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Now

you may learn about the

MILLION MIRACLES

which modern chemistry works
every day in your own life!

You may learn why you can’t eat pancakes for breakfast without
sulfuric acid; how it is possible for young girls in Styria to eat
arsenic enough every day to kill ten men; why you need an ice
machine to make cheap pig iron; how a simple chemical discovery
precipitated the World War!

Every day modern chemistry works a million miracles which vital-
ly affect the actions of every civilized human being. Now comes a
new book—“Marvels of Modern Chemistry”—which tells what these
miracles are, how they are performed, and how they affect you.

Hundreds of fascinating topics discussed

The book tells what makes the eyes of babies blue and how to
make good mayonnaise dressing; what fine church glass is made of
and why only certain soaps are good for shaving. It gives insight
into the weather, the processes of mining, the making of good beer,
the composition of the tails of comets, the proper use of cosmetics.

Opens your eyes to the world around you

Every branch of practical and theoretical chemistry—organic,
inorganic, colloidal, physical—is discussed in clear, interesting
style for the layman. The discoveries of Einstein, Neils Bohr,
Planck, Thomson, Hertz, etc., are explained. No one who wants to
understand our modern world can afford to overlook this book.

To obtain your copy, use the coupon now. If you are not com-
pletely satisfied, return the book within five days, and your money
will be refunded without question. Price only $3.00

Use the coupon today—money back guarantee

This book tells you

The fundamentals of inorganic and
organic chemistry.

How recent discoveries in the field
of the new physical chemistry have
revolutionized our ideas about the
world around us.

How the philosophy of reality has
been changed.

Fashions in atoms.

The marvels of modern industrial
chemistry.

The amazing things which can come
out of a piece of coal.

The antics of radium.

The place of chemistry in past and
future wars;

Its value to the human race.
The red-headed halogens.

A beautiful volume

The book itself is a striking example
of the fine art of book making. It
measures 6” by 814", is printed in
legible type on good quality paper,
is bound in blue cloth stamped with
art gold, and is beautifully illus-
trated with 31 photographs in Aqua-
tone, a new process which permits
striking  effects not achievable
through ordinary printing.
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ORDER FORM
HARPER & BROTHERS

49 East 33rd St., New York
Gentlemen : Please send me one copy of

MARVELS OF MODERN CHEMISTRY

Price $3.00
O Check is enclosed. O Send C. 0. D.
I understand that if the volume is not satis
factory, I may return it within five days and
my money will be refunded without question.

NAME  ciciniugsnisigiusss donssasssssaiseisavasarsinseresevies
Street . i AR R R

CItY .. .ccisamnasmiiinz. State Lasaaans

|
!
[}
|
|
|
|
|
|
|
|
|
!
!
l
I
i

“When Ellwood Hendrick, beloved
by all chemists and by thousands of
laymen, wrote “Everyman’s Chemis-
try” in 1917 he did what had never
been done before. Textbooks of sci-
ence were technical, dull and designed
for immature minds. Popular science
books were superficial, romantic and
equally immature. His book was, in
effect, a serious, instructive text. It
was authoritative and fascinating,
filled a real need and set a model.

“Dr. Beverly L. Clarke has now re-
written this book, maintaining the

Read these extraordinary endorsements

original plan but bringing it up to
date and adding the philosophical
point of view which chemistry has
since attained. His introductory dis-
cussion of the fundamental concepts
of matter and energy is original and
merits high praise. He has produced
a revision which meets the standard
set by Dr. Hendrick.”—N. Y. Herald

Tribune.

“A brilliant work! The layman can
read it with pleasure and no little
profit”—N. Y. American.
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A Message

from an Advertiser

ALPH STARR BUTLER of New York, vice president of the General
R Foods Corporation, in an address at a recent luncheon of the As.
sociation of National Advertisers, urged the delegates to investigate the
type of circulations instead of the total net paid figure alone when placing
their advertising.

“It took the depression, with its reduced appropriations to make the ad-
vertisers understand that they must get a dollar’s worth for a dollar. If
we are to go further toward deflation of costs we must have more careful
buying. We must get away from quantity and place more stress on the
quality of circulation.

“Reliance on the net paid circulation figure has been detrimental to the
advertiser. We ourselves are responsible for the publishers striving for
quantity rather than quality. The advertisers asked for big circulations and
the publishers were forced to produce these figures. Many resorted to certain
practices that they would not have otherwise employed. We got the large
circulation figures and in addition the heavy costs which the publisher was
forced to throw back on the advertisers.

“You can remedy this situation by looking into the make-up of your cir-
culation report instead of the total at its end. If you find that this circula-
tion is built up on premiums and you don’t care for premiums, don’t buy
the space. Look inside your circulation figures and see how they are ob-
tained. If you don’t like the methods, you can stop them. Just don’t buy it.
Or if you doubt the substance of the circulation, tell the publisher you
don’t believe it and refuse to buy.

“There is no law forcing you to keep paying these heavy costs of quantity
circulation. If enough advertisers take the stand the publisher will realize
that quality and not quantity is wanted and will work toward this end. He
will have to come to your way of thinking.”

He urged the delegates to try and help the publisher reduce the circulation
costs as a means toward lower lineage rates and said that their cooperation
would be welcomed.

SCIENTIFIC AMERICAN

invites you to investigate the

Quality of its Circulation




ACROSS THE EDITOR’S DESK

VER since we began the popularization of
amateur astronomy in 1925, we have frequently
received letters from readers who urged us to

open a parallel campaign for the amateur micro-
scopist. This, after many hesitations and weighings,
we are now planning to do. We shall not, however,
plunge headlong into the subject, nor shall we
attempt to tell the amateur how to make his own
microscope, since it is vastly harder to design and
construct a microscope than a telescope. To start
the ball rolling, our next number will contain an
article which will tell the uninformed tyro how
to start the amateur microscope hobby. If the in-
terest thus aroused is sufficient, we shall publish
other articles on the same subject in future issues.

Safety on the highway involves to a large extent
the mechanical fitness of vehicles; but how is this
fitness to be determined without placing an un-
desirable burden upon the motor-car owner? Cer-
tain communities have solved the problem by
providing a way whereby the car owner may, of
his own volition, receive a free inspection of the
vital parts of his car. The checking and testing is
expedited by a series of mechanical units that show
such things as headlight adjustment, wheel align-
ment, and brake equalization. How the cars are
rapidly inspected, and how the various mechanical
aids operate will be told in an article, illustrated
with a special series of photographs, scheduled for
publication next month.

The importance of inorganic matter in our daily
diet is rapidly becoming more clearly recognized.
Ignored but a few years ago, 11 inorganic elements
have been found to play vital parts in maintaining
our health. How these elements have been placed
in our diet as the result of scientific research will
be told in an article to appear next month.

When you watch an historical drama unfold on
the motion-picture screen, you may often wonder
how the costumes and settings are obtained with
such fidelity to the originals. Back of such a picture
is a vast amount of research and painstaking labor
that results in reproductions that will satisfy the
most critical. Of course, there is a certain amount
of “faking,” but where does absolutely accurate
portrayal end and faking start? You will be in-

terested in an article on this subject that is sched-
uled for next month. Some of the movie methods
that are used will surprise you with their lavishness,
while others show how thousands of dollars are
saved by legitimate trickery.

In the examination of paintings it is often de-
sirable to know definitely what underlies the surface
layer, or the relative thicknesses and exact compo-
sition of various superimposed films of paint. An
examination that will reveal these facts often leads
to the restoration of a valuable masterpiece that
has been painted over by a more recent artist. A
microsectioner has been developed to make such
examinations more accurate and less likely to
damage the painting. An article telling of this device
and the work which it accomplishes will be pub-
lished in our next number.

Much of the future economic progress of this
country will depend upon the development and use
of the vast potential wealth that lies in the flowing
streams of America. With this fact in mind, we
will publish soon an article by Calvin V. Davis in
which is presented a remarkable study of the com-
plex problem of water conservation in all its eco-
nomic and engineering aspects. In this article Mr.
Davis surveys the technical advances in the devel-
opment of water resources, and the improvements
in our economic structure that will parallel the
application of these advances.

Here is what one of our readers, Paul W. Kuhl-
man, thinks: “I must express great satisfaction in
the fine work done in ‘The Scientific American
Digest.” Surely there is nothing of the same general
nature which could satisfy me better. Being an
electrical engineer, I might desire more radio arti-
cles, for example, but the excellent articles by
prominent astronomers and scientists would make
me say: ‘More space to them.” Although radio is
my hobby, I never miss reading Mr. Ingalls’ ‘Ama-
teur Astronomer.’ The Boulder Dam articles gave
a broader description than any I happened to see
in the electrical magazines; thanks for them.” Has
anyone else an opinion to express? The welcome
mat is out. Come on in!

O P

Lditor and Publisher
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Gems and English-French
Gem Materials Automobile Dictionary
By E. E. Kravs, Professor Mineralogy By Louis L. SELL
and E. F. HoLpEN, Univ. of Mich.
A CoMPREHENSIVE technical dictionary of the auto-
THOSE of our readers who have taken up the new mobile and allied industries containing full ter-
amateur hobby of gem stone polishing described in minology of some 100 different fields. This is the first
the March number, as well as others interested in polyglot dictionary ever published on any field of
minerals and gems, will find this book a valuable industry in a comprehensive form in the United
mine of compact scientific information. It covers States. We have previously had to depend on the
the many forms of mineral crystals, the physical and Germans for such works. An idea of the scope may
optical properties used in identifying gems and be gained from the fact that the word piston has
other minerals, the composition of gems, the gem 332 entries in various combinations. Numerous
cutting and polishing industry (insight into pro- cross-references are also indicated. In all some 150,-
fessional methods), artificial gems, and contains a 000 terms are condensed into 768 pages. 514 x 7%
long treatise describing each type of gem mineral. flexible binding. The complete terminology of motor-
—$3.20 postpaid. dom.—$6.25 postpaid.
< — — e e '&- — —— —_— B
A Thousand Marriages Why We
A MEDICAL STUDY OF SEX ADJUSTMENTS Don’t lee People
By R. L. Dickinson, M. D. and
Lura Beam, M. D. By DonNALD A. Lamp, Dir. Colgate Univ.
Psych. Laboratory
THis book must not be confused with any of the . .
general elementary treatises on sex life which are It matters ht‘tle how much you k.now, if you are
now available to all. As its title indicates, it is out of tune X‘”th th? peo;:’le and _thlngs around,you,
wholly devoted to an advanced study of one par- if you are “maladjusted 2 misfit—you can’t go
ticular phase of the whole subject. It consists of far in this wqud. Dr. I“alrds newest book among
lengthy citations of a thousand specific case his- many other things contains a detailed test by which
tories as recorded throughout a long career by a you can find out just exactly where you stand on
noted gynecologist who in his professional capacity the average scale of adjustment—provided you can
came to know the innermost facts in his clients’ be frank with yourself'. L
lives, and who states them very plainly indeed, It makes easy reading—it is chatty, not a dull
though with names omitted, of course.—$5.20 post- | report.—$2.15 postpaid domestic.
paid domestic. l
B | - .
L3 [ o
Cyclopedia of Formulas Applied Gyrodynamics
By Avgerr A. HoPkINs By Ervin S. Ferry, Prof. Physics
STEADILY this premier reference book maintains its Purdue University
place both in the libraries, where Librarians tell us “THE purpose of the present book is to bring gyro-
it is one of the most frequently consulted books, and dynamics out from behind the integral sign and to
in the laboratory where it will invariably be found present it to the acquaintance of engineers and stu-
in well-used condition. There is a formula for almost dents having mathematical equipment of the ordi-
every conceivable industrial and home purpose.— nary graduate of engineering or physics”—so runs
$5.50 postpaid domestic. the preface. All gyroscopic devices of industrial
importance have been surveyed and every known
source of information has been tapped. A text un-
derstandable to those who are not specialists in
mathematics.—$4.20 postpaid.
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For Sale by SCIENTIFIC AMERICAN
24 West 40th Street New York, N. Y.

SCIENTIFIC AMERICAN, January, 1933. Vol. 148, No. 1 entered at the New York, N. Y. Post Office as second class matter June 28, 1879,
under the act of March 3rd, 1879; additional entry at Greenwich, Conn. Published monthly by Scientific American Publishing Company, 24 West
40th Street, New York City. Copyrighted 1932 by Scientific American Publishing Company. Great Britain rights reserved. Subscription price
$4.00 per year. Foreign $5.00. :



WILLIAM DAVID COOLIDGE

HE myriads of incandescent lamps

which flash on all over the world at
dusk proclaim the genius of Dr. W. D.
Coolidge, who, after 27 years as a member
of the staff, Assistant Director, and Asso-
ciate Director of the General Electric Re-
search Laboratory, was recently appointed
to succeed the retiring Director, Dr. Whit-
ney. Dr. Coolidge’s contribution to the
incandescent lamp as we know it today was
his development of ductile tungsten for the
manufacture of the filament. This one
achievement was a greater step in the his-
tory of illumination than any other before
or after Edison. Dr. Coolidge’s fame does
not, however, rest on that achievement
alone. He it was who developed the hot-

cathode type of X-ray tube bearing his
name, which rendered highly practical
what previously was scarcely more than a
laboratory device. As a result of this and
other important developments of his—
notably the wrought tungsten target for
the X-ray tube, the development of various
types of X-ray generating equipment, and
modifications of the original Lenard cath-
ode-ray tube which have greatly increased
its power—the science of radiology has
made long strides forward in recent years.
Among Dr. Coolidge’s many other devel-
opments, for which he has received a num-
ber of gold medals and international hon-
ors, is the “C-Tube,” a listening device for
submarines and for underwater signaling.
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Courtesy The Hlwstrated London News

FROM STEERING PADDLE TO HEN early man used his primitive paddle to
steer his dug-out canoe, he swung it alternately
GYRO-COMPASS from side to side in order to keep on his course.

Later he learned to steer by twisting the blade. For
ages, paddles in one form or another were used to
steer even large vessels, until the introduction of
the rudder placed on the center line of the ship.
Then came the whip-staff, the steering wheel, and
finally the automatic gyro-compass steering gear of
today. The drawings admirably depict this evolution.



Mount Rushmore, showing the Washington head nearly completed and the Jefferson head taking form. The completed
group will include the likenesses of these two Presidents and two others: Lincoln and Roosevelt, with an historical entablature

MOUNTAIN SCULPTURE

By GUTZON BORGLUM

HEN undertaking the work at

Stone Mountain, Georgia, more

than 10 years ago, the paramount
problem I faced was the removal of
granite in great quantities, quickly and
without danger or injury to the stone
that must be saved for carving
purposes.

Modern work, through the use
of machinery developments and
inventions of all kinds, has natu-
rally and necessarily increased
in volume. Everything in mod-
ern civilization has so expand-
ed that the very scale, the
breadth of one’s thought, is no
longer limited by town, city,
county or state, but daily
reaches to the boundaries of
the world. Telegraphy, the tele-
phone, transportation, roads,
automobiles, flying machines, and
now the radio have literally put
the farmer in the mountains, on
the plains, in our remotest prov-
inces, in instantaneous touch with
the doings and the thought of the
world. It has occurred to me that this
physical metamorphosis could not pos-
sibly take place without affecting all
creative minds—artists, inventors, men

of letters and music—and every form of
esthetic expression. I believe it was
natural and consistent with the great
modern awakening that I should have
turned to the huge cliffs of our land, the
lofty granite ledges, and in them
carve monuments and there leave
records of the founding of our
great nation and the development
of our civilization.

I am sure it was an unconscious
or subconscious response to this
world demand that led me to
undertake the work on Stone

Mountain, not realizing then

what was back of the impulse

and without any experience in
that kind of work, for which
there was no precedent; the
ways, means, and methods had
never been worked out. Some-
how it seemed quite natural to
approach a wall 800 feet high and
3000 feet long, containing some 60

Mr. Borglum working on the Con-
federate Memorial, Stone Mountain,
Georgia. It was on this great mass
of granite that Mr. Borglum first

Courtesy The duPont Magazine undertook to carve colossal figures



oYy

SCIENTIFIC AMERICAN

A close-up profile of the Washington head on Mount Rushmore, as it nears

completion, showing two of Mr. Borglum’s assistants at work on facial features

acres of granite available for carving.
But it is not reasonable to suppose that
anyone would undertake such a task,
under such conditions, without question
and much guessing, and without a dom-
inating anxiety as to the mechanics of
the work in hand. What could I do, what
should be done to remove the stone
with the rapidity and facility that one
works over a marble bust in one’s
studio? This thought occurred to me
before I had measured the acreage I
intended to use for my carving: How
could I whip those enormous dimen-
sions and reduce the mountain to a
handful ?

When I first put drill to that 800-foot
block, directing the hands of men I
could hardly see at a distance of 1500
feet, I was still more impressed that
without some effective substitute for the
thousands of enslaved craftsmen of

the Egyptian days, our undertaking
would never come to an end. I spent
days and weeks experimenting with
ways and means of blocking out masses
of unnecessary stone and trying, by
plug and feather wedge and drills, to
split them off. All these efforts proved
childish and inadequate. After months
of trials and failures and careful calcu-
lation of costs, I began to see that the
work would be next to interminable
with the labor we could afford and by
the then known methods at our disposal.

I had thought some of explosives but,
knowing little about them, had vetoed
their use. The general idea is that high
explosives can only be used to destroy,
disrupt, tear asunder, and wreck. As I
thought this subject over, much as I am
writing it, another thought came to me:
Why not control the explosive force?
Firearms control it; why not develop

JANUARY - 1933

some means by which we could blow
off just what material we wanted to
be rid of, in precisely the quantities we
wished to remove and at the same time
preserve the stone left in place, intact
and without injury? That problem I
pondered over for months without dis-
cussing it with anybody.

Just at that time a Belgian engineer,
who was passing through Georgia, vis-
ited me at Stone Mountain. I told him
what our difficulties were, quite apart
from the safety problem of carrying
men to such a height, apparently un-
protected, to work on the side of the
mountain. The removal of stone was
costing too much and was too slow; the
old methods were detaining, hindering
the development of the design; the cost
was prohibitive.

“Why don’t you use dynamite?” he
calmly asked.

“I have been thinking of it,” I re-
plied, “and am on the point of making
experiments.”

He then told me that he had recently
enlarged a tunnel through a ledge of
granite, only a few inches, and that by
arranging his drilling and adjusting the
charges of dynamite, he was able lit-
erally to cut the six or eight inches from
the main ledge as cleanly as though
it had been channeled.

F course, any one who knows any-

thing about granite knows that it
splits easily in some directions, while
in others it is stubborn and “cranky.”
I spoke of this and he said he had met
with that in his tunneling and had
found mechanical means of overcoming
the trouble.

“Where I cross the grain of the
granite,” said he, “I put my drill holes
closer together. While I drilled my
holes to the same depth, I did not place
my dynamite at the bottom of each one,
but scattered the charge, zigzagged it
up and down the wall.” And then he
added, “I measured carefully my
charge, kept it so light that the six-inch
shell often only cracked the stone loose,
and sometimes a hand bar would be re-
quired to release it.”

If T ever had the gentleman’s name
and address, I have lost it, but that
night in the lamp room I projected the
photographs of my models of Lee, Jack-
son, and Davis on Stone Mountain,
which was a little over 1100 feet from
our location. The slide was small
enough so that I could hold it in the
hollow of my hand, but the picture,
projected without distortion, covered
nearly an acre. We studied it together.
It was this traveling engineer who gave
me the assurance and impetus that re-
sulted in the practical use of dynamite
for carving the gigantic figures, in di-
mensions to harmonize with the colossal
thought and life of our day.

I spoke of this experience to a great



JANUARY - 1933

friend of the mountain memorial idea,
the late Coleman duPont and, follow-
ing his suggestion at the time, I com-
municated with the duPont powder
people at Wilmington, requesting that
one of their experts be sent to Stone
Mountain to instruct me and my as-
sistants in the use of high explosives.
They responded very graciously and
sent a man who, I believe, was on spe-
cial duty in Florida. He remained with
us many weeks, until we had mastered
the work. So it was that the amazing,
almost fantastic, idea of carving with
dynamite came into use.

I ought to say here that we use high
explosives in all proportions and in all
quantities. I have two or three men—
always more than one—who are not
only experts in their knowledge of what
an inch or six inches of dynamite will
do, but who know what can be done
with a percussion cap alone, even with-
out the dynamite. Such a man must also
know and be in constant touch with
the drilling that is going on and with
the general design; he knows the power
of his explosive and the danger that
may come to stone in place or to nearby
work by using an overcharge. This em-
pirical knowledge has proved of great
value at Mount Rushmore, S. D.

E have developed the drilling and
blasting away of stone on Mount
Rushmore to such a nicety that I can
shape out a nose to within an inch or
two of the finished surface, even down
over the point of the nostrils, can shape
out the lips, and grade the contours of
the cheek and the brow and all curved
surfaces. We can shape out even the
eyeball as a whole, but the defining of
the eyelids and pupils is done with a
drill and the air tool, operated by hand.
Last year at Mount Rushmore, while
working on the figure of Washington
and blocking out the head of Jefferson
and Lincoln, we removed over 12,000
yards of granite with less than 15 men.
Not a foot of this stone was simply
blown away; it was all carefully tagged
or pointed, measured, blocked out, and
marked. Then the dynamite charge was
calculated to do the necessary work
without injuring any stone left in place.
Drilling and blasting followed and the
carving went on. Following each shot,
the remaining stone is carefully ex-
amined for any evidence of fault or in-
jury. If found in perfect condition, it
is marked for further work in blasting
or air drilling and finishing.

In removing stone by this process, we
first calculate the amount to be re-
moved. For example, let us say there is
15 feet of granite down over the face
to be carved. Then we locate the high
points of the face, the end of the nose,
the brows and chin. Next, for test pur-
poses, we drill to a depth of three feet,
to ascertain the nature of the rock and
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to discover whether there are any hid-
den cracks. If so, we note whether they
are disappearing or increasing. The
condition of the stone guides us con-
stantly in drilling and loading holes.
If the surface is imperfect, we move
with great care, reducing not only the
charge, but also the amount of stone
to be removed by a single blast. This
cautious procedure is maintained; we
make each explosion lighter and lighter
as we approach the face. In this way
we are certain no injury can occur to
the body of the rock.

This year we expect to remove an-
other 10,000 or 12,000 yards of granite
before the Fourth of July, incidentally
carving the entire front of Washing-
ton’s coat and his left arm, including
the finishing of these parts. Thus, in
less than 60 working days we shall re-
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move 10,000 to 12,000 yards of rough
granite, and block and finish an area
equal to an acre, representing the shoul-
ders, waistcoat, and left arm of Wash-
ington. I doubt whether the ancient
Egyptian craftsmen could handle such
a volume of work even though they
labored shoulder to shoulder over that
entire surface; and I doubt too, wheth- -
er the work we shall do in less than 60
days, with the aid of explosives, could
be done in three years by old methods
or at less than six times the cost.

The word “conservation,” when ap-

plied to water resources, means “to
develop and use”—not “to preserve.”
An article soon to be published shows
this distinction and the importance of
our water resources—The Editor.

The mouth and chin of the Washington head. This view shows clearly the man-
ner in which numerous holes are drilled for removing small amounts of granite



The first pneumatic-tired car to go into regular service on an American railroad. It is built of stainless steel

‘g

and is therefore much lighter than the present standard passenger cars. It is equipped with Diesel-electric drive

FasT RamnL CAr oN PNEuMATIC TIRES

change in railroad practice was

forecast as the result of success-
ful tests of the new Michelin rail tire
in France. In itself representing a pro-
gressive idea, this new tire is pneumatic
and has provisions for taking care of
the weight of a rail car in the event
that the tire goes flat. Experts saw in
it a means of re-opening for service
short lines of railroad which have prac-
tically ceased operation due to intense
highway competition and for rendering
fast and more frequent service on other
lines. In short, here seemed to many to
be an idea that could be worked out
for the rehabilitation of the railroads in
this country.

SOME months ago a revolutionary

RAIL car for using this new tire
was immediately planned by the
E. G. Budd Manufacturing Company,
an American manufacturer, and the re-
sult is that the first of the Budd-Miche-
lin, pneumatic-tired, Diesel-electric, rail
cars is now in operation on the lines of
the Reading Company. The new car will
carry 47 passengers. It is of stainless
hi-tensile steel construction throughout,
practically all parts of which are “shot-
welded.” The outside of the car will
have no paint as the lustrous stainless
steel has a permanent finish.

The front or power truck, shown at
right, is equipped with a 125-horsepower
Cummings Diesel engine directly con-
nected to a Westinghouse 250-volt
generator of special light-weight con-
struction. In the power truck are
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mounted the batteries and control. The
rear, or traction truck, has a single
high-speed Westinghouse motor mount-
ed under the bolster. The double ex-
tended shaft drives the front and rear
axles of the truck through a 9.1 Timken
differential worm.

The car weighs approximately 22,000
pounds and has a speed of from 50 to
55 miles per hour. The tires are 33 by
4% inches, and carry a pressure of 95
pounds.

The fundamental development work
of the Budd Company in handling and
forming thin sheets of steel, and its
research into welding methods have con-
tributed to the fact that the car and
truck construction is modern to the last
degree. Relatively overnight, the weight

of a self-propelled car of a given seating
capacity has been reduced to 33 percent
of that of a passenger coach having no
power, as used on Class 1 roads.

Although the car is radically new in
every point of construction, the riding
qualities of the pneumatic-tired wheels,
the exclusion of noise as well as dirt
by the permanently closed windows, and
good acceleration, all combine to give
the passenger a reaction heretofore un-
attained in any self-propelled vehicle.

The Reading Company’s car leads the
way and is a permanent milestone in
the design of self-propelled cars and
trains that will operate at very high
speeds and in deluxe service with an
economy attractive to the railroad op-
erator.
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The front truck of the new car is equipped with a 125-horsepower Diesel en-
gine and a 250-volt generator which supplies electricity to a motor on rear truck



OUR POINT OF

VIEW

Rehabilitation Necessary

OR several months we have seen on

every side healthy signs of recovery
from the despair that has beset many
of us for long and dreary months. The
consensus now is that business and in-
dustry are definitely on the up-grade
and the increase in employment will
continue in an ever-rising ratio. Thou-
sands have gone back to work already;
thousands more, millions even, will take
up the tools of their trades in coming
months.

Anticipation of this employment re-
covery is very encouraging, but—we
are not yet out of the woods! There is
a difficult winter to be passed, and job-
less ones and their families will be cold
and hungry. To ease the suffering of
these unfortunate economic casualties,
relief committees throughout the coun-
try will ask all who can to give “until
it hurts” during the coming months.
Give every cent you can possibly spare,
for millions of dollars will be needed,
and we must take care of our own. We
must and will see it through!

There is still another angle to this
problem that confronts us. Millions who
have been unemployed for long periods
have so far lost the “habit of work”
that serious rehabilitation measures are
now and will be necessary for perhaps
years to come. Many of the unemployed
ones have been rebuffed for so long that
they have become introspective and
afraid to face things squarely. It is
therefore not enough that we give finan-
cial assistance and encouragement; it is
up to us also to foster and promote
educational schemes which will bring
back to them confidence in themselves
and, in fact, their self-respect. Personal
contact with the unemployed shows us
that this is vital.

Much has already been written con-
cerning leisure-time opportunities for
educating one’s self for a better position
during a period of unemployment, but
with jobs opening up everywhere, it is
useless to emphasize this fact now.
Each person is going to spend most of
his time trying to find a job. To reach
these people, radio programs such as
the “New Occupations During the De-
pression” program of the New York
Y. M. C. A, and others of a purely
educational character would do a great
deal of good. Schools and colleges can
accomplish much by keeping in close
touch with and advising recent gradu-
ates who have had financial difficulties,
to keep them from going on the rocks

at an impressionable age. Lastly, the
great mass of people everywhere can,
by keeping up its own courage and
fighting through to better times, by
holding on to faith and hope and back-
ing it up with hard work, by putting
money in circulation and by making
jobs wherever possible, stimulate and
encourage those who need more than
sympathy at the present time.

Planetary Vibrations?
VANGELINE ADAMS is dead but

astrology is not. In fact, this “sci-
ence” (so-called by its votaries) must
have gained impetus because Miss
Adams so accurately predicted her own
death—at sixty.

Perhaps Evangeline Adams did know
when she would die. Not all men of
science are yet ready to deny that some
human beings have some kind of direct
insight into future time—whatever time
is. This question is one which the sci-
entist is willing to leave open for future
study. What he does deny is that the
stars control our lives and that the
motions of the planets serve as a guide
to the future. Need the reasons for this
rejection be argued and labored before
our readers? We shall not thus insult
their intelligence; while we do not
flatter ourselves that we could in the
least alter the views of the astrologers.
In fact the astrologers do not read this
magazine. If they did it is unlikely that
they would be astrologers.

Evangeline Adams, whether she de-
rived her findings from the stars or
from some other source, or just “de-
rived” them, was able to make remark-
able predictions. She had an immense
following, mainly among women, and to
her disciples she was a great prophet.
If astrology is childlike, still on the
whole she did more good than harm;
she helped many to find their life work.
It is said that the annual income from
her numerous forms of service was
50,000 dollars—largely wasted money,
no doubt, but people pay'that much
every minute for other forms of amuse-
ment.

Miss Adams sincerely believed as-
trology was one of the sciences and felt
aggrieved that astronomy, the legiti-
mate offspring of astrology (which it
surely was) is ashamed of its parent.

When one counts noses, not merely
among the intelligentsia, but among all
classes, and reckons up the number of
persons who are subject to beliefs in
superstition and are otherwise intel-

lectually gullible, there is clear evidence
that this is not after all the Age of
Science, except among a relative few,
but is still the Dark Ages.

Is astrology a science or is astronomy
a superstition; and when will the hu-
man race grow up?

Pioneering Progress

«“ E are yet but on the frontiers

of development of science and
invention. I have only to remind you
that discoveries in electricity, the in-
ternal combustion engine, the radio,
. .. have in themselves represented the
greatest advances in America. . . . Prog-
ress in that generation (the last) was
not due to the opening up of new agri-
cultural land; it was due to the sci-
entific research, the opening of new
invention, new flashes of light from the
intelligence of our people. . . . There
are a thousand inventions for comfort
(and, the editor might add, for pros-
perity) in the lockers of science and
invention which have not yet come to
light; all are but on their frontiers.”
Thus spoke recently a noted and suc-
cessful engineer, a man who envisions
a far greater growth for America in
the future than she has experienced at
any time in the past; and in so speak-
ing, President Hoover at once pro-
claims and encourages the genius of
the American people.

The agricultural frontier of America
is, indeed, gone forever, but the pioneer-
ing spirit which it engendered and
stimulated has become rooted in the
people; it is now part and parcel of the
American system though the frontier
toward which we strive at present is,
as Mr. Hoover says, in science and in-
vention. Appropriately, we may quote
just here from President George Norlin,
of the University of Colorado, who holds
the Theodore Roosevelt Professorship
in American History at the University
of Berlin. In his recent inaugural ad-
dress, he aptly stated that the old
frontier has laid the foundation of
American character “in self-reliance,
self respect, neighborly co-operation,
and the vision of a better and richer
life, not for a privileged class, but for
all.”

Adversity may halt our steps for a
little while, but only a little, for the
world is young and there is much yet
to be done; the stakes are high, the
goal a glorious one, and nothing will
daunt the pioneering spirit that is our
birth-right.
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An army observation plane ready
to be “tamed.” It is suspended in
the rushing air-stream of the wind
tunnel, upside down, and is con-
nected by wires to the instruments

DELICATE INSTRUMENTS

a- N army pilot, flying on a lone cross-

country observation mission in
southern Texas, runs into an unex-
pected storm. His high wing monoplane
rocks and dips violently in the first
gusts of “bumpy” air. Then it levels off,
and with little more concern than one
closes the door to shut off a draft, he
proceeds on his journey, two miles
above the earth, confident that his
sturdy plane will carry him through.
The pilot is confident not alone be-
cause he has learned well how to fly
observation planes, but also because
long before these ships reached army
fliers a scientist and a wind tunnel had
“tamed” them in gales that raged at
speeds in excess of 200 miles an hour.
At the California Institute of Tech-
nology, Dr. Arthur L. Klein weighs
wind pressures on models and actually
determines the effects of winds up to

240 miles an hour—twice the speed of
the observation planes—on 100-pound
models the wings of which stretch no
more than six feet across the 10-foot
observation station. As the gale rages,
he, with two assistants, reads these re-
actions in terms of pounds on five self-
recording scales in a room 20 feet above
the tunnel. From each of these delicate
scales, capable of recording weights
from one four-hundredths of a pound to
900 pounds, one point of the model is
suspended by a long wire.

Thus Dr. Klein and his associates in
the Guggenheim laboratory remove
much of the hazard from flying by re-
ducing the reaction of airplanes under
unusual conditions to ounces and
pounds. On these delicate balances, of
his own design, he tested a 10-foot
model of the Akron, world’s largest dir-
igible, before she joined Uncle Sam’s

Left: In the instrument room above the wind tunnel are located
five automatic scales which indicate the stresses exerted on the
model under test in the terrific wind stream. The operator at
the right in the photograph controls the position of the model
as well as the speed of the man-made wind through the tunnel

Above: The space for rig-
ging above the wind tunnel
and below the instrument
room, through which pass the
wires connecting the model
with the automatic scales.
The top of the tunnel, and

Left: View of a model mono-
plane as seen through the
window in the side of the
tunnel. Models -are always
set up in an inverted posi-
tion so that stresses can be
measured directly through
the strong supporting wires

a part of the window in its
side, may be seen near the
bottom of this photograph



TAME WILD AIRPLANES

naval fleet, and more recently “tamed”
the fast metal monoplane in which Bernt
Balchen expects to dash 3000 miles
across the South Pole this year. Con-
nected to the five scales, Balchen’s mod-
el plane was suspended in the tunnel
upside down. All models are tested as
though in inverted flight, for in that
manner they are “lifted downward,” as
Dr. Klein explains. Thus can be mea-
sured the pulls and pressures directly
through wires, rather than indirectly
through supporting columns, as would
be the case if models were installed
right side up.

But trying out the complete models
is only one part of the laboratory pro-
gram to make flying safe. As the wind
roars through the tunnel, technicians
elsewhere in the building are pulling
metal strips apart, twisting huge cylin-
ders (with steel walls nearly as thin as
paper), compressing smaller cylinders.
All this is to learn the effects of twisting
and pulling and pushing in the air.
One large cylinder, approximately the
size of a small airplane fuselage, re-
veals graphically the effect of a sudden
twist, buckling under the strain. From
these various studies Dr. Klein hopes to
evolve formulas governing the extended
use of metals in airplanes, metals of
light weight that can withstand extra-
ordinary strains in the air.

Dr. Klein conducts these experiments
with various kinds of metals in the be-
lief that in a short time airplanes will
be all metal, mostly on the monoplane
type, without fuselage or tail. The value
of these investigations is considerable.
Airplane manufacturers will not be sur-
prised if these researches into the be-
havior of metals bring about a method
of building “flying wings” with sealed
cabins, yet lighter and stronger than
any planes flying today.

Above: The large cylinder set
up in this machine represents
the fuselage of a plane. Note
the “sheer wave” at which the
operator is pointing. That is
the way a metal plane fuse-
lage might behave in the air!

Right: This machine tests
models of metal shells, twisting
and compressing them, in the
course of the studies on the
use of metal in planes. The
results of such tests add to the
sum total of knowledge re-
garding stresses in metals

Left: This fan, 15 feet in di-
ameter and driven by a 750-
horsepower motor, is capable
of creating a gale of 240 miles
per hour through the tunnel
shown on the opposite page

Right: Dr. Klein with one of
the balance scales which he
designed for wind-tunnel work,
and which are shown in use in
the instrument room on the
opposite page. Range of scale
is from one four-hundredths
of a pound to 900 pounds

By ANDREW R. BOONE




THE NEW WAVE ATOoM, ELUSIVE

N innumerable cases two or more
I substances coalesce to form a new

substance which may be so distinct
in all its properties that nothing, appar-
ently, remains to suggest the constitu-
ents from which it was formed. Oxygen
and hydrogen, both gases under ordi-
nary conditions, combine to form water.
Sodium, an inflammable solid, and
chlorine, an irritating gas, combine to
form ordinary table salt. Conversely,
even the most complicated compound
may be divided by suitable means into
its component elements and these usu-
ally differ widely from the parent sub-
stance.

Now it is the fundamental tenet of
the atomic theory that these pure, ele-
mentary substances—sodium and chlor-
ine in the above example—may still
further be subdivided into minute parti-
cles called molecules; that each of these
molecules in turn is composed of a
limited number of still smaller bodies
called atoms; and that each atom itself
has a structure and is composed of
protons and electrons. The structure of
matter may in a sense be considered
entirely electrical in nature since the
protons and electrons are identified as
equal positive and negative charges,
respectively. Except in extraordinary
cases, however, each atom is electrically
neutral, due to the presence of an equal
number of protons and electrons. With
this brief explanation the family tree
of Figure 1 should be sufficiently clear.

HE most startling property of elec-

trons, atoms, and molecules is per-
haps their minute size. Ten billion times
a bird-shot is as big as the earth. Ten
billion times the effective volume of an
atom is less than a yard across. On the
same scale 380 electrons would occupy
but a pin-point.

This disparity of volume between
atoms and electrons indicates that the
atomic volume is mostly emptiness with
much room for traveling. And all the-
ories agree that travel the electrons do,
often with a velocity approaching that
of light, fastest mover of all. While the
electrons rush furiously about within
the atom, the atoms move about within
the molecule, and the molecules them-
selves move within the mass of matter
they constitute, freely when the matter
is gaseous, less freely when liquid or
solid. Everything—the earth, the paper
upon which I write, the very air we
breathe—consists of unimaginable mil-
lions of little worlds within worlds,
rushing and revolving more rapidly than
rifle bullets.
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By C. J. PHILLIPS

Physicist, Corning Glass Works

Despite the falsely apparent certainty
of these facts it must be pointed out
that no one has ever seen an atom, or
an electron, or even a molecule. Given a
microscope several hundred times more
powerful than any we now possess we
might be able to see some of the largest
molecules, provided we could pin them
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Figure 1: The “family tree” of mat-
ter. At top are electrons and pro-
tons—equal numbers of each, from
1 to 240 per atom. Next are atoms,
usually several different kinds for
eachmolecule; thenmolecules,many
kinds. Last come chemically pure
substances and ordinary matter

-

down and thus make them cease their
perpetual dance. But we would still be
hopelessly far from the sight of either
atom or electron. The best we can now
do with our most refined instruments
is to view a tiny bit of matter which
probably contains as many atoms as
there are people on the earth. All our
evidence is thus necessarily indirect, a
process of deduction from various atomic
and electronic performances under con-
trolled and usually artificial conditions.
It is the sort of evidence, as G. P. Thom-
son says, that a blind man would get
of the workings of a fine watch by pok-
ing his finger into it. Nevertheless, some
of this evidence is so striking, so con-
ducive to results of great theoretical
and practical importance, that we feel
justified in attempting to build further

upon this material as a foundation.

One of the most fruitful means of
experimental investigation is spectral
analysis. It is well known that if ordi-
nary sunlight is passed through a glass
prism it is split up into a series of
colors: red, orange, yellow, green, blue,
and violet, in just that order. It was
discovered about 100 years ago that cer-
tain sources of light show, not a con-
tinuous color band, but one consisting
of bright lines separated by dark in-
tervals. It was then discovered that the
number and position of these lines were
characteristic of the substance emitting
them. Common salt inserted in a gas
flame shows a spectrum of two yellow
lines close together. They are the finger-
prints of NaCl and of NaCl alone. No
other substance emits them. Sometimes
the spectra are far more complex. But
all this means simply that atoms and
molecules possess energy, that part of
this energy can be spent in the emission
of light, and that the spectrum of this
light is a characteristic of the kind and
type of atom or molecule.

IN the case of hydrogen, the simplest
substance with which we are famil-
iar, an interesting peculiarity appeared,
in that the spectrum was found to consist
of groups of lines arranged in a man-
ner apparently indicating a regularity
of formation. Somewhat later empirical
formulas were found which served to
map out this hydrogen spectrum. The
peculiarity continued to manifest itself
in these formulas, by the fact that they
all were proportional to the differences
of the squares of simple numbers, such
as one, two, or three. Here, certainly,
was something worthy of further in-
vestigation. Ofttimes the knots and
nodes and isolations in which such in-
vestigations result must seem to the lay-
man like pure flights of fancy. But,
boiled down, all the resultant trials,
assumptions, and modifications are at-
tempts at but one thing—to find a one-
to-one correspondence between things
known, but unexplained, and some sort
of theory that will serve to make them
plausible within the limited scope of
our reasoning. So with this; the regu-
larities apparently inherent within the
hydrogen atom constituted the major
facts to be explained by any good atomic
theory.

The older atomic theories started with
a model of the atom, guaranteeing as



AND MYSTERIOUS

way as to emit the energy actually
emitted; the proper energy arose in
some most mysterious manner during
the transition from one orbit to another.

We can better understand this in-
herent defect if we start with a mathe-
matical expression for the

far as possible simplicity
from the very start, but
tolerating all subsequent
mathematical complexity
merely because it came
from that lovely model.
Lord Kelvin thought the
atom looked like a ring
blown from a smoker’s pipe.
J. J. Thomson likened it
unto a sphere of jelly or a
plum pudding, each elec-
tron being represented by a
plum. But the proof of the
pudding was in the eating
and the eating was not
good.

The most successful pic-
ture of them all was that
drawn by Niels Bohr, the
great Danish physicist. Bohr
proved that the regularities

HE real inwardness of the wave atom ot wave me-

chanics cannot be explained without mathematics, any
more than the Einstein theory can. Words do not suffice
to reach it. Must the average “mere mortal” therefore be
excluded for evermore from all knowledge of it? Per-
haps not. Using all the word resources at his command,
the author of the accompanying article has succeeded in
giving a pleasing peep into a thing which admittedly only
the mathematician can hope to bring into clear focus.

Even the mathematician and the physicist, however,
have difficulty with the wave-atom concept. It is far from
easy. Some high-grade scientists have confessed that they
find juggling with it about as *“simple” as carrying an
armful of eels.

In the article the reader will pick up evidences of the
perplexities of present-day science concerning the exact
nature of the atom. The picture thus given may take the
edge off some of the rather confident tone of settled as-
surance with which these matters are described in some
popular books not written by physicists or other scientists.
Certainly the scientists themselves do not believe they have
“arrived” yet at ultimate truth concerning the atom.

—The Editor

hydrogen atom, disregard-
ing any model aspect con-
nected with it other than
that there is a nucleus and
near it, somehow, an elec-
tron. We shall attempt to
remove all physical sig-
nificance from the expres-
sion other than that noted
above, and consider it a
mere combination of let-
ters and numbers, a “name
form,” Swann calls it, pe-
culiar to the hydrogen
atom. It is not by any means
an abstraction, however, but
rather to be viewed as a
dispassionate picture of the
few things concerning the
atom about which we are
most certain, uncolored by
any prettiments suggested

in the spectra of hydrogen
could be reproduced by assuming three
things: first, that the hydrogen atom
consists of one electron and a nucleus,
where in this case the nucleus was to
be identified as a proton; second, that
the electron revolves about the nucleus
without radiating energy; and third,
that among all the conceivable orbits
which the electron might describe about
the nucleus there are certain special
ellipses which alone the particle is al-
lowed to choose. In each permitted
ellipse, according to Bohr, the electron
possessed a definite amount of energy,
which varied from ellipse to ellipse; but
when, and only when, the electron ac-
tually jumped from one ellipse to an-
other did it radiate energy and hence
emit a spectral line. The solar system
thus appeared to form a gigantic model
of the interior of an atom, which was
supposed to look somewhat like Figure
2 where the ellipses have been replaced
by circles for the sake of simplicity.
Though there was no good physical
reason why it should be so, the elec-
trons apparently were traveling on tick-
ets permitting stop-overs only at New
York, Pittsburgh, or Chicago, and no-
where between. Strangely enough it was
in the countryside that the shootings
occurred, for the atom could only, by
postulate, emit energy enroute and
never while visiting in any one orbit.
Of course, innumerable connections
were possible, since the electrons ap-
peared to show no permanent liking for
any one address, and this fact ac-
counted for the complexity of the ob-
served spectra. Moreover,theappearance
of squares in the spectral formulas
could be explained by assuming the

energy of the electrons to vary as the
squares of the radii—an assumption
very prevalent elsewhere in physics.
Thus in many respects this theory
and model were most successful and,
indeed, the first of these postulates—
that the hydrogen atom consists of one
electron and one nucleus—has never
since departed from the reasoning of
physics, though in other respects, too
numerous to detail here, it has definitely

Figure 2: The conventional picture
of the Bohr planetary atom, with
nucleus at the center and a number
of possible orbits for the electron

failed. As we now see things its greatest
defect lay in the fact that the model
as such—though a very pretty picture
—was entirely superfluous in that its
mechanism could never be traced to the
point of making clear the thing which
of all things it should do, namely, ex-
plain the very act itself of emitting
spectral energy. Nothing in the atom
appeared to vibrate, itself, in such a

by the Bohr model.

By certain permissible and well de-
fined mathematical operations we can
obtain from this set of letters and num-
bers another set which, by virtue of
procedure and content, represent the
vibrations inherent within the hydrogen
name form. It turns out that in them-
selves these vibrations have nothing in
common with those giving rise to the
actually observed spectra. The latter
can be secured only by making an as-
sumption extraneous to-the information
contained in the original name form.
This assumption, known to the trade as
a quantum condition, entered in dis-
guise, via the back door, in the Bohr
model and is most easily unmasked by
the procedure we have just followed.

INCE, then, starting with a certain
name form, which tells us all we
really know about the atom, and going
through certain manipulations of it,
we arrive where we do not wish to be,
we may well ask whether there is not
some other way of manipulating the
same set of letters and numbers and
yet arriving where we do wish to be.
One particular method of attaining this
end is known as “wave mechanics.”
The fundamental point of departure
of the new wave mechanics is the de-
sire to associate with every electron the
idea of a wave propagation. The whole
notion of waves has about it such a
vague bonelessness that it is essential
first to consider in some detail the exact
meanings and ramifications of the term
before proceeding further.
The word “wave” probably first re-
calls to mind the peculiar, though famil-
iar, phenomena observed when a body
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of water is disturbed, as by throwing a
stone into a lake. The most astonishing
thing about the resultant waves is that,
though the water appears to diverge
outward from the center of disturbance
in alternate ridges and hollows—though
this appears undoubtedly to be true—

SCIENTIFIC AMERICAN

“group velocity” and is the speed with
which the waves carry forward energy,
the energy which they can expend in
beating against the shore-line or the
hull of another boat. For our purposes,
we can complete our brief description
of waves by defining the amplitude as

Figure 3: A wave form of amplitude A, advancing from left to right

it may nevertheless easily be made evi-
dent that the water, as a whole, does
not move forward or outward, continu-
ously. If it did, how explain the fact
that a floating weed merely sways about
its position while the wave shape, the
ridges and hollows, rolls on? We know,
too, that small pieces of cork resting on
the surface ride forward on the crest
of a wave for a short distance only, then
fall back the same distance into the
succeeding hollow, again to move up-
ward and forward on the next succeed-
ing crest. Since these pieces participate
in the movement of the water on which
they rest it is evident that the water
itself does not move continuously for-
ward—it merely oscillates back and
forth—while the waves are a propaga-
tion of shape, not of matter. The speed
with which the shape is propagated is
known as the “phase velocity.”

Now a rough sea seldom shows a
regular train of waves like our conven-
tional picture. Generally there
are regions of intense disturb-

the measure of height or depth of the
wave form, the distance A in Figure 3.

The motion of waves is not by any
means confined to the phenomena we
have just described. Wireless or radio
waves are of identical general charac-
teristics. Sound, heat, X rays, ultra-
violet radiations, and what we call light,
are all wave phenomena. In fact light
is merely that small part of a vast range
of radiations to which the eye happens
to be sensitive.

We now propose to extend this al-
ready huge domain of waves to em-
brace even matter itself—atoms and
electrons. Sporadic suggestions of this
sort had been made many times, but it
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ing proved anything. We have merely
exercised the physicist’s right and pen-
chant for trying and re-trying in the at-
tempt to fit fact to theory. We have
set down a certain process for obtaining
a certain differential equation when
given a particular set of letters and
numbers peculiar to the hydrogen atom.
Continuing in this same fashion it
appears that this differential equation
is of such a form that its solutions are
not in general always finite, single-
valued, and continuous. In general, they
become fuzzy, indeterminate, somewhere
through space. There are certain values
of a constant appearing in that equa-
tion, however, for which the solutions
everywhere are real, finite, continuous,
and very gentlemanly. Those values of
the constant turn out to be just the
values of the energy which the electron
can possess in its various possible or-
bits-—the very energy values and orbits
which appeared in the old Bohr theory
and would still have satisfied us had
the remainder of the theory accorded
with experimental fact and had the de-
velopment been less artificial.

T may be objected, and the objection

is sound, that our own procedure to
date has been fully as artificial as that
of Bohr. We have “. . . replaced certain
letters and numbers by other letters and
numbers . . .” and “. . . inserted by
brute force a quantity ¥....” On these
bare bones it is accordingly imperative
that we put some further rags of truth.
It is unfortunate that the process of
doing this is so mathematical that it
is impossible to explain here. Never-
theless, if we could carry out the
analysis we would see that the

ance followed by patches of

comparative quiescence. These arise be-
cause the roughness of the sea en-
dows some of the waves with a greater
velocity than others. These differing
waves interfere, adding and subtracting
from one another, so that the resultant
effect itself is a wave system quite dif-
ferent from any of those which com-
prise it. The effect is almost exactly
analogous to that set up by a steam-
boat in calm water. A boat creates the
well-known V-shaped set of bow waves
and is followed near the stern by a
broad swell of nearly straight waves at
right angles to her course and stretch-
ing across the water. The two systems
overlap, crest is piled on crest, trough
deepens trough, and the V appears
broken into short, sharp ridges, like
the treads of a stairway, which them-
selves move in a wave form. Where
crest falls into trough, or trough be-
heads crest, the surface is almost un-
disturbed. The speed with which the
regions of disturbance move is quite
different from that of any of the in-
dividual waves which have combined to
form it. This speed is known as the

Figure 4: The variation in wave
amplitude as we progress outward
from the center of the wave atom

remained until 1924 for the French
physicist, Louis de Broglie, to show that
great advantages accrued by postulat-
ing that a wave—no matter “of what”
as yet—accompanies the electron in its
ceaseless motion. It must be emphasized
that the whole theory rests upon this
assumption. But it has turned out to be
a very fruitful assumption indeed. Sev-
eral methods of approach are open to
us and common to the literature, but
we shall temporarily disregard all of
these and return here to the name form
of the hydrogen atom discussed previ-
ously, and attempt to carry out our
original intention of making it go where
we want it to go.

To do this we construct what the
mathematician calls a differential equa-
tion, by replacing certain of the original
letters and numbers by other letters
and numbers, inserting by brute force
an as yet undefined quantity ¥, and
equating the whole business to zero.
There is to be no thought so far of hav-

process of letter replacement we
have just followed with regard to the
hydrogen name form is simply that
which is logically necessary to twist our
original equation into a wave equation
in line with the spirit of de Broglie’s
original assumption, and that the quan-
tity ¥ then turns out to be the ampli-
tude of the wave or waves governed by
that equation. Since ¥ represents a
physical quantity which, in principle at
least, can be measured, it must be finite,
single-valued and continuous for all
those measurable values which appear
in nature.

We have just seen that ¥ actually
satisfies these conditions when a certain
constant which we identified with the
energy values of the hydrogen atom has
the values actually appearing in nature
in the hydrogen spectrum. Though we
cannot prove it here, it may easily be
shown that these various energy values
are themselves analogous to the so-
called “boundary” or limiting condi-
tions which almost always appear in any
case of wave motion. The fact that this
is true replaces the older, more artificial
assumptions in a most natural, indeed
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almost a necessary, way—a way which
arises from the characteristics of wave
motion itself, rather than being pulled
in through the back door by the scruff
of its neck, as was the case with the
Bohr quantum conditions. The further
fact that the same results can be ob-
tained in an entirely different manner,
associated with the names of Dirac and
Heisenberg, though also based on wave
assumptions, lends further dignity to the
whole procedure.

Without going into any great detail,
the wave nature of the hydrogen atom,
and of course of more complex atoms as
well, may primarily be ascribed to that
associated with the electrons which are
part of the atom, each electron having
a separate wave system of its own. When
the electron is part of the atom its waves
curl round, as it were, upon them-
selves. The atom itself thus consists of
a whole group of waves whose relative
complexity varies with the number of
electrons present. The amplitude of this
group diminishes rapidly as we pass out-
ward in any direction from the nucleus,
as shown schematically in Figure 4, but
curiously enough never disappears com-
pletely, so that theoretically the atom
has no boundary whatsoever. To all
practical intents and purposes, however,
the amplitude becomes so insignificant
at such a small distance from the
nucleus, due to mutual interference and
cancellation amongst the several waves
that form the atom group, that we may
go on as before and consider the atom
as a small unit whose size is reasonably
definite. It is this meaning of size to
which we had reference when we spoke
of “effective” volume.

UT when the electron gets free from

the atom, as it does when shot off
from the filament of a radio tube or in
certain other situations, its waves are
free to uncurl and expand indefinitely.
As they do so some astonishing results
of the new theory come to light. If we
treat the electron just as we did on the
old Bohr theory, as an actual bit of
mass having restricted size, and put it
through some experiment (of which
there are several) to determine its veloc-
ity, it appears that the slower the elec-
tron moves the faster the waves associ-
ated with it move. It is apparent that
the waves as such do not themselves
carry the energy with which every elec-
tron is endowed. Fortunately this part
of the theory, which at first glance looks
so contradictory, can be readily ex-
plained by assuming that the waves
themselves move with a phase velocity
which, as we have seen with water
waves, has nothing to do with the propa-
gation of energy.

Even so, we have still left unanswered
the question: “What does move with a
velocity equal to that of the energy?”
At first it was thought that we might
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still be able to retain some of our no-
tions of the electron as an actual ma-
terial particle by assuming that the
waves were there, but merely guided it
along, and thus also answer this ques-
tion by replying that since the particle
was still present it carried the energy
itself. This view ran upon the rocks so
‘many times that it was soon abandoned.
It simply did not hold water. It was then

Above: Prof. Werner Heisenberg;
a photograph taken last summer
when he was lecturing at the Uni-
versity of Michigan. Below: Prof.
Neils Bohr, the famous proponent
of the old planetary atom concept

discovered that, though we had used the
phase velocity, we had found no use as
yet for the group velocity. Since it was
known with water waves, for example,
that this is the velocity of propagation
of the energy, it was gratifying and
satisfying to find that for the electron
¥ waves this velocity came out to be
just that of the electron on the old Bohr
theory, and hence of the energy—no
more and no less.

But with this advance the so-called
native, common sense approach to
physical problems completely broke
down and matter came to be nothing
but a synthesis of motions divorced
from any conceptions of hardness or
weight. Why? Simply because the group
velocity must be considered as built up
only from a peculiarity of the ¥ waves,
just as in the case of our water waves
—the speed of a group composed of
them and of them alone. Thus ultimately
our question can be answered only by
saying that a group of ¥ waves moves
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with, and is, the particle, and that since
the notation “¥” is thus interchange-
able with the word “matter” we can
push the explanation no further—we
have reached the bed-rock of our con-
ceptions.

It is easy to see that we have lost any
possibility of a model. It may be shown
that in most cases the waves are not
even in the ordinary three-dimensional
space of our conceptions but instead in
themathematician’sn-dimensional space.
We cannot put our finger down on the
atom and say “Here it is.” The orbital
positions, though we can approximately
locate them, have lost much of their
definiteness. The electron seems full of
go, but essentially bodiless.

N some respects conditions are not

quite so bad as they seem. It has been
found that if ¥ is the amplitude of a
particular group of these waves, then
the square of the absolute numerical
value of ¥, that is |¥[°, may be logi-
cally interpreted as the probability that
the matter lies within the particular bit
of space for which this ¥ was calcu-
lated. Applying this rule to the hydro-
gen atom it is found that |¥|* is very
small outside the region which we
should expect the atom to occupy ac-
cording to Bohr’s theory. This may be
interpreted as meaning that, though the
matter-waves themselves fade into multi-
dimensional ghosts, and though we can
never fix the electron or atom exactly,
nevertheless the quantity |¥|* remains
a sober reality in our own little world
of three dimensions and enables us to
locate the atom or electron with rea-
sonably great precision.

Moreover, the most recent atomic re-
search offers a most heartening possi-
bility of ultimately amalgamating the
wave and particle concepts of matter.
As a matter of fact, there are no ex-
periments which prove that matter
possesses all the properties of either a
wave or a particle. Accordingly, Heisen-
berg has suggested that the two mental
pictures which experiment conjures out
of our imaginations—one of particles,
the other of waves—are both to be
viewed simply as incomplete analogies
arising from our temporary inability to
describe matter in everyday language.

Though we cannot draw a satisfac-
tory picture of the atom as conceived by
the wave mechanics, the mathematics
of the theory enables us to do all the
things which were possible with the
Bohr model. In addition it appears that
what were heretofore contradictions are
removed, fundamental points are refined
and made more precise, while the num-
ber of assumptions necessary to attain
these ends are reduced to a minimum.
From this point of view wave mechanics
signifies not so much a radical change
as a welcome and highly significant
evolution of the existant atomic theory.



CONCRETE THAT WITHSTANDS THE SEA

LTHOUGH concrete has a myriad
of important uses in this progres-
sive age and, in fact, for some

uses has no available substitute, it has
the one limitation of being subject to
the corrosive or chemical action of air,
sea spray, and some liquids. This bhe-
comes a serious matter where concrete
is used for piling, bulkheads, and simi-
lar structures in marine service, or in

By HAMILTON M. WRIGHT

replaces a part of the calcium hydrate
of the cement. As the calcium sulfate
molecule is slightly larger than the
calcium hydrate molecule, a swelling
takes place during the reaction, adding
a physical action to the chemical action
already under way. On crystallizing,
this compound takes up a large quan-
tity of water, producing a great increase
in volume and causing the concrete to

Concrete piles after impregnation with asphalt by the new vacuum-pressure proc-
ess, on opening the retort. Note the great strength of the retort structure

sewers, tanks, dams, and the like. Rep-
utable engineers and engineering
magazines have commented upon the
destructive action of sea water upon
concrete piling so frequently in recent
years that it seems scarcely necessary
to enter into an exhaustive elaboration
of the subject here.

Briefly, it may be recalled that the
destruction of concrete in sea water is
due to both physical and chemical
causes, and that this destructive action
is progressive, since physical deteriora-
tion due to abrasion, or the formation
of ice in the concrete, or to other causes,
permits the sea water to reach farther
within the concrete, while the chemical
reactions also contribute to the physical
destruction.

Ordinary reinforced concrete used in
marine work is subject to attack by the
action of sea water and sea air, caused,
in part, by the chemical action of the
sulfate in the sea water upon the lime
in the cement. Among the products of
this reaction is calcium sulfate which

18

crack so that the sea air reaches the
steel, resulting in corrosion. The oxida-
tion of the steel causes it to expand and
it then spalls the concrete, exposing
the steel.

Ordinary concrete aqueducts are par-
ticularly liable to deterioration when
laid in alkaline soil. Cases are on record
where aqueducts of varying lengths,
some 100 miles long, conveying water
to large cities, have cost thousands of
dollars in repairs since their compara-
tively recent installation, because of the
disintegrating effects of the soil alkali.

THE impregnation of cement concrete
with asphalt under vacuum-pressure,
however, secures the penetration of the
asphalt into concrete to a depth of from
one and one half to two inches and ef-
fectively insulates the concrete from the
destructive action of sea water and of sea
air. This process has now been adapted
to a very wide variety of purposes.
Through the manufacture of pre-cast
asphalt-impregnated concrete slabs, the
insulation thus provided serves a multi-
tude of purposes in facing concrete
structures. These slabs can be adapted
to construction of any shape or size,
to fit tanks, pipes, breakwaters, concrete
bridge floors exposed to sea spray, and
the like. They are also adapted for use
in insulating conduits, irrigation ditches,
chemical tanks, and sewage disposal

I’hotographs courtesy Pan-I’acitic I'iling and Construction Company .
Concrete sea wall pilings, impregnated with asphalt by Penocrete process, in
place in Los Angeles Harbor. The wall has a neat appearance and is permanent
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tanks where acids and alkalis would,
otherwise, act injuriously on the con-
crete. Alkalis with a high content of
sodium sulfate, for example, have been
very destructive to such concrete struc-
tures, particularly in the middle west
and in Canada.

In our varied industrial life it is the
adaptation of any new method, discov-
ery, or application to many uses that
gives greatest service. But the wide-
spread uses to which asphalt-impreg-
nated ' concrete can be applied have
really resulted from many years of
work directed toward the creation of a
cement concrete piling that will resist
sea water.

THAT such a result has actually been
achieved will be news to many. In
Los Angeles Harbor, however, concrete
piling impregnated with asphalt, in the
manner herein described, has given eight
to ten years’ service without showing any
disintegrating effects of sea water. Mr.
G. F. Nicholson, Harbor Engineer, Los
Angeles Harbor Department, has stated
officially: “It is conservatively estimated
that a well-constructed impregnated pile
is practically permanent, or at least will
serve until the structure of which it is
a part becomes obsolete—in any

event, for 75 years or more.”

This asphalt-impregnated piling, so
deeply impregnated as to provide prac-
tically perfect insulation, was developed
by the Harbor Department of Los
Angeles Harbor and by engineers and

The exterior of a large concrete
trunk sewer showing disintegration

chemists working in association there-
with. The method of impregnation has
been so perfected that asphalt-impreg-
nated slabs are being produced com-
mercially by the Pan-Pacific Piling and
Construction Company, of California.
In the early experiments at Los
Angeles Harbor, an attempt was made
to impregnate concrete by immersion
in a bath of asphalt heated to 450 to
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Manner in which pre-cast, asphalt-
impregnated slabs are used in sewers

500 degrees, Fahrenheit, for from 15
to 20 hours. The process was designed
to release the free water contained in
the concrete so that, as it cooled, the
vacuum formed within the voids would
serve to draw the liquid asphalt well
into the mass. Adequate impregnation
of the asphalt was usually secured, but
the destructive high temperatures and
the porous lean-mix concrete essential
to the treatment, limited the success
of the process. There then developed a
method of treatment of concrete by a
vacuum-pressure process similar to that
used in creosoting lumber.

By this method, conveniently known
as the Penocrete process (penetration
of asphalt into concrete), the concrete
slab, after thorough curing, is sub-
jected to dry air treatment in a temper-
ing chamber for 18 to 20 hours, the
temperature being slowly and gradually
raised to 240 degrees, Fahrenheit, at
which it is maintained for from two to
four hours. The slabs are then rapidly
moved into the main treating cylinder
which, previously, has been pre-heated
and dehydrated under a 26- to 28-inch
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Unprotected concrete piers crack-
ing from chemical action of water
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vacuum, to rid the slab of free water
and produce @ vacuum in the concrete
pores. The temperatures are not high
enough to release an appreciable quan-
tity of the combined water of crystal-
lization.

Thoroughly dehydrated grade D as-
phalt is turned into the treating cham-
ber at approximately 250 degrees, Fah-
renheit, the vacuum being maintained

Interlocking design of Penocrete
wall showing penetration of asphalt

throughout its introduction. When the
chamber has been filled with asphalt,
the vacuum is replaced by air pressure
running up to 175 pounds per square
foot, the pressure being maintained for
12 to 14 hours. The temperature then
is allowed to drop down to 200 degrees,
Fahrenheit, at a rate not exceeding 11
degrees per hour. The slabs are then
cooled gradually, the control in the
cooling process being as carefully exer-
cised as in the heating. A dry mix of
concrete is used in the slabs or shell.

THIS process impregnates the con-
crete to a depth of one and one-half
to two inches and so thoroughly as to
seal the pores of the concrete and to
secure the asphalt to its surface.

As large structures of concrete, such
as sea walls, cannot be treated in a re-
tort, as is done with piles or smaller
pieces, the asphalt-impregnated slabs
are now produced in various pre-cast
sizes which can be used in practically
every form of concrete construction.

The slabs are pre-cast to convenient
size, then impregnated, and so laid that
a mechanical bond is formed with the
large concrete mass to be protected. So
effective have they proved that they are
now being introduced for sewers, as a
protection against sewer gases on the
inside, for pipes, disposal tanks, chemi-
cal tanks, telephone poles, culverts,
irrigation conduits, and, in fact, in many
applications where there is deteriora-
tion of concrete from acids, alkalis, or
electrolysis.



THE AMAZING PROCESS OF VISION

By HENRY NORRIS RUSSELL, Ph. D.

Chairman of the Department of Astronomy and Director of the Observatory at Princeton University
Research Associate of the Mount Wilson Observatory of the Carnegie Institution of Washington

N scientific treatises for the past 50 or 75 years it has

been said and repeated between ten and ten thousand
times that any instrument-maker who delivered so crude an
optical instrument as the eye would deserve rough treat-
ment. Many doubtless believe this indictment of nature.
In the accompanying article Professor Russell shows, on
the contrary, what a truly wonderful optical instrument
the eye is. Four years ago, Sir John Parsons came to the
defense of the much-maligned eye. This is what he said:

“As Helmholtz long ago pointed out, the eye shows
many defects as an optical instrument. The refracting sur-
faces are not accurately spherical; they are not accurately
centered on the optic axis; they are not completely homo-
geneous and therefore give rise to irregular astigmatism, or
completely transparent; the cornea and lens are not free

from spherical or from chromatic aberration. Hence Helm-
holtz’s oft-repeated dictum that if an optician delivered so
faulty an instrument it would be justifiable to return it to
the maker. Even Homer sometimes nods, and it is re-
grettable that Helmholtz should have uttered so unjust
a sarcasm. For the true criterion of the eye as an organ of
vision is its biological utility, i.e. its capacity to fulfil its
manifold functions in the interests of the individual and
ultimately of the race. An instrument approximately a
sphere of 11 mm. radius, which combines the advantages
of being a camera with automatic adjustment from in-
finity to a distance of three or four inches and unparal-
leled range of sensitivity, an efficient photometer, colorime-
ter, kaleidoscope, stereoscope, and range-finder, cannot be
regarded as inefficient.”

ROM the days of our youth we have
Fheard and read of the photography

of the invisible, the triumphs of the
sensitive plate in revealing what no
eye had seen or could see. These tales
were true. The camera reveals ultra-
violet light which makes no impression
upon our vision and, with the aid of
newly discovered sensitizers, our plates
detect infra-red rays to which the hu-
man eye is equally insensitive.

More striking even than these is the
way in which photographs of long ex-
posure show. objects such as nebule
which are too faint to see. The outer
spirals of the great nebula in Androme-
da, for example, cover a region of the
sky five times as long and twice as wide
as the apparent disk of the moon. It is
certainly not for lack of size that we
cannot see them; their light is too
feeble. Here the telescope is of little if
any aid. It collects more light from the
nebula but spreads it out more widely,
so that the apparent brightness of the
surface is not increased. No amount of
patient gazing is of avail, but the cam-
era reveals what would remain forever
hidden from the eye.

HESE successes are so spectacular

that we can believe, or at least feel,
that here at least the machine wholly
surpasses the man. Yet this is a notable
error.

We go out on a clear night under a
high winter moon and say, “It seems
as bright as day.” Every detail of the
ground, the trees, the whole landscape,
is revealed. Our eyes seem as efficient
as ever (until we apply some severer
test, such as reading a page of ordinary
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print). On such nights, thousands of
enthusiastic amateur photographers
must have tried their hand, if not at
snapshots, at short time exposures, and
all have drawn blanks. Good photo-
graphs of still life can be taken by
moonlight. But the subject has to be
quite decisively still, for the exposure
must last half an hour when, with the
same camera plates and stop, it could

A photograph of the moon, made
by Harold A. Lower of San Diego,
Calif., with his home-made reflector

be made in daylight in a small fraction
of a second.

No one would believe from the looks
of them that sunlight is almost half a
million times as bright as the best moon-
light. The amazing adaptability of our
eyes deceives us. But the sensitive plate
is less adaptable and cannot be fooled.
It demands a correspondingly long ex-
posure.

Given time enough, the plate catches
up with the eye and in the long run sur-

passes it. But in the short run the eye
has the colossal advantage.

A large audience could watch a play,
a dance, a pageant, by the light of a
full moon. But woe betide the photog-
rapher who tried to take moving pic-
tures of the performance, or even posed
photographs with the few seconds of
exposure which were customary when
plates were slower.

This weakness of photography was
evident in the case of the recent total
eclipse. The approach of the shadow
across a partly cloudy sky (as the writer
saw it) was a spectacle of extreme mag-
nificence. There was abundance of light
to see it by, but if anyone secured a
motion picture of the grand and rapid
changes in landscape and cloud he
must have had a marvelous lens. The
few photographs which the writer has
seen were under-exposed wraiths.

GAIN, the student of meteors finds
himself almost confined to visual
observation. On any ordinary clear night
a diligent watcher will see several
meteors per hour. These are mostly of
the third or fourth magnitude, like
faintish stars, and they “go by so fear-
fully quick” that one might as well ex-
pect to catch a Bandersnatch upon one’s
negative. Only the exceptionally bril-
liant meteor which arrests the attention
of anyone who is looking toward the sky
will be recorded on photographs.
Though a battery of wide-angle cam-
eras is kept on the job night after
night, the number of successful plates
will be few.
It is worth while knowing just how
great the advantage of the eye over the
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photograph really is. A valuable set of
measures has recently been made by
Dr. Minnaert, a Dutch physicist, well
known for his excellent work in pho-
tographic photometry. Working in his
laboratory at Utrecht with a large
spectroscope he measured the smallest
intensity of light over which the lines
of the solar spectrum remained visible;
or, again, the bright lines of an arc
spectrum. Then, using the same instru-
ment and light of the same intensity, he
found how long an exposure was needed
to get a photograph on which the same
lines just clearly appeared.

THE eye is most efficient in seeing
bright lines on a dark background.
In the violet, where the plate is at its
best and the eye relatively insensitive,
it requires an exposure of a minute to
photograph a line which is visible at a
glance. In the blue (A4500) one can
see light so much fainter that an ex-
posure of 15 minutes is necessary. To-
ward the green, the eye gains still more,
while the plates become less sensitive
even though the best available brands
are used. For green light (A5200) it
takes thirty hours to photograph a line
which is visible in a fraction of a sec-
ond after one looks at it. In the yellow
and red the eye loses again while, by
using suitable plates, photography suf-
fers small loss. For the red hydrogen
line, the exposure drops to 17 minutes
and in the extreme red where the eye
has almost struck work, it is down to a
minute again and even below.

To see dark lines on a bright back-
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Helmbholtz’ Physical Optics, Vol. 2

ground takes more light. When the time
necessary to get a photograph is reduced
to one third of the values given above,
the strongest lines of the solar spectrum
become visible in all colors. The fainter
lines are harder to detect and do not
show up fully until the light is so much
brighter that the exposure time is re-
duced to one tenth of the preceding
value for red light. For green light a
corresponding ratio is about 100, and
for violet light about 2000!

It is surprising that the increased il-
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lumination, which is necessary to make
the fine details visible after the coarser
ones are already perceptible, varies so
greatly with the color. The obvious sug-
gestion that the eye finds it hard to
focus on violet light is negatived, since
an eyepiece was used and carefully
focused in all the observations.

Remarkable as these observations are,
they were not designed to exhibit the
maximum possible sensitiveness of the
eye but rather to correspond to prac-
tical laboratory conditions. The room
was kept pretty dark—*“ziemlich dun-
kel”—and a black cloth was thrown
over the observer’s head to keep out
stray light. But no attempt was made
to rest the eyes in complete darkness
for some time before observing. It is
well known that this results in a great
increase of sensitiveness. Ordinary light
dazzles the eye—that is, it reduces the
sensitiveness of the part of the retina
upon which it falls. We are all conscious
of this if we go from a brightly lighted
room into a starlit night. Recovery of
most of the “dark adapted” sensitive-
ness takes but a short time. But even
starlight is bright enough to dazzle the
eye.

ANY years ago the present writer
studied what could be seen under
very favorable conditions. Anyone can
repeat the experiment if he lives far
enough from city lights. Choose a room
in which the windows can be closed
light-tight by shades or blinds, except
for a single hole a foot square or so.
Sit in the pitch darkness with a clear
starry night outside for a quarter of
an hour. Then your eyes will be ready
for a real test. You should have a
large sheet of white paper. Set this up
where the light of one of the brightest
stars faces on it through the opening
(10 feet or more away) and you should
see distinctly the patch of starlight on
the paper, though the light of a star like
Vega is only a hundred thousandth
part of full moonlight. If then you look
back at the window illuminated by the
“dark” night sky and then again to the
paper, you may be able to see, as I have
done, a dark after-image of the open-
ing; appearing because the light of the
sky, though itself faint, lowers the sen-
sitiveness of the retina below its peak
value.

The working range of the human eye
is most amazing. It will perceive under
best conditions the illumination of white
paper by a star of the second magnitude
and it can look steadily without per-
manent injury at the same paper il-
luminated by full sunlight which is 28.7
magnitudes, or three hundred thousand
million times brighter!

How can any material thing, alive or
dead, do this? A part of the range is
provided by the automatic operation of
the iris, that original diaphragm after
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which its mechanical imitations are
named. But this takes care only of a
factor of a hundred or so, leaving about
a billion for the range of intrinsic
sensitiveness of the retina.

At any one moment we use only a por-
tion of the range, corresponding to a
factor of a few thousands at most. A
shadowed passage or cave looks black
from the sunlit world outside. When

A meteor trail accidentally photo-
graphed on a long-exposure plate.
The meteor must have been large

one enters and his eyes adjust them-
selves there appears to be plenty of
light. The explanation of this extraor-
dinary adaptability and, at the same
time, of the amazing sensitiveness of the
eye at its best, is probably that the
retina is continually manufacturing its
own light-sensitive material. It is a liv-
ing tissue with blood vessels which con-
tinually bring new supplies of all that
is needful and carry away waste prod-
ucts. There may be compounds—and
compounds capable of synthesis by
laboratory methods—which are far
more sensitive to light than silver bro-
mide. But they would be of no use in
photography unless they were stable.
Commercial plates must last for months
at least, without serious deterioration,
and actually do better. Even for re-
search purposes it is necessary to have
sensitive film that keeps good for hours
or days. But in the tissues of the eye the
ultimate sensitive material may have a
far shorter life, continually breaking
down and continually renewed. Rest in
the dark permits its accumulation to the
maximum. Continuous stimulation may
reduce it almost to a small fraction.

There is probably far more than this
behind the amazing process of vision.
But enough may have been said to il-
lustrate the hopelessness of attempting
by mechanical means to compete with
the superb delicacy of adjustment which
is found within the living organism.—
Princeton University Observatory, Octo-
ber 4, 1932,



Chief’s crown, Tlingit. The eagle
head-dress seems to be an imitation
of the tall Imperial Russian crown

ATIVE races once occupied North
America from coast to coast. The
Scandinavians discovered the Es-

kimos, nearly 1000 years ago, and lived
close to them for three centuries, in
their Greenland settlements. Several
hundred years later—in 1534-35—the
French navigator, Jacques Cartier, ex-
plored the east coast and ascended the
Saint Lawrence to Hochelaga (now
Montreal). He found the forests of the
New World peopled with various tribes
who somehow became known as “red”
men, though their skin was tan or
brown, much like that of the Asiatics.
These were of two kinds: the nomadic
hunters without a fixed abode, within ill-
defined frontiers—the Algonkins; and
the village-dwellers who cultivated the
land and whose true name from the first
was Canadian, since Kanada in their
language meant “town.” We now call
them the Iroquois and the Wyandot na-
tions.

Not long afterward—about 1660—the
Russians landed on the Alaskan coast,
where they found Mongolian-like In-
dians, and secured a foothold which

J
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A half-breed Pawnee girl, at a gov-
ernment agency school in Okla-
homa. Not much “Indian” here
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THE DISAPPEARANCE OF

By MARIUS BARBEAU

National Museum of Canada, Ottawa

they released comparatively recently to
the United States. Other navigators of
various nations at that date already had
landed on the southwestern seaboards
and encountered many semi-nomadic
and village tribes.

HE natives ever since those early
years have come under the domina-
tion of the white man, bartering furs for
commodities with him, resorting to his
trading posts, and eagerly adapting
themselves to his ways of living. There
is little left now, after two or three cen-
turies of incessant changes, of the wild
tribes that once roamed naked in the
virgin woodlands of the eastern water-
sheds, hunted the buffalo with bows and
arrows on the prairies, or set salmon
traps in the mountain streams of the
northwest coast. Their numbers dwin-
dled from the very first; whole nations
were wiped out by warfare
and disease. Their culture,
with almost the single ex-
ception of their languages,
is now a thing of the past.
Most white people never
have seen a real Indian in
their lives, if indeed such
still exists. The half-breeds
of the eastern states and the
Saint Lawrence are not
usually noticeable when they
walk our streets, dressed
as they are like others.
Their complexion is not
darker than that of most
Italians. Their handicrafts
have vanished, like their
other traditions, except for
basket-making, the manu-
facture of pottery and rugs
in the southwest, moccasin
and snowshoe-making else-
where, the last two of which
are now often improved
with the help of modern
machinery. If they cling to
their reserves, it does not mean that
reserve life was their own choice in the
first place. The teachers in their gov-
ernment-subsidised schools are English-
speaking graduates, nurses, and edu-
cated half-breeds. Their missionaries no
longer bother as a rule to learn the na-
tive dialects, which are the last vestige
of prehistory. The present-day Iroquois
of New York and Canada are farmers
and bridge-builders. Their Grand River
council (in Ontario) is run in the style

of a mock parliament. When they de-
cided to claim their national indepen-
dence before the League of Nations
some years ago, their delegates donned
feathered head-dresses and trailers
which they had borrowed from the
Blackfeet of Alberta. Otherwise they
would have been mistaken for ordinary
Americans from the middle west.
The Sioux, the Mandans, the Black-
feet, the Stonies, and other prairie
tribes have preserved more of their in-
dividuality. But they are known mostly
for their casual appearances in stam-
pedes and parades for the benefit of
western fairs. Their war paint and re-
galia belong to the circus. The tourists
and sightseers alone are responsible for
these survivals. After the disappearance
of the buffalo, about 1880, they slowly
deserted their medicine lodges, settled
down around government agencies on

Stony Indians (of Siouan extraction), at Banff, Al-
berta, in their modern prairie costumes such as are

reserves and learned to farm by up-to-
date methods, but more frequently they
starved to death.

What is left of the native bands of the
northwest coast has also yielded itself to
modern ways and contrivances. The 800
Haida half-breeds (out of 30,000 that
lived a hundred years ago) are among
the most progressive settlers and fisher
folk of British Columbia. The Tlingit
of Alaska are progressive people whose
sons receive as good an education as



THE RED MAN'S CULTURE:

any white boys, and whose daughters
graduate as nurses in Seattle. The
other coast nations likewise have mostly
given up their ancestral customs. They
now resort to the salmon canneries for
a living. They build gasoline yachts or
work for the white people in lumber
camps, in the mines, or on the railways.

The 4000 Eskimos who are still left
on the arctic coast between Alaska and
Greenland are likely soon to disappear
—as they have already at the mouth of
the Mackenzie—from the food deple-
tion of their habitat and the rigor of
the climate. They will pay the penalty
for adopting new ways without acquir-
ing the education and sense of provi-
dence which now safeguards their
tribesmen under Dutch and American
tutelage in Greenland and Alaska.

In other words, the Indian is now a
creature of the past, who can be studied
mostly in books and museums. But his
history is indeed a fascinating one. We
know as yet too little of his remote past,
though he undoubtedly originated in

used in summer parades for the benefit of the
railways. Thus dressed they are said to feel strange

other parts of the world, thousands of
years ago.

What is more familiar and spectacu-
lar is the colonial period of his evolu-
tion; that is, after the white man first
smoked the peace calumet with him,
bartered tools and weapons for furs
with him, and challenged his suprem-
acy over his vast domains. In this period
of two or three hundred years, the na-
tives underwent radical transformations,
besides being decimated by disease and

warfare with Indians and with whites.

Even ethnologists are apt to forget
that our modern Indians bear little
actual resemblance to their pre-Colum-
bian ancestors. Only a vast critical
knowledge will enable the scholar to
unravel the ancient native elements
from such as are secondary, or merely
spurious and imitative. The majority
of our ethnographers, not to speak of
the ordinary laymen, have been sadly
deficient in this respect. It must be
granted that anthropology as a science
is still in its infancy. Our museum col-
lections abound with curios sentimen-
tally gathered with little knowledge of
their age and history. The museum
monographs, bulky and sometimes pre-
tentious, bewilder the reader. They are
as a rule aimless and trivial. Much of
these materials will ever remain of
little use through the lack of necessary
context, discrimination, and proper
understanding. Current misconceptions
and prejudices, besides, are allowed to
interfere with the growth of analytical
knowledge, or a much-
needed readjustment of sci-
entific standards both in
museums and in the field.

Let me briefly outline
some problems and indicate
pitfalls of North American
ethnology.

The racial characteristics
of our aborigines—their
features, their bodies, their
aptitudes, their intelligence
—have, in the last centu-
ries, changed almost be-
yond recognition, when
they are not wholly a thing
of the past, as with the Beo-
thuks of Newfoundland,
and the Eries and the Neu-
ters of Ontario, now extinct.
If aboriginal features still
prevail in many parts, it is
due to a persistent rever-
sion to racial type. Yet the
type itself inevitably be-
came modified through
adulteration. No native at
the present day can boast in all certi-
tude of an unmixed ancestry. In the
east he may without knowing it be part
Indian, French, British, Scandinavian,
Portuguese, Spanish, or Negro. In the
extreme northwest he may be all of
these plus Polynesian, Hindoo, Russian,
Japanese, or Chinese.

The pre-Columbian races had also
become mixed among themselves. An

*Published with permission of the Director,
National Museum of Canada.

Mask

made

representing white
by Indians near

man,

Alaska

Algonkin strain characterizes the re-
mains of the prehistoric Hurons of On-
tario. The broad-faced stocky west coast
people and the taller, long-headed Atha-
pascans of the interior likewise had
given rise to a mongrel race at the
frontiers. There were already elderly
half-breeds, and what were called “free-
hunters,” about 1810, when Thompson
and Ross Cox first explored the Colum-
bia River. Kanakas and Asiatics, along
with the early mariners, often mingled
with the Indians; Japanese junks, also,
are known to have drifted to the coast
as far as California, with survivors
aboard, from time immemorial. The
newcomers in most parts often cohab-
ited with their hosts, whose code of
sexual intercourse as a rule was by no
means stringent.

The aboriginal arts and crafts could
not withstand the impact of the trade

John A. Gibson, Canadian Iro-
qois, last prophet of the Handsome
Lake religion, founded about 1802
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articles of the white man. They be-
longed to the stone age and had small
chance to hold their own. Not many of
the primitive artifacts survived long
after the introduction of metal and
woollen goods, even when they might
have been preserved for the benefit of
the community at large. The fur com-
panies enlisted to their service all the
Indians from coast to coast and pro-
vided them, at least bi-annually, with
weapons, utensils, garments, and trink-
ets. The Eskimos were also affected, al-
though not to the same extent as the
other races, on account of their isola-
tion and the rigors of the arctic winter.
How overwhelming the transformation
really was-may be realized when we
review the following aspects of pseudo-
native technology and art:

HERE are barely a few traces left

of the prehistoric costumes and body
decorations, in either actual or deriva-
tive forms. They were everywhere most
elementary, except among the Eskimos,
and soon gave way to other fashions.
This is borne out by the pictorial rec-
ords of the Indians, such as we find
in Champlain’s “Travels” or in the early
chronicles by Lafitau and his contem-
poraries. None of the garments which
we now associate inseparably with our
Indians were known to their forefathers
in the beginning. The leggings, the
uniform-like coat, the pointed hat of the
Naskopi, the feather bonnet and trailer
of the prairies, the shoulder band and
attached leather or cloth bag, the
blanket—all were introduced by the
traders and the missionaries or through
the imitative vanity of a people natu-
rally fond of ornaments.

Their decorative embroidery, in the
form of bead, silk, ribbon, moose hair,
and porcupine quill, is a mere corollary
of the introduction of the foreign gar-
ments with which they still retain their
connection. The floral patterns of our
northern tribes, which are abundantly
represented in our museum collections,
belong one and all to the French renais-
sance and peasant art, and were adapted

Seneca Iroquois of Oklahoma, who live on
farms and have houses like white peoples’
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at an early date by the In-
dians to suit their fancies.
The evolution of this spuri-
ous American art can easily
be traced through all its
stages. Sewing and embroid-
ery, as well as other domestic
arts, were taught systematic-
ally to Indian girls of Algon-
kin and Iroquois extraction
by the nuns in the ancient
colonial missions and schools.
Besides, the school of art
founded in 1672 by Mgr. de
Laval at Cap Tourmente,
New France, for the require-
ments of education and wor-
ship, so firmly established the
renaissance architectural dec-
oration in the colony that it has con-
tinued unimpaired almost to the present
day in much of French America, from
the Saint Lawrence to Louisiana. The
floral art of the Indians, interesting in
itself, is merely its collateral develop-
ment. In such published compilations

Indian cradle board, as used among
the Iroquois until 50 years ago.
Floral designs are of French origin

as Speck’s “Double-curve Motive,” pos-
sibly not a single design can be traced
back to prehistory. They were derived
from the designs and ornaments of the
Francis I period as. transplanted to
Canada.

The horse was first introduced in
Mexico by the Spanish. So useful was
it that it soon revolutionized native life,
particularly in the desert and on the
prairies. The nomads endeavored every-
where to acquire it by every means at
their disposal, fair or foul. They became
professed horse raiders and thieves.
Herds of horses soon traveled north-
ward. When the overland explorers
reached the prairies and the foothills,
before the conquest, the Indians already
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owned “cayuses,” used the fravoy, and
their culture as a result had been rad-
ically transformed. The Hispano-Mex-
ican decorative patterns, angular or
geometric, with diamonds, swasticas,
and hour-glasses, had followed in the
trail. The altars and katchinas of the
Pueblos bear such a striking resem-
blance to similar Spanish features that
they are not likely to have originated
independently.

LM splint basketry is one of the

outstanding manual arts of our
Indian reserves throughout the eastern
woodlands. The white people have for
a long time bought their baskets from
their nearest Indian neighbors. Yet, ex-
perts are coming to the conclusion that
it is a pseudo-American art, derived
particularly from the French settlers.
The Iroquois hominee sieve is the only
exception still held in doubt.

Modern devices likewise displaced
archaic contrivances or enlarged them
almost beyond recognition, under the
impetus given by the white man. For
example, the pack straps, sashes, and
garters braided or woven on small porta-
ble looms and existing almost every-
where on the continent; the pipe-toma-
hawk, an accessory to treaty-making;
the wampum belt as it became known
in colonial diplomacy—the wampum
here differing materially from the ar-
cheological conch bead; the voyageur
type of birch-bark canoe that spread
from the Algonkins to the far morth-
west; the silverwork, and the wood
carving with gouge and the crooked
knife.

The totem poles of the northwest
coast have usually been mistaken for an
unadulterated form of native symbolism
and decoration. While the local incep-
tion of this art cannot be questioned,
one may be surprised to learn that as
late as the year 1800 there may not as
yet have been any real totem poles.

Froeag R S,
A real American farmer. This is
an Indian, but who would know it?



FIDDLING ON ALUMINUM

HE sweet, poignant, at times almost human voice of the violin has
Tearned for it a unique place in the music world. It carries the lead

role in the symphony, yet it is perfectly at home in the pulsating
rhythm of the modern dance orchestra. It is heard in all lands. It stirs the
blood of black-eyed sefioritas, quickens the jigs of red-headed sons of Erin,
enraptures the hearts of stalwart youths of “das Vaterland.”

From the beginning, wood has been the accepted material for violin
manufacture, but the possibility of using aluminum for stringed instruments
was suggested a number of years ago. The metal seemed well adapted to
the manufacture of instruments of this nature because of its lightness and
strength, its smoothness of texture, and its unusual working qualities.

Prominent musicians became interested in the subject, among them
Joseph Maddy, nationally known music supervisor and director of the
National High School orchestra. It was decided to put the idea into practice
and a trial order of aluminum bass viols was fabricated under the super-
vision of technical experts of the Aluminum Company of America. Light
alloys were utilized for every part except the fingerboard, bridge, and a
few minor accessories.

These early efforts seemed promising and plans were made for carrying the
idea a step further, to the creation of an aluminum violin. Noted acousticians
were called in; artists and artificers were summoned. They met and talked
it over. “An aluminum violin? Shades of Stradivari! What next?”

The aluminum violin is made up chiefl
of stampings. The press beads panels

Filing and otherwise smoothing the panels in order to re-
move dead metal accumulated during welding process

P

Final assembly of the parts includ-
ing the fingerboard and bridge

A trial violin was fashioned and ex-
amined by experts. Good? Yes, but not
quite good enough. Changes were sug-
gested; other models were made, pat-
terned after the instruments of the old
masters. Finally a violin was produced
which was deemed fit for a final test.
More musicians were summoned, artists
accustomed to wood violins through
years of experience. They handled the
aluminum violin, played on it, and were
amazed. Indeed, it was a sensation and
worthy of the musician’s consideration.

The process of making an aluminum
violin is an interesting one. The instru-
ment is constructed rigidly, welded at
the joints so that the entire ensemble
is a single unit. The back and front
panels are stamped from light, strong
aluminum alloy sheet, as are the neck
and key sections. The scroll is composed

Jointing by welding insures great strength and gives im-
proved tone as well. Special clamps hold the parts together

of two thin die castings of aluminum,
welded to an extension of the stamped
key section. Every part is finished to
extremely accurate tolerances, as the
slightest misadjustment might easily
result in a serious impairment of tone.

The finishing of a violin is an im-
portant step. Aluminum violins are
grained to resemble wood instruments,
with a base protection of successive
layers of enamel sprayed on and baked
in ovens at high temperatures. These
are followed by three coats of varnish
which are baked also to secure the
necessary hardness. The graining, just
before the varnishing, is accomplished,
for the top, by means of transfer from
a spruce board. The bottom panel and
sides are hand grained. A rub with
pumice, followed by an oil polish, con-
stitutes the final step.
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The snow-surveyor with his instruments in their
housings on the summit of Mt. Rose, in Nevada

R. J. E. Church, Jr., professor of
D Latin and Greek at the University

of Nevada, surveys and samples
mountain snow. Why? To determine
the relation between snow and water
supply for irrigation and power, and
especially the relation between forests
and conservation of this snow supply.

He developed his accurate
method of snow surveying as
a hobby, but its development
has almost crowded out his
vocation. Short, perpetually
brown, with mild eyes and a
manner unfailingly benign,
he is an utterly indefatigable
mountaineer. When he went
in midwinter on an expedi-
tion to Greenland, he main-
tained his meteorological ob-
servations on an ice-cap at
three-hour intervals day and
night. But that is another
story.

He began his work in the
Sierra Nevada Mountains near Reno,
measuring great typical stretches of
snow, particularly on the slopes of
Mount Rose, northeast of Lake Tahoe.
Many times each winter he measured
the depth of these snow stretches at
fixed points, a hundred feet apart. He
developed a hollow steel cylinder with

Btk Ty

Last stages of pitted snow, as Dr. Church, the snow-surveyor, measured it
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THE SNOW-SURVEYOR
OF THE SIERRAS®

By SWIFT PAINE

which he was able to obtain samples
of the snow. These he carefully weighed
to determine its density and water con-
tent. Over and over he did this, in dense
forests, beside windbreaks of twisted
Alpine white pines, on rough masses
of broken rocks. People called him
fussy, but he knew what he wanted.
He wanted to know how much snow the
mountains contain in any given winter.

Now his method is supported by the
legislatures of Nevada and California,
and by the producers of electric power
on the Pacific Coast. It has also been
adopted in other places, notably in
Utah and in Alberta, Canada. Each
spring he and those using his method
can accurately forecast how much water
will be available in the rivers during
the summer.

In all of his snow surveying Dr.
Church keeps a careful record, and his
data on the conservation of snow by the
forests are especially interesting.

UCH timber in the region about

Mount Rose was ruthlessly cut
down about 65 years ago for the great
silver mines of Virginia City and Gold
Hill. On these semi-arid slopes the snow
surveyor made some interesting dis-
coveries. At an elevation of 5500 feet
he found that a reforested area thickly
covered with young pines had in March
of one year 13 inches of snow. This he
determined as equivalent to five inches
of water. A deforested area dotted with
manzanita and snow bush at the same
altitude had five inches of snow, which
would mean two inches of water. At the
same elevation a typical sagebrush area
had only one and one half inches of
snow, which would mean only one half
inch of water.

Thus the reforested area conserved
more than twice as much snow and
water as that which had been deforest-
ed, and nine times as much as that
covered with sagebrush.

His measurements in April at an ele-
vation of from 9000 to 10,000 feet were
just as striking. He also found that in
the month of March a forested slope,
though it gained little in actual depth
of snow, kept its increase so packed
down that the gain in water content was

*Courtesy of American Forests
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nearly 50 percent greater than that on
a slope without trees.

Dr. Church has made innumerable
measurements of snow in different
kinds of forests. An open forest of pine
and cedar, he found, which had in Jan-
uary 47 inches of snow, had by the end
of April only one half inch. A dense fir
forest had 40 inches on the earlier date
and two inches on the later. A fir for-
est, dense, but full of glades, had 50
inches on the earlier date and eight
inches on the later. Thus glades greatly
increase the snow-gathering capacity of
a forest.

In one sense, Dr. Church found that
dense forests are wasters of snow; but
even they conserve far more than they
waste, in comparison with areas barren
of forests. A sturdy growth of new trees
can conserve almost as much snow as
virgin forest without glades. The best
types of trees for the conservation of
snow, said Dr. Church, are those which
are sufficiently separated to let the snow
reach the ground and yet protect it from
the sun and wind. A line of trees which
forms a break against the wind can con-
serve a good deal of snow that lies in
the open, he found.

MAN so gentle and yet so persis-

tent as Dr. Church has naturally
made enemies. What could a professor
of Greek know about water? Seasoned
ranchers and woodsmen laughed at him
at first. On the very top of Mount Rose
he built a shelter tight as a ship’s cabin
and filled and surrounded it with an
extraordinary collection of apparatus,
much of which he later discarded. At
one high windy mountain pass he put
up a shelter like a sentry box, to stand
in while he recorded his data in books
and on papers which otherwise might
have blown away. It was a hard day’s
work to get that sentry box up to the
9000-foot pass.

Gradually Dr. Church interested
many in his snow-surveying—a rancher
at a foot of a mountain, a caretaker at
a summer resort on Lake Tahoe, a
dam-keeper at the Blue Lakes. Bob
Watson, one of the most famous guides
in the Sierras, has become his staunch
friend. In some he aroused enough en-
thusiasm so they would take measure-
ments for him.

At first the money available for his
work was pitifully small. He was forced
to spend much of his own salary as pro-
fessor of Greek. But every winter he is
found dashing off to Mount Rose, Web-
ber Lake, Ward Creek, Bridgeport, any-
where in the Sierras within a hundred
miles of Reno. Botanists use his cabins
in summer as centers from which to
collect specimens. Geologists use them
for the study of rocks.

Always he is generous in sharing his
experience. Time after time I have gone
to him for equipment and advice for
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Dr. Church surveying snow in Greenland in mid-winter

pleasure excursions into the Sierras.
With the utmost thoroughness he tells
me everything necessary for me to know,
gives me the keys to his huts, urges me
to make free use of his provisions.

In the last few years, as a result of
his Sierra Nevada success, he has been
asked by the University of Michigan to
go on two expeditions to Greenland.
Naturally he has come back with more

knowledge of winds and snow and ice
than ever. Yet the region that is espe-
cially his is that around Lake Tahoe in
both California and Nevada.

Molecules smooth out steep hills

for your motor car. How and why
will be told in an article scheduled for
publication in our next number.

Weighing snow to determine its density and water content



INVENTION as a profession
—practiced by a small group
—is not new. The idea of teach-
ing it in colleges and universi-
ties, however, has never been
more than a hazy idea in the
minds of a few. Therefore
there may be some differences
of opinion regarding the points
brought out in the accompany-
ing article, especially in view of
the tremendous growth in re-
cent years of industrial and en-
gineering research laboratories.
We offer the article, however,
for the original thought it con-
tains; it rests on its own merits.
We should like to make one
suggestion: where the author
uses the expression “basic in-
vention,” the term “pioneer
invention” might be more ap-
propriate since there can be no
hard and fast definition of the
former.—The Editor.

NVENTION is regarded the world
over as a matter of genius—a rare,
mysterious ability to create. Such is

not the case; invention is not a rare
and mysterious faculty present __
only in geniuses, but a faculty ‘
which all intelligent persons
possess. In most people this
faculty is so weak that it can-
not excite itself into activity,
and without activity it under-
goes no development. Even if
most of us have a faculty for
invention, it is left in such an
apathetic state that we are
entirely unconscious of its
presence. By mental priming,
however, many an inert inven-
tive faculty can be stirred into
action and, once started under
way, can readily develop, with
exercise, into a very con-
siderable talent. Such mental
priming to awaken inventive
faculties might occur by acci-
dent, but it can be provided by
proper education.

There is an urgent need in
modern industry for an abun-
dant, constant, and dependable supply
of inventions. In other words, modern
industry demands the services of an
inventing profession. Engineers are
equipped with technical abilities, and
their services being a glut on the mar-
ket at present, engineers are the most
logical “raw material” out of which to
create this new profession of inventing.

What is signified by the terms “en-
gineering” and “invention”? Suppose,
for example, a conventional airplane is
to be designed to meet a specified rating
for speed, rate of climb, ceiling, and so
forth. The engineer will analyze the
group of physical principles which,
in combination, make flight in heavier-
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The late dean of all professional inventors, Thomas A.
Edison, perfected many extremely important inventions

INVENTION—
A CoMING PROFESSION

By H. OLKEN

than-air craft possible. Each principle
is taken apart by itself (angle of lift,
angle of incidence, and so forth), pro-
portioned to suit the specification re-
quirements, and then all the different
elements, each properly proportioned,
are grouped together to comprise the
complete design. This is engineering.

But suppose that only the conven-
tional type of airplane is known to the
designing engineer and he is required
to design a new type of airplane—a
type which rises vertically. The known
combination of physical principles

which produces the conventional soar-
ing flight will not do. His problem now

is to provide a new combination of the
principles of physics which will effect
vertical flight. This is a problem of
invention.

The first problem is solved by a men-
tal process of analysis, of taking a
combination of principles apart. But
the latter problem must be solved by a
process of mental synthesis. Engineer-
ing is a mental function in which the
mind operates to break down a com-
bination of scientific principles into
its elements, whereas, in invention, the
mind functions to combine elementary
principles of science into a desired
combination. They are opposite proc-
esses of the mind.

Most scientific education, particular-
ly in engineering, is today almost en-
tirely a matter of training in analysis.
In fact, emphasis on mental capacity
for analysis has grown almost to be an
obsession in scientific and engineering
circles—so much so that, in the selection
of technically trained employees, “pow-
er of analysis” stands almost as the
all-important criterion on many an em-
ployment application blank.

This view—that engineering involves
mainly a mental process of analysis
whereas invention calls for the opposite
mental process of synthesis—is a very
simple one. But when one follows it
out to its logical implications,
the conclusions reached show
a surprisingly great need for
teaching invention to engi-
neers.

ONSIDER, for example,

the most fertile field for
invention of all branches
of engineering—the electrical.
There the basic inventions—
induction motor, two-phase to
three-phase transformer, poly-
phase power generation and
utilization schemes, the three-
wire distribution system, and
many others—were produced
by the pioneers in the field,
Edison, Tesla, Elihu Thomson,
and their contemporaries of a
generation and more ago.
Since then, one of the most
challenging problems con-
fronting electrical engineers
has been that of creating a
switch which could interrupt currents
of high power at high voltage. There
were hundreds of patents granted on
this subject for a generation, but not
until a few years ago was a basic in-
vention produced, which provided a
high-power current breaker really ade-
quate to power needs. The first of these
was the “Deion” breaker.

An even more striking example exists
in the field of illumination. Patents
galore have been granted to electrical
engineers for detail improvements in
the two basic inventions for lighting
purposes—the incandescent lamp and
the arc light, both of which were in-
vented more than 50 years ago. Since
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then there has been an urgent
need for a light with all the
colorfulness of the arc, the
simplicity of the incandescent
lamp, and of vastly greater
efficiency than either the arc
or the bulb. For years, hosts
of engineers have been work-
ing on this problem. True,
they have brought out a great
number of special and novel
types of light sources, but the
universal electric illuminant is
only now being approached, in
the form of a recent sodium
lamp. Yet even this lamp,
which is all that the many
great engineering staffs can
show for years of work and
fortunes spent in “research,”
though five times more effi-
cient than the incandescent
lamp, is still a far cry from the basic
invention called for.

We come then to the realization that
the engineering education of today
tends to stifle what little inventive fac-
ulty the engineer would ordinarily de-
velop. And this realization comes from
the simple view of engineering and in-
vention as the two opposite mental
functions of analysis and synthesis. But
this view leads also to another broad
and equally disturbing realization:

F one considers the course of indus-

trial development in the three de-
cades preceding 1930, it is surprising
how lop-sided this development has
been, from the point of technological
progress. Units of machinery, process-
ing units, and plant units have grown
bigger, faster, more powerful, by leaps
and bounds. Electrical generators, for
example, grew from units of a few kva
output to immense turbo-generators of
around 150,000 kva capacity. Process-

Copyrlght Underwood and Underwood
Another professional inventor: the late Emile Berliner, whose inventive genius

produced important developments in

“talking machines”
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Regmald A. Fessenden, deceased, who
was noted for many important inventions
utilizing electricity, sound waves, and
radio phenomena. Below is shown a sub-
marine using his oscillator, perfected dur-
ing the war, which indicates nearness of
ships which might send it to the bottom
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ing equipment for oil refining
developed into colossal units,
and plants to turn out auto-
mobiles and similar machinery
grew to tremendous size. This
was progress in engineering—
the design, in ever greater
units, of inventions already
known. But progress in inven-
tion was negligible in com-
parison; only a few basic
inventions that created new
industries were produced, prin-
cipally the talkie, the vacuum
tube, and the photo-electric
cell. Technical progress was
enormous, but mostly on one
side, the side of engineering.
“Well,” one might say,
“what of it?” Progress in in-
dustry is a beneficial trend
for the human race even if
it be lop-sided progress. A little close
scrutiny, however, shows that lop-sided
progress in industry is like lop-sided
travel in a vehicle—very likely to be
upsetting and quite disastrous.

and the telephone

Less figuratively speaking, industry
has recently advanced by pushing to
the limit development and exploitation
of existing inventions. But had there
been a good deal more of invention;
had engineers been as good designers
of new products and new processes as
they were good computers of larger
and larger units, then small production
of new products would have offered
just as profitable industrial opportuni-
ties as mass production of standard
items. Then would the progress of in-
dustry have been more balanced and
the depression less severe.! Excessive

1There may be an objection here that the pop-
ulation cannot adapt itself to inventions com-
ing too rapidly, one upon another. This arises
from a common notion of what inventions are
in prospect. Television, for instance, has been
prophesied to the public for a long time, and,
of course, television would affect prevalent
modes of living appreciably and directly. But
there are vast fields for industrial invention
that but faintly touch on the average man’s
life, and these fields are just opening up. Practi-
cally all the industrial processes used today
are refined hang-overs of a pre-scientific age.
Cloth, for example, goes through practically
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cultivation of analytical faculties by the
modern process of technical education,
with its consequent withering of in-
ventive faculties, is therefore as much
as anything else the cause of the pres-
ent “upset” condition of industry.
The prevailing process of technical
education should be changed so that
inherent inventive faculties will be per-

Copyright De Forest Radio Compuny
Dr. Lee De Forest who is often term-
ed creator of radio broadcasting

mitted to grow. Invention, therefore,
is a vital subject in the curriculum.

Nor does the matter rest here. Besides
putting invention on the engineering
curriculum to insure stable progress of
industry in the future, it is most im-
portant that new products, new proc-
esses, be created now. Overbuilt plant
capacities, idle engineers, must be pro-
ductively employed as soon as possible.
It is most urgent that a body of engi-
neers be transformed into capable prac-
titioners of invention—the nucleus of a
new profession.

In general, a line of occupation
grows into a subject of professional-
school instruction somewhat like this:
First some outstanding geniuses estab-
lish, through their achievements, a
background of practice in an art. Work-
ing from there on, with capacities cul-
tivated by the influence or example of
these greater men, lesser geniuses
contribute to the art and advance it
beyond where the greater ones left off.
This process continues until sufficient
background in the art is established,
and a sufficient number of persons are
engaged in the practice of it to make
it a profession.

the same process in manufacture as it did
200 years ago; steel-making has not changed
since Bessemer’s day; and so on all through
industry there are myriad needs for new prod-
ucts and new processes which will advance in-
dustry without even slightly disturbing the
present ways of life. Cellophane, for example,
created a new industry and changed many
others—yet it has not disturbed, but helped,
the average man’s daily life!
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LECTRICAL engineering affords a

very good example of this course
of development. Outstanding pioneers
such as Edison, Sprague, Thomson,
Kennelly, Lamme, and Steinmetz estab-
lished a body of practice which was
broadened and deepened by later prac-
titioners of the art.

In the art of invention, we are fairly
well over the stage of basic achieve-
ments attained by men of outstanding
inventive ability such as Edison, Tesla,
Fessenden, Sprague, Elihu Thomson,
De Forest, and others. There are now
a considerable number of their succes-
sors, men most often recognized by their
large number of patents, who make a
regular practice of invention. And work-
ing practically in apprenticeship to
these practitioners of invention are
groups of young men who may be
termed, in the not too distant future,
“the first members of the inventing pro-
fession.” It may therefore now be safely
presumed that the time has come when
a sufficiently large body of practice in
invention has been established, and
there are a large enough number of
practitioners in the art so that, by close
study of the art under guidance of one
skilled in it, students of technology can
become quite capable at invention—
even those endowed with only average
inventive faculties.

“ ¢ LOSE study of the art” boils down

to these two things: First it means
cultivating “invention consciousness,” a
habit of regarding critically each prod-
uct, each process, and questioning it
thusly: This method or device is a com-
bination of scientific principles but is
it the best combination for the purpose?
Will a changed or a different com-
bination be better? Secondly, it means
practice in digging up an element to
suit a required combination of prin-
ciples, also training in working out a
method of combination when a group
of principles is given.

An attempt at teaching invention
along these lines has been made by the
author in an informal course of lec-
tures to a small group of graduate en-
gineers. This led to realization that the
following are the two cardinal factors
in teaching invention:

In the first place, to confront the
student with an actual problem of in-
dustry is the most exciting possible
stimulus to his inventive faculties. Con-
sequently, the course should be based
on co-operation with industry wherever
possible. A very good arrangement to
effect this would be to give the course
on a regular graduate basis, as a co-
operative course in a research institute
supported by industrial fellowships, but
under supervision of the graduate de-
partment of the engineering school or
university. At least one such research
institute has already been established.
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It was the aim of Dr. Duncan, in found-
ing the Mellon Institute, to develop in
chemists “creative mental powers” or,
as it is called here, “the mental faculty
of synthesis,” by graduate work in co-
operation with industry. More similar
research institutes in the other branches
of technology, in mechanical and elec-
trical engineering, radio, and particular-
ly for the general field of physics, are
urgently needed and their creation
would promote education in invention.

The second cardinal factor in- teach-
ing invention, and the one most worth
keeping in mind, is this: The bulk of
work in studying as in practicing inven-
tion is library work, rather than labora-
tory work. To be adept at forming
combinations of scientific principles
calls for ability to dig through the
world’s technical literature and find
just the principle required to effect a
desired combination, or to find just the
combination that will fit together an
available group of principles. This
means long practice in hunting ideas,
or methods of using ideas, where both
are stored abundantly—in libraries.
This fact should facilitate the teach-
ing of invention. Library facilities are
generally very good throughout the
country so there is not so much diffi-
culty in providing facilities for instruc-
tion as when laboratories are a primary
consideration.

The entire discussion might well be
concluded with this brief summary:

C. Francis Jenkins, a pioneer in the
development of the motion picture

Invention is not a rare and mysterious
power, but the converse process to men-
tal analysis; hence it is a faculty com-
mon to all, and can be developed, by
education, to considerable power. Con-
sequently, it is but a matter of time
before training in the art of invention
becomes general. And the day is there-
fore near when the new profession of
inventing will arise to join engineering
in making science an even greater boon
to industry than ever.



THE KUKULOGRAPH

By THE REV. M. J. HOFERER, S. J.

OMPOUND-harmonic-motion  fig-
Cures and designs of innumerable

forms and varieties suitable for
paint and crayon work, or to serve as
patterns for fancy needle work, may be
simply produced by means of the
Kukulograph designed by the writer.
The device also has possibilities as a
children’s toy.

The name means “circle-circle-writ-
er,” and is appropriate because it is by
means of disks moved around and
around within circular guides that a
great variety of figures and designs are
produced. Short leads of different
colors, inserted on the under sides of
the disks do the writing.

The origin of the Kukulograph dates
back more than 30 years to the time
when the writer constructed his quad-
ruplex-compound-harmonic-motion pen-
dulum which was described in
ScienTiFic AMERICAN for April 1, 1896.
This device consisted of four heavy
pendulums suspended from the four
sides of a table, two of them moving a
blackened glass plate, and the other
two a needle that traced the resultant
of the four motions upon the plate. The
whole performance was, at the same
time, projected upon a large screen.

YEAR later, the Rev. Marc Des-
chevrens, in France, invented the
Camphylograph, an apparatus produc-
ing the same figures by means of a se-
ries of cog-wheels. In this device, a fifth
motion was added by having a revolving
plate that multiplied and beautified the
resultant figures indefinitely. A descrip-
tion appeared in the Scientific American
Supplement for December 15, 1900.
Another, and far more complicated
machine, was devised by the Rev.
W. F. Riggs, at Creighton University,
Omaha, and was described in the
Supplement for February 9 and 16,
1918. In this formidable machine was
a multitude of cog-wheels, pulleys, belts,
and cylinders, all set in motion by an

The parts of a Kukulograph, show-
ing one of the large boards with
three guide rings inserted. Below
are the disks, spindle, and leads

electric motor. Of course, the figures
which could be produced by this de-
vice runs into thousands and even mil-
lions.

Contrasted with these complicated in-
struments is the simplicity of the Ku-
kulograph. A circular hole is cut in the
center of a piece of half-inch fiber
board about a foot square, and two or
more concentric rings of the same ma-
terial are cut to fit exactly within this
hole. The inner edges of the rings, or
the hole in the board, serve as guides
within which is to be run the drawing
disks. These disks may be of various
diameters, but all sizes are provided
with center holes which serve as bear-
ings to hold the handle by which the
disks are moved. In the under sides of
the drawing disks are other holes,
spaced at different distances from the
center, in which are to be inserted one
or more leads. These leads trace the

figures, and upon the placement of them
depends the final result.

The number and variety of figures
that may be drawn is almost beyond
reckoning, depending on the ratio be-
tween the diameters of the disk and
guide, and also on the distance of the
lead or leads from the center. If the
lead is inserted in the exact center of
the disk, the figure will always be a
circle. If the diameters are in the ratio
of 1:2, the resultant will be a straight
line, when the lead is near the circum-
ference of the disk. Ellipses of different
shapes will be produced for different
positions of the lead nearer the center.
When the ratios are 1:3 or 2:3, the fig-
ures will be triangles of different shapes.
Ratios of 1:4 and 3:4 will produce
squares; 1:5 and 4:5, pentagons; 2:5
and 3:5, five-pointed stars; and so on.

THE operation of the Kukulograph
is as follows: The drawing disk is
selected and the desired leads are in-
serted. The large board, with or with-
out one or more of the rings, is held
with one hand on a sheet of paper or
cardboard. The disk, with spindle in-
serted, is placed within the guide. Then
the operator, pressing inward and down-
ward with the spindle, forces the disk to
follow the inner edge of the guide and
at the same time rotate around the
spindle. The simple rotary motions are
continued until the desired design is
completed.

Aside from applications in art and
industry where designs are an essen-
tial part of the work, the Kukulograph
has possible applications in schools.
The teacher of a drawing class, with a
Kukulograph available, might easily
prepare a set of papers containing the
same design, and distribute them among
the pupils for a competitive test in the
artistic combination of colors. The fig-
ures reproduced on this page give some
faint idea of the work that can be done
with this simple device.

Examples of designs produced with the aid of the simple device illustrated and described above
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LLEATHER PoWER-BELTS REGAIN FAVOR

By J. R. HOPKINS

A typical modern application of motorized group drive with leather belting.
The motor is mounted on a pivoted base, insuring uniform tension on the belt

RANSMISSION of power by line

shafts and leather belting was the

usual method of driving machinery
before the advent of electricity on a
commercial scale made the electric
motor practicable. Then, for a time, the
power belt was somewhat eclipsed by
the individual motor drive in which the
electric motor was built into, or
placed beside, the machine to be
driven. This method of driving
machinery to some extent re-
placed the line shaft and belt,
but it was soon found that com-
paratively large electric motors,
driving line shafts as did the
steam plants of earlier times,
have strong claims for being the
most economical method of mo-
torizing machinery. Thus, a sin-
gle large motor may be employ-
ed to drive a group of machines
through a modern ball- or roller-
bearing line shaft, using a
leather belt to transmit the pow-
er from the motor to the shaft, and also
from the shaft to the individual ma-
chines. A new pivoted motor base makes
an installation of this type still more
efficient.

The longevity of belts is an interest-
ing subject. In 1876 there were exhibited
at the Centennial Exposition three belts
60 inches wide, 176 feet long, and
weighing 1130 pounds each. In 1925
these belts were still running, having
been in continuous use for 50 years in
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a paper mill at Wilmington, Delaware.
Many a leather belt has outlasted the
machine it drove. The average life of a
leather belt is estimated to be not less
than eleven years.

Today’s manufacture of leather belt-
ing is standardized and highly develop-
ed. The raw material is heavy steer

Upper part of steer hide is used for
belting; remainder is destined for
shoe leather and leather specialties

hides. Over 90 percent of all steer hides
are tanned and used for sole leather but
the finest hides, free from blemishes,
are used for leather belting, for the
strongest and toughest leather is re-
quired. The tanning has the same end
in view. Only about 26 percent of the
entire hide is used in the manufacture
of belting. After the hide is tanned it

is called a belting butt. Great care is
taken during the tanning process to
maintain the surface of the leather, as
the grain or hair side has the ability to
grip a pulley as will no other material.

HEN the actual manufacture be-

gins, the shoulder is cut off and the
belting butt now becomes a “butt bend.”
The piece of leather is thoroughly
washed and scoured to remove tanning
materials or foreign substances, for if
dirt or foreign matter should remain in
the leather it would cut the fibers of
the belt and shorten its life. Next the
wet leather is wrung through great
wringers and while still damp it goes
to the fleshing machine where all fats
and fleshy particles are removed. The
surface of the hide is then rubbed with
cod oil, and the hide is sent to a drying
room. While still warm and dry, with
the pores of the leather all open, the
currying or lubricating materials are
rubbed into the leather. This currying
mixture is hot and penetrates through
the leather, thus lubricating the indi-
vidual fibers. After the currying, the
butt bends are stretched in frames and
the temporary and permanent stretch
of the leather is tested. This stretching
is very important because, not only are
no two hides alike as to stretch, but not
all parts of any one hide are
alike before stretching.

The leather now comes to the
belt shop where it is made into
single, double, and three-ply

belts. The leather is graded

and cut into strips of usable

widths. The center part of each

butt furnishes the finest leath-
er and becomes material for the best
belts. The best half of the “side stock”
leather is also used for belting, and the
rest is destined for use in making
leather specialties. Under light loads a
single belt gives sufficient adhesion but
under heavy loads a double belt has
proved to be more satisfactory. A belt
of single thickness will withstand a
stress of 700 pounds per inch of width,
while double and triple belts give cor-
responding values of 1400 and 2100
pounds respectively.

In the manufacture of belts, the ends
of each strip are scarfed to a pointed
edge, then feather-edged and the laps
roughed by a rapidly revolving wire
brush. This lifts up the ends of the
fibers in the parts to be joined with
cement so that they are firmly embedded
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in the cement. Belt men then match up
the leather into rolls of finished belting,
without actually gluing it together.

We now come to a radical change
made recently. In the old methcd, the
scarfed leather was given to belt men
who took it to their belt press, matched
their leather, fitted it together to uni-
form thickness, and each belt was actu-
ally built separately. In the new process,
as carried on in the plant of the Chicago
Belting Company, Chicago, Illinois, the
single belts are kept by themselves, the
leather for each roll is laid out and
matched to make an even, uniform roll,
and the pointed ends are touched up by
hand. The different pieces are then
numbered consecutively and go to the
belt pressman.

N the old method the hand cement-

ing was of two kinds, one cement
being called hot cement, made of animal
materials; the other a celluloid, water-
proof cement cut with acetone. This was
applied cold and in two coats, the first
left to dry a half hour or less and then
the second applied. Sometimes this cel-
luloid came in sheets which were dipped
in solvent and laid on the parts to be
cemented.

In the new process, roll cement re-
places the sheet celluloid cement. All
of the roll cement is of the same cali-
pered thickness, a few thousands of an
inch thick. It is dipped into its solvent
by automatic machines which keep it
there an exact number of seconds, and
is then placed on the single belt laps.
These laps go into an automatically
controlled belt press so that the number
of seconds each lap is in the press is
always exactly the same. These new belt
presses are hydraulic and they are
equipped with a device for automatical-
ly rolling up the belting as it is made.
After the belts come from the press the
laps are inspected; then the belt is
trimmed and stamped with an arrow
showing the purchaser in which direc-
tion he must run the belt.

N making double belting by the new

process the double belts are first
carefully matched up without cement-
ing, a complete roll of belt is laid out
and the pieces of leather numbered.
This belting is then made into two rolls
of single belting by the process de-
scribed. It then goes to an intricate set
of new machines which prepare the
leather for the new tension cementing
machine. This cements the two rolls of
single belting into one double belt while
the leather is under tension.

Before the two rolls of single material
are cemented together into one roll of
double belting, the leather in each sin-
gle roll is roughed up by machinery,
carefully matched together and the up-
per ply alone is brought to a standard,
uniform thickness. In the old method
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the leather for double belting was
scraped by hand and then roughed with
a roughing tool. In the new process this
single hand operation is replaced by
13 machines that do the same job with
a degree of uniformity not possible by
the old method. About 10 percent more
of the strength of the leather is also
retained that used to be scraped away
by hand.

The cement on the tension cement-
ing machine is the new type of roll
cement and passes through its solvent
at a uniform speed, entering between
the two plies of leather under tension.
The finished double belt is then rolled
up under tension and dried and season-
ed, still under tension, being held in
place by about 60 feet of old belting
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which is wrapped around the new roll.
The new cement is waterproof, resists
the action of mineral oil, causes the belt
to have less stretch and is more pliable.
In both methods the trimming and fin-
ishing are the same and the finished
rolls then go to the stockroom to await
shipment to the ultimate consumer.
One of the objections to leather belt
transmission on any type of drive, either
between long centers or short centers,
has been that, together with its desirable
elasticity, there has been some perman-
ent stretch which has required incon-
venient “take-ups” involving consider-

able loss of time. With this new process
of producing belts, however, the per-
centage of permanent stretch has been
greatly reduced.

Above: In the new process three operators do the work of 20 men. The two
rolls of single belting are in foreground, the tension cementing machine in back-
ground. Below: The two single belts being cemented together under tension. This
eliminates from 50 to 75 percent of permanent stretch and retains native strength




SCIENCE AIDS THE CANNERS'

HE story of Lavoisier’s dis-

covery of the role of oxygen

in life was recently heard over
the radio. We were told how Lavoisier
found that if the oxygen supply of mice
was cut off, they would rapidly suc-
cumb. However, if oxygen was promptly
readmitted into the oxygen-free cham-
ber, the mice revived and resumed their
normal frisky manner of activity. From
this was deduced a glowing picture of
a certain tooth paste, which, on being
used in the customary manner,
liberated life-giving oxygen.

A benumbed conscience would
be necessary to develop such a
glowing picture of the réle of
oxygen in foods. Yet every raw
vegetable and fruit consumes oxy-
gen just as did Lavoisier’s mice.
Their avidity for oxygen is even
greater than that of mice. With-
out oxygen, mice promptly suc-
cumb to a point at which they can
no longer utilize it. Not so with
raw vegetables and fruits. They
continue to evolve carbon dioxide
in not greatly diminished amounts
long after their oxygen supply is
cut off.

XYGEN is, strictly speaking,
not life giving. Oxygen is cor-
rosive and destructive. Oxygen in
Lavoisier’s experiments was not
the life-giving principle. The oxy-
gen destroyed that the mice might
live. Oxygen is admittedly essen-
tial in every life process, but in
every life process the direct réle of
oxygen is to rob the energy from some
substance and this energy, thus liber-
ated, is the real life-giving principle.
Oxygen is, in practically every instance,
inimical to preservation. With few ex-
ceptions, this is true in every phase of
the food industry and it is particularly
true in the preservation of foods by can-
ning. The purpose of foods is to main-
tain life, and the purpose of the preser-
vation of foods is to stabilize the life-
giving principles. The energy supplied
by food is one of its life-giving principles.
Considerable losses in energy value
may occur under ordinary conditions of
handling vegetables as the result of
oxidation. Benoy held raw vegetables
for twenty-six hours at 30 degrees Centi-
grade (86 degrees Fahrenheit). Under
these conditions carbon dioxide was
evolved equivalent to 13.6 percent of
the energy value in asparagus, 6.4 in
lettuce, 6.3 in green beans, 5.2 in okra,
*By courtesy of Hygeia
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By E. . KOHMAN

4.5 in green onions, 3.1 in carrots, 2.6
in tomatoes, and 2.0 in beets.

This characteristic of all vegetables
and fruits is of such profound signifi-
cance that it deserves more attention.
Such activity is generally designated as
the respiratory process. Every vegetable
and fruit, while in the raw state, is en-
dowed with enzymes that cause oxida-
tion of some of the food materials in

‘halegraphs courtesy Cu-mny Age
Machinery for cutting and mixing corn to be
canned. As the author points out, the corn
will lose flavor unless handled expeditiously

them as well as bring about other chem-
ical reactions. These enzymes are so
active and their demand for oxygen so
great that if oxygen cannot be obtained
from the air, it will be obtained from
some of the food issues. When sugar
is present, it is most likely that the
oxygen will be derived from the sugar
and a process simulating the anaerobic
activity of micro-organisms results, sim-
ilar to fermentation by yeast in the ab-
sence of air. When oxygen is extracted
from sugar for oxidation purposes
under such anaerobic conditions, a res-
idue relatively poor in oxygen is left
behind. Thus, undesirable by-products
result. Among these, alcohol and alde-
hyde are usually present.

This enzymic activity in raw vege-
tables and fruits may under certain con-
ditions have adverse effects. For ex-
ample, when an apple or a potato is
peeled, darkening of the ruptured cells
on the surface promptly occurs. If an
apple is bruised as by dropping on the

floor, this bruised area undergoes

increased enzymic activity, as a re-
sult of which its flavor changes in a
few minutes; in time the bruised por-
tion becomes brown in color, tough and
dry in texture, and a large part of its
food value is lost. When orange juice
is expressed from the best container
that so far has been found for orange
juice—that is, from the healthy skin
of an orange—this juice promptly be-
comes “untasty.”

When corn is cut off the cob
as for canning and the kernels
are more or less macerated, it
readily develops off-flavors. Its
acidity changes measurably. If
the canner did not handle this
product with great expedition,
there would result an abnormal
flavor in the canned corn. By the
continuous process that he has
developed, the canner can observe
expedition that would be impos-
sible for the housewife to simu-
late with her limited equipment,
and without which the canning of
cream style corn would be out of
the question.

NY bruising that ruptures a
vegetable cell induces accel-
erated enzymic activity and
brings about abnormal conditions.
Freezing to the point of congeal-
ing is disastrous to vegetable cells,
hence the rapid deterioration of
frozen vegetables and fruits upon
thawing. In the harvesting, han-
dling, shipping, and storage of raw
vegetables and fruits, these matters have
a significance far out of proportion to
the attention that has been given them.
The effect on vitamins is even more pro-
nounced in some instances than on en-
ergy value or flavor.

Raw potatoes were known to have
antiscorbutic properties before the dis-
covery of vitamins, as evidenced by
their use on early sea voyages. Some
years ago Bezssonoff became curious to
know whether the juice of potatoes pos-
sessed this property. He ground pota-
toes and pressed out the juice by means
of a hydraulic press and fed the juice
and the residue, or pulp, separately.
Although they were fed within two and
one half hours after the process was
begun, he found neither the juice nor
the pulp to have appreciable antiscor-
butic value; on combining the two in
their original proportion, the combined
mixture no longer had antiscorbutic
properties at all comparable to the orig-
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inal raw potatoes. In a study of shred-
ded carrots, it has been found that the
vitamin C content may be lowered by
approximately 25 percent if the shred-
ded carrots are held from one to three
hours before they are fed.

Fortunately the same enzymes whose
activity may be so disastrous can fre-
quently be directed into channels of
great usefulness. Canners have worked
out a unique process for the canning of
apples. In this the respiratory process
is employed to free the apples of oxy-
gen. Thereafter they may be canned
and practically their full vitamin C
value retained, whereas, without such
treatment, it is largely destroyed.

The manufacture of sauerkraut pre-
sents an interesting illustration of the
role that oxygen may play in the de-
struction of vitamin C and how this
may be avoided. Cabbage stored in the
head gradually loses its vitamin C con-
tent. The shredding of the cabbage, as
is evidenced by the experiments cited
with shredded carrots and potato juice,
might entail an undesirable set of con-
sequences were it not for the conditions
prevailing in the vat in the manufacture
of sauerkraut. It is known that the ac-
tivity of micro-organisms in the fermen-
tation process in the manufacture of
kraut promptly creates anaerobic or air-
free conditions. The fermentation proc-
ess would quickly consume the oxygen
present, since this makes such a strong
demand for oxygen that it is taken from
the sugar in the cabbage and as a re-
sult a certain amount of alcohol is pro-
duced.

N the commercial manufacture of

kraut, the huge volume of the vat
results in the kraut being effectively
protected from the air. Thus the kraut,
months after shredding of the cabbage
employed in its manufacture, is still
potent in vitamin C. Moreover, this may
be retained in the canned products as
shown by Clow, Parsons, and Steven-
son. But, as also shown by these investi-
gators, not all canned kraut retains this
vitamin C to the maximum extent. The
canner of kraut, when he has the data
available to show him the procedure to
follow during the canning process, will
have the facilities to take steps in this
connection that will be impossible for
the retail distributor or the housewife
to take. The canning of kraut, therefore,
should be a means of distributing kraut
of a higher vitamin content than is pos-
sible in any other way, as distribution
through other channels must necessarily
entail more or less exposure to the at-
mosphere.

I recently defined canning as “the
art of preserving seasonal products, and
others susceptible to rapid spoilage, as
far as possible in their natural state
with all their nutrient qualities intact
and in a form that renders such prod-
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ucts more or less stable and capable of
being distributed at all times to all
places.” This is a big bill to fulfil. It
virtually means the elimination of the
word “season” from the food lexicon.
Although great achievements have been
made, the fact that the canning industry
is young is sufficient evidence that its
ultimate goal has not yet been attained.

In a long series of co-operative stud-

Tester for determining freshness of
liquid foods, used in Birdseye lab-

oratory. Electrical resistance of
the liquid indicates its freshness

ies by Teachers College of Columbia
University, under the direction of Prof.
W. H. Eddy and the National Canners
Association, represented by myself, it
has been demonstrated that each of the
known vitamins commonly found in veg-
etables and fruits can be supplied in
adequate amounts by some canned food
over the usual test period. By taking
cognizance of fundamental principles,
such as are described above, as well
as others that cannot be described in
such limited space, the foregoing defi-
nition is fulfilled to a remarkable de-
gree by the canning industry.

But have all the vitamins or other
dietary essentials been discovered? Is
the usual test period adequate to dem-
onstrate  conclusively dietary suffi-
ciency? Even to these questions we
are now arriving at answers in the
co-operative studies mentioned above.
Our results were recently reported be-
fore the American Chemical Society.
For more than a year both rats and
guinea-pigs have been fed and reared
on a diet made up completely of canned
foods sterilized by heat. They have
reached the sixth generation. Growth
has been as rapid, reproduction as pro-
lific, litters as large, and lactation as
abundant as can be expected from these
species of animals. No dietary difficulty
of any kind has been encountered.
Every period of five days the animals
are given five different canned foods so
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selected as to constitute a balanced ra-
tion. The different foods are not mixed,
but each animal is permitted to eat
according to its likes and dislikes. At
the expiration of each fifth day, a new
combination is set before the animals.
So far 49 canned foods have been fed
in 74 combinations. This variety prob-
ably accounts for the animals surpass-
ing those on the usual laboratory stock
diet.

F equal moment are other studies

reported by us at the same meeting
of the American Chemical Society. It
is an interesting fact that although we
are told to eat raw vegetables and fruits
to secure an adequate supply of vitamin
C, there is no record of head lettuce
and celery, the two vegetables eaten
raw in greatest abundance, ever having
been tested in this country for their
vitamin C content. Consequently, over
a period from May to October these
vegetables were purchased daily in
prime condition from New York mar-
kets to have their vitamin C potency
determined. We must admit surprise at
the values found. Canned turnip greens
were being studied at the same time.
Four grams of the latter were superior
as antiscorbutics to 10 grams of celery
or 15 grams of head lettuce. No ex-
planation is afforded by available data
for the low vitamin C value of these raw
vegetables. However, attention is called
to the fact that the turnip greens—as
is usual in the canning of vegetables—
were canned a few hours after harvest-
ing in a region in which they grow to
the best advantage. In contrast to this,
head lettuce and celery are shipped
from afar and frequently stored for
long periods, thus permitting enzymic
activity full play. It is well recognized
that green vegetables are also far su-
perior to bleached vegetables in vita-
min Aj; that is, they have a far larger
content of that vitamin.

The canner, by recognizing facts dis-
closed by fundamental research, by
turning to his advantage certain prop-
erties of vegetables and fruits that in
other directions may have deleterious
consequences, by employing processes
made possible only by the machinery
of industry, can in many ways accom-
plish what is impossible in any other
way. We are told to eat salads twice a
day for an adequate supply of vitamin
C. Tt now appears that if head lettuce
or celery is the basis of the salad, we
may secure more vitamin C by serving
canned peas, tomatoes, spinach, peach-
es, or pineapple. All the facts about all
the available foods are as yet by no
means known. What is known may well
be taken to assure us that, with reason-
able discretion and intelligence in
choosing our foods, our every dietary
need may be amply supplied from a
variety of abundant products.



NATURAL GAS GREETS A SUBSTITUTE

Newly Developed Gas Manufactured From Diesel Oil May be Used to Replace

Natural Gas When an Emergency Arises

ATURAL gas was early
N recognized as a fuel for
commercial and industri-
al purposes and was adopted
and used when the source of
supply was near at hand. With the
coming of new manufacturing methods
for pipe, natural gas suddenly donned
seven league boots and brought itself
within the reach of far greater fields by
stepping hundreds and even into the
thousands of miles.

The difficulties of spanning rivers
with the pipe line and troubles arising
from corrosion and electrolysis sudden-
ly loomed up. The problems of span-
ning the rivers fell naturally into the
hands of the bridge engineers and those
of corrosion and electrolysis were rele-
gated to the chemical laboratories. The
progress with which new lines are
spreading over the country lend sub-
stance to the conclusion that these
problems are rapidly being solved.
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There has been a lag, however, not in
the solution of the pipe line problems
but on the receiving end of the line.
This has been due to the suddenness
with which natural gas has forced itself
upon the cities. The problem has been,
not in the natural gas itself or the
change-over to natural gas, which is a
problem of considerable magnitude, but
in the manufacture of a substitute for
natural gas in the event that the ele-
ments temporarily win an upper hand
and sever the long pipe line.

This problem takes on considerable
importance because of the fact that
during the season in which the elements
occasionally play havoc with the pipe
line, the line pressure is increased to
meet the mounting demand. The natural

Night view of gas manufacturing
plant at San Diego where gas is made
on a *10-10” cycle. This means that
for 10 minutes the honeycomb of
brick in the generators is heated
from the blast of the furnace; then
this is shut off while the fuel oil is
injected and gas is generated for 10
minutes. When the next charge from
the blast furnace is admitted, the gas
remaining in the generator causes an
explosion that blows a flame out
through the stack. Such a flame is
seen emerging from the central gen-
erator stack in this illustration

forces thus make a double threat against
delivery in this period of need. If a
break does occur it is most apt to occur
when the internal pressure and the
external abuse from the elements are at
their greatest. This is a peak load
period and to meet the demands of a
break in the pipe line would mean either
that a tremendous amount of manu-
factured or natural gas must be kept
on hand, or that the local manufac-
turing plant is suddenly called upon
to supply its capacity load. Even with a
supply of gas in storage, the manu-
facturing plant would soon be called
upon to assume the entire load and
would have to continue to carry it until
the natural gas service was restored.
The older form of manu-
factured gas, that in many in-
stances has been replaced with
natural gas, has a heat value of
about 550 B.t.u. per cubic foot.
Natural gas has a heat value of
about 1100 B.t.u. per cubic foot,
or double that of the manufactured gas.
The manufactured gas has what might
be termed a quick flame while that of
natural gas is sluggish. In making the
change-over it is necessary to restrict the
natural gas by adjusting or altering
each orifice of all gas burners to take
care of the slow burning characteristic
of the natural gas. Once the burners
have been adapted to the natural gas it
becomes an impossibility to revert back
to 550 B.t.u. gas because of the effect
upon the flame.

If a burner is adjusted for a flame
Lo-inch high with 550 B.t.u. gas and
natural gas is turned through this burn-
er, the flame will, because the natural
gas is richer and burns more slowly,
be approximately five or six inches high.
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It will also have a tendency to pull
away from the burner orifices. A flame
of this size has more heat than is needed,
so the amount of natural gas allowed to
escape is restricted so that a soft flame
approximating the height of the former
550 B.tu. flame is obtained. If an
attempt is now made to revert back to
the old manufactured gas, the flame
would be scarcely a sixteenth of an inch
in height and would be practically use-
less.

To overcome this difficulty in locali-
ties where both natural and manufac-
tured gas are available, it has been
necessary to enrich the manufactured
gas to about the heat content of natural
gas. Various petroleum products have
been used for this purpose. Butane,
propane, pentane, and other vapors
(collectively known as butane or as
butane-propane) have been employed
because their natural volatility sug-
gested an easy way to secure the end
desired. Their vapors were simply added
to the manufactured gas in sufficient
quantity to supply the B.t.u’s. required.
The fact that they have such high
vapor pressures, however, makes it nec-
essary to store them under pressure
to keep them liquid. Tanks for storing
them must necessarily be strong, and
strong tanks sufficient to hold the quan-
tities needed become quite costly. The
handling of the vapors in transporting
them is also an item that adds to their
cost.

TO overcome these particular dis-
advantages of butane, other less ex-
pensive petroleum products have been
attacked with the intent of cracking
them and securing the desired rich
qualities. They have been tried in the
old manufacturing equipment and with
changes of more or less costly appli-
ances added to the equipment. Methods
employing a catalyst such as nickel wire
have been used with some degree of
success.

On the Pacific coast, because of the
comparative nearness of the supply, it
was fairly well concluded that the use
of the volatile butanes was the most
logical way to combat emergency situ-
ations. Thus the city of San Diego,
when preparing for natural gas, was
found to require the storage of 225,000
gallons of butane and the necessity of
keeping that amount on hand at all
times. In an effort to avoid the expendi-
ture necessary for such storage, J. A.
Harritt, Superintendent of Gas Produc-
tion, San Diego Consolidated Gas and
Electric Company, and Leon J. Willien,
Operating Gas Engineer, Byllesby
Engineering and Management Corp.,
undertook a series of laboratory crack-
ing tests on four petroleum products.
These were fuel oil, which is essentially
crude oil minus gasoline; Diesel oil;
kerosene; and gasoline. As an outcome
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of the tests, a promising gas from Diesel
oil was discovered.

Because the city of San Diego was
still using manufactured gas and hence
not ready for rich gas experiments
under full-scale conditions, the Pacific
Gas and Electric Company co-operated
in turning over the plant of the city of
San Rafael, where natural gas was
being used, for the continuation of ex-
periments. Various percentages up to
100 percent of the new gas were intro-
duced into the mains, and the effects
from the consumer’s standpoint care-
fully checked. It was found that the
new gas was a little more sensitive to
adjustment but that it would serve satis-
factorily in 98 percent of the appliances.
It was, during the course of the full
scale experiments, varied between 950
and 1100 B.t.u. per cubic foot.

Diesel oil was used both for “heat-
ing” and “making” the gas, and the
generators were of the usual type used
for the production of 550 B.t.u. manu-
factured gas. Lampblack, the usual
offender in the manufacture of an oil
gas, was found to be eliminated if the
temperature was held below 1600 de-
grees, Fahrenheit. The tar formed was
of such quality that it could be utilized
for fuel or sold commercially.

The progress that has been made in
this discovery of a natural gas substi-
tute is partially in the lessening of the
storage tank costs, since Diesel oil is
readily stored in the usual tanks, and
partially in the elimination of one
troublesome by-product which previous-
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ly made frequent cleaning necessary.
The primary advance lies in the fact
that existing generators for 550 B.t.u.
oil gas may be converted to manufac-
ture the Diesel oil gas with but slight
changes. This discovery makes the
change to natural gas safer and less
expensive.

ONTRARY to the publicity that

accompanied the first introduction
of natural gas, it is actually less danger-
ous than the manufactured gases. Na-
tural gas contains far less, if any,
carbon monoxide gas, than do the pres-
ent manufactured gases. There is, of
course, the possibility that carbon mon-
oxide can be formed if the natural
gas is incompletely burned, as with the
gasoline in an automobile, but if vented
properly this is taken care of. Since an
explosive mixture of either manufac-
tured or natural gas is dependent upon
the oxygen content of the air and this
is a more or less fixed qua