the tension of the switel.
The altrm bell ean be eliminated for the
sake of quietness.

This idea has been used very success-
fully, especially during the dark winter
mont hs,

Contributed by LAWRENCE TELLIER.

Flashlight Door Buzzer

By Grorcr W, RoGers

I11S buzzer may be mounted on a cigar
box, which may be about 9'% inches
by 6 inches in area, and 2% inches deep.
VIBRATOR. , TENSION BOLT

BRIDGE

LviBRATOR SUPPORT
ELECTRO MAGNET/

This unique door buzzer, operating on flashlight
cells gives signals of unusual volume on account
of its mount—a cigar box. Its electromagnet be-
ing a dismantled Ford coil consumes very little
energy.

A Pord coil unit, doorbell push-button, a
strip of wood 5% inches long, 1% inch
thick and 1 inch wide, a short piece of
bell wire and a battery ure required.

Three different kinds of battery may
be used, as follows: Four-cell unit flash-
light battery, connected in series: hot-shot
battery, or G-volt wet cell battery. The
wet cell battery is to be recommended,
as the charge will last for nearly the
entire life of the battery it the buzzer is
adjusted properly and the battery taken
care of.

The first step is to secure the cigar box.
Stand this box on end with the open side
facing you. In the upper end of the hox
drill a hole as shown in Fig, 2. Now dis-
mantle the Ford coil unit; remove the
secondary coil wire from the coil, leaving
the primary winding. De careful to notice
how the vibrator of the bridge is ar-
ranged. Fig. 2 shows the coil unit dis-
mantled, with the secondary windings
removed,

The original vibrator should not be
used, as it is too short. As a substitute
i piece of clock spring 4 inches long, Y%
ineh wide should be cut and two holes

WANTED

I :LECTRICAL articles on auto-

mobiles also electrical short-

cuts, kinks and handy turns
for the car and the man who goes
camping.

There are thousands of little
ideas of use to the automobilist,
tourist and the camper, and it is
such ideas that the Editor of
MoTorR CAMPER AND TOURIST re-
quires, which are paid for at the
regular space rates.

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

Motor Camper & Tourist
53 Park Place New York City

drilled in one end, as in the original
vibrator, should be pointed and turned
up 35 inch,  After the bridge and vibrator
have been assembled, a picce of wood ¢
inches long, 1% inch thick, 214 inches wide
is made, and a Y-inch hole drilled 1 inch
from one end. One end of the eleetro-
magnet is placed in the 14-inch hole in
the top of the box and the brace shown
in diagram, Figz. 3, should he nailed in
place, allowing the upper end of the nrage-
net to project through the top of the hox
145 inch or 14 inch,

Connect the magnet, vibrator and bridge
as shown in diagram, Fig. 3. Three ter-
minals are placed on the rizht side of
the hox; two will do if the maker wishes
to nse other batteries than the flashlight
hattery. The frequency of the buzzer may
he regulated hy the tension burr on top
of the buzzer as shown in kg, 3.

The dotted lines leading from the buzzer
show how {o connect up for wet hattery
or dry cells. The straight lines show how
to conmect up for flashlizht battery. The
noise that can he produced by this buzzer
is surprising, in view of the small amount
of current required. The writer has a 6-
volt wet cell battery which is sometimes

ulll Hﬂﬂ

used to operafe a flashlight bulb, to light
a closet, and this battery will operate
the buzzer without any trouble,

__,";"J—.] _:— = -—_-T-
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TOP VIEW OF BOX

CLOCK SPRING |

J””ﬁ

BRIDGE

YIBRATOR, VIBRATOR SUPPORT

Principal details of the flashlight-cell door buz-
zer; all readily constructed even by the least skil-
ful experimenter. The parts besides the cigar-box
wood are odd pieces of sheet metal.

Simple Oudin Coil

MANY electrical “bugs” would like to

experiment with high frequency
currents, but do not wish to undertake
the construction of an elaborate Tesla or
Oudin coil.  They will find their problem
euxy to solve if they have a one or two
slide tuning coil.

By connecting the coil ax shown in the
diagram and providing the other neces-
sury apparatus a very effective Oudin coil
will be the result.

It will be seen that the primary circuit
of the coil consists of tive or xix turns of
wire included between one end of the
tuning coil and one slider. The other
end of the coil provides the high tension
terminal of the secondary cireuit,

If the coil is provided with two sliders
it will be possible to vary the inductance
of both primary and secondary circuits,

Contributed by Cnas. D, Savage.

HIGH TENSION
ELECTRODE

A simple and effective form of that endless
source of electrical experiments, the Oudin coil,
is shown above. It is constructed on the core of
an old “tuning coil.”

K ]
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Needle Microphone
IRST it is necessary to construct the
sounding box, which should be made
of wood. The size may be as desired, as
it is not of importance, but should not be
too large.

Irect a smail standard of steel near
one end of the box, as shown in the illus-
trations. 3v means of solder fusten a
large steel needle, point upward, to the

standard. o~
statl @) WATCH SPRING

PIECE OF CARBON
JUST TOUCHING

This microphone for the amateur experimenter
has an extremely sensitive contact and will give
remarkable results.

At the foot of the standard place a
binding post and another at the other end
of the box. Procure u strong steel watch
spring and attach it to a lght bar of steel.
FFasten this steel buar to the sound box
with a lock screw.

To the end of the wateh spring, which
hangs loose, fasten a piece of carbon so
that it will just touch the point of the
needle projecting up from the standard.
If you happen to possess an old telephone
receiver there will be no forther trouble
in obtaining the necessary materials to
o ahead with the construction.

A good battery and some wire are the
only remaining necessitiex, not considering
the receivers. which are no doubt obtain-
able around the workshop. Wire from the
battery to the receiver, then to the bind-
ing post on one side ot the sounding box.
I'rom the binding post string wire to the
foot of the steel rod.  Another wire is con-
nected to the remaining binding post near
the upright on the sounding box. Take
the wire from the binding post to the base
of the upright. Then hold the receiver to
the ear and listen.

Contributed by WALTER DROLIN,

Electric Etching

O etch by electricity cover the plate
to he etched with paraflin or bees-wax
and serateh away the places to be etched

SOLUTION
OF COPPER
SULPHATE ¢

PLATE

A simple rigging for etching by t.he electrolytic
process; an outside source of electricity is required.

as usual. Then place the plate to be
etched in a solution of copper sulphate,
together with a hattery carbon: attach
the positive of a battery to the plate to

be etched and the negative to the carbon.

After a few hours the plate will be
etehied sufficiently and may be removed
from the solution. The more cells used
the quicker it will get done, Copper, zing,
iron, etc., may be etched in this manner,

Contributed by ARTHUR A, BLUMENFELD,

Electric Drill

SIMPLE drill for use in the small

workshop or garage may be made
quite cheaply by utilizing odd parts which
are usually found lying around. The drill
deseribed has an automatic switeh which
is turned on every time the lever is low-
ered to bring the drill-point to its work,
though this switch is not necessary and
may be omitted if desired.

The drill is mounted on a wall or other
vertical support., The first part to procure
is the shaft, which should preferably be
of steel. Two iron supports are arranged
as shown to Liold the shaft. These should
have snug-fitting bushings so there will
be very little “play” in the shaft. On the
top part of the shaft is arranged a long
pultey as shown, which had a belt running
to the pulley on the motor.

An electric drill, readily constructed from odd
parts. The motor is automatically started when
the drill point is lowered to its work, the handle,
when pulled down, closing the circuit.

The nmotor shown in the illustration is
mounted vertically, though almost any type
may be used with a few changes. A

D $

BUSHING

A section showing the arrangement of the lever
for the vertical motion of the drill. Notice the
oblong hole for the shaft.
fairly heavy spring is mounted on the
shatt between the pulley and the top sup-
port; so the shaft will return to its nor-
mal position each time. The pulley and
part which holds the spring to the shaft
should be very well attached, so it will not
come off with the pressure applied.

On the lower end of the shaft is at-
tached a chuck for holding the drills. The
most diflicult part is the lever for lowering
the shaft to drill the holes. This lever
arm is on a hinge. In the lever where
the shaft passes through is a slot which
is fitted with a bushing also. On the shaft
directly under the lever is a piece fitted
on the shaft as shown so the lever press-
ing down on it causes the drill to lower
to the work. This part should always
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be kept well oiled to prevent wear. The
contact part is made on the lever as
shown, a large adjusting screw and piece
of spring brass being used. The contacts
should be of guite heavy metal.
Contributed by ISVERMONT IISEL.

Photography of Birds and
Animals
By GreorGe I, FAUVER
HE kodak shutter release illustrated
is very useful for making snapshots
of wild birds and aninals, A portrait
attachment ean be used to get “close-ups”

_~ BRASS

4 STRIP
Sy DAMAL,
. Lo

ARMATURE

This magnetic release for kodak shutters en-
ables the photographer to take ‘snapshots of bird
and animal life.

with this instrinnent, which woultd other-
wise be ilmpossible to obtain.

The release is constrncted thus: The
magnets of a telegraph sounder are
mounted as shown in a wooden box

5 X 3 X 2 inches. An armature is made
with a detent on its end which engages
a corresponding notch in a brass strip,
which hax a spring to give pressure to the
shutter release.

The armature, spring and hammer-like
strip are fastened to the bottom of the
box with small wood =screws; the coils
fasten with screws through the xide of
the box and the distance of armature from
the poles of the magnet may be adjusted
by placing washers between the top end of
coils and hox. The shutter releaxe of
the kodak is held in place by two flat
heiad wood serews placed a proper dis-
tunce apart in the side of the box.

Three dry cell hatteries, a push button
or auto light switch and lamp cord of
suitable length, complete the necessary
equipment.

Simple Thermocouple
Dy IisTieN Morx
ERFE'S a stunt I ran across—it’s 80
good I'm passing it on. IFor a ther-
mocouple you invariably use a junction
of two different metals. Dut the same
metal can be used atonc. See the illustra-
tion—some heavy copper wire is twisted
as shown—if too much it is “short cir-
cuited.”

Here is an in-
teresting experi-
ment with a
thermocouple
whose elements
are of the same
metal.

The two terminals at the top connect
to a sensitive galvanometer — the lower
ones are free, but a piece of cloth or
thiread is wrapped around each. Then
carbon disulphide, gasoline, naphtha or
ice cold water is poured on one (the ohject
being to cool it). Boiling hot water is
poured on the other cloth,
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Electric Flatiron Stove

HE illustration shows how to muke
very satistactory small electric stove.
The heat is supplied by an ordinary elece-
tric flatiron which is mounted, as shown,

Getting the most out of your flatiron. Here is
a way to use it for an cleetric stove.

in a simple stand in an inverted position,
The top of the stove consists ot a disc¢ of
sheet iron ubout nine inches in dizuncter,
In the center of thix dixe cut o hole that
exaetly fits the tace or bottom of the iron,
Three strap-ivon clips, applied ax shown,
hold the iron in place so that the hottom
of the iron isx flusxh with the top of the
dixe,

The stove is supported by four strap
iron leg< which are holted newr the out-
side edge of the dise.  These holts, as
well ax those uxed in fastening the clips,
should be  flat-headed  stove bolts, with
holes for them countersunk in the dixe,
S0-as to leave the top smooth. The legs
should be just long enough to prevent the
handle of the iron s{riking the table.

The iron ix ewsily put in or taken out
of the stove. The hole into which it fits
should be a rather loose fit to facilitute
this operation. The connection plug is
removed while making the change,

Contributed by HAROLD JACKSON.

Overhead Current System for
the Laboratory

ONE of the problems of the laboratory
is the distribution of the current
source to different devices. The illustra-
tion shows how any experimenter's lab-
oratory can he bettered with an improved
current supply system.

i

|. ____LENGTH OF WORKSHOP »
UNINSULATED WIRE
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current or 110-volt system connected to
the bare wires at each end, one side heing
connected to one wire and the other side
of the current system connected to the
other wire,

The current isx taken off these two par-
allel wirex by means of tlexible insulated
wires with spring clips soldered at their
ends, These wires can be led to any in-
strunient no matter where it ix Jocated
upon the Liboratory or shop hench.

A third wire can he strung hetween the
two,  One emd of this wire can be con-
nected with one side of a famp, the other
side of the Lamup can be connected with
any one of the two wires already in
position, as ix shown. Now by taking off
by nweans of the wires with spring clips,
from this added center wire, and the side
wire, a source of current with a lamp
in series with it. whether it he ¢ or 110
volts, can be obtained.

Contributed by Ravyyonp B. WalLks.

Dr. Jekyll and Mr. Hyde
By ExteNx Mokx

T'S a pleasure, fellows, to play with the
apparatus 1 told you about in the Au-
gust and Neptember issues of ¢’ I
There is no end to the great variety of
experiments possible with such instru-

ments,
D——0000000

)
- — — INSULATED / \
/i —WIRES

L TO 110 V.
1 FOOT LINE OR
TALLER THAN BATTERIES
EXPERIMENTER

A sort of two or three trolley wire circuit for
the dlabomtory; currents can be taken off as de-
sired.

The current, be it battery or the house
main, can be led through two bare wires
spaced about a foot from each other, run-
ning across the faboratory and at least
2 foot above the experimenter’s head. The
bare wires should be fastened to the walls
with porcelain insulators and the battery

Further stunts with the wireless transmission
of power; humorous presentation of the subject
by Mr. Moen, who advocates simplicity in experi-
ments.

Just Tately T ran across some more in-
teresting “stunts” that can be casily done.

If'or example, there is the special oxeil-
liutor connection of Figs, 1 and 2. You
Will notice that two different wives en-
tirely are Deing emitted, viz., clectromag-
netic and electrostatie.  In Fig, 1 the
olectromagnetic  is shown operating a
lamp, and in Pig. 2 the electro-static.

Another stunt illustrated in Fig 3 is
to convert electro-static vibrations into
electromagnetic. Thus we see that in the

final analysis “Dir. Jekyll” is the sine as
“Mr, Hyde.”

Then, too, you can play the Dickens with
the loop.  Suppose your oscillator loop is
round, but your receiving loop is squure—
ha! ha!l no juice will he received : hut let
both loops be round (or square)—then she
sure works!

Or else, you can  twist your  loops
into queer geomet rieal shapes (triangles,
Squares, rectangles; ete.) and the fact will
he seen that all Toops must he similar!

[y

'|I|||l\‘

||||‘I|ll

\\\l:IH'

\\\|,;i”ll

vt

3 0 7,
\'/f
/l\\

Here is a way of converting electromagnetic into
electro-static vibrations, according to our author.

Just one more stunt I should have writ-
ten up long ago.  It's shown in the pho-
tograph. Notice, transmitting and receiv-
ing Texla coils are connected with short
wires.  Now the receiving lamp incan-
desces, without the addition of resonator
coils, but add two resonator c¢oils as shown
and the light goes out! That's Dr. Jekyil,

But have patience and we'll produce Mr.
Iyde.  Lengihen the wires, hetween oscil-
lator and receiver, to about ten feet (and
four inchies apart) : now  without the
resonator coils the lamp isx out. Dut add
the 1wo resonator coils, equally  spaced,
and the Tamp lights! That's Mr. Hyde!

Well, so long, fellers, till we meet again
—but, what you say, ain't a Tesla coil
some pal in a boy's studio or bedroom?
Nhe sure ix!

Simplified Copper-Plating

ERE is a simplified method of copper-

plating,  Place a porous cup contain-
ing a strong salt solution into a large
glass jar containing a strong ‘copper sul-
phate solution so that the levels of both
solutions are the same, and then put a
zine rod into the porous cup.

To copperplate anything, simply attach
2 wire from the zine rod to the object
to be pluted and place the ohject in the
copper sulphate solution. By this method
the copper is plated out slowly, but it

GLASS JAR
STRONG SALT SOLUTION

oBJECT
Yo BE
PLATED |

COPPER SULPHATE |
SOLUTION
An easy copper plating experiment that may
have useful applications about the laboratory and
in the houschold. The use of a porous eup is its
characteristic feature,

gives o good hard deposit. Tt will work
better after it has heen in use for some
time.

Contributed by ARTHUR A, DLUMENFEL D.

i
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Awards in the $50 Special Prize Contest

For Junior Eleciricians and Electrical Engineers

125

First Prize,
Harry H. Farb,
163 Peshine Ave.,, Newark, N. J.

Second Honorable

Second Prize,
Roscoe Betts,
Box 4, Arcadia, Neb.

First Honorable Mention—Lester Schultz, Jr,, 58 Van Reipen Ave., Jersey City, N. J.
Mention—George W. Rogers, R-3 Box 19 C, Tacoma, Wash,

Third Prize,
A. Hymus,
29 Lynd Ave,, Toronts, Canada.

First Prize

Electric Soldering lron

ANY experimenters would like to own
an electric soldering iron, but find

the cost prohibitive.
I am about to describe a simple hut
oxcellent  soldering iron which may  be
supplied with current from a storage hat-

tery. The implement ix alko very light
and i very dexsirable beciuse one may

solder connections in his radio set from
hix  storage A" battery without the
trouble of connecting it to the house light-
ing cireuit with plugs and long wires,

To make this soldering iron you must
have a wooden hundle carrier such as are
fastened to packages at the chain grocery
stores. a carbon from a flashlight battery,
about three feet of flexible cord (double)
and three battery clips.

IPirst tile or sandpaper down one end of
the battery carbon to an edge like that of
a screwdriver, the brass cap having been
removed ; force the other end into the

Second Prize
Adjustable Spark Gap

3y Roscor BEYTS
1S simplest  adjustable  spark  gap
illustrated here, with the exeeption of
the hard rubber base, is made entirely
from old dry cell hinding posts and nuts,
Posts taken from IHot Shots are best, be-
eause they are of good length,

On top of tweo posts held upright by
two flat nuts amd jam serew are soldered
two dry cell nuts which have heen tited
flat on one edge to provide a greater sol-
dering surface.

Into the latter nuts are screwed two
more battery posts which complete the
apparatus.

The acmie of cconomy is achieved by this in-
genious adjustable spark gap constructed of ma-
chine bolts and ‘“dry-cell” binding screws and
nuts, Besides economy and efficiency, it has the
added virtue of neatness.

Third Prize
Electric Light Microscope

By A Hysmues
HE suggested microscope illustrated
here is effective because of the illumin-
ation of the object. It is a hotne-made
structure of fair power,

The parts are the following: (a) a
wooden base; (b) a small wooden bhox
with an opening or door on one cide; (c)
a flashlight bulb and reflector; (d) two

py Harey 11, Fagre

BLACK CORD TINS\'_L) CARBON

This soldering *iron,”” built around a_ battery
carbon, melts the soldering wire through which
the heating current passes, when the wire is
brought in contaect with the carboen tip,

hole of the wooden handle, after having
removed the wire. The carbon should be
inserted into the wood a distance of about
half an inch. Then take some tinsel from
some Christmas tree decoration and push
it in the opposite end of the wooden han-
dle to press against the carbon, Strip

$50 IN PRIZES
A special prize contest for Junior
INlectricinns and IHlectrical Iixperi-
menters will be held each month,
There will be three monthly prizes
ax follows:
First Prize $25.00 in gold
Second Prize $15.00 in gold
Third Prize $10.00 in gold

Total $50.00 in gold

Thix department dexsires particu-
larly to publish new and original
ideas on how to muke things elec-
trieal, new electrieal wrinkles and
ideas that are of benetit to the user
of electricity, he he a honseholder,
business nun, or in i factory.

There e dozens of valuable Tit-
tle stuntx and ideas that we young
men run deross every mounth, and
we mean to publish these for the
henetit of all electrical experimen-
ters,

This prize contest is open to every-
one.  All prizes will be paid upon
pubdication. 11 1wo contestants sub-
mit the same idea, both will receive
the same prize,

Addvess Bdilor, Electrical Wrin-
Jle Contesl, in care of thix publica-
tion,  Contest closes on the 15th of
e:ieh month of issue.

binding posts: (e) cardboard tube: (f)
a smadl mirror the size of the box: (g)
a small pocket microscope, phtainable at
optician’s for about 50 cents,

The apparatus is made up ax shown in
the illustration: first @ base of suitable
size is made and two holes are hored at
one end for the binding posts. A small
hox ix then made to fit as shown in Fig. 3.
This has a eireular hole cut in the top
and another hole in the side, large enough
to insert ohjects to he magnitied. A hole

about one-half ineh of one end of one of
the wires in the flexible cord and push it
in the handle against the tinsel.  This
gives a good connection with the carbon
while the other wire of the cord ix at-
tichied to battery elip. Then attach the
other two ends of the cord to the two
remaining battery clips :ud attach to the
baitery.

To use the soldering iron fasten the
baitery clips to the hinding posts of the
battery amd the elip next to the handle
to o strip of solder. Then when soldering
press the point of the carbon on the solder,
which will cause the solder to melt im-
medintely.

Another advantage of this soldering iron
ix that no current is used unless the car-
han touches the solder, and that the iron
heats immediately. There is practically
no possibility of leaving current on over
night.

niide in one end receives a flashlight bulb,
The tube can be made by wrapping stift
paper around a stick and gluing or shel-
lacking., The microscope is easily made
and is quite worth while,

The simple “linen-tester’” is there put te novel
use as a small microscope. The object viewed is
illuminated by a small electric light.

First Honorable Mention
An Electric Churn

iy LesTER NCIULTZ, JJR
HIS is a churn interesting from its
simplicity and small size.  With it city
peaple cun have freslly churned butter
and fresh buttermilk every morning for
breakfast.

The materinls required are these: A
small eleetric motor; a storage battery
or a toy transformer for house current.
Even dry cells may answer in an emer-
gency: o Mason fruit jar: a rod fitted
with some kind of a paddle: two heveled
epar wheels, one smaller than the other;
and one coupling.

The paddle ix attiehed to the rod, a
hole giving a driving fit for the rod. The
rod passes up through a hole drilled in
the top of a quart Mason jar. The por-

(Continued on page 132)
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invites manuscripts from contributors.

To win the first prize, the trick must necessarily be new and original,

lN this department are published various tricks that can be

for window displays, or for any other purpose. This department will p

Fig. 1 shows the
motions as dcscribed.
motor revolving a disc, operates the circuit breaker,

OST readers of this journal are
undoubtedly familiar with the
“rapping  skull” used hy sStage

magicians, but are possibly doubtful ax to
how it really works. Neveral of these
schemes have heen developed by different
workers in the field, and one of these ix
herewith described in detail,

The general prineiples upon which this
trick works are as follows: A sensitive
microphone (A), Fig, 1, of the carbon ball
type, is comnected in circuit with a relay
(B), see ulso Iig. 2 (D), and its arma-
ture circuit is linked with a motor (%)
and battery.  Upor the motor shaft a
proper circuit breaker is placed and the
Lutter is connected in series with a power-
ful electromagnet (D), actuating an iron
armature (), which is connected to 2 rod
(I), operating lever (1), which is fast-
ened to the (balanced) lower jaw of the
skull, as perceived. Now, when you speak
or produce any sounds near the instru-
ment, the microphone will he disturbed,
operating the relay, which will connect
and work the motor, and in turn the cir-
cuit breaker. Consequently the electro-
magnet (DY) is put in operation and the
result is that the jaw is pulled up by the
action of the rod (F) actuated by the
magnet.  When the current is released the
slightly overbalanced weight of the jaw
will cause it to drop back. The arrange-
ment herewith shown will only cause
double rap of the jaw, but the number of
them may he varied by inecreusing the

By Homer Vanderbilt

Microphone .
- 4
II Balt

Batt
Ulis

Fig.2

general layout of this rather startling experiment, the skull grimly openin
Further details are given in Figs.

2 and 3, thc whole thing constituting an
A relay

affecting the magnet pcriodically.
number of segments on the circuit breaker,
The writer will untold the details of his
apparatus and thereby the experimenter
will be enabled to build such i device for
amusing his friends, It is certainly very
amusing to withess the astonishment of
the visitors when the skull is operated.
The constructional details of the indi-
vidual apparatus are shown in Fig 2,
The electromagnet (A) is made to size, as
perceived, and ix fully wound with No, 22
L. & N, copper magnet wire. The cireuir
breaker (D) consists of a dise revolved
by @ motor and which makes contact with
o brass strip located at the bottom of the
base, ax depicted. The relay (C) is made
of two bell magnets actuating an iron ar-
mature carrying o contaet point which ¢o-
aets upon e second point, as seen.  Con-
nections for the various parts are shown
in drawing (D). Practically any kind of
relay can be advantageously used. The
transnitter is of the supersensitive type
and which can readily be made by follow-
ing the instructions given in the Novems-
her, 1915, issue of this journal on page
333 in an article entitled “How to Duild
i Dictaphone.”™  After these various in-
struments are made they should be prop-
erly arranged as portraved in Fig, 1 and
connected as shown in (D), Fig. 2. The
instrument is now finished and ready to
be used.  The only thing necessary to oper-
ate the jaw of the skull isx to talk or blow
i whistle, which will affeet the trans-
mitter and in turn the jaw, thereby caus-

performed by means of the electrieal current. Such tricks may be used for ontenai‘ni.mz.
ay monthly a first prize of $3.00 for the best electrical trick, and the Editor

All other Elec-Tricks published are paid for at regular space rates.

An Elc;c’tro.-maqic Skull

SKull yaw

W veint x

g and shutting its jaws and performing the other

interesting if somewhat ghastly display. The

is employed to give good actuating current.

ing it to rap startingly and mysteriously.

It conelusion  several points may  be
nmentioned which it tollowed will make the
apparatus work and appear much more
professional.  Ifirstly, the contact dise had
hest be geared up to the motor, so that it
makes about one revolution to 20 or more

of the motor shaft.  Again, the skull
should be arranged so that it may he

picked up from the stand and shown to
the audience, At Fig. 3 (1), is indicited
how @ separable rod joint (X) may be
econtrived, enabling the operator to remoyve
the skull easily for inspection. An indi-
rect electricil method is the hest way in
whieh to actuate the jaw., At Fig. 3 (1),
is perceived how the electromagnet (1))
may influence magnetieally an iron dise

(X.), joined 1o the movable Jaw, as
usual, by a lever or wire, Thix permits
of minute inspection by the audience,

Aatin, the effect can be attained by plac-
ing an aluminum ring in the jaw (prop-
erly balancing the jaw to make it work
easily) and an alternating current. electro-
magnet, by induction, will repel the ring
(amd hence the jaw also) whenever it is
energized,

These latter schemes are merely sugges-
tions that may be used to give the appar-
atus a professional appearance, A final
word: it is absolutely necessary to mount
the cabinet on a solid support, otherwise
vibration will cause it to operate of its
own aceord and spoil the whole illusion
by suggesting o mechanieal canse,
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Latest Electrical Patents

Keep Cool

Although the inventor of this device very ingeniously places an electric
fan in the flashlight case, no provision is made for transporting fresh cells
Perhaps if a storage battery were used
the motor could be run as a generator to keep it charged by blowing against
A heater might be added for use in cold weather.

and disposing of the dead ones.

the fan blades.
Patent 1,504,003, issued to A. F. Trumbull

Flashlight

Current is generated for lighting this flashlight
by pushing the handle in and out. A train of
gears spins a magnet about the coils, causing the
generation of current. Terminals are also provided
so that the instrument may be used for testing
outside lamps, bells, etc.

Patent 1,489,431, issued to Charles A. Drouillat.

Television

By analyzing an image into elementary portions
and modulating a carrier wave in accordance with
the space and intensity characteristics of each
portion the image is transmitted by radio to the
receiving station. A combination of photoelectric
cells and electron streams makes the transmission
possible. The illustration shows the receiving end
of the apparatus.

Patent 1,470,696, issued to Alex. M. Nicholson.

Marine Disaster Signal

Mecans are provided for letting loose a signal
buoy from a sunken submarine by the persons
trapped therein. The buoy carries an electric lamp
operated by storage batteries in the vessel, and
also telephone equipment, so that the rescuers may
communicate with the trapped party.

Patent 1,502,055, issued to A. P. Nastasiou.

Phonograph

LIGHT —
SWITCH ——3 *
ol
i =
g _k —

This phonograph is mounted in an ornament form, simulating an
animal. By means of a switch a signal lamp indicates through the eyes
of the animal when the record approaches the end of its journey, at which
time the machine is automatically stopped. A lid in the back allows for
exchanging records.

I’atent 1,502,532, issued to Charles S. Tobin,

Flashlight Stand Shielded Telephone Cords

AMPLIFIER
W l ‘ ’1‘, METAL SNIELDZ
' TT [HEADSET‘
The object of this invention is to provide a suit- =
able stand or support for mounting a flashlight_so =
that it may be placed in any convenient location =
to facilitate the repairing of motor vehicles, ete. JL =

Patent 1,481,998, issued to Harry H. Eldredge.

In many radio receivers tha telephone cords
cause difficulty in tuning due to electrostatic feed-
back. This invention provides for shielding the
cords with a suitable metallic shield connected to
the filament circuit of the apparatus.

Patent 1,504,940, issued to G. W. Carpenter.

Wireless Recorder

Sigmnal Light

u@j ) I e
i
|

A resistance is connected in the output circuit
of the receiving apparatus, the variation in poten-
tial drop due to the received signals causing a cur-
rent flow through the condenser and recorder. A n
stylus records the signals on a moving tape.
Patent 1,504,426, issued to W. M. Bruce, Jr.

Submarine Sound Transmitter
- This signaling apparatus comrprises an arc light
[ connected to a D. C. line in series with suitable

chokes and resistances. A condenser is connected

lWDQOGEN across the line. Pressing the key energizes the
11 OXVOEN lG'ég‘"?N spark coil, thus breaking down the resistance of
1 M the gap between the electrodes and allowing the
= Epoans we condenser to discharge, giving an intensive flash.

- The flow of current stops after the condenser is

- > )
D -MOTOR o discharged.

l e i Patent 1,504,603, issued to L. W. Chubb.

By means of an explosive mixture of oxygen
and hydrogen and an electric ignition system -
sound waves of a predetermined frequency are
transmitted over great distances under water.
The explosions take place in submerged chambers.
An electric motor switches the ignition circuit to
the various chambers at the desired frequency.

Patent 1,500,243, issued teo John Hays I1lam-.
mond, Jr.

Mluminated Target

Time Switch

This switch is adapted for use on the ordinary
alarm clock and is so arranged that the key
makes contact and closes a circuit when it re
volves, due to the winding off of the alarm, but
does not make contact when winding up the alarm,
in which case the contact peint is turned to one
side. It is used for operating buzzers, bells, lamps,

This target is for use on a leveler's rod. An
electric flashlight is mounted on the rod, giving a
luminous target upon which tne leveler trains his
instrument for reading the levels in the usual
manner. Thus the device may be used in dark
places.

etc. )
Patent 1,500,512, issued to Carl W. Matson. Patent 1,500,482, issued to William J. Barrett.
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HE idea of this depmrtinent is to present to the layman the dangers of the cleetrieal ¢
will be instructive, too. We have wiven monthly prizes of $3.00 for the best idea on
: rrstood that the idea must be possible or probable.
«ood chance to win the prize. It is not necessary to

“Short-Cireuit.” It is und

Leneath this ewreth
Ix Muay Sentayenna.
IFor <he hung the wash
On a “sending™ antenna.
AU NAarrrAN,

|
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Caold neath thix xod
< Jonathan Gwire,
Hix horse touched the tracks
And he touched the wire.,
—BPAUL NAFFRAN,

—_———

Thix spot ix the grave
Of Peter LeDocket,
i =ilver pencil
Touched the wall xocket,

—MARLIN LEFFLER,

Instantly Killed* ;.

m

by Eiectric Shock

., LOGAN, Pec.'
24 years of e, Was
,afternoon at Richmond when a wire W
.he wus holding came Into contact with
2 high-tension electric light wire,
‘sending approximately 11,000 voits |1
through his“body. | T
'Ir

Bsterholt was working for the Utah)

lighting system which s belrg / in-
stalled there. By about 4 o'clock the
workmen had reached a point a few
yards north of the North Cache high
school. Wires were belng Blrung oves.
the lower cross-arms of the, poles,!
t| when Esterhoit, In attempting to
take up slack in one of the wires,
g || Fave 1t & pull that threw it up to a
high-tension wire strung across the
[+ | upper cross.arm of the pole.
~‘ The wire Esterholt was holding

came into contact with the live wire!

8 tricity was sent through his Ybody to,
d kﬂ!b)llm nlmoslI lnlsunlly. No nﬂ.ﬂ;
.t Or burn was visible on any part o
b the body, [
: Physicians and company officlals
from Logan rushed to the sceno im-
medlately and an effort was mude tol
resuscitate the man, but it was of
no avall. . |
Esterholt {s survived by a wife and
j two children, one 2 years of age and
the other four montha., Tha body was,
L arouxht to Logan to the Lindquist|
4 ndertaRing pariors.
_——

urrent in a manner that can be understood by everyone and that
“*short-circuits.
I it shows something that oceurs as a regular thing, such an idea will have a
make an elaborate sketch, or to write the verses. We will attend to that. Now let's sce what you can do!

Look at the illustrations and send us your own

CLh /)
L L
o LT KT

Here in sweet pesic
Liesx Mr<, Deamer,
The register grounded
Her vacuumn cleaner,
—Mnes, AL Hagrwia,

Lies urnder thix stone
One Adolius Ramp
The damp on the tloor
Grounded his Innp.
—P. ¢, Hesey,
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'[‘IHS department is conducted for the benefit of everyone interested in electricity in all its phases,

but nceessarily can only publish such matter as interests the majority of readers.
Not more than three guestions can be answered for each correspondent.

2. Write on only one side of the paper: all matter should be typewritten, or ¢

3. Sketches, dixgrams, ete., must always be on scparate sheets,

4, This department does not answer questions by mail frec of charge.
On questions entailing research work, intricate c

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

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

lse written in ink.

alculations, patent research work, e

We are glad to answer questions for the benefit of all,

No atrention can be paid to penciled letters,

The editor will, however, be glad to answer special questions at the rate of
te., a special charge will be made.

Correspondents

Cracking Hydrocarbouns

(482)—11. K. Fisher. New York City,
asks

Q). 1.—I}y what electrieal process in car-
hon black obtained from gases?

A. L.—All hydrocarbon guses are very
rieh in ecarbon content,  Among these are
acetylene, and the higher oletines, The
molecules of these mses are more or Jess
imstable and ean readily e dissociated
into their constituent atoms, Such dis-
sociation may occur at very high tempera-
tures. The electric spark ix a very con-
venient method of producing the nece ry
heat for thix purpose,  The gas ix passedd
through a spark gap over which & is-
charge of several thonsand volts i puss-
ing.  The molecules of the are  set
into such viotent viberation that the con-
stittent atoms separate amd reunite  to
form molecules of the elements or of lower
types of hydroearbons,

Thix method of produeing carbon black
hax not been developed into an industrial
process as yet.

Las

Substations

(483)—T. 1. Long, Rochester. No Y.,
asks e

Q. L—What ix the function ot substi-
tions on electrieal railvoads or lighting
systems’?

AL 1.—The location of power stations is
largely determined by the location ot the
hydraulic power supply or by the conveni-
ehee in transportation of c¢oal or other
fuel, <o that very often the point of power
seneration Is very far removed from the
place of consumption,  This condition re-
quires that power he transmitted over
cerent distanees,  Now it ix known that
eloctrical  power ix most cconontically
trans=tnitted at high voltage and low cur-
ventx, but for use in eleetrical machinery
<uch as railroad motors, heavy currents at
comparatively low  voltages are needed.
Therefore, means must be provided for
the transformation of the high potential
into the low potential ot the working
syvEtem,

Further, power ix often transmitted in
the form of alternating current over high

voltage  transmission lines and is con-
verted in the substation into dirveet cur-
rent.  Substatfons may. therefore. be of

various types, ranging from those contain-
ing merely transformers, to the more
olaborate forms, which house transformers
and rotary converters or motor generators
assunle,

Electrostatic Separators

(484)—'F. . Oxon, Rio de Janeire,
Brazil, inquires:

(). 1.—1low can smoke or dust he re-
moved from the air fed to an air pumnp?

A, 1.—Such separiation ot dust from air
can be effected by the Cottrel precipitator.
The essentinl features of thix deviee are
illustrated in the figure, It eonxists of
thin wire stretched along the axis of a
metatlic evlinder through which the air is
passed, A high potential iz applied be-

tween the wire and the surrounding eyl
inder and as o result o strong electro-
statie field ix set up between them, Since
the wire has a very wuch smaller surface
than the eylinder the electrostatic fiekd
will be strotiger near the wire than at
any other point in the eylinder. The dust
particles  suspended in the air passing
through the eylinder will be charged by
the wire and will then be powerfully re-
pelled by if. Deing driven by the electric
force to the exlinder walls, they are at-
tracted by the latter and retained there
as the cleansed air passes on,

The speed with which these particles
are retoved from the air depends on the
strength of the field, which for a eylin-
der of tixed radius is proportional to the

PURE AIR—» 4

HIGH
POTENTIAL

The Cottrel electrostatic precipitator, shown
above, induces an electric charge in the solid
particles carried by gases and then retains
these particles on one of the electrodes. The
process can be readily duplicated by the ama-
teur experimenter.

applied voltage,  Therefore, the faster the
air ix fed through the eylinder the larger
must he the applied voltage fo assure the
complete removal of solid particles. Some-
times the <olid dust products are utitized
as sources of metals, ete,

(Tesla and Oudin Coils

(485)—Norman Preisser, Atbany, N, I,
anks:

Q. T.—Ave Tesha voils, Oudin coils, spairk
coilg and step-up transtormers all oper-
ated on the sane prineiple?

AL t—Essentially  these apparatus all
operate on the sane principle. fe, trans-
fer of energy from one cireuit into an-

other by electromaguetic induetion, They
differ only in design and application. The

Tesla and Oudin coils and transformer are
operated on alternating primary current.,
while spark coils operate on interrupted
direct current. the interruption heing ac-
complished either by mechanical vibrators
or by electrolytic polarvizing interrupters,

Soft-Tube Filaments

(486) —C., Williams, Atlanta, Ga., asks:

Q. 1.—Why do the tikunents of  soft
tubes deteriorate wmore rapidly than those
of hard tubes?

A. T.—You will reeall that the current
through the vacuum tube isx due to o tlow
of electrons emitted by the tilament, These
electrons bear a negative charge and are
therefore attracted by the plate to which
i poxitive potential ix applied. 1n a high
vitcuutn the eleetrons have a free path
from thre filkiment to the plare, But in a
«oft tube a large number of ax moleeules
ire present in the space between the plate
and tiliment, and the free electrons col-
lide with these, knoeking scome eleetrons
out of thenm. This process is repeated by
the newly lHberated electrons and a great
increase in the number of tree electrons
results, thus increasing the plate current.
While thix ix a fuaverable condition, it is
accompanied by an effect detrimental to
the tilantent. That is. since by the loss of
electrons the gax atoms in “he soft tube
become positively charged they are at-
tracted with great force by the tilament
which ix negatively charged by the “B37
battery.  These positive icns are very
massive and their ineessant bombardinent
of the tfilament tends to destroy the sur-
face of the latter,

It ix on such close reasoning as this that
the theories of electron relations are based.
giving results at onee pieturesque and
prohabie.

Weight of the Electron

(487 —7T. I, Chicago, 1H.
asks:

Q. 1.-
electron?

AL L—The mass of an electron is deter-
mined by an indirect process. By means
of an apparatus similar to chat deseribed
in the August issue of Pracricear Kuec-
trics, in the article “The Cathode Ray
Oxcillograph,” the ratio of the eharge to
the mass of the electron is determined.
Then the charge carried by the electron
ix determined by condensing oil or water
on it und observing the rate of fall of
resulting charged drops of oil under the
intluence of gravitational and electrostatic
tields.

(). 2.—11 the current ix dre to electrons
emitted by the tilament in ¢ vacuum tube,
why = the current intfluenced by the veol-
tage Detween plate and filament?

A. 2 —The potential difference between
tilament and plate establishes an electro-
statie tield which exerts @ foree on the
electrons.  The motion of the clectron
thus Fecones accelerated and this acceler-
ation inereases when the teld increases,
and therefore the current inereases.  How-
ever. the number of electrons emitted by
the filament being limited, a plate voltage
ix soon reached which will cause the elec-
trons to fall into the plate as rapidly as
the filaiment emits them. This is a condi-
rion of <aturation,

Thotson,

liow ix it possible to weigh an
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“Good boy,” said he. “Now here's an-
other point.  During the day you'll be free
to conduct your investigations, but I shall
want you to {ly me into the country every
evening.  I'm not going to stop in town
and have the telephone buzzing in my
ear all night. I'll keep Hazeldene open
and live there. Can you do it?”

“Do it!” I cried. “Why, dad, there’s
nothing I'd like better—and if at any time
1 should be called away on this job, you'll
find Milliken a first-class man.”

“That's settled, then. I take it you have
something better in your shed than the
old seaplane you used this morning?”

“You bet. There's my own erlin.
Three hundred kilometres and more an
hour are nothing to her., I'll have her
tuned up for you right away. 1 can get
you from the Dattery to Huzeldene well
inside the half-hour.”

“Dully I said the old
with a cigar going strong.
get back to the bank, son.”

man, and rose
“Now I must

11

We drove buck to the Metallurgical
through streets that seethed with excited
humanity., Newsboys were running about,
offending the ear with unlawful and rau-

cous yells, flourishing news bills that
smote the eyeballs with their flaming
scarelines.  One journal, apparently de-

spairing of adjectives sufliciently lurid to
describe the reported enormity of the raid
on the banks, had printed a sheet con-
taining nothing but one large exclamation
mark. Droadway was Babel. At every
other corner policemen were trying to
move on the crowds that inevitably clus-
tered round each fortunate with a news-
paper, and so dense was the press at the
lower end of DBroadway that it took two
mounted men nearly a quarter of an hour
to drive a path for the car through the
last hundred paces to the bank door.

A Gold Coin from the East

Once we were inside, T immediately got
through to my mechanic, Milliken, on the
telephone, and told him to tune up the
Merlin. Wise fellow that he is, he had
anticipated the order, and could promise
to have the plane ready in a couple of
hours. Next I spoke to the housekeeper
at lazeldene and arranged for the place
to be kept open for my father and myself.
In the ordinary way I lived in a hut close
to the hangar and workshops on the
beach, only joining my father at Hazel-
dene when he went there for the week-
ends, He had been at the cottage on one
of these vixits when the news of the rob-
bery had pulled him out of bed for our
flight this Monday morning.

I was on the point of stepping out to
make what investigations I could when
my father called me into his room, Ile
had come upon an old Eastern piece of
gold money which he kept as a curiosity
in one of the drawers of his desk. It was
not of the ordinary dise shape, but was
like two little beans stuck together cross-
wise and turned over each other, 1 had
seen it before as a shining piece of par-
tienlarly pure gold, but now it was sadly
dulled to a eolor with which T was be-
coming familiar,

“You had better keep that, Jimmy,” my
father said: “I expect you'd like to have
a sample of the tarnishing”

I was glad to have it, and T wrapped
it in a scrap of tissue paper bhefore plac-
ing it in an empty matchbox to keep it
from heing rubbed. I intended to have
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CThe Ark of the Covenant

By Dictor MacClure
(Continued from page 93)

the tarnishing analyzed in the hope that
the result would furnish some clue to
the anesthetie used by the e¢rooks, for to
my mind the crux of the whole altuir
lay in the mystery of the two lost hours,
This was the thing I determined to follow
up in the best way 1 could. I had no
other notion of where to make a start.

When 1 reached the street, the crowd
in front of the hank was thinning before
the maneuvers of the police, and 1 waited
in the deorway until there wus room to
wmove, 1n a little while 1 was able to cross
Broadway, and it wuas when I had reached
the opposite sidewalk that a slight acci-
dent happened to me which was the means
of furnishing another step in the develop-
ment of my theories,

A Curious Powder in the Street

To avoid bumping into a fellow who
was hurrying past on the sidewalk, T
stepped <hort on the curb, My foot slipped
and I came down on my hands., 1 felt
my palms sting, as though 1 had landed
on sonte sharp sand, but when I stood up
to brush the stuff off, I saw that my skin
wias full of little splinters of glass, It
wis no conscious alertness that made me
look down on the eurb, hut just the ordi-
nary human foolishness that always
makes a fellow turn to look when he has
trodden on a banana skin, My interest
wus caught by a smear of powdered glass
along the enrb and in the gntter—Ilike the
result of breaking an electrie bulb, only
bigger. There was something about the
pulverization and distribution of the stulf
that made me look closer still. I was
suddenly taken with a notion of what the
stuft stood for, and I swept a few grains
of the powder together and wrapped them
in tissue paper, placing the tiny packet
heside the eoin in the match-box. My
next idea was to have a look round the
outside, at least, of the other bhanks,

I walked down DLiroadway to the Guar-
anty Trust and, acting on the idea that
was sinmnering in my head, I serutinized
the sidewalks and the roadway round
about. I half expected to come upon an-
other of the smears I had discovered op-
posite the National Metallurgical, but was
disappointed. There had heen, however,
a fairly dense crowd all down Droadway
that morning, and I wuas not ready to
dismiss the possibility that the same sort
of smear had been in the street sure
enough, until the trampling of many feet
had dispersed it.

More of the Powder

By the Sub-Treasury, at the corner of
P’ine Street and Nuassau Street, I had
better Tuck., Here again the height of the
curb had saved the smear of powdered
wlass from being completely obliterated.
I took a sample of this, too, and num-
bered the package in which T folded it.

Next I went on down Pine Street until
1 came to the Dyers’ National, but this
tinte, although I worked as closely and as
carefully as I could, T found no reward
for my search, TRemained then the last
of the raided banks, the Trade Dank, and
I walked round to take up my investigu-
tions there,

Right in the middle of Broad Street
where it joins Wall Street, T found an-
other sprinkle of powdered glass, Passing
feet had made it very faint, but luckily
the morning had been dry, and the traces
left were unmistakable. I reckoned now
that T had reasonable grounds on which
to work out my notion, and I contented

myself with picking up what I could of
the powder on a finger-tip to test its na-
ture. It had the same character as my
two s:tumples.

By this time T had four ideas firmly
fixed in my head, and could not he quit
ot them: that the erooks had used an
anesthetizing gas; that this gas probably
had tarnished the gold; that the gas, in
liquid form, had been held in glass con-
tainers; and that the smears of powder
outside the three banks were what was
left of the contuiners after the release of
the gas had shattered them.

These were a weirdly fanciful lot of
notions, I admit, but Jike the rest of those
concerned, I was more absorbed by the
idea of the mysterious sleep that had
fallen on the distriet during those two
dead hours than by the magnitude of the
robbery itself. It was all guess-work, and
probably mad guess-work at that, but at
the time guess-work was about all anyone
had to start from.,

In any case, 1 thought the coincidence
that smears of pulverized glass should he
outside three of the robbed banks sufli-
ciently strange to be worth working on,
and in pursuit of the ideas it gave birth
to 1 went in search of the policeman of
the tarnished locket,

I was afraid he would have gone off
duty, but my luck held, and 1 came upon
him practically on the same spot where
I had parted with him eavlier in the
morning.  Ile had just heen relieved and
was going home. I walked with him up
Broadway in the direction of the National
Metallurgical.

A Slight Explosion and What Followed It

“There is a point on which I'd like to
ask you a question or two, McGrath,”
I said. ‘

“Shoot !

“Before you fell asleep or became un-
conscions this morning, did you hear any-
thing of an explosion”

He stopped dead in his tracks to stare
at me,

“Ifaith—now you mintion ut,” he said
slowly, “I believe I did hear a hit of a
pop.  Nothing to startle ye, mind—just a
quiet little pop, like ye'd be hearin’ when
a child burst a paper bag.”

“Where were you when you heard this
pop, as you calt it?”?

“Let me see, now,” he mused, “I'd be
standin’ right foreninst th’ Ixchange when
I heard ut.”

“You didn’t hear more than one?

“I might have. But, d've see, ut was
the sort av noise that might be comin’
from the uptown traflie, and not at all
the noise that would swing ye round to
see what ut was,”

“Iow long after hearing the noise would
it he before you became nunconscious?”

“Now ye've got me, for ut's a thing 1
cart tell ye.” the big fellow xaid., “I'm
told that [ was asleep for two hours—Dbuat,
if ye ask me, T say ut was a bare five
minutes  from hearin’ the pop until I
woke up and found myself Iyin’ on the
sidewalk,”

“After the noise, did you become con-
scious of any peculiar odor—even of the
slightest ?”

“No, divil a whiff av any sort,” he said
positively—then with a twinkle. “unless
maybe what was left hehind from the big
cigurs av the millionaires.”

“That might make your eves water, but
would hardly send you to sleep,” said I.
“Before you hecame unconscious, did you
see any haze or mist coming up?”
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If you have a hobby for making radio cabinets, furni-
ture, work benches, porch swings, etc., you will find
our Book invaluable for, naturally, you want to give
your handiwork as beautiful a finish as possible.

Tells You HowTo
Radio Cabinets
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on Wood Finishing
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This Book gives complete instructions for finishing all
wood—hard or soft—old or new. It is the work of
experts—beautifully illustrated. Gives covering ca-
pacities—includes color charts, etc. Use coupon below.
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Finish

JOHNSON’S WOOD DYE

(Penetrating)

Johnson's Wood Dye is very easy to apply. It dries
in four hours and will not rub off or smudge—pene-
trates deeply, bringing out the beauty of the grain.
Johnson’s Wood Dye is made in 17 popular shades
as follows:

No. 128 Light Matogany  No. |25 Mission Oak

No. 129 Dark Mahogany
No. 127 Brown Mahogany No. 130 W eathered Oak

No. 329 Red Mahogany No. 110 Bog Oak

No. 120 Fumed Oak No. 172 Flemish Qak
No. 123 Dark Oak No. 178 Brown Flemish
No. 126 Light Oak No. 131 Walnut

No. 124 Golden Oak No. 140 Early English
No. 160 Brown Oafk No. 180 Gray

All shades may be easily lightened, darkened or inter-
mixed. Full directions on every label. Select the
shade of Dye you want from the list above and order
it from your dealer by name and number.

S. C. JOHNSON & SON, Racine, Wis., U. S. A.

““The Wood Finishing Authorities’’

Johnson's Wood Dye is a dye in every sense of the
word. [t contains no finish whatsoever. Like most first
class products it answers one purpose only—it dyes the
wood—the finish must be applied over it. We recom-
mend Johnson's Varnishes or Johnson's Polishing Wax.

Ask for a FREE copy of the Johnson Book at the best
Paint or Hardware Store in your locality. Stores dis-
playing the Johnson Service Department Sign shown
below can furnish the Book and full information on
how to finish wood the proper way or use coupon.

S. C. JOHNSON & SON, Dept. E.X. 12, RACINE, WIS.
i — ‘“The Wood Finishing Authorities’’
(Canadian Factory — Brantford)

Please send me free your Instruction Book on
Home Beautifying and Wood Finishing. I enclose

| ) 10c to cover postage and wrapping.
n MY DEALER I8. ... cciieiiite cosnecoccnconnnns
DOV My Name. oeoeiereeinneterns soseeronnnneeeens

LRI 000006000600006000000000 06006 06006000600600

City ard State............ ...,
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Corner of One of the Seven S. of E. Laboratorien

Take This Short Cut to
AccomplishvewrAmbition

‘The fleld cf electrical englnecting offers wonderful
onportunitles for trained men to direet and carry out
great industrial and eommerclal projects.  Get a thor-
ough and practical training here in our course of

ELECTRICAL
ENGINEERING
with B. S. Degree in 3 Years

A faculty of apecialists I3 leacding hundreds of am-
bltlous young men tosure success.  Why not you?

f you are lacking some preparatory studles you can
make therr up here asg you go aiong. This I8 an ex-
ceptional oppurtunity to berome an electrical engineer
in the shartest possible time.

ELECTROTECHNICS

From 1 to 2 years in this course muk('s"}'ou a com-
pletely tralned electrotechnivlan—prepared to fill such
positions as general plant superintendent, director of
construction, superintendent of maluntenance, chief
draftsman, ete.  The Electrotechnleian is the man be-
tween the Lilectrical Englneer and the Electriclan—s
well paid position and a stepping stone to higher execu-
tlve work. A grade schoel diploma or equivalent
admits you without examinatlon, New term opens
every 6 weeks.

COMMERCIAL
ELECTRICAL ENGINEERING

in1 Year

Unparallieled opportunities for brilliant, successful
careers in the new field of Commercial Eleetrical En-
glneering. 'I'o meet the extraordinery present-day de-
mands for trained electrical business men, consulting
and eNciency engineers, we offer this thorough, con-
densed anel very practical tralnlng, especlally adapted
to high school graduates,

PRACTICAL ELECTRICITY

In this complete 6 months' Electrical Course—8
hours dutly—you can learn house, fuctory and theatre
wiring, tes:ing and meter work, A . and D.C, Arma-
ture Winding and all necessary nmthematics.

A 3 months’ course in A.C'. and ).C. Armaturc
Winding, ¢r a 3 months’ Course n Light and Motor
Wirlng and Testing is offered tc those with limited
time and means.

AUTO ELECTRICAL SERVICE
ENGINEERING
AUTOMOTIVE ELECTRICITY

Electrlesal speciallsts who instiartively diagnose and
locute automotive electrical troubles command high
Poultlons and are well paid. =jecialize in starting,
ighting, lgnition and storage batteries and command
& big job ax a blg sulacy.

“EARN WHILE YOU LEARN"

We agree to provide, for a limited number of worthy
young men, half-time jobs ay goou wages, and Imrma-
nent pogltions with unlimited proapeets to all duly
qualified graduates. Here is the opportunity of
igmn- life 1o acquire & thorough, practical training for

tg-paying profession that is «n urgent need for tralned
men.

ESTABLISHED 20 YEARS AGO

‘The S. of E. stands absolutely alone in the fleld of
thorough, prarctical electricad educatlon and in com-
merelal and electrical engineering.

NO NEED OF YOUR BEING WITH-
OUT AN S. OF E. TRAINING

It does not matter how old you are or what school-
fng you have had. Students from 16 years up to 50
are In attendauce here.

Fill out the followlng coupon and mall it to-day.
New Term Opens January 6th.

GCHENL of ENGINEERING

. Milwaukee
‘Founded 1905

SCHOOL OF ENGINEERING OF MILWAUKEE
P. E.-1224, 415-17 Marshall Streset,
Milwaukee, Wis
Without obligating me in any way, please matl free
72-page ilhgtrated book ''Electricify and the One Best
Way to Learn It and particulsrs regarding  the
course 1 have marked with an X,
....Electrical Enginpering.
...Electrotechnics.
..Commercial Electrical Engineering.
.. .Automotive Eleutricity.
. Armature Winding.
.Light, Motor Wirlng and Testing,
Practical Electricity,
am interested in your ‘“‘Earn While You
Learn' Plan.
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An Eleciric Churn

(Conlinued from puye 1235)

The electric motor drive in connection with the
improvised churn, it may be from a Mason pre-
serving jar, illustrated ahove, adapts the device to
daily use in the city home.

celain must first be removed., The rod
and paddle are assembled and the coupling
is put on outside the cap of the jar so as
tfo hold up the paddle and shaft. The
large and small gears are put on and ad-
justed by trial,

When the power is turned on the pad-
dle should turn around at a lively rate of
speed, The churn should be supplied with
“eream’ umil it is almost halt full,

In 15 to 20 minutes of churning bhutter
will begin to come, When you have
churned enough, put half a teaspoonful of
sitlt in the churn and start up the motor
until the <alt ix well mixed in.  Sometimes
the butter has a whitish color: this does
not affect the taste, and is a guarantee
of purity.

The Ark of the Covenant

(Continucd from page 130)

“There was nothin® bur mayhe a kinda
hlueness in the Rtreet " he began, then
broke off ;. “IY the holy piper!” he ex-
claimed.  “Conme to think av ut, ut was an
odd kinda haze, too !'—like nothin® so much
as the way the letters on me watch would
show in a dark corner, or like wan av
thimn old-fashioned matehes would be if ve
wis o spit on ut in the dark—but more
spread about and thinned down,”

“Ah, phosphorescent !

“I wouldn't be puttin® & name like that
to ut, so I wouldn’t,” he =aid carefully.
“If ye understand me, ut was almost too
faint to notice. All T say is the Street

looked like ghosts might "
“Thank you, MeGrath,” T told him.

“You've given me just what I wanted to
know.”

“Is ut 2 bit ay deteetin’ youw're after?”’
he asked me. “I'aith, Mr. Boon, yve've got
things out av me that none av thim—polis
or private—had the sinse to remind me av,
One of me mates wax sayin' that there's
heen some queer on-goin's up at the Post
Oflice,  Have ye heard anythin® at all
about ut, Mr, Boon?”

1 had forgotten Dick Schuyler's easual

reference to the Post Oflice and my inters |

est owas reawikened,

“Comnuinder Rehuyler suaid  something
about it.” 1 =aid to McGrath, “Was the
Post Office gassed and robbed, too?”

“Noo T wouldi’t say that., 1T haven't
wot the rights av ut vet, but ut's just queer
on-goin’s that’s rumored,

“UUs a0 queer affair, <o ut ix.” he went
on, “amd the more ye think av ut, the

’Agents Wanted!

tire battery-buying public, Order
direct from factory. Put the Dealer’s
Profit in your own pocket. You actually save
much more than half, and so that you can be
convinced of true quality and performance, we

ivea Q
€2 Written Two-Year Guarantee
Hereisyourprotection! Noneedtotakeachance,
Qurbatteryis right—and the priceis thelowest
evermade. Convince yourself. Read the prices!
Special 2-Voit Radio Storage Battery, $3.78
ecial 4 -Voit Radio Storage Battery, 6.00
Voit, 60 Amp. Radio Storage Battery, 7.00
Volit, 80 Amp. Radio Storage Battery, 8.00
Volt, 100 Amp. Radio Storage Battery, 9.50
Volit, 120 Amp. Radio Storage Battery,11.50
6-Volt, 140 Amp. Radio Storage Battery,13.00

We ask for no deposit. Simply send name
and address and style wanted. Battery will
be shipped the day we receive your order

Express C. O, D,, subject to your , '

Quality Not Sacrificed (GO N xS :
Here is real battery '
quality, guaranteed to you, at

prices that will astound the en-
4
f

examination on arrival, Our
guarantee accompanies
each battery. Weallow 5%
discount for cash in full
with order. You cannot
lose! Act quick. Send your
order today—NOW.

Arrow Battery Co.
1215 South Wabash Ave.
Dept. 14 Chicago, 111,

Salesmen=DIstributors

to use and introduce attachment
that makes Fords run on 94%
pir. THERMOSTAT on ex-
haust sutomatically turns
down needle valve asengine
warms, exactly as Ford
Manual says do by hand.

Blancke Auto Thermo |

Makes Fords start easler winter or
summer—saves half gas and o.l—cuta
repair bills one-half—reduces carbon i
formation one-half, Bells on sicht to [
every Ford owner as easily as givin

bim & $100 blil, bac-une‘l’%nuves $10

as
arburetor control ¢ Blancke
ﬁconso. Yon can make Big Money selliog
this wonderful proven device. Experience not necessary. Blancke
plan will start you without capitsl in s businesa of your own that
tmakes you from $250 to $2,000 a month profit.
Writes for free circulars Now,

!
A.C.Blancke & Co. 5353 thicago

our fact D'lrocQ from

ory to h
Easily sold.  Over (x% mnﬁ,‘}f;?.:.
isfied wearers. No capital orexperience
reqnired. Larpresteadyincome. Mauvearn
$100. to $160. weekly. ~Territorynow being
allottede.  Write For Frece Samples.

Madison Shirt Mills, 507 Broadway, N. Y.

$ Brings you a Genuine

UNDERWOOD

TYPEWRIT E R
Your $3. 00 unconditionail:

ey R T AL

typewriter rebuilt by the famous Shipman Ward process.

GREAT PRICE SAVING Pisscttozon trom the

g : 1 t t i .
tory of its kind in the world by our mone;r sl::,i‘ngy;zar;zt fac

EASY MONTHLY PAYMENTS Sosma that

notice it while you enjoy the uso of this wondcrfuf‘x’z‘z’u?xiill::o‘
Explai: i

FREE BOOK OF FACTS plining Shipmun

system of ding ty and also ble inf i

e industry both i i d

DowN

Act Today!
Mail

Coupon

-
Shipman Ward
Mfg, Company
3539 Shipman Building
Montrose & Ravenswood Aves., Chicago
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queerer ut s, There’s me locket. now.
D'ye think 1 ean get the polish back on
the thing? Not wan bir av ut. Ut's all
pitted an’ dirty-lookin’.  What the girl
will say, Hivin knows”

“If yvou don’t mind letting me have i,”
1 volunteered, “T'IL give you enough to
buy another like it. and something for
the girl ax well. ' interested in it”

“ITave ut, and welcome,” said MetGrath,
“T'd be thinkin’ I’d hetter get a new wall.
an’ say nothin’ o Norah about ut, for 1
wouldl’t like her to see ut that dirty., I
know the store where ut was bought, Let
me get the photy av her out av uf, an’
ut’s yours.”

He handed over the damaged trinket,
and 1 gave him two ten-dollar bills. He
wis mightily pleased. for with the twenty
dollurs he could buy halt # dozen lockets
of the sanie kind, and when 1 turned into
the bank he was grinning broadly as e
went oft to shoulder his way up the street.
I added the locket to my tissue-wrapped
trophies.

My next concern was to interview Jaxon
and his five men again.  Normally they
would have left the bank by this hour. but

they were still hanging round in some
faint hope of cheering news. 1 collected
the six of them in a spare roomul, and

quextioned them along the same lines as
1 had used with McGrath.  They all
veiterated their former statement  that
there had been no odor. hut three of them,
inciuding Jaxon, recallied having heard a
faint pop before dropping off to sleep, and
their descriptions of the noise were, on the
whole, fairly close to that given me hy
the policenan, Four of them. al=o inclad-

ing Jaxon, now posgitively remetubered a
faint lLuminosity, and the other fwo
thought they did.

ITI

I now took my exhibits, as the police
would eall them, and my theory uptown
to a triend of mine who has a great repu-
tation in ehemistry and physics, a clever
little fellow called Dan Lamont. so well
off that he can afford to have o first-class
laboratory, and keep & bhig staff ot assis-
tants working on valuable but unremuner-
ative research. He ix a perfecr little wiz-
ard. and many a time I had gone fo him
10 be pulled out when the physies side of
y wark had me hogged.

Consulting the Chemist

“Hullo, Jimmy ! he said, as soon as he
saw me. “What's the trouble this time?
Won't the coeflicients come unstuck from
the dihedrals. or is it that the lLielicopter
«till refuses to copt?’

“You're wasted as a physicist, Dan.” I
told him. “You ought to go into vaude-
ville as the Un-funniest Back-chat Come-
dian Alive. Faven't you heard abont the
rohbery ¥”

“1'11 bite—and then you can say your
<mart answer.” he grinned. “What rob-
hery 2

There are days when Dan doesn’t see a

daily journal, and I guessed from his
readiness to chaft that he had not heard
about the hanks. I told him., As I ex-

pected. he at once showed the liveliest
interest.

“yWell, Jimmy ! he exclaimed, “What
do you know about that? Most interest-
ing! Christopher Columbus and the hard-
boiled ege!  Arve you telling me that Wall
Street was pui to sleep for two hours
while a gang of crooks helped them-
selves?’

“That’s just what T do tell you”

“«Phew!” He stood up and stared at
me. Then he took out his loose change
and rattled it in hLis cupped hands—it
trick he has when very excited.

“yWhat makes vou think the crooks used
gas? he demunded.

4 ecan think of no other way in which
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THE
EXECUTIVE
Every executive is at
some time called upon to
make deelsions which in-
volve applied Chemistry.
It he does not know
Chemistry, he must rely
entirely upon his factorv
chemists or high priecd
consultunts. A knowledre
of Chemlstry, easily gain-
ed through our C(ourse,
would strengthen your po-
sition  greatly  and  save
you thousands of dollars.

THE
BUSINESS MAN

Better buying and bix-
ger sales are the rewards
of the man who under-
stands Chemistry. Manu-
facturers, buyerg, sales-
nen, adrertising men, cost
aecountants and elerks ean
all  benetit by learning
(hemistry, Our course
teaches you in the short-
est und most Draetical
way.

THE
PROFESSIONAL MAN

Every professional man
needs a working  knowle
edge of Chemistry whethe
er he is praetising law,
medicine, englneering, den=
tistry, or any other calle
ing.” ‘Too often he finds
this all important scicnce
was neglected in his ear-
lier training. Our course
removes the handicap.
Most important, it gives
you information in a form
that ean be readlly uscd.

T —————————

THE
DAILY WORKER
Workers in any indus-
try can raise their own
wages by learning ( hem-

istry, for every Industry
is based on Chemistry.
Write and tell us what
your work is and we will
show you how Chemistry
can fatten your pay enve-
lope.

L

Sign and Mail this Coupon for FREE BOO

1

CHEMISTRY

Insures Your Climb
to Success

No matter what your vocation
you can increase your Profi-
ciency and earn bigger pay by a
thorough training in Chemistry

O be successful today is to know Chemestry!  Every

line of business, every branch of industry depends upon

Chemistry in sone form. You may not realize it, but
your own proticiency in whatever work you are doing would
be increased by a knowledge of Chemistry. In many lines
<uch knowledge is absolutely essential. In others 1t is a
guarantee of promotion and more moncy.

It is no longer necessary to_entar coilege in order to learn
this fascinating science. Our Home Study Course trains you
just as thoroughly. aud with the same assurance of success,
its those who took the longer way. And our methods are so
simple that we can teach you no matter how little previous
cducation you may have had. Many of our graduates now
hold responsible posifions or have materially increased their
incomes from private enterprises as a result of taking our
course. Hundreds of lctters from students testifying to the
henefits they have derived from our training are here for
your inspection.

Rememher that you do not need to study Chemistry with
the idea of actually practicing as a chemist, although a great
many of our students are taking our course w th this object
in view. If you want to know more about wiat Chemistry
will do for yon. if you want to know what otr home study
course offers, sign and mail the coupou today for FREE
BOOK *“Opportunities for Chernists.”

DR. T. O'CONOR SLOANE Will Teach You Prac-
tical Chemistry In Yow Qwn Home

The Chemical Institute of New York, of which Dr. T.
O’Conor Sloane is Educational Director, was founded to fill
the need of ambitious. far-sighted men who reaize and recog-
nize the splendid future Chemistry offers them. but who can-
not spare cither the time or the money to atten 1 college. Dr.
Sloane. a foremost authority on Chemistry, will teach you and
will give you all the individual help you req sire. He will
personally go over your papers, correct them, -oint out your
faults and teach vou in a practical and interesting way. No
special education needed except the ahility to read and write
English. One student has characterized our lessons as “The
course that takes the mystery ont of Chemistry.”

Easy Monthly Payments

You do not have to have even the small price of the course
to start. You can pay fer it in small monthly amounts—so
noderate that you won’t feel them. The cost is low, and
includes everything, even the Laboratory Equipment—there
are no extras to buv. Our plan of easy monthly payments
places a chemical education within the reach of everyone.

Laboratory Equipment Given To Every Student With-
out Additional Charge
We give to cvery student without additional charge his
chemical equipment, including forty-nine picces of laboratory
apparatus and supplies, and forty different chemicals and
veagents. These comprise the apparatus and chemicals used
for the experimental work of the course.

Special 30-Day Oﬁgr

For a short period we are making a special offer that will
be worth your while to take advantage of. Write for particn-
lars, using the coupon below or simply a postal card. This
will not obligate you in the least. Do not wait until tomorrow.
Send the coupon now while you think of it.

The CHEMICAL INSTITUTE
of New York, Inc.

Home Extension Division 12

66-P W. Broadway, New York City

CHEMICAL INSTITUTE OF NEW YORK, Inc.
Home Extension Division
66-P—West Broadway, New York City.
Please send me ar once without any obligation
your Free Book “Qpportunities for Chemists.” and full par-
ticulats about the Laboratory Equipment furnished to every
student. Also please tell me about your plan of payment and
your special 30 day offer.

NAME
ADDRESS ..ccoviveen

on my part,

CITY

STATE
Exp. 12-24
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GET THE FACTS
about the high-pay
opportunities in

ELECTRICITY

Do you want the real, “brass tacks”
facts about your chances in the elec-

trical field?

A big new 64-page book issued by the As-
sociated Electrical Engineers of America, gives
you thesefacts,straight from the shoulder! Here
is the answer to your questions. You can have
it—FREE-by asking for it on the coupon below.

Now as Never Before

Your Chanceisin
the High-Pay ElectricalJobs

You may think, right now, that there isn't as big an
opportunity for you—in electricity—as we tell you
there is. But the bed-rock facts of the case show be-
yond question that there is an ever increasing short-
age of trained electrical workers, a shortage that
can’t be overcome for five years, at least,

If you want to know-~if you want to be convinced—
you'll find the facts you’re looking for, in the pages
of pur great bock. You'll find out swhy you can

EARN s15 TO $30 A DAY AS AN
ELECTRICAL EXPERT OR IN
BUSINESS FOR YOURSELF
Spare time training at home, under direction of the

E.E.’s engineers puts you in line for the sort of op-
portunities you are seeking—real jobs, with real pay!
NEW, COPYRIGHTED METHOD
OF TRAINING GETS RESULTS

Your progress under the A.E.E. methods of training
is swift and sure. Practical, clear, understandable
information covers every branch of Electricity—Gen-
eral, Automotive, Radio, and the Business side, too.

Nahing else like it. Shows how to make more money
right from start—how you can Earn while you

DON'T LET LACK OF
EDUCATION STOP YOU
You don’t need much book-education to get the
meat in this training. Everything in it is perfectly
clear and understandab)

m.

e,

Backed by
a Legal

Guarantee of

Satisfaction
You’re not taking the
slightest risk in send-

ing for our book, or

intakingourtraining,
either, If you train in
the A.E.E. you are
backed byastraight.

legally binding
\ guarantee of satis-
taction that pro-

About Elestrical
Opportun S i

again wesay,' ' GET THE
FACTS.""Write usright
now for copy of the book.

SEND!
NO

ASSOCIATED
ELECTRICAL ENGINEERS

Here's Opportunity’s Wide Open Door

Send this coupon to I

Assecizted Electrical Engineers of America

Dopt.474 537 S. Dearborn St., Chicago, I11.
Without obligation, send me your 64-page illustra-

l ted book on Electricity, together with full details of I

your remarkable plan of home training and member-

ship in the A.E. E. I
Name
l Address.......coee et e I
City...... J
IR ARNY SEND EED. SEID WSS GEER SR R s
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they could dope the distriet,” I said. “Can
you?”
The Gas Theory

“They might have fixed the water sup-
ply,” he suaid softly. “No. Water isn't
popular enough with the police and the
witchmen to make that method effective.
Dut, gas ™

“What's your kick at the gas theory,
Dan¥”

“Haven't you suid that the people who
| went to sleep smelled no odor?”

“That's right. Not a thing.”

“Then there isn't any gaseous anes-
thetic known could do it,” said Dan.
“Let’s see. The absence of odor rules out
chloroform and ether straight off. IEthyl
chloride—no—too smelly—and too lethal.
You say nobody’s dead?”

“Not a soul so far.”

“Queer, queer! Nitrous oxide has no
smiell, but its effects last barely a minute.
There may be a gas could do it, Jimmy,
but I've never heard of it. What makes
you so keen on the gas idea, anyhow?”

I told him about the powdered glass,
and showed it to him. Then I brought
out the locket and my father's gold coin.
Dan’s excitement grew.

“This is mighty interesting, Jimmy—
mighty interesting,” he purred. “I never
heard of anything to tarnish gold in this

way.  Chlorine?—chlor Hey?” he
broke off as he examined MeceGrath's
locket. “Who told you this was gold?”

“It is gold,” 1 insisted.

“Looks more like copper to me.”

“Oh, shucks, Dan! It probably has a
large percentage of copper in the alloy.”

I Dbrought forward the instance of
Jaxon's witch, but he took little notice
of what T said.
entitie day-dream.

“This coin, 100,” he brooded.
sight I'd say it wus copper.”

“That's where you fall down, young
fellow.” I said. “That coin was kept by
ny father as being a remarkably pure
piece of gold, He had it tested.”

“May be so, my dear Jimmy—may be
%0,” he said absently. “I'll tell you what,
I analyze this tarnishing. Leave the
locket and coin with me. They look to me
to be lmpure alloys of copper—hoth of
them.  Most interesting! I ean think of
tnothing to affect gold sou.”

“No more can I, Dan,” I said. “but I
«1n think of none more likely to find out
than yourself. When c¢an 1 come back'”

“Eh?  Oh—alhi—yes!  Come back, eh?
Oh, sometime this afternocon,” he mut-
tered, his gaze fixed on the coin and
locket.  “Guas, eh? Must think about it.
od  fellow, Jimmy—to give me these.
A new thing—mighty interesting,  Good-
bye, old man i

He wrung wmy hand and made a bee-line
for his laboratory, with the coin and
locket held out in front of him in his
cupped palms. I chuckted to think I had
made Dan Lamont so interested, for I
knew that the chemistry side of any in-
vestigations I wanted to make was in the
most skillful hands in New York.
enlisted the serviees of a powerful ally.

v
In the Post Office
The next thing I had to do was to get

“At first

how DMilliken was getting on with the
Merlin, but on the way down to the jetty
1 stopped to look in at the Post Office.
There was a jam about the place, and the
counters were crowded up. I wrote the
name of the bank on one of my cards
under my own nante and handed the paste-
board to a messenger.

“Are you Mr., DBoon?”
piciously.

“I am,” suid I.

“Who is it you want to see?’ he de-
manded,

he asked sus-

He wuas off on some sci- |

PATENTS

If you have an invention which you de-
sire to protect we shall be pleased to
have you consult us. Our booklet giving
information on patent procedure will be
sent upon request.
Scientific American is the monthly news-
reporter on =all the big industrial and
scientific developments, inventions and
scientific discoveries. Plainly written,
easily understood, accurate and interest~
ing. Price, $4.00 a year.

MUNN & CO.

PATENT ATTORNEY
Established 1845

607 Woolworth Building, New York

5§26 Scientific American Bldg., Washington, D. C.
415 Tower Building, Chicago, Ill
368 Hobart Bldg., 582 Market St., San Fran., Cal.
233 Van Nuys Building, Los Angeles, Cal.

I had |

the Sieve back to Long Island and see |

Course for men of ambition
and limited time. Over 4000
Condensed

Electrical =it

course in Theoretical and Practical Electrical

Engineering

subjects of M. tics and Mech
experts, Students construct motors,
trical hinery. Course

In One Year

Established in 1893. Prepare for your pro-
fession in the most Interesting city in the
world. Free catalog.

BLISS ELECTRICAL SCHOOL
109 Takoma Ave. Washington, D. C,

A Wonderful Book
' _on Finger Prints

- /FREE to YOU!

ULL of 'l‘hrillin%'l‘me Stories of crime mysteries

solved through Finger Print Evidence by some of

America’s greatest Finger Print Experts. Grip-
ping illustrations, Greatest book ever ublished on
the subject. Send for your FREE copy TODAY.,

UNIVERSITY OF APPLIED SCIENCE
Dept, 59-59 1920 Sunnyside Ave, Chicago, IlI.

including
the close-
ly related
ical Drawing taught by
install wiring, test elec.
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mmmm Inventions Developed wemm

If you have an undeveloped invention, consult
us.  We will prepare practical designs for you,
also procure your patent rights. Write for

FREE BOOKLET
Manufacturers Patent Co, Inc.

mmm 70 Wall St, New York e

' coee e FREE %ip 3 ft.Telescope
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like and E\;‘
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s
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on freight cars mile away, see mountains on
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FERRY & CO., 3222 N, Halsted St., Dept.5029, CHICAGO
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{ TAUGHT AT HOME. appress
\ THE PRACTICAL MECHANIC

“SOUTH HAVEN, MICH.
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me if you have an undeveloped
C onsu l t invention or idea. Do not delay!

O S Leszay Rogistered Attorney and Engineer

Print Your Own

Cards,circulars,labels buok, paper. Press$12.
, :" Larger $35 Job press$150. 8ave money. Print
r A\ ¥ for others, big profit. All easy, rules sent.
J%\’T‘/ Write factory for press catalog, TYPE.cards,

2N etc, THE PRESS CO., D-66 Meriden, Conn.
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“Anybody in authority who has a min-
ute to spare—"

“Wilt Mr. Glover do?”

“Fine,” I suid, “Lead the way to Mr.
Glover.”

He conducted me along a passage into
a nest of private roowms, and tapped at
a door.

“\Wait here,” he said, and went into the
room. He was out in a second.

*“Mr. Glover will see you.”

A bald-leaded man at a desk in the
center of tlie room looked up with an
ingratiating smile as I came in, but when
he saw me his grin froze, and he rose in
angry surprise from his chair.

“What trick is this?’ he demanded.
“You are not My, Boon, sir! You are an
impostor, sir—an impostor! Let me in-
form you that I am familiar with the
appearance of the president of the Na-
tional Metallurgical! I am an acquaint-
ance of Mr. Doon!”

“That's fine,” said I. “Allow me to in-
troduce to you his son, Jumes Vander-
stuyt Boon, whose c¢ard you have in your
hand.”

He looked at me suspiciousty for a mo-
ment, then smoothed down, and held out
his hand. I wondered at the change in
his reception of me, but next moment it
was explained.

“Of course, of course!” he said heartily.
“1 might have known!” e waved a hand
at the flying-kit I still was wearing. “You
are the young conqueror of the air, our
modern Icarus—though I trust not doomed
to the same fate. I trust not,” said the
pompous ass. “Well, Mr. Boon, and what
can I do for you?”’

I told him pretty snappily that I wanted
a line on what had happened in the Post
Oflice that morning, explaining that I was
investigating everything that seemed to

have any connection with the robbery of |

the banks.

Mr. Glover looked hurriedly round the
roon, as if he were afraid somebody might
be lurking in a corner. He dropped his
voice mysteriously.

“This is, of course, strictly entre nous,”
he said. “I can say nothing oflicially, you
understand? It must go no further?”

I said I quite understood—and found
myself whispering like a fool when I
said it.

The Five Packages

“Very well, then,” said he. “I will tell
you, Mr. Boon. A very strange thing hap-
pened here this morning. Five littlte pack-
ages, extremely heavy for their size, were
dropped into the local collection box dur-
ing the night or in the early hours. The
box was cleared at seven, Mr. Doon, and
it was then that they were found. They
would have escaped notice, I do not
doubt, had it not been for the peculiar
circumstances that they were all without
the requisite stamps—unstamped, Mr.
Doon! The sorter put them aside, and
when he came to deal with them later, he
found that there were also five bulky en-
velopes, similarly without stamps. Now,
here is a curious fact, Mr. Boon”—with
another apprehensive glance about the
room—*“both the envelopes and the pack-
ages were all addressed to important hos-
pitals and rvesearch institutions in the
city, an envelope and a puckage to each
of five institutions!”

He leaned back to see the effect on me
of this thrilling revelation.

“You amaze me, Mr. Glover,” said T.
“Certainly a peculiar and suspicious cir-
cumstance.”

“Wasn't it !” Mr. Glover agreed. *“The
packages were all alike, and appeared to
consist of heavy little boxes wrapped in
corrugated cardboard and brown paper.
Well, now. Naturally the Office was agog
with the news of the dastardly outrages
in Wall Street, and the sorter somehow
connected these envelopes and the pack-
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How This Man

Won Success
As an Electrical Expert

General Manager of his company at 28 years of age.
His own boss-—owns his home—married and happy and
prosperpus-—that'a the remarkable sueceess achieved bs- Wal-
lace H. Rohrsehneider, now General Manugzer, Secretary and
‘Freasurer of the Hustisford Light, Power and Mamufsctur-

ompany of MHustisford, \Wisconsin.

Mr. Rohrarhneider got his start toward his quick and
brilllant. success av School of Engineering of Milwaukee,
There he received the practical, intensive and specialized
training that enabled him to make good in a big wav.

Why Don’t You Get Into
This Big Pay Field?

The same kind of tralning that put Mr. Rohrschueider
into the ranks of the highly-paid Electrieal Speclalists will
qualify you for brilliant sucress in this faselnatlng teld of
unlimited opportunities. Come to America's Geeatest
Institution of Electrical Education. Learn hy actual
praetice in our big laboratories with their magnificent equip-
ment, ineluding motors, dynamos, switchboards, ignition
and lighting systems, etc. ~ Recognized experts give you
versonal tnstruction every step of the way.

Earn Your Way Through
This Great College

You can earn maney to help defray your expenses while
you arc learning. Our wanderful co-operative plan brings
an flectrical Career within the reach of every ambitious
man. Our Free Employment Department secures positions
for those students who wish to earn part of their espenses.
In additiun, the Department witl help you get a good
position in the Ejectrical Industry when your train-
ing is completed.

BIG BOOK FREE—Malil the coupon today for nur big
new ilhmirated catalog. Check the eourse that intrrests
vou most and we will send you special information Read
about the School that trains men for practical and quick
success. Nec how easy itis for you to get the traiming That
will enable you to step to a splendid position and & hand-
some income.  Mail the coupon right NOW. No <¢ast. or
obligation.

Next Term Opens January Sth.

GCHODL of ENGINEERING

ilwaukee
Dept. P.E.-1224A, 415 Marshail Street,Milwaukee, Wis.
MAIL COUPON NOW

A . G S N .

SCHOOL OF ENGINEERING OF MILWAUKEE
Dept. P.E.-1224A, 415 Marshali Street, Milwa ukee, Wis.
Please send me without any cost or obligation, full particu-
Iars of the electrical course 1 have checked and yeur big
¥ree Book telling abont your institution and how it will fit
me for a big position in the electrical tield. Also tell me
about your Earn-While-You-Learn plan.

(Cheek rourses interested in., and

be sure to give your education.)
—School of Practical Electriclty—6 months or 1 year
course. €Complete general eourse, covering entire electrical
field.
—Institute of Electrotechnics—12 to 30 months* course.
Practical electrical tralning combined with thorough Acad-
emic ¢lucation.
—College of Electrical Engineering—3 years’ course.
Regular eolleglate work granting B. 8. Degree. 14 High
School +nits or diploma from our Institute of Eleciratech-
nics recaired for entrance.
—Commercial Electrical Engineering—! year course,
Thousanss of Trained Men wanted in this new profession.
14 High Sehool units or diploma from our Institute of ¥ lec-
trotechnics required for entrance. [
—School of Automotive Electricity—3 to 6 mamths.
Covers all systems of starting, lighting, ignition, and stor-
age batterles for awomobiles trawvtors, air-craft, ete. In-
tenslve practical ecourse.
—One year Auto Electrical Service Course.

—Armature Winding and Motor Generator Repair
Course—3 to 6 months’ course. Brief. but intensely prac-

tical, leading to wel-paving positions.

—Electrical Home-Service Training with laboratory fa-
cilities, for those who cannot come to Milwazukee.
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ages with the crime, Mr. Boon. He sum-
moned his immediate chief. and the result
of their colloquy was that packages and
envelopes were held over for investigation
by our police department.”

(7o be continued in our nert issue)

Nobili's Rings

(Continued from page 115)

In passing the current tlnough the lead
solution the lead is deposited on the sur-
face of the metallic plate in the usual
manner. Oxygen, however, is also liber-
ated at the same time and this oxidizes
the metallic lead to lead peroxide as soon
as it is deposited.

The reason for the heautiful display of
colors exhibited by these lead peroxide
films lies in their extreme thinness, which
causes interference of the light waves
striking their surface and being reflected
through them by the metal surface behind.

Quick-~Action Alarm Switch

(Continued from page 80)

bend. Then when the alarm key turns
it will drop the little weight, which will
close the switch with a jerk. A strong
cord cun be used in place of the chain.

The good points about this switeh are
these: It is quick and sure in action; it
is easy to make and looks neat: also it
requires no alterations in the alarm clock
and the clock does not have to be fas-
tened down. Thus the clock can be used
¢lsewhere when not employed for the
switch,  If the clock ever needs repairs
another one can easily be used in its
place. So the xwitch will always be in
working order when wanted.

Pneumatic Miner's Lamp
(Continued from page 82)

maintained within the case. Thus gases
or explosive mixtures cannot get in, so
that even if there were sparks produced
within the cuase, nothing would happen.

A small hole leads from the caxe to the
outer atmosphere so that a steady streqan
of air is constantly passing out: this
operates to maintain pure atmosphere
within the case. 11 the said pressure does
fall, it automatically cuts off the current
and the lamp goes ont. The air nozzle
admitting air to the turbine ix provided
with a strainer to restrain dust and keep
the nozzle clear.

Different sized nozzles are supplied to
give operation at from 35 to 120 pounds
per square inch, A 25-watt bulb ix used
and to drive the turbine from four to
five cubic feet of air per minute are re-

quired, The lamp in its mounting weighg
in the neighborhood of 15 pounds; al-

though it is rated from 24 to 36 watts,
12 volt automobile head lamp bulbs are
used. The lamp may have a retlector or
opal gluss as desired.

Single-Tube Reflex Experi-
ments with Hook-Up Board

(Continued from page 87)
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plate-circuit of this tube. This circuit,
having a loop aerial, two erystal detectors,
and one tube, gives loud-sxpeaker volume
on local stations,
Single Tube Tropadyne Receiver

By combining the oscillator and the de-
tector of a super-heterodyne much hetter
results are obtained, as with this circuit
only one ecrystal detector is required.
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Fig. 12 shows the ¢ireuit embodying the
tropadyne principle. The coil P-B-F-Gis
the same ax the one used in the other
super-heterodyne cireuits except that it has
a4 center tap as shown, The coils (L) are
eiach of the GOU turn honeycomb  type
shiunted by fixed or variable condensers,
The resistance (1) should be one-quarter
megohm, A loud-speaker was stucceessfully
operated when receiving local stations on
this circuit. With a headset exireme dix-
tunces were covered,
Reflexed Tropadyne Receiver

By reflexing the circuit, Fig. 12, we can
obtain much greater volume and distance,
The retlexed circuit is shown in Fiz 13,
With possibly the exception of the super-
regenerative receiver this is the only cir-
cuit that successfully operates a lowl-
speaker on a xingle tube, when using a
loop unerial, This circuit needs little ex-
planation. It is the same as the one
<hown in Fig, 12, with the addition of an
audio transtormer which feeds the output
of the erystal detector circuit into the grid
and filiunent of the vacuum tube, where
it is amplitied and is next reproduced in
the loud-speaker,

In our next issue we shall show a num-
ber of two tube reflex circuits. Only the
hest of circuits will be shown embodying
the latest improvements of the 13 hook-
ups which we have just deseribed.

Experimental Short-Wave

Receivers
(Continued from page 101)

i urged that the greatest paing be taken
in the adjusting of the oxcillators for this
cliuss of work for the over-all results to
e obtained hy care are well worth while.

In conclusion, let me mention another
type of set or rather inductance that
seems especially suited to work helow 50
meters,  These inductanees consist of the
required number of turns of No, 16
enameled wire wound on a form one inch
in di;umeter and then released therefrom,
making a sort of large coil spring. The
size of the wire will be suflicient to make
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NO MORE BATTERIES

'd PATENT
PENDING

Read These
Facts

Absolutely eliminates all
hatteries.

ot

NOISELESS at all times,

. You car
Will operate any set—no
change whatsoever ncees-
sary in your set.

at full

dispose
and rid vour radio set of their unsightliness.

We have just pertected a unit that takes ine place of your
batteries and operates direct from 118 Velt D, . house current
from the nearest socket.

The A—B POWER UNIT

The Logical Unit for Operating the Radio
Set—Cleaner, Steadier, More Compact
and More Economical than Batteries

of your battcries, both A and B types,

It is silent in

the inductances -\‘(‘lf--\'lll)liﬂl‘lil'l;r for use 4 Steady current The unit is small, neat, compact, not messy
on all waves below 50 meters,  The set voliage always—a fcature nperation, does not overheat and IT DELIVERS A STEADY
¢ ‘ - : o N not found in batterics. CURRENT AT ALL TIMES FOR BOTH FILAMENT AND

nay he wired up in the regular manner
and six small binding  posts  arranged
aeross the top of the panel to whieh the
«ix terminals of the induetances can be
faxtened. In fastening the inductances
to the binding posts they should he
stretched slightly to partly separate the
different turns, especially the secondary
coil,

(oils of various number of turns are
wound and conneeted to the binding posts
ax needed for covering different ranges
of wave length. The largest coil should
not have over 60 turns for the seecondary
and about 40 or 45 turns for the plate,

PLATE,

Will not overheat.

All connections identical

to battery posts. 5. 22, 60, 99.

Will operate efficiently up
to 10 tubes (V4 Amp.
cach).

Eliminates danger of
burning out tubes.

Attaches to any Light
Socket 110 Volt D. C.

THEREBY
OPERATION OF THE MULTI-TUBE SET.

It is casicr to hook up than batteries, absolutely no change
accessary in your set.
posts, and are so marked.
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Has taps for the fallowing voltages:

Only 11 inches long by 6 inches wide by 5 inches high.
Censtruciion is of the finest materials for dependable long life.
is beautifully finished and will not detract from the appearance

| of the most ornate receiving set.
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AC Unit Under Construction
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