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Make this the most profitable and enjoyable summer of your life,
city in the country on beautiful Lake Michigan, and greatest electrical center in the world.
road fare from any place in the United States.

a skilled electrical expert in the great shops of Coyne.

LEARN IN 3 MONTHS

No books or useless theory.
equipment.

You are trained on $100,000 worth of electrical
Everything from door bells to power plants. You work on

motors, generators, house-wiring, autos, batteries, radio, switchboards, power
plants—evelythmsz to make you an expert ready to step right into a position

paying from $45 to $100 a week.
the world.

Learn Electricity in the electrical center of
Here you see the mighty power plants, the great electrical manu-

facturers and marvelous electrical sign displays. You truly l.ve with electricity

in Chicago.

this service.
catalog explains fully.

Training Complete

The whole world of electricity is open
to the Coyne trained man. He is
trained completely. He can make big
money as power plant operator,
superintendent, telephone man, con-
struction work. auto. truck or tractor
electrician, battery man, radio expert,
or he can go into business for himself as
electrical contractor, dealer,
auto ignition expert, battery
business, and make from
$3.000 to $20,000 a year.
Hundreds of our graduates
today are making big money
and you can do the same if
you wrasp this opportunity

act now. Send for full par-

ticulars today.

B.W. COOKE

Hundreds have worked their way through.

ur Employment Department helps place students in johs to earn )
a part or all of their expenses while studying.

No charge for
The

Radio Course FREE!

Besides paying your railroad fare we
include with your regular course:

(1) A complete course in auto, truek and
tracior eleetricity and storage batteries.
Greafest outlay of auto eleetrical and bat
tery (»qnlpment in the country.

(2) Course in Radlo-—ihe marvel of the age.
Congiructing, installing amel operating,  You
can build your own wireless telephone sct.
(3) A lfe seholarship in th:
Coyne Scheol. You can stay us
jonng as you wish and return for
further trainlng at any thwe in
the future. The aim of the (‘uyne
School I8 to turn out men co.i-
pletely trained in all hranches of
clectricity—ceapable of succeeding
in the highest paid positions.

PRESIDENT

TRADE AND ENGINEERING SCHOOL
Chicago, Ill.

Dept. 27, 39-51 E. lllinois Street

See the country at aur expense.

Come to Chlcago, the greatest summer resort
We will pay your rail-
And at the same time become

Great Summer Resort City
Chicago, situated on beautiful Lake Michigan, is the Nation’s
summer playground. Marvelous boulevards, beautiful parks,
bathing beaches, zoos, lake trips, amusement
parks. Coyne is near lake and bathmg beach,
Chicago's Dnyhght Saving Time gives you a
chance to enjoy these thmgs by daylight.

One of Chlcago s Many Pleasure Boats

Greatest Offer Ever Made

This is the greatest offer ever made by a
school and it is for a limited time. Our 0@
departments may soon be filled and ¢

the offer withdrawn.

Send Coupon NOW

Don’t delay a minute—

send that coupon in /é'Y'
right now for our big /\O
free catalog and full £ O
particulars of this
wonderful offer.

Cooke.
President,
oé Coyne Trade
& Engineering
School, Dept. 27,
39-51 E. Illinois

@é
Vo St., Chicago, Il

Dear Sir:—Please send
me free your big catalog
and full particulars of your
Special Oﬂ'er of free railroad
fare and 3 extra courses.
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E Do you recall one of those rare moments in life when the veil is lifted for a moment,
: when a breath of inspiration comes like a flash, when the future seems to be suddenly
F illuminated, when you feel a mastery stealing into hands and brain, when you see
E yourself as you really are, see the things you might do, the things you can do, when
E forces too deep for expression, too subtle for thought, take possession of you, and then,
E as you look back on the world again, you find it different, something has come into
E' your life—you know not what, but you know it was something very real?

E There is a power which can unlock the secret chambers of success and throw wide
'-: the doors which seem to bar men from the Treasure house of Nature. This may seem
'E to be too good to be true, but remember that within a few years science has placed
E almost infinite resources at the disposal of man. Is it not possible that there may be

other laws ccntaining still greater possibilities?

THIX

You need not acquire this power. You already have it. But you want to under-
stand it; you want to use it; you want to control it; you want to impregnate yourself
with it, so that you can go forward and carry the world before you.

And what is this world that you would carry before you? It is no dead pile of stones
and timber; it is a living thing! It is made up of the beating hearts of humanity and
the indescribable harmony of the myriad souls of men, now strong and impregnable,
anon weak and vacillating.

MO U A LG8 TR ORI O R R I T SR RS TG T FOR RO

It is evident that it requires understanding to work with material of this descrip-
tion; it is not work for the ordinary builder.

If you, too, would go aloft, into the heights, where all that you ever dared to think
or hope is but a shadow of the dazzling reality, you may do so. Upon receipt of your
name and address, I will send you a copy of a book by Mr. Bernard Guilbert Guerney,
the celebrated New York author and literary critic. It will afford the inspiration which
will put you in harmony with all that is best in life, and as you come into harmony
with these things, you make them your own, you relate with them, you attract them
to you.

But be careful that you do not miss this wonderful opportunity because of its great
simplicity. Get your letter in the mail today; it will take but a moment, but it may
be the supreme moment, in which you may discover the secret for which the ancient
alchemists vainly sought, how gold in the mind may be converted into gold in the heart
and in the hand!

The book is sent without cost or obligation of any kind, yet many who have received

contains a message of such transcendental impor-

. . ™ N
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S it say that it is by far the most important thing which has ever come into their lives.

E CHAS. F. HAANEL, 201 Howard Bldg., St. Louis, Mo.
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Earn $50.00 to $100.00 a Week

Don’t be content with an ordinary salary when you can get big money in the auto
game. This is the biggest year in the history of the automobile industry. Thousands

Partial List
of Contents:

More than 100 Blue-
rints of Wiring
iagrams.
Explosion Motors.
Welding.
MotorConstruction
and Repair,
Carburetors and
Settings.
Valves, Cooling.
Lubrication.
Fly-Wheels.
Clutch.
Transmission.
Final Drive.
Steering Frames.
Tires.
Vulcanizing.
Ignition.

ing Systems.
Shop Kinks,
Commercial Ga-

ment.
Electrics.
Storage Batter-

1es.
Care and Re-

Starting and Light-

rage. i
Design and Equip*
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of men who know something about cars are needed to keep them in
repair. Big jobs are open everywhere. Get into the game and
open a garage of your own.

New Way to Learn [ % Tae

Fifteen great automobile engineers and experts have made it possible for
you to learn the automobile repair business without taking any time from
vour present work. This great library teaches evervthing that the best
auto schools teach—uat about one-twentieth of the cost. It lays the entire
field of auto construction open before your eves—explains everything about
every make of car. \Written in plain, everyday language—easy to read
and easy to understand. Over 50.000 sets of previous editions have been
sold. This is the new edition—the most up-to-date hooks on automobiles

ever published.
Six Volumes—

Auto Books Shipped FREE

You don’t have to pay one cent in advance. Just mail the coupon and use
the books for a whole week in vour home or shop—then decide whether
you wint to keep them or not.  |f vou like the hooks. send us only $2.80
and $3.00 each month until $21.80 is paid. [f vou don't like them, just
ship them back at onr expense and vou won't owe us a cent.  Mail the
coupon now.

"\ Don’t Send The coupon is all you need. See the books before

you pay us anything. We guarantee that you will
Money! be satisfied with what you get. There is

N no risk on your part. Mail the coupon now.

American Technical
Society
Dept. A-25-B > st
Chicago, U.S.A. A Dep :e“"\ “:c' . ‘ - . " a V‘\“ “?\\ \\\c\?‘;‘},in
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Teaches You How To
Build Electrical Apparatus

{11E BOY'S ELECTRIC TOYS contains enough material to make
Tnnd complete over twenty-five different eclectrical apparatus

without any other tools, except a screwdriver furnished with
the outfit. The box contains the following complete instrument
and apparatus which are already assembled

Student’'s chromic plunge hattery, compass-galvanowmeter, solenoid,
telephone receiver, electric tamp. 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 te'e-
phone receiver, condenser, sensitive microphone, short distance
wireless telephone, test storage battery, shocking coil. complete
telegraph set, electric riveting machine, electric buzzer. dancing
fishes. singing telephone, mysterious dancing man, electric jump-
ing jack. magnetic geometric figures, rheostat, erratic pendulum.
electric butterfly, thermo electric motor, visual telegraph, ete., ete.

Shipment guaranteed within 24 hours.

SEND NO MONEY

We have so much confidence in tills set that we desire to ship it to you
C. 0. D. with the privilege of inspection. It does not cost you ono cent
to take a good look at the outfit. and see if it comes up to your expectatlons,
it it does, pay the postman $7.50, plus shipping cliarges. If [t does not,
you need not accept [t, and we will pay the return charges as well,

THE ELECTRO I[IMPORTING CO.
233 Fulton St., N. Y. City

nstruction Book

A TREATISE ON ELEMENTARY

100 Electrical Experiments

“8he Bou s Electrir Tope'”

r———

Y v,

LLECTRICITY
o

The
BOY’S
ELECTRIC
TOYS

Teaches you all the princi
ples of electricity by the
““Learn by Doing™ Method
Entertaining. Instructive, More
Fascinating than any game,
The most complete electrical
experimenters’ outfit that has
aver tean put on the market,

Valuable Electrical Instruction
Book With Each Qutfit

With each ontht we furnizh free a verv cou
prehensive hook of electrical instruction. Al
the fundamentals of this fascinating scienc
are clearly explained so even a layman can
understand every word.  J'rofusely illustrated.
The instruetions for building the apparatus arc
given in sucli a simple and casily grasped
manner that anyone can make them withont
the least trouble, Over a hundred experiment
that can be performed with the outfit are listed
in the instruction book, nearly all of them
illustrated with superh drawings.

A Samele of What You Can Do
With This Outfit

Tils illustration, made from an actual photograp! show: onl
a very few of the mnny Instruments that can Le made with t
Boy's Electric

Toys: Electric I’en- |

dulum, Electric | |
Telegraph, Current
Generator. Eleetric
Dancing Spiral,
Galvanometer.

TO M PLATOAMID S

CTRO IMPORTING CO.
prerae
ST NEW YORKE U 3 A

e 0 L e a0

As Shown

$7.50

Complete

The outfit contains |14 separate pieces of materlal and 24 pieces
of finished articles ready to use at once.

Aniong the finished material are Ineluded: Chromic salts, lam
socket, mercury, core wire, iron flllings, three spools of 1ilre
carhbons, machlne screws, flexible cord, wood bhases, glass plate
parafine paper, binding pests, screw-driver, ete.., etc

M SR Alhn SN GED TED Sl EEES AEEE NP U I s eeal Sy
ELECTRO IMPORTING CO
| 233 Fulton St. N. |

As _per your advertisement, slip te me at once, C.O.D
the Poy’'s Electric Toys wlith privilege of Inspection. It 1=
understond that If T Jdo not like the outfit T can refuse it

Name

City » State
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Dr.T.0O'Conor Sleane
will teach you —~ |

RY /

Right in your own Home

CHEMIS

S AUTBHA T i R IR 1

Industrial firms of all kinds pay tempting salaries to get
the right men. Salaries of $10,000 to $12,000 a year are o
unusnal for chemists of exceptional abilities. Chemistry
offers those who are ambitious and willing te apply then
elves conscientiously the greatest opportunities of any vo
cation. Why be sansfied with small pay and hard, thankles
work—learn the profession of Chemistry and your salar il
depend only upon your own efforts and your own ahilities.

The work of the chemist is extremely interesting. 1f you
are fond of experimenting, if you like exciting and intens

ly interesting work, take np Chemistry. To the man who is
dissatisfied with his present job, to the young man just d

ciding on his life work, Chemistry holds alluring charms, aoc
countless opportunities. If yon want to earn more ney,
the way is open through our course in Chemistry.

Good Chemists Command High Salaries

What Well-Known
Authorities Say
About Our Course

From IIndson Maxim,

Dr. Xloane has doe much-needed
work a mnch  bett w4y than any-
thing of the kind has, heretofore, been

done.

‘Dr. Slcane has a remarkable faculty
of present'ng Sclence for self-instructjon
af the student in such a clear and un-
derstandable way as to be most readily
grasped and aszimiiated.

‘I, therefore, unreservedly recommend
and ;’)lm'o my higliest Indorsement on his
work.””

From Dr. W. W. (e Kerlor,

DR. T. O'CONOR SLOANE,
A.B., AM., LLD., FhD.
Noted Instructor, Tecturer and
Author, Formerly Treasurer Amerl-
air Chemical Society and a prac-
tical chemnlst with many well knovwen
achievements to his credit.  Not
only has Dr. Sloane taught chemis-
try in 1he class-room but he was
for many years engaged In comwn-
merclal chemlistry work.

cal engineers,
factories,

ten years are going tu show th t
I'hose who have 1he foresizht and ambition to learn chemistry now will have the added advantages Che!

and greater oppurtunities < Forded while the chemical field is growing and expanding.

You Can Learn At Home | =

Dr. Stoane will teach you Chemistry in a practical and intensely interesiing way. Our how
i Sloane himself is practical, logical and remarkably simple. 1t is i
that are performed right from the start that anyone, uo matt
understand every lessoun.  Du

study course written by 1h
trated by so many experunuent:
how little education he may have, can theroughly

Experimental Equipment
Furnished to Every Student

We yive to cvery student without additional charge. this
chemlcal equipment inciuding forty-two pleces of laboratory
apparatus and supplies and elghteen differ-nt chemicals and
reagents. ‘The fitted heavy wooden box serves not only us
a caso for the outfit hui also as a laboratory accessory for
performing countless expertments. Full particulars about this

special feature of our course are ventained  in our  free
book 'Oppurtunities for Chemists.*

Now Is The Time To | ;...
Study Chemistry

Never blefore has the
tunities for chemists as exist today.
the United States to the need of trained chemists and chemi-
Everywhere the demand has sprung up In

laboratories,
plants of all kinds, chemistry plays
tinuation and expansion of the business
of human ecndeavor the neced for chenusts has arisen. No his
profession offers such alluring opportunities and the next 1
greatest development in tlhis science that this country has ever seen

mills,

Don’t Wait—Mail the Coupon NOW!
CHEMICAL INSTITUTE of NEW

Home Extension Division 7

140—D LIBERTY ST.

I can nol recommeiid your course too
highly and I congratula both you und

From Jehn A Tennant,
“This i3 something which: has long
needed.  Your long experience in
he teaching of chemlstry assurance
that the courss will be practical as well
as plain to tho untralned stidents.”’

What the Students
Say:

‘Your course has been worth $50,000
o my concern.’’
s Jjust like reading some fas-

splendid  oppor
awakened

world seen s
The war ha

electrical  shops. industrial
vital part in the con
In every branch

" fan st
have just been made Assistant
£ n ¢ 4

Yol 5 just what a person
wants to start in the wonderful science
of Chemlatry.*”

*7 find that your course is very In-
tereating. [ wait patienily for the next
{esson
fiemistry more

A more interesting at esery lesson and
you may be sure that I am getting into
tudytng habil even more than | ever
did esen i ny =choal days.””

I am well pleased wilh your cours
and T think, from the way It starts out,
| have found u# g teacher and school.”

Y 1 re wonderful, easy
to understand, and so well laid out

Sloane teache
vou in your own home with the same in
dividual and paiustaking care with wlich
he has already 1aught thousands in tl e et
sloane S0 o mensely

:\I\:ﬁn:—:sonalnd ?(;lr(:'ccarallble:}\:lll'l]::{or:ln;il:ly “The lessons are tne and 1 ik them

nti ; : “f have written to diffetent people
pers, pointing out your 1iist ak and cc about your course und they speak very
ecting them for vou. lle will, in addi Lighly of same.
tion, give you any individual help you “If T don’t learn it lan’t your fault for
might need in your studies. This | ersonal [ find that your lessons contain & whole
traming will be of inestimable value to lot."* N . -
you in your future carce (Names and addresses 0

Easy Monthly Payments -~

You don’t have to have even the small price of the cour o start.  You can 4
pay for it in small monthly amounts—so <mall that vou won't feel thent. Th r 4
cost of our course is very low, and includes everything., even the chemistry
outfit—there are no extras to buy with our course. Our plan of mouth
payments places a chemical education within the reach of every
one. Write us and let us explain our plan in full—give ns the op
portunity of showing you how voir can qualify for highly trained &
technical position without even givi vonr present employment

SPECIAL 30 DAY OFFER o Yo ©

Resides furnishing the student with s Experimental without any abligation on my
Fquipment. we are making un additional special offe: part, your free Book '‘Opportuni-
f . g / ties for Chemists,” and f
or a short while only. You owe it to yourself to ticul . ull par-

3 J h 3 fculars about the Fxperimental Equi
find out about it, Write tod-’n for full information ment given to every student. Al A‘lll'D
and free book *“Opportunities for Chemists.” tell me about your plan of pu)'nf:nr ‘;’3
Send the coupon right now while it is fresh in your special 30 dJay offer. .
your mind, Or just write your uname and
address on a postal and mail it to us /
But whatever you do. act tuday before & NAMEB ... 000k .ol 3556 ¥ oo s
this offer is withdrawn,

4

U 4
/ ADDRESS ..

equest)

/
CHEMICAYL
INSTITUTE
/ OF NEW YORK
Home Extension
Division 7
140—D Liberty 8t.,
New York Cityy :

YORK, Inc.

NEW YORK CITY

4 CITY Cvvererseareresccece STATD. (ovieee sagneccensenss

s 3. 1 7-22
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New York Electrical School
29 W. 17th St.,, New York, N. Y.

Please send FREE and without obligation t¢
me your 64-page book.

.............................. NAME
..................... . . STREET
..... o s 32 e CLT Y| el imatl tou s S FATE

Master Electricity By
Actual Practice

The only way you can become an expert is by doing the
very work under competent instructors, which you will be
called upon to do later on. In other words, learn by doing.
That is the method of the New York Electrical School.

Five minutes of actual practice properly directed is worth
more to a man than years and years of book study. Indeed,
Actual Practice is the only training of value, and graduates
of New York Electrical School have proved themselves to
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Young. Individual instruction.
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No previous knowledge of electricity, mechanics or mathematics is
necessary to take this electrical course.” You can begin the course now
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Fvolution

—\

HE other day there was discovered in Scandinavia
a certain variety of amber in which there was found
embedded hundreds of ants. Through the crystal-
clear amber there could be studied the particular
kind of ant, a species well-known in Europe, and which
still exists in certain parts of the world. Of course,
ihere is nothing so very remarkable about this find, until
we mention that this particular kind of amber must be at
least several million years old. It can be proved from
weological data that this amber must at least date back to
the time when the Dynosaurus still was roaming upon the
earth.

Minute examination of these ants proves conclusively
that not only are they exactly in every particular as we
still have them today, but anatomically at least, they have
not changed either in size or in any other manner, shape or
jorm. Oifhand, there seems nothing peculiar about such a
statement, but it seems very strange that such a highly
cultured insect such as the ant, should not have changed
whatsoever in such a zreat lapse of time.

To be sure, the piece of amber tells us nothing as to
the former habits of these ants, no pre-historic ant hill having
heen found intact. Physically, we know that the ant did not
change, and i we may use the term “mentally,” - for ants
certainly have a very high degree of intelligence. - we are
not al all sure that the pre-historic ant was the same
“mentally” as it is today.

kvolution is a curious thing. 1t seems as if certain
species of animals are standing still physically as well as
‘mentally” for thousands upon thousands of years. Take
for example the cat. While we know that perhaps several
frundred thousand years ago our present domestic cat was
wild, still as fas as human history goes, the cat has not
changed. The cat of the old Egyptians ten thousand years
ago was practically the same cat as we have it today.
Apparently not much change in evolution here. ‘T'he cat,
then as now, caught mice, hunted birds and did all the
other various tricks which the present day cat dues. One
might argue that ten thousand years in the life of any
animal specie is comparatively nothing, but it may be doubted
that the cat one hundred thousand vears from now. providing
it lives under conditions similar to what it lives now, will
be much difierent from the cat we know today. 1t is almost
certain to predict that it will not be able to talk. or read.

or acquire other very startling habits.
may he entirely wrong.

Thus, for instance, there is no good reason why the human
being is what he is today. The human seems the great
exception in the animal kingdom for in a comparatively
short time, geologically speaking, he has undergone remark-
able changes. We do not refer to mental changes, but to
physical changes. Thus, the skulls which we excavate show
that for instance, the pre-historic caveman of the Neanderthal
type was structurally a different sort of a man than modern
man, There has, for insiance, been very much less physical
change in the cat in an equal period of time. Should we
attribute this change entirely to the brain?

There seems to be no question that civilization has a
tremendous influence upon the physical make-up of man.
Of the animals that change their habits most, man seems to
rank first. A\ cat does the same things for generations after
generations, for centuries after centuries. Man on the other
hand, due 1o the thing which we call civilization changes his
habits ever so often. He is either an agriculturist and does
heavy manual labor, or he is an oftice worker where he has
little opportunity to use his body and muscle. We can readily
understand that if a family were farmers for centuries after
centuries, they would produce an entirely different sort of
man than a familv which were producing nothing but office
workers generations ufter generations.

\What does all this prove? 1t simply goes to show that
as always in evolution, environment is in all cases the out-
standing factor. 1t is the reason why the grasshopper who
for thousands of vears has lived among green foliage, acquires
the green color irom its environment.

Tt may be doubted if the human brain has changed much
from that of the caveman. The old Egyptians and the old
Romans, you may be sure, had as good a brain as man has
today, and as a matter of fact many seem to contend that
their intelligence in many things was far ahead of ours.
They certainly were ahead as far as physique is concerned,
and we are not at all sure that civilization has benefited the
race physically. Man is apt to pride himself unduly as to
his brain development. It is not always a thing to be proud
of, and we are not quite certain that the ant does not stand
on a much higher plane of civilization than man. Anyone
who watches an unt colony for a certain length of time
probably will come to this conclusion.

H. GERNSBACK.

In this, however, we

NOTICE

With this issue SCiENCE & INVENTION goes back to its
old size 9 x 12 inches. When in 1920 ScIENCE & [NVENTION
reached a circulation of 200,000 copies, it became necessary
to print the edition on a rotary press. Unfortunately at that
time no rotary presses that could print a magazine of the
size 9 x 12 could be secured, and we had to content ourselves
with printing a magazine 1154 x 814”. We realize that this

was not satisfactory, but until very recently it was not pos-
sible to make a change to print the larger size.

We hope our readers will be pleased to see the return
of the old size under which the magazine was established.
We are now again able to give larger margins on the paper,
and the book altogether is made much more readable than
was the case during the past two years.

THE PUBLISHERS.
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Can the “Lusita

THE VIEWS OF LAKE, WILLJAMSON, LEAVITT
By JOSEPH

HE steamship Blakely was scheduled to leave the United States not

later ttan June ist. She is commanded by Captaia C. S. Richards

and ful y equipped with eight diving suits, the invertion of Benjanin

F. Leavitt, who holds the world’s salvage record for 175 feet and the

world’s deepest dive of 361 feet. The Blakely is ff to remove the
gold aboard tte ill-fated Lusitania. It is estimated that thz treasure abcard
the sunken Lusitania is over five million dollars in specie, in addition to cases
of silver and valuable jewelry, valuec at $3,750,000. She Hes in 285 feet of
water off the coast of Ireland on hard bed rock and her locztion is accurazely
known, having been determined by soundings. The suit: are construzted
of heavy armcr as shown in one of our photographs. Eact suit contains its
individual air supply. An oxygen tank capable of delive-ing the requrred
amount of gas in proper amount and .t proper pressure is sc ~ured to the hack
of “he bronze armor. Inside of the apparatus is a tank <f caustic potash,
which absorbs the expired carbon dioxide. Consequently t1e diver brea‘hes
in a mixture >f gases comparing clesely with the air, wien he is pluced
within the apparatus and the sections are locked in much -he same manner
as the breach of a gun is secured. About four-fifths of rhe air presert is
nitrogen. Th# is not absorbed by the human system, and is breathed aver
Fig. 1 Illustrates the Method Used in the Present Recovering of Money: from the Lusitania.
The Photo Insert at the Left of the Same Figure Illustrates the Leavit Diving Armor, and

the Three Photos Below from Left to Rizgkt Show a Diver Before Soing Overboard; a
One-Ton Chunk of Copper Ore and the Diver’s Breathing Apparatus.




nia’ Be Raised?

AND OTHER E>PER™S (SPECIAL INTERVIEWS

and over agzin.  The arms of twe Ciring suit are fatered to the bedy in 2al
bzaring scck=ts. The movemer- o7 tte -ands or ra her of the tongs gripo.c
by the hazds, i ratber limited, ou- safxient to erzble the div.r to operate
as the great depths "¢ wiich h» is to cescend. E ectrc light snpply to touc
diver belcw is ‘urished by tle taacer above, in the form o 1,000 watt
ircandescent lamoe, ~oversd on -~he outs de with pr-ex glass preeectors.  Or
actual tes. -ais glass has “Heen a>lz -0 ~ithstand a -ressure of 2,000 pouais
per square irch, eqaivalens to a Jepth i~ water of mear v a mile This cztle
has a telepacne cord rannmg thru ite e e7, so thet e diver telow is at all
times in exrmunicaton with th» sufiece vessel.

Captain Chardes =. Richards, the master of th Elakely, i so sure ot
the positicn of t12 sumken ship at 1 - zims he cr1 d-op right Jdown on top
of her decz. Mr. Leavitt says: “\V= s~ go to the sortom and slice a ve—y
light charzz of lyremite n a ercdle :bx—e the pua-er's strong Sox, as i
necessary thit _ droo verticall; dovn mto the he ¢ i other »arts of the
vessel whie1 1 irtord to reich, i being qate diffica't =2 tow our heavy arra
atound.  vleveror tis lirited, | wil. ge2 2t but it - not impossible, and f |
recall corractly, I ez1 matage  tuke | or morc steos per monute. 1t

Contauecr ¢n 1age 301
Fig. 2 Illustrates the M2thed which Sizon Lalte would Emplo to Raise the Vessel, Pumpizg
a Mixture of M>itea Peraffin and Balsa Wocd ir = the Same. Fig 3 Shows Captain Charles

Williamson's Method of Attainmg Graat Dep-hs,acd a Photozraph Insert Tiken from tae
J.E. Williamr son Motiom Dictur= Prod cticn "W =" Gold,” made Possible by this Apparati s,
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Unique Double-Deck Subway

FEW months ago or, to be exact,

in the April issue, an article by

H. Gernsback appeared, describing

his plan for double-decking the cars

in the large city subways, such as

those in New York, where the traffic condi-

tions are almost unbearable in the rush hours,

and now comes Bernarr MacFadden, well

known New Yorker, who has taken out a

patent on a unique double-deck subway car

system, which is shown in the accompanying
illustration.

Mr. MacFadden has brought out several
ingenious ideas to permit the building of
these double-deck subway cars in such a
fashion that they will not have to be a great
deal higher than the present cars. The floor
level of the subway cars now in use is about
415 ft. high above the tracks, and thus a
lot of space is wasted compared to the
system here shown, where the car wheels
are caused to occupy space up under the
seats, as one of the sectional views clearly
indicate. The inventor also points out that
it is not necessary to have the first floor
ceiling the full height of the car all over, but
this can be made the normal height in the
central part only, as illustrated, this in turn
helps to lower the ceiling height on the second
deck, as becomes evident. The mirrors shown
in the sectional drawings are to enable the
motorman to see when all the doors are
closed.

The folding steps midway up the side of the
car and just under the upper deck doors, are
for use at old style stations to permit pas-
sengers to ascend to the upper car decks,
while passengers desiring to pass to the
lower car floors may do so via the folding
steps also shown in the picture. As the car
leaves the station where these steps have
been in use, the motorman pulls a lever
which causes them to collapse and fold up
flat against the steel partitions, as the
drawing indicates.

No doubt with this system a greater number
of people can be haundled than might at first
be imagined, particularly when the double
ramp system shown in the large view and
described in MNr. MacFadden’s patent, is
brought into play. The upper ramp or
inclined platform serves the two or more
doors opening on the second car deck, while
the downward inclined ramp serves the main
end doors for passengers bound for the lower
deck, These ramips are repeated along the
length of the train. The cars would be pro-
pelled by the third rail system in the usual
manner, and the operation of the folding
steps could be takeu care of either by com-
pressed air or by electro-magnets or by both.

This scheme of double-decking the subway
cars has many commendable features about
it, one of the principal considerations being
that it could be adopted by degrees without
obstructing traffic; the new double-deck cars
according to this plan, being
fully provided for discharging
or taking on passengers at
old stations, as well asthe new
double-deck stations, pro-
vided with ramps, ete. Inthis
way it is possible to build the
new double ramp stations one

218

by one and still take care of the traffic at
the old stations, while the reconstruction
work is going on. In some cases the
subway tracks would have to be lowered,
while in others, where considerable street
material remains above the subway, the
ceiling could be raised and the tracks left
as they were.

Some people scem to have the idea that it
would cost more to adapt the subway for
double-deck cars than it would to build a
whole new subway, but to us this does not
seem the case, and we have some good
reasons for believing otherwise. For one thing,
some of us, no doubt, remember the large
double-deck trolley cars run on Broadway,
New York City, and no special extra heavy
tracks were installed or any other change
made whatever, altho some readers have
told us that extra large tracks and what not,
would have to be installed, entailing an
unreasonable expense. The double-deck cars
would of course, be about 60 per cent. higher
perhaps, and would therefore, manifest a
somewhat greater tendency to swing over at
the top when rounding curves, but as pointed
out in the article describing Mr. Gernsback’s
scheme, this is readily taken care of by placing
a series of small wheels alongside of the car
midway between top and bottom, these
wheels rolling against support rails on curves,
and in fact, these rails could be run along
thru the straight sections of track in case the
cars happened to careen or swing out u little
more than ordinarily at high speeds. The
double-deck trolley cars were built quite
closely to the design shown by Mr. Mac-
Fadden, that is, the wheels were placed up
under the seats or in an equivalent position,
bringing the main tloor on almost a level

In the Larger Cities where the Traffic Congestion has Become Almost Unbearable in
Many Cases, a Solution to this Problem Seems to Lie in Double-Decking the Subway Cars
after the Manner here Proposed by Mr. Bernarr MacFadden.
Does Not have to be Much Greater than the Present Subway Cars, Particularly as the
Lower Floor is Brought Down Near the Track Level, by Having the Wheels Piaced up
Under the Seats, as the Diagram at the Right Shows.
for Adapting these Cars to Serve Both the Old Style Subway Stations, as Well as the New
Double Ramp Stations, as the Illustrations Clearly Show.

The Height of these Cars

The Inventor has Provided Means
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First Aerial Lighthouse

SEARCHLIGHT BEAMS: (DIFFERENT COLORS
.. MAY 'BE USED) EVERY FOUR MILES ALONG
<-=="" AIR ROUTE FROM NEW YORK YO CMICAGO

NORMAL BEAM POSITION DUE NORTH

| ‘\\._‘_,."

o R

WHEN PLANE 1S HEARD,
SEARCHLIGHY BEAM 18
FACED INTO WIND AND
ILLUMINATES WATER FOR
--*  LANDING

oS S g

A
©1922 BY SCIENCE AND INVENTIONM

At College Point, L. 1., Near New York City, the first Aerial Lighthouse in America was Recently Put into Service. The Searchlight Beam is Pointed Upward atan
Angle of About 60 Degrees, but upon Hearing a Seaplane Approach, the Operator Swings the Light Beam into the Wind, Indicating the Wind Direction to the
Aviator, and Illuminating the Water to Facilitate Landing.

of a series to be crected along the air route

due north. s soon as an airplane is heard
from New York to Chicago. These will

HE first aerial lighthousc in this country
approaching after dark, the light will be

was recently opened at the American Air-

ways’ seaplane base, College Point, L. I.
This aerial beacon will be under the super-
vision of the United States Lighthouse
Service, and will be operated thruout the
summer. The light will be kept burning from
sunset to midnight. This beacon is the first

enable aviators to make night flights in
safety, as they will mark out an illuminated
path, and will be placed but a few miles apart.

This light is a fourteen-inch Navy type
searchlight and will throw its beams upward
at an angle between 45 and 60 degrees and

swung due north to a point directly in the
wind by the lighthouse attendant, which will
enable the flver to know just where to land.
The water will also be illumined by this light, so
that any obstructionsinthepathof thedescend-
ing plane will be clearly seen by the aviator

S.S. Majestic—World’s Greatest Ship

ey A

. T

—— =

The Above Comparison Illustration Shows the S.S. “Majestic’’, 956 feet Long, Compared with 3—the “Mauretania,” 790 feet Long; 2—the S.S, ““New York" (1888), First

Twin Screw Steamship, 627 feet Long; and 1-—the “Great Western" (1838), First Steamship to Cross the Atlantic, and Having a Length of 236 feet. The “Majestic”

is the Largest Ocean gteamship Yet Built, and Recently Completed Her Maiden Trip Between Southampton and New York. If the Woolworth Building Were Laid

on its Side in this Comparison Picture, it Would Only Stretch to the Length of the ‘Mauretania,” and this Will Give Some Idea of the Tremendous Size of the
“Majestic’”” Which is Nearly One-fourth of a Mile Long. (See page 282.)
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Airplane Wings Tested by Trailing

ANGLEY was probably the first to
tackle the problem of mechanical
flight scientifically; he calculated the
requirements mathematically to de-
termine the lift and the drag, or

resistance, of a wing in the air. He experi-
mented with model wings which he whirled
by a revolving arm, measuring the lift and
drag to secure the necessary factors essential
to flight.

Some years later models of wings and min-
iature planes were placed within a tunnel-like
structure in a stream of air, their reactions
being measured and the results multiplied by
a factor to secure data for full-sized wing sur-
faces. Attempts to test larger model wing
were also made by towing them from auto-
mobiles, but though helpful, all these methods
were lacking in the essential accuracy neces-
sury for a designer to predict the performance
of a full-sized wing in flight. The early
methods, and indeed the present system of
wing-tunnel tests, are quite unsatisfactory
because the methods and equipment do not
even remotely approach the actual flying
conditions.

What was required was a method by which
a wing in actual flight could be tested, and it
has just been announced by the National
Advisory Committee for Aeronautics, that a
new method has been definitely tried and
proved practical with a miodel wing.

The method has been found so beneficial
to airplane designing that before very long it
is planned to test a full-sized airplane wing
carried below an airplane in flight. It will be
the first time that such a thing has been
attempted, but is the final step in the develop-
ment of a new and practical method of testing
the performance and lifting properties of
airplane wings by trailing them in flight.

Representatives of the Advisory Committee
trailed a solid spherical body below an air-
plane in motion aud measured its lift and

Testing Model Airplane Wing in Actual
Flight by Suspending the Test Wing
from the Plane by Steel Wires, these
Wires Connecting with Suitable Record-~
ing Instruments. The Angle of the
Suspended Plane was Read by Looking
Thru a Telescope at an Inclinometer on
the Wing, Fig. 3

View Above Shows Close-up of Airplane
Making Test with Miniature Wing, the
Test Wing Being Here Drawn up Close
Against the Under Side of the Fuselage |
or Body, Preparatory to Taking Off or
Landing. Mr. Norton Appears in the
Rear Seat, while Pilot Carroll is Sitting
Forward. Fig. 4.

RO UETATETY

By CARL H. BUTMAN

resistance without much difficulty. Next
they tried a solid wooden wing model, and
finally they came to the actual test of a model
aerofoil or wing itself. By means of suspen-
sion wires, the wing, with a tail to keep it
headed into the wind, was carried beneath a
plane, and its characteristics were measured
by instruments within the cockpit of the
supporting airplane.  Figure 1.

Ideally it would be best to test a complete
airplane in flight, but only two methods are
known to be possible: First, to suspend a
plane below a high bridge in a strong and
steady wind, which, however, is diflicult to
secure as the wind changes in force and
direction so frequently; second, to suspend
an airplane below another and tow it through
the air, just as the model wing was towed and
its performance measured, but so far this has
not been attempted. It is not impossible,
however, although the Committee deems it
wiser to test a full-sized wing first.

Approximating as nearly as possible tru:
flight conditions, the investigators of the
Committee constructed a model wing as
shown in Figure 2, covered it with fabric, gave
it a single longeron and a vertical rudder to
keep headed into the wind, then they sus-
pended it by three wires at a distance below
the plane which insured safety and where it
was free from interference from the *‘wash"
of the propeller.

The wing was suspended upside down, so
that the lift would become a downward pull,
keeping it away from the carrying airplane,
the amount of the pull being equal to the lift of
the wing if it were not inverted, but right side
up. The lift of the wing was measured on spring
balances directly through the suspension
wires, and its resistance or drag was recorded
by the angle the suspension wires made with
the vertical.  See Figure 3.

At first the method may appear a little
difficult, as it would be impossible to leave the

BT SRR R i AW e T

ground or land with the wing hanging below,
but before starting the observer reels up the
wires until the model wing is hauled close
against the bottom of the plane. Figure 4.
[t is lowered to the proper distance for test
when the plane is safely in the air. In the
early trials with the test wing, some difficulty
was experienced by the pilot and observer in
managing the wing, and on two occasions
the model got beyond their control. Break-
ing away from one of the wires, it slashed
about in the air, colliding with their plane
which it damaged, also threatening their
lives. Remedial changes were made, how-
ever, and today the wing is handled in the air
with a minimum of danger to the fliers.

This method of testing wings by trailing
was originated by Mr. F. H. Norton, Chief
Physicist in charge of aeronautical research at
the Committee’s Laboratory at Langley
Field, Va., and the tests were carried out by
him with the assistance of Test Pilot Thomas
Carroll of the Laboratory staff. To date over
twenty flights have been made with a per-
fected apparatus carrying a model wing six
feet in length by a foot wide, the results
obtained checking accurately with the known
performance of a full sized wing of similar
proportions in a standard airplane.

Calm air conditions are necessary to give
the best results and the path of flight must be
in a straight line, Mr. Norton explained re-
cently. For the purpose of demonstrating
the possibilities of the new method, however,
he said that he and Pilot Carroll made several
flights on days when the air conditions were
far from ideal, negotiating turns with the
wing suspended below.

It was found possible to vary the angle of
the model wing to the wind by lowering or
raising the rear suspension wire, the angle of
the wing being read with the aid of a tele-
scope, from a small spirit level mounted on the
wing model.

View Below Shows Balance Assembly
and Wire Reel Together with Recording
Gages, for Ascertaining the Pressure or
Pull of the Miniature Wing Being
Hauled Along in Actual Flight under
the Airplane. The Fabric has been
Cut Away from the Fuselage to Show
the Instrument.

At the Left Can Be Seen the Model
Wing Used in Tests so far Made by
Trailing with an Actual Airplane, no
Covering Being Shown Here. Accurate
Data is Obtainable in This Way Only,
Say Experts, and it is Hoped by the
Investigators that an Extra Large Air-
plane can be Secured, so that They Can
Undertake the Testing of a Small
Complete Airplane by this Suspension
Method in Actual’ Flight. Fig. 2.




hat Is A Tooth Made Of?

HE teeth, the chief

organs of mastication

in the human being,

are adapted not only

for grinding the food,
but also for cutting and hold-
ing the sume. Sometimes
they are put to other uses not
intended by nature, but we
will not enter upon such uses
in the present discussion.
Euch tooth consists of a
crown (the portion of the
tooth above the gum), a root
or fang (the portion located
in the jaw bone), an inter-
mediate part called the neck,
which is the narrow section
covered by the gum. Enter-
ing upon the structure of the
tooth in greater detail, we
find that there is an enamel
covering the crown.

This enamel is the hardest
substance in the human bod
It varies in thickness, being
thickest at the cutting sur-
face, and diminishing as it
approaches the root of the
tooth. The enamel consists
of 97 per cent. of inorganic
matter. the remainder being
organic. In structure, we
find that the enamel of the
tooth is composed of hexa-
gonal enamel prisms ar-
ranged perpendicularly to the
urface of the dentine. The
dentine will be described fur-
ther on in this article. Each
enamel prism or fibre has «
wavy tortuous course with
its mner cnd fitted into a
slight depression in the deu-
tine. The prism maintains
the samc diameter thruout
its length, much the same a
the shaft of a lhair, but i
quite wavy. Asa result, near
the surface of the tooth,
shorter additional prisms ure

extend in a curve or spiral
course from the pulp cavity
to the enamel above, or ce-
mentum below, diminish in
diameter as they pass out-
ward from the center. They
are delicate tube-like masses,
which are practically inde-
structible, existing long after
the matrix has been des-
troyed. The spaces in these
tubes are called dental canal-
iculi, likewise terminating at
the enamel or cementum, by
either joining with each other,
ending bluntly, or opening
into interglobular spaces.

The dental fibres are still
in discussion. Some investi-
gators claim that the fibres
are processes of flat shaped
cells called odontoblasts,
which are the cells from
which dentine is originally
derived. Others claim that
they represent connective
tissue, surrounding nerves.

The matrix, not so hard as
the dental sheaths, surrounds
them. It is not so abun-
dant near the pulp cavity
where the sheaths are packed
closely together, but further
out, as the sheaths decrease
in diameter, the matrix
increases. Here irregular
spaces may be found, which
are the interglobular spaces
alluded to heretofore.

There is a bonelike sub-
stance that covers the root
of the teeth called cementum,

containing  66% inorganic
matter, and 34Y; organic
matter. [t is thickest at the

very end of the root, and be-
comes gradually thinner as it
approaches the enamel.

The dental pulp occupies
the  pulp cavities chamber
and root canals. It is rich in

found, whichare called supple-
mentary  prisms. These
prisms are seemingly held
together by an 1norganic
transpurent cement. If a
tooth 1s sectioned, that is,
cut into thin slices and ex-
amined under a microscope
some brown striations will be
seen running almost parallel
with the surface of the tooth. Their cause
is still in doubt, it being believed that they
represent the successive positions of ‘the en-
amel cap. Other lines visible, if the tooth is
examined by reflected light, are apparently
due to the various directions taken by the
different bundles of enamel, well marked near
the surface of the dentine, and becoming
fainter as one approaches the surface of the
cnamel.

The dentine forms the bulk of the tooth

Layer.

of Blood and Nerve Vessels. E Represents the Gum,
Trunks Sending Branches (G) i
Membrane Holding the Root of the Tooth to the Jaw Bone; I the Dentine; P Shows the
Dental Sheaths Extending from (O), the Pulp Cavity, to (K) the Cementum, or Enamel
Here One Finds Star Shaped Cells and Their Branches.
Hexagonal Prisms of the Enamel of the Tooth, Showing Clearly Their Wavy Course. The

The Enamel of the Tooth Shown at A is Also Seen in Cross Section.
Structure. The Root May be Seen Extending into the Jaw Bone, C. D is the Lace Wor

up into the Tooth thru the Root.

Brown Striations May also be Seen.

and gives it its shape. [t represents ivory to
a very great extent, and is yellowish white
in color, quite a bit harder than bone. It is
covered thruout either by ivory or cementum
the latter is the covering surrounding the
dentine of the root or fang). Dentine con-
tains about 729% of inorganic matter and
the remainder organic matter. Looking upon
this part of the tooth in greater detail. we
find that it contains dental sheaths, matrix
and dental fibres. The dental sheaths, which

hile F Shows the Blood and Nerve
H is the Peridental

N and M Indicate the

Note Its Wavy

blood and nerve supply.
There are different types of
cells found in every tootl,
the odontoblasts being only
one of the varieties, but for
those more interested in this
subject, who intend to study
ittoagreater degree, we would
suggest any standard work
on histology. The arteries
and nerves enter the tooth thru the root.

The peridental membrane serves a very
important function in the tooth, or rather
immediately outside of it. It holds the tooth
in place; it rotates it, returning it to normal
position if it has been slightly displaced, und
ou one side forms the cementum and on the
other the bone.  This membrane covers the
roots of the teeth, and lines the sockets in the
jaw. It is thickest at the root and gum, and
thinner in the middle.

Gathering Camphor

\!l the world needs camphor. It is used
in the making of celluloid articles, while
the photographic and cinematographic
trades could not get along without it. Not
least. it is employed in the making of cer-
tain high explosives.

“We get some idea of the wvalne of
camphor,” writes Harold J. Shepstone. I
R. G. S.. in the London Graphic. “when it
is stated that a tree with a basal circum-
ference of 12 feet will yield ahout 50
piculs of camphor (approximately 6600
pounds, or about three tons. which at the

present market price. is worth about $5000.
At present about 3.000,000 pounds of
camphor and some 2000000 pounds weight
ot camphor oil are exported annually.
“To obtain this, some 10.000 trees are
felled yearly. As soon as the trees are
cut down they are chopped into chips.
and these are subjected to a crnde pracess
of distillation. more or less on the spot
The chips are placed in a retort over
boiling water. and as the camphor vapo-
rizes it passes through pipes into sub-
merged vats, which are so arranged that
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cool water from a mountain stream can
run over them to accelerate crystallization.
After camphor has crystallized the
vats are opened. and the product is placed
on wooden troughs to allow whatever free
oil there may be to drain off. This oil
will yield 90 per cent of crude camphor
in the process of refining. The crude
camphor is now packed in tins and car-
ried down precipitous mountain paths on
coolies’ backs to the railway line, whence
it goes to the government rehnery at
Tathoku.



Einstein Relativity Explained

UMEROUS attempts have been

made to render Einstein's theories

of relativity intelligible to the man

in the street—the plain ordinary

citizen who knows no mathematics
and no physics beyond what he has been
exposed to in the course of an ordinary
schooling. The net result of these efforts
has been merely to convince the man in
the street that Einstein is not for him. One
Professor Nicolai, however, a university
professor of some note in Germany. has
made a fresh attempt to get the relativity
ideas across, using the motion picture as
his wvehicle. The relativity film 1s, like all
educational pictures, largely of the ani-
mated cartoon variety.

It has been taken up

in “Movie”

A ship s sailing away to the west, and of
cofirse the further it goes the less of it is
visible from the light-house. until finally it
disappears completely below the horizon.
The ship is shown moving off around the
shoulder of the world; and the line of
vision or the horizon of the observer in
the light-bause is shown too. The audience
is looking down at the scene from a point
far out in space and so gets a general view
of a large part of the earth's surface, with
the ship and the tight-house drawn, cartoon
style, far out of proportion because they are
the part of the picture in which we are
interested. The observer in space—that is
to say. in the audience—can see the ship;
the observer in the light-house sees it all,

Here We See a Few Specimen Strips Selected from a New German Motion Picture
At the Extreme Left We See a Car Movin
No. 4 Pierced the Car, It Would Appear Afterward that Rifleman No. 6 Was the One Who Hit the C
Left Demonstrates that an Observer in Free Space Would See the Ship Sailing Around the Globe, Whi

Theory Works.

Ship is There, Nevertheless.

by the entire German film industry as a
standard piece. and has been exhibited with
huge success in numerous German cities. No
complete version of it has reached this
country, but we have a few isolated strips
of three consecutive panels each. which give
a very good idea of what the film is like.
All the hooks on relativity, and all the
lectures, start with a number of simple il-
lustrations. These have no immediate bear-
ing upon the Einstein ideas, but are designed
merely to lead up 1o those ideas hy showing
the reader or the listener that things are not
always as they seem. and that they do not
always seem the same. The film attacks the
subject in the same way; one of its opening
episodes deals with a phenomenon that is
familiar to every schoolboy, in his geogra-
phy book if not in reality. A light-house is
shown, apparently at Plymouth or South-
ampton. or perhaps at Land’s End—one can
hardly tell, for sure, from our photographs.

The Second Picture from the Right Illustrates the Falling Ball Experiment-
Straight Line; but to an Observer in Free Space, the Ball Would Describe a Pronounced Curve.
Einstein Movie, and Several Amusing Paradoxes Concerning Its Relative Vel

partly, or not at all. The experiences of the
two, gained from different viewpoints, do
not agree.

In this case we are pretty certain that the
observer in space is right and the observer on
the light-house wrong—the ship is there.
whether or not the latter can see it. A
somewhat more elaborate demonstration of
the fact that appearances are deceitiul comes
in a later episode. Here we have a car,
moving along a straight track. over a
countryside that strikes the American eve
as peculiarly German. Six riflemen are
lined up beside the track, behind a conceal-
ing hedge. As the car comes opposite them
they all fire simultaneously, each man shoot
ing straight ahead and across the track rath-
er than aiming at the car. One of the bul
lets strikes the car, pierces its nearer side,
passes thru, and out the far side. During
the fraction of a second that the bullet con-
sumes in passing across the car, the car
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moves forward a short distance: the hole by
which the bullet leaves the car is therefore
not square across from the one by which
it enters. In fact, if a person in the car
should attempt, by lining up the course of
the bhullet from its two holes. to decide
where it came from, he would be deceived.
His line would be a diagonal one, rather than
one perpendicular to the track: and it might
actually point at one of the riflemen who did
not hit the car, while it certainly would fail
to point to the one who did hit 1t.

This demonstration brings us a little near-
er real relativity. For suppose the shades of
the car are all drawn, so that the passengers
cannot see out of the car at all; and suppose
the car is moving with perfect smoothness.

, which is Intended to Demonstrate in a Clear Manner Just How the Einstein
g Leftward; When the Car Arrives Opposite the Riflemen, They All Fire and While the Bullet from Rifle
ar—a Case of Relative Motion. The Second Picture from the
le an Observer in the Lighthouse Would Not See It—But the
to a Person on the Earth, the Ball Appears to Drop
The Picture at the Right Shows an Imaginary Railway Used in the
ocities Are Discussed in the Story Herewith.

in a

The passengers will have no way then of
knowing whether they are moving or not.
and hence no way of correcting their esti
mate of the direction from which the bul-
let came. Apgain a super-observer out in
space somewhere. who does not share the
motion of the car or the state of rest of
the ritlemen. could arbitrate the matter and
decide which man really had shot thru the
car; but without this interposition, the
riflemen and the passengers could never
agree on this point.

When we get a little decper into these
phenomena that appear different to difierent
observers. we find one that is even more am-
biguous than that this one in which we can
hardly find any hasis at all for saying that one
observer is right and the other wrong. The
picture this time is of a ball dropping from
a tall tower. The ball, speaking from the

(Continved on page 277)
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By Means of This Solar Cooker, Mr. C. G. Abbot, Assistant Secretary of the Smithsonian Institute of Washington, D. C., Made It Possible for His Wife tn
Cook Practically Everything Without Using Oil, Coal or Wood Fuel. The Accompanying Article Gives Considerable Details for Building the 7 Ft. by 10 Ft.
Curved Mirror, the Reflecting Surface Being Preferably Formed of Polished Aluminum Sheets. The Three Small Views at the Right Show How the Mirror

was Turned Automatically by Clockwork, so as to Always Face the Sun.

R. C. G. ABBOT, Assistant Secre-
tary of the Smithsonian Institution
at Washington, D. C., devised some
time ago a cooking and water
heating device, operated solely by

the sun’s heat during the day.

This sun-stove was erected at the Observ-
atory on Mt. Wilson, California, and was
used there with a great deal of success. “T'he
successive illustrations in the accompanying
picture show how the reflecting nurror
rotates by a clock-work mechanistn, so as to
follow the sun from morning until night
As the accompanving photo indicates the
large wheel at the base of the mirror is con
nected by a piece of piano wire with a weight.
in such a fashion that it tends to turn the
mirror towards the west. This wheel is con
stantly restrained, however, by a second
piano wire leading over the wheel to a clock,
which permits it to rotate only at the proper
speed, in such a manner that during the
whole day the image of the sun falls upon
the oil heating tube at its focus.

The two compartment oven opening on the
north is shown at the top of the arrange-
ment and a double valve device is fitted with
a float as shown, so that the circulation in
the oven oil tank will occur either from the
tube at the center of the reservoir or else thru
the tube at the bottom. At first the heating
of the tank is taken care of by the circulation
thru the pipe at the center, the quantity of
oil in the lower part of the reservoir being
unaffected. At a certain predetermined
temperature, the oil in the tank expands
sufficiently to raise the float and reverse the
valves, with the result that the circulation of
oil is thru the lower tube; this results in the

concentration of heat in the upper part of
the tank when it is too cool, and permits the
volume of heat to extend automatically after
the upper part has become sufficiently hot.
Also the upper oven is the hotter one, and the
lower of a lesser temperature, giving two
degrees of heat for baking and boiling. The
water was heated by allowing it to circulate
thru a pipe coil placed in the oil reservoir,
the drawing shows.

Fruit and vegetables were canned ver:
uccessfullly and one of the interesting
points, especially to women who abhor cook
ing of any kind in the hot summer months,
was the fact that this Nature-stove was con
veniently placed just outside the kitchen
door; yet no heat to warm the air in the
room W present to make matters tore
uncomfortable, as is the case where prac-
tically anyv other type of stove is used directly
in the kitchen. And think of it—the initial
expense of installation is the only one—after
that you cook for nothing, just like our
aborigines.

The mirror can be made in several ways and
in Mr. Abbot’s experiments it was originally
intended to have the reflecting surface formed
of polished aluminum sheets, but these were
not available for the experiments at the
time, and thin sheet steel covered with tinfoil
was tried. The trouble with the tinfoil wa
that it blistered and it proved difficult to
cause the foil to adhere tightly to the steel.
Polished aluminum reflects about 75 per
cent. of the light thrown against it and
should prove ideal, permitting one to bake
bread easily and do everything in fact in the
cooking and preserving line, except frying.
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The Glass Covered Tube Passing Along the Focus of the Mirror, as Well as the
Circulatiog Pipe and Oven Units, Were Filled With Oil.

ooRing By Solar

Heat

The mirror measured 10 ft. long by 7 ft.
wide, and was built upon a frame of small steel
angle and channel-bars, made up of five
sections, each 2 ft. long. The top of the
curved mirror was covered with window glass
to keep out dust, rain, etc. Placed across the
top of the mirror and directly in its focus is
the heat absorbing pipe, which warms the
oil circulating thru 1t, this pipe measuring
112" in diameter and forming the polar axis
of the machine. The mirror was mounted on
roller bearings on trunnions, the oil pipe
passing thru the hollow trunnions.

All parts of the oil piping system outside
the mirror were wrapped with a thick layer
of heat insulating material, and the mirror
was also covered on the back with several
layers of heat insulators, such as cotton, and
this in turn covered with galvanized iron.
The oil pipe running along the top of the
mirror was enclosed in 3" glass tubes to reduce
onvection and retain the absorbed heat in
he vicinity of the oil heating tube. The iron
pipe within the glass tubes was painted with
lampblack. The heat absorbing value of the
black painted tube may be taken at about
95 per cent. The reservoir and pipe system
was filled with gas engine cylinder oil of high
boiling point, and in the earlier experiments
a temperature of 130° Centigrade was readily
obtained in the oil tank. The pipes leading
from the bottom of the oil reservoir were
214" in diameter. The iron oil tank placed
above the mirror holds about forty gallons,
and it was enclosed in a layer of heat insulat-
ing material, comprising asbestos, cotton and
wood, protected on the outside by galvanized
iron sheeting.



Detail of Vacuum-Thermo Treatment Chamber is Shown

ELECTRIC in the Drawing at Left.
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A “‘Free Pendulum®’
Clock

EVEREND WILLIAM OLEARY
R a native of Ireland. and Professor

of Science in Dublin, has perfected
a clock, utilizing the principle of a free
pendulum, which keeps ahsolutely accurate
time. His reason for perfecting this clock
was for observatory work. and experi
ments involving the use of a seismograph.
The observer had many occasions upon
which he wished to have a clock that
would keep absolutely correct time. He
tried all of the various makes of high
grade time pieces, and found that each
one of them had a certain amount of vari-
ation. He therefore decided that he would
make a clock himself. The method which
he decided to adopt was that of the abso
lutely free pendulum.

So-called free penduium clocks have
been put on the market at various times
before. but have not actually lived up to
their name. Many of these types depended
upon the pendulum closing an electric cir
cuit. This, however, does not constitute a
perfect movement.

The clock makers’ ways of making
highly accurate gears and works was dis-
pensed with, and his first model was made
irom the works of an alarm clock, using
the principle of the free pendulum. It
was possible to have works that would
vary as much as three-quarters of an hour
in the course of a day and still keep
absolutely accurate time. This may seem
like a very ambiguous statement. but is
nevertheless true. owing to the fact that

(Continued on page 279)
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Heat and Vacuum
To Cure Ilis

T has been well known to medical sci-

ence that artificial heat when applied

to any part of the human body in-
creases the blood circulation in the part
subjected to the heat in question, and that
this increased circulation of the blood
enables it gradually to absorb and carry
off various forms of congestion.

It has also been long known that
placing any part of the human body in a
closed vacuum appliance and gradually
exhausting  the air  therefrom  would
quickly increase the circulation of the
blood in the part or organ so enclosed.

An apparatus of the type shown in the
illustration for the vacuo-thermo treat-
ment of bodily ills has been invented and
patented by one Jean F. Webb, Sr. New
York City.

The body of the enclosing chamber in
which the leg or other part of the body
is enclosed may be made of rubber, metal
or bakelite. the inventor suggests, in
which continuous wire coils of nickel-alloy
or other resistance wire material, of suit-
able size to carry the electric current
needed, are imbedded or molded in the
walls, to act as resistance coils for gen-
erating the desired heat. In the illustra
tion herewith, the appliance shown is
made of a heat resisting glass in which
the electric heating wires are imbedded,
and the glass is annealed in the same
manner as a fire glass is made. The
transparent glass causes the etfect of the
vacuum or heat treatiment to be visible to
the patient in self-trecatment; the said
treatment can be regulated as desired and
in the manner hereinafter explained.

| For Years Clock Makers Have
Striven to Produce a Time Piece
Whick Would Keep Absolutely Ac-
curate Time, Not Only by the Hour
or Day, But for Weeks and Months

at a Stretch. With This Specially
Compensated Pendulum Arrange-
ment Worked Out by Rev. O’Leary,
and by Running the Clock a Litﬁ'e
Fast, He Causes the Minute Hand
to Complete its Movement in Less
Than a Minute, and, as the Pendu-
lum Swings Back, it is Given a Slight
Push by the Spring Clockwork
Mechanism Shown Above,




The Coming Winter Would
Seem to be Fraught With
Great Difficulty in Obtain-
ing Sufficient Coal, Owing
to the Prolonged Coal
Strike. The Tremendous
Amount of Coal Used by a
Large City Such as New
York, in Even One Day, is
Here Shown Gra ically,
by Mr. Wall, Staft Artist.
A String of Ocean Liners
End to End and Encircling
the Earth at the Equator
Would be Required to
Carry the World’s Yearly =
Coal Outgut of One Billion
Tons. The Twenty Million
Tons of Coal Used in New
York City in One Year, is
Indicated by the Large
Conical Pile, Shown in
Comparison With theE:ﬂel
Tower.
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QAL is divided into three classes:

anthracite (hard), bituminous (soft)

and lignite (a fuel intermediate be-

tween peat and true coal). Chem-

ically, coal is chiefly composed of
carbon, hydrogen, oxygen and nitrogen. For
example, anthracite coal contains, on an
average, about 90 per cent.’ carbon, and
bituminous coal has much less carbon and
a large percentage of hydrogen. Respecting
specific gravity, a cubic foot of water weighs
about 6214 pounds, and a cubic foot of
heavy anthracite about 100 pounds, equiva-
lent to 22.05 cubic feet per metric ton of
2,205 pounds.

Coal is of vegetable origin, widely dis-
tributed. The coal beds in Great Britain
cover an area of nearly 12,000 square miles,
and, within the United State, there are sev-
cral large coal areas. These American coal
areas are, namely, the Appalachian fields in
Pennsylvania, Ohio, Virginia, Kentucky and
Tennessee, the Illinois fields, those in Mich-
igan and Rhode Island, and. also, extensive
deposits in the Western States. It is very
probable, when all of the coal reserves in
our country have been discovered, that they
will occupy, approximately, half-a-million
square miles, or about 1/6th the area of the
United States.

The World’s total coal reserves are cnor-
mous, over 7 trillion tons, of which amount
nearly gne-half is situated within this coun-
try. The World’s annual coal production is
estimated at about onc billion metric tons
(a metric ton being about 2,205 poupds),
the United States producing (1921) 449,-

The Coal Bin of

What a Coal Strike
Means o a Great
Metropolis
000,000 tons. Most of us have heard more
about Pennsylvania coal than about the coal

in other states. Indeed, Pennsylvania has
been mining coal for over a century. As

far back as 1820, that state shipped 363 tons

of anthracite to market, and, in 1919, almost
67,000,000 tons. In fact, from an anthracite
district in Pennsylvania, containing less than
500 square miles, there has been a total pro-
duction approximating 2 7/10ths billion tons,
and there is still a lot of coal unmined in the
Keystone State, for it is estimated that
Penusylvania still possesses 16 billion tons

of anthracite and 109 Dbillionn tons of bitu-.

minous coal.

As we should expect, all big cities are
large consumers of fuel, particularly New
York, and it is interesting to estimate the
approximate size of the metropolis’s coal-
bin. Of course, New York’s coal-bin holds
a varying amount, but its contents should be
estimated when it is full. That is, the me-~
tropolis’s bin contains exactly the total
amount of coal consurhed annually within
the boundaries of Greater New York.

To begin with, the City's gas and electric
lighting companies—its public utility cor-
porations—use yearly about 7,000,000 tons
of coal. Then, the municipal government
requires annually about 400,000 tons. Also,

[ EIFFEL 984 FL™
> TOWER

New YorKk City

\ By CHARLES N. HOLMES

OOOFT.. ‘
i
20,000,000 TONS OF

ng« /

CONE LOOQ FT.HIGH
WITH Ve MILE DIA.
BASE

there is the heating of houses, tenements,
apartments and hotels to be considered. This
heating would approximate 6,000,000 tons.
The fuel used by department stores and
office buildings, as well as that consumed
by factories, would approximate 5,000,000
more tons. And, finally, fuel is used by
theatres, transportation companies, for do-
mestic purposes, etc., an amount equalling,
at least, 2,000,000 tons. It is true that
fuel oil has, in many cases, superseded
coal. However, a conservative estimate of
the size of New York’s coal-bin—the amount
of coal which the City consumes annually—
approximates 20,000,000 tons.

That is to say, the metropolis uses yearly
about 40 billion pounds of soft and hard
coal, or about 110 million pounds a day,
nearly 4,600,000 pounds an hour and about
38 tons per minute. At this rate of con-
sumption, the City of New York would wse
in a century 2 billion tons. Accordingly,
New York consumed (1921) ahout 1/25th
of the total production in the United States
and 1/60th of the World's total production.
If a railroad should ship into this city, each
month, 430,000 tons of coal, it would take
that railroad almost four years to supply New
York with enough coal for one year. If
cach of its citizens were to De given 31/3
tons, he would then possess his share of the
coal imported into the City. And, were
New York’s 20 million tons of soft and hard
coal to be used in building a highway, 189
feet wide by 5 feet thick, such a solid high-
way would extend from the City of New
York to the City of Philadelphia.

The Future of the Inventor

MEMBER OF AMERICAN PHYSICAL SOCIETY

before such a select gathering of illus-
trious inventors, and I hope I shall
not bore the assembly unduly with
the few ideas I desire to bring for-
ward here. It seems to me that the future
of our inventors lies inainly in their own
hands. The National Institute of Inven-

IT is indeed an honor to speak tonight

By H. GERNSBACK

tors has gone far towards making inven-
tion a recognized art, the same as other
important arts, as we understand that term
today. The successful inventor is an artist
of the highest rank and he is losing rapidly
such appellations as crank, nut, etc. In-
ventors of all ages have been more or less
handicapped, for, the simple reason that they
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(ADRDRESS DELIVERED BEFORE THE NATIONAL INSTITUTE OF INVENTORS)

have always been ahecad of the times. Asa
rule, people do not understand them and
do not appreciate their art, for such it may
be called. Slowly the world awakes to rec-
ognition of the inventor, and soon the gov-
ernment itself will take greater cognizance
of him. We have today the Patent Ofhce
(Continyed on page 267)
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Degrees of

By GERALD L. WENDT
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ASSOCIATE: PROFESSOR OF CHEMISTRY, UNIVERSITY OF CHICAGO

E have hardly become accustomed
to the solar system idea of the
chemical atom, with all the mass
concentrated in a minute nucleus
at its center and electrons revolv-

ing about it, before the very man who gave
us that idea and proved it, Sir Ernest Ruth-
erford of Cambridge University, has taken
the next step and has decomposed the atomic
nucleus. Not even that is ultimate and im-
penetrable, as the atom itself was once sup-
posed to be. Aiid today it seems that cven
so crude an agent as mere heat can effect the
decomposition of such heavy atoms as those
of tungsten and produce from them atoms
of the gaseous element, helium.

After Rutherford had shown that by bom-
bardment with alpha particles from radium,
individual atoms of nitrogen can be partly
decomposed, the fragments- knocked off in
the collisions being muclei of hydrogen
atoms, it was not a long guess that the
reason why the heavy elements, the metals
particularly, are lacking on the very hot
stars is because the collisions of the atoms
at the prevailing temperatures of.perhaps
20,000°C, or 35,000°F, arc so violent as to
have the same effect as the swift alpha rays
in Rutherford’s experiments, namely to
shatter the atomic nuclei and break them
into the smallest possible bits. Hence when
Dr. J. A. Anderson of the Mt. Wilson Solar

NEW HEAT RECORD
80.000°F

HOTTEST KNOWN
STAR

TUNGSTEN MELTS 1

"ALL MATTER
IN ALR VAPORIZED
OR LIQUID

NICKLE MELTS

NO MORE MAGNETISH

FIRST VISIBLE RED

WATER BOILS
ICE MELTS
= LIQUID AIR

Tungsten Changed to
Helium by Electrical
Explosion

Observatory devised in 1920 a method for '

reaching temperatures hotter than those pre-
vailing on these stars, the chemist had a
promising new weapon for the attack on the
problem of the true nature of the atom.
The method consists of charging a large
electrical condenser to a voltage of 30,000
to 100,000 volts and discharging this charge
instantaneously thru a very fine wire which
is thereby exploded with a blinding flash
200 times as bright as sunlight and the vapor
attains a temperature above 20,000°C (or
a temperature of 36,000 to 40,000°F), as
determined both by the light intensity and
the fact that the pressure developed is 800
to 1000 Ibs. per squarec inch. Photographs
with a rotating mirror show that the ex-
plosion lasts only 1/300,000th second. The
mechanical effects are striking. When the
wire is exploded within a glass tube the
latter disappears in fine bits, and if the tube
be filled with water, that, too, is completely
dissipated. In the experiments conducted by
Mr. Clarence E. Irion and the writer, the

explosions were produced within especially
constructed Pyrex glass bulbs of 300 cubic
centimeters capacity which withstood the
explosion and permitted the analysis of the
gases remaining, -

The electrical connections are shown in
the accompanying diagram. T is a six kilo-
. watt transformer operating on 220 volts,
a.c. and capable of carrying 40 amperes in
the primary for short periods, It is of the
closed-core type, with three layers of fifty
turns each of No. 6 copper wire in the pri-
mary and 36 sections of 710 turns each of
No. 28 copper wire in the secondary. This
was capable of providing 100,000 volts. At
A are two small high-capacity condensers to
catch any back-kick on the primary in
case the large high-voltage condenser acci-
dentally became short circuited through the
secondary coil. R is a kenotron hot-cathode
rectifier which cuts out half the a.c. wave
and gives a‘direct charge to the large con-
denser at C. This last was built from 100
plates of 14-inch Florentine pressed glass,
with tin-foil on one side and mounted: on
a wooden frame with 14 inch of solid par-
affin cast between adjacent plates. This con-
denser has a capacity somewhat less than
0.25 microfarad and will hold 30,000 volts
without brush discharging. S is a spark gap
which acts as an automatic switch to close

(Continued on page 264)

40,000 Degrees of Heat—Greater Than That of the Hottest Star—Accompanied by a Blinding Flash Two Hundred Times as Bright as Sunlight—This I3 the
Latest Accomplishment of Science in Experiments Conducted by Clarence E. Irion and Professor Wendt,
Volts Potential, aud Made to Discharge Thru a Fine Tungsten Wire, Caused It to Chnn%&a Into Helium

Marking Another Step Forward in Man’s
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A Powerful Electrical Condenser Charged at 100,000

Due to the Terrific Electrical Explosion Resulting,
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The. Illustration Below at Left Shows the
Intensive Action of a Game of Ball, While
Little Bobby Bumps is. Smashing Them
Out as Fast as the Youthful Pitcgqr Can
Put Them Over. Not Much Work for
Fido to Do In That Case. Friend Cat
Seems to- Show His Enthusiasm Like a
Regula: Fellow., This Newest ‘‘Animated
Movie” Is a Mystery to the Uninitiated,
In That Living Actors Interchange With

the Pen and Ink Characters,

At the Left, We Have Mr. Hord Bringia

Forth His Family of Many Colorg an

Combinations; a Number ol (he Little
Characters He Uses in Ilis Plags.

Below 2t Right, Feline Symgnthy and
Enthusicsm Seem to Have Gotten the
Best of Our Very Black Kitten, Who Can-
not Stand and See This Big Stiff Immposing-
Upon the Youngster, &nd Accordingly
~ Procecds to Swat the Pen and ink Draws
§ Man With His Very Much Alive Paw.

. i .

HE gingham dog and the calico. éat,
side by side on the table sat, and the
story goes that before they got thry
with theirargument there was fur and

mud stuffing scattered to the four corners
of the room. Only, in this day and age, the
stage is set with a different cast,—two boys,
a dog, a very live and black kitten, and a
handsome prize fighter. The ptopertics, I
should think. a ball, bat, broom and a bottle
of very black ink.

With the scintillating rays of a mercury
light beaming its benignant approval on these
ptaymates of a make-helieve world, a comedy-
drama of marked human interest is enacted
and projected on our screen, which drags
from our calloused unbelieving soul a gasp
of joy and wonder at the sight of a small
oy and that real live and very black kitten,
playing with little paper comrades, that live
and move and have their being at one and
the same time with their human creator.

Our childhood paper dolls come to life,
and. oh, how lively and smart they are.

The curtain rises while our heart goes out
to the little boy we see sitting, not a little
disconsolate. alone, with a drawing board
and pen and his hottle of exceedingly black
ink. Soon his face brightens, and he be-
gins to draw.

He is a small boy wonderfully clever,
as you will agree before the tale is fin-
ished.

From the swiftly moving point of his
facile pen, the blank whitencss of the paper
is possessed of a very wideawake looking
fad aboyt the size of little Tom Thumb.

Our young artist seizes him by the scruff
of the neck and lifts him to the table.
where he proceeds to cut up all manner of
capers: let us call him Bobby Bumps.
Shortly he stops inquiringly, and asks in an
injured tone of voice, “Where’s Fido?”
Righto, and in a few strokes a saucy little
bull pup looks around, then at sight of his
young master, bounds gleefully off the page
and romps around him, perfectly happy, even
as you and I.

What do not he and we see as interesting
parties to the antics of our little visitors from
a mystic world? We seem to hear the “cat’s
meow” uttered by his royal black highness.
At first he seems asleep, but now alert he
ofttimes makes a playful swipe at the little
dog that dislays the greatest curiosity in that
mamnioth black animal of a prehistoric age
that sits looking down on him with such a
baleful glare. Nothing daunted, he accepts
the challenge and soon this terrific aiimal,
our own dear and very black kitten, is look-
ing cut from behind thé family broom, while
little Fido jumps at him from first one side
imd then the other. You'll sece how it's done
ater. a

A shrill whistle from Bobby recalls him,
and Fido scales the side of the big desk
to his beloved master., Ah, he knows.
Bobby has a bat and ball. That means but
one thing to him—Bobby, at the bat, Fido
thé catcher, while the rcal live youngster
pitches. Bobby displays-great skill with the
hickory stick and keeps the pitcher busy
spearing his long drives, while the cat looks
on and cheers “Atta boy!” We'll tell how
it’s done soon.
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Like sha.cs of darkest night, this young
kitten sits blinking his amber almond eyes
knowingly and beaming with feline pride at
the extraordinary creations of his own
youthful master. This particularly brilliant
young man’s eyes have developed a queer
mischtevous look, and Bobby finds himself
back on the page. watching in unfeigned
wonder the growing figure of a prize-fighter
taking shapc from the wizard’s pen. But
wait, it got “so fur but no furder,” a pair
of legs, a pair of arms and gloved
hands moving like flails. Good night, it's
not fair. Poor little Bobby is jumping about
trying to avoid the terrible punishment of
these arms, with no chance to hit hack. For
shame; 'tis well the Marquis of Queenshury
can not sce this flagrant abuse of his favorite
sport. A frantic whistle brings Fido, whose
comet-like attack keeps the fighter’s legs
dancing. Bobby whips out a pencil, draws a
stairs hehind the boxer, then climbing them,
quickfly finishes drawing the man’s body, and
with all the concentrated fury of a cata-
mount, this small bit of a lad proceeds to
trounce the big stiff. Oh, delight, sweet
essence of succulent seductiveness, what a
scrap! Suddenly cur black, oh very black
kitten, sitting on the edge of the desk; be-
comes 50 cnthusiastic at the happy turn of the
tide. he {fairly beams with joy, and in a burst
of glorious spontanety and with a warlike
meow, makes a lightning downward swecep
of a mighty paw, and the prize-fighter goes
down for the count.

Yes, T should think you all would like to

(Continued on page 276)



A Tunnel Through the

HAT would happen if a

tunnel were bored through

the centre of the earth to

the other side,r'and a pas-

senger allowed to fall thru
in a suitable car?

Most persons wruld answer: “The
car would fall to the centre of the
earth and stay there.” .This answer is
wrong. Others would say: “The car

would fall to the centre of the -earth,

with gradually increasing- speed, un-
til it reached the centre, and there its
acquired velocity would. be so great
that it would go straight thru to the
other side of the earth before.stop-
ping.”

This answer would be correct if
the tunnel were bored thru the -axis
of the earth, from the North Pole to
the South Pole, but such a tumnel
would be of no use, as there are no
passengers or merchandise to be trans-
ported from Pole to Pole. If a tun-
nel were bored in any useful spot,
say from Australia to New York,
neither car nor passenger would ever
reach the center of the earth, except in
the form of a gas!

Azain the question arises as to.

what would be the effects of gravita-
tion on the passengers in the car.
Most people would claim that he
would have (his full weight at the
start of the journey, and that his
weight would gradually ‘diminish un-
til, at the very ‘center he would weigh
nothing at all, and then his weight
would begin to increase again. This
answer is altogether incorrect.

Then there is the question as. to
whether, when gravitation ceased to
act, the.objects in the car would at-
tract ecach other—whether, for ex-
ample the chairs would follow the
passenger around as ‘iron follows a
magnet. Sir Isaac Newton gave the
answer to- this problem in_his “Prin-
zipia” but I doubt if many recaders
rould give the correct answer off-
1and.

An allied problem arises as to
whether a' body without weight can
be thrown any distance. Give a base-
ball pitcher a feather to throw, and
he will be unable to throw it more
than a few inches, If it had no
weight at all, could he throw it a
single inch?

Similarly, the passenger in the car,
while retaining his full muscular
force, tries to jump from the bottom
of the car to the top. I{ he has no
weight, would it be possible for him
to jump a single inch against the re-
sistance of the. air which we suppose
to be in the car?

Another question: “If the passenger
can normally lift a weight of one hun-
dred pounds, what is the limit of his
lifting power when objects have no
weight at all?”

Other interesting problems are the
time required for the hody to fall
thru the carth and the greatest velo-
city it would obtain, and what sen-
sations the passenger would experi-
ence during the descent.

Some thirty years ago I made a
careful study of the entire subject,
and incorporated my results in a story
for boys entitled, “Through the
Earth,” which first appeared as a
serial in “Saint Nicholas,” and was

Earth !

By CLEMENT FEZANDIE

r® AUSTRALIA

afterwards republished in book form
by “The Century Company.”

The book has long been out of
print, however, and the problems in-
volved in the subject are so numerous
and so interesting that I think it
worth while to recapitulate here the
solutions of the various questions.

The first problem, of course, comes
in the digging of the tunnel. . To bore
a hole eight thousand miles deep, even
though but 30 feet in diameter, is no
easy matter. Yet the total amount of
material to be excavated is not very
great. If digging proceeded at the
same time from both sides of the
earth—say from New York and from
Australia, the total amout of material
to be removed would be only one-
tenth of a cubic mile in. each of the
two tunnels, that is to say, onc-fifth
of a cubic mile in all. It would be a
smart engineer, however, who could
succeed in making both holes meet
properly in the centre of the earth.

In my story the excavation was ef-
fected by means of a specially con-
structed auger or boring-tool that
descended as the work progressed, and
whose cutting edges were continually
replaced automatically by new ones.
The tool was worked by electric
power obtained from the waves of the
ocean.

The tunnel was lined with a tube of
a new substance which 1 called “car-
bonite” and which possessed the
strength and Jjghtness rcquisite for the
purpose.

The Car Was Started Thru the Tunnel Which
Passed from One Side of the Earth to the
Other, When the Subject of the Experiment
Climbed to the Ceiling of the Car and Then
Let Himself Drop Head Down, Toward the
Bottom. To His Surprise, the Subject Never
Reached the Floor,the Act of Dropping Having
Started the Car on Its Journey, His Bodg and
the Car Then Dropping at the Same Speed
The Calculated Time Required for the Entire
Fall Thru the Earth from Australia to the
Receiver on the New York Side Was 42
Minutes, 13.4 Seconds. The Car Is Hauled
Up the l’,ast Mile in New York by a Clutch
and Cable System, as Shown in the Drawing.
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This tube was always kept in a
state of fusion at the top, and was al-
lowed to descend slowly into the tun-
nel as the boring progressed, new
molten matter being added at the top.

As the work advanced, and the in-
ternal heat of the earth began to
make trouble, special devices were at-
tached to the tube, which converted
the heat into electricity, this electri-
city being conducted thru the tubes to
Australia and New York where the
current was sold for heating, lighting,
and transportation purposes, the sums
realized netting a fortunc after pay-
ing for all the expenses of building
the tunnel. .

Finally all obstacles are overcome
and the tunnel is built. Then comes
the problem of ecxhausting' the tun-
nel of air. A column of air four
thousand miles high would obviously
render the experiment impossible, as
the air at the centre would be -under
a tremendous pressure. So Doctor
Joshua Giles—the originator of the
tunnel—pumps out all the air pos-
sible, and then gets rid of the remain-
der by means of chemicals that have
an affinity for the oxygen and nitrogen.

(Continued on page 272)



Doctor

lacKensaw’s

Secrets

By CLEMENT FEZANDIE

(Author's Note. Our chemists to-day are
able to produce many orgonic substances
synthetically. Is it too much to expect that,
in the not very remote future, we shall find
the means of endowing this organic matter
with life, and producing the one-celled ani-
mals and plants that arc the lowest forms
of life known? And once we have produced
these unicellular types, what is to prevent
us from going further and grouping these
into more and more complex forms, uniil we
are at last able to reproduce forms similar
to those of our higher animals, which are
afier all but a collection of organs and tis-
sues built up out of the simple cells?)

& ILAS,” said Doctor Hackensaw, im-
pressively, “I am going to show you
to-day, the greatest inyention that
has ever been made by man!”

“Good gracious, doctor,” cried Silas
t1){o?ckett, “what in the world can it possibly
e "

“Silas,” continued the doctor, solemnly,

“l have invented—'LIFE!"”

“Invented lifef” echoed Silas, puzzled.

“I suppose 1t would have been better to
say that I have discovered life, tho that
would scarcely express the idea. I have dis-
covered the secret of life, and have invented

means for infusing life into inert organic

matter,”

“There sat Hoochie on a low chair, surrounded by living toys of the most wonderful kind.
side of her chair stood a three-headed dragon, coming like a dog to be patied by its master. .On her shoulde: stood a fairy queen ..
miniature Centaur. making eyes at a living mermaid.

'_"N°¢ 7—
The Secret of Life

“You mean that you have discovered
‘spontaneous generation'?”

“You may call it that, if you wish. If
you recollect, it was Pasteur’s attempts to
produce spontaneous generation that led him
to the study of ferments.and of hydrophobia.
But he never succeeded in producing life,
and I havel”

“Is it. possible?”

“Yes, I began with the lowest forms of
life—the one-celled animals and plants that
are so much alike, that scientists are not
yet agreed which to call animals and which
to call plants, It is here that life evidently
originated on our planet, and from these low
forms it split up into the two great king-
doms; one branch evolved into plants, the
other into animals.

“From the very start I realized that I
was faced with three problems, not one.
First, I must analyze protoplasm, and after
learning its chemical’ constituents; I must
learn to manufacture inert protoplasm. Sec-
ond, I must learn how to confer on this in-
ert protoplasm: the properties of irritability
and: contraction which constitute life.”

“What!” cried Silas Rockett in amaze-
ment. “Is life nothing but the irritability of
our cells and their power of contracting?”

“Practically, yes. Herbert Spencer has
given a long definition of life, which you
will find in the dictionaries, but, as a matter
of fact the basis of life is the irritability
of the cells and their power of contraction.
Of course, for growth, it is necessary that
the cells should feed—that is, that they
should absorb and assimilate nourishment.
They must also reproduce themselves—one
cell must grow larger and then split into two
or more cells. This is the way all increase
takes place in plants and animals.”

“Well, what about the third problem?”

“The third problem, after producing living
cells, is to build them up into complex tis-
sues and organs—in other words to produce
higher forms of life from the lower.”

“And you have succeeded?”

“Yes, but only after years of experiment-
ing. Of course, I did not wait to solve the
first problem before I tried the others—I
carried on all three sets of experiments at
once, and curiously enough, 1 solved the
third and most complex problem. first. And
here, foo, contrary to my expectations, T
found: it easier to work with animal sub-*
stances than with plants. - The sap in plants:
is less complex than the blood of animals.

(Continucd on page 268)

In her lap she held a miniature elephant the size-of a kitten.” By the

.. while. near by stood a

In.some of the flowers was to be seen. a perfect live. seahorse, while on the. stalk of one flawering plant thete

grew. a living baby ofﬁn( size . oo
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By ISABEL M. LEWIS, M. A.

OF THE U. S. NAVAL OBSERVATORY, WASHINGTON; D. C.

migrate to the moon and. take up their
abode in that mysterious world we may
imagine them settling exclusively in one
hemisphere that they may enjoy the
aspect of our own planet ever visible in the
heavens, presenting to their view a disk four

IF it were possible for humdan beings to

times as great in diameter as the moon
presents to us, and oscillating slowly to and
fro against a sky of inky blackness. About
four-tenths of the moon's surface is never
seen from the earth, because the moon always
keeps the same face turned toward us, com-
pleting one rotation on its axis in approxi-
mately the same time that it takes to complete
one revolution around the carth. Upon
another four-tenths of the lunar surface the
earth never sets and over the remaining
two-tenths of the surface it alternately rises
and sets. If we should choose a position on
the moon’s surface near the center of the
visible disk we would be most favorably
located for observation of the earth-disk
which would be nearly in our zenith thruout
the month. If'we dwelt near the edge of the
visible disk of the moon, whether at its poles
or in equatorial regions, we would see the
earth nearly in our horizon. In the course of
a month the dividing line between the visible
and invisible portions of the moon’s surface
would shift to and fro and the earth would
alternately rise above and sink beneath the
horizon.

The phenomerna of a rising and setting earth
when viewed from a point near the edge of
the lunar disk and the slight oscillations of the
carth back and forth are due to what is
known as the librations of the moon. The
moon’s axis of rotation is tilted to the plane of

The Earth Viewed
From the Moom

its orbit about 614° and as a result we can see
beyond the poles of the moon by this amount
in the course of one revolution of the moon
around the earth, just as the
tilt of the carth's axis to the
plane of its orbit permits the
sun to shine beyond its poles
2314° in the course of one
revolution of the earth around
the sun.

This amourit by which we
can see beyond the poles of
the moon in the courseof a
month is called the libration
in_latitude.

P L ey

This Shows the Aspect of the
Earth When Viewed at a Con-
siderable Distance Ouf in Space.
The Earth Is Losing Continually
Part of Its Atmosphere Into
Space, and While This Does Not
Amount to Very Much, It Is
Sufficient to Be Seen, Were We
Located at a Distance Where We
Could View the Earth in Such a
Position as Shown in Qur Ilus-
tration. Here the Earth would
Be a Wondrous Sight, and while
the Tail Behind the Earth would
Not Be of Such Great Luminosity
as That of a Comet, Nevertheless,
It would Be Clearly Discernible.

Also the moon rotates on
its axis at a uniform rate, but
moves around the earth at a
non-uniform rate, owing to
the fact thatitis movinginan
cllipse and therefore travels
more rapidly when it is near-
est the earth, or in perigee,
than when it is farthest from
the earth, or in apogee. It fol-
lows that for certain positions
of the moon in its orbit we see
considerably beyond its western cdge while in
another part of its orbit the moon is so turned
with respect to the earth that we can sce
considerably beyond its eastern edge. This is
called the libraiion in longitude. Its greatest
possible value is 734°. It is owing to these
librations ‘of the moon that the earth is
visible always from only four-tenths instead
of one-half of the moon’s surface and is
visible at irregular intervals from an addi-
tional two-tenths of the surface. Another

effect, as we have said, is to produce the
slight swinging back and forth of the earth-
disk, as viewed from any one position on the
visible surface of the moon, in the course of
a month.

A nearly stationary earth-disk of enormous
size is not the only marvel of -the lunar
heavens. The markings on this disk are con-
stantly changing in appearance owing to the
rotation of the earth on its axis. The outlincs
of continents and seas can be readily dis-
cerned, tho they are often temporarily con-
cealed by drifting clouds, and they are
carried across the visible disk in twelve hours
by the earth’s rotation. In addition the disk
shows in the course of a month all of the phases
of the moon tho in the reverse order. When
the moon appears full to us the earth would
appear new to an ohserver on the moon and
when we sec a crescent moon the lunar
observer sees a gibbous earth, and vice versa.

At “new earth,” as the lunar visitors might
call it, the huge earth disk would usually
appear directly above or below the sun. The
night side of the earth would be turned toward
the lunar observer. It would be surrounded
by a halo of reddish light, nearly one-
sixteenth of the earth’s diameter in width,
produced by the shining of the rays of light
from the sun thru the earth’s atmosphere.
The earth-disk would also be illuminated by
a weird light, a blend of - the auroral displ