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L. L, COOKE. 
Chief Engineer 

Earn 
Extra Money 

While 
Learning 

You can turn my 
training into money 
quick. In afew weeks 
after you enroll for 
my course] show you 
where end how to get 
spare time electrical 
work and teach you 
how to do it. I give 
you a complete out- 
fit of tools and appa- 
ratus to work with. 
My training Pays for 
itself many times 
over, even while you 
arelearning. Hun. 
dreds of my students 
earn $25 to $35 a 
week in their spare 
time, while they are 
getting ready for a 
big job.,. all without 
loosing a single hour 
from their regular 
work. 

Home of the Chicago 
Engineering Work., 
the Million Dollar In. 
stitation which backs 
up my guarantees. 
Pight. Above- 

The Electrica! 
Laboratory. 

Left, Below- 
The Adminis. 
trakion Building. 

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

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

Why Trained Electrical 
Men Are Needed 

Thousands of new power stations - 
millions of automobiles - the wildfire 
spread of Radio and an undreamed of 
demand for electric light and power- 
^!I these thingsdemand more and more 
trained men. The industry will be sad- 
ly crippled without these men - they 
must be had at any cost. That's why 
salaries are high and why they will 
stay high in Electricity. 

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

JOBS-How I Get Them 
For My Students 

I am spending over $25.000 a year to get 
jobs for my students. This money is act- 
ually spent on Employment Service 
alone. And I do get jobs for my stu- 
dents, even before they finish my 
course. They don't have to wait until 
they graduate. It is easy for me to do 
this because employers of electrical 
help know that "Cooke" Trained Men 
KNOW Electricity. They know that 
"Cooke" Trained Men are the best 
men they can get. 

if you are not satisfied." There are no 
strings to this guarantee-you alone 
are the judge. Among the things I guaran- 
tee besides Free Employment Service are-. 
use of my big Laboratory- Accomodations 
when you visit Cbicaga-Lifetime subscrip- 
tion to monthly Engineering Magazine- 
Consultation and Vocational Service-e big 
outfit of Tools and Apparatus-so FREE. Most 
of these things are exclusive with my train- 
ing-you can't get them anywhere else. 

Investigate! Get the Proof! 
Big Electrical Book FREE 

You want proof I You want facts! These 
give you in my big book-Tbe "Viral Facts" 
about Electricity-Proof that opportunities 
more wonderful than you ever dreamed of 
await you- Proof that "Cooke" Trained 
Men do get the big jobs in Electricity and 
that I can do more for you than anyone else. 
Send for my book now. Be a "Cooke" 
Trained Electrical Expert-Enrn $70 to $200 
a week. Mail the coupon NO tv! 

L. L. COOKE, Chief Engineer 
Chicago Engineering Works 

2150 Lawrence Ave. 
Dept. 213,Chicago - r- J 

fr yBoysGet 
t/wBigrJobs 
in£lectricity 

$800 to $1000 a 
Month for Jirinec 

In business for him- 
self doing Electrical 
work. John Jirinee. 
1139 Fourth Avenue. 
Astoria. L. I., New 
York, makes over 
iio,000.00 a year. Ile 
says "Cooke"Train- 
ing alone is reapon- 
sible for his success. 

Pence Earns Over 
$750 Every Month 
W. E. Pence, Albany. 
Ore., apeciali zes in Auto 
Electricity end makes 
1750.00 a month. Was formerly a mechanic 
earning $30.00 a week. 
Pence has the only 
"white collar" job in 
Automobile work, The 
repair man gets the 
grease and dirt-elec- 
trical experts get the 
money. 

Montrose Makes 
$800 in 23 Days 

Earl R Montrose, Mono 
Lake Calif., gets elec- 
trical contract, com- 
pletee it in 23 days and 
collects 0800.00 p r o fi t 
Montrose nays. 'You 
not only taught meelec- 
tricity, but you showed 
me also bow to make 
money out of it." 

.Use My Money To 
Go Into Business 

for Yourself 
Every month I start two of my stu- 
dents in business for themselves. I 
give them all the money they need, 
help them get started and help them 
to a big success. art the detail of 
this great ofTer-the greatest in his- 
tory of home -study schools-from on 
big FREE book. 
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My 16 Big Guarantees .1wr f L. L. COOKE, I don't promise you anything-I 
Guarantee it with a signed 
bond backed up by a Million , 
Dollar Institution. It G i . 
says, you get yourr 
money back 
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form 
FREE 1-` 

BOOK L 

Chicago Engineering Work., 
Dept. 213, 2150 Lawrence Ave., Chicago 

Send me your book "The Vital Facts About Electricity," 
full particulars of your Home Study Course. and your 
16 Guarantees, including your plan for helping me earn 
extra money while learning and details of your Free 
Employment Service. This does not obligate me to 
enroll for your Corse. 

Name 

Address 

City State 
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IMPORTANT ARTICLES IN 

APRIL ISSUE 

ELECTROSTATIC LOUD SPEAK- 
ER. This is an interesting development 
for radio use of the so-called Johnsen- 
Rahbeck talking stone. It bids fair to 
replace the more expensive loud speaker. 

LIGHT BY ELECTROLYSIS. This 
is a futuristic article with suggestions 
for thg possibility of producing cold 
light. 

LABORATORY MANIPULATION. 
Another article in this series, giving the 
elementary view of laboratory manipula- 
tions, so much neglected in the text 
books. 

HOW TO MAKE A RING ARMA- 
TURE DYNAMO. A most interesting 
description of a Gramme ring armature 
dynamo, a specially interesting type. 

MAKING A MERCURY VAPOR 
ULTRA -VIOLET LAMP. One of Mr. 
Wailes' articles, attractive as usual 
from their appeal to the experimenter 
of limited facilities. 

EXPERIMENTER'S GLASS- 
BLOWING TOOLS. This is a valu- 
able sequel to Mr. Caley's article on the 
manipulation of .glass, giving various 
apparatus to be used in making appa- 
ratus for experiments. 

CONSTRUCTING A RADIO "B" 
BATTERY. This article will interest 
our great army of radio enthusiasts, 
with its many illustrations and full des- 
cription. It is a storage battery using 
six-inch test tubes for cells. 
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I train you thoroughly on the greatest outlay of ACTUAL 
ELECTRICAL machinery ever assembled in any school. Yoe work with your hands on all kinds of Electrical apparatus, door bells. house wiring, armatures, switchboards, dynamos, everything to ma'<e you an all around ELECTRICAL EXPERT. This REAL WORK with REAL tools, on REAL machinery trains you many 

r. `e times FASTER, many times MORE THOROUGH than try- 
ing to learn in the field or by books or lessons. 
No Books-No Lessons-No Classes -You Do Actual Work! 
I do not attempt to teach you by books or lessons. I train you to work with your head and hands on thesame kind of Elec- trical Mactinery used in power houses, industrial plants and 
on the outside, under actual working conditions, with in- 
structors at your side. I have no classes, every student 
gets individual training. 

i. 

Free Radio and Auto Course 

-- ^- 

For a short time only I am including ABSOLUTELY FREE _Y my big new Radio Course and Auto Truck and Tractor 
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Earn $60 to $200 a Week 
Why work at dull uninteresting work, at low pay, with no future? In 12 weeks I will train you for a big pay job where you can command $60 to $200 a week as a COYNE TRAINED MASTER ELECTRICAL EXPERT or you can go in business for yourself with very small capital and make up to $15,000 a year. Men trained as I train them are in demand everywhere. The great development of the Electrical industry makes the demand for trained men tremendous. Big opportunities and advancement for those who prepare now. The Coyne 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 book what Coyne has done for them. Complete Electrical Training ín 12 Weeks 

You Don't Need Education or Experience 
You don't need a lot of schooling to -master my course. You don't have to be a high school graduate or even a grammar school graduate. My rr ethod of instruction is clear and plain, and yet thorough, and if you can urderstan plain English I will make you an electrical expert even thrush you haven't a lot of education or any previous electrical experience. 

- 

Electrical Course. C LEWIS Peesi 

COYNE 
Electrical School 

1300.1310 W. Harrison St., Dept. 157-3 CHICAGO. ILL 

IL T I UPON NC 

dent 
41 Chicago, IllinoisGet 

My Free Book Thisbig handsome + Dear Sir:-Please send me new bookl St OH p absolutely FREE your big 

Coyne Trains You For Life Q You can get a free life scholarship which enables you to stay longer than tie required time if you care to, or you may return at any time to take up new work I'mco stantlyaddingtomyschool A to make it the most modern at all times. 
A Earn While You Learn H. C. LEPIS 

My employment department will assist p 1,5. EidZ 
you to a part time job where you can COYNE 
make a good part of your livingex- Electrical Srl ool penses while tope nc, and they .ev ; 1300-10W.HarrirouSL will assist youtogetaBIGPAY 0 Dept. 157-3 job on graduation. 

the press-size 12x15 in.-shows actual photo- Ailk, I new book and full particulars 
graphs of my big shops. Cost me a dollar to or rou special offer and two 
print, but it's yours FREE if you mail courses FREE, 
coupon. You owe it to your- 
se.f to get the facts. 4, Name 

i 0 Address 
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THE EXPERIMENTER READERS' BUREAU 

Time and Postage Saver 
IN every issue of THE EXPERI- 

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

i 
If the advertiser requires any money 
or.stamps to be sent to pay the mailing 
charges on his catalogue or descriptive 
literature, please be sure to enclose the 
correct amount with the coupon. 
We will transmit to the various adver- 
tisers your request for information on 
their products. 
This service will appear regularly 
every month on this same page in 
THE EXPERIMENTER. 
If there is any Manufacturer not ad- 
vertising in this month's issue of 
THE EXPERIMENTER fro m 
whom you would like to receive lit- 
erature, write his name, address and 
the product in the special section of 
the coupon below. 

TEAR ALONG THIS LINE 

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

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

on their 

NAME ADDRESS 
(Street-City-State) 

List here specific article on 
which you wish literature. 

If Catalogue 
of complete 
line is wanted 
check in this 

column. 

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

Your own name here 

Address 

Ií you are a dealer, City State 
cheek here. 3-25 
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BURIED 
TREASURE 

can still be found in 

.5", CHEMISTRY 
l` 

Good Chemists Command High Salaries 
and you can make yourself 
independent for life by un- 
earthing one of chemistry's 
yet undiscovered secrets. 

s 

r 

T. O'CONOR SLOANE. 
A.B.. A.M., LL.D.. Ph.D. 

Noted Instructor, Lecturer anti 
Author. Formerly rTreasurer Ameri- 
can Chemical Society and a practical 
chemist with many well known 
achievements to his credit. Not 
only has Dr. Sloane taught chemis- 
try for years but he was for many 
years engaged in commercial 
chemistry work. 

Do you remember how the tales of pirate gold used to fire 
your imagination and make you want to sail the uncharted 
seas in search of treasure and adventure? And then you 

would regret that such things were no longer done. But that 
is a mistake. They are done-today and everyday-not on 

desert islands, but in the chemical laboratories throughout 
your own country. Quietly, systematically, the chemist works. 

His work is difficult, but more adventurous than the blood- 
curdling deeds of the Spanish Main. Instead of meeting an 

early and violent death on some forgotten shore, he gathers 
wealth and honor through his invaluable contributions to hu- 
manity. Alfred Nobel, the Swedish chemist who invented 
dynamite, made so many millions that the income alone from 
his bequests provides five $40,000 prizes every year for the 

advancement of science and peace. C. M. Hall, the chemist 
who discovered how to manufacture aluminum made millions 
through this discovery. F. G. Cottrell, who devised a valu- 
able process for recovering the waste from flue gases, James 

Gayley, who showed how to save enormous losses in steel 
manufacture, L. H. Baekeland, who invented Bakelite-these 
are only a few of the men to whom fortunes have come 
through their chemical achievements. 

Experimental Equipment 
Furnished to Every Student 

We give to every student without additional charge this 
chemical equipment, Including forty-nine pieces of Inborn- 

+ tory apparatus and supplies, and forty different chemicals 
end reagents. These comprise the apparatus and rhemlrals 
used for the experimental work of tiro course. The fitted 
heavy wooden box serves not only as a ease for the outfit 
but also us a useful laboratory accessory for performing 
countless experiments. 

CHEMICAL INSTITUTE 
OF NEW YORK, Inc. 

Home Extension Division 3 

66.;X-WEST BROADWAY NEW YORK CITY 

Now Is the Time to 
Study Chemistry 

Not only ore there boundless opportunities for amassing 
wealth in Chemistry, but the profession affords congenial 
employment at good salaries to hundreds of thousands who 

follow out its present applications. These appli- 
cations are innumerable, touching intimately every business and every product in the world. wells of the 

chemist can hardly lie called work at all. It is the keenest and most enjoyable kind of pleasure. The days 

in a chemical laboratory are Oiled with thrilling and delignthd experimentation. with the alluring 
prospect of a diacovcry that may spell Fortune always at hand to spur your enthusiasm. 

What Some of Our 
Students Say of This 
Cours4 

I have not written since I received the big 
set. I can still say that it far exceeded ma 
anticipations. Since I have been studying with 
your school I have been appointed chemist for 
the Scranton Coal Co. testing all the coal and 
ash by proximate analysis. The lessons are 

Yelping me wonderfully, and the intereºtins 
say in which they are written make* me watt 
patiently for each lesson.-AMORLAIS COVE. 
ENS. 

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

So far Ile been more than pleased with 
your course and am still doing nicely. I hope 
to he your honor graduate this year.-J. M. 
NOSLKUS, JR. 

I find your course excellent and your Instruc- 
tion, truthfully, the clearest and beat assem- 
bled I have ever taken, and yours Is the fifth 
one I've studied.-JAMES J. KELLY. 

From the time I vas having Chemistry it 
has never been thus explained to me as it le 
now. I am recommending you highly to my 
friends, and urging them to heroine members 
of such an organization.-CHARLES BEN- 
JAMIN. 

I shalt always recommend your school to my 
friends and let them know, how simple your les- 
sons are. --C. J. AMDAHL. 

I an, moro than pleased. Tou dig right In 
from the start. 1 am going to get somewhere 
with this course. I am so glad that I round 
Sen.-A. A. CAMERON. 

I use your lessons constantly es I find tt 
more thorough than most text books 1 can 
secure.-WJL H. TIBBS. 

Thanking you for your lessons, which I find 
not only clear and concise, but wonderfully 
Interesting. 1 nee-ROitT. H. TIRAYLOIR, 

I received employment In the Consolidated 
Gas. Co. I appreciate very much the good 
service of the school when a recommendation 
was asked for.-JOS. DECKER. 

The 

You Can Learn at Home ? 
To qualify for this remarkable calling requires elaborate specialized training. Formerly it was / 
necessary to attend a university for several years to acquire that training, but thanks to our 
highly perfected and thorough system of instruction, you can now stay at home, keep Sour CHEMICAL 
position, and let us educate you in Chemistry during your spare time. Even with only common // INSTITUTE 
schooling yuu can take our course and equip yourself for immediate practical work in a chemical 
laboratory. Dr. Sloane gives even' one of his students the same careful. personal super- ,OF NEW YORK 
vision that made him celebrated throughout his long career as a college professor. Your 
instruction from the ser9 beginning is made Interesting and practical, and Ire supply you / Home Extension 

with apparatus and chemicals for per -flaming the fascinating analyses and Division 3 

work that plays such a large part inour method of teaching, and you are awarded the 66-X_West Broadway 
Institute's official diploma after Sou have satisfactorily completed the course. ' New York City 

Easy Monthly Payments OI Please send me nl once. 

You don't have to have even the small price of the course to start. You can without any obligation on my 

pay for it In small monthly amounts-so small that you won't feel them. , Part. Sour tree Book ' Opportuni- 
Thhe cost of cur course is very tor, and includes everything. even the ties for Chemists," and full par - 

chemistry outfit-there aro no extras to buy with our course. Our plan ' ticulars about the Experimental Equip - 
of monthly payments plates a chemical education within the reach of event given to everystudent. Also please 
everyone. Write us and let us explain our plan in full-give us the i tell me about your plan of payment end 

opportunity of showing You haw you can Qualify for a highly trained ' your special 30 day offer. 
technical position without oven giving say your present employment.' 

Special 30 Day Offer 
Besides furnishing the student with his Experimental 'T-ANE 
Equipment, we ara making an additional special offer for ` 
o short while only. You own It to yourself to find out / about it. write today for full Info-matfon and free 
book "Opportunities for Chemists." Send the coupon 
right now while it is fresh in your mind. Or Just 'ADDRESS 
write your name and address on a postal and mail 
It to us. Rut whatever you do, act today before 
this offer is withdrawn. 

DON'T WAIT-MAIL COUPON NOWT 'CITY STATE 
Exp., Mar.. '25. 
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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 

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, 
Illumination 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. 

THE McCLURE PUBLISHING CO. Dept. RW -720 Cass St., CHICAGO, ILLINOIS 

/ -i 
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Efficiency in ExperimenTing 
By Hugo Gernsback 

".In ounce of experimenting is worth a pound of theorizing" 

XPERIMENTATION is a most peculiar sub- 
ject. Ninety-five per cent. of experimenters, 
who have started out experimenting purely 
as a hobby, sooner or later find that some of 
their experiments can and trill be capitalized. 

The experience and knowledge gained from experi- 
menting will leave its mark upon you whether you de- 
sire it or not. An experiment that you performed five 
or ten years ago may be the cause of bringing riches 
to you. 

In other words, experimenting, even if done as a 
hobby, is never tt ithout final results. For in no matter 
what business or in what endeavor you find yourself, 
sooner or later your experimental work will hark back. 

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

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

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

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

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

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

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

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

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

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

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

Then, after you have accumulated all of the informa- 
tion available, you can go ahead with a clear conscience, 
and by using your references intelligently, you will be 
able not only to save days and weeks of work, but a large 
amount of money as well. And, you will get to your goal 
in record time. This is Efficiency in experimenting. 
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Electric Games of Chance 
By Geo. R. Holmes, A.I.E.E. 
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No longer does the verbose, loud, ex- 
horting bally-ho of the pitchman, at 
county fair or seaside resort, with 

his spinning wheel of chance, induce a gulli- 
ble public to recklessly plunge with its 
nickels and dimes. For the days of Bar- 
num's, "There's a fool born every minute 
and one to catch him" policy are on the 
wane, and if one desires to make a living this 
way he must give the public their money's 
worth. 
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CONTACTS TO LAMPS 

11 

The "Candy Kid" accomplishes the selection of one out of 
a number of balls. A silk but automatically removed from the head 
of the figure receives a number of balls and tips them into the hop- 
per where one of these is lodged in a cavity and the rest roll by 
into a small cart. The retained ball carries the lucky number. 
A miniature airplane 

on an arm moves In a 
circle. A brush makes 
contact with succes- 
sive segments on the 
axle each connected to 
as different numbered 
lamp. The lamp which 
remains Illuminated 
after the airplane has 
stopped carries t it e 
prize winning number. 

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

The "Candy Kid" 
This consists of a large display front in 

which many mechanical operations are con- 

-- TO 
MOTOR 

The operation of the airplane game is illustrated diagramatically 
above. In operation the switch is closed to start the airplane and having given it sufficient momentum the switch is opened and the airplane allowed to "coast" to rest. . 

Flying Aeroplane 
In this game switches along the stand 

control the stopping and starting of an aero- 
plane suspended on an arm from an upright 

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

As one of the players pulls one of the 
strings hanging above the stand, the figure 
3t the right raises its hand. Then the hat 
on its head automatically comes off, turns 
over, and travels until it rests under the in- 
cline just where the balls are above. A 
pull on another string and the slot in the' 
bottom of the incline comes open, the balls 
drop into the hat, which then turns over 
again, dropping the balls down another in- 
cline. The first ball that runs out into 3 

groove at the front is the winner. 
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The diagram shows the operation of the "Candy Kid" game. The con eyor at the left lifts the pail of balls and tips them into the chan- nel at the top. At the sane moment the conveyor at tine right carries the silk lust under the opening of this channel. Having received the balls the hat is carried by the conveyor to the hopper into which the balls are tipped. 

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

Spinning Arrow 
This last is a variation of the regulation 

wheel so that it comes above suspicion from 
those who might be well read on the exposé 
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.t large wooden arrow rotated by the action of an electrically 
driven propeller carries it brush and an electromagnet on Its under- 
side, The brush and the magnet move over iron segments. Each 
player has his own switch which he tries to close al the instant the 
magnet passes over the corresponding Neg111el,t. When this suc- 
ceeds the attraction between the magnet and the iron segment will 
cause the arrow to stop and point to the winning number. 

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

The Electric Arrow 
Shown in the cut above. \ large, orna- 

mental arrow is delicately bal- 
anced on a pivot in the center of 
the tent and festooned with elec- 
tric lights of various colors. Near 
the pointed end of the arrow 
there is an electric motor on the 
shaft of which is mounted a 

small ae r op la n e propeller. 
Switches at various points on the 
circular table around the tent con- 
trol this motor which can be 
started or stopped at will be any 
of the patrons. Spaces on this 
table indicated the first names of 
the gentler sex. One chooses the 
name of his fairest, deposits his 
dime and when all the players are 
set to the number of twenty-four. 
the operator asks one to snap the 
switch and start the arrow spin- 
ning. At another given signal 
someone else snaps a switch and 
the arrow starts to slow down. 

WE illustrate a very in- 
teresting electric cigar 

and cigarette lighter for the 
dash -board on automobiles. 

There are no winding cables, 
reels, or inside switches. The 
lighter consists essentially of a 
base which fits against the in- 
strument -hoard of the car. An 
extension at the base forms a 

spark catcher and ash -tray. a 

large heat -unit mounted on a 

mica plate (tear the top of this 
base. A spring hinged cover 
which contains the automatic 
switch and has at its center a 
hole through which the heat - 
unit is visible. 

\Vhen the cover is pressed 
forward with the finger-tips, 
the heat -unit instantly flashes 
to a bright red heat. Touching 
the end of cigar to the heat - 
unit lights it in not over five 
seconds. 

It is so designed that anyone 
can install it in a few minutes 

LAMPS 

BUMPERS 

WIRES FROM CONTACTS 
TO LAMPS 

TO LAMPS 

RAIL 
111111111 

This is another came built on a gar motive. Rolling over a 
conducting rail to whit 1 one terminal of the battery is connected, 
the steel torpedo as it is ;wshcd forward and rebounds front the 
bumpers, makes successive contacts with segments connected to 
numbered lamps. The lamp which remains lit after the torpedo 
stops announces the lucky number. 

It will he seen that this is an electro - 
scientific development of the old spinning 
arrow of church fairs. 

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

"AA /mátof 

I. 

SECT ION 
THROUGH MAGNET 

IRON PLATE 

This gauge is extremely simple and the electric motor s used 
merely to start the arrow spinning. The switch open. the arrow 
is allowed to come to rest, the prize winning number being indi- 
cated by the arrow. 

Automobilis{'s Cigar Lighter 

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

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

The Submarine Attack 
1'11i3 device, shown above, is also an 

exclusive electric game. At the back -board 
is shown a fleet of battleships and over the 
tops of them a row of numbered electri., 

flashlight lamps. Two torpedoes 
are used on a horizontal board 
which move in grooved slots so 
that they cannot slip out. 

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

without drilling holes or using 
special tools. Universal mount- 
ing brackets make it fit prac- 
tically ariy instrument -board. 

One feature of this lighter is 
that it has no cord and no mov- 
able parts except the lid, and 
that is hinged fast. The lid 
operates as the handle of a 
switch; dropping it is like open- 
ing a circuit by a single pole 
switch, the switch mechanism. 
of course, not affecting the per- 
son using it. The mere fact 
that it can be so readily attached 
will make it attractive to auto- 
mobilists not over fond of cut- 
ting up their dashboards and 
making complicated connections. 
With beauty cases for the fair 
sex, telephones for communica- 
tion with the chauffeur from 
the interior. lamps for lighting 
the inside compartment of the 
body and a heater for the same, 
the every -day automobile is 
becoming a luxurious affair. 
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Oscillating Crilstals 

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

D 
O CRYSTALS usually oscillate? 
The distance records made by some 
experimenters with crystal detec- 
tors seem to indicate that this can- 

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

Oscillating crystals were investigated as 
far back as 1906 by many well known radio 
experimenters. Recently a Russian engi- 
neer succeeded in making practical uses of 
oscillating crystals. Under certain condi- 
tions the usual crystal detector can be made 
to oscillate at any frequency now used in 
radio transmission, the same as the vacuum 
tube oscillates. This would indicate that 
regenerative amplification may take place in 

a crystal receiver under proper conditions. 
Many of the distance records made may be 
explained with this assumption. Regenera- 
tion accidentally occurred which had the 
effect of lowering the antenna resistance and 
making it more susceptible to weak signals. 
Had the antenna coupling been very loose 
and if good low -loss instruments were nscd. 
no doubt regenerative crystal receivers would 
have been in use long ago. 

Some crystals produce stronger oscillations 
than others. Among the numerous contacts 
studied are pyrite -carbon, chalcopyrite-zinc, 
galena -carbon, or zincite-carbon and zincite- 
steel. The zincite-carbon and zincite-steel 

Lists of parts required: 
1 Rasco Crystodyne Detector. 
2 Low loss 43 -plate variable conden- 

sers. 
.001 mfd. capacity. 

2 Low loss coils made as described in 
the text. 

4 1,500 turn honeycomb coils. 
1 Parent 400 -ohm potentiometer. 
1 Bradleyohnz No. 10 
1 3 -point switch. 
1 CRL 3,000 -ohm variable resistance. 
1 Tapped B battery and 3 dry cells. 
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contact is similar to that of the ordinary 
crystal detector. 

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

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

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

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

o 
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contacts seem to be the best producers of Method of winding the low loss coil -13 pins screwed into a metal base in a circle of three 
strong oscillations. The construction of the inches in diameter constitute the winding form. 
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FIG. I FIG. Z 

FIG. 3 FI G.4 
Experimental oscillating crystal circuits. Fig. 1 shows how either radio or audio frequencies may be generated depending upon the posi- tion of switch K. Fig. 2 is for generating radio frequencies of short wave -lengths. Figs. 3 and .1 show circuits for receiving continuous waves. 

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

The experimenter should first get the crys- 
tal oscillating at audio frequencies before he 
attempts to make it oscillate at radio fre- 
quencies. Such a circuit, known as the 
cristodyne circuit, is shown in Fig. 1. The 
battery used may be composed of dry cells, 
such as a "B" battery, providing its internal 
resistance is not too great. The voltage to 
apply to the crystal is generally between 
five and 30 volts, depending upon its quality. 
The resistance. (R) should be about 3,000 
ohms 'and it. should be variable. L2C2 is 
the audio frequency oscillating circuit. 
(L2) may consist of four 1,500 -turn honey- 
comb coils connected in series with a tap at 
the center of the headrest. (C2) is a fixed 
condenser having a capacity from % to 2 
mfd. (í ICI) is the radio frequency cir- 
cuit. Although (L1) in the illustration in- 
dicates a variometer the experimenter may 
use .the low -loss coil described instead. (CI) 
is a 43 -plate condenser. It has been observed 
that the crystal produces stronger currents 
when the ratio of capacity to inductance is 
large. Hence it is advisable to use large 
condensers and small coils. By means of 
switch (K) either the audio or the radio 
frequency circuit may he connected to the 
crystal. 

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

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

Fig. 2 shows a better circuit for produc- 
ing radio frequency oscillations. It has 
been possible with this circuit to produce 
oscillations having a wave -length of 25 
meters, which means a frequency of 12.000,- 
000 cycles per second. For this extremely 

o 

. 

%mother form of low loss coil which the ex- 
perimenter can easily wind. It is self-support- 
ing except for two strips of gummed paper 
and the hard rubber clamps. 

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

For -he reception of radio code signals 
and radio telephony, the circuit shown in 
Fig. 3 may be used. In this circuit oscil- 
lations are produced directly in the aerial, 
and once the crystal is oscillating, CW sig- 
nals may be heard. By proper adjustment 
of the potentiometer (P), the crystal may 
he brought to a point just before oscilla- 
tions start, and broadcast stations may be 
amplified considerably by regeneration. As 
the aerial is directly connected to the crys- 
tal, the tuning will he broad, and it will 
he difficult to get the crystal to oscillate 
on account of the large amount of energy 
absorbed by the aerial. To overcome these 
disadvantages the circuit shown in Fig. 4 
was developed. This is the circuit shown 
in the illustration of the hook-up board. The 
aerial is loosely coupled to the oscillating 
circuit. Instead of using radio frequency 
chokes, as shown in Fig. 2, a tuned circuit 
(L3C2) is connected in series with the bat- 
tery lead to keep the radio frequency cur- 
rents from circulating through the battery. 
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and pressing of the key will cause the buzzer 
to sound. An army type of practice set is 
shown in Fig. 2. At first you should prac- 
tice making dots and dashes so that each 
dot and each dash will be of uniform lengths. 
A dash should be approximately equal to 
three dots in duration of time. 

The key that you select may be the one 
that you will use in the future in your trans- 
mitting set. Therefore, it is well to buy a 
good one in the first place. For low - 
powered sets, ordinary telegraph keys such 
as used by telegraph operators will be amply 
sufficient and they are usually quite well 
made. However, if you contemplate install- 
ing a high -powdered set of, say, 50 -watts 
power or more, a larger key with heavy 
contacts should be purchased. In either 
event the method of manipulating the key 
will be the same. Grasp the key as illus- 
trated in Fig. 3, raising the first and second 
fingers on the top of the knob, the thumb 
on one edge and slightly underneath and the 
third finger on the opposite edge also slight- 
ly underneath. In this way, the thumb and 
third finge' -..,1 assist the spring of the key 
in bringing the lever back to the normal 
position, while the first and second fingers 
press the knob and close the contacts, form- 
ing the characters. When practicing the 
code, place the key so that the elbow can 
rest on the table and grasp the knob as 
illustrated. The wrist should be elevated 
from the table and the entire arm should 
be used for operating the key. Do not try 
to use the fingers alone as the muscles will 
soon become stiffened and will not operate 
the key properly. Using the entire arm may 
seem somewhat awkward at first, but after 
the key has been manipulated for some length 
of time, this position will become natural 
and will become much less tiring than the 
't her. 

Before practicing, the key should be ad- 
justed, so that it will work best and will suit 
your individual requirements. The rear ad- 
justing screw should be so placed that the 
contacts will be open about ieth inch. 
The front screw which regulates the tension 
of the spring should then be adjusted until 
the lever closes the contacts with the re- 

FIg. 3. The correct position for holding a telegraph key when transmitting code. 
that the entire arm and not the fingers should be used for operating the key. 

HO\\ many of the thousands of 
broadcast listeners of today re- 
alize the greater amount of pleas- 
ure that the amateur is getting out 

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

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

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

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

Note 

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

The Code 
\\'e will consider the first step necessary 

for taking up this most fascinating of all 
hobbies. The first thing to do is to learn 
the code which is reproduced herewith. 

A . - 
13 - . . . -. - . 

1) - . . 

E . 

I . . - . 

G -- 
H .... 

. . 

I --- 
1< - . - 

6 - . 

The continental code used in wireless teleu- 
raphy. This code diners slightly from the 
Morse code used in line telegraphy. 

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

Practice Sets 
When practicing the code, it is necessary 

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

quired amount of effort. This tension will 
be different for each operator and must be 
adjusted to your own particular character- 
istics. 

For persons who must learn the code alone, 
either the practice set illustrated in Fig. 1 

i r those in Figs. 2 or 4 may be used. The 
last one is somewhat better as it more nearly 
simulates radio messages. The phones are 
placed on the head and the key manipulated 
to form the characters. In any practicing, 
the buzzer should be adjusted to give as 
high pitched a note as possible and still be 
smooth in operation because the high pitched 
note is easiest to read. The contacts must 
not stick. as otherwise practice will be great- 
ly interfered with. 

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

BUZZER 

BATTERY 

IIIIIIIIIIIF 
FIG. I 

Diagram of a simple practice set Comprising 
u key, buzzer and battery. 
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FIG, 4.. 
A simple Code practice set using telephone 

receivers. By wearing the receivers a more 
realistic effect of the code is produced. 

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

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

Licenses 

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

"Radio Communication Laws of the United 
States," which may be obtained from the 
Government Printing Office at Washington, 
D. C., for the sum of 15c, not stamps. A 
copy of this book should be obtained and 
carefully read. 

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

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

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

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

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

Fifth District: Headquarters at the Cus- 
tom House. New Orleans, La. This district 
comprises the States of Alabama, Missis- 
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Fig. , A code practice set used by the army. This comprises key, buzzer, bat- 
teries and a small signal light. 

Electric Light Radio Set 

TINFOIL-- 

FI G.I 

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

PROVIDED you live in a house with di- 
rect current, you may easily connect the 

receiver illustrated and, at the same time, be 
using the light furnished by the bulb which 
acts as a rectifier to the incoming radio 
waves. 

All that arc needed are the following ap- 
paratus: 

One tuning coil. 
One 23 -plate variable condenser. 
One radio head -set. 
One strip of tinfoil. 
One electric light bulb. 
After the set is wired according to the 

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

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

Conti ibuted by ALBERT W. SMALL. 

FIG. S 
A couble code practice set enabling two per- 

sons to transmit messages to each other. 

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

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

Seventh District: Headquarters at the 
Federal Building, Seattle, Washington. This 
district comprises the States of Oregon, 
Washington, Idaho, Montana, Wyoming and 
the Territory of Alaska. 

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

Ninth District: Headquarters at the Cus- 
tom House, Chicago, Illinois. This district 
comprises the States of Indiana, Illinois, 
Wisconsin, Michigan (upper peninsula), 
M innesota, Kentucky. Missouri, Kansas, 

Colorado, Iowa, Ne- 
braska, South Dakota 
and North Dakota. 

If you are situated 
too far from an ex- 
amining point, a sec- 
ond grade license will 
be issued upon applir 
cation to the radio in- 
spector, and upon pre- 
sentation of sufficient 

- evidence that you are 
acquainted with radio 
communication la w S 

and that you are cap- 
able of receiving at a 
speed of 10 words per 
minute. Two licenses 
are always required, 
one for the operator 
and one for the station. 
The station license can 
be obtained by mail 
from the radio in- 
spector. 

FIG. 2 
A similar circuit in which the lamp not only 

acts as the detector, but the 110 -volt line Is 
used for the aerial. 



302 The Experimenter for March, 1925 

Lñ - 

Tuned Radio Frequency Circuits 

_ ,_ ...I'll -4-1 . 

.. 

- 

.Y- 

., 

By Clyde J. Fitch 

ti 
.-- ... , 

_fs 
4, 

I 

, 

Fig. 6. An experimental tuned radio frequency set employing two stages of amplification and detector. Tire simplicity of wiring made possible by using the ready -wired base makes it ideal for the experimnter. 

PURSUING our descriptions of tuned 
radio frequency circuits we are pleased 
to present a new form of hook-up board 

that should appeal to radio experimenters. 
This hoard is illustrated in Fig. 6 and the 
connections are shown in Fig. 1. It is made 
from a Durad base. This base is of insulat- 
ing material. In it are embedded five wires 
for the battery connections. A number of 
holes drilled along each wire allow for con- 
nections at various places. These connec- 
tions are easily made with the small bolts 
and washers furnished with the board. 

A short panel is mounted on the bottom 
of the board on which are placed a potentio- 
meter, telephone jack and two 30 -ohm rheo- 
stats. Small insulation strips support the 
three .00035 mfd. variable condensers as 
shown. On the board are mounted three 
vacuum tube sockets, two small neutraliz- 
ing condensers, and a detector grid condenser 
and leak. A number of Fahnestock clips 
allow for connecting different coils and for 
trying different circuits. As the illustration 
Fig. 1 shows, the wiring of this test set ís 
very simple. 

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

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

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

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

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

The variation of capacity, or tuning, as 

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

Fig. 2 shows a five -tube circuit with a 

3 

5 

2 
1 

1 

Parts Used in Five -Tube, 
TwoDial Set 

A ational Airphone, single dial con- 
trol, double condenser unit. 
.00035 mfd. single variable con- 
denser. 
Low loss coils. 
Grid condenser and leak. 
Cutler -Hamner vacuum tube sock- 
ets. 
Mar -Co audio transformer. 
Patent audioformer. 
Patent six -ohm rheostat. 
Patent 30 -ohm rheostats. 
Patent single circuit jack. 
Baseboard, 12x36x% inches. 

two -dial tuning control. Condensers C and 
Cl are operated by the one control dial. 
Across the condenser Cl a small variable 

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

This particular circuit is of interest in 
that regeneration may be controlled by means 
of the 30 -ohm filament rheostat that controls 
the filament current of the first tube. The 
coils should he so designated that the first 
tube will oscillate with normal filament cur- 
rent. In other words, the primary coil L5 
should have very few turns, about four, so 
that tube No. 2 will not oscillate. Primary 
L3 may have about 10 turns so that tube 
No. 1 will oscillate with normal filament 
current. By controlling the filament current 
with the 30 -ohm rheostat the oscillations are 
easily controlled. The antenna coil L1 also 
may have 10 turns. 

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

Another way of accomplishing the same 
result is to use broadly tuned circuits so that 
an extremely fine adjustment is not re- 
quired. Fig. 3 shows a four -tube circuit 
that is somewhat broad in tuning and only 
requires one dial for the three tuning con- 
densers and only one small vernier control 
knob for condenser C2. Broad tuning is 
effected by means of the crystal detector. 
In addition, this detector gives much better 
tone quality than a vacuum tube detector. 
In this circuit the three primary coils, LI, 
L3 and L5, may each have 10 turns. The 
secondary coils have approximately 60 turns. 
Oscillations are controlled by the 30 -ohm 
filament rheostat connected to the first tube. 

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

(Continued on page 350) 

Fig. 7. An experimental five -tube receiver in which two of the tuned circuits are controlled by one dial. The condensers (1) are geared to one dial. The condenser (2) is controlled separately. (3) is is small venier condenser for fine adjustments. (4), (5) and (6) are the low loss coils. (7) is the grid condenser and leak. (8) and (9) are audio transformers. (10) is the jack, (11) the six-olun rheostat and (12) the 30 -ohm rheostats. 
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IN PUT NEUTRALIZING CONDENSERS AND FAHNESTOCK CLIPS 

® "® ®ilk 
SWITCH FORMED BY 
FAHNESTOCK CLIPS 

AND WIRE 

BREAK BU5-BAR 
HERE- BY DRILLING 

THROUGH IT 

GRID LEAK 
AND CONDENSER 

PHONE 
'JACK 

lei 

POT. O R.F RHEO. 

a 
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+ 
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L4 

30 OHM RHEO. 
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L5 

GRID LEAK AND COND. 
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6 30011H1 
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001MED 

6 OHM RHEO. -1-4 
-A 
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TEL. 
JACK 
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30 OHM RHEO: 

Li 

GRID LEAK.AND COND. 

30 OHM RHEO.----r- 

C3 
CRYSTAL 

1.6 

AUDIO TRANS. 

3 

Fig. 1. Circuit diagram of the experimental set shown in Fig t3 Note the sónplicity of the connections. The tuning condensers are not 
shown as they are connected in the circuit with flexible clip leads. Fig 2. Diagram of the apparatus shown In Fig. 7. The two condensers 
C and C' are controlled by one dial. Fig. 3. A tour -tube single contro set using a crystal detector. Fig. 4. t single control super -selective 
one -tube regenerative set. Fig. Ii. A similar set in which the three tuned circuits are in inductive relation with each other. 
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Two Electrode Vacuum Tube Amplifiers 
By' W. B. Arvin 

THE ever versatile vacuum tube again 
comes to the experimenter's aid, in 
this case through the agency of the 
filament. In some recent experiments 

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

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

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

MILLIAMMETER 

FIG. I 

Method of connecting the meters, batteries, 
and tube for plotting the characteristic curve 
saloon In Fig. 2. 

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

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

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

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

An English adaptation has already been 
made of the system using it to assist in the 
modulation of a one tube transmitter. Sex- 
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FIG 2 
Curve showing the relation of plate watts to 

filament watts of a UV -199 with plate and grid 
connected together. A plate voltage of 90 was 
used. 

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

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

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

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

FIG. 3 
A transmitter circuit in which both the fila- 

ment temperature and grid potential act as the controlling electrodes of the plate current. 

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

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

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

Illlt----1 
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Fl G. 4 
The two element tube ad an oscillate,. Note 

that the filament acts as the controlling oleo -- 
trade of the plate current. 

on for some time, where it would have been 
impossible except for the addition of the 
tube. 

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

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

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

OUTPUT 
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VFlistor2c Experiments o 
Number 5 

Early Electrometers 

;One of the earliest electrical measar- 
' ins instruments ass Richmond's Gno- 

mon shown at the left. The device In- 
dicates the charge in the Leyden jar by 
the degree of deflection of the pith ball 
suspended by a silk thread. Richmond 
invented this In 1755. In 1753 he con- 
nected the apparatus to a lightning rod 
to measure atmospheric charges and was 
killed by a discharge of the apparatus 

through his body. 

'17.1117"Ni\ 

u. © ,,,'!' 

e earlier experiments Illustrated above Ieo 
ulomb to devise this apparatus for the pur- 
e of measuring the force exerted by two 

charged bodies upon each other. 

JI 

The electroscope Illustrated at the left was Invented tfy Volta 
in 1333 and wax the subject et numerous experiments during 
the eighteenth century: A. water passing over hot coal will 
bear a negative charge, while the steam so produced will be 
positive. B. setting a candle n the electroscope increases the 
sensitivity. It Is claimed by old experimenters. C, chalk powder 
blown off the electroscope imparts to the latter an :electric 
charge. D, sudden separation of two metal plates after contact 

leaves both plates charged. 

i 
UNT!L any field of knowledge is developed to a stage where it lends itself to 

quantitative treatment it can hardly be called a science. So with electricity. 
In its earlier stages when curious scholars were interested merely in studying 

and demonstrating its marvels, electricity was but the object of fashionable interest. 
In preceding issues of THE EXPERIMENTER we illustrated the electrical experiments 

" of this period. On this page we show early attempts at measuring electrical 
, quantities so as to express them in numbers. Electricity has been called a science 
' of measurements. 

Number seems curiously related to human psychology. When we have reduced 
i a phenomenon to numerical expressions, we have a feeling of certainty, a. feeling 

1 of thorough acquaintance with it. Nature seems to be intimately associated in our minds with number and rhythm. Even the symbols of higher mathematics do not at first convince the student as numbers do. 
So these early experimenters, whose researches we illustrate on this page, were answering a fundamental appeal of their minds, in developing a quantitative theory of electricity. Among these was the English experimenter Cuthbertson, whose electrometer illustrated immediately above closely resembles that of Rich- mond's at the top of the page. After him came Coulomb, the French scientist. 

,rdp who, by hís torsion apparatus shown at left, discovered the fundamental electrical law that two electrically charged bodies exert a force upon each other which is directly proportional to the charges and inversely proportional to the square of the distance between them. This established it as an action radiating like light from a charged center. 

a 



306 The Experimenter for March, 1925 

The Ark of the Covenant 

[What Has Gone Before] 
A number of New York banks have been robbed. 

The time is near the end of this century. The Pres- 
ident of one of the banks stands by his son's bed- 
side early in the morning and wakes him. Instinc- 
tively the son realised that something was wrong, 
and seeing that his father was in deadly earnest, 
no questions were asked, but with his roadster and 
airplane he undertook to rush him to the city. 

They find that throughout the financial district 
policemen, watchmen, chauffeurs and pedestrians 
have fallen senseless. Automobile entrees have 
mysteriously stopped. Everything of gold, watches, 
coins, gold leaf signs and the tike have been tar- 
nished. The vaults of a number of banks have been 
cut open, apparently by oxyacetylene, and robbed. 

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

The wonderful Merlin takes an active part in the 
story, the fastest of all airplanes. The range of 
the speed dial is insufficient. The mystery deepens 
when it is found that some millions of dollars of 
securities have been returned to the banks, but a 
slightly larger amount of gold has been taken. 
Anaesthetic bombs are thought of. It develops 
that the boxes in the Post Office contained some 
radium compound which accounted for the lead 
cases. An unheard of amount of the rare salt 
seems to be in there. A provision store has been 
robbed and money left to pay for it. Thousands 
of gallons of gasoline have disappeared from a 

Standard Oil station. Starting at the most mys- 
terious point of the story the tale goes on. 

They go out on *Jul famous Merlin in search 
of the liner Parnassic after having without suc- 
cess tried to find out how the quantity of gaso- 
line was taken from the Standard Oil station on 
land; they hear that there was a cabin in the air 
when the robbery was being perpetrated. Going 
out to sea, they find the Parnassic apparently 
abandoned and land upon her. Everyone on her 
is recovering from a trance, and eventually the 
Captain goes with there to the treasure safe and 
finds fast it has been robbed. 

t 

By Victor MacClure 

I 

i. e--. 
' 
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LORD ALMERIC PLUSCARDEN 

"Phew! Nearly two and a half million in 
American dollars," I said-the British florin 
standing at that time at 2.42-"just about as 

much as they got out of Wall Street!" 
"Tell me, Mr. Boon," said, the Captain. 

"When you sighted us, was there any craft 
near us?" 

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

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

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

"Step down to Lord Almeric Pluscarden's 
cabin, Strachan," he said. "My compli- 
ments to him, and will ht: come here at 
once ?" 

"But the strong -room, sir l-the strong- 
room! It has been broken into I" 

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

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

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

usual. Carry on! 
"The engine -room reports a good head of 

steam," he turned to us and said. "The 
automatic oil feed in the stoke -hold has been 
going on all the time. Ah, the engines I" 

We felt the vibration of the ship's engines 
under our feet as Lord Almeric Pluscarden 
carne into the cabin. I had expected some- 
how to see an elderly man, probably white- 
haired and rubicund, but the newcomer was a 

slenderly built, dark-skinned, dark-haired 
man, apparently of about forty -odd, alert in 
manner, and athletic -looking. 1 found out 
later that he was close on sixty. 

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

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

"Y. B. oil -carrying steamer, Westbury. We 
were slowed down by a riding light *head of un 
and a message came from the battleship Ar- 
gonne, telling us to heave to because of danger 
ahead. Mince then we don't know a dern thing 
of anything, except that our forrard tank Is 
short of three thousand litres of the highest 
grade aviation spirit by the gauge. Yes, sir. 
And there ain't a man on the ship, sir, that can 
say what was dole' in the last two hours." 
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"Kind of you to put your machine at my 
disposal, Mr. Boon," said Lord Aimcric. 
"I'm afraid you've had a cold flight. { ery 
sporting of you to accompany him, .vtr. La- 
mont. I'm grateful to you botn. And now 
-this story?" 

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

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

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

"1 insist," said the other, "and I am sure 
that Miss Torrance will say the same. Miss 
Torrance," he explained to me-"if you can 
take her-is your other passenger, my niece 
and secretary." 

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

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

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

'Bless my soul," said Lord Almeric, "you 
don't me to say that you put your seaplane 
aboard on the awning?" 

"I did-and I'm afraid ('ve ripped off 
some of your canvas, Sir Peter, in Going it." 

"I'll worry about that, young man,'' the 
captain said, "when somebody has ripped a 

slab off the strong -room door, and ripped tive 
million florins off my ship!" 

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

"Fifty years I've been at sea," he said 
thickly, "man and boy, and, by thunder, 
I've never come across anything like it I it's 
bewildering-exasperating-God, it's heart- 
breaking! On my ship-Lord Almeric-on 
my ship! The disgrace of it!" 

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

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

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

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

"Be assured, old friend," he old "It will 
take more than this to shake the clean record 
of fifty years I" 

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

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

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

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

IV 
The Crew of the Parnassic Restored 

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

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

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

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

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

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

"I have to do it," he apologized, "for 
your sake as well as my own." 

"That's all right, sir-and if when you get 
(Continued on page 344) 
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"The Merlin gathered strength and began to glide ---and we shot out over the water. 
Next moment we were electing the 'P le' to a eheer that was led' by stir Peter 
Weatherly himself, who stood sturdily on his damaged awning, and waved his braided 
rep in a hearty farewell." 
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High Voltage 
Experiments 

By Lester Reukema 
Instructor of Electrical Engineering st the 

University of California. 

The intensity of the spark testifies to the magni- 
tude of the current which the man in the picture 
at right draws from the coll. A sabre held in the 
hand receives the discharge from a 30 K W. high 

frequency roll. 
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Terrifying as the discharge above appears, it can yet pass over a man's body 
without harm because of its extremely high frequency, which prevents Its 

penetration Into the System. 
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These concentrated sparks are the most 
difficult to bear, and unless the hair Is 
thoroughly wet, It le apt to be burnt by 

the sparks. 

The torch hearer below stands in a basin of 
salt water connected to the Testa coil.' The 
torch is a strand of wire from which powerfu' 

sparks shoot into the air. 

IN OLDEN days, before science had, by 
explaining the causes of the physical 
phenomena surrounding us, robbed 
them of the mystery and awe with 

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

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

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

The discharge. from the ball, as shown, 
is a beautiful sight, writhing tongues of 
violet flame shooting out from the spher- 
ical surface, branching and twisting ill all 
directions like angry serpents. As one 
watches, certain of the flames succeed in 
hitting the walls or ceiling 10 or 11 feet 
away, changing instantly to dazzling white 
power arcs. And all of the while. the dis- 
play is accompanied by a cracking, explosive 
roar. Thunder on a small scale. The dis- 
charge. over 11 feet in length, from the wire 
cage represents a potential of about 1,500,000 
volts. 

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

(Continued on page 342) 
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The discharge above is radiated from a 
metal crown worn on the head. The use 
of this crown eliminates the ganger of 

burning the hair. 
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The man above le taking a 40 kw. high frequency discharge from the 
Tecla sill at the University of 
California. The coil used in these 
eaperimmts Is seven feet high. 
The current passes over the sur- 

face of the body only. 

The terminal of the large 
Teals toll in NO action is 
shown at left 9 nt the 
apart, sur tour film. 

eight lees long. 

1 

Planing 
with 

L' ghtning 
(See also opposite page) 

The gentlemen above Is enjoying a salt crater tub bath. It la claimed by the author that no man ever got bigger kick out of his bath than the one illus- trated here. 

The sparks emitted by the arms of the 
s.ucU rotor at the left Impart to it a 
spectacular motion. The Testa coil le 
connected to the salt water bath In which 

the man stand. 

An intense high frequency current pass- ing over the body of the man shown be. lox, discharges at the tips of the sabre whirl. he holds. 
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The photograph at the right shows the 
klylonograph (A) connected to a transmis- 
sion line. The klydonograph to merely a dark 
box in which a cylindrical electrode connected 
to the transmission line Is In contact with a 
phctographle plate which is resting on the 
other electrode of the Instrument. 

A multi -electrode klydonograph is shown 
below. In operation the photographic plate 
la placed in the bottom of the box, and upon 
chasing the lid the electrodes assume their 
ap ,roprlate positions with respect to the plate. 

4 

e. ct'he KlydonocTraph 
(he Instrument that Sees and Records Elec. 
trical Surges of 0.000,005 Second Duration 

by the Photographic Plate 

The fflustration at left »hows photographs taken of the corona 
glow on on electrode connected to a transmission line In which 
a momentary «urge of electrical current occurred. The dark circles 
show the eroas-section of the conductor and the radiations from 
them are corona discharges which, while Invisible to. the eye, 
can affect a photographic plate. 
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The diagram shows the operation of the 
klydonograph. Between the electrodes B and 
C the photographic plate A is placed. The 
corona discharge occurring between the two 
electrodes Is recorded on the plate. 

ANEW instrument, known as the kly- 
donograph, has been developed by 
J. F. Peters, of the Westinghouse 
Electric & Manufacturing Company, 

'for recording abnormal voltages on trans- 
mission lines. With this instrument, a 

graphic record of voltage surges of ex- 
tremely short duration can be obtained, giv- 
ing their polarity, magnitude, steepness of 
application, etc. 

Heretofore, because of the many peculiari- 
ties in connection with abnormal voltages 
such as surges or high freqnency oscilla- 
tions, it has been difficult to obtain detailed 
information concerning them. Their cause 
is quite often not known and their duration 
is'generally so short that it has been prac- 
tically impossible to measure with certainty 
their magnitude or duration. The result is 

that the knowledge of surges and abnormal 
voltages on transmission lines is rather 
limited; leading to questionable conclusions 
about their cause, effect and remedies. 

The new instrument is based on an old 
principle first observed in 1777 by Dr. 
Lichtenburg and makes use of figures known 
as Lichtenburg figures. Dr. Lichtenburg 
found that, if he discharged a condenser, 
such as a Leyden jar, across a spark gap upon 
a terminal in contact with an insulating plate 
placed between this terminal and a ground 
plate, and then removed the terminal and 
sprinkled powder on the plate, the powder 
would arrange itself in a figure that had a 

very peculiar appearance. In 1888, J. Brown 
and E. Trouvelot found that with the insu- 
lating plate replaced by a sensitized photo- 
graphic plate, the emulsion in contact with 
the terminal, figures very similar to those 
of Lichtenburg were created and appeared 
upon development. 

(Continued on page 346) 
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Th e photograph» above 
show klydonogrophle records 
of an abrupt positive surge. 
a positive surge beyond the 
range of the instrument and 
a negative surge of a magni- 
tude also beyond the range 
of the instrument. 
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The plating after a brief exposure 
to Ionia deposition is hardly percepti- 
ble, but will become readily noticeable 
if, as above, it is exposed to mercury 
vapor and becomes amalgamated by the 
w.tter. 

This dlagramatie view's. of the ..,no - 
plastic apparatus shows the plate K 
which emits the metallic lone which 
are deposited on the glass plate L as 
the» move Lessard, the anode F. 
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The glass plate at the left has been exposed 

for five seconds, the central area being 
screened by a star -shaped plate, to an lonn- 
planty of silver. The faint deposit was in- 
Islble until It was amalgamated by exposure 
of mereury'vapor, producing the effect shown 
at the right. 

lonoplasty 
Electroplating Without 

Electrolyte 

The Illustration below, shows the equipment 
used for the ionic deposition of metals. The 
apparatus on the left table is a pumping mechan- 
ism for high vacuum. The lonoplastic apparator 
Is ender the "evacuated bell -jar at the right. 

I_' 
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IONOPLASTY is the name given to a 
method of depositing metals on any sur- 
face by ionic action. The diagram 
shows the general principle involved. 

(K) is the disc of the metal which is to be 
deposited on a non -conducting surface; the 
surface (L) is the one on which the metal 
is to be plated, which may be a plate of 
glass, the mirror of a reflecting telescope, 
or other object, and it rests upon a platinum 
plate carried on a base (A). 

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

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

M 

A 

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

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

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

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

(Continued mi page 343) 
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Is Life a Form of Electricity? 
- by 

Prof. .Alphonse Berge' 

(Mir. H. Gernsback, in the November, 1924, issue of THE EXPERI- 
MENTER, suggested the possibility of electromagnetic waves, such as 
those used in radio, affecting animal and vegetable life. Independently 
of Mr. Gernsback's investigations, Professor Stanoievitch of the Uni- 
versity of Belgrade has condi(eted a careful research on the relation 
between plant life and electromagnetic lines offorce. The article 
below is a brief review of these researches.) 
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Are plants, radio waves, and the 
solar system regulated by a aiutte 
law which holds over the universe 
as a whole as well as over all its 

parts? 

The di.turbing effect of two magnets in an elec- 
tric field is Illustrated In the upper half of this 
picture, Note the strange resemblance which 
the grain of wood around two knots bears to 

this diagram. 

CONCERNING the lines 
formed in . wotid, we knew 
only that these designs, 
however varied, indicate 

the age of the tree by their num- 
ber, observed on a transverse cut, 
where they appear in the form of 
concentric rings more or less 
regular. 

But as regards their lines along 
the trunk of the tree, the various 
forms which they present in longi- 
tudinal cuts we have for too long 
u time considered them a subject 
entirely foreign to scientific study 
and have not otherwise concerned 
ourselves with them. 

Nevertheless, eminent scientists. 
among whom we could mention 
one of the first rank. Professor 
Stanoievitch, dean of the Univer- 
sity of Belgrade, have studied this 
question and have shown its attrac- 
tiveness in demonstrating that the 
law, according to which are formed 
the successive layers, whose ac- 
cumulated deposits constitute the 
growth of vegetables, is none other 
than the law which rules the action 
of electric and magnetic forces in 
that part of nature which, for want 
of better knowledge, we call "in- 
animate." 

Magnetic "Phantoms" 
Let us recall first the elementary 

phenomena which are displayed by :t 
magnets in the manifestation of 
the "force" which seems to be radiated from them. 

Everybody has seen, at least in pictures, the curious formations which appear 
around the pole of a magnet. 

If the place a bar magnet vertically under a sheet of white paper, covered with 
fine ir.a filings (Fig. I), we see the particles of filings disposed along continuous 
lines, a!' of which converge to the point under which the pole in question is placed. 
Above the pole itself. the action being stronger than elsewhere, we see an accumula- 
tion of particles instead of a single point, 2nd all around it the converging lines 

(Continued on rage 344) j G 
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The remarkable analogy between the 
cross -election of a fir tree and the theo- 
retical diagram of an eleetro.tatie field 
between two charges, suggests the pos- 
sibility that these two remote phenomena 
have characteristics in common. The tree 
section shown above was taken where 

bifurcation of the trunk occured. 

d 
, l o!, 
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Above la a magnetograpb (of Iron filings), over 
a single magnetic pole which Is curiously like 
the cross-section of a radish shown below it. 
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,A Microphone 
Audio Frequency Amplifier 

13q R. W. Reetherman 

Photograph and diagram of the microphone amplifier showing how it vacuum tube receiving set. ¶'his simple device amplifies local concerts loud 
a loud speaker. 

AN apparatus involving a novel departure 
from the regular run of audio frr 

quency amplifiers has recently been con- 
structed by the author. While the princi- 
ple is an old one, the designer of the appa- 
ratus and the utilization of various parts 
from magnetos, Ford coils, telephone parts, 
arc decidedly novel. 

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

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

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

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

is connected to a 
enough to operate 

The following parts will be needed: 
1 Large permanent magnet from an 

old magneto. 
2 Soft iron cores for pole pieces. 

1 Section of secondary from a Ford 
coil. 

1 Piece of hacksaw blade, 5/" long. 
1 Piece of brass. 4" x j/i" x 1/". 
1 Carbon microphone transmitter but- 

ton. 
1 Hardwood base, 6" x 9" x I". 

The wire was then taken off the ringer 
magnets and the wire from the Ford coil 
secondary wound on them. One section of 
such a secondary, evenly divided. will give 
the pole coils an approximate resistance of 
1,500 ohms each or 3,000 ohms for the two. 
The wire does not have to be wound as even- 
ly as it comes off the secondary coil, but 
must be even enough to prevent the wire 
from piling up in any one spot. When fin- 
ished they are mounted between the prongs 
of the magnet facing each other. Enough 

iron washers are inserted between the mag- 
net ends of the pole pieces to leave a space 
of /" between them in the center. The 
vibrating reed is now made from the piece 
of hacksaw blade. Its width equals the 
diameter of pole pieces. It is then ground 
down on an emery wheel to one-half its 
former thickness. The length is 5/". One- 
half inch of this is clamped in the brass 
bar. which is then screwed down on the 
wood base so as to place the reed evenly 
between the pole pieces. Two-thirds of 
the reed should extend beyond the pole pieces 
where the microphone is mounted. A drop 
of sealing wax is sufficient to link the reed 
to the microphone. The location of the 
microphone on the end of the reed will have 
to be determined by experiment as there is 
only one point on it where the highest effi- 
ciency will be gained. 

The circuit is very simple. the two coils 
in series are connected to the output of a 
detector circuit, a 35 -volt battery in series 
withthe microphone and a loud speaker 
complete it. 

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

.R Simple CW Transmitter 
ALMOST every radio experimenter de- 

sires at some time to have a transmitting 
set so he can do a little sending, but usually 
the price is too high for his purse. 

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

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

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

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

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

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

The antenna should consist of a 4 -wire 

(6-511111/1.115-J5\ lo v A.C. 
Connections of the C.W. transmitter. It may 

be necessary to connect a resistance across the 
condensers C3 and C4. 

COUNTERPOISE 

cage 50 feet long and anywhere from 20 
to 51) feet high. No. 14 bare wire is to be 
used. 

Wire the set with No. 14 wire and solder 
all connections except the clips on the coil; 
L, and L,. 

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

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

This set creates very little interference ti 
the I.C.L.'s because of its inductive coup- 
ling. 

The writer would be interested to know 
the results obtained by anyone who tries this 
out. Contributed by ALBERT HARVEY. 
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Radio Explained by mechanical Example 
Hans Gunter 

THERE has recently been founded in 
Vienna a radio group of the Tech- 
nical Museum which counts among 
its members numerous celebrated 

Austrian technicians, and at the first meet- 
ing of this society Professor Dr. L. Rich- 
tera, one of the most eager advocates in the 
Austrian radio group, gave a very interest- 
ing lecture on the 
basic foundations of 
wireless telephony, 
whose principles 
were shown by 
numerous mechanical 
analogies. In this 
way many things can 
be made clear which 
are otherwise very 
difficult for the un- 
schooled reader. For 
this reason we give 
some part of the lec- 
ture here. 

The simplest way 
for carrying waves 
of sound from 
speaker to listeners is, as the lecturer stated, 
the direct road through the air, which is 

the normal case when we listen. But this 
way of transmission does not apply to great 
distances, because the wave intensity dimin- 
ishes with the square of the distance and 
the intensity of the sound even at a pro- 
portionately small distance falls below the 
limits of our auditory organs. That these 
waves are fabulously small to start with 
does not change this fact. 

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

ig. 1. Showing how high frequency air 
waves produced by the machine at the top are 
modulated by low frequency voice waves. The 
resultant wave shape Is Indicated at the bottom 
of the illustration. 

by electricity, the amplitude of whose oscil- 
lations he diminished little by little until 
no sound could be received. When this 
point was attained, the amplitude was far 
below the limits of the very best micro- 
scope; by calculation it appeared to be only 
0.000,000,000,6 cm., which is an inconceiv- 
ably small quantity. Fletcher and Wegl 
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Fig. 2, the receiver of the high frequency modulated air waves produced by the apparatus 
shown in Fig. 1. Note that diaphragm 312 is actuated upon by only one-half of the in- 
coming wave, giving the effect analogous to rectification or detection. 

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

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

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

thus speech may be converted into light 
waves which in a proper reception apparatus 
are brought bac kto sound waves. In nam- 
ing this method we come to light -telephony. 

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

we cannot hear because our ears cannot per- 
ceive air waves of higher frequency than 
20,000 per second. 

These inaudible high -frequency air waves 
must issue from the funnel with very high 
energy if they are to be of tangible strength 
at a great distance. Then we can use the 
air waves for carrying on speech, so that they 

will give out the sec- 
ond waves of our 
speech in perceptible 
form for our ears. 
They are carrier 
waves. 

For this purpose 
in the tube of our 
funnel a sliding valve 
is provided which 
also hangs from a 
membrane ; now if 
we speak against this 
inembrance, as this 
in accordance with 
the voice waves, 
bends up and down, 
it raises and lowers 

the valve gate. By the movement of this 
gate the aperture through which the high 
frequency waves from the other membrane 
pass through the funnel are successively 
made larger and smaller-the consequence 
of which is that these waves, with their 
original frequency unchanged, become weaker 
and stronger in tempo with the voice waves. 
In other words, their amplitude becomes 
greater and less in accordance with the voice. 
This makes the high frequency air waves 
originally produced the carrier for the voice, 
which has affected the motions of the gate 
of the valve; and in the changes in the in- 
tensity or amplitude of the high -frequency 
carrier waves the voice goes through space 
as the graph of the wave on the lower 
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Fig. 3. The amplifier used for strengthening 
the high frequency air waves. The weak vibra- 
tions of Ml are used to control a separate air 
current produced by the blower. 
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side of Fig. 1 shows. 
This gives us at once an available means 

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

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

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

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

150.00 in Prizes 
A contest for radio experimenters. 

There are three monthly prizes: 

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

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

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

turn at once to its original plane, but only 
'n the tempo of the changes in intensity of 
he carrier wave, as if by damping with a 

thick fluid, the voice waves will be clearly 
sent out therefrom, as shown in the curve 
on the extreme left of Fig. 2. In other 
words, the speech is given back to the re- 
ceiver. The apparatus doing this is called a 
rectifier. By increased distance between 
transmitter and receiver the voice received 
will become very low. It now is desirable 
to have some way of strengthening it at the 
receiving end. 

Fig. 3 shows our analogy for this. We 
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have a blower which sends a stream of air 
against a plate hanging from a membrane 
(Me). (M,) is the receiving membrane, 
which is familiar to us, and here also there 
is a valve gate, just as in the transmitter of 
Fig. 1. If now the membrane (Mt) tnoves 
in unison with the incoming high -frequency 
waves, opening and shutting the valve, the 
opening for the stream of air will thereby 
be changed in size in exact accordance and 
synchronism. With exactly the same peri- 
odicity the blast of air blowing on the plate 
(P) will be changed and varied in strength 
so that the membrane (M,) will be moved 
back and forth more or less, always in syn- 
chronism. But this movement of the mem- 
brane (M,) is much stronger than that of 
the membrane (M,), as it is carried out 
by a strong current of air which the weak 
movement of (142) simply modifies. In 
exactly the same relationship and same pro- 
portion the waves of sound coming from 
(M_) are strengthened. This gives the whole 
principle 'of the strengthening of wave tele- 
phony, whereby it is perfectly clear that all 
we llave to do is to modify and control a 
separate source of energy situated at the 
receiving end. It is this source of energy 
which brings the strengthened operation. The 
weak waves only govern it. 

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

Uses for Burned Out Rubes 

xTO 
DOUBT many experimenters have IN N some burned out tubes lying around 

waiting to be used. I have found some 
interesting uses for them. 

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

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

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

Contributed by HARRY H. FARB. 
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Showing how a burned out vacuum tube may 
be used as a radio lightning arrester. 

DASH 
LAMP 

\-.,i \ , 

VACUUM -.- 
TUBE BASE 

CONNECT TO 

FILAMENT 
PRONGS 

A dash lamp fitted into the base of a vacuum 
tube for testing the wirtng of ramito sets. 

Static Eliminating Aerial 
HERE is an aerial which will bring in 

music when other aerials are picking 
up nothing but noise, which feature alone 
is enough to make the labor and expense 
involved in its construction well worth while. 

But in addition, when being used in connec- 
tion with a rejector circuit. or even a variable 
condenser in series with the ground connec- 
tior., it makes any broad -tuning receiver as 
fine as can be desired. Not only that, but 
when being used as an ordinary aerial, with- 
out a grounded lead, it will reach out and 
bring in more distant stations, owing to 
greater "skin -surface" and its capacitive 
effect. 

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

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

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

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

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

Contributed by A. FERNER. 
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TO GROUND 
Static may be reduced by winding an insu- 

lated wire on the entire length of the aerial and 
grounding it. 
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Showing how a common gourd. afler it has 
become hard and the seeds are withdrawn. is 
used as a loud speaker horn. Note the slots in 
the sides through which the sound waves pass. 

"Natures Own" Loud Speaker 
Horn 

THE common gourd furnishes the mate- 
rial for making a horn that combines 

two qualities rarely found together-artistic 
beauty and acoustic efficiency. 

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

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

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

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

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

You'll really be surprised at the quality 

By sawing off the end of the gourd, its aeons - 

tic properties are improved. The tone is very 
mellow and does not have the harshness so com- 
mon to metal, horns. 

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

Contributed by Da. \V. II. McKie. 

Crystal Nube Hook.11p 
HIS scheme, which is of the greatest 

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

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

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

The number of turns which should be 

used to cover the wave -length which it is 
proposed to be received is the following: 
Waves between 200 and 300 meters, 20 turns; 
waves between 300 and 500 meters, 60 turns; 
waves between 1,000 and 2,000 meters, 130 

turns; waves exceeding 2,000 meters, 300 
turns. For the large size coils the tickler 
may be bank wound. 

The portion of the inductance of the plate 
circuit which is coupled with the tickler coil 
may be of cylindrical shape and composed 
of 50 turns for waves of 200 to 300 meters; 
80 turns for waves 300 to 500 meters; 300 

turns for 1,000 and 2.000 meters; 400 turns 
for waves exceeding 2,000 meters. 

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

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

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

Contributed by MATTIA LEPRI (Sarno). 

Experimental Heterodyne 
THE accompanying diagram shows clear- 

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

In the ordinary or autodyne circuit the 

0 

A single circuit receiver with regenerative 
teed -back and a crystal detector. Extreme die- 
tances have been covered with this experimen- 
tal hook-up. 

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

Another point which will appeal to the 
thoughtful reader is that by using a sepa- 
rate heterod) ne the annoyance to other lis- 
teners from radiation is reduced. 

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

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

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

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

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

The data for this heterodyne shows it to 
be suitable, with a .001 mfd. condenser, for 
receiving waves from about 250 to 800 
meters, and owing to the simplicity of con- 
struction it will be easy for the experimenter 
to construct other coils having lower or 
higher ranges. The same ratio should be 
observed, and it may be helpful to know 
that a coil of 200 turns for the primary and 
one of 100 turns for the tickler makes a 
combination which, with a .001 mfd. con- 
denser across the primary, develops a range 
of waves from 1,800 to 3,800 meters. 

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

Contributed by D. DEAN. 

SPIDERwEB COIL 
20 TURNS 

F. 

V0005ARIABLME 

,a CONDENSER 
,o 

SPIDERWEB COIL 6V. 
40 TURNS 

Oscillator circuit for heterodyning and labo- 
ratory measurements. No "11" battery is used. 

RHEO. 
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1. Apparatus to show the conductivity of solution. Two spirals attached to a cork sliding on a rod carry the immersion electrodes for the tests. 2. All ready for the tests. The elements have now to be plunged into the battery. 3. The solution is now under test and a galvanometer or small electric lamp indicates the passage of current. 4. Dissociation of ammonium chloride by simple heat; litmus paper at different positions in the tube reacts for acid and alkali respectively, as described in the article. 5. Mercury in dilute sulphuric acid, with a trace of potassium bichromate, is caused to vibrate by contact with an iron rod as shown above. ü. Adjusting the apparatus for testing electrolytic solution for conductivity. 

IONS may be described as modified 
atoms, which differ from the atom 
mainly ill having a charge of electricity. 
This tiny difference gives the ion a dis- 

tinct characteristic resulting in properties not 
inherent in the atom. Then, too, a universal 
property of substances capable of forming 
ions is that they arc able to conduct the 
electric current electrolytically. But all 
acids, bases or salts dissolved in water do 
not produce the same number of ions; their 
molecules dissociate to a varying degree 
into ions or independent particles charged 
with electricity. The number of ions charged 
with positive electricity is equal to the nega- 
tive electricity carried by other ions since 
the sum of the two kinds of electric charge 
must be the same. Under these conditions 
it frequently happens that one ion may carry 
two, three or more charges of one kind of 
electricity to balance the number of ions 
provided with the opposite charge. 

Although the ions have never been seen, 
the results they produce can readily be ob- 
served in various ways. Some of the more 
striking effects. induced by the ions are color 

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

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

The fundamental difference between an 

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

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

(Continued on page 348) 
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Lessons in Elementarij glass Working 
By Earle R. Caley, B.Sc. 

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

its insolubility in acids, etc.. render it in- 
dispensable for the chemist. Vet the nature 

A lantern demonstration cell such as that il- 
lustrated above can be readily constructed by 
the experimenter who acquaints himself with 
the simple methods of glass grinding and ce- 
menting. 

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

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

The Kinds of Glass 
For all practical purposes glass may be 

classified as :- 
(a) Common sheet or window glass. This 

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

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

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

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

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

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

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

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

Apparatus Needed for Glass Working 

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

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

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

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

Cutting Glass 

Small sizes of glass rod and tubing under 
" in diameter may be easily cut by the 

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

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

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

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

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

t 
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No special apparatus or very great skill is re- 
quired to drill holes in plate glass. An old flat 
triangular or round tile sharpened to a point. 
some turpentine as lubricant, and a little care, 
are the essential requirements. Note the little 
piece of cardboard. 

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

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

Drilling Glass 
It is very often found necessary to drill 

holes in glass plates as in the construction 
of static machines. This operation is one 
dreaded by the amateur, but anyone using 
only ordinary care and skill may success- 

fully drill holes in all kinds of glass. The 
drill used is a piece of an ordinary rat- 

4 
4 -»"Y - 

0 

FISH -TAIL 
ATTACHMENT 

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

tail file. The file is (old one will do) 
broken at the desired diameter and the 
break ground into the shape of a very flat 
triangular -based pyramid by means of an 
emery wheel or a grindstone. A drilling 
fluid consisting of a 10% solution of cam- 
phor in turpentine is used. This prevents 
the glass from chipping. The hole is best 
started by hand, the drill being held firmly 
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against the desired point and slowly twisted 
one way and then the other. With a few 
turns the drill "bites" the glass and the 
hole is started. The hole may be entirely 
drilled by hand but this is a tedious proc- 
ess. The best means to propel the drill 
and yet secure the necessary light pressure 
is by means of a string and bow arrange- 
ment, the string being twisted around the 
drill. 

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

(o) 

(b) 

---=-s 
(C) 

(d) 
The method of making sealed glass tubing 

is shown above. The glass tube first tapered 
is then exposed to the flame long enough to 
cause a complete closing and rounding of the 
end. 

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

Grinding Glass 
In making ground glass on a large scale 

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

For grinding glass three things are nec- 
essary: First, some medium grade emery 
cloth second,' a 10% solution of camphor 
in turpentine; and third, a good stock of 
patience. The piece of glass to be ground 

' is held edge down on the emery cloth which 
should be tacked upon the work bench. 
Then while moistening the cloth with the 
turpentine mixture an even, firm, back and 
forth motion is imparted to the glass in 
the direction of the length until a smooth 
ground edge is obtained. By using coarser 
or finer emery cloth a coarse or fine ground 
effect can be obtained as desired. 

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

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

of both hot and cold water as well as of 
most chemical solutions. 

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

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

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

Glass Bending 
Glass is worked by softening it by heat 

and then forming and blowing it into vari- 
ous shapes. Nearly all glass scientific ap- 
paratus is made by the so-called operation 
of "blowing." This term is made to refer 
to any means whereby glass is shaped while 
still in the hot and plastic condition. The 
simplest operation in glass blowing is that 
of bending glass tubing. This is easily 
done by the amateur in a flattened Bunsen 
burner flame. This flame is obtained by 

C> --_.a i 

(a) 

(b) 

-- -- -- ----- 
(C) 

(d) 
Mastering the art of glass welding will 

prove a very useful accomplishment of the 
amateur experimenter, especially in chemistry. 
The successive stages in the welding of two 
tubes of the same size are illustrated above. 

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

aitarantes.._1 
(0) 

(b) 

A 

(C) 

(d) 

-0 

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

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

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

(a) 

_ 

(6) 

_--z---' 

(C) 

(d) 
One of the more difficult problems in glass 

blowing is the making of bulbs out of glass 
tubing. First the heated glass is massed to- 
gether as shown in W. then keeping Hill end 
In the flame the operator blows into the tube. 
under the presssure of which air the soft glass 
expands. 

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

Seeling and Bordering Glass Tubes 
Glass tubing and rod as cut off by a 

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

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

Blowing Bulbs in Glass 
The most elementary operation under this 

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

(Con tinucd on page 346) 
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Fun With gases 
Liy Raymond B. Wailes 

Below is shown the simplest possible version of the 
combustion tube. Its ends may be kept cool by small 
water tanks as shown in Figs. 4 and 5. The center 
photo shows the preparation of oxygen by the wet 
method. Great care Is requisite. On the right is a 
desiccating apparatus for solid liquids or gases. 

GENERATING, controlling, capturing 
and experimenting with something 
which one cannot see is quite enjoy- 

able. This relates to the different gases 
which can be prepared and studied in the 
experimenter's chemical laboratory. 

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

Many gases can be made in the simple 
iron combustion tube illustrated in Fig. 1. 

An 18 inch length of iron gas pipe Y4 inch 
in diameter is fitted at each end with corks 
carrying glass tubes for attaching rubber 
tubing to the whole. The pipe is supported 
by two ringstands and heated by two or more 
Bunsen burners. It is well to solder little 
water receptacles on the ends to keep down 
the temperature. 

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

There will be lime left behind in the 
tube after the experiment. 

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

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

;,,11M,lN'4 
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does not react with the coke. The steam 
can be made by boiling water in a round 
bottomed flask. Flat bottomed flasks are 
liable to crack, due to bumping of the steam 
bubbles. The water gas can be ignited as it 
issues from the condensing bottle. A flame 
should not be applied here until the furnace 
has operated for at least five minutes. The 
gas is very poisonous-do not let any escape 
unburned. 

Hydrogen can be made by passing steam 

WATER FLASK CONDENSER 
WATER COKE FILLED 
COOLER'' IRON PIPE 

LI 

11:J 
,k,a 

Á' 

i 

Fig. 4. Making water gas, the product o 
the decomposition of steam by Incandescent 
carbon. It is a mixture of carbon monoxide 
and hydrogen. 

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

CALCIUM 
CHLORIDE 

BURNING 
.SULPHUR 

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

WATER COOLERS 
IRON PIPE / 

WATER 

Carbon monoxide gas can be produced by 
the decomposition of carbon dioxide gas by 
means of red hot coke. Using a gas gener- 
ator described in the first installment of this 

U> 
. 

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

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

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

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

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

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

GAS IN HERE 
t. GAS 

OUT 

RUBBER 
TUBE 

U- 
PI EC E 

STOPPER 
Fig. G. Washing or absorption apparatus for 

gases. The large tube is filled with broken 
glass and the gas to be purified or absorbed is 
forced through it. This requires considerable 
pressure, but the action will he very good. 
Beads or glass marbles may ne used instead of 
broken glass. 

LIQUID 
LEVEL 

GLA5S 
TUBES 

BROKEN 
GLASS 

Flower Pot in Hydraulic 
Trough 

By C. A. OLDROVD 

CYLINDER TO BE 
FILLED WiTH GAS 

GAS 
BUBBLES 

WATER LEVEL 
IN BASIN 

WATER LEVEL 
IN CYLINDER 

RUBBER TUBE TO 

GAS GENERATOR 

GLASS TUBE 

HOLE FLOWER POT HOLE 
A flower pot is used to carry a vessel to he 

filled with gas in a hydraulic trough. The in- 
teresting feature of the flower pot is that it is 
so soft that it can be readily drilled to admit 
a tube. 

WHEN a large cylinder is to be filled 
with gas in a hydraulic trough, as 

shown in the illustration, the cylinder in 
question is rather difficult to handle owing 
to .ts weight and size. 

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

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

careful not to inhale the gas. 
In experiments with gases, simple valves 

to control the flow are easily made. Inn 

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

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

B 

CLOSE 
E ig. i. Extemporized valves and stop -cocks 

employing rubber stoppers and glass tubing 
only. 

Wanted 
J j7I. want good electrical radio and 

chemistry articles on various 
subjects, and Itere is your chance to 
make some ease money. We will pay 
front one to two cents a word upon 
publication for all accepted articles. 
If you hate performed any novel ex- 
periments, if you see anything new 
electrical, if you knozc of some new 
electrical stunt, be sure to let us 
hear from you. Articles with good 
photographs are particularly desirable. 
Write legibly. in ink .and on one side 
of the paper only.-EDITOR. 
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cut off. Gas is passed into bottle (B) 
through tubes (I), bubbles up through water 
contained in BOTH bottles and fills (A), 
which rises out of (B) as the gas volume 
in it increases. The simple valve in 7 (D) 
can be inserted in the neck of the (A) 
bottle in Fig. 8. 

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

POINTED GLASS TUBE 
RUBBER 

TUBE 

C 

RUBBER 
4- GLASS TEE 

RUBBER 
STOPPER 

A, 

TUBE 

Fig. R. Outline of a gasometer and two utori 
versions of stop -cocks for use in gas experi- 
ments. 

Electrolysis ,Apparatus 
By SAMUEL MCCORD 

PROCURE a glass U tube with side arms 
and two corks and a flashlight battery. 

\\rith a couple of hairpins scrape the paint 
off she ends. Bend them into hooks at the 

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

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

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

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

Decomposition of a solution by electrolysis, 
the gases being collected in bottles, as evolved 
from the two sides of a IT -tube. This is a par- 
ticularly nice way of conducting the classic ex- 
periment of the electrolysis of water. 
.,,.,,,,,,.,,,. , , ,,,,,,,,,,, , ,,, ,,,,,, ,,,,,,, ,,,,,,,,,,,,, 
tion. Put the corks with their carbons in 
the upper mouths of the U tube and then 
connect the hairpin terminals of the elec- 
trolysis apparatus to six or seven dry cells. 
Chlorine bubbles will rise at the positive pole 
and hydrogen at the negative. 
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ONE of the most interesting 
and spectacular experi- 
ments for the amateur 

chemist is the preparation of 
phosphine. 

Phosphine is a very poison- 
ous gas which is composed of 
91.13 per cent. of phosphorus 
and 8.87 per cent. of hydrogen 
and has the chemical formula, 
PH,. When prepared as de- 
scribed, it contains small per- 
centages of liquid phosphine, 
P,H4, which gives it the prop- 
erty of igniting spontaneously 
when coming in contact with 
the oxygen of the air. 

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

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

MANY pieces of chemical apparatus such 
as bureettes, gas generators, etc., have 

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

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

Fresh springy black rubber 18 grams 
Vaseline 16 grams 
Paraffin 1 gram 

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

Phosphine 
By Leslie R. Raymond 

Generation of phosphoretted hydrogen or phosphine; this gas when 
thus generated is not absolutely pure and there is enough of another 
hydride in it to make the mixture spontaneously inflammable, as 
the pure gas, P113. does not possess this property. Beautiful smoke 
rings are produced as bubble after bubble ignites. 

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

Put about five grams of sodium hydroxide 
(or potassium hydroxide) in the flask (E) 
and add to it about fifteen cubic centimeters 
(one-half ounce) of water. Now place a 

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

Glass Stopcocks 
By Raymond B. Wailes 

less vaseline makes it thick and viscous. 
But how can a stuck and stubborn stop- 

cock be loosened, once it has become "frozen" 
in its barrel? Sometimes pouring hot water 
upon the barrel with light tapping of the 
plug will loosen it. Warming the barrel 
with a match will also expand some stuck 
stopcocks so that the plug will move freely. 

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

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

quiet, these smoke rings will slowly ascend, 
growing larger as they rise and making a 

very pretty sight. 
When the experiment is concluded, remove 

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

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

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

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

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

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

Perhaps the chief reason for a stopcock 
sticking is the film of chemical drying out 
between the plug and the bore. This is 
especially true with sodium hydroxide and 
other caustic solutions. The caustic soon 
reverts to the carbonate, on exposure to the 
air. Then, too, alkalies readily attack glass, 
forming insoluble compounds much like a 
cement. Caustic solutions such as standard 
sodium hydroxide solutions should not be 
titrated with or run through glass stop - 
cocked burettes. Rubber tubing, pinch 
clamps and glass tips should be used with 
the Mohr or stopcockless burette instead 
for such solutions. 
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Circulation Power 13aiieri 
N adequate galvanic element 
should have as high a po- 
tential difference between 

its terminals as possible, and the 
number of binding posts to be 
used should be as small as pos- 
sible when a higher potential is 
desired. The internal resistance 
should be small, so that the ele- 
ments will take up little room. 
When standing on open circuit, 
they should not deteriorate, and 
the constants should be about the 
same as those of the Daniell cell. 

These requirements are met by 
the coupling together of 10 ele- 
ments to be next described, all 

4 into one block, with only two 
terminal binding posts. The use 
of renewable parchment dia- 
phragms and the closeness of the 
electrodes. within h inch of each 
other, along with the arrange- 
ments for circulation of the elec- 
trolyte, insure a saturated solu- 
tion of copper sulphate whose 
formation would be prevented by 
saturated poorly conducting zinc 
sulphate solution, bringing down 
the resistance extraordinarily and 
give the battery a very constant 
character. 

\Ve will find on inspection that 
this battery has considerable re- 
semblance to the Volta pile, and 
its setting up is carried out in the 
same manner. First, a plate of 
zinc is laid upon a perfectly level 
board, which plate is provided 
with a terminal wire. Next comes 
a leaf of parchment with a gauze 
layer secured to its upper face. 
Next comes a U-shaped frame of 
paratiined pasteboard, which serves 
at once as an insulator and to re- 
tain the fluid. Next comes an- 
other zinc plate, but this is coated 
on the side next to the parchment 
with a layer of lead turned over 
where the U -formed frame is 
open. Now comes on the zinc 
side another parchment piece, an- 
other frame, another lead plate, 
zinc electrode, etc., until we have 
reached the tenth frame and the eleventh zinc 
plate (coated with lead), which constitutes 
the tenth lead plate. 

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

The last plate of zinc with its lead coat- 
ing has soldered to it a copper wire that 
comes under the binding post screwed into 
the board next to it. A corresponding one 
is fastened to the other board, making con- 
tact with the terminal wire of the zinc. 

There is a little opening made through 
the pasteboard about a half inch below the 
upper edge of each frame. In mounting the 

By W. Ph. Hauck 

.1... , 
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The battery above consists of a set of electrodes (2) separated 
by cardboard separators (I) forming small cells between the 
plies. From the flask (.i) copper sulphate is supplied to the 
battery through file feeders (31 and zinc sulphate solution formed 
in the battery is returned to the flask through the return tube (1t. 

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

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

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

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

brought about by precipitation of metallic 
copper front the solution still in the battery. 

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

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

COPPER SULPHATE SUPPLY 

ZINC SULPHATE RETURN TUBE F4,," TUBE 

A' 

Tile Illustration show's the disposition of 
supply and return tubes in each cell. The cop- 
per sulphate tube conducting the heavier solu- 
tion reaches to the bottom of the cell. 

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

OVERFLOW OUTLET 

LEAD SHEET 

LEAD SHEET \ ZINC PLATE JCII/ PARCHMENT 
PASTEBOARD SEPARATOR 

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

sistance in the line. The battery will then 
be ready for use. 

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

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

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

A Remarkable Battery 
By HUGO GERNSBACK 

THE battery which we present to 
our readers today is a really re- 
markable one, one with which the 

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

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

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

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

Those who have had charge of large 
gravity batteries will remember how obsti- 
nate the copper was in depositing itself in 
long streamers or otherwise upon the zincs, 
so that they had to be scraped from time to 
time, unless, of course, the battery was kept 
in active service. In the Daniell battery 
there was another trouble. The metallic 
copper was sometimes most mysteriously de- 
posited.in quite thick coating and very hard 
upon the porcelain. This last action, it 
seems to the writer, has not been sufficiently 

--kJ----__-_=} 
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In operation, the zinc sulphate, formed by 
the reaction of zinc with the copper sulphate 
solution. rises to the top of the cell because 
its density is lower titan that of the copper 
sulphate solution: 

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

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

FEEDER TUBE 
1 

RUBBER 
STOPPER 

I+ -TUBE TO 
COPPER SULPHATE 

VESSEL 

GLASS TUBES 8"01A. 
TO INDIVIDUAL 

CELLS 

SHEET LEAD OR COPPER FORM FOR 
FEEDER TUBE 

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

tions, zinc sulphate and copper sulphate. As 
ong as the copper sulphate solution was of 

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

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

ERY often the experimenter requires 

V certain types of jars or vessels in 
carrying out important experiments, 
an not infrequently these experiments 

are abandoned for lack of the container. 
Storage batteries particularly require 

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

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

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

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

While you are waiting for the sheeting 
it is necessary to build the Hot Plate. This 
consists of a gas or electric stove topped 
with a heavy steel or iron plate at least 

inch, or better, % inch to 1 inch thick. 
See Fig. 1. The most important part is 
that the heat must be regulated. With a gas 
stove this is simple, as the cock can be 
opened more or less. With an electric stove 
we will need a good rheostat. Now heat 
up the hot plate in such a manner that a 
small test piece, cut from the celluloid sheet- 
ing, will remain on the hot plate for at least 
ten seconds without bursting into a flame. 
Then, when taken off the plate, it must be 
as soft and pliable as a thin piece of fresh 
dough. Should the test piece of celluloid 
blister badly, the plate is too hot. In that 
case reduce the heat. 

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

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

13q Hugo Gernsback 
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angle is desired, place the hot sheeting over 
a square block of wood. In thirty seconds 
the shaped piece has cooled and is stiff. 
Bends can, of course, be made downward or 
upward as indicated by dotted lines in Fig. 1. 
The important part is that the corners, after 
cooling, must not show cracks or fissures. 
If they do, you attempted to bend before 
the celluloid was sufficiently heated. Fig. 2 
shows the main body of a battery jar, bent 
four times. Fig. 3 shows the bottom (or 
top) before bending, while Fig. 4 shows 
the same part after bending. 

Before attempting to bend the sheeting 
bas store, 
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Celluloid sheet being bent 

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

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

There is still another method of bending 
celluloid. This is the hot water method. 
Thus, a piece of sheeting when plunged in 
almost boiling water for a few seconds will 
come out soft and pliable. It can then be 
formed over wooden blocks to the required 
shape. This method is not considered a 
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Celluloid battery Jars can be constructed by 

the amateur experimenter with little difficulty. 
The one illustrated above is made of two separ- 
ate sheets of celluloid, cemented with a solution 
of celluloid in amyl acetate. 

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

Cementing 
Alcohol, amyl acetate and acetone are good 

solvents for celluloid. From these the neces- 
sary cements are made. 

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

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

about two ounces of the celluloid strips. Be- 
fore putting the bottle away, shake it for 
some minutes. You will observe that the 
celluloid begins to dissolve slowly. In from 
24 to 48 hours all the celluloid has been 
digested and the cement is ready. During 
this time it is necessary to frequently shake 
the bottle, otherwise the imperfectly digested 
celluloid will stick to the bottom of the 
bottle in a thick, sticky mass. 

When ready, the cement should have the 
consistency of mucilage. If too thin, add 
more celluloid; if too thick, add acetone. 

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

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

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

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

Oscillatory Properties of Neon 
Lamps 

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

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

SINCE its discovery in 1817, by Ber- 
zelius. the element selenium has been 
a substance of mystery and wonder. 

Some hold that is is a metal, and others 
say that it is not. At any rate, selenium, 
in the periodic system, lies between sulphur 
and tellurium, and ís found in amorphous, 
vitreous and crystalline states. In the first 
two states the chemical reactions resemble 

IRON BLOCK 

SELENENIUM 
CELL 

THERMOMETER 

BRASS 
PLATE. 

BUNSEN 
BURNER. 

Powdered metallic selenium is melted on the 
sheet of mica or slate on which copper or iron 
wire, bas been wound as shown above. The 
melted selenium fills the space between the 
wires and when allowed to cool, crystallizes. 

those of sulphur, but in the third it has 

many of the characteristics of a metal- 
and the crystalline form is generally called 
metallic selenium. 

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

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

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

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

In darkness, crystalline selenium has an 
exceedingly high resistance. In light, the 
resistance is considerably lower; but the 
penetrability of the metal to light is so 
small that every means possible has to be 
taken to utilize every bit of available sur- 
face. With this end in view, selenium is 

arranged in what are known as cells, the 
different types of cells bearing the names of 
the investigators whose names were assd- 
ciated with them. 

The simplest form of selenium cells, and 
the one most generally used, is the Bid- 
well. This consists of a strip of mica or 
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slate about 2/ inches long and 1 inch 
wide, around which is closely wound, with 
just a slight separation, two strands of 
line bare copper wire. This is heated, and 
the selenium applied between the wires, after 
which the whole is annealed. 

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

',lica is satisfactory for the form on 
which to wind the wire, but unless it is 

unusually thick it cuts quite easily when 
the wires are drawn tight-and these must 
be tight, for the wire expands upon heat- 
ing, and if they arc the least bit loose ill 

the beginning they will surely touch and 
short-circuit when they are heated. 

Slate is better, because it has more body 
and is easily worked into any desired shape. 
Any piece will do that has no metallic 

r- - 

By connecting the selenium cell in series 
with an ammeter to a radio B -battery or other 
source of current and then playing a flashlight 
beam upon the cell, the sensitivity of the latter 
is readily determined. 

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

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

The apparatus for applying the selenium is 
shown above. A mica or slate sheet is wound 
with wire. forming a lattice on which the sele- 
nium is retained. The mica is placed on an 
Iron plate in an aperture wherein the bulb of 
a thermometer Is set. and the plate is heisted 
until the selenium spread on it melts, car.ful 
regard being given to tito temperature. 

before mentioned. It may be broken or 
sawed into the rough shape, and then 
smoothed down with a file, tapering it 
toward the long edges. With a very small 
triangular file these two long edges may 
be slightly notched at points about 1/32 inch 
apart. This helps in keeping the wires in 

A common applicat' of the selenium is 
shown above. The cell under the influence o 
light will have a reduced resistance and allow 
the passage of sufficient current to actinide the 
relay, which in turn closes the bell circuit. 

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

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

Secure the end of one of the wires 
in one of the small holes you have 

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

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

Next cemes the applying of the selenium 
and the annealing process. And to do this 
properly one should supply himself with the 
few necessary pieces of apparatus. -A Bun- 
sen burner is excellent for supplying the 
heat, and an adjustable chemical ring stand 
will serve admirably to support the cell. 
Upon the ring of the stand should be placed 
a thin copper or brass plate, and- upon 
this a small block of iron about 2 inches 
square and % inch thick, with a 4 -inch 
hole drilled almost through it near one 
edge. This hole is a well for the end of a 
thermometer. A Centigrade thermometer, 
reading up to about 250 degrees, is indis- 
pensable. Put mercury in the cavity. 

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

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

1 
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a metal plate, or by grinding it with a 
pestle in a mortar, and spread this over 
and between the wires. It will melt almost 
immediately and take on a lustrous appear- 
ance. The temperature must be regulated 
carefully, for if too low the selenium will 
turn gray, and if too high it will roll up 
in globules like mercury. At the right tem- 
perature it will appear lustrous, yet it can 
be spread and will stay where it is put. 
Scrape off the surface with a piece of 
mica or the blade of a knife, and press 
the selenium well between the turns. 

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

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

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

HAVE you ever stopped to think what 
insulation is costing you-particularly 

panels? As a friend of mine says, "Ain't 
it awful ?"-Yes, it certainly is "awful." 
In fact. the amateur's purse begins to look 
rather anaemic, not to say thin, by the 
time he has purchased a suitable panel 
for his set. Of course, bakelite is an 
excellent insulator, but it's also devilish ex- 
pensive. 

MOLTEN 
SULPHUR 

PANEL 

BRASS _, 
BUSHINGS 

FIG.I 
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WOOD FRAME 

GROOVE 
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An attractive panel for your radio set can be 
matte from cast sulphur, requiring very little 
machining after the cast ha., cooled and is 
withdrawn. !screws anti bushings can he im- 
bedded in the hot sulphur, enabling the ex- 
perimenter to construct his panels in a very 
short time. 

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

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

Upon solidifying it assumes the texture 
of the surfaces with which it is in con- 
tact. Thus various surface finishes may 
be reproduced by varying the material of 
the mold. 

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

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

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

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

When that time is up the 1 -eat may be 
gradually lowered in steps distributed over 
periods of an hour, finally removing the 
heat entirely. 

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

Sulphur Panels 
i3q Philippe A. Judd 

An Ultra Short Wave 
Receiver 

By the STAFF of Rnuto NEWS 

As the editor of this magazine has 
pointed out many times, short wave 
radio is the coming thing. Within 
ten years all broadcasting will be done 
on a wave -length below ten meters. 
In the March issue of RADIO NEWS is 
described a 5 -meter Short Wave Re- 
ceiver that holds forth tremendous 
possibilities. If you are interested in 
Radio, do not fail to see this article. 

INTERESTING ARTICLES TO 
APPEAR IN THE MARCH 

ISSUE OF RADIO 
NEWS 

Marconi's Radio Beam Transmitter 
By Lt.-CoL Chetwood Crawley. M.I.E.E. 

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

Is Radio Earthbound? 
By D. C. Wilkerson 

An Ultra Short Wave Receiver 
By the Staff of Radio News 

The First Annual Radio Set Directory 
By Hugo Gernsback 

When Buying Vacuum Tubes 
By Vernon G. Macnabb 

Notes on the Super -Heterodyne 
By Wilfred Taylor 

The Radio Uni-Set 
By H. H. Towne, IADG 

It may be worked, after casting, in mucl 
the saute manner that hard woods are 
treated. and should be drilled from both 
sides to prevent chipping. 

I have found the following process the 
best for the construction of panels. 

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

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

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

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

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

Lions, as located on the plan through the 
glass. This is clearly shown in Fig. 3. 

Before pouring the sulphur the glass 
should be slightly warmed to prevent crack- 
ing. 

Tile sulphur may be melted in an enamel 
or earthenware vessel and should be just 
hot enough to pour well. This should be 
done in a well ventilated place, as the 
fumes are inflammable and are very un- 
pleasant if drawn into the lungs. The 
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The method of casting a sulphur panel Is 
i lustrated above. The nuts. screws, bushings 
and other metal party are first arranged in the 
mould according to a predetermined lay -out. 
The sulphur when hardened firmly retains 
t lase parts, 

melted sulphur is self -leveling and will fill 
all the crevices in the mold. A tonbue of 
sulphur forms in the groove of the frame 
to hold the panel in place. 

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

Should a mat, or a grained finish be 
desired, an unglazed tile slab, or a piece 
of hardwood may be substituted for the 
glass. In this case, however, it will be 
necessary to lay out the plan of the panel 
on the upper surface of the pile of wood. 

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

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

_ 

) 

The thermo couple is an endless source of experiment. Some can be made sensitive enough to detect the heat due to solar rays focused on 
them by a weak lens. They can be used to give the temperature of heated solutions ar.d a number of them connected in series will form a 
battery of considerable potential. Such a battery Is shown at the lower left. The couple is as sensitive to cold as to heat, as illustrated 
in the picture on the right. 

FAT applied to two dissimilar metals 
joined together in a closed circuit, ap- 
rl,ed to their junction, will produce a 

current of electricity. This is the principle 
pf thermo-electricity. Fig. 1 illustrates See - 
beck's discovery which is the basis of tller- 
mo-electrical disturbances. 

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

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

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

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

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

IRON 

COLD JUNCTION 

COPPER 

HOT JUNCTION 

A sensitive tLermo couple should have be- 
sides a hot junction a cold junction kept at a 
constant and known temperature. The elec- 
trical circuit of such couple is shown above. 

iv Ba 
A Al: 
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A= COPPER 
B- GERMAN SILVER 

The Illustration shows the manner in which 
the thermo couples of a thermo-battery are 
connected. The couples are connected in series 
as the potential difference in a single couple 
is slight. 

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

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

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

Up to certain temperatures with different 
metal -combinations, the electric current pro- 
duced increases directly with the applied 
temperature. Heating two metals, say, cop- 
per and iron wires, to a temperature of 100 
degrees Centigrade, will always produce the 
same number of millivolts, provided the re- 
sistance of the wires does not change due 
to corrosion or other agencies. Conversely, 
if the same wires were used and the junc- 
tion heated and the millivolts produced were 
indicated by a millivoltmeter, a close com- 
parison of the temperature at the heated 
junction could be made. 

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

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

strument with which small electric cur- 
rents can be detected. It consists of 

a glass capillary tube, or a tube of stmtll 
internal diameter, in which lies a thread of 
mercury connected with suitable electrodes. 
Voltages applied to the electrodes will cause 
the mercury thread to move, the movement 
being visualized by the naked eye or with a 
microscope or other magnifying means. 

1 

5 J': ;: 1) 

E 

EW 

GLASS 
TUBE 

E 

PI NO -IC LAM P 

RUBBER 
TUBING 

MERCURY 

TEE TUBE 

SULPHURIC 
ACID LENS 

13y Raymond B. Wailes 
cause the movement of the mercury thread 
in the small bore tube. The right hand elec- 
trode (E) makes connection with the mer- 
cury, the left hand one with the dilute sul- 
phuric acid. which of course is contained in 
the tube and meets the mercury at \ 

Fig. 2 requires less glass working to con- 
struct, than Fig. I. T.o make the capillary 
tube (Fig. 2) a glass tube is li ated in a 
flame and drawn out to a small bore tube. 

DILUTE 
SULPHURIC 
ACID 

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

THERMOMETER 
TUBING - s 

The apparatus illustrated above. Figs. 1-4, are various forms of the capillary voltmeter. The essential feature Is a thin capillary tube contain- ing sulphuric acid and mercury, each in contact with one terminal of the source whose potential Is to be measured. The passage of a minute electric current alters the surface tension at the boundary between the mercury and sulphuric acid and causes the thin mercury stream to move, This motion is observed with a lens or microscope. 

Figs. 1 to 4 show several types of easily 
made capillary electrometers. Fig. 1 is a 
very serviceable instrument and is made 
from a piece of glass capillary tubing of %" 
outside diameter and 1/25 to 1/50 inch 
(1 mm. to % mm.) inside diameter. It is 
bent in the shape of a U and has a tube of 
a larger inside diameter sealed on at W. 
The other arm of the U has an ordinary 
tee -tube fitted to it by rubber tubing. 

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

I' 
SPRING 

ELECTROMETER 

WEAK DRY CELL 
Fig. Ii. The capillary electrometer Is here 

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

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

* hind the tube so that a means of comparison 
of current strength can be had. 

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

Fig. 3 consists of a glass capillary tube 
with a double U bend. Dilute sulphuric 
acid is contained in a small vial as shown. 
Fig. 4 is the simplest of the four types, 
consisting of a single U tube of small bore 
tubing. Some thermometer tubes can be used 
in this and other types. In all types, the 
microscope or strong magnifying lens is 
placed at the termination of the mercury 
thread, at \', the small circles at' these 
points representing the lens. In all instances, 
one electrode (E) makes connection with one 
side or end of the mercury thread and the 
other electrode (E) makes contact with the 
dilute (1:5) sulphuric acid solution, this 
acid 'thread in the tube meeting the other 
end of the mercury thread. A nickel or 
even copper wire can be used as electrode 
for the acid for a few hours' operation of 
the instrument. but a small platinum wire 
is best as it will not dissolve in the acid. 

Experimenters should not be alarmed at 
the mention of a platinum wire. A small 
wire is not expensive. Even the cut-throat 
old jewelry man asks only a small sum for 
a short piece, which is all that is needed. 

Fig. 5 shows how the capillary electro - 
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1ig. 7. The mercury used in the capillary 
electrometer must be chemically pure. To clean 
mercury either of the two methods .shown 
above can be used. At the left drops of mer- 
cury are allowed to fill through dilute nitric 
acid, while at the right air bubbled through 
the mercury mixes the latter with the acid. 

lar contact point and closes the battery 
circuit. The operator, viewing the end of 
the mercury thread in the small bore tube, 
will then see the thread move a distance 
which varies with the current strength. An 
ordinary telegraph key can be mounted on 
a wooden base and fitted with three binding 
posts, this combination affording a Suitable 
working instrument for use with the elec- 
trometer. 

One of the many uses to which the capil-: 
lary electrometer can be put is that of an in- 
dicating device in a Wheatstone bridge which 
is shown in Fig. 6. Here a resistance wire 
(AB) is traversed by a sliding contact (S), 
ELECTROMETER 

T 

XR SR 

BAT. Sw 
rig. 6. The capillary mercury electrometer will serve us a useful current indicating device in connection with a Wheatstone bridge. Note that the electrometer must normally be short- circuited. 

the unknown resistance being at XR and the 
standard or known instrument being at SR. 
The electrometer in Fig. b simply replaces 
the galvanometer shown iii the ordinary 
Wheatstone bridge circuit. 

The mercury thread should be connected 
with the negative side of the source of cur- 
rent to be indicated. Currents at more than 
one volt should not be applied to the elec- 
trometer. 

Only pure mercury should be used in the 
instrument. 

A fine stream of mercury allowed to fall' 
through an 8% solution of nitric acid will' 
lose some of the base metals which hale ' 

become associated with it. 
Another method is to cover the mercury 

with an 8 per cent. nitric acid solution and 
to blow or draw air through the mercury 
for several hours, thus exposing all parts to 
an oxidizing action. 
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mercury Vapor Lamp 

ONE of the most interesting, and 
next to the incandescent lamp, most 
useful, sources of light is the mer- 
cury vapor lamp. l'Ite peculiar 

bluish color of the light emitted by this 
arc has prevented its wide adoption as an 
aid to vision, but it is very valuable for 
photography and has found many commer- 
cial uses. 

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

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

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

The long U-tube is made of glass tubing 
about an eighth of an inch internal diameter 
and with fairly thick walls. Each arm of 
the U is about 30 inches long. Two small 
bottles such as ink bottle are provided with 
corks, each having two holes. The end of 
the U fits into one of these holes and into 
the other goes an electrode of iron wire, 
which, if galvanized, should have all the 
zinc scraped off, or dissolved with acid, as 

this amalgamates with the mercury and 
coats the walls of the arc with "gunk." If 
a pump is available, it should be connected 
to tubes passing through third holes in the 
corks, in which case the arms of the U may 
be shortened. I f no pump is used, the extra 
holes in the corks are left ,,;)en. If a pump 
is used, the arms of the U should not be less 
than six inches long to allow for proper 
dissipation of the heat evolved in the arc. 
The bend in the U should be from one to 
two inches in diameter, to prevent undue 
heating of the glass. 

The U-tube is first inverted and complete- 
ly filled with mercury. Now, with a little 
mercury in the bottom of each bottle. the 
tubes.are carefully put in place, no air being 
allkl'ed to go up into the U. The mercury 

t should fall to a little below where the arms 
join the bend of the U. The arc may then 
he started when the current has been put on 
by blowing into the bottles, forcing the mer- 
cury up into the bend momentarily, and al- 
lowing it to fall back, when the light should 
strike. 

This arc will run on from 12 to 110 volts 

By Dr. Russell G. Harris 

direct current (D.C.). It should be con- 
nected to the D.C. line through a resistance 
which will carry at least five amperes. The 
eyes of the experimenter should be pro- 
tected by colored glasses if the arc is viewed 
intently, as although the glass jacket of the 
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By connecting the mercury vapor lamp con- 
sisting of the two tithes at the right to a con- 
densation chamber at the left an efficient low 
pressure pun,', is formed. The mercury vapor 
passing out of the arc draws gas Molecules with 
it and thus evacuates the chamber to which the 
apparatus is connected. 

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

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

pump to evacuate it. The tubes Made slightly 
more titan thirty incites long are tilted with 
mercury. When the tubes are inverted and 
placed in operating position the mercury level 
drops, leaving a perfect vacuum at the top. Fig. 
2 shows a form of lamp which requires no glass 
blowing. iron caps are sealed to the ends of a 
glass tithe. The .joints ore water cooled. 

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

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

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

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

It consist of a small U-tube made of 
capillary quartz tubing with a hole about 
one -sixteenth of an inch in diameter. The 
ends are widened out so as to hold more 
mercury, and into these dip the iron elec- 
trodes. The tube is filled with mercury 
and 110 volts from a D.C. circuit with 
about 30 ohms resistance in series is con- 
nected to the electrodes. The tip of a 
Bunsen flame is then played on the center 
of the U. This causes the mercury to 
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boil there, the thread breaks, and an arc 
forms across the break and generates 
enough heat to keep the column broken. 
If the mercury around the electrodes gets 
too warm, it should be air-cooled or water- 
cooled, both to prevent it from evaporating 
and because mercury vapor is very poison- 
ous. This arc is remarkably intense and 
efficient because the pressure inside it is 

greater than one atmosphere. The resist- 
ance will be found very high; probably a 

drop of about 90 volts on an arc three inches 
lung will occur. On no account should one 
look at this arc. either directly or indirectly, 
on account of the great amount of ultra -violet 
light emitted by it. This produces serious 
injury to the eyes, and the experimenter does 
not begin to notice the effects for several 

TO PUMP BINDING POST 
WATER COOLERS 

GLASS TUBE 

SEALING WAX JOINT 

FIG. 3 
MERCURY POOL 

This mercury vapor lamp is designed to be 
mounted horizontally. The glass tube is bent 
so that the condensed mercury will Bow to the 
metallic caps at the ends of the tube. 

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

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

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

44 is burning, and should flow in at the bottom 
and out at the top, all the coolers being 
connected in series. 

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

MICA BUSHING 

GLASS BUSHING 

BINDING POST -s. 

WATER COOLER / 
STEEL TUBE CASING -+ 

WATER COOLER 

LENS 

FIG. 5 

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

The Perpetual Motion Myth 
Misguided experimenters, who 

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

Interesting Articles to Appear 
in March Issue of Science 

and Invention 
Electric ice and Water Illumination 

By Hugo Gernsback. Member 
American Physical Society 

The Perpetual Motion Myth 
By Joseph H. Kraus 

Improving the Heating System 
By H. W. Secor 

High -Powered Portable X -Ray 
Navigation Instruments on "Los 

Angeles" 
By Dr. Alfred Gradenwitz 

What Happens in the X -Ray Tube 
By Harold Deem 

Patent Advice 
Edited by A. P. Peck 

A Page for the Radio Novice 
By Leon L. Adelman 

Two -Tube Reflex Set 
By Alfred R. Marcy 

Current Producing Selenium Cells 
By W. S. Gripenberg 

Testing Milk 
By Dr. Ernest Bade. 
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This elaborate mercury vapor lamp is made 
of seamless steel tubing, the arc taking place 
between a tungsten wire and the mercury pool 
at the base of the lamp. t quartz lens Is 
provided to allow the passage of ultra -violet 
rays. 
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sufficient insulation so that the current will 
not short at this point. 

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

IRON-WIRE" ELECTRODES 

8" 

MERCURY IN -- 
TUBE 

HEAT HERE 

QUARTZ "CAPILLARY TUBE'S 

FIG. 4. QUARTZ. CuP 

This simplest of all mercury vapor lamps 
csnsists merely of a capillary tube terminat- 
ing in two reservoirs. These latter are con- 
nected to the electric circuit, and when at Bun- 
sen burner is applied to the center of the 
capillary tube, the are is started. 

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

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

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

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

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

Connecting a ground Wire 
A NEAT and efficient method of connect- 

ing a radio ground wire to a water 
pipe is illustrated here. 

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

jlr0vMo bV ARE 
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The method of making a ground connection 

shown above ensures a firm and extended 
contact surface. No sort of contact, however, 
can be a satisfactory substitute for a soldered 
one. 

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

Step. -Down Transformer 
By ARTHUR SINISCAL 

THE transformer described in this 
article is simple to make, and when 
completed will be a valuable asset 
to the experimenter's laboratory. 

With this instrument enough current can be 
drawn without overheating to light two 21 
C.P. automobile lamps. It will also run 

1" 32 
FIG. I -A 

Details of the lamination of a shell type 
transformer; both the primary and secondary 
windings are mounted on the central branch 
of the laminations. 

motor's at.a high speed, and work all sorts 
of annunciators and small electrical appa- 
ratus, It 

The 'first step in the construction is to cut 
out the laminations for the core. Sheets of 
common tin, aggregating about four square 
feet,'will suffice. These are cut into enough 
pieces of the size and shape shown in Figs. 
IA and 1B, to make a pile from 3 to 3 
inches high when clamped tightly in a vise. 

0 
EXPERIMENTER 

niltllllll 

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

FIG. 1-13 

3° 24 pi TIN 

FIG. 2-A 
The upper figure shows the details of one 

member of the lamination; the lower one 
shows the relative positions of time two parts 
of the lamination, just before assembling. To 
avoid lamination vibrations, it is imperative 
that the laminations be by some means 
clamped tight. 

The next step is to make the two coils. 
For the primary, you will need some 360 
feet of No. 28 S.C.C. wire, or about one - 
quarter pound. This is wound in 14 layers 
on a cardboard tube, I / inches in diameter 
by 13/4 inches long. For the secondary you 

+ .-a . 

wAnT'En 
ELECTRICAL articles on auto- 

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

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

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

Motor Camper & Tourist 
53 Park Place New York City 

will need about 90 feet of No. 18 S.C.C. 
wire or about one-third of a pound. This 
is wound in 6 layers on a tube 11/8 inches 
in both diameter and length. Take a tap - 
lead out at the end of the third and fourth 
layers in the secondary coil. Shellac over 
each layer as you go along to keep the wire 
in place, and tape over each coil when fin- 
ished. 

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

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

The last step is to mount the apparatus 
on its base. The simplest way is to cut a 
baseboard of wood, 94 x 4% x 7% inches. 
Place the transformer on this so that the 
long sides of the core rest on two wooden 
supports (WW), as shown in Fig. 3. These 
are % inch square by 4 inches long. Two 
wooden clamp pieces press down over the 
core sides and are held in place by four 

PRIMARY SECONDARY 

lo 

4" 
FIG. 2-B 

The position of the two windings when 
mounted on the core. This so-called shell type 
transformer otters a low reluctance path for 
the magnetic flux and is for that reason much 
used in transformer design. 

2 -inch screws. These two upper clamp pieces 
are % inch square by 53. inches long. 

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

WOOD SUPPORTS 
BINDING P05T5 / CLIPS 
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Top view of the assembled she 1 type trans- 

former. {Vhile the figure shows no clamps. 
It is important that some means for clamping 
the laminations be used. 

The approximate stepped down voltages 
are as follows: 

A and B 4 volts 
B and C 2 volts 
C and D 6 volts 
A and D 12 volts 

A top view of the complete instrument, 
with top clamp pieces removed for clear- 
ness, is shown in Fig. 4. All the wooden 
pieces should be shellacked or varnished be- 
fore being joined. Some details have been 
omitted which the amateur can fill in to 
suit his convenience. 
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Photographer's Printing Lamps 
rrl HE illustration shows a method of tak- 

ing blueprints on cloudy days or at night. 
The bottom of a good size oatmeal box is 

removed. The inside of the box is coated 
with lamp black. An electric lamp is placed 

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

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

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

-Contributed by Irvin E. Pippin. 

hovel Electric Flash Lamp 
By C. A. OLDROYD. 

THE electric flashlamp shown in the il- 
lustrations requires neither a fuse wire 

or a spark for the ignition of the flash pow- 
der, as a small electric arc burning between 
two carbons is used to set it off. 

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

UJN BUTTCN 
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A Very simple flashlamp can be constructed of/ 
two carbon pencils such as used in small arc. 
lamps. With a gap of about 1/16" between the 
carbon ends a small are between the carbons 
ignites the flash powder the instant the carbons 
are connected to a source of potential of more 
than 60 volts. 

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

A short distance above the asbestos sheet 
are two carbons, measuring about 1/4 or t'a 
inch in diameter. Small electric arc lamp 
carbon pencils can be used for these. The 
carbons are held in two short brass tubes; 

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

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

These strips should not be too thick, ii" 

is sufficient. At the free ends of the brass 
strips, binding posts are fixed into the base 
board, holes being drilled through the strips 
to allow the wood -screw end of the post to 
pass through. 

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

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

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

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

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

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

Indicator for Door Bell 
IN some private houses there are a large 

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

If the house is already wired, all that is 
necessary are electro -magnets, the number 
corresponding to the number of push but - 
Ions, and a hard rubber panel if you wish 

o have the apparatus neat looking. The 
panel should be approximately 4" by 8". 

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

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

'FRONT 
DOO,c 

-Contribued by Otto Lustig. _ 
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With a number of doors to a house and as 
many push buttons operating a single bell, what 
housekeeper has not been irritated by the prob- 
lem of determining at which door the button 
was pushed:' To these housekeepers the simple 
annunciator illustrated above will be a godsend. 

Pocket Polarity Indicator. 
OCCASIONALLY in the laboratory the 

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

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

A small glass tube containing salammoniac 
solution and provided with terminals at Its ends 
constitutes an effective polarity tester. When 
connected to a line the side at which bubbles 
are formed in the negative. 

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

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

-Contributed by Hugo Alessandroni. 



336 the Experimenter for March, 1925 

Awards in the $50 Special Prize Contest 
For Junior Electricians and Electrical Experimenters 
First Prize, $25.00 

Robert Rollins, 
1886-A Harmon St., 

Berkeley, Calif. 

Second Prize, $15.00 

Robert Rollins, 
1886-A Harmon St., 

Berkeley, Calif. 

Third Prize, $10.00 Honorable Mention 
Marion W. Gieskieng 
4135 East 16th Ave., 

Denver, Colo. 

A. B. Grover, 
Montgomery, Ala. 

First Prize 
A Novel Experiment 

THIS is an odd variation of the floating 
magnet described on page 714 of the 

October PRACTICAL ELECTRICS. It is just 
as easy to make as the other one, and per - 
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A very small battery is arranged in a test 
tube ballasted with lead shot and buoyed up 
by a cork. The cork is completely submerged 
and the current through the coil gives a num- 
ber of interesting experiments. 

forms a very amusing and perplexing trick. 
As you see, it is nothing but a floating wet 
cell energizing a wire coil. But, differing 
from the type previously shown, the liquid 
on which it floats is not the liquid of the 
cell. This difference is due_ to the fact 
that I worked with an acid cell and disliked 
the waste and the danger of working with 
a large pail of acid solution. And, too, 
this type reduces friction at the surface that 
acts against the turning of the coil-a neces- 
sary precaution. 

The construction is simple. A test tube 
containing dilute sulphuric acid battery solu- 
tion is floated. by means of a cork ring, in 

This' shows the coil floating with the cork 
below the surface of the water and being 
acted upon by a bar magnet. Under this In- 
fluence it performs various queer antics. 

a pail of water. The tube contains two 
metal strips, copper and amalgamated zinc. 
These form the terminals of the wire coil, 
which, by chemical action, they energize with 
a fairly large current. 

The acid solution should not be too strong. 
The zinc strip may be cut from the top of 
a fruit jar, and the copper electrode is a 

short piece of heavy gauge copper wire (or 
small gauge wire folded back and forth upon 
itself to give a sufficient surface area). The 
coil is of copper wire of sufficient gauge not 
to stop the current. I used No. 20 double 
cotton covered wire. The loop is about 
three inches in diameter and consists of at 
least three or four turns. It is held in place 
by bits of tape. The cork disk is a section 
of a large cork perforated to fit the tube. 
The tube is weighted with lead shot and is 
partly filled with the dilute sulphuric acid 
solution, until the upper surface of the cork 
is submerged below the surface. This re- 
duces the friction against turning to a mini - 

$50 IN PRIZES 
A special prize contest for Junior 

Electricians and Electrical Experi- 
menters will be held each month. 
There will be three monthly prizes 
as follows: 

First Prize $25.00 in gold 
Second Prize $15.00 in gold 
Third Prize $10.00 in gold 

Total $50.00 in gold 

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

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

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

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

mum. The coil will stand up if the two 
electrodes in the tube are heavy and press 
against the sides. However, it can be firm- 
ly supported by a cork in the mouth of the 
tube. This cork nuist have an outlet for the 
gas that is evolved in the reaction in the 
cell. So much for the construction. 

As every student of electro -magnetism 
knows, when two fields interact, the resultant 
force acts upon the conductor of the current 
as well as the current itself. Because of 
this fact, we have a queer phenomenon. 
Place a small bar magnet near the freely 
floating coil parallel to the surface of the 
water and level with the center of the coil. 
The coil will swing about. squarely face 
and approach the end of the magnet, slide 
over it and come to rest diagonally across 
its center. Now suddenly pull the bar from 
the coil and thrust it in through the other 
side. The coil will slide off, turn about, and 
repeat its performance. 

The inquisitive experimenter will go fur - 

titer, of course, and try floating two of these 
coils next to each other, or using a floating 
bar magnet (like the one previously de- 
scribed in this. magazine) in place of the 
permanent one. Or. if he is lazy. and doesn't 
like the pulling of the magnet. he can make 
an electro -magnet of a soft iron rod wound 
at one end with some insulated wire. Now 
energize this magnet with direct current. 
and when the coil is at rest around it, change 

Mt_ CONCEALED 
/NA DOLL - .l 

.% little doll is n ads to conceal the coil so 
that the little figure acts strangely under the 
influence of a magnet. 

the poles by means of one of the numerous 
current reversers shown in previous num- 
bers of PRACTICAL ELECTRICS. With each 
change in the direction of the current, the 
magnet will slide off and "do its stuff." 

Second Prize 
Experimenter's Fuse 

ONE of the many troubles that torment 
the electrical experimenter is the blow- 

ing of fuses. Often he works for hours o.t 
his do -funny and connects it up. Then, 
with a quiver of expectancy. he throws the 
switch-and is plunged into darkness! 
Shouts of none too gentle nature come from 
all parts of the house. Sister's late now for 
the show and she can't powder her nose ii 
the dark. can she Mother simply refuses 
to wash dishes without a light. And dad 
was shaving and cut himself when the blow- 
out occurred, and he'll bleed to death if that 
blankets -blank kid doesn't hurry. Then the 
unappreciated scientist stumbles off to the 

TACKS 

With two paper clips some little wooden 
blocks and a bit of tin foil or thin wire, the 
young experimenter constructs a fuse to take 
care of his work without disturbing the fuses 
(and the family) on the house circuit. 

switch -box to stick a penny behind a fuse 
and returns to face the music. 

Well, even that's not a disaster if you 
are a millionaire, but experimenters are not 
wealthy; and, with fuses at a dime an issue, 
the matter's no joke. Many budding geniuses 
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have given up the ghost and sunk into ob- 
scurity just because parental authority for- 
bade further endangering of the fuse -box. 
"You might set the house afire." (This from 
dad.) "And kill yourself." (From mother.) 
Oh, experimenting is no bed of roses. I 
know that well, and nothing pleases me more 
than to be able to smooth off a few bumps 
in the stormy paths of my fellow -bugs. 
Now, dry your eyes, and we'll get down to 
business. 

Here's a little fuse block that you can 
make in a jiffy and refill and blow to your 
heart's content while maintaining peaceful 
relations with the family; and all this with 
no further outlay than an occasional bar of 
chocolate (the kind that's done up in tin 
foil). 

Tack two paper clips on a little block of 
wood, stick a strip of this tin foil in them, 
and the job is done. If you are looking 
for permanence, two little binding posts for 
connections and a bit of asbestos or Bake- 
lite to shield the flash can be added. Lead 
foil or fine wire (about No. 30) can be 
used for refilling. The strip should be less 
than a quarter -inch wide, but this will vary, 
of course, with various currents and thick- 
nesses and kinds of foil used. If you're 
very particular, you can determine the exact 
size of foil necessary for your work, and 
any reference book will give you a table of 
the blowing -points of various size wires. 
In any case, this intermediate fuse should 
blow before the regular 10 or 20 ampere 
ones in the house circuit. 

Third Prize 
D. C. Milliammeter 

777LRM00000LE BORNEO 
77IERMMOCOUPLE CONNe'CT/ON5 O 

ALMOST every radio transmitting sta- 
tion has a burnt out meter. Little use 

is found for these meters. "Only 220 volts 
passed through this one," explained my 
friend, as he showed me a "burnt out" 
thermo-couple ammeter of a popular make 
that would have remained useless had I not 
discovered what I will now relate. 

I asked for a screwdriver, ten minutes, 
and permission. These granted, I proceeded 
to find out "What made the blooming thing 
percolate." After five minutes I was struck 
by an idea (those who know me would say 
that was queer). The remaining five min- 
utes were spent in making two connections 
and assembling, and as the tenth minute 
elapsed I handed to my friend a D.C. milli - 
ammeter. 

Here is the solution: I remember that 
reading the manufacturer's booklet on the 
thermo-couple ammeter I learned that "an 
ammeter of the thermo-couple type employs 
an especially sensitive miniature direct cur- 
rent movement (the registering part) actu- 
ated by a thermo-couple. I proceeded to 
find the miniature direct current movement 
(the D.C. milliammeter). The milliatn- 
meter is the main part of the works and two 
wires lead from it to the thermo-couple 
located on an insulated strip. I changed 
the connections leading from the milliam- 
meter to the binding post that protrude from 
the case. The result-a sensitive D.C. milli - 

ammeter. 
Later I placed different values of shunts 

across the milliammeter. giving it capaci- 
ties from 15 to 500 milliampers. The dial 
was removed and one made and calibrated in 
its place. I find this D.C. milliammeter is 
as accurate and sensitive as the one I have 
from a recognized manufacturer of radio 
instruments. 

Left. A thermo-couple ammeter when burned out is converted in ten minutes into 
an effectual milliammeter. The diagrams 
clearly show how this is done. 

Right. A really effectual alarm for the overflowing refrigerator pan or other similar 
use about the house or kitchen. A tobacco can forms the all-important float. 
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Honorable Mention 
Refrigerator Alarm 

THE. pan under the refrigerator kept run- 
ning over, and there was no way of run- 

ning this water through the floor and into 
the sewer without considerable expense. So 
I constructed the apparatus shown here, and 
it is a sure-fire thing in preventing over- 
flowing. 

To build this outfit it is only necessary to 
have a dry cell, a bell or buzzer, a Prince 
Albert tobacco can, a few wood screws 
(round head), some hardwood sticks and 
wire. 

No explanation is needed, except that the 
tobacco can, used as a float, must have the 
lid soldered up tight, so that the can will 
not fill with water. 

Dimensions are given of all the principal 
parts; however, the builder must find his 
own dimensions by the height of the re- 
frigerator floor from floor of house. 

In this case this distance is seven inches. 
The base sits on the floor, while the float 

hangs in the pan. When the water in the 
pan rises to within an inch of the top, con- 
tacts (BB) and (B'B") touch and the bell 
rings until the pan is emptied. 

Fig. 6 shows the elevation and all con- 
nections. While this outfit would not be 
needed in real up-to-the-minute homes, there 
are quite a number where it would be found 
convenient. 

It is applicable in many other places than 
under the refrigerator, and it is one of the 
most effectual that u'e have yet shown. Sev- 
eral such have appeared in our columns. 

Capillar] Electrorneter 
THIS is an easily made, very interest- 
ing and instructive device. As its name 
implies, its primary us: is as a meas- 

urer of electromotive forces. and it is par- 
ticularly suited for th.: measurement of cur- 
rents produced by potential of less than a 
volt. But, reside this, it is an excellent 
illustrator of one of the factors of surface 
.ension. 

A glass tube of about a quarter -inch diam- 
eter and from six inches to a foot long is 
bent as shown at both ends. These bends 
need be no longer than an inch. In fact, 
if you have not the facilities for the bending 
it can be eliminated entirely by plugging 
both ends with paraffined corks, through each 
of which a wire has been thrust. But, if 
this is done. the tube should not be com- 
pletely filled, and the pressure caused by the 
evolution of gas from the electrodes should 
be frequently released by tipping the tube 
up and loosening one of the corks. This is 
an annoyance and disturbs the mercury drop, 
so if you make this with an intention of 
using it often, the bending of the tube will 
be found well worth while. It is fastened 
with padded staples to a base, and should 
be as nearly horizontal as possible. It is 
filled with dilute sulphuric acid of a con- 
centration great enough to carry a fairly 
weak current, and contains a drop of trier - 

By Robert Rollins 
cury. This drop should not be more than 
a quarter -inch across. One of larger dimen- 
sions will be sluggish in its 1 :ovements. 

Now. with a dry cell or other sours. of 
direct current, send a current through the 
instrument, and watch the mercury. It will 
move in the direction of the current; that 
is, from the positive to the negative ter- 
minals. with a speed dependent upon the 
voltage of the circuit, the concentration of 
the acid. the size of the mercury drop, the 
level of the tube, etc. 

COPPER WIRt GLAS5 TUBE 1;'A. 8.1010 
DILUTE SULPHURIC ACID 

LINED STAPLE 
MERCURY DROP 

The principle of the capillary efectrometer illustrated by a In.me-made appliance; a most interesting piece of apparatus, depending for 
its action probably on surface tension of liquid 
mercury. 

The odd phenomenon is explained by the 
fact that the surface tension is increased 
where the current travels from the acid to 
the mercury and is decreased where it travels 
from the mercury to the acid. This differ- 
ence in tension is sufficient to move the drop 
along the tube in a manner comparable to 

to that in which a bit of camphor propels 
a little boat, and for the same reason (a 
difference fore and aft of the surface ten- 
sion). 

The electrometer must be calibrated by 
means of another instrument, because the 
speed, as has been said, varies with varying 
conditions and must be determined for your 
particular instrument. It is calibrated by 
sending currents with known potentials 
through it and measuring the speeds of the 
drop by means of a scaled strip of paper 
under or beside the tube. In this reading, be 
sure to avoid the error of parallax, always 
looking straight down on the scale. The 
various speeds and potentials that caused 
them can be plotted against each other in 
the ordinary manner to obtain a curve. With 
this curve. the potential of any circuit can 
be determined at once when the speed of 
the drop has been noted under its influence. 
Of course, care should be taken to have the 
tube always at the same level when in use 
as when calibrated. This can be accom- 
plished by means of a small level fastened 
to the same base. 

With means of changing the direction of 
the current as the drop reached one end of 
the tube, it could be kept in constant mo- 
tion. This would make an interest -catching 
and mystifying window exhibit. 
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What Our Readers Think 
Nickel and Silver Plating 

Editor, EXPERIMENTER: 
Will you give me a few suggestions on experi- 

mental nickel and silver plating? I tried the 
experiment this week, but had only fair success 
and thought possibly it was through some fault of 
mine. I was attempting to silver plate a phono- 
graph tone arm, half brass, half iron or steel. I 
used a glass jar filled with a solution of }ICi and 
water, a quantity of "quicksilver" in the bottom 
of jar and three No. 6 dry cells. The tone arm 
was connected to positive of battery. and the 
quicksilver was connected to negative of battery. 

The insulation on the wire was scraped until I 
made a circle and immersed in the mercury. insu- 
lation being immersed also. and while the mer- 
cury plated on nicely for the brass part. I could 
get no silver plating on the steel part. but it 
kept up showing "copper" deposit. The wire from 
the negative of battery to mercury was copper. 
but all copper was covered with mercury and 
insulation. I tried various kinds of wire such as 

lead, aluminum, copper. brass, etc.. but got the 
same copper deposit. If you will be so kind. I 
would like to know what per cent. solution is 
correct to use, also what kind of silver is best for 
plating, how much current should he used. and 
should the article to be plated be connected to 
the positive of battery and plating material con- 
nected to negative. I am very much interested in 

'various kinds of plating and would like to know 
niore about it. 

Any information you would c::rr ta give me 
will be appreciated. I am an enthusiastic reader 
of RADIO NEws and your other publications, and 
have bought many dollars' worth of stuff from the 
old E. I. Co. . remember it? Hi. Also am 
a real IIAM when it conies to radio. and was 
making a loud speaker when i tried to do above 
silver plating, and made a mess of it. 

Yours very truly, 
C. D. BLAIR. 

Buena Vista, Va. 
(Quicksilver is sot silver at all, and is a very 

poor and often very injurious substitute for silver 
I in 'plating operations. Its effects on metal are 
' sometimes quite disastrous; it will ruin gold jew- 
elry by making it as brittle as glass and it has 

the sane effect on brass. If you want to plate 
with silver, use the real metal, and the sang(' 

applies -to nickel. If you got a real copper deposit 
on your steel or iron. it might have been derived 
front the brass portion of the phonograph arm 
going into solution and precipitating upon the iron 
surface. It hardly seems likely that your copper 
wire toas responsible. We give you formulas and 

,general information about plating with nickel and 
silver.. Keep mercury away front et'eryth7ng of 
sass or gold. 

For nickel plating use 12 to 14 ounces of nickei- 
,.;anttnoningi sulphate per gallon of seater in a clean 

stone jar. The solution should be slightly acid. 
..Care must be taken that this acidity is not exces- 

sire. The current to be sent through the plating 
solution depends on the surfdce of the object to 
be plated. The current density should be about 
.05 to .1 amperes per square inch of the surface 
of the object to be plated. The anode in regular 
nickel plating is a special nickel made up for the 
purpose. 

For silver plating. the double cyanide of silver 
and potassium is the standard solution. Good 
silver plating solution can be obtained by dissolving 
25 grains of pure silver cyanide in a solution of 
25 grants of potassium cyanide in 300 to 500 cubic 
cm. of water. The solution must then be diluted 
with tooter until it forms one liter. Of course, if 
larger quantities of the plating solution are re- 
quired the sonic proportions of ingredients must 
be maintained. The best current density in silver 
plating is front .006 to .03 per square inch of the 
surface of the object to be plated. 

A silver anode is used in regular work. A car- 
bon front a battery will probably answer your 
purpose. The cyanides are virulent poisons.- 
EDI TOR. ) 

Wants Articles on Motor Starters 
Editor, EXPERIDI ENTER: 

Have received my copy of EXPERTSIENTER and 
am pleased with it, especially the articles by Har- 
old Jackson and Sylvan Harris. I would suggest 
articles on motor starters. 

Frequently an article appears regarding trans- 
mission of power (electrical) by wireless. My 
opinion is: if wireless power transmission ever 
becomes a reality. which I doubt, radio must be 
done. away with, for several reasons. 
ltTFirst, it is necessary to have aerials, for. radio 
.transmitting and receiving power. The same ap- 

,, plies to radio, telephony and telegraphy, except, of 
,course, loop receivers. Tltis being the case, the 
power waves would interfere with radio waves, 

r causing radio aerials to pick up power, blowing 
out tubes, coils, etc., also affecting the transmit- 
ting stations. I thought this information, or opin- 
ion, would be welcome to some who are experi- 
menting along this line. 

Yours sincerely, 
J. GoTce. 

Plymouth, Mich. 

The Experimenter Is Looking Good; More 
Power To You 

Editor, EXPERIMENTER: 
Give us more articles by Hugo Gernsback. Give 

us more articles on Chemistry by T. O'Conor Sloane. 
Insist on authors giving full data on subjects as 
weights, dimensions, if possible formulae, solubili- 
ties, solutions, (how to make) etc. 

THE EXPERIMENTER is looking good; more power 
to you. 

Sincerely yours, 

Cleveland, Ohio. L. A. LICASTRT. 

The New "Experimenter" Compares Very 
Favorably With The Old 

Editor. EXPERIMENTER: 
I have just finished looking through four or five 

years of the old "Electrical Experimenter" and on 
taking up the new "EXPERIMENTTER" I find that it 
compares very favorably with the old. 

Your first edition is excellent and if you keep up 
to that standard you need have no fear of failure. 

Give snore of that wizard, Dr. Bade's articles, 
Elec-Tricks and Short -Circuits. if you want humor: 
what price the 'Phony Patent Ofiz' of bygone days? 

Butt give us more of your editorials and hears of 
fiction. And now Ern going to ask a question. 
Where, Oh Where. is Tom Reed and Thomas Ben- 
son and George Holmes and Sydney Gernsback? 
And Samuel Cohen and Wíntield Secor? We want 
'ens back, old tinter; no "EXPERIMENTER' can be the 
saute without 'em, can it? 'Member Reed's articles 
on "Bats" and Clocks? 

A series of "home built" laboratory instruments 
would be very much appreciated by the younger 
"Sperrys" I think. 

Long Life to THE EXPERIMENTER and best of 
luck to yourself, Hugo Gernsback. 

Sincerely, 
ROSE BENNETT WALKER. Guelph, Canada. 

Articles Wanted 
WE tt'attt good electrical, chemical 

and radio articles, and here is 
your chance to make some easy !Honey. 
We will pay from one to two cents a 

word trpon:'¢Hblicatioit for all accepted 
articles. if you have perforated any 
novel experiments, if you see anything 
new electrical, if you know of some 
new chemical or radio stunt, be sure to 
let us hear front your. Articles with 
good photographs are particularly de- 

. sirable. Write legibly, in ink, and on 
one side of the paper only.-EDITOR. 

A Friend of PRACTICAL 

Editor. EXPERIMENTER: 
Please accept Icy congratulations on turning out 

such a splendid magazine as "THE EXPERIMENTER." 
The first copy I read of "Practical Electrics" was 

the October number which was given to me by a 

friend. One of my first thoughts about it was that 
if it only included radio in its make-up it would 
come nearer to my ideal than had any other maga- 
zine so far. Then I noticed the announcement of 
"THE EXPERIAIENTES." To rte. it is the best maga- 
zine on the newsstands to -day, because it is devoted 
wholly to experimentation. "Radio News." of 
which I have been a reader for over a year. I will 
admit is "Radio's Greatest Magazine." Bnt no 
matter how good a thing may be, it can always be 
made better, and I think the best improvement you 
could make in it would be to insert a few pages on 
experimental radio each month. I know you have 
an article of this kind now anti then, but what is 
really needed is a permanent department. I'm sure 
the "gang" would keep you plentifully supplied with 
material as they do now in "\Vitlt the Amateurs" 
and others. 

Very truly yours. 
Toronto, Ont., Canada. WILLIAM FEN WICK. 

ELECTRICS 

Wants More Departments 
Editor, EXPERIMENTER: 

in the editorial of your November number of THE 
EXPERIMENTER you ask the readers to send in the 
voting coupon filled out or to write you a letter 
telling how they like THE EXPERIMENTER or offering 
you suggestions. That is why I am sending you 
this letter. I will he as brief as possible. 

The make-up of the magazine seems good. In 
fact I am delighted with it. and I hope the maga- 
zine will be prosperous. I am hoping that you 
will treat all scientific subjects. A subject that I 
am very interested in seeing in THE EXPERIMENTER 
is Astronomy. I am also hoping that you will have 
some subjects on physics. I believe that with the 
addition of these two sciences you will be covering 
all of the interesting parts of science. As an ex- 

ample of physics experiments take light. There are 
many things in the sky that an amateur astronomer 
will see with the proper guidance. I ant favorably 
impressed with the department, "Junior Experi- 
menter," but I notice that all of the articles deal 
with electricity. Experiments in other sciences 
might be desirable. There is one thing in "Experi- 
mental Radio" that I would like to call to your at- 
tention; and that is the symbol for the vacuum tube 
in the diagrams. This is a very small detail but I 
think that it has a strong psychological effect. The 
symbol looks too much like a light globe. I showed 
the diagrams to a friend and he was of the same 
opinion. I am sure that the symbol used in Radio 
News would be much better. I want now, to con- 
gratulate you on the production of THE EXPERI- 
MENTER. Articles on construction and experiment- 
ing are good for this magazine,I believe. 

Yours truly, 
Tacoma, Wash. MELVILLE T. PRESS. 

From a Faithful Reader 
Editor, EXPERIMENTER: 

I have just completed reading the first issues of 
the EXPERIMENTER. As an old and faithful reader 
of the ELECTRICAL EXPERIMENTER, wish to say that 
the return of it is like the return of a friend that 
has been away for several years. 

I ant interested in all the departments, particu- 
larly in the chemistry section. 

Wishing you and the EXPERIMENTER a happy 
and prosperous New Year, I ant 

B. H. CASEBOLT, 
Operator, Kern Canyon Power Plant. 

Edison, Calif. 

A Wise Change 
Editor, EXPERIMENTER: 

Seeing that you would like to have the opinion 
of your readers regarding your new magazine, 
the EXPERIMENTER, I thought I would give you 
mine. 

I have been a reader of PRACTICAL ELECTRICS 
for the past six months and thought it was the 
best magazine ever, but I think you have made 
a wise change. The radio department is an excel- 
lent addition and the chemistry section is fine if 
you don't go too "deep" for us "lowly" experi- 
menters. 

If you give us some chemical articles that involve 
electricity I think it will be a great success, but 
don't cut down too touch on your electrical articles 
and experimttents. The various electrical depart- 
ments are good and should be kept up. 

Meanwhile wishing the EXPERIMENTER a great 
success, and hoping that nothing will stop me 
from getting the next copy, I am 

Sincerely yours. 
MALCOLM PIUL. 

St. Paul, Minn. 

Hafnium and Celtium 
Editor, THE EXPERIMENTER: 

Taking three of your magazines, I have en- 
joyed the change from "PRACTICAL ELECTRICS" to 
"TitE EXPERIMENTER," especially wherein you treat 
of chemical matters. 

I am wondering if a list I have of the chemical 
elements is complete. The list that I have I give 
you. 

Do you consider the new element hafnium well 
enough established to include in a list of the 
regular chemical elements? About all the informa- 
tion that I have found on this new element is that 
given in the 1936 Year Book of the International 
Encyclopedia. I understand its atomic weight is 
72, but I do not know what its specific gravity or 
valence is. 

What is the status of the element celtium? 
Information in reference hooks seems to he so 

sparse on these new elements that I thought of 
addressing you on the subject. Any elements that 
are established since the list that I have mentioned 
above I ant interested in, and especially in knowing 
in just a few words something of their occurrence 
and preparation as well as their place in the Peri- 
odic Table and their specific gravity and valence. 

Very truly yours, 
D. E. FARQUHAR, 

Chicago, III. 
(Your list of chemical elements is fairly complete. 

You might add to it the following: Hohniu in, At. 
1Vt. 163.5; Luiteciam, 175; Niton, 222.4. And, of 
course, Hafnium. At. 1Vt. about 179. Dr. G. 
Hevesey of the University of Copenhagen, in The 
Chemical News of June, 1923, puts it betroeen 178.4 
and 180.2. It falls in a periodic table between Zir- 
conium and Thorium. The element Celtiurri is 
rather doubtful, for Hafnium and Cent's' In we 
would refer you to the London Chemical News, Feb- 
ruary 1. 1923. April 20, 1923, June -, 1923. De- 
cember 7. 1923. The periodic number of Hafnium 
is 72. This is the number you have taken as its 
atomic weight. 

Hafnium ís associated with Zirconium in its 
minerals, and is extracted therefrom by a crystal- 
ization process operating on the mother liquid of 
the potassium zirconium fluoride or similar salts. 
-EDITOR.) 
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Latest Electrical Patents 
Fly -Catcher 

The inventor of the fly -catcher shown above 
displayed much good intention, if not equal 
ingenuity, in devising the suction apparatus for drawing flies and other insects Into the 
small chamber inside the apparatus. Once the 
fly is drawn in, the only outlet is closed with 
a stopper and presto! the fly is captured. 
Should the device fail the operator carries a 
hag of salt ready to apply to the tail of his 
unfortunate victims, 

Patent No. 1,5517,131 issued to W. B. Thomp- 
son, Carthage, N. Y. 

Electric Lamp 

The lamp is supported on the end of a metal- 
lic tube. Near the top of the tube there is a 
vertical rod which is free to move up and down 
and a transverse bar at the foot of the rod 
projects through slots at the side of the tube. 
d hen the lamp is taken up in the hand, an 
outside wooden tube which surrounds the 
tube slides upwards. strikes the transverse 
piece, pushes up the brass rod so as to touch 
the base of the lamp, and this completes the 
circuit from the supply battery contained in 
the base. 

Patent 1.518.530 issued to Clarence I ipper 
of Philadelphia, Pa. 

Storage Battery 

A part of this invention is the case into 
which the battery is lowered when in use. 
Multiple knife switches or other form of con- 
tact are provided on the bottom of the case 
within it and on the bottom of the battery 
on its outside. The battery circuit is perma- 
nently connected to the contacts in the bottom 
of the box. 'When the battery is lowered into 
position, the contacts meet each other and give 
a closed circuit as far as the battery and its 
case are concerned. Clamps are provided to 
hold the battery in place. It can be instantly 
removed from the box for charging or repairs 
without breaking any electric contacts. 

Patent 1,519,701 Issued to Benjamin F. Poth 
of New York City. 

Daylight Effect Lamp 

An electric lamp of blue tinted glass is 
mounted within a set of reflecting mirrors, the lamp being operated at a specially high volt- 
age. This may cause it to emit an increased 
proportion of light in the short wave band of 
the spectrum, and the blue tinting of the bulb 
cuts off the orange and yellow rays. The mir- 
rors can he given different colors as desired, 
and a lead glass plate may be used with a 
plate of tinted glass to intercept ultra -violet 
and other rays as desired. 

Patent 1,519,IIN issued to Charles H. 1. 
Gamain of Paris, France. 

Circuit Tester 

A very ingenious attachment to the ordinary flashlight is illustrated above. It consists 
of a metallic case which elan be screwed on the base of the ordinary flashlight case and which contains a pair of insulated wires con- nected to the terminals of the battery. The other ends of these wires are brought into contact with the terminals of the circuit to be tested. If the circuit is not "open" the flashlight will light up. 

Patent 1.508,990 issued to F. J. Schmitt, Steelton, Pa. 

Electroplating 
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FLOW TO CATHODE 

Within the bath used for electroplating there 
Is ti chamber of insulating material, within 
which the cathode is suspended. The insulat- 
ing chamber is pierced with holes. each one 
opposite to any place on the cathode it is de- 
sired to thicken by depositing metal thereon. 
By this apparatus local plating can be done, 
weak spots can be thickened, or especially 
thick spots can be formed on the cathode, all 
according to the arrangement of Insulating 
case with Its perforations. 

Patent 1,519,512 Issued to Albert Wolf, 
Getslingen-Stelge, Germany. 

Pencil Flashlight 

A small flashlight which can lie attached to 
te pencil should prove a very useful device for 
reporters and other people who have occasion 
to write in poorly illuminated or dark places. 
The small battery in the shape of a cigarette 
caw is carried In the vest pocket. 

Patent No. 1,516,617 issued to J. W. Saun- 
ders, Pocatello, Idaho. 

Electroplating Anode 

This is a cell with sides of perforated insu- 
lating material such as celluloid; there Is, te 
hopper which leads into the interior and 'In 
use it is to be tilled with pellets or lumps of 
the metal to be deposited. 's long as there 
are pellets of metal in the funnel, a circuit is 
completed through the metal of the hopper and 
the two suspending lugs, one on each side of it, and the top plate of the cell to which all three are secured. 

Patent 1,517.630 Issued to Giraldus Jones of 
Birmingham, England. 

Loud Speaker Circuit 

A telephone transmitter sends Its undula- 
tory current through the ordinary type of cir- 
cuit including transformers and amplitien.wlth "i" and "B" batteries to a loud speaker. lThe 
sound from the loud speaker is liable to'.neact 
on the telephone and cause singing; therefore, 
a second amplifying circuit is connected elec- 
trically to the local loud speaker circuit and 
to the local receiver circuit, thus being .in 
parallel with the original amplifying circuit. 
The acoustic transmission of energy is thus 
neutralized by the electric transmission from 
the parallel circuit. . 

Patent 1.519,211 issued to IS illianm H. Dlartln 
of New York City. 
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THE idea of this department is to present to the layman the dangers of the electrical current in a manner that can be understood by everyone, and that 
will be instructive too. There is a monthly prize of $3.00 for the best idea on "short-circuits." Lor,k at the illustration and then send us your own par- 

ticular "Short -Circuit." It is understood that the idea must be possible or probable. If it shows something that occurs as a regular thing, such an idea will 
have a good chance to win the prize. It is not necessary to make an elaborate sketch, or to write the verses. \Ve will attend to that. Now, let's see what 
you can dol 

Beneath this stone 
Rests Ann McNair. 

She Was getting a drink 
\W hile curling her hair. - 

Here lies Johnny Hun 
A prospective voter. 

His support was a pipe 
While repairing a motor. 

P. W. PALADIN. 

Deep in this dust 
Lies Josephus McFain. 

Hisironsbone touched 
The lighting main. 

-DIet: D. \VOODWALD. 
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FARMER ELECTROCUTED 

BY "LIVE" WIRE FENCE 
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LIVE WIREKILLS BOY 
AS HE RESCUES PIGEON 

zpreml to rue >Noe cork Toner. 
CIitCAGO. Dec d,-Edmord Clark. 13 

years old, gave up hie life to reeaue 

emother 
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This spot is the grave 
Of Patrick O'Dorm. 

He listened in during 
A thunder -storm. 

-B. KOWANDA. 

This is the tomb 
Of Silas O'Dell, 

His umbrella tapped 
The street -light shell. 

-D. BERNARD HEDRIK. 

In connection with our Short Circuit Contest, please note that these Short Circuits started in our Nocembcr. 1921, issue and have run ever since. 
Naturally, during this time, all of the simple ones have appeared, and we do not wish to duplicate suggestions of actual happenings or short circuits. Every 
month we receive hundreds of the following suggestions, which we must disregard, because they have already appeared in print previously. Man or woman in 
balls tub being shocked by touching electric light fixture or electric heater. Boy flying kite, using metallic wire as a string, latter touching an electric 
line. People operating a radio outfit during a thunderstorm. Stringing an aerial, the latter falling on lighting main. Picking up a live trolley wire. Making 
contact with a third rail. Woman operating a vacuum cleaner while standing on floor heating register, etc. All obvious short circuits of this kind should 
not be submitted, as they stand little chance of being published. 
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1` HiS department is conducted for the benefit of everyone interested in electricity in all its pitases. 
of all, but necessarily can only publish such matter as interests the majority of readers. 

1. Not more than three questions can be answered for each correspondent. 
2. Write on only one side of the paper; all matter should be typewritten, or else written in ink. :so 
4. This department does not answer questions by mail free of charge. The Editor will, however, 

25 cents for each. On questions entailing research work, intricate calculations, patent research work, etc. 
.i ill be informed as to such charge. 

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

We are glad to answer questions for the benefit 

attention can be paid to penciled letters. 
be glad to answer special questions at the rate of 

, a special charge will be made. Correspondent. 

Positive Plate Trouble 
(501) Aaron Shapiro, New York City, 

writes: 
Q. 1. My storage battery gases exces- 

sively and the positive plates are losing the 
active material on them. Could you explain 
the cause of this? 

A. 1. Over -charging often causes the ef- 
fects you describe. It will loosen the active 
material which then collects between the 
separators and plates in the form of a fine 
brown sediment. Overcharging sometimes 
causes destruction of the plates and the sep- 
arators by increasing the temperature. Great 
care must therefore be taken that the bat- 
tery be not overcharged, for excessive 
charging will considerably decrease the 
period of its useful service. 

Q. 2. What are the effects of under- 
charging a storage battery? 

A. 2. Repeated undercharging of a stor- 
age battery causes a gradual running down 
of the cells, manifested as a progressive 
lowering of the specific gravity and a tend- 
ency of tite plates to become somewhat 
lighter in color. Such persistent under- 
charging generally results in the exhaustion 
of some of the cells before the others are 
quite used up. Charging the battery until 
the cells are again itt normal condition 
might remedy the undesirable effects of 
undercharging. It should be noted also that 
some authorities claim that a most frequent 
cause of buckling of the plates is insufficient 
charging. Too high a discharge rate is also 
assigned as a cause of this trouble. 

Water Vapor Detector 
(502) D. T. Koshland, Buffalo, N. Y., 

asks: 
Q. 1. Is there any electrical instrument 

that will detect the presence of water vapor? 
A. 1. We give here a view of a water 

vapor detector developed recently. In the 
closed glass tube are two platinum wires 
sealed through the glass. These are con- 
nected to copper wire leads inside. The 
outside of the glass tube is coated with 
platinum, after which a thin line is etched 
around to break the continuity of the plati- 
num surface as shown. This is done by 
coating the tube with paraffin and scratching 
a line through the wax and etching the 
platinum with chlorine water. The tube is 
filled with paraffin. Sulphuric and phos- 
nhoric acids or various hygroscopic salts are 
used to form a conducting film across the 
scratch. The resistance to alternating cur- 
rent of the scratch is a measure of the con- 
centration of water vapor present. 

Short Circuiting in Storage 
Batteries 

(503) Carl Wehde, Springfield, Mass., 
inquires: 

Q. Some of the cells in my storage bat- 
tery give an extremely low reading of spe- 
cific gravity even when the battery is re- 
ceiving its normal charge, and an extremely 
low open -circuit voltage. They become 
rapidly discharged. What is the cause of 
this trouble, and how can I remedy it? 

A. The effects you describe are charac- 
teristic of cells which are short-circuited in- 
ternally. Short-circuits may be caused by 
the breakdown of the separators between 
the positive and negative plates, or by the 
accumulation of sediment upon the bottom 
of the jars. Sometimes it is due to the 
formation of a tree -like structure of lead 
over the tops of the separators from the 
negative to the positive plates. We cannot 
;ell which of these causes are active in your 
battery. However, in all such cases of 
internal short-circuit we would recommend 
a complete dissembling of the cells, a thor- 
ough washing of the jars; and an examina- 
tion of the separators which if found defec- 
tive should be replaced by new ones. 

Strange Static 
(504) L. M. Norman, Pasadena, Calif., 

writes: 
Q. 1. I was recently pouring kerosene 

front a tin can into an earthenware con - 

A very curious phenomenon due to static er- 
cition of a non -electrolytic liquid. 

tainer and was much surprised when, with- 
out the presence of any flames, a small ex- 
plosion occurred at the mouth of the receiv- 
ing tessel. Could you explain the cause of 
this explosion? 

A. 1. The friction of the kerosene whsle 
it was poured generated static electricity and 
so the liquid poured into the vessel became 
charged. The earthenware vessel being an 
insulator allowed the kerosene to retain and 
accumulate this charge. While pouring you 
brought the mouth of the tin can near the 
receiving vessel and the spark discharge so 
caused ignited the explosive mixture of 
hydrocarbon vapor and air above the con- 
tainer. In pouring kerosene or other explos- 
ive liquids, both vessels .should be carefully 
grounded. 

While filtering kerosene in our laboratory 
we noticed a beautiful manifestation of this 

static electricity. The friction of kerosene 
against the filter paper generated enough 
static to cause thin streams of kerosene to 
spout front the edge of the funnel (see Fig. 
1), giving the appearance of a miniature 
fountain. 

Sulphation of Storage Battery 
Plates 

(505) F. Hartmann, Budapest, Hungary, 
a>ks: 

Q. \Vhat is meant by the sulphation of 
storage battery plates? 

A. According to one theory of operation 
of lead -plate storage batteries, lead sulphate 
is formed and deposited on the plate when 
the battery is discharging. This lead sul- 
phate is reduced by the chemical action oc- 
curring during the subsequent charge. I f, 
however, the battery is allowed to stand in 
a discharged condition for a long time, this 
sulphate deposit will harden and the battery 
will become difficult to charge. Wlten the 
battery is in this condition it is said to be, 
"sulphated." 

Excessive sulphation may also be caused 
by an increase in the ,quantity of acid above 
the normal amount used in' the cell. It is 
not an infrequent practice among amateur 
experimenters to add acid to the cell when 
the latter is in a run-down condition, in 
order to obtain a little more energy front 
it. This practice generally results in tite 
formation of excessive sulphate. If the bat- 
tery in this condition is charged. fully the 
specific gravity will become abnormally high 
and the acid may injure the separators. 

Telephone Repeaters 
(506) L. C. Schneider, White Plains, 

N. Y., writes: 
Q. 1. I have heard that radio vacuum 

tubes arc used in wire telephony. Will you 
please explain the function of these tubes 
in a telephone system? 

A. 1. The length of wire over which 
audible and distinct messages can be sent 
is limited, add when it is desired to com- 
municate over distances exceeding this limit 
it is necessary to employ some device that 
will repeat or relay the message with added 
energy, at points on the line where messages 
would otherwise become too weak. Fig. 1 

illustrates one form of this repeater. Mes- 
sages are impressed on the grid circuit of 
the tube and are amplified in the, plate circuit 
and transmitted on the output side of the 
system. This type evidently is a "one-way" 
repeater, for messages can be sent in only one 
direction through it. In Fig. 2 a "two-way" 
repeater is represented. Modulations of the 
current from either side of the line may be 
impressed on the grid circuit of the vacuum 
tube and fed back to the line from the plate 
circuit. The coils (L) are inserted to bal- 
ance the line which would otherwise become 
unbalanced by the transformers (T). Some- 
times a condenser is placed in the plate cir- 
cuit to prevent continuous currents from cir- 
culating. In this case only the high fre- 
quency modulations of this current will 
t -averse the plate circuit. 
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High Voltage Experiments 
Lay Lester Reukema 
(Continued from page 308) 
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The, illustrations at the left show details of a seven -foot high -frequency coil used at the University of California. The coil is extremely simple 

itnd can be constructedat very little cost by any amateur experimenter. At right is shown a very simple adjustable quenched spark gap. The 
details of its construction are shown on another page. 

of close to a million volts into their bodies 
through a saber. The sensation produced by 
this high voltage is powerful, tensing all of 
the muscles of the body, but is not painful. 
At our show this year a large number of 
persons in the audience,. including a six -year - 
old boy and about thirty young women, took 
the discharge into their bodies in this way. 

The really spectacular part of the perform- 
ance comes when the ball is removed from 
the top of the coil and a man substituted in 
its place. Since at least eight feet clearance 
must be allowed between the man's head 
and the ceiling, we place the man on a table 
alongside the coil, instead of on top of the 
coil in the position of the ball. Any method 
of contact would be satisfactory. We for- 
merly fastened the man to the coil by means 
of a band around the arm. the band being 
connected to the coil. However, when large 
amounts of energy were being ti .d, the cur- 
rent density on the arm became so great as 
to be painful, so that now we have substi- 
tuted therefor a tub full of salt water, the 
tub being connected to the coil by braided 
wire. The salt water conducts the current 
from the tub to the feet, and since it comes 
into contact with the feet and legs over a 
considerable greater area than that of the 
arm band, it allows very much larger amounts 
of energy to enter the body without dis- 
comfort. The tub is insulated from the 
floor so as to prevent flashes to ground. We 
use two tables for this, one on top of the 
other, The large flames pouring out of the 
twisted wires held in the hands (Fig. 5)., 
are 'measure of the amount of energy 
tráJ'e ing up through the body. The only 
reason for causing the electricity to leave 
this' bunch of wires, instead of leaving the 
hands directly, is to prevent the hands being 
burned. 

It is not necessary to hold anything in the 

tl 4l; -L 
,7 , hn-. . IJd y 

}---14 - 
hand to get a discharge. However, when 
the flames come directly from the fingers, 
it is necessary to wet the hand and then 
shake it rapidly, so as to prevent the flames 
from coming for more than an instant from 
one spot. Unless this is done, burns are 
sure to result. 

If both hands are held close to the body 
the flames come from the head instead of 
the hands. The stnile on the face of the 
man in Fig. 8 shows that the sensation of 
being charged to almost a million volts, 
while powerful, is not painful. Sometimes 
a more concentrated discharge, as, for in- 
stance. that shown in Fig. 9, sets fire to 
the subject's hair. Of course, a fire would 
always result if the hair were not kept 
thoroughly wet. 

One way to prevent setting fire to the 
hair is to wear a metal crown as in Fig. 10. 
In this case the flames come from the points 
of the crown instead of from the hair. 
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The diagram illustrates the connection of the 
Testa coil to a power transformer. A condenser 
Cl is constructed of a large number of milk 
bottles containing salt water, themselves im- 
mersed in a large pan of salt solution. 

Fig. 12 shows the reason for the swim- 
ming suit seen in some of the other pictures. 
Here the student, sitting up to his waist in 
water, seems to be getting quite a kick out 
of his weekly bath. It is fairly certain that 
no man in the history of the human race 
ever got more of a thrill out of his tub. 
This picture also shows how hard it is to 
prevent energy from leaking out on all sides 
when using these high voltages. Streamers 
of flame are seen pouring from every corner 
of the table. 

Some of the stunts illustrated required a 
strong control of the nerves, as, for instance, 
maintaining an intense power arc between a 
rod held by the man in contact with the coil 
and another one in the hand of a man on a 
nearby chair. This represents a current of 
several amperes on the surface and even in 
part through the body, and is a real test of 
a man's ability to stand an extraordinary 
powerful sensation. The sensation is not 
one of pain, but the inexperienced brain will 
usually diagnose it as such. The brain does 
not know how to classify it, so considers it 
pain, and sends a message to the arm to pull 
the hand away from danger. How strong 
a power arc a man can stand depends en- 
tirely on his mental attitude. If he is able 
to tell his brain that it is mistaken in its 
diagnosis, he can take all of the power that 
the apparatus is capable of giving with a 
smile. One stunt that always provokes ap- 
plause is the pulling of sheets of flame fron- 
any place on the body of the man who is 
connected to the high voltage. Of course, 
the body must be wet to prevent burns. A 
favorite stunt is to wave sheets of paper 
within a few feet of the body, the flames 
which shoot out setting the paper afire. 

The experiments can easily be performed 
by anyone at a very small cost for apparatus 
and without any danger whatever. 
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a slow development of the image will be 
seen, resembling the development of the pho- 
tographic plate in its bath. 

If we examine it with a microscope, a mul- 
titude of little droplets will be seen, which 
constitute the image. They have been counted 
and the number was found to be 218,000 to 

A modified form of ionoplasty apparatus is 
shown above. The glass bell Jar of the previous 
ty pe is here replaced by a metal case. This 
form was specially designed for coating large 
telescope mirrors with silver film. 

the square millimeter, which is 1/647 of a 
sq. in. The part protected by the screen 
showed only a few drops widely dispersed. 

The explanation of this phenomenon is 
very simple; each of the particles of silver 
projected upon the unscreened portion of 
the plate became the place on which the mer- 
cury condensed, and the resulting droplets 
each attached to a little particle of silver, 
led to the interesting result, that in count- 
ing the droplets of mercury the particles of 
silver were also counted. The result of ap- 
plying the balance was that each grain of 
silver as projected weighed six -millionths of 
a milligram, and a milligram is .015432 of 

Ionoplas{h 
(Continued from page 311) 

a grain. Fifty millions of particles are 
distributed over less than one -quarter of a 
square inch of the surface, and they are 
comparable to grains of cement thrown 
against the wall by the mason's broom in 
stuccoing operations. So fine is the divi- 
sion and so close are the particles that the 
deposit appears as a bright mirror. 

lonoplasty is the most practical means at 
our disposal for coating insulating material 
such as glass and porcelain with gold, plati- 
num or other heavy metal. In the deposi- 
tion of silver, it can in certain cases be ad- 
vantageously substituted for chemical plat- 
ing; this applies to pieces of moderate dimen- 
sion, and it is interesting to note that the 
reflecting power is superior to that of the 
chemically deposited film. 

Sometimes silver articles of glass such as 
the mirrors of reflecting telescope show 
spots on which the silver has disappeared or 
lost its reflecting power. To resilver the 
whole surface might be quite an expensive 
operation, bat by applying this process to 
a limited area of the object the defective 
place can be covered perfectly. 

The apparatus shown in one of the dia- 
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t 

The deposit resulting from a short exposure 
to ionopiasty when examined under a micros- 
cope will have the appearance of the picture at 
the right. The untreated plate is shown at the left. 

grams is for this purpose; here the bell (A) 
is of metal and forms in itself the anode. 
It is pressed against the glass and packed 
with an India rubber ring (N) against the 
glass (L) which is to be repaired. A brass 
tube (Y) carries the cathode and through this 
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1t the top is shown a very high metallic resist- 

ance consisting of a very thin flint of lonoplas- tic silver. Such resistances are high enough to 
be used as grid leaks in radio, where at present metals are rarely used for this purpose. Below 
Is another form of ionoplastic apparatus. 

the air is exhausted. A quarter of an hour 
suffices to give a perfect coating of silver, 
which can be protected afterward by var- 
nish. It is an admirable way of making 
high metallic resistances for use in radio, 
or for the volometer and one of our illustra- 
tions shows such a resistance. 

These are especially the scientific aspects 
of the case, but the same process will lend 
itself to very beautiful decorative effects, in 
gold plating china and glass ware. 
Abstract from Article by L. Houllévigue in 

"La Science et La Vie." 

The Ark of the Covenant 
to New York you need any help in giving evi- 
dence to the police, you'll find me at the National 
ddetallurgical Bank-Mr. Lamont and my me- 
chanic, too." 

"Thanks, young man," said the sailor. "Now 
;about these hands you want. Here you-Clark!" 
he said to a seaman who was standing by. "Nip 
along to the officer on duty. My compliments, 
and will he kindly muster as many hands aft as 
he can spare?" 

"Aye, aye,,sir!" 
I will say for the British seaman that he is 

a handy fellow. The Merlin was no small weight. 
but Milliken and a quartermaster, with the aid 
of a score of men and a few rollers, soon had 
the seaplane round with her engine pointing to 
sea on the port quarter. It was now a question 
whether we should risk taking off with our pas- 
sengers aboard or get safely afloat-which was not 
at all a certainty-and pick them up from one of 
the ship's boats. 

Lord Almeric appeared with his secretary, and 
ehe-w eil- 

Miss Torrance Appears 

If I had thought of the secretary at all, I had 
thought of her as one of those efficient women, 
hard, competent-the sort of woman one can ad- 
mire for qualities one would rather see in men. 
But Miss Torrance was just sheer girl. The littlest 
thing, until you got a good look at her, and then 
you saw that it was her ways rather than her 
size that gave the impression. She had the same 
clean look as my Merlin-silver and blue-only 
her hair was gold-and there was nothing the 
least bit cold about her. I was willing to bet 
that she was as competent as any he -woman alive, 
for when I took hold of her neat little hand on 
Lord Almeric's introduction, I was reminded some- 
how of Milliken's clever fist. 

I spoke to Lord Almeric about taking off. 
"I take it that you don't think you'll come a 

purler?" he asked. 
"There's a good chance that we may," said I. "I shouldn't like to have a lady aboard 
"You will make me feel extremely uncomfort- 

able, Mr. Boon," Miss Torrance interposed, "if 
you don't treat me exactly as you would a man. 
We won't sink, if we do capsize?" 

"Oh, no." 
"Then it seems to me that we ought to risk 

(Continued from page 307) 
it. Sir Pete: has been delayed enough without 
having to put off a boat for me. Please don't 
consider me." 

I looked into her eyes. She was as genuine as 
the Koh -i -noon. 

"Thank you," I said. "Will you please step 
aboard, then?" 

We said our good-byes, and we all climbed 
aboard save Milliken, who stood on a float to swing 
the propeller and to give the signal for release. The score of men took hold of her wherever they 
could. Milliken swung the propeller. Contact! Full throttle. The Merlin gathered strength and 
began to slide. I waited until the ship began 
to rise on our side, then dropped my hand to Milliken-and we shot out over the water. Next 
moment we were circling the Parnassic to a cheer that was led by Sir Peter Weatherly himself, who 
stood sturdily on his damaged awning, and waved his braided cap in hearty farewell. The great ship began to gather way as we sped ahead of 
her. 

Milliken climbed through the hatch with his usual air of complete calm- and began to be busy with hampers of food. Presently, eating a sand- wich the while, he silently ousted me from the 
pilot's seat so that I might break my fast. 

Naturally, the main topic of conversation as 
we ate sandwiches and drank coffee was the piratical raid on the liner, but we soon exhausted the subject for lack of explanation of the mysteri- ous sleep, and Miss Torrance then wanted to know 
what everything on the Merlin was for. Old Milli 
ken, with a grin all over his ferocious mug. nodded 
at the wireless set. It was a bright idea and, hav ing lowered the aerial, I fixed the receivers over her ears, switching into the phone attachment. "I can hear someone talking," she laughed de lightedly, "and he's got the loveliest gruff voice, 
Oh, take this quick, somebody-something has 
happened to another ship!" I stopped her from taking off the cap, and 
switched into the open receiver. 
Gasoline Taken from a Navy Ship Mysteriously 

"Yes, sir!" came the harsh voice, with an un- 
mistakable New England twang. "U. S. oil - carrying steamer iVestbury. We were slowed 
down by a red riding -light floating ahead of us, and a message came from the battleship Argonne, telling us to heave to -because of danger ahead. At eight bells of the middle watch, sir. Since 

then we don't know a dent thing of anything, 
except that our forrard tank is short of 3,000 litres of the highest grade aviation spirit by the 
gauge. Yes, sir. And there ain't a man on the 
ship, sir, that can say what was doin' in the last 
two hours. An' what I wanna know, sir, is- 
what the roustin' hell's bells of Jeeroosalunt the 
U-nited States navy's playin' at with one of the 
United States oil freighters? I wanna know what 
prinked -up, bullion -ornamented, lime -juice -weaned 
sonofagun in a skin-tight u-nifo'm has had the sass-!" 

The rest was verbiage. I dissed the radio and 
looked at Dan and Lord Almeric, who were sitting 
side by side, open-mouthed. His lordship was the 
first to speak. 

"Farragut, by Jove!" he said. "P.iracy plus the 
knowledge of the twentieth century!') 

CHAPTER VI. 
HIASTEEF.N 

Lord Almerle',, Niece 
We had left the Parnassic at about 6 o'clock, 

New York time, with a flight of nearly 1,200 
kilometers before us. Keeping the Merlin at a 
steady four -sixty per hour. we expected to make the 
Battery soon after halfpast eight. 

Front the bearing which the radio indicator had 
given us of the Westbury's position, Dan and I 
plotted out her relation to the Parnassic at the 
time of the raid, and found that she had been just 
over 60 kilometers from the liner. She was prob 
ably one of the freighters we had sighted in ap- 
proaching the Parnassic. 

Now, the hour given by the Westbury's skipper 
as the time when she was brought to-eight bells 
in the middle watch, or four o'clock in the 'morn- 
ing-revealed the astonishing fact that the ,raid 
on the Parnassic had been pulled off, sixty kilo- 
meters covered, and the oil -tanker stopped, all 
within an hour. Even at record airship speed, the 
flight between the two vessels would occupy nearly 
25 minutes, which left 35 in which to board the 
liner, break open site strong room and specie boxes, 
and remove 3,000 kilos of gold before casting off. It seemed incredible that one group of pirates 
could have effected the two operations. 

We tried to work out the raids -with every con- 
ceivable type of craft, taking into consideration 
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is Life a Form of Eleciriciij 
which are pictured by the iron filings and 
the material manifestations of those lines of 
force, along which the magnetic action is 
exerted. 

Around the pole of a square magnet we 
see lines of force extending from each of its 
four sides. But if we put beneath the paper 
covered with filings, not one pole, but two 
magnetic poles, the appearance of these mag- 
netic phantoms become entirely different. 

Fig. 2 shows us the distribution of filings 
on a sheet of paper under which we have 
placed two magnetic poles of opposite sign- 
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The cross-section of a tree shown above bears 
a striking resemblance to the Inagnetograph of 
two like poles. 

a north pole and a south pole. We know, 
by the laws of magnetism, that two poles 
of opposite sign attract each other. The 
"lines of force" manifest, therefore, a spe- 
cial curvature, passing from one pole to the 
other, and by the direction along which the 
filings are aligned, they materialize the direc- 
tioñ of magnetic attraction between the two 
poles. 

On the other hand, if these poles are of 
the same sign, they repel each other and the 
lines of force then present the appearance 
of Fig. 3. 

If we place a straight magnet flat under- 
neath a sheet of paper the particles of filings 
distribute themselves as shown in Fig. 4, 
and if we place there a horseshoe magnet, 
the arrangement of filings presents the ap- 
pearance of Fig 5. All these "magnetic 
spectres" were obtained by Professor Stan- 
oievitch with the aid of a camera. 

The intensities of the magnetic forces 
around a single pole (the case of Fig. 1) 
are the same at equal distances from the 
pole. If, therefore, we consider concentric 
circles whose center is a pole, all the filings 
situated on one of these circles will be at- 
tracted by equal forces. These circles are 
called equipotential lines, to use a technical 
word, and physicists make important use of 
them in their calculations. Equipotential lines 
always cut the line of force at right angles. 

Now, in living nature, we find remarkable 
examples of lines of force and equipotential 
lines, at least in the vegetable kingdom. Let 

(Continued from page 312) 

us take a radish and cut it along a section 
as square (Fig. 6) ; we see with its axis 
the lines of force extending from the cen- 
ter toward the circumference and the equi- 
potential lines cutting the former perpen- 
dicularly, and describing concentric circles. 
Fig. 7 represents a transverse cut of the 
trunk of a fir tree; here the equipotential 
lines appear alone, but with an impressive 
clarity; as to lines of force they are or.ly 
manifested here by the radial cracks which 
are produced in the trunks of the tree. The 
analogy with the figures obtained around the 
magnetic poles is truly striking, and can 
escape no one. 

But if we take, not a simple plant section, 
but a complex section, for example, the sec- 
tion made in a branch, above a bifurcation 
of a main trunk, we find in this case the 
representation of lines of force which arc 
produced through two magnetic poles. Here, 
for example, is a section in the trunk of a 
chestnut tree at the place where it separates 
into two branches (Fig. 8). We see the 
lines of force, described with great clearness, 
assume the appearance of the magnetic lines 
of force of Fig. 4, where the repulsive ac- 
tions of two like poles is represented. 

Lines of Force of Plants 

We can go still further in taking points 
of comparison in the domain of electromag- 
netism and in determining what is the dis- 
position of lines of force in the electric 
field formed by two poles of somewhat dif- 
ferent intensities but of the same sign. 

We cannot explain within the limits of 
this article the theoretical considerations by 
which the forms of these lines of force and 
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Lines of force to be compared with the lines 
on cross sections of vegetation. 

these equipotential lines are determined. We 
shall simply give the geometric figure which 
represents graphically the results of the 
calculation. We see around each pole lines 
of force bent back upon meeting those which 
repel them and deviate them from their first 
direction and we see the equipotential lines 
which, enveloping the two poles in their im- 

mediate vicinity, are deformed itt such a 
manner as to envelop together the two poles. 
assuming vaguely the form of a guitar. 

Such is the result of calculations. 
Now, what does reality show us? An 

identity truly complete. 
Fig. 10 shows a section made an inch or 

so above a branching of a chestnut tree. All 
the details of the theoretical figure appear 
here with the clarity of a diagram-devia- 
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The cross-section of a fir tree illustrated 
above shows concentric rings analogous to the 
en ipotential lines of the electrostatic field 
around a single charge. 

tions of lines of force which repel each 
other, curvature of equipotential lines which 
end by completely enveloping the two poles; 
nothing is lacking for the similarity, or 
rather, for the identity to be as complete 
as we can hope. 

\Ve can calculate the form which the equi- 
potential lines must assume in the case of 
an "electric field" disturbed by the infusion 
of two magnets; the diagram which repre- 
sents these calculations is given in Fig. 11. 

Now, in the "cellular field," which deter- 
mine the alignment of cells, there may be 
a disturbing element anologous to a magnetic 
pole which penetrates into an electric field; 
this is the knot in wood. Well! here is a 
real disturbance, caused, in a fir tree, by the 
presence of two knots (Fig. 12) ; the identity 
between the two forms, that of the theo- 
retical diagram and that of the alignments 
in a wooden board, is complete. 

Professor Stanoievitclt has not attributed 
to animal tissues the manifestations of laws 
which appear in so striking a fashion in the 
case of plants. However, he has remarked 
that on the teeth of elephants and that on 
ivory in general one can notice striations. 
which fact seems to prove that there, also. 
the cells align themselves according to pre- 
cise and perfectly definite laws. 

And so, we find in entire nature, life under 
the form of movement; and this life here 
is manifested by the same laws in the skies 
as in the atoms, in inert bodies as in living 
ones 

crhe Ark of the 'Covenant 
the time factors and the 6,000 kilos weight in gold 
and oil that liad been carried away. We even tried 
Dick Schuyler's idea of a ntotorship, giving her 
the highest known speed for sea -borne craft, but 
we found the thing impossible, despite the fact 
that we provided her with hydroplane type of 
power boats as auxiliaries. We were inevitably 
brought back to our airship. 

When we came to consider what kind of ma- 
chine would have made possible the whole series 
of operations-from the gasoline station at Newark, 
Wall Street the Parnassic, to the descent on the 
lVestbory-the weight of the evidence was strongly 
in favor of a dirigible of the very latest type; and 
the abstraction of the gasoline from the Newark 
station and from the iVestbury was an additional 

(Continued front page 343) 

support to the idea, since an airship carrying out 
these operations would certainly need to replenish 
her fuel. 

We imagined the pirates operating from a base 
within a day's flight of New York and, judging 
from the raid on the Parnassic, probably situated 
over the Canadian border. The weakness of the 
raider's position in using a dirigible or dirigibles 
for their operations lay in the conspicuousness of 
their craft, and of the sheds necessary for docking 
them. \Ve did not lose sight of the possibility 
that the pirates might he masquerading as a corpo- 
ration engaged in civilian transport. A few such 
companies were in existence, despite the popular 
prejudice against the so-called lighter -than -air" 
machines on account of the structural weaknesses 

which in the latter seemed to be past curing. But 
every dirigible that took the air, whether experi- 
mental or otherwise, could only do so under permit 
or license from the government. It would present 
no great difficulty, therefore, for the police to run 
to earth any unregistered airship on American 
territory. 

With the help of Lord Almeric and Miss Tor- 
rance and an occasional word from Milliken, Dan 
and I decided on a present plan of action. If the 
raiders liad used an airship, they would now be 
making for their base and could not be far away 
from us in the air. To escape detection they 
would probably get to as high an altitude as pos- 
sible. \Ve determined that, while keeping our 

(Continued on page 350) 
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FREE-2Uf Book on Wood Finishflºtg 

It Tells: 
How to make your home 

to o r e artistic, cheery 
and inviting. 

How to keep floors, - r 
woodwork and furni- 
tnre in perfect condi. . ' 
tion. 

How to finish soft and 
hard woods. `` ií it 

It Tells: 
How to stain wood artis- 

tically. 
How to refinish o l d 

wood in stained and 
enameled effects. 

How to remove old paint 
and varnish. 

How to fill unsightly 
germ - catching cracks 
in floors and wood- 
work. 

How to secure a beau- 
tiful enamel finish. 

Pee tt] WI Oati 

S.C. JOnMSeN 6 - -eo~ 

If you have a hobby for making cabinets, furniture, radio boxes, etc.,-you will find our Book invaluable. For, naturally, you want to give your handiwork a beautiful finish. Our Book gives complete instructions for 
finishing all wood-hard or soft, old or new. Tells how to make soft woods beautiful as hardwood. It is the 
work of experts-beautifully illustrated in color. Gives covering capacities-includes color charts, etc. Use 
coupon below. 

(Penetrating) 
Johnson's Wood Dye is very easy to apply. It dries 
in four hours and will not rub off or smudge-pene- 
trates deeply, bringing out the beauty of the grain. 
Johnson's Wood Dye is made in 17 popular shades as 
follows : 

No. 128 Light Mahogany 
No. 129 Dark Mahogany 
No. 127 Brown Mahogany 
No. 329 Red Mahogany 
No. 120 Fumed Oak 
No. 123 Dark Oak 
No.126 Light Oak 
No.124 Golden Oak 
No.160 Brown Oak 

No. 125 Mission Oak 
No. 130 Weathered Oak 
No. 110 Bog Oak 
No. 172 Flemish Oak 
No. 178 Brown Flemish 
No. 131 Walnut 
No. 140 Early English 
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" 

Y 
Johnson's Wood Dye is a dye in every sense of the 
word. It contains no finish whatsoever. Like most 
first class products it answers one purpose only-it 
dyes the wood-the finish must be applied over it. 
We recommend Johnson's Varnishes or Johnson's 
Polishing Wax. 
Stores displaying the Johnson Service Department 
Sign carry a complete stock of Johnson's Artistic 
Wood Finishes and will be glad to show you finished 
wood panels-and answer questions on how to finish 
wood the proper way and give you a copy of the 
Johnson Book. 

SE VICE 
DEPARTMENT 

/ÍpHNSONY 

ARTISTIC 

II WOOD) 
Yimis 

% S. C. JOHNSON & SON, Dept. Ex. 3, RACINE, WIS. 
"The Wood Finishing Authorities" 

(Canadian Factory-Brantford) 
Please send me free your Instruction Book on 
Home Beautifying and Wood Finishing. I enclose 
10c to cower postage and wrapping. 

MY DEALER IS 

My Name 

Address 

City and State 
- 
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How This Man 
Won Success 
As an Electrical Expert 

General Manager of his company at 28 years of age! 
His own boss-owns his home-married and happy and 
prosperous-that's the remarkable success achieved by Wal- 
lace H. Rohrschnelder. now General Manager, Secretary and 
Treasurer of the Hustlsford Light, Power and Manufactur- 
ing Company of Hustisford, Wisconsin. 

Sir. Rohrschneider got his start toward his quick and 
brilliant success at School of Engineering of Milwaukee. 
There he received the practical, Intensive and specialized 
training that enabled him to make good in a big way. 

Why Don't You Get Into 
This Big Pay Field ? 

The lame kind of training that put Sfr. Rohrsrhneider 
Into the ranks of the highly -paid Electrical Specialists will 
Qualify you for brilliant success in this fascinating field of 
unlimited opportunities. Come to America's Greatest In- 
stitution of Electrical Education. Learn by actual practice 
In our big laboratories with their magnificent equipment, 
Including motors, dynamos, switchboards, Ignition and 
lighting systems, etc. Recognized experts sire you personal 
Instruction every step of the way. 

Earn Your Way Through 
This Great College 

You can earn money to help defray' your expenses while 
you are learning. Our wonderful co -operativo plan bring. an 
Electrical Career within the reach of every ambitious man. 
Our Free Employment Department secures positions for those 
students who wish to earn part of their expenses. In addi- 
tion. the Department will help you set a Good position In 
the Eloctrlcal Industry when your training is completed. 

BIG BOOK FREE-Mall the coupon today for our big 
new illustrated catalog. Check the course that Interests you 
most and we will send you special information. Read about 
the School that trains men for practical and quick success. 
See how easy It is for you to get the training that will 
enable you to etch to a splendid position and a handsome 
Income. Mall the coupon right NOW. No cost or obligation. 

C,CHML of IENGINEERING of 
Oept. PE -325A, 415 Marshall St., Milwaukee, Wis. 

MAIL COUPON NOW 

SCHOOL OF ENGINEERING OF MILWAUKEE 
Dept. PE -325A, 415 Marshall St.. Milwaukee. WI,. 

Please send me without any coat or.obligatinn, full particu- 
lars of the electrical course I have checked and your big 
Free Rook telling about your institution and how It will fit 
mo for a big position In the electrical field. Also tell me 
about your Earn -While -You -Learn plan. 

(Check courses Interested In. and 
be sure to give your education.) 

Scheel of Practical Electricity G months or 1 year course. 
Complete general course, covering entire electrical Geld. 
-Institute of Eleetrotechnics-12 to 30 months' course. 
Practical electrical training combined with thorough Acad- 
emic education. 
-Collette of Electrical Engineering -3 years' course. Reg- 
ular collegiate work granting R. S. Degree. 11 High School 
units or diploma from our Institute of Electrotechnics re- 
quired for entrance. 
-Commercial Electrical Engineering -1 year course. Thou- 
sands of Trained Men wanted In this new profession. 14 

High School units or diploma from our Institute of Electra - 
technics required for entrance. 
-School of Automotive Electricity. 
-Auto Electrical Service Engineering -1 year course. 
-Automotive Electricity -3 to 6 months. 
-Radio Sales and Service. 
-A.C. and D.C. Armature Winding and Motor Generetcr 
Course -3 to 6 months' course. Brief, but intensely prac- 
tical, tending to well -paying positions. 
-Electrical Home-Strviee Training with laboratory facili- 
ties, for those who cannot come to Milwaukee. 

Name 

Street 

City Sate 

aire Education 

The Klydonograph 
(Continued front page 310) 

The klydonograph in its simplest form is 
indicated in Fig. 1. The photographic plate, 
of course, must be in a dark box. If a 
voltage is impressed between the terminal 
and the ground plate, as at (E), on develop- 
ing the photographic plate, figures will ap- 
pear which will give pertinent information 
concerning the nature of the voltage im- 
pressed. If, for instance, the voltage is in 
the form of a surge that is unidirectional, 
with a sheer front or a tapered front, the 
figure of the photographic plate will differ- 
entiate bethteen the tapered front and the 
abrupt front and it will also indicate whether 
the surge was of positive or negative polar- 
ity. The dialeters of the figures also give 
a measure of the magnitude of the surges. 
although the positive and negative figures 
have quite different calibrations, the figure 
for the positive surge being considerably 
larger than that for the negative surge of 
the same magnitude. 

For practical application, the instrument 
is made continuously operative and is capa- 
ble of recording tihe exact time of the occur- 
rence of the disturbance. Fig. 2 shows a 
klydonograph suitable for such application. 
This instrument makes use of a 10- and 12 - 
inch plate in a special plate holder. The 
moving parts are driven by a clock that 
makes one complete revolution in 24 hours. 
Fig. 3 shows a method of connecting the 
klydonograph to the line. Since this instru- 
ment is practically a zero current device, it 
is possible to connect it to the line electro- 
statically. This makes it possible to con- 
nect to a high voltage line without introduc- 
ing an insulation hazard. With the klydono- 
graph connected as shown in this figure, the 
figures produced give the magnitude and 
polarity of the surges. 

Fig. 4 shows a method of connection that 
will give the steepness of the surge front. 
A counterpoise is run underneath or along- 
side the transmission line for 1,000 or 2,000 
feet, with the far end grounded directly and 
the near end grounded through a high im- 
pedance. The klydonograph is then con- 
nected across this high impedance to ground. 
The voltage induced in the counterpoise is 
a measure of the steepness of the current 
wave, and since the current wave and the 
voltage wave have exactly the same shape, 
it gives a measure of the steepness of the 
surge front. By comparing simultaneous 
readings of the klydonographs, one connected 
to the line through the electrostatic potentio- 
meter and the other to the counterpoise, the 
following information concerning the surge 
can be obtained: magnitude. polarity, steep- 
ness of front, and the direction in which the 
surge is traveling on the toransmission line. 

Magnitude and polarity arc obtained di- 
rectly from the first klydonograph, steep- 
ness of front directly from the second, and 
from the relative polarity of the two figures 
the direction in which the surge is travel- 
ing is obtained; that is, if the polarity of 
the two figures is the same, the surge is of 
the same polarity and is traveling in a direc- 
tion fixed by the manner in which the re- 
corders are connected to the system. If the 
figures are of different polarity, the surge is 
of the polarity indicated by the recorder con- 
nected to the potentiometer and is going in 
the opposite direction to that of the one pre- 
viously mentioned. 

The klydonograph is one of those inter- 
esting scientific appliances in which one dis- 
tinct branch of science is called upon to 
help out the other. Here we find the sensi- 
tized electric film used to register the passage 
of an electric surge of extremely short 
duration. 

Lessons in Elementary 
Glass Working 

(Continued from page 321) 

end of a tube and then blow a bulb in 
the end, but such bulbs are thin and are 
unsuitable for apparatus work. To form a 
useable bulb on the end of a tube proceed 
as shown in the figure. 

One end of the tube used is first drawn 
out to a point as shown. This ]farrow 
part should be from two to three inches 
in length depending upon the diameter of 
the tubing. The tube is then heated imme- 
diately back of this reduction until soft and 
thew) pressed in slightly. This is done in 
several places as shown in (b) until suffi- 
cient glass is collected to form the bulb. 
This compressed and ribbed area is then 
heated as a whole with a large brush flame- 
until it smooths out and assumes a sym- 
metrical appearance. Often, the tube must 
be blown into during this step to prevent 
it from collapsing. When ready the bulb 
is then blown into the desired diameter, 
using great care in blowing and employing 
a succession of small puffs rather than one 
continuous effort. 

Welding Glass Tubes and Rods 
Complicated pieces of physical and chem- 

ical apparatus are often made by welding 
together several parts separately made. In 
welding glass it should be borne in mind 
that only glass of identical composition can 
be successfully welded. It is even better 
if the pieces joined come front the same 
lot. It is frequently required to join two 
tubes together. These tubes may be of the 
same or different diameters. In case the 
tubes are of the salve size proceed as 
follows. Border slightly the ends of the 
tubes after the manner previously described. 
Then close the opposite end of one of the 
tubes with a small stopper. Now heat' the 
two bordered ends at the sante time in the 
blowpipe flame, using a fine flame -so that 
only the very ends are heated to an almost 
molten condition. When they arc nearly 
melted bring the two tubes together care- 
fully with enough pressure to make then 
adhere together. Then with a fine pointed 
flame heat successively each point in this 
rough joint to redness, blowing carefully at 
the same time into the tubes in case the 
junction shows any tendency to collapse. If 
the finished joint is too large in diameter it 
must be carefully drawn out and reduced. 

In the second case where the tubes have 
different diameters the large one is always 
drawn out and severed at a point where the 
diameter equals that of the smaller tube. 
The procedure is then the same as when 
the tubes are of the same diameter. An- 
other elementary welding operation consists 
in joining a tube to the side of another one. 
This is done as follows. 

The second tube to which the attachment 
is to be made must first be pierced. The 
method is to heat the tube at .the desired 
point with the "needle" flame, the smallest 
flame the blast lamp will give, and then to 
blow out this spot. The ends of this tube 
are now closed with corks and the second 
tube whose end has previously been bor- 
dered is then joined as described above. 
The joint should be properly finished by 
blowing and reducing until an evenly appear- 
ing juncture is obtained. 

Annealing Glass 
All glass that has been heated must be 

annealed. This is done by allowing the 
glass to cool slowly to moderate tetnpera- 
tures. The process of slow cooling removes 
all internal strains in the glass. Unannealed 
joints will break at the slightest blow. 
It is very essential to anneal all glass work 
if any degree of permanency in the finished 
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TROPADYNE SUPERADIO OUTFIT 

Superior to 
Super -Heterodyne 

THIS Superadio 6 Tube Set 
brings in Station KFKX 
(Hastings, Nebraska), 1 2 00 

miles, in New York City, clearly on 
a loud speaker, using only the small 
loop which comes with the outfit. 

The outfit advertised here is com- 
plete, as listed below, everything 
needed is included, down to the last 
screw. The charts, blueprints, direc- 
tions and photos furnished are so 
complete and explicit that anyone 
can build this set and have it work- 
ing within a few hours. There is 
nothing additional to buy except the 
necessary batteries and tubes. Price 
includes mahogany cabinet and fold- 
ing loop aerial. 

You can pay $150 or more for an 
outfit, or $200 or more for a set, but 
you cannot possibly buy a better set 
than this one. 

Your Money Refunded if this set does not satisfy you in all respects-if after 5 clays' fair trial you do not proclaim the TROPADYNE the best radio set 
you ever listened to. 

;g-, 
. ;' 

REAR VIEW OF 
TROPADYNE 

$6050 
SEND NO 
MONEY 

NO. M4477 

Note These Important Features: 
DISTANCE, VOLUME AND TONE QUALITY equal to any 

8 tube set sold anywhere at any price. 
LOOP RECEPTION-Outside aerial not to be used with this set-the complete loop is included in outfit. 
PERMANENT LOGGING OF STATIONS-Follow chart fur- 

nished; there are only two tuning controls and you always find the 
same station at the same spots on the dials. Our log chart shows you at what point to find any station. 

MICROMETER VERNIER DIALS giving you the full advan- tage of the exceptionally sharp tuning. 
OUTFIT IS ABSOLUTELY COMPLETE-Drilled panel, Ma- 

hoganite Cabinet and everything else needed, except tubes and 
batteries. 

ECONOMY and SIMPLICITY-This is not a reflex, yet six tubes do the work for which other sets require eight to ten. 
The Editor of Radio News 

In the August 1924 issue, said this about the Tropadyne: "Here Is a remark- able receiver which we warmly recommend to our readers. It has several new end unusual features. In the first place only 8 tubes are used giving as much volume as the average 8 tube Heterodyne. 'The selectivity of this set is unusual. Unequalltles of the Intermediate transformers have now been done essay with by tuning each transformer. After the transformer bas been tuned, It can be left this way, no further tuning being necessary. "This system makes for maximum sharpness end maximum volume. An- other outstanding point of superiority of the Tropadyne circuit is that It practically does not radiate, thereby not interfering with other nearby re- ceiving stations. A saving of two tubes as well as an increase of selectivity Is obtained with this new circuit." 

Complete List of Parts: 
4 RICO Tropaformers; I Standard Variocoupler; 2 Certified Low 
Loss 23 -plate Condensers; I Calibrated Transformer; 2 Jacks; 3 
Fixed Condensers; 6 Bakelite Sockets; 2 Vernier Dials; 1 Rheostat; 
I Potentiometer; 1 7x24 Panel; 1 7x24 Mahogany Cabinet and 
Baseboard; 40 ft. Bus Bar Wire; 1 Folding Loop Aerial; 1 Grid 
Leak and Mounting; Binding Posts; Flexible Wire; I Bakelite 
Binding Post Strip; 4 doz. Screws; Full Directions. 

RADIO SPECIALTY COMPANY, 98S.PARK PLACE,' NEW YORK 
Tropadvne Gets Europe! 

"Received 2BD, Aberdeen, on November 25th. Results 
good, except noises. 11:30 to 11:40 talk, from 11:40 to 
12:00 piano number. Piano number good, talk poor. Used 
Tropadyne Circuit." 

J. ZIMMER, 157 James St., Newark, N. J. 
The above has been verified by "RADIO NEWS" 

SEE OUR 
2 -PAGE 
AD ON 
PAGES 

1618 and 
1619 

RADIO 
NEWS 

Exp.3 SEND NO^MONEY 
RADIO SPECIALTY CO., 98S Park PL, New York, N.Y. 

Please send at once one complete Tropadyne Superadio Outfit as advertised in February Radio News. I will pay postman or expressman $60.50 upon arrival. 

NAME 

STREET or R.F.D. 

CITY STATE 
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FREE! 
-a valuable electrical 
book-if you start on 
the pay -raising Croft 
Library NOW! 
To all who subscribe to this payraising set 
now we will give a copy of Taylor's great 
hook on Transformer Practice. This book 
gives you the plain facts about the construc- 
tion, operation and care of transformers and 
other static induction apparatus. It is a book 
no man would expect to get free-it comes to 
you with the Croft Library as a premium for 
promptness. 

The Croft Library 
(A combined home -study course 

and reference library) 
8 volumes -3000 pages -2100 illustra- 

tions-flexible Keratol binding - 
40,000 in use 

Make yourself worth $10 an hour! 
In the eight books that make up the Croft Library 

will he found the essentials of a complete electrical 
education. 
Volume One, by Palmer, contains a complete, practical 
course hi matleuratics. Volumes Two and Three present 
the fundamental facts and theories of electricity and 
its present-day applications. 
Volume Four is a practical working manual covering the 
basic principles, operation and management of Oinimoniy 
used electrical machinery. Volume Fire thoroughly 
rovers modern central -station practice. 
Volume Six tells how to install wiring and apparatus for 
practically all services under practically all conditions. 
Volume Set en corers the wiring of finished buildings and 
Volume Eight deals with the problems of electric illumi- 
nation. The man who masters the information contained 
in these eight standard handbooks has his future success 
in the electrical field definitely assured. 

Accept this great bargain offer 
NOW-Insure your promotion 

No course, no set of hooks offers a quicker, surer method 
of mastering electricity than the Croft Library. It is 
founded on prartiee-on work as it is actually done. It 
is jammed from cover to cover with the kind of hard- 
headed. pay -raising facts you want. Written so that 
the beginner can easily understand it, yet so saund, so 

thorough that it Is the daily guide of thousands of 
highly paid electrical workers and engineers. Croft 
shows you how to master the finer points of electrical 
Practice. Ile teaches you electricity as experts know 
it and puts you in line for an expert's pay. 

Free examination-ño money 
down-small monthly payments 
We want you to test our statements-we want you to 
compare too Croft books with others. Fill in and 
mall the coupon attached and we will send you 
the entire set of eight volume, for ten days' 
Free Elomination. We take all the risk-pay 
all charges. You assume no obligation-you 
Pay nothing unless you deride to keep the 
books. Then $1.30 In ten days and 
the balance at the rate of $2.00 a 

McGraw - month. Send the coupon NOW and Hill 004k 
see the books for yourself, O Co.. loc. 

370 Seventh 
Mien your Bret payment of $1.50 Avenue 
is received we will send you New York 
Your free copy of Taylor's Gentlemen- 
Transformer Practice. Please send me 

the CROFT LI- 
HILARY OF i'RAC- 

Only TICAL ELECTltit'- 
ITV (shipping changes 

7c prepaid) for to days' free 
elontinatlon. If satisfactory, 

a Í I will send $1.30 in test dess 
and $2 per month until $19.30 Day has been paid. If not wanted, 

Mail I will write you for return ship- 
* ping instructions. 1'pon receipt of 

this I my first payment of $1.50 I am to 
if receive a copy of Taylor's Transformer 

coupon Practice without additionet e h a r g e. 

today! j (Write Plainly and Old hi all lines.) 

Name 

Address 

Position 
/Company Esp.9-1-25 

work is desired. For small bulbs and ends 
of stirring rods, etc., it is enough to cover 
the hot glass with a layer of soot from a 
candle flame. Large pieces are best an- 
nealed by wrapping them in cotton batting 
or soft asbestos fabric. 

Etching and Marking Glass 
There are time methods of successfully 

inscribing marks on glass. There are :- 
(a) The use of a writing diamond. This 

method is permissible only when a single fig- 
ure or mark is to be made. When making 
graduations or numerous figures on glass ap- 
paratus the methods below give more uniform 
and safer results. The use of a marking 
diamond on glass apparatus is very liable 
to ultimately cause a fracture at that point 
if the mark is matte of any depth. 

(b) This method depends upon the etch- 
ing properties of a solution of hydrofluoric 
acid. This acid may be obtained from sup- 
ply houses in wax bottles. The glass sur- 
face to be etched is covered with a thin 
layer of wax and the desired markings 
written on the glass through the wax by 
means of a sharp steel point. The liquid 
acid is then brushed over the wax by means 
of a swab of cotton fastened to the end of 
a handle. Care must he taken not to get 
any of this acid on the skin as ít forms 
sores difficult to heal. Etchings made in 
this manner are clear and translucent. 

(c) This method although the most both- 
ersome is the best one of all for it gives 
white marks easily seen especially on grad- 
uated apparatus. It consists in exposing the 
waxed surface prepared as in the last method 
to the fumes of gaseous hydrogen fluouride. 
This gas is generated by the action of sul- 
furic acid on fluorsphar. It is essential 
to use a leaden trough to generate the gas 
and to hang the glass pieces over the top. 

Travelling tons 
(Continued front page 319) 

not destroy the filament if the bulb becomes 
shorted with the battery. The solution to 

be tested is poured into the beaker, the bat- 
tery is connected, and, if it is a good con- 
ductor, that is, if the solution is ionized, a 

current will flow through the lamp which 
will then glow. This gives a visual indi- 
cation of the character of the solution, 

When the ions touch the electrode, they 
are discharged which induces a physical as 
well as chemical change. But this ís done 
instantaneously and the atom reappears as 
an ion by again being dissociated in the fluid 
in which it is dissolved. 

Salts in solution are ionized, and different 
salts of the same metal will show many of 
the same properties, as for instance the same 
color, because of its common ion. If ioniza- 
tion does not take place, widely different re- 
sults might be expected. If a crystal of 
cupric chloride is added to a few drops of 
absolute alcohol (not 95%) which is a non- 
conductor of electricity, the color of the 
solution is an olive green, adding a few 
drops of water changes the color slightly 
due to decreased concentration, but the color 
still is green and any change is due to tite 
slight ionization of the salt. Cupric nitrate 
is blue in solution and the color is due to 
a fuller ionization of the metallic part of 
the salt. 

Dissociation cats also be illustrated by 
heating. Here partial decomposition takes 
place, and, on cooling, returns to its former 
case. Ammonium chloride illustrates this 
type of ionization very readily, because of 
the difference in diffusibility of the dissocia- 
tion product, whereby a partial separation 
is brought about. A few grains of am- 
monium chloride are placed in a test tube 
and through a two hole rubber stopper, a 
long glass rod is passed On this rod. moist 
litmus paper is tied or even stuck by ad- 
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hesion in such positions that a red and a 
blue are near the bottom of the tube, and a 
red and blue are at about the mid -way point. 
When the bottom of the tube, where the 
ammonium chloride grains are lying, is 
heated with a small flame, the chemical is 
volatilized and partially decomposed into 
hydrogen chloride and ammonia; the lighter 
and more volatile gas, which is ammonia 
diffuses more rapidly and changes the red 
litmus to blue. This for the two lower 
papers; then the hydrogen chloride rises 
slightly and changes the blue to red; the 
upper paper by this time has changed, due 
to the ammonia, from red to blue. 

The results that ions produce are, at times, 
freakish in the extreme. An iron nail placed 
in dilute sulphuric acid liberates hydogeti; 
add a drop of a concentrated solution of 
sodium bichromate and no difference in the 
action can be noticed. But if a globule of 
mercury is added and the iron is brought 
in light contact with the mercury. a cease- 
less vibration of the globule takes place. 
This rapid to and fro movement can be 
easily observed and will last for hours. 
Here, in all probability, the mercury re- 
ceives a charge of electricity in the acid, 
the charge being removed by the nail and 
again replaced by the acid, and so on. 

Tuned Radio Frequency 
Circuits 

(Continued front page 302) 

amplifiers. The Super -Heterodyne also may 
employ single control circuits. Another use 
is for multiple tuned circuits illustrated in 
the diagrams, Figs. 4 and 5. It is well 
known that the ordinary three -circuit tuner 
with tickler feed -back is not very selective 
in localities in the vicinity of broadcast sta- 
tions. In the early days of wireless teleg- 
raphy, when crystal detectors were used, 
selectivity was increased by using several 
tuned circuits between the antenna and the 
detector with very slight coupling between 
each circuit. This required several tuning 
condensers and the selectivity was consider- 
ably improved. There is no reason why this 
system cannot be used today with vacuum 
tube detectors. It will enable the experi- 
menter to build a three -tube set equal in 
selectivity to the present day five -tube sets. 
With regeneration added, it will receive over 
as great distances as the larger set. 

The diagram of Fig. 4 shows three tuned 
circuits connected to one tube, of which the 
variable condensers. Cl. C2 and C3, are con- 
trolled by one dial. The taps, TI and T2, 
are approximately at the center of the coils, 
L2 and L3 If these taps were exactly at 
the electrical center, or nodal point, the 
coupling between the circuits would be zero 
and the set would be non -radiating. By con- 
necting the taps, T and T1, slightly off cen- 
ter, we get a slight amount of coupling be- 
tween the circuits, and tuning is extremely 
sharp. Low loss coils and condensers are 
essential. 

Fig. 5 shows a similar circuit, except that 
the coils, Ll, L2 and L3, are placed in in- 
ducted relation with each other so that the 
energy from the antenna circuit passes from 
coil L to L3 via coil L2. The three tuning 
condensers. CI, C2 and C3. are controlled by 
one dial. Regeneration is obtained by means 
of the feed -back coil. L4. 

The Ark of the Covenant I 

(Confirmed front page 344) 

course for New York, we woud go up in search. 
First, we got in touch by radio with Dick 

Schuyler's headquarters, but while we were asking 
for him, he himself broke in from another direc- 
tion. 

"I'm just taking a flip out to meet you, Jimmy," 
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he explained cheerfully. "Look out for me soon." 
"llave you heard front the Purnassicl"' I asked 

him. 
"Just got the radio from her captain. The air- 

ship notion seems to be all right. Anyway, we 
cops are acting on the idea, and are going through 
our particular sphere with a fine comb. It's a 
silly question, Jimmy-but you haven't seen any 
signs of a dirigible, have you?" 

"No, I'd have told you-" 
"Help us in this. Climb as high as you can 

without discomfort to your passengers and keep 
a sharp lookout. If you see anything, tip me the 
direction, and well be after the jokers like a 
knife. For the nonce, so -long, Jimmy! Cheerio, 
Dan!" 

Dick's request cante on the heels of our own 
decision. We had already turned on extra heaters 
and the compressed air, and were climbing good 
and high. We kept up a bright lookout, but until 
Dick and his scouts hove in sight below us to the 
west, the upper air was clean of aircraft. 

As we dropped to meet hint, Dick began another 
discussion. He agreed that the likeliest direction 
in which to look for the raiders was to the north- 
ward, and on his order his live scouts made a 
sweeping movement under our bows to starboard 
which was pretty to watch. He himself came near 
enough to us to let us see his cheery grin and to 
give us a wave of his hand, before turning to fol. 
low his scouts. Presently all six were the merest 
dots on ottr starboard quarter. 

It was worth while carrying a passenger like 
Miss Torrance. She was keenly alive to every- 
thing that was happening, and, like her uncle. 
took a useful part in the lookout. In fact, she 
had her eyes so steadily fixed on the upper air 
that we were in good sight of New York before 
she realized the landfall. 

Miss Tor'rance's First View of New York 

I will say that her first view of the city was 
almost worthy of her. I have never seen the old 
hive look quite so splendid. It was one of those 
cool bright sunny mornings we sometimes get in 
March that make everything look so clean. 

The pale golden light pricked out all the towers 
and pinnacles of the city in wonderful definition, 
until they became mere points of light against the 
smeary blue of the distance. This blue distance 
rose up and up till it lost itself in the tawny base 
of the sky, and from that, cloud was piled on cloud 
in an arch that curved toward us in gold and pale 
tan and grey, to end in dazzling white against the 
deep blue right over our heads. The waters of 
the bay looked in the sun like a filmy grey -green 
gauze carrying countless spangles, except where the 
tall buildings threw their long shadows, which were 
deep indigo with lighter patches of pure cobalt. 
I think even Lord Almeric was stirred but of his 
habitual quiet by the sight. 

"My dear," he said to his niece, "you are to 
be envied. New York has summoned all her 
charm to greet you. In all the years I have known 
her, she has never seemed so winning." 

"Lovely, lovely! Sec all the buildings like 
golden cliffs," the girl cried. "So tiny! It makes 
one think of man as only a very industrious in- 
sect-like the weeny things that build the coral 
islands." 

"Then you have to thank Mr. Boon for giving 
you a god's -eye view of your kind, Kirsteen," 
said Lord Almeric with a smile. 

She turned to me and looked up with those 
serene blue eyes of hers very grave. 

"Do you ever develop a godlike indifference to 
the invisible little active creatures below you, 
Mr. Boon?" 

"No," said I. "I'm afraid I'm always too 
conscious that I'm just one of them myself, and 
that my particular activity is only a part of the 
human scheme, Miss Torrance." 

She turned to Milliken with a smile, and his 
wide grin about split his old face. 

"\Vhat about you, Mr. Milliken? Do you ever 
feel superior?" 

"Bless you. miss," said Milliken. "I know the 
old earth's pulling at me all the time. and that 
sometime I'll have to give in and get down. You 
can't be a god if your job has a string to it." 

"The philosophy of flying in a nutshell, Kirs- 
teen," Lord Almeric laughed. 

"I see I must not become imaginative," said 
Miss Torrance. "Mr. Milliken is braver -minded 
than you are, Mr. Boon. I'm sure there are mo- 
ments when he isn't earthbound." 

\Vlten 'Milliken goes red. he gets black-if the 
Irishisni can be excused. I have never seen hint 
quite so dusky as he was when he pushed time 
)Merlin into the long drive that would bring us 
into our hover to the landing stage at the Battery. 
It was a marvel to me how quickly he and Miss 
Torrance had understood each other, and I was 
not a little envious of my mechanic. I'd have 
given a good deal to have said something that 
pleased her. 

Well, anyway. the god's -eye view soon became the 
ordinary human view, and we floated gently up 
to the seaplane jetty just after the quarter to nine. 
My father liad already arrived. In fact. I had 
seen the Soren pass far below us as we came down 
over Long Island. He was waiting for us on the 
landing stage. and lie and Lord Almeric shook 
hands like old friends. There was a trifle of for- 
mality to go through with the customs, but that 
was soon over. 
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Lord Almeric and Miss Torrance poured thanks 
on Milliken. wlto was to take the Merlin back to 
Gardiner Bay, until he was almost ebony color 
with embarrassment. Then Dan and I joined the 
party to go uptown for breakfast. 

I I. 

The Story of the Sea Robbery Is Told 
While we waited for Lord Almeric and Miss 

Torrance to discard their wraps and make them- 
selves comfortable after the flight, Dan and I 
gave my father a full account of the morning's 
doings. Ile already had heard the bare particu- 
tars, as supplied to the press by the captain of 
the Parnasstc, for the papers were selling in the 
streets with the news. The full force of the air 
police, both the sea and land divisions, had been 
mustered at once to sweep the air in a wide radius 
around New York. The navy and the river police 
were active among the shipping at sea and in dock 
Through the night, the territorial police liad been 
scouring town and country, examining garages and 
all places where the thieves Wright be concealed, 
and all known criminals in New York of the safe - 
breaking persttasion liad been rounded up and their 
haunts thoroughly examined. But no clue to the 
whereabouts of the stolen gold was discovered. 

"The chances are that it is in the air at the 
present moment, dad," I said to him. "We must 
have passed somewhere near the airship-if air- 
ship it was-on the way out. We must have 
sighted the Westbury less than half an hour after 
the pirates left her. If the airship is making for 
the American continent at all. it cats hardly escape 
being seen, at feast, with all those police machines 
out. 

"Do you think they'll be able to send her 
down?" 

"It depends greatly in what circumstances they 
come on her, She may be too high to be got at 
in an open plane, and the police machines are 
notoriously unsuited for high altitudes. But the 
fellow that sees her may be able to broadcast her 
position to all aerodromes, and so get properly 
equipped planes to help. I won't consider she's 
escaped until dark has come on." 

"Let's hope you prove right," said the old man. 
"Things are too uneasy to he comfortable, and a 
solution of the mystery would stave off a lot of 
trouble for the business world." 

Miss Torrance and Lord Almeric joined us 
then, and we went in to breakfast. The talk, 
perhaps naturally, was still of the robberies, until 
the two bankers fell to discussing some obscure 
financial situation. Lord Almeric, asking his niece 
for confirmation of some figures, effectually iso- 
lated Dan and Myself, and it was with something 
of awe that we heard Miss Torrance talk familiarly 
of millions, using such phrases as "ranking pad 
passu," "funded loan." 'par of exchange. In 
spite of her obvious efficiency, the talk fell strangely 
from the lips of such a pretty girl. I think even 
my father was surprised. 

"You have a wonderful grasp of figures, Miss 
Torrance," he smiled. 

"Wonderful because of my sex. Mr. Boot?" 
"Not at all," said my father; "wonderful its 

any case." 
' My niece." Lord Almeric explained, "comes 

of a stock famous in mathematics. Robert Torrance, 
the mathematician, was her uncle." 

"Then, Miss Torrance," Dan Lamont butted in. 
"you must be related to- I beg your pardon!" 

He broke off in confusion and flushed red. Miss 
Torrance regarded him with kindness. 

"If you intended saying that I must be related 
to David Torrance, the physicist, who disappeared 
just over 22 years ago," she said, "I am proud 
to say that he was my father, Mr. Lamont." 

"I'm sorry," Dan stammered. "I did not meats 
to cause you pain." 

"You do not hurt me by recalling the fact of 
my father's disappearance. I never saw him- 
and he never saw me. I was born after he was 
lost. Uncle Almeric is the only father I have 
known-indeed the only parent-and his kindness 
has softened any regrets I may have for my real 
father. He was a great physicist, I believe, and I 
treasure any information about him, any praise 
that is given to his work." 

David Torrance 

"David Torrance was a great man," Dan said 
quietly, with recovered equanimity. "Every sci- 
entist owes him a debt of gratitude and must 
regret that he was not permitted to work longer. 
The best men of our time." he finished warmly, 
"are plodders and half -blind crawlers compared 
with David Torrance!" 

"Thank you, Mr. Lamont," the girl murmured, 
and her eyes were misty. 

"Well spoken. Dan!" said my father, and turned 
to Lord Almeric and Isis niece. "Dan Lamont," 
he explained, "has one of the greatest reputations 
among physicists in this country-so his opinion 
on such a subject is of some value." 

Red-faced as usual at any reference to his emi- 
nence, Dan rose in some confusion. 

"If you'll 'excuse me. Miss Torrance-Lord 
Almeric," he said hurriedly, "I-I must he going. 

Some important work-I-good-bye. Miss Torrance 
-sorry I was so clumsy. Good-bye, Lord 
Almerie-" 

"\Vait a moment, Dan," said I. "I'll come 

with you." 
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I, too, made my adieus, and we both went off. 
There was nothing new to hear in Dan's labora- 

tory, except a lot that was speculation and clean 
over my head at that, so I left my friend to take 
off his jacket and plunge into work. I could see 
no useful purpose to be served by stopping in New 
York, and I went down to the Battery where 
Didcot was still standing by with the Seven. 

We moored at the workshop jetty within half 
an hour. 

What Did the Radium Mean? 
Then began a fortnight of close application to 

work. The flights we had made on the Merlin 
had given me ideas for slight variations in the 
design, and I wanted my shops to be set as soon 
as possible on the task of staking a 1lerlttt I!, 
which would incorporate those ideas. 

My hurry was actuated by the certainty that I 
had of the raids being carried out with a new type 
of dirigible. I had that inexplicable feeling, 
generally termed a hunch, that we liad not seen 
the last of the raiders, and that before we were 
done with them there would be a few Mcrhns 
in the air. 

I was puzzled by the radium, which the hack 
of my mind refused to let me dissociate from the 
pirates. If, indeed, those priceless boxes had come 
from the mysterious organization that liad carried 
out the amazing series of raids in two days. they 
were no ordinary crooks that the were opposing. 
The sale of the radium, Dan assured me, would 
have brought in nearly as much money as the 
robbers had stolen. 

There was something underlying tlic raid, that 
the mind could not fathom, an idea too big to be 
merely criminal, too vast in conception to lied its 
limit in the affairs of the past two days. 

To rite, my side of the job was now plain. The 
menace was from the air, and the air was toy 
element. I had, I could tell myself without im- 
modesty, the finest weapon for air ftg:iting that 
was known to exist, and my business was to per- 
fect that weapon to the best of my ability. 

To bring the position to its lowest estimate: 
If tite gifts of radium to the institutions were 

not the work of the raiders, it was extremely un- 
likely that a criminal gang, possessed of such 
powerful and effectively proved aids to plundering, 
would be content with their present gains. It 
would be humanly impossible to resist the tenipia. 
tion to work the feat again. They :tight wait 
until the outcry against them died down, till the 
forces that might be opposed to them were lulled 
into a false sense of security, but it seemed to me 
psychologically impossible that a criminal gang 
could withstand the itch of their fingers for such 
easily acquired wealth. 

In any case, hurrying up my work would do 
me no harm. My ideas for the improvement of 
the Merlin were concrete enough to warrant push- 
ing ahead. I did not want, for some indefinable 
reason of sentiment maybe, to part with uty orig- 
inal model to the government. The Merlin was 
almost alive to me, and I knew that Milliken 
shared the feeling. Besides, iii herself site was the 
most flexible of machines-responsive, grateful to 
one's hands-just that uncanny accident of as- 
sembled material that happens once in a hundred 
times. tier design might be repeated over and 
over again to the fraction of a millimeter. and 
yet no machine be produced that had her personal 
quality. 

The variations in the design which I contem- 
plated were merely to make the machines that 
might be built from it safer in unskillful hands. 
The original Merlin in the hands of Milliken or 
myself would be capable of everything that her 

sister planes could do. 
;Before dark that Tuesday iiight it became plain 

that no trace of the air pirates would be discovered. 
The air police abandoned the chase, having combed 
out a great radius from New York without the 
slightest result. During the day I had been in 
radio communication with Dick Schuyler, who 
kept me well informed, and his last message be- 
fore he went off front a long spell of duty was 
that the authorities were taking the tardy step of 
doubling the patrols for the night. 

My father arrived at the workshops soon after 
seven, and for a while lie sat beside me on a high 
stool as I worked at the drafting table. Thus 
perched. he told nie very calmly of an exhausting 
day. The run on the banks of the Monday had 
been repeated on the Tuesday, and there had been 
the greatest difficulty in meeting the situation. 
Nothing but selling liad gone on in the Stock 
Exchange and the fall that had ensued in all 
classes of shares, in some cases reducing quota- 
tions by as much as half, had produced a position 
in the matter of loan accounts unheard of in the 
history of banking. 

"If the government investigators were to ex- 
amine our hooks at this moment. Jimmy," said the 
old man, "they'd find a position of affairs that 
theoretically could land me in jail. Think of that!" 

':I'd rather not think of it. dad," said I. "Tile 
thing's quite abnormal, isn't it? It's out of all 
relation to the actual loss?" 

"Of course it is. It:s the result of cold feet- 
don't you call it?-among speculators in the stock 
markets. Not a few men have been ruined today 
who, two or three days ago, were worth consider- 
able fortunes. There's nothing more unreasoning 
than a scared investor or speculator. It's all 
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A Chemistry Laboratory for $7.00 
Think of it, fellows! Here is a real chemistry outfit with regular chemical 

apparatus that performs those fascinating, actual chemical experiments. This 
outfit is not a toy, put up merely to amuse, but a practical laboratory set, with 
all the chemicals, apparata and reagents necessary to perform real \\'ork and to 
teach the beginner all the secrets of inorganic chemistry. 

DESCRIPTION OF THE OUTFIT 
The outfit consists of 44 Chemicals and Reagents 

all C. P. put up in appropriate wooden boxes, 
glass bottles, and hermetically closed jars. The 
acids are put up in glass bottles with ground -in 
glass stoppers, and there is a sufficient quantity of 
chemicals supplied (mostly one to two ounces) to 
make dozens of experiments with each. 

The aparatus furnished are all of the best 
obtainable make and of standard laboratory size 
and shape. 

The Instruction Book is a real Chemistry Course 
for the Beginner. Some of the Contents are: 
Division of Matter: This is a Treatise on Elemen- 
tary Chemistry and deals with the theory of the 
Elements, Molecules and Atoms, etc. Chemical 
Nomenclature: This explains in simple language 
the derivation of the chemical names of the ele- 
ments and their compounds. There is a chapter 
on Laboratory Operations; Glass Working; First 
Aid; Fire Extinguishers; Experimenters' Aphor- 
isms, etc. 

A good part of the book is devoted to \Veights 
and Measures. The Metric System, The English 
System and the U. S. System are fully explained. 

The following tables are furnished: Symbols 
and Atomic \Veights of the Elements; Measures of 
\Veights, Volume, Capacity and Length; per cent 
solutions; Conversion of Measure expressed in 
parts; poisons and their antidotes; technical and 
common name of chemical substances; formulas 
for cleaning various substances, etc., etc. 

01/1 

_ 4 4i+ 
Among the 100 Experiments are: %1 
How to make chemical 

visible and magic inks; How to test flour; How to r%r- ' test soil; How to make chlorine gas and smoke - l' tit (: 
(German war Gas); How to bleach cloth and . v" r 
flowers; How to produce Oxygen and Hydrogen; `{: I How to make chemical colors; How to test Acids 

-tDand formulas. C MISTQV and Alkalies and hundreds of interesting hints 

Complete, $7.00 Sh. Wght., 10 lbs. (Shipped by Express only) 
(We guarantee shipment within 24 hours after your order is received) 
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tnatruction Book 

CHEMISTRY 
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ELECTRO 

Instruction Book 

A TREATISE ON n,LME TARy 
(,LECTRICITy 

(00 Electrical Experimenra 
to A. RAM. D .m. 

" tht Tine s Elrrtrir kayo" 

CTRO IMPORTING Co. 
,MtT NEW 00.0.11,11 

Every Fellow Wánts 
the 

BOY'S 
ELECTRIC 

TOYS 
The Boy's Electric Toys contains: Enough material to make and complete over 

twenty-five different electrical apparatus without any other tools except a screw- 
driver furnished with the outfit. Student's chronic plunge battery, compass - 
galvanometer, solenoid, telephone receiver, electric lamp, etc. Enough various 
parts, wire, etc., are furnished to make the following apparatus: 

Electromagnet, electric cannon, magnetic pictures, dancing spiral, electric 
hammer, galvanometer, voltmeter, hook for telephone receiver, condenser, 
sensitive microphone, short distance wireless telephone, test storage battery, 
shocking coil, complete telegraph set, electric riveting machine, electric buzzer, 
dancing fishes, singing telephones, mysterious dancing man, electric jumping jack, 
magnetic geometric figures, rheostat, erratic pendulum, electric butterfly, thermo- 
electric motor, visual telegraph, etc., etc. 

With the instruction book we furn,sh one hundred experiments that can be 
made with this outfit, nearly all of these being illustrated with superb illustra- 
tions. No other materials, goods or supplies are necessary. 

The outfit contains 114 separate pieces of material and 24 pieces of finished articles ready to use al once. 
The size over all of the outfit is 14 x 9 x 231. Shipping weight 8 pounds. "The Boy's Electric Toys" outfit as described, $7.00. Immediate shipment. 

SEND NO MONEY 
We have so much confidence in these sets that we desire to ship either one to you by express C.O.D. with the privilege of inspection. In other words, we ship 

on approval. It does not cost you one cent to take a good look at whichever outfit you want, and sec if it comes up to your expectations. If it does, pay the express man $7.00, plus express charges. If not, you need not accept it, and we will pay the return charges as well. 

ELECTRO IMPORTING CO., 233 FultonSt., NewYork City 
ELECTRO IMPORTING CO., 
233 Fulton St., New York 

Please send me by express TIIE 
CHEMICAL LABORATORY. If 
I don't like it I need not accept it. 
If I want it I only pay $7.00 plus 
the few cents express charge. 

Exp-3-25 

ELECTRO IMPORTING CO., 
233 Fulton St., New York E 

Please send me by express THE 
BOY'S ELECTRIC TOYS. If I 
don't like it I need not accept it. g 
If I want it I only pay $7.00 plus g 
the few cents 'express charge. u 

a 
ETp-3-25 U 
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Prices Smashed! 
Quality Not Sacrificed CANS UI 

Here is real battery 
quality, guaranteed to you, at 
prices that will astound the en- 
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 Derformance, we 
give a Written Two -Year Guarantee 
Hereis your protection! Noneedtotakeachance. 
Our battery is right-and the price is the lowest 
ever made. Convince yourself. Read the prices! 
Special 2 -Volt Radio Storage Battery, $3.75 
Special 4 -Volt Radio Storage Battery, 6.00 
6 -Volt, 60 Amp. Radio Storage Battery, 7.00 
6 -Volt, 80 Amp. Radio Storage Battery, 6.00 
6-Volt,3OO Amp. Radio Storage Battery, 9.50 
6 -Volt, 120 Amp. Radio Storage Battery,11.50 
6 -Volt, 140 Amp. Radio Storage Battory,13.00 

We ask for no deposit Simply send name 
and address and style wanted. Battery will 
be shipped the day we receive your order 
Express C. O. D.. subject to your 
examination on arrival. Our r 
guarantee accompanies 
each battery. We allow 6% 
discount for cash in full - _ 

with order. You cannot 
lose! Act quick. Send your 
order today-NOW. ANN, 
Arrow Battery Co. eArn4 

1215 South Wabash Ave. 
Dept, 14 Chicago, ill, 

ANOTHER' 

FAHNESTOCK 
RADIO HELP 

'The Standard FAHNE- 
STOCK Spring Clip, lead 
plated to prevent corrosion. 

Press thumb pieces togeth- 
er, insert wire, slip either 
over the poles or on the links 
of the battery for varying 
"B" voltage. 

Improved Ground Clamp 
Equipped with 

FAHNESTOCK Pat- 
ent Connectors. Easily 
attached. No solder- 
i ng. For radio use 
only, 
None genuine without 

our name. 
Write your jobber or 

direct. 

FAHNESTOCK ELECTRIC CO. 
LONG ISLAND CITY, L I. 
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y, A - 'wee.ee 
Trial 

. ALL MAKES 
j.."-.1....- 

t 
Big bnro'nlne. c y payments -- , 

on Iefsmndef Underwood.. Royale. - 7' 4 
L.C.smlthe,Remiortone.ete -per- aI 

net 

. 

machines exp utur - -, : I 

net machred r es tó ly renano' o 
- w 

waerenteed Ilk* new for five 
11,414..... jRéy ' 

.Shipped direct from our ., ewe. "ton to Imo at big sane. .449-1974:" -as,+;^ 
Our big Moo reled ealemoesent/ewe 

rred without 
' - 

ao boa. Write for your. today. 

YoungTypewriter Co. oept.4333 
yp 654 so. Randolph 5l., Chicago, 111. 

You've heard 
Your neighbor praise this 

'wonderful weekly mngnrine 
that 3tnlllion people rend. Unbias- 

ed digest of national and world affairs. 
Chock full of the kind of reading you went. Sci- 

ence. politics, travel, fun. ouestioa box, books, health, home radio 
-entertainment and instruction for all. Send 15c (coin or stamps) 
today far 1kbe big paper on trial 13 week.. ortl for I year(52 Issues). 
PATHFINDER, 808 Longdon Sta.,Waahington, D.C. 

madness-stark madness! Coming home to din- 
ner?" 

"Give me a minute to hand this over to the 
pattern maker, and I'll be with you." 

We had a quiet dinner together at Hazeldene, 
and my father approved of my plans. 

"I don't see what else you can do. son." said 
he. "The thing is too big for ordinary detective 
work. I'm convinced you're on the right lines. 
What about finances?" 

-"I'm well ir. funds, dad. That mooring tackle 
brings in enough in royalties to keep the sheds 
going full swing, even if they did not pay-which 
they. do. Thank you all the same, dad." 

That's all right, then. I depend on you to 
play fair and let me stand my share of the ex- 
penses. Mind that." 

"You shall have the gasoline account, dad." I 
grinned at hint. "I can see old Milliken joyriding 
furiously at your expense!" 

"Ah!" my father said suddenly. "That's a 
good man of yours, Jimmy-that Milliken. Lord 
Alnmeric and his niece are greatly attracted to 
hint. 

"By the bye," he went on. "I have asked them 
both out here for the week-end. I hope you'll be 
able to show them round your shops?" 

"Very glad." 
"And perhaps you'll be able to spare a little 

time from your work to look after Miss Torrance. 
She is very much a business girl, but I'm sure 
she'd like to do a theatre or two-something like 
that." 

"When I have the drafting done for the new 
Merlin, I'll be delighted." 

"Good. I knew you would. Well, I must do 
some work, son. Are you going back to the 
shops?" 

"Must, dad," said I. "I want the men to have 
a clear start in the morning. Good -night, dad. 
See you at breakfast, I hope. I'm uunking down 
at the shops, but I'll come over in the morning." 

"Half -past eight, then. Good -night, Jimmy." 
Next morning, by the time I had breakfast with 

the old man, I had done enough work to let my 
fellows get a clean start on laying down the keels 
of three new Merlins. The drafting had taken me 
and my assistant all night, so whelk I had driven 
my father down to the jetty, and had seen hint 
off with Didcot on the Seen, I turned in, leaving 
Milliken in charge of the construction. 

IV. 
The "Parnasslc" 

I slept until two o'clock in the afternoon, when 
I was awakened by an SOS through the bank 
front Sir Peter Weatberly, who had berthed the 
Parnassic in the morning and wanted the evidence 
of Dan and myself for the police. It was a nuis- 
ance, but there was nothing for it but to take the 
Seven and get to the Battery as soon as I could. 

The Government Investigators 
I found Dan and the old sailor being badgered 

into a state of irritation by one of the government 
investigators, who could not accept the evidence 
they had given hint, but wanted the very things 
explained that everybody was puzzled about. The 
pair of them greeted my arrival like a couple of 
lost pups-they both had that extraordinary likable 
doggy quality you sometimes see in men-and 
listened to my evidence with obvious relief. I 
imagine the investigator had badgered them into 
thinking my version might possibly contradict 
their own. 

"But it's preposterous!" time investigator cried. 
"Three sane men can produce only a bare yarn 
like that!" 

"\Vtmat sort of yarn do you expect us to pro- 
duce?" I asked. "Of course, it's preposterous from 
start to finish. It's up to you to explain the pre- 
posterousness." 

The man was rattled. A relic of the bad old 
days of the police, he found himself, like the rest 
of us, against a blank wall, and the fact annoyed 
him. He banged his fist on the table. 

"This is a case of collusion!" he yelled. 
"I'll give you one minute to get back your 

sanity," I told him. "If you can't do it in that 
tinte. my friends and I will quit." 

"Quit, will you?" he snarled. "If you say an- 
other word, I'll have the three of you detained." 

"If you say another word like that," said I, 
"I'll have you pushed out of the service for the 
damned fool you are! You get an account of this 
affair from a man so distinguished at his job 
that his country gives him one of its highest 
honors. You get another account from another 
atan, equally distinguished, except for his age. and 
a man trained in the most exact observation as 
well. I'll say nothing of myself, finally, except 
that until now my honesty has never been ques- 
tioned. And you have the gall to use such a word 
as 'collusion'? As an investigator you're not only 
crudely impertinent-you're a pitiful vulgar joke!" 

"Why - why - you pup! You - you - skinny, 
mangy pup!" he gasped, livid with rage. 

"You're a judge of pups. Maybe the kennel 
you came out of taught you that," said I, "but 
it failed to teach you hove to investigate! Come 
on, Sir Peter. Come on. Danny." 

There was no attempt to stop us, and we got 
into the street. Old Sir Peter took hold of my 
band and shook it nearly enough to take my arm 
from its socket. 

"I congratulate you, young man!" he cried. 

a 

Choose asYour Profession 

ELECTRICAL 
ENGINEERING 

Electricity offers a brilliant future to the young 
man who is about to choose his career. Never be- 
fore has there been such wonderful opportunity in 
this great field. Big paying positions in electrical 

work the world over are open 
Be S. Degree to trained men-men who 

in 3 Years possess specialized, practical 
knowledge. Come to the 

School of Engineering of Milwaukee-the largest 
and best equipped electrical school in America. 
Here you are trained in both theory and practice 
by a faculty Of experts. You learn in large, finely 
equipped laboratories. If you have 14 high school 
credits or equivalent, you can become an Electrical 
Engineer with a Bachelor of Science degree in 3 
years. If you lack these credits they can be made 
up in our Institute of Electrotechnics in a short, 
intensive course. 

Practical. Electrical Education 
Learn by the thorough approved scientific meth- 

ods which our twenty years of specializing enable 
us to give you. In addition to Electrical Engineer- 
ing, the following complete courses are given: 
A. C. and D. C. Armature Winding-Wiring and Testing-Practical Electricity-Drafting-Electro- 
technics-Commercial Electrical Engineering-Auto 
Electrical Service Engineering and Automotive 
Electricity, 

Earn While You Learn 
You can earn money to help defray your ex- 

penses while learning. Our wonderful co-operative plan brings an Electrical Career within the reach of 
every ambitious man. Our Free Employment De- 
partment secures positions for those students who 
wish to earn part or all of their expenses. In addi- tion, the Department will 
help you get a good posi- 
tion in the Electrical in- 
dustry when your train- 
ing iº completed. Daily 
Broadcasting W.S.O.E. 

New Term 
Begins 

March 30 

Big Book FREE 
Mail the coupon today for our big new illustrated 

catalog. Mention the course that interests you 
most and we will send you special information. 
Read about the school that trains men for practical 
and quick success. See how easy it is for you to 
get the training that will enable you to step to a 
splendid position and a handsome income. Mail 
the coupon right NOW. No cost or obligation. 

scHC}ALof ENGINEERING of Milwaukee 
Dept. PE -325 

415 Marshall St., Milwaukee, Wis. 
eI 

SCUOOL OF ENGINEERING OF MILWAUKEE 
Dent. PE -325. 415.17 Marshall Street, 
M il0eaukee. Wis. 

Without obligating me In any way, please mall brae 
72 -gage illustrated book, "Electricity and the One Belt War to Learn It," and particulars regardIng the course I 
have marked with an X. .... Electrical Engineering. .... E leetroteeh n its. 
....Cam mere ial Electrical Ens ineeri no. 
....Automotive Electricity. 
..,.Auto Electrical Service Engineering, .... Radio Sales and Service. 
....A.C. and D.C. Armature Winding. 
....Light. Motor Wiring and Testing. 
..-.Practical Electricity. 
....1 sm Interested in your "Earn While You Learn" Plea. 
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ELECTRICITY 
There is a wonderful opportunity right now 

for boys who like electricity. Boys who are 
ambitious and will train themselves in spare 
time can step into good positions and get ex- 
perience that' will give them a real start toward 
success in life. Good salaries are offered with 
rapid promotion. 

For 33 years the International Correspondence 
Schools have been training boys for success in 
electricity and over 300 other subjects. They 
will help you prepare right at home for a posi- 
tion in the line of electrical work you like best -or in any other work that appeals to you. 
Thousands of boys, through I. C. S. training. 
have stepped into fine jobs. but never were 
opportunities so great as now. 

Let the I. C. S. help you. Choose the work 
you like best in the coupon below- then mark 
and mail it to -day. This doesn't obligate you in 
the least, and it will bring you information that 
may start you on a successful career. This is 

our chance. Don't let it slip by. Mark and 
email this coupon now. 

OUT HERE 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Box 8886-C, Scranton, Penna. 

Eaplaln, without obligating me. now I ran qualify for 
the position, or to the subject, before which I mark X. 
°ELEOTR1O.tt ENBINEElt OtIESIIe1L 85015860 

Electrician Pharmacy 
['Electric Wiring SALESMANSHIP 

°Electric Lighting ADVERTISING MAN 
Electric Car Running Window Trimmer 
Heavy Electric Traction Show Card and Men Fdnta 

RAILROADPOSLTIONS Electrical Draftsman 
Eleetrie Machine Itealgper 
Telegraph Expert 
Practical Telephony 
ot8O111N10uL ENGINEER 
Mechanical Dnitamen 
Machine Shop Practice 
Toolmaker 
Gas Engineer 
CIVIL ENGINEER 
Surveying end Mapping 
Mining Engineer 
ARCHITECT 
Architectural Itral aman 
Architects' Blue Prince 
PLUt1EINO LSD HEATING 
Sheet Metal YVorker 
Navigator 

ILLUSTRATOR 
DESIGNER 
BUSINESS t11N10EMENT 
Private Secretary 
Ruin tie ae Correspondent 
BOOKKEEPER 
Stenographer and Typist 
Cert. Pub. Accountant 
Traffic Management 
Commercial Law 
GOOD ENGLISH 
ST/TIONAIIY ENGINEER 
CIVIL SERVICE 
Railway Mail Clerk 
Textile O,.r.eer or Supt. 
AGRICULTURE 
PoullryitnhinglD Rpani.h 
Automobiles RADIO 

Name 

Present Business 
OccupaUoii Address 
Street 
and No 

City_ State 
Canadians may send this coupon to hdernafiwml Ca- 
apondence Schools Canadian, Limited, dlonucal, Oneida 

ON ONE TUBE 
RIO FREE BOOKLET tells the story. California users 
of CROSS COUNTRY CIRCUIT hear Atlantic Coast. 
Canada, Cuba, Mexico and Hawaii. Atlantic Coast users 
hear England to California, Our new elan makes this 
set easiest and cheapest to build. One hour puts In 
operation. One tuning control. No soldering. any 
novice can do it. BIG ROOKLET FREE or complete 
Instructions for 25e SUMPS or 

col VESCO RADIO CO., Box. 117. Oakland. Calif. 

ISI VES S, B AIZZiERS,.0 ARDS 
Easily Painted with the aid of 

Letter a aid f 
Simply trace around a letter pattern 
and fill in. Made in o large variety of 
elvina and Bann at surprininalr reasonable 
prices. Send stamp for free samples. John 
F. Rahn, N2433 Green View Av.,CIl sago 

"Fifty )cats at sea, and 1 never heard a man 
ticked off like it before! And only one casual 
cuss -word in the whole recital. That's the wonder 
of it?" 

It was curious how the traditional dread of the 
shipmaster for the police had got the better of 
the dignified commander of the great liner, and 
had reverted Sir Peter back to the innocent sea - 
dog, putting him at the mercy of a common bully. 
But by the time we had adjourned to the smoke - 
room of a neighboring hotel the sailor was him- 
self again. 

"I won't forget that, Mr. Boon," lie said. "That 
fellow had got me so flummoxed that I thought 1 
had been in league with the pirates." 

"You ought not have gone to the Police Bureau 
at all, Sir Peter," I told him. "You should havo 
received all inquiries on your own deck." 

"I wish I had," he breathed. "I'm at iome 
there-and even my King, lilts, him, couldn't 
order me about!" 

I was mad at the treatment of my friends, rod 
we went to the hotel stenographer, who took flown 
a letter to the Chief of the Police. in which I ex. 
plained that Sir Peter and Dan had been crewed 
with extreme discourtesy, and that apologies were 
due to them. They got letters of apology next 
Morning. 

The incident. however, was symptomatic of the 
exasperation and bewilderment the authorities were 
experiencing. The newspapers came out with the 
most wonderful theories, interesting enough to 
read, but not the least helpful to those whose job 
it was to solve the problem of the raids. The 
county was gone over, as it were, with a tune 
sieve. without the slightest result. The land and 
air police were bitterly attacked by the press, and 
even the naval and military authorities came in 
for condemnation. As time went on the old ground 
had been turned over and the old facts redressed 
so often that the public got sick of the affair, 
and skipped any items in the papers that referred 
to the raids, But business confidence remained 
badly shaken. 

Dan Lamont's investigations of the gold tarnish- 
ing resulted in his finding compounds of copper, 
and a hint of some radio activity. This seemed to 
me absurd, but it fired Danny's enthusiasm, since 
he thought it indicated that the raiders hail dis- 
covered some enlargement of the science of radio 
activity as applied to the atomic theory. He had 
the terrier's tenacity, anti he went after the thing 
from every possible angle, worrying the facts and 
himself until lie developed between the eyes a per- 
manent furrow of concentration. He bored after 
an explanation of the mysterious sleep, too, and 
discovered at least one gas which, if not lethal 
in its effect, was tremendously allsethet i Zing Ill 
so far as it stunned the olfactory senses. Properly, it Wright have been called a lachrynnatnry gas, for 
its effect on the nose made the eyes stream! 

The work on the three Merlins meantime prog- 
ressed rapidly at the workshops near Gardiner Bay, 
and I had time to devote to social obligations. Dan 
and I dined two or three times with Lord Alnter:c 
and Miss Torrance, and we all had a golfing -flying 
party at Hazeldene during a week-end. The work- 
shops were inspected thoroughly, and 'Milliken and 
Miss Torrance formed a curious compact of friend- 
ship that had the effect of making my mechanic 
go about with a ready grin on his normally formid- 
able countenance. She petted him shamefully, and 
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Want to make big, easy money? Learn 
bow to install. operate,repair, construct 
and sell Radios. Write now for facts 
about the amazing opportunities for 
Radio experts. and our special offer of a. 
FREE 1000 -mile receiving set, and how 
you can quickly train at home by mail. 

Be a Radio Expert 
No previous experience necessary. Anyone 
with ordinary education can now learn Radio 
quickly underour simplified home -study plan. 
We need men right now to represent our 
Association. Be the Radio expert in your 
neighborhood. Get your share of the big 
profits. Hundreds about you want Radios and 
advice how to operate. You can earn enough 
money right from the start to pay for course. 

Nothing difficult about it. 
Low cost and easy terms. 

EE 
1,000 -MILE 
Receiving Set 

Don't miss this big special offer to supply 
FREE alt ports necessary to construct a 
high-grade 10e0 -mile receiving stet. You can 
Bell this set alone for practically the entire 
cost of the course. Send for the facts now. 
Find out all about this big -pay field. Address 

Radio Association of America 
4513 Ravenswood Ave., Dept. 183 Chicago, Ill. 
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SEXUAL 
KNOWLEDGE 

320 Pages ILLUSTRATED Cloth 
By Winfield Scott Hall, M.D.. Ph.D. 

SEX FACTS MADE PLAIN 
What every young man and 

Every young woman should know 
What every young husband and 

Every young wife should know 
What every parent should know 

Table contents and 

While 
Paying font 

Now You Can Get This 
11"x 32a Quick Change 
SOUTH BEND 
SCREW CUTTING LATHE- 

-for ONLY $288 easy payments if desired 
Here is your chance to get a brand new latest improved South Bend Lathe on 
convenient terms. We ship Lathe upon receipt of first payment, allow 30 
days' trial, and you have the use of the Lathe while paying for it. In this 
way it helps earn its own cost. \Ve stake this liberal offer on any South Bend Lathe. 31,000 in use in U. S. and 64 Foreign Countries. 
CATALOG FREE ! Shows 96 styles in all sizes, from small Bench 

Lathe to largest Factory Lathe. Compare our prices with what others ask, and remember every South Bend Lathe carries our liberal guarantee and 30 day trial offer. Send for Catalog today. 
304 E. Madison St., South Bend Lathe Works, South Bend, Ind., U. S. A. 

SOUTH BEND 
Lathes embody 32 
major improvements 
made within the last 
2 years. Unsurpassed 
in accuracy and effi- 
ciency. 
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even flattered him into letting her take the joy- 
stick of his beloved Merlin. Nobody could blame 
Milliken for being enslaved-Miss Torrance had 
a way of deserving any little service one might 
do for her. Hazeldene and the workshops were 
dull places for quite a while after she went back 
to New York on the Monday. 

The establishment at Gardiner Bay was not a 
large one, but it was fairly well equipped. It had 
a small foundry where we did all the castings for 
the wings and body work of our planes and, of 
course, we had a moulding shed. There was a 
smithy with a good welding plant, drawing office, 
pattern -maker's shop, fitting shop and in addition 
to our mooring shed and landing stage. we had a 
large field for landing with a one -bay hangar. 

The only part of the work we did not do our- 
selves was the building of our engines. These 
cante from a little-known factory in which I had 
an interest near Pittsburgh. Its products were 
reliable to a degree. and beautifully finished, de- 
veloping a great horse -power in ratio to their 
weight. We seated these engines ourselves on the 
machines we constructed. and we had our own 
notions of fuel supply and cooling system. 

With this small establishment working at top 
speed, we were able to have three Merlins lying 
in the fitting shop awaiting their engines by the 
Wednesday of the second week after the Wall 
Street affair. This last piece of assembling had 
to wait. It was all to our advantage that our 
power -units should undergo the very strict tests 
that the factory at Pittsburgh considered neces- 
sary before passing out any engine. 

V. 

More About 3liss Torrance and Iler Uncle 
There was one thing that made the enforced 

wait easier to bear. I had more time to spend with 
Lord Almeric and his niece. Their visit to New 
York was nearing its end, for Lord Almeric had 
almost finished the work that had brought hint 
to America. Only a matter of business with the 
Treasury in Washington remained to be seen to 
before he returned to England. Miss Torrance, 
it appeared, was taking advantage of the trip to 
spend some months in Washington with relatives 
there, a piece of news that seemed pretty good to 
toe. It sounded such a waste of time for a girl 
like her to come to America for a fortnight. Wash- 
ington was less than an hour away for a machine 
like my merlin. 

\Ve were having dinner together on the Saturday 
evening before going to a theatre. My father was 
there, Lord Almeric of course, Dan Lamont and 
Miss Torrance. I was telling her how easy it 
would be for me or Milliken to run down to Wash- 
ington and take her back again if she wanted 
even a day in New York. She laughed at me. 

"There doesn't seem any end to your American 
hospitality," she said. "Does there, uncle?" 

"American hospitality," said Lord Almeric, "is 
the only thing known to work more than 24 hours 
a slay." 

"No, but seriously, Miss Torrance," I insisted. 
"I think it would be a real good plan just to wire 
me if you wanted to come to New York. 'Boon, 
Gardiner, L. I.: Plane wanted. Torrance.'-just 
that, and within an hour Milliken. or me, or 
Didcot would he fluttering down on the Potomac." 

"As easy as that?" 
"As easy as that," said 1. "And to show you 

how easy it is. I'm going to ask Lord Almeric to 
let me carry you both to \Vasrington tomorrow. 
May I, Lord Almeric?" 

"My dear Mr. Boon-you must not make us 
impose on your good nature." 

But I had my way. At seven o'clock on the 
Sunday evening, Milliken and myself took off 
from the Battery in the Merlin with Lord Almeric 
and Miss Torrance. and some of their luggage. 
Soon after half -past seven, in the first creep of 
dusk, we sighted the pale lights of the aerodrome 
and seaplane basin on the Potomac. and by twenty 
to eight we had landed our passengers. 

"Don't forget. Miss Torrance. that there will 
always be a bus at your disposal whenever you 
want to come to New York," I said. 

"I won't forget. Mr. Boon. Good-bye, and my 
grateful thanks for many kindnesses," she said. 
"Good-bye, Mr. Milliken! Remember that you're 
to coach me for my pilot's certificate-" 

Milliken grinned that big grin of his. 
"I'll semember, Miss Torrance," he said. "It 

won't take you long." 
"Good-bye. Mr. Boon," said Lord Almeric. "I 

shall see voa on my return to New York. Good- 
bye. Milliken. Best wishes for the success of your 
new machines." 

They stepped into a government automobile that 
was waiting for them, and drove off. 

"'Dad fetch it, lilliken!" I grumbled. "What's 
the good of making friends only to lose them? 
1 don't even know her address. It seemed in- 

quisitive to ask." 
"That's all right, Mr. Boon." said Milliken 

cheerfully. "She's a niece of the President. 
Evervbodv knows his telephone number." 

"The White House! How did you know?" 
"She told me contnig along. I have to send her 

a copy of your book on flying." 
"Why didn't she ask me for one? I'd have 

hail one specially hound for her-" 
Milliken looked at me queerly. 

(To be continued) 

Your Lifetime Opportunity 
to Learn Newspaper Work 

250 COURSES AT SPECIAL REDUCED RATE 

YOU CAN LEARN 
NEWSPAPER WORK 

ORIGINAL 

Price of 

Course $10 

Complete 

Course Now 

Special at 

$2. 98 
Send No ,honey! 

Just mail your 
name and address 
and we will for- 
ward the course to 
you upon receipt 
of which you pay 
the postman $2.98 
plus a few cents 
postage. 

Experienced Editor Will Teach 
You How to Become 

a Reporter 

FASCINATING WORK-GOOD PAY 

Only a Few Months' Work Re- 
quired to Qualify You for 

a Better Position 

Regular reporters earn from $40 to 
$125 a week. Good deskmen on a daily 
paper are paid from $60 to $100 a 

week. A "Star" Reporter can command 
his own salary. Hundreds of ambitious 
men and women enhance their income 
materially by corresponding for news- 
papers or writing for magazines in 
their spare time. 

We Will Teach You at Home 
We can develop your talent for writ- 

ing and lead you into this well paying 
profession. Our Practical Course in 
Journalism was personally prepared by 
Henry J. Brockmeyer, Assistant City 
Editor of the New York Evening Post. 
Mr: Brockmeyer has trained hundreds 
of men and women, many of whom 
have, under his guidance, developed 
into front rank reporters or feature 
writers. 

Mr. Brockmeyer's course will teach 
you what it would take years of actual 
newspaper work to learn. It consists of 
six comprehensive lessons just brimful 
of everything a reporter must learn. 
The following are only a few of the 
subjects covered. 

Starting in Journalism. What is a 

Newspaper? What is News? Start and 
Finish of a News Story, Technical 
Terms. The Type Point System. Styles 
of Type. Proof Reading. Capitaliza- 
tion and Punctuation. A Late Fire Bul- 
letin. Court Stories. Libr 1 Laws, Copy- 
right. Hints to Reporters. Personal 
Conduct. Re -Writing and Condensing 
Stories. Paragraphs and Short Items. 
Good and Bad Styles. Broadening the 
Vocabulary. Aids to Good Style. Spe- 
cial Stories. Suggestions for Stories. 
Rhetoric. Preparing Your Story. Don'ts 
for Writers. Office Organization. Syn- 
dicated Matter- Business Office. Me- 
chanical Department. Hints for Head- 
line Writers. The Make -Up. The 
Country Correspondent, etc., etc. 

ORIGINAL 

Price of 

Course $10 

Complete 

Course Now 

Special at 

$2. 98 
Send No ,honey! 

Just mail your 
name and address 
and we will for- 
ward the course to 
you upon receipt 
of which you pay 
the postman $2.98 

plus a few cents 
postage. 

Only 250 at this Special Price-Applicants 
will receive preference as letters are received 

THE PRESS GUILD, INC. 
66-B West Broadway, New York, N. Y. 

Please mail me Henry J. Brockmeyer's complete Course in "Practical Jour- 
nalism" at $2.98 which I will pay to the postman upon receipt of books. 

Name 

Address City, State 
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Mail all orders with money order or cash 
direct to 

The EXPERIMENTER PUBLISHING CO., Inc. 
53 Park Place New York City 

RADIO'S 
Most Complete 

Book of 
Information 

By 
HUGO GERNSBACK 

Editor of RADIO NEWS, SCIENCE 
& INVENTION, THE EX PER I - 

it MENI'ER, and MOTOR CAMPER 
a & TOURIST 

\Vltat the novice in radio needs 
is a book in which he can get all 
the information necessary for hint 
to understand radio telephony and 
telegraphy, to make or buy a re- 
ceiving set suitable to his means, 
to know how to operate his set, 
and, after he has an understanding 
of the radio art, information that 
will enable him to advance and get 
the most out of Isis outfit. All this 
must ordinarily be dug out of text- 
books, pamphlets and government 
publications, but the aim of this 
book is to have all the data and 
information that the beginner will 
need from the time that he takes 
up radio. It is a permanent, com- 
prehensive reference book for the 
dyed-iutlte-wool dabbler in Radio. 

WHAT THE BOOK IS. 
A combination of a radio course for the 
novice in radio telegraphy and tolepholtY 
with a reference book for the more ex- 
perienced amateur. Half a dozen books 
in one. 

FOR THE BEGINNER. 
The theory of rodio carefully explained 
with drawings. 
Description of and instruction for oper- 
ating Instruments of revel, ing and send- 
ing sets, with all picture diagrams of 
the silting of We apparatus. 
How to make your men receiving set. 
costing front $3.00 to $30.00. 
How to read diagrams; for every pic- 
ture diagram there is a corresponding 
technical diagram using the symbols 
instead of drawings. 
How to tune simply and eliminate Inter- 
ference from other stations. 
How to protect your set from lightning. 
and the laws reaurding installation. 
Explanation of time and weather signals. 

FOR THE MORE 
EXPERIENCED 
AMATEUR. 

How to make a practical vacuum tube 
detector, two stage amplifier set costing 
less titan $30.00, that will work. 
how the radio compass works. 
All about underground aerials. loop 
aerials and directional aerials. 
Formulae for finding ware length; mis- 
cellaneous formulae for ending capacity 
of condenser sand other Instruments. 
Tables of wire resistances. wave lengths 
and their corresponding frequencies. ap- 
proximate ware lengths for different 
aerials, tuning colt data, and much more 
invaluable information. 

SPECIAL FEATURES. 
Lists of all the broadcasting stations In 
the United States and Canada for con- 
certs. time signals, weather reports. 
press, stock market reports. etc.. with 
their call, wave length and time of 
sending. 
Detailed description of Washington 
weather signals and their translation. 
Description of a modem broadcasting 
station and its operation. 
Large snap showing location of all U. S. 
radio telephone broadcasting stations suit- 
able for hanging up in radio room. 
Collection of miscellaneous radio Informa- 
tion for the amateur. 

IN OTHER WORDS. 
The Information that you ordinarily have 
to dig out of government publications. 
text -books, pamphlets, etc.. is handily 
combined In this one book. 
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OPPORTUNITY AD -LETS 
You can place your ad in these columns for 6 cents a word 
reaching a great group of readers covered by no other magazine 
and which you can reach in no other way. 

As a reader of The EXPERIMENTER it will 
these ads. Each issue contains offerings made 
who are desirous of your patronage. 

pay you to read 
by reliable firms 

Ad -Lets for May should reach us not later than March 20th. 

The circulation of The EXPERIMENTER is 100,000 copies 
GERMOTT PUBLISHING CO., INC. 53 PARK PLACE, NEW YORK CITY 

Agents Wanted 
Agents-Write for free samples. Sell Madison 

"Better -Made" shirts for large manufacturer direct 
to wearer. No capital or experience required. 
Many earn $100 weekly and bonus. Madison Mills, 
564 Broadway, New York. 

Earn Money at home. Addressing, mailing cir- 
culars. Experience unnecessary. No selling. We 
pay weekly. York Supply Co., Dept. 140, 309 
Fifth Ave., New York. 

Sells Like Blazes. New Instant Stain and Rust 
Remover. For clothing, table liner., etc. Fine 
premium every sale. Big Quick Profits. Free 
Outfit. Write today. Christy, 508 Union, Newark, 
New York. 

Big Money and fast sales every owner buys gold 
initials for his auto. You charge $1.50, make $1.44 
profit. 10 orders daily easy. Samples and infor- 
mation free. World Monogram Co., Dept. 34, 
Newark, N. J. 

American Made Toys 

We Need Manufacturers or ambitious men in 
this territory for manufacturing of Metal Toys attd 
Novelties. We buy complete output and place 
contract orders for three years. Casting forms 
allowing speedy production, furnished at cost 
price. \\'e guarantee perfect work without pre- 
vious experience. \Ve buy goods, plain castings, 
one color dipped and decorated offering highest 
prices. Cash paid on deliveries. \\-rite only if 
you mean business. Our book, "American Metal 
Toys and Novelties Industry,' and information 
mailed free. Metal Cast Products Company, 1696 
Boston Road, New York. 

Books 
"Natures Finer Forces"; Lights, Colors, 

Tones; Vibrations; Electromagnetons; Odic - 
Auras; Radio; Coldlights; Coming Inventions; 
Wonderful Opportunities; Fifty Lessons; Marvel- 
ous Color Cures; 260 pages; Satisfaction Guar- 
anteed; $2.00; DeLuxe Edition $3.00. Table Con- 
tents Free. P. E. Stevens, 242 Powell. San 
Francisco. 

Business Opportunities 
Free Instructive Book-Start little mail order 

business; house employment evenings. Outfit fur- 
nished. Pier, 867 Cortland Street, N. Y. 

Educational 

Railway Postal Clerks start $133 month; railroad 
pass. Send stamp for questions. Columbus Insti- 
tute, N-17, Columbus, Ohio. 

Electrical 
Motors $2.98, twentieth horsepower 115 volt al- 

ternating direct current. Order now. Pay post- 
man. Perry Trading Co., Dept. E, 815 Lake, 
Racine, \\'is. 

Telegraphy 

Telegraphy. Morse or Radio taught at home. 
SOS! Broadcasters silent. Human tragedy at 
sea. Learn the code, get the greatest thrill of 
radio. Booklet RE free. Learn -O -Graph Co., 
Ridgefield Park, N. J. 

For Sale 

Typewriter-cost $100. will sell for $35. Car- 
negie College, Rogers, Ohio. 

Help Wanted 

Money! Silvering mirrors, refinishing tableware, 
auto lights, radiators, chandeliers. Outfits. Methods 
free. Sprinkle, Plater, Dept. 87, Marion, Ind. 

Earn $25 Weekly, spare time, writing for news. 
papers, magazines. Experience unnecessary. 
Copyright book free. Press Syndicate, 1175, St. 
Louis, Mo. 

Help Wanted (Continued) 
Be a Detective. Work home or travel. Experi- 

ence unnecessary. Particulars free. \\'rite, George 
Wagner, former Government Detective, 1968 
Broadway, New York. 

Languages 

World-Romic System, Master Key to All Lan- 
guages. Primers, $1.94: Chinese, French, Span- 
ish. Languages, 8 West 40th St., New York. 

Manufacturers 

Patented articles, Models, Brass Work. Machine 
Construction. Dies Made. Baum's Metal Special- 
ties, Kansas City, Mo. 

Miscellaneous 

Make and Enjoy your old favorite beverages. 
Many valuable tested formulas you should know. 
Free information. Meriden Co., B3322 White Bldg., 
Seattle, \\'ash. 

Beautiful Registered Bull Pups Cheap. Bull- 
dogs, 501 Rockwood, Dallas, Texas. 

Send for this book to -day, "600 Ways to Get 
Rich." l'rice $1.00. Isaac C. Reese, Cynthiana, 
Kentucky. 

Polmet-The \Vonderful Polishing Cloth that 
cleans all metals without liquid, paste or powder 
Approved by "Good Housekeeping" and ''Modern 
Priscilla"-sells fast at 25c. Sample free. F. C. 
Gale Co., 117 Edinboro St., Boston. Mass. 

Friendship Magazine. Classy illustrated. 10c 
P. E. Box 178, New Haven, Conn. 

Learn Barbering at home. Same as I did on 
family frieni.s. Easily learned. Simple, expert 
instructions. $1, including latest style shingle bob. 
bing. Foster System, Licensed barber, Dept. A, 
22 E. 58th St., Chicago, Ill. 

Foreign Currencies for sale. Write Albert liar 
vey, lake Worth, Florida. 

Double Entry Bookkeeping mastered in 60 hours 
with 8 keys; guaranteed; diplomas. International 
Bookkeeping Institute, Dept. 27, Springfield, Mis- 
souri. 

Your favorite beverages, extracts and other 
formulas. Free valuable information. The Formula 
Co.. Dept. E, 122 West Howe St., Seattle, Wash. 

Models a,:d Model Supplies 

The Modelmaker. For those interested in mak- 
ing working models. Send 10 cents. Address 
P. E., 120 Liberty St., New York. 

Novelties 

New Book of Card Tricks. 10e. Fun. Magic a n.l 
Mystery. 10c. Ventriloquism. 10c. Catalog of nove- 
ties, tricks, books, etc. Free: H. Bremer, 3213 
Vernon Ave., Chicago, Ill. 

Trick Cards that are absolutely guaranteed. Free 
samples. C. D. Blankenship, Adrian, W. Va. 

Patent Attorneys 
Patents-Send for form, "Evidence of Concep- 

tion" to be signed and witnessed. Form, fee sched- 
ule, information free. Lancaster & Allwine, Reg- 
istered Patent Attorneys in United States and 
Canada, 288 Ouray Bldg., Washington, D. C. 

Patents-Trademarks. Write for free Guide 
Books and "Record of Invention Blank" before 
disclosing inventions. Send model or sketch of 
your invention for our Examination and Instruc- 
tions Free. Electrical cases a specialty. Terms 
reasonable. Victor J. Evans & Co., 913 Ninth, 
Washington, D. C. 

Patents Procured. Trade Marks Registered. A 
comarehensive experienced, prompt service for the 
protection and development of your ideas. Pre- 
liminary advice gladly furnished without charge. 
Booklet of information and form for disclosing 
idea free' on request. Richard B. Owen, 5 Owen 
Bldg., Washington, D. C., or 41 -II Park Row, 
New York. 

Personal 
Lonely-Join Our Club. Make friends every- 

where. Particulars free. Write Mrs. Mathews, 
Box 26, Oakland, Calif. 

Know Thyself-Wonderful Three -Page Horos- 
cope - your talents, character, love, friends, 
enemies, business. Send birthdate, year, specimen 
of handwriting and 10c. Gargilis, Box 2771 CG, 
Boston. Mass. . 

Printing 
500 Neargravure printed Letterheads-Envelopes 

$5.25 postpaid. Solliday's. Knox, Indiana. 

Radio 
Radio booklet free. Dollars saved clubbing 

Radio Magazine Subscriptions. Spencerman Agen- 
cies. \Vest 1 -os Angeles. Calif. 

Radio Sets. Our prices save you stoney-Lists 
free. The Radio Shoppe, Box 645, East Liverpool, 
Ohio. 

Make Your Own Transformers. Very best 28 - 
gauge silicon steel strips 1, 11/4, 13_ and 2 inches 
wide by 28 inches long. Price 2 to 4 cents per 
strip. Instructions for making transformers 25c. 
Nempthorn Specialty Co., P. O. Box 752 'CS., 
Tod, -do. Ohio. 

15 to 25 per cent discount on nationally adver 
tised sets and parts. Every item guaranteed. Tell 
us your needs. Imperial Radio Company, Dela 
ware. Ohio. 

Radio Shcck Absorber-Eliminates vibration, re. 
doers body capacity and lengthens life of tubes. 
Ilaid rubber base with sponge rubber cushion. $1.00 
for a set of four. State type and finish of cabinet. 
t; -f en Rubin, Co.. Box 308 E. Greensburg, Pa. 

15% Off-Standard sets, kits, etc. Foxco-1665 
Third Avenue, New fork. 

2550. Miles Distance with one tube. Any Novic 
understands our Simplified instructions. Big free 
booklet tells the story. Vesco Radio Co., Box 
EC -117. Oakland. Calif. 

Complete Audio Amplifier $7.00 Postpaid! In 
cluding.tube. Will greatly increase range and vol. 
untie of any tube or crystal set. Money back guar- 
antee. Photo for stamp. Trellcott Co., 2118-A 
Hale Ave., Louisville, Ky. 

.THERE'S MO/VEY4/N 

_gó41=LEARN TELEGRAPHY=HOM 
ORSE AND WIRELESS=____ 

TEACH YOURSELF in half usual time,at trifling cost, with the wonderful 
Automatic Transmitter THE OMNIGRAPH. Sends un- 

limited Morse or Continental messages, at any speed, just as an expert 
operator would. Adopted by U. S. Government and leading Universities, 
Colleges and Telegraph Schools. 3 styles. Catalog free. 

If you own a Radio Phone Set and don't know the Code, 
you are missing most of the fun. 

OMNIGRAPH MFG. CO. 16-D Hudson St., NEW YORK 
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Every 
Circuit a 
Separate 

Color 
The new Consrad Pat- 
terns contain every pos- 
sible idea that will be of 
assistance to the user of 
these patterns while con- 
structing the receiver. 
The latest innovation is 
the printing of the wir- 
ing diagram on the new 
patterns in four colors, 
thus: GREEN for the 
Tuner -Oscillator circuit, 
YELLOW for the low 
potential wiring or "A'' 
battery circuit, RED for 
the plate and "B" bat- 
tery circuit and WHITE 
for the grid circuit. 

This unique idea makes 
the wiring of the set 
much easier and pre- 
%ents any possibility of 
making a mistake by 
misreading the b I u e - 
print. i 

1 

a 

./ iNE RA010 CONSTRUCTOR SERIES" 1..../..5111E 
MAñING40U0.OM'M 

_ 

140.16 
How to make a I 

. ' I 

TRPADY . 

SUii:i'O\ 
7,Ir 

YheTR 
The Superadio -THE ONLY Radio Receiver 
with " Tunable" Intermediate Transformers 
The new Tropadyne circuit is spreading like wildfire. Front pages of many radio 
magazines and newspapers are featuring this circuit. The secret of its tremendous 
popularity is in the TUNABLE Intermediate Transformers called Tropaformers. 
Tropaformers enable you, after the set is built, to tune the intermediate transformers 
so that you have no worries about balance. They take a big question mark out of 
your Super -Heterodyne. 

Consrad is again right up to the minute by publishing in its usual complete form a 
pattern on the authentic Tropadyne circuit. This pattern contains two extra large 
sized blueprints (19 by 22 inches). The blueprint of the wiring diagram is printed 
in the latest Consrad method explained elsewhere on this page. With these blueprints 
comes a large 16 page booklet complete in every detail, fully illustrated and written 
in plain understandable English. 

Altogether every modern aid toward making a radio diagram easy to understand and 
easy to follow is incorporated in this latest Consrad Pattern. 

ON SALE AT ALL RADIO AND NEWS DEALERS 
Published by 

The Consrad Company, 233 Fulton St., New York City 

RADIO'S FOREMOST PUBLISHERS - Everything in Books, Patterns and Diagrams 
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at your fin§er ends 
HAWKINS ELECTRICAL GUIDES 
5500 PAGES $1 A VOLUME 
4700 PICTURES $1 A MONTH 
Kncw the facts in Electri;ity. They mean more money and letter 
position for you. Hawkins Guides tell you ail you need to know 
abort Ecct -icity. Every import.int eectIiidi 'ul,ect cu\ered so 
you can in ler.tanti it Iasv to study and ,tpply. .\ complete, 
practical worki ig course, in 111 ,alai,s. lio.roks are pocket size; 
flex We cesers. Order a set today to look ()lei. 

LEARN ALL ABOUT 
Magnetism-In luctiun-F.xperin-c its - I ) t,ar w. - Electric ii i- 
chinery-1\t ,tots-.\rn alines-Az mat ire \\nulin,c-In.t,tlhn_ of 
Dvi ami rt:lectrit al lustrun,, lit Tc shn'_ I'r i« al \Iartaet Inc tit 
of Uvit:uno; an 1 \I t r. I I -ttl ut a ti\stir is \\'irtitu- \Virzi¿ 
D:aGr. na - Rilrn Fln ht r< St..niu b_11. r b I' inn u it'. of \Iternatin¢ 
Cur- nts - ni Alternator. AII.rnatin.r I' ten nt Mortar- Trtnsform rs - 
Con.(rt. e teet ti.rs Alternttir.- C'urr n Ss tit. Circuit lirraker.- 
Mt.u,ina Irstnntents-Snitchi..tn1 \Viinr I'ov r Stations Inttailini 
-T leph.Le-Tel .graph 'tilt-, trll .i yid inv. it-til.Aayi. Also many 
Mot ern 'ractica' Anplicaticne of I:hctrieity and Ready Reference Index 
of the tut tumb.rs. 

SHIPPED FREE 
Not a ccrt A n+y until you see the boots. No oblige -ion to buy unless 
you are satisfied. Send Coupon now-oda> and get this great help 
library and see i' It is not worth $100 to you -you pay $1.00 a month for 
ten months cr return it. 

IN TEN 
VOLUMES 

SEND NO MONEY-SEND ONLY.THIS COUPON 

THEO. AUDEL & CO., 
72 Fifth Ave., New York City 

T'll ae s Iltnit nit i .r tree examination, IT:\\VKTYS 
I 1 FE TI:1( _\I. I,l 111)1. I'ri ' $1 a number). Ship at 

n prrp,lul, th III numb( is. It s:dl.i.tctury. I agree 
send _,ott $1 .\ithin seven days aid to further ma.. 

\. u $1 cacti tit t ti: until paid 

t e, ,tpat., I 

I MI I, \ Cu ly . 

Home A.idress 

Reference 
Lri ., >I., e h 
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CHGL of EN GIN EERING of Milwaukee 
Americas Greatest Institution of Rectricaí. Education 

Become an Electrical 
Expert in 14 Year 

Or Learn an Electrical 
Trade in Three Months 

Experts Train You in Our Big Laboratories 
C.nte to ti is great sc iool where practical applied ele:tricity is t night it all 
it. paasts, quickly and [horougtly. le -e under the gu dance , f oft StatT 
of Electrical Engineers and I rari:al E.perts, in the it ost elabor n9y es uipt eel 
st=tool labo-atories i1 lnter.ca, you can become an expect Electrician it ; 
year or lea -n an Electical Tra_ e tt t tree mo it Is. 

For over 13 years the School of Engine (sting tf Milwau--ee ha: been 
training men for brill ant : ucc :s in ill brul:l>_s of electricity. Thi - great 
se tool is d_ voted exclusively to electriutl educati in end (rers ys a nth,: nt.tfes 
lid to be itund r_nywtere else A la ge fourshary cmcrete budding Ionises 
it- electrical autumntis and chen i:al alaratorits. I:cture halls and (I -aftntg 
ro ins. T Ousanc.s o' dollar, ut equipment including motor.. dy tantos. 
iiwitchbotsds, igniti tvi starting and Itghtit g ,)semis. headlight testing 
la.orator es Radio Brsadcasting Station W 1..í.$)., etc., ctc., are fe:tt res of 
th ^ School of E ig nee:ring of \ltitvauk.'e's in gnincent Labort_tory cysts n. 
H -re the s udent is t toroughly trained lit bo.h the thesay au.. prat ice of 

What You Learn 
The neat who succeeds kith') t t tst specialize Ile 

mast centet his thoutrtts and etiorts on one ctlliug 
an 1 then Zick to it. That's wI y cchosi of Engi- 
ne rirg of Milwaukee first ground, the stud art it the 
general toe. ry and pr:setice of electriciy. then -rail 
hit t for whatever brat ch oc the work whi:h h if. 
sirs to si-cialize. This :nakes him Loth t go.nd 
elc_trician -lid a spec alist who can olve the gr..:.t 
electrical p-obletas an I sec rk ?or tc ticlt th high 
satiries are paid. TI e highly specinlieesi :horses 
off red by :School of Engineering of ailwaukee give 
ot coin:tic- e, expert knowledge in cae i pa-teubtr 

br, itch. 

Practical Electricity 
('nurse requir_s slx month: for .ompl cis n ant 1 

gives the stident bosh principle, ti I iracttee n iii' 
alit ticatton .f electricity. The tow rs: -ate to es I - s i -s. 
factory and theatre whing, testing an 1 meter sorts. 
D. C. and A. C. A:mature \9iudi-t;. nuoto s. titoe, 
attars, trans-ornlers, eñciency tests, installation and 
care of cintmerc al electrical eon intent and met 

chi tery. 

A rmature 
Winding 

:\ three tot. nths' cow :s- 
brief but ink 1 -sly l ' tics! 
and leading ti well prying 
positions. Ins ruction r tole 
experts who h: ve n ad hot-. 
Dug t st edicts if most irte 

tic:l : nd epeebetc methods in this I rid. .\ very 
poittlar coupe among lien v:ho tie -i -e t .hurt period 
of intensive trainir g. 

A' tere cntipltte, sr.tc 
tical coil se aieeri us t art 
months' tit,'. Tenches t- cry 
ilia -e of electric st iring 
lighting. ignit" tot and =Mir- 
age bats ry it irk -sr . t' 

nu.IlI., in ks, trite-tus. ntototeyele.. acre -aft, etc 
Op -n, up tI e way to aig pay po-ii tn. in -he : uto 
¡no eve industry. 

Automotive 
Electricity 

ti( 1001. Or 1:\(:1\I;t:R1\: 
OF MILWAUKEE. 

Ex -325, 41.-1-11.1 Thirst 1111 M., ?liltv11i kee. 11'ie 

T7ease set I mr wi hr tit ccst or t I lis-ettinn yotu 
big free illu tr:ucd L. uls ind dcta Is of .hr course 
ti hch I have iodic: ted Leloty. 

C riTse . . . 

K.ut: ... 
A I. r . 

City 

Ag- 

... 

.. State 

I lit tt.t 

all types of electrical .vort. 1k le: Yes the School fitted fur a hig't salaries. 
posiLon a. Lit electrical e<p rt. 

Tb g -ern field of eltctrici y ofere unhntnttrd succ_,s to 1. --te ambitious 
properly trained mar. TI electric:] industry has (level ttetl so rapidly that 
there exists today a great slitrtape of pot perly el:cttically rained men 
Dec" le -u train now for a I igh I aid I ostti, it in chi great. f: scittating 
uncrtwded I dd. Join tot- and it sits stu,.ent:-hne, stratpning :oucg fellow 
front every Stine in the l"nurt -tvao after a sho-t, in ensive training will 
ente I iz jobs as ele:trial e_prt.. 

Du- school is It caed in th heart of \filwa ikee, a arge. cp-to-date city 
with the :t hied attraction stf bathing and Ir a-ittg on h :undid Lake Mielo 
gait and ocher lakes i t tie sit-row ding co-fintr . Cur rtudeu s engage in 
footlall, baseball. ba.kctb:t I -in( oth r ape rts: leratentitit, Schott Band, etc. 
You toil: enjoy your trai ling tt the School uf Lngiit ring tí \liiwattkee 
and your to se h i e is II ,ay y su g ddcn di dc, d: all t Is re -t s f your life 
in merez set! eat twig port it- an I hi:ger opte rttt tides. 

Electrical 
Engineering 
with l.. ; degree in tltre2 c_ctn. 
.\ ',cult of specialise i, le ill 
jug hunehe'Is tt you: g rttn its 
stn. >uc-ess. Why nut y, su 

i tt I provision is mad( our mass 
intt up deficient hit h sch a tl 

cre I ts. Don't delay _\Ci I(:\. 
EARN NHILE YOU LEARN 

1 r th 'se sttt lents .vh, to t..t 
coin inue o earn their living ex- 
prtmts tv tle taking tic course. 
nne scenic -lusitiuns clear the 
axle toil iiill ich a1toird> ark dur- 
ing their spare ttue. 

New Ter 
Ope its 

. 1/r, h 30N C C# Mail 

yob 5 Coupon 
Now 

Electrotechnics 
Pes i.e an liltc -otechnic an-a sper_al ty pc of 

rx1 ert itu:.lit ed to lit lectric.ty t i the de nands of 
modern intlt.try. 'rae ical electrical training of 
1 t t 2 ycar, tt'htcl. I'tt s to poV17otls stub as super-- 
ink/II en of nl:unteianct, direct ir of ctnstruction, 
r:ld o enpnrc-, superú tendent of testing an I install 
nut. .\I -if these positttn> pay e<trenuly well sutil 
the work :tself is iutan.ely f:tsci-ating. 

Commercial Electrical 
Engineering in 
ONE YEAR 

t'np. r.tlldcd oppctrtuttities for I-rillian, successful 
:an tee at t e Ilex field of l'anuterciel Electrical 

Et..zmeering. To mee the extraordinary 
present'dat tlerland for train d electrical 
t is ones, its n. C instil- tog ant Efficiency 
Eti ineers. we otTer t cis thu-ou;h, con- 
do t sect : tool very practical tr ¡ it te, espe 
:utlt attattec to higl schorI graduates 
and Elect rce t!) ticiat s. 

\Iasi he cot p.m today for fur Fniw 
-_ pagt Illust -aced catalog. Ts II us 
wires c t sr it trt test. sou nn st and tie 
is II sett I you peti.tl i tftrna ion . Find 
tat sib et th great apps -:unity in 

:Cis lets May. Le iris ho t ire can 
help y et t t : it rn., 1snt a oil .fisting 
-t Si, s 1). n t put it ott: \I: it the 
r sy..,'t n t 

t- A 
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CHL of ENG I N EERI NG 
4:1F Milwaukee 

EX -325 415-17 Marshall Street Milwaukee, Wisconsin 


