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STOP STARVATION

4/ ¢,/ American Overseas Aid-
United Nations Appeal for Children

« HE UNITED NATIONS Appeal for Children is in accordance with the highest and

Tﬁnest instincts of mankind. It provides every one of us with a chance to do something
real and positive to help those who cannot help themselves and at the same time to lend per-
sonal support to the work of the United Nations.

“Those of us who support the United Nations Appeal for Children will have the satis-
faction of knowing that we are striking a note of harmony in a world riven by discord and
dissension. By taking an active part in this Appeal, we will help to spread the idea of world
unity and of the United Nations. We will help to save the health and the very lives of count-
less children who may become, in the true sense of the word, world citizens of tomorrow.

“All support given to American Overseas Aid-United Nations Appeal for Children
will be a real and valued contribution toward this purpose.”

Trygve Lie
Secretary General, United Nations

°
AMERICAN OVERSEAS AID—

Uniteép Nartions APPEAL ¥OR CHILDREN
39 Broabpway. NEw York 6. N. Y.
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Sirs:

Concerning “social physics”—and your
May article of the same name—I should
like to register an emphatic protest at the
inclusion of this kind of balderdash in
your otherwise commendably restyled
magazine.

“Now,” wrote your associate professor
of astronomical physics, “let us apply
these equations to populations. In the
place of mass or charge we substitute
‘population density.” This term is actually
derived from the physical concept of sur-
face density; the analogous unit in elec-
trostatics would be the amount of surface
charge per unit area of the charged body.”
And again: “The gas analogy, or some
equivalent concept, is necessary to explain
the resistance of human beings to social
gravitation. ... Were it not for the ex-
pansive force of the human gas. repre-
senting the need of individuals for elbow-
room. the center-seeking force of gravita-
tion would eventually pile everyone up at
one place.”

Frankly, social scientists themselves
are not without occasional foibles. fancies.
strange preoccupations and conceits, but
in a number of years of close attention
to the theories and researches of persons
active in this field I have encountered
nothing quite so weird as the notions
drummed up by your contributor. the as-
sociate professor of astronomical physics.

I am in no sense objecting to his inter-
est in the mathematical description of
social behavior. Wherever uniformities in
social behavior can be found to exist.
symbolically described, and their inter-
relations generalized, let us by all means
do so. That is the end toward which all of
our sciences should properly be working.
But if there is one most effective way of
damning all hope for the continued prog-
ress of social science toward this objec-
tive, it would almost certainly lie in
beginning with the concepts of physical
science, then observing social behavior,
then jam-packing our findings into the
usually quite irrelevant concepts with
which we have begun. At best. such a
procedure might afford a harmless and
no doubt intriguing pastime for occa-
sional professors of astronomical physics.
At worst—which is to say, if taken seri-
ously—the same procedure represents a
gross and unpardonable failure to ap-
proach the data of social behavior at their

LETTERS

own level and in the terms which they
themselves suggest.

May I offer two suggestions?

First, I would be happy at any time to
test my skill at the “social physics” game
by devising a new approach to the data of
physical science, one which would make
use of many concepts that physical sci-
entists have unaccountably ignored. such

as “minority groups,” “frustration.” “ag-

gression,” “in-group,” “folkways,” and so
on. Surely the proffer of a physics of so-
ciology deserves a sociology of physics in
return, if only to show that practitioners
of social science are equally capable of
benevolence and versatility.

Or. somewhat more pointedly. it might
be suggested that the editors of Scientific
American, when preparing future articles
on social science topics. first secure the
views of social scientists concerning the
usefulness and validity of material to be
treated.

It would be sheer ingratitude not to
add that. apart from the perilous flight of
fancy in question. the May Scientific
American was unusually pleasant read-
ing. attractive and interesting.

WALTER H. EATON

Director
Research Associates of Chicago
Chicago, Il

Sirs:

Professor John Q. Stewart. in his ar-
ticle “Concerning Social Physics™ in your
May issue, does not. alas. carry us into
the post-Keplerian stage of social think-
ing. Rather he transports us to a pre-
Heraclitean era where we are asked to
believe in unexamined generalities and
mysterious pseudo-forces like “popula-
tion potential” and the “human gas.”

I do not think that Professor Stewart’s
position is defensible even on the facts.
The particular area of high population
potential which he discusses is the Illi-
nois, Indiana, Southern Michigan, Ohio.
Pennsylvania, New York, New Jersey.
Connecticut and Massachusetts group of
states. While it is true that this is an area
exercising relatively strong influence in the
country as a whole it is also characterized
not only by relatively high population
density but also by the following: high
purchasing power, large coal deposits.
cheap water transport, heavy and earlv
development of rail transport. It also con-
tains much of the best farmland in the
country. Thus, what is at issue here is not
a force exercised by virtue of population
density (or “potential”) but a force exer-
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cised by virtue of a complex of inter-
related factors. It ought to be borne in
mind also, it seems to me. that were popu-
lation potential a deciding factor in the
influence of a region on its environment.
then the influence of India and China in
the world would be overwhelming as com-
pared to our own. But we know that popu-
lation by itself—without industry—is
nothing in the world today.

A further problem is raised by Pro-
fessor Stewart’s concept of the “human
gas.” It is true that populations have
always tended to move from rural to
urban areas, i.e., from areas of relatively
sparse population to areas of relatively
denser population. But this is not due to
the pseudo-scientific force invented by
Professor Stewart and called “demo-
graphic gravitation.” In the history of
our country, and of much of the world.
the rural population has migrated to cities
in search of a higher standard of living.
or in some cases. as an escape somehow.
as in Latin America, from the intolerable
misery of the countryside. Thus. to invoke
such a “force” as “demographic gravita-
tion” to explain complex emotional phe-
nomena obscures rather than illuminates
the issues.

But the wanderings of an occasional
astronomical physicist into the uncharted
(for him) interstellar space of society.
are really not as important as the implica-
tions of his kind of thinking. Mechanistic
treatment of social phenomena distracts
attention from the real problems of social
living. The consideration of persons as
particles paves the way for those who
would treat them as assembly-line items.
to be organized and handled as any po-
litical party wishes. This problem of the
relationship between the physicist and
society is of crucial importance because
so many physicists have been swept into
pivotal social positions on the wave of
popularity that—ironically enough—fol-
lowed on the most catastrophic demon-
stration of the power of the physical sci-
ences in history. Personally. I think that
Professor Stewart’s kind of thinking is
the backdoor to tyranny.

JULES HENRY

Associate Professor of Anthropology
Chairman. Basic Social Science Program
Washington University

St Louis, Mo.

Sirs:

I'have been trying to read the May issue
of your magazine.

Man. oh man. You have ruined the finest



Ingenious New

Technical Methods

To Help You
Simplify Shop Work

Versatile New Grinder Saves Time
— Improves Grinding Efficiency

A new grinder, the Corlett-Turner G-3, permits chang-
ing of grinding wheels in a matter of seconds and as-
sures a true running wheel at all times. Each wheel is
individually mounted on a ground, tapered arbor.

Easy wheel changing is accomplished by a slight wrist
motion on the end bells of the grinder head. A twist to
the left releases the wheel arbor; the reverse action in-
stantly secures it in place. It's all done in a matter of
seconds. No costly time is lost in repeated wheel dress-
ing.

In addition to its primary function, the G-3 grinder has
innumerable uses for burring, buffing, polishing, and
production applications requiring a high speed spindle.
Powered by a 1/3 horsepower motor, a three-step pul-
ley arrangement provides speeds of 5600, 8000, and
12,000 r.p.m.

Efficiency in precision work is also increased when ten-
sion is relieved by the act of chewing. And chewing
Wrigley’s Spearmint is a pleasant, easy way to help re-
lieve workers’ nervous tension. For these reasons Wrig-
ley’s Spearmint Chewing Gum is being made available
more and more by plant owners everywhere.

Complete details may be obtained from

Corlett-Turner Co., 1001 S. Kostner Avenue
Chicago 24, Illinois

Corlett-Turner
Grinder

Grinding
Wheels

of all kinds can be easily
solved on the
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Step up your own skill with facts & figures of your trade.
Audels Mechanics Guides contain Practical Inside Trade

rate. Dia. 834”. Price $7.25
in case with instructions. Write for illustrated cir-
cular. Money back guarantee. Approved at leading
Universities.
GILSON SLIDE RULE CO., Box 993, Stuart, Fla.
Slide Rule Makers since 1915

Information in handy form. Fully illustrated. Easy to
Understand. Highly Endorsed. Check book you want for
7 days Free Examination, Send no Money. Nothing to
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If satisfied you pay only $1 a month until price is paid.
AUDEL, Publishers, 49 W. 23 St., New York 10, N. Y.
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shop and hobby magazine in the world.
Gone high-brow. Filled it with a bunch of
uninteresting junk which anyone can find
in any well ordered library—assuming he
wants to find it.

Most of the subscribers of the old
Scientific American can meet these quali-
fications. But even the college graduate is
sometimes glad to know that a eutectic
bismuth alloy can now be had for making
cheap molds for short runs of plastic parts
or to learn, from the column written by
Mr. Albert G. Ingalls, what abrasive to
use for polishing glass or metals. And
thousands of other helpful hints which
can be used from day to day.

I note that Mr. Ingalls is being kept on
as one of the editors of your new maga-
zine. I'll give odds that he is the only one
of the new editors who has ever cleaned
his hands on a piece of dirty waste. I'll
gamble also that, with his age and expe-
rience, you will find Mr. Ingalls is dry
behind the ears. As long as my subscrip-
tion lasts I shall welcome and find inter-
est in Mr. Ingalls’ column.

Gone from your subscription lists will
soon be your present subscribers and gone
from the greasy work benches throughout
the world will be the magazine of a thou-
sand helpful hints which we liked so
much, and which your new magazine can
never replace.

Gone also is the idea which has endured
for over a hundred years, that a magazine
can be helpful to people of all walks of
life. Comes now the idea that only those
who qualify as “intelligent laymen”—*at.
say, a college level”—can understand sci-
ence. Tsk, tsk. What a crime—what a
shame. And what a conceit.

The old friends of the old Scientific
American may not write many letters to
you but they will have the same feeling
as do I. which can be best expressed in
the language of the prize ring, “We wuz

robbed.”

PHILIP E. DAMON

Ames. lowa

Sirs:

The new Scientific American is perfect-
ly splendid! It is just what a scientific
magazine ought to be! And I (and legions
like me, I am sure) am delighted that
the historic periodical is returning to its
birthright.

May I humbly beg that you will keep it
from again becoming too metallurgical.
commercial? I know you will safeguard it.
My father drew his chief interest in life
from the pages of the older, broader form
it had; and to which it is now so happily
returning. We all thank you!

LEON A. HAUSMAN

Department of Zoology

New Jersey College for Women
New Brunswick. N. J.



Your First Move

HE way to win against cancer is

to discover it early—then go im-

mediately to your doctor for diag-
nosis and treatment.

If this is done, your chances are

even or better of coming out on top.

That is why one should always be
on the lookout for cancer’s danger
signals. Watch for them in yourself,
in your friends and in members of
your family.

Don’t be afraid to learn the truth.
Your doctor may give you the good
news your fears are groundless. Or
that a relatively simple course of

Any sore that does not
® heal, particularly about the
tongue, mouth or lips.

2_ A painless lump or thick-
ening, especially in the
breast, lip or tongue.

3 Progressive change in the
color or size of a wart,
mole or birthmark.

4_ Persistent indigestion.

Persistent hoarseness, un-
® explained cough, or diffi-
culty in swallowing.

Bloody discharge from the
° nipple or irregular bleed-
ing from any of the natural
body openings.

* bowel habits.

|
Any change in the normal I
|
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AT THE FIRST SIGN
OF CANCER

treatment, in the light of new medi-
cal discoveries, is producing won-
derful results in similar cases. But
whatever you’re told, the sooner you
act, the better the news will be.
Remember—you can’t diagnose
cancer yourself, but you can suspect
it. Be on the lookout. Check up on
yourself from time to time. Write for
important free booklet—today.

MAIL COUPON FOR

FREE BOOKLET
THAT TELLS THE FACTS
ABOUT CANCER

AMERICAN CANCER SOCIETY
47 Beaver Street, New York 4, N. Y.

Please send me free the booklet contain- I
ing vital information about cancer. I



ULY 1898. “On June 6. 1898. the dis-
covery of yet another element was
announced, in a communication made

by Prof. Ramsay, of Londen. to the Acad-
emy of Sciences, of Paris. This new ele-
ment is the gas krypton, and makes a fifth
constituent of the atmosphere; it is, how-
ever, present in very minute quantities,
viz., one part in ten thousand of its volume.
Krypton belongs not to the argon, but the
helium group; its density is greater than
that of nitrogen, being, according to the
corrected measurement, 22.47.”

“The present war has served as a great
upsetter of theories. Seagoing Spanish tor-
pedo boat destroyers, that were to have
wiped out our mosquito fleet and then
proceeded to sink our battleships in de-
tail, have proved helpless against our un-
armored cruisers, and Spanish forts that
were to have crumbled to dust at the at-
tack of our 13-inch shells have persisted
in holding up their heads with a stubborn
endurance of which these medieval traps
of stone and mortar were theoretically
quite incapable. We find that some pet
theories will have to be renounced, if the
earlier operations of the present struggle
are a sure indication. Conspicuous among
them is the oft-repeated statement that
warfare has become such an exact science
as to leave little room for the exercize of
mere courage and daring.”

“The auxiliary steam yacht “Windward’
left New York on July 2, {for Sydney, Cape
Breton, in command of Capt. John Bart-
lett, who has made four trips to the Aretic
regions. Mr. Peary and other members of
his party will join the *Windward’ at
Sydney. From Sydney the yacht will go
to Cape York, Greenland, where she will
take aboard a party of 60 Esquimaux with
their sledges and dogs.”

“Prof. Koch has announced the results
of his investigations on the plague. He
declared that the view entertained some
two years ago that the plague no longer
threatened mankind must be abandoned.
for there are now no less than four plague
centers, the last of which Prof. Koch dis-

covered in the Hinterland of German
West Africa.”

“Further evidence of the existence of
man before the glacial period in England
has come to light. In his address before
the Biological Society, of London, Dr.

4

20 AND 100 YEARS 1GO

—J Hicks states that the evidence which has

been obtained from bone-bearing caverns
in the glaciated regions of England shows
conclusively that the remains of the ex-
tinct mammalia found in them must have
heen introduced before any of the glacial
deposits now in or upon them could have
been laid down. From caverns, he says, in
glaciated areas in North and South Wales.
where paleolithic implements have been
found in association with remains of ex-
tinct mammals, facts have been obtained
which make it certain that the imple-
ments were those of man living at the same
period as the extinet animals in those pe-
riods, and therefore of pre-glacial age.”

“Our readers are already familiar with
the harrowing details of the loss of the
‘Bourgogne’, with 560 lives, in the North
Atlantic. Contrasted with the detestable
cowardice and villainy of the crew, it is a
mournful gratification to know that the
officers did their duty to the last and to a
man perished with the ship. The awful
suddenness with which the ship went down
as the result of the failure of her water-
tight compartments will shake the confi-
dence of the public, already rudely
strained, in the system of watertight bulk-
heads as a means of keeping an injured
vessel afloat.”

“The director of that stupendous enter-
prise, the Trans-Siberian Railway, an-
nounces that the whole line will be opened
to traftic in 1904. It will then be possible
for the “globe trotter’ to circle the earth in
thirty days or less.”

ULY 1848. “At the Isthmus of Te-

huantepec one river named Coatzo-

cales, flows into the Gul{, and theriver
Chicapa flows into the Pacific. Both these
rivers originate on an elevated table land
near the centre of the isthmus, about 656
feet above the ocean, and the length of the
route would be 200 miles, therefore we
need never expect a canal to be built
there; but the Isthmus of Panama can be
cut and built into a splendid canal at an
expense of no consequence at all, as the
distance from sea to sea is only about 40
miles, and the country is traversed for
nearly the whole width by the great river
of Chagres and its tributaries.”

“It has been ofhcially stated that there
are 3.719.000 persons engaged in agricul-
tural pursuits in the United States; in
manufacturing, 781.800; in commerce.
119,600; in learned professions. 65.200;
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in ocean navigation 55.000 and in internal
navigation no less than 33.000.”

“The Italians have heaten the Austrians
in a severe engagement—one King knock-
ing down another. There is a prospect of
peace between Denmark and Prussia. The
crops in England look well. France is still
disquieted and it is reported that Prince
de Joinville has been taken prisoner incog.
in Paris. France will it is supposed, yet
relapse into the arms of monarchy. With
all the noise lately made in Europe. there
is but one crowned head the less—only
one vacant throne. There is every appear-
ance of Spain and England coming to
blows. This is a prelude to the conquest of
Cuba—Ilet us see if this be so. or not.”

“The hanging bridge of Kerentrech is
spoken of as one of the most remarkable
objects of modern art in France. It is
thrown over the little river Scorfi, at the
place where it crosses the road from Lo-
rient to Paris, at the bottom of the beau-
tiful avenue of Chazelles. The bridge
differs from all those which have been
heretofore built, inasmuch as its power of
suspension rests entirely on cables of iron
wire.”

“He who created heaven and earth,

And gave the rolling thunder birth,
Who hold’st the ocean in his hand,
Whose waves are stayed at his command.
Who made the gorgeous sun to gild

The humblest cot that man can build.
Who strewed the earth with lovely flowers.
And gave to man gigantic powers,

Hath kindly unto Morse revealed

What heretofore had been concealed.

He doth the rapid lightning tame—

A Telegraph he calls its name—

And with a single vivid flash,

A dot—a space—a line—a dash—

Can send around the earth the news,

Or stop it, just as he may choose,

What a mysterious mighty power!

No noise is heard—no cloud doth lower,
And yet the lightning wings its way,

And tells whate’er we have to say.”

“It is stated that Daniel Webster speaks
at the rate of from eighty to one hundred
and ten words per minute; Gerrit Smith,
from seventy to ninety; Dr. Tyng, from
one hundred and twenty to one hundred
and forty; Mr. Botts, from one hundred to
one hundred and twenty; Mr. Clay from
one hundred and thirty to one hundred
and sixty; Mr. Choate and Mr. Calhoun.
from one hundred and sixty to two hun-
dred.”



RUBBER RECIPE

Rubber compounds to the tune
of some 35 million pounds a year go into
Bell System plant. IEach compound
must meet many requirements for re-
sistance to humidity, oxygen, ozone,
light and abrasion. The right properties
depend on skillful selection and com-
pounding of ingredients; this is one of
the jobs of Bell Laboratories.

Sulphur, one essential ingredient
of rubber, can also be corrosive. That
seemed to rule out rubber on telephone
cords. But Bell chemists found that if
they held sulphur to the bare minimum,
corrosion ceased. Now your handset
cord has long life, is less susceptible to
moisture as, for example, from a wet
umbrella.

Connecting your home to the
telephone wire on the street is a “drop”
— one hundred feet or more of rubber-
insulated wire. Once this wire was pro-
tected from ozone, light and abrasion by
an impregnated cotton braid; but water
leached the impregnant, and the braid
rotted. Bell chemists tested scores of
synthetics, and selected neoprene as an
cexterior covering with many times the

life of braid.

Rubber is only one of many types
of insulation developed by the Labora-
tories for the Bell System; insulation is
only one of the Laboratotits’ problems
in providing a quick, economical path
for vour voice.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CON-
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE.
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WARD'S Bio-Plastic

FROM CALIFORNIA! Pressed flowers ready to embed in Ward's Bio-Plastic!
Specially processed to retain their natural colors. Choose from Johnny-Jump-
Up. Fuchsia, smail Pansy or English Daisy, each 10¢ or 1.00 per dozen. Mixed
colored Pelargonium, Purple Sage, Coreopsis or Delphinium, each 15¢ or 1.50
per dozen. Rose or blue Larkspur sprays, each 25¢ or 2.50 per dozen. Com-
plete list available upon request. You can make coasters, trays, buttons, ear-
rings, paperweights . . . for gifts, novelties or things to selll The possibilities

are unlimited!

YOU CAN BUY the large Pansy or Pelargonium as illustrated above, em-
bedded in Ward's Bio-Plastic for only 2.65 each.

WARD'S BIO-PLASTIC KITS offer the home hobbyist a complete new field of
experiment for embedding specimens! Widely used and acclaimed in the
scientific field, Bio-Plastic is now available for home use in a choice of three
Nature Bio-Plastic Kits; JUNIOR, 3.95; SENIOR, 4.55; DELUXE, 7.75. lllus-
trated Bio-Plastic Kit folder upon request.

WRITE TODAY to Ward's, Department 5, for your Bio-Plastic Kit, Flower

Mounts and Flower assortment. All prices are postpaid.

WARD’S NATURAL SCIENCE ESTABLISHMENT, INC.
q%lm'n(y lhe Natewral Fecerces

P. 0. BOX 24, BEECHWOOD STATION, ROCHESTER 9, NEW YORK
6
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THE COVER

The cover painting for this issue il-

lustrates one of the methods in the
physical study of music, the place of
which is discussed in the article
“Physics and Music” on page 32. At

the left a cello sounds a note which is

recorded on the oscilloscope at right.
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It’s an old superstition that men go mad in the moonlight,

but did you ever hear of moonbeams blinding a horse? In

7 /N 400 A.D., the Romans gave the name “‘moon blindness” to
/J» / an equine eye disease because they believed it was caused

by lunar changes.

Recent veterinary studies made by the Army show that
moon blindness is a vitamin deficiency.
3 Responsible for more blindness in horses
the horse that went blind  *< .
and mules than all other causes combined,
it occurs when diet lacks riboflavin.

in the moonlight o e e Moon blindness now costs American

horsemen more than $17,000,000 a year.
s In the future, breeders will add a penny’s
: worth of riboflavin to each feedbag to

prevent this destructive disease.

Riboflavin is essential to
the health of poultry and
livestock. Without it,
chickens develop curled-
toe paralysis, lay eggs that
will not hatch, and lack
vigor. Riboflavin promotes
healthy growth and sound
development in young
cattle, pigs, dogs, and fur-

bearing animals.

For years feed men have
preferred B -Y-21, a natural ribo-
flavin product made by an exclusive CSC
biological process. This natural product
contains many valuable nutritive elements
in addition to riboflavin. Like the new in-
secticides and veterinary penicillin, B-Y-21
is another important CSC contribution to

agriculture.
COMMERCIAL SOLVENTS CORPORATION 17 EAST 42ND STREET, NEW YORK 17, N. Y,
8
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RECOVERY OF EUROPE

A UN survey presents the balance sheet: Despite its

remarkable postwar comeback, the Continent must

yet find a way to reduce its $7.5 billion import deficit

The “E. C. E. Report,” here summarized, is designed as
a guide to the postwar recovery of Europe. Prepared by
the Research and Planning Division of the Economic
Commission for Europe under directive ¢f the Economic
and Social Council of the United Nations, it was pub-
lished at Geneva in April under the title A Survey of the
Economic Situation and Prospects of Europe. The Com-
mission’s executive secretary is Gunnar Myrdal, noted
Swedish economist. The U. S. and all European mem-
bers of the UN are full members of the Commission.
Practically all European countries are participating,
however, in the work of its technical committees, and all
of them, with the exception of Spain and Portugal, at-
tended the recent meeting of the full Commission held
in Geneva. During the first year of its operations, the
Commission’s numerous technical committees have suc-
ceeded in effecting improvements in a number of critical

areas of the European economy, even though its powers,
like those of all other special UN agencies, are limited to
recommendations, The Commission greatly assisted rail-
teay transportation, for example, by recommending an
improved system of freight car exchange which pro-
moted traffic across international boundaries. As an-
other example, it increased European steel production
by 1.5 million tons in the current year through alloca-
tion of coke and coal among the European countries.

The present Report was a working document of the
recent meeting of the Commission. This summary, pre-
pared by the editors of SCIENTIFIC AMERICAN, sets forth
the essential findings of the 200-page Report. It should
serve as a valuable source of information for U. S. citi-
zens and help them to understand the economic situa-
tion of Europe, in wchich their country has assumed such
heavy responsibility.

Europe has made a remarkable re-
covery. This recovery, overshadowed
by political events, has been largely un-
heralded, but it is solidly shown in the
record of production. The industrial out-
put of the Continent. excluding defeated

IN THE 38 MONTHS since VE Day,

ey SO I AR T

Germany. has already reached prewar
levels. The record is particularly impres-
sive in those industries—iron and steel,
chemicals. machine tools and heavy con-
struction—which are the underpinning of
Europe’s economy. By the third quarter
of 1947 these industries had surpassed the

levels of 1938, Europe’s last prewar year.

Comparison with the aftermath of the
First World War gives the measure of this
achievement. The Second World War
lasted longer, killed more people, devas-
tated greater stretches of territory and
consumed a much larger percentage of

-

RECONSTRUCTION IN FRANCE has brought produc-  tons of petroleum products per year. Dependence upon

tion of large refinery at Petite-Couronne hack to 400,000
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overseas oil sources is a weakness in recovery plans.
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1938

EXPORTS 8.5

PRODUCTION, 46

EUROPE’S DEFICIT (MILLIONS OF 1938 DOLLARS)

Excess of imports over exports is the core of the European recovery problem.
“Invisible exports,” i.e., the income from foreign investments, tourism, ship-
ping, etc., covered the $2.1 billion excess of imports over exports in 1938. The
wartime loss of invisible revenues leaves the larger 1947 deficit uncovered.
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the Continent’s wealth. In the wake of
prolonged enemy occupation the civil or-
ganizations of 13 European nations were
left in chaos. Nonetheless, all of Europe
except Germany has bounded back to pre-
war industrial production levels in less
than half the time required for equivalent
recovery after the First World War. Even
if Germany is included, the Continent’s
industrial recovery index, 86 per cent of
1938, exceeds the 75 per cent recovery
achieved in the comparable period after
the First World War.

The comparison holds good for other
departments of European economic life as
well. Food production, railroad carload-
ing and exports all show a much higher
rate of increase. All indices plainly indi-
cate that this time the recovery of Europe
is far better organized and planned than
after 1914-18.

I. The Deficit

Europeans have not, however, taken
time off from their labors to celebrate.
There are dangerous weaknesses in their
convalescence. Their standard of living,
particularly in nutrition, has not yet re-
covered greatly from its wartime decline.
They are confronted, furthermore. with a
new and menacing problem which they
did not face after the First World War.
It is expressed succinctly by the $7.5 bil-
lion deficit in foreign trade that was en-
tered on Europe’s books in the year 1947:
the Continent had to import $7.5 billion
more than it was able to pay for by its
exports to other countries. (See charts at
left.) It must incur an even larger deficit
during the coming year, and must sustain
substantial losses year after year for a
long period thereafter.

The foreign-trade deficit has a hard
and practical immediacy. In Paris, it
bears directly on whether businessmen
can meet next week’s payroll. England
faces starvation as well as unemployment
if it cannot import food and industrial
raw materials. For the Continent as a
whole, return to prewar standards of liv-
ing depends ultimately upon finding some
way to pay for essential supplies from
overseas. Finally, since the nations of
Europe, as the world’s largest producers
and largest importers and exporters of
merchandise. were the center of gravity of
the prewar world economy. their deficit in
international trade has repercussions in
national economies the world over.

Europe’s deficit is only partly ac-
counted for by the short-term require-
ments of postwar rehabilitation and relief.
In a much larger measure the deficit’s
causes are historic. Europe long ago
ceased to be a self-sufficient continent.
Since the beginning of the Industrial Rev-
olution it has imported more goods from
overseas than it has exported. Its popu-
lation for many years has exceeded the
capacity of its crowded land area to grow
food. Its industries have depended upon



the rest of the world to supply them with
raw materials.

In the past Europe has paid for most of
its imports by exporting manufactured
goods. But its tangible exports have rarely
paid in full. Before 1939 the resulting
deficit was covered by “invisible exports.”
Europe paid the deficit in part with the
cash income from the riches which it had
accumulated overseas during the centu-
ries of its imperial history. (For example,
Britain in 1938 held $2.7 billion worth of
assets in U. S. natural resources and in-
dustries.) It paid the rest in services:
tourist trade, shipping, world-wide bank-
ing and insurance. In 1938 all these
yielded a net revenue of $2.1 billion.

Today Europe’s overseas investments
have very largely been liquidated. (Brit-
ain’s assets in the U. S. are down to $58
million.) The European merchant marine
is ruined. Tourism is in the doldrums.
London, Paris and Berlin have yielded
their leadership in world finance to New
York and Washington. To make matters
worse, the European countries had to
make heavy outlays in 1947 for the hire
of foreign merchant vessels, chiefly U. S..
and for overseas military operations. par-
ticularly in the Near East and southwest
Pacific. Invisible exports therefore be-
came “invisible imports” in 1947, adding
a net total of $600 million to Europe’s in-
ternational deficit.

Thus the dimensions of Europe’s prob-
lem are clear. Its current $7.5 billion defi-
cit represents (1) emergency needs for
relief and reconstruction, and (2) a long-
range need for sources of income to re-
place its lost invisible revenues. An exact
breakdown of the deficit between emer-
gency and long-range requirements is dif-
ficult; if it is assumed that Europe’s
present “normal” deficit is no greater than
prewar, that $2.1 billion deficit is now
$4.4 billion in 1947 dollars. To achieve
solvency without permanent sacrifice of
its prewar standard of living, Europe must
ultimately close this wide gap. It is un-
likely to regain its former invisible reve-
nues in anything like the prewar volume.
To close the gap, Europe must increase
its prewar exports by 56 per cent, or cut
imports by 36 per cent, or (more likely)
arrive at an equivalent combination of im-
port reduction and export expansion. It
must do this in the face of the fact that
the U. S. is not now a customer for Euro-
pean manufactured goods and that other
non-European countries with which the
Continent might trade also have an un-
favorable balance with the U. S., so that
Europe cannot obtain from them the dol-
lars necessary to discharge its huge defi-
cit vis-a-vis the U. S. With world markets
for consumer goods shrinking as the re-
sult of overseas industrialization, it ap-
pears that the most effective way for
Europe to re-establish its foreign markets
is to expand its heavy industries. It is
estimated that to close the deficit gap
Europe must ultimately increase its heavy
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EUROPE’S TRADE (MILLIONS OF 1938 DOLLARS)

Flow of trade was maintained in 1938 by Britain and Germany. The rest of
Europe financed its excess of imports from Germany by an excess of exports
to Britain. The German economic collapse and Britain’s loss of “invisible
exports” (see diagrams on opposite page) paralyze Europe’s trade in 1947.
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industries exports by about 100 per cent.

But first it must meet the immediate
postwar emergency. To a considerable ex-
tent, the Continent’s short-range and long-
range problems overlap. but its recovery
plans can conveniently be considered in
two phases.

II. Short-Range Problems

The major immediate problems follow-
ing from the war are: Germany, food, in-
flation. Of these, the most dramatic is the
economic collapse of Germany. In 1938
the German people, representing 15 per
cent of the European population. pro-
duced 25 per cent of Europe’s manufac-
tured goods. They were the largest sup-
pliers of manufactured goods to the rest
of Europe and. in turn, the largest buyers
of food and raw materials. Today German
production is little more than one third
of its prewar level. Intra-European trade.
in consequence, has fallen to 47 per cent
of the 1938 level. Germany’s prostration
is not due solely to its defeat in the Second
World War. The First World War cost
Germany a commanding economic posi-
tion in the European economy which it
never entirely regained. Despite its ex-
traordinary comeback during the period
between wars. the German economy stead-
ily lost ground in relation to its neighbors.
Since Germany is not expected to make
nearly the same comeback this time. the
absolute and relative decline of German
output must be compensated for by an in-
crease in the industrial capacity of other
nations.

From the point of view of the average
European, food is of course the most
urgent problem. A poor harvest in 1946
and an untimely drought in 1947 have
held the Continent’s food production to a
level less than 75 per cent of that in 1938.
The decline in food production is greatest
in the eastern European countries, which
before the war were Europe’s principal
food exporters. Because the decline has
been considerably greater in meats and
fats than grains and other carbohydrate
constituents of the food supply, the Eu-
ropean diet has suffered in quality even
more than in quantity.

The inflation problem vastly compli-
cates the measures that must be taken to
deal with Europe’s other difficulties. Be-
cause of currency inflation, Europe’s ex-
ports, so vital to its recovery, go into the
world market under a serious competitive
handicap, and the Continent is suffering a
crippling dollar shortage. Within Europe
inflation hampers production and tangles
the web of trade. It dries up credit and
forces nations inte separate, bilateral
trading arrangements with one another
that require a strict export-import balance
in each case. It stimulates business in non-
essentials, such as jewelry, cosmetics, cou-
ture, furs and wines. It diverts steel from
much-needed tractors to automobiles. Most

12

European countries have found it neces-
sary to erect import barriers against traffic
in luxuries, yet the same countries have al-
so adopted the device of the tie-in sale in
order to force surplus luxury goods on
their customers. A country with grave
reconstruction problems may have to ex-
change part of its limited exports for lace
in order to get a little machinery. The
European nations have thus been led into
the position of consuming one another’s
luxuries. Sweden and Denmark, for in-
stance, trying to conserve steel for ex-
ports, severely restrict the production of
vacuum cleaners for sale at home; yet
under their bilateral trade agreement
each agrees to import vacuum cleaners
from the other.

II1. Reconstruction

In attacking their recovery problems,
most European governments have as-
sumed a considerable degree of control
over their respective national economies.
This control extends, in varying degrees.
to prices, foreign trade, the allocation of
scarce materials and, in some cases, to
the distribution of manpower. Even those
governments which refrain from active
intervention in current business opera-
tions accept major responsibility for
capital investment. A large percentage of
new investment is directly financed by
government, and private capital invest-
ments are, in the majority of countries,
directed by the state through controls on
the long-term capital markets, on build-
ing and construction materials and on the
location of new plants. Thus, as far as
economic development is concerned, most
countries are operating under the guid-
ance of a central plan of some kind.

In general the plans are directed at
solving the short-term aspects of the defi-
cit problem: the complications caused by
inflation, decline in agricultural output
and the disappearance of Germany as
Europe’s producing and trading center.
(See Forecast of European Production,
page 15.) Most of the plans look to 1951
as the target year. By that time the Eu-
ropean nations hope to bring their agri-
cultural output up to 1938 levels. The
industrial objectives are far more ambi-
tious: a 50 per cent over-all increase in
the output of the heavy industries of
western Europe (excluding Germany).
Germany will be displaced as the center
of gravity. and part of its former surplus
of industrial power redistributed among
its neighbors on the east and west.

The stepping up of heavy industries will
give Europe a new role in the world econ-
omy. Textiles and other consumer goods
will give way in Europe’s exports to in-
dustrial equipment and capital goods.
Europe will thereby create overseas com-
petition for the spinning mills of Lan-
cashire and Lyons. But that competition
is already foreshadowed by the world-
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wide trend toward industrialization. By
exporting capital equipment instead of
consumer goods, Europe will take advan-
tage of the trend to re-establish itself in
the world market.

The deficit of the Continent today, as
always, is largely the deficit of western
Europe. The plans of the western nations
are therefore predicated upon overseas
aid. Since they are among the world’s
most highly industrialized nations, their
plans are focused first on the sources and
distribution of energy, then on the basic
industries such as steel, next on the capi-
tal-goods industries and finally on food
production.

Coal. the principal source of industrial
energy, has been the principal bottleneck
in the recovery programs of western Eu-
rope. Britain, by dint of mechanization
and a consequent increase in production
per man-hour, managed in 1947 to restore
its coal output to the prewar rate. The
Ruhr, however, has lagged by 11 million
tons. As a result, western Europe, once a
major exporter to the world, must now
import large tonnages of coal from the
U. S. To meet the increased demands of
heavy industry, Britain, France and Bel-
gium are carrying through a two-billion-
dollar mechanization program in their
mines and are counting on the U. S. to
furnish $105 million worth of equipment.
Despite this effort, western Europe will

DESTRUCTION IN GERMANY has

reduced its industrial production hy



still be 37 million tons short in 1951, but it
is expected that Poland will ship 31 mil-
lion tons of coal that year and thereby
reduce the area’s dependence upon U. S.
mines and dollars.

The growing energy requirements of
western Europe will nonetheless continue
to burden the Continent’s import budget,
for its heavy industries will demand a
huge increase in oil. Since Europe pos-
sesses only minor petroleum resources, it
will have to import the bulk of this new
requirement from Middle East and U. S.
sources.

Percentagewise, the most ambitious
program of the western European nations
is expansion in electric power. It calls for
an investment of $5 billion and a 100
per cent increase in power production
by 1951. In addition to steam plants, nine
large hydroelectric power stations are to
be installed in Austria, Germany and
Ttaly. Achievement of these goals will re-
quire heavy import of electrical machin-
ery from the U. S.

But all other programs in western Eu-
rope hinge on steel—the sine qua non of
heavy industry. Western Europe plans to
lay out $2.25 billion to achieve a 30 per
cent increase over prewar steel capacity.
Such an increase would make up for the
curtailment of German steel production
and would represent a 10 per cent increase
over the prewar capacity of the Continent

e e

nearly two thirds. Bremen, shown here, was one of Ger-  raw materials imported from overseas. The conical air-

many’s major port cities, a center for the processing of raid shelters are only intact structures in this picture.
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as a whole. This program, however, has
already collided with a major obstacle.
As originally projected, it assumed heavy
shipments of crude steel and scrap from
the U. S. Because the U. S. has under-
taken to ship finished and semi-finished
steel rather than raw materials, the pros-
pects of success are clouded.

Another potential bottleneck is timber,
vitally necessary to meet the goals for
housing. transport and shipbuilding. The
timber import requirements—25 million
cubic meters annually through 1951—are
only slightly above prewar. But the pros-
pect now is that only half the require-
ments will be met unless the eastern Eu-
ropean nations are able to secure timber-
hauling and processing equipment which
they require.

If timber and steel bottlenecks do not
interfere, western Europe plans to build
621.000 railroad cars during the next four
years to relieve the strain on its railways.
In the field of shipping, it faces quite an-
other problem. There are plenty of ships
on the seas; the U. S. has 14 million tons
of idle shipping capacity. Nonetheless,
because the imbalance in Europe’s foreign
trade requires that it make its merchant
marine again a significant earning asset,
the western European nations plan to in-
vest precious materials and man-hours in
an ambitious shipbuilding program. They
have been unreceptive to U. S. suggestions
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that the ERP countries take over the U. S.
surplus of low-speed Liberty and Victory
ships. Low-speed vessels with a high op-
erating cost might permanently damage
Europe’s competitive position.

In the matter of food, western European
nations can never be self-sufficient, but
they plan to meet a higher proportion of
their requirements by further mechaniza-
tion of agriculture. Before the war, me-
chanization stood at something like six
per cent of the total power used on farms
(including draught animals). Last year it
rose to more than 12 per cent. and further
steep increases are planned. Western Eu-
rope’s food output, except in meat, is to
equal or exceed the prewar level by 1950-
51. But the population will be at least six
per cent larger, so food imports from over-
seas will have to continue considerably
above prewar if the average European is
to eat as well as he did then.

IV. Eastern Europe

The food problem points up the inter-
dependence of eastern and western Eu-
rope in the economic unity of the Con-
tinent as a whole. As food production
recovers in the East, the West’s present
extreme dependence upon overseas food
imports will be relieved. In a typical pre-
war year the eastern nations exported 4
million tons of grain, 1.4 million head of
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pigs and cattle, 87,000 tons of meat and
78,000 tons of eggs, taking manufactured
products in return.

Right now, eastern Europe’s food ex-
ports are negligible. This is partly because
of the war’s destruction. But in even
larger measure it is the consequence of
postwar social revolutions which have
smashed the feudal, one-crop agricultural
economy of the region. Since 1945 some
20 million acres of feudal estates have
been split up into small farms; the peas-
ant-tenant has become a yeoman free-
holder. The result, for a while at least, is
the disappearance of exportable surpluses
of grain and beef. The resumption of ex-
ports will also be delayed by state plans
of the region which call for radical
changes in the structure of its agricultural
economy. Farming in eastern Europe is
now to be diversified—in accord, inci-
dentally, with the recommendations of the
League of Nations Nutrition Committee in
1936—with the objective of maintaining
soil fertility, supplying a balanced diet to
the people on the land and raising farm
incomes. If the new pattern of agriculture
is to produce surpluses for export, there
must be a big increase in mechanization.

This is the principal objective of the
ambitious industrialization programs of
the region. In addition, rational distribu-
tion will require the formation of co-
operative or collective producing and
marketing organizations. Diversification
of output will bring important changes in
the composition of eastern Europe’s food
exports; grain shipments will fall off in
favor of meats and fats, canned fruits and
vegetables. In line with these objectives,
the western European nations are ex-
pected to provide substantially increased
supplies of fertilizer and agricultural
equipment. They have already scheduled
the shipment of half of their tractor out-
put to the East during the next four years.

Hand in hand with the diversification
and intensification of agriculture go even
more far-reaching changes in industry.
Before the war, eastern Europe was not
only a feudal but also primarily an ex-
tractive economy. Its natural resources
yielded only a minimum of revenue be-
cause the produce of its mines and forests
was exported largely as unprocessed raw
materials. In return, the East purchased
the more expensive manufactured goods
of its customers. The industrialization
programs of the eastern European nations
are designed to redress this unequal ex-
change. By processing their raw materials
themselves, they will get greater value
from their natural resources and, inci-
dentally, provide employment for their
surplus rural populations. Yugoslavia. for
example, used to send Germany most of
its bauxite, instead of converting it into
aluminum. It also exported its copper,
lead and zinc in the form of concentrates
or ores. From now on it will process a
much larger proportion of the metals it-
self and thus supply materials for the va-
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rious other expanding industries at home.

Like western Europe, the East has am-
bitious plans for industrial expansion.
For example, industrialized Czechoslova-
kia, the principal steel producer of the
region, plans a 50 per cent increase in
ingot capacity by 1953. One consequence
of this program will be a sharp increase
in trade among the countries of eastern
Europe. There is no evidence, however,
that this increase in trade within the re-
gion and with the US.S.R. will reduce
trade with western Europe or overseas. In
the first half of last year, for example,
Czechoslovakia did less than 20 per cent
of its trading within the region. Poland,
with a 300 per cent increase in coal ex-
ports projected for 1949, is committed to
send far more coal to western Europe
than in prewar years.

Western and eastern Europe are inter-
dependent. The West needs the East’s
food and raw materials; the East, if it is
to meet its production goals, must get fer-
tilizers and machinery for its farms, and
capital equipment for its industries, from
the West. This interchange is not likely
to be blocked permanently by political
forces that tend to divide the natural eco-
nomic unity of Europe. The resumption
of intra-European commerce on very much
the old basis, which seems possible by the
early 1950s, will bring a reduction in the
Continent’s dependence on imports.

But Europe’s success in meeting the
balance-of-payments problem will depend
most of all on the success of the western
nations in reaching their industrial pro-
duction goals. The prospect of attaining
these goals is fairly bright if two provisos
are met. First, trade and credit arrange-
ments must be developed within Europe
to permit a more rational utilization of
the Continent’s resources. (Belgium, for
instance, could now export substantial
numbers of railway cars if other countries
could pay for them; France and Italy
could easily produce more ball bearings
if they could pay Sweden for the needed
chrome steel.) Second, there must be no
interruption in the flow of overseas sup-
plies to Europe during the next four years.
As the chart at the bottom of the opposite
page indicates, the bulk of these will have
to come largely from the U. S.

Assuming the success of its production
program, Europe by 1951 should slash its
imports-exports deficit by 50 per cent.
This would mean that Europe had suc-
cessfully achieved the short-term goal of
recovery from the war. Its unfavorable
foreign trade balance would still be more
than $4 billion. Discounting inflated
prices, this would be equal to the $2 bil-
lion deficit in real commodities which used
to be covered by invisible export revenues.
If all goes well, therefore, the Europeans
in 1951 will be able to focus their energies
on the long-range problem of balancing
production, imports and exports in order
to re-establish Europe once more as a self-
sustaining unit in the world economy.
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RECONSTRUCTION plans of Euro-
pean nations look to substantial in-
creases over 1938 levels of industrial
output and restoration of prewar
production in agriculture. To bring
out structural changes in the Euro-
pean economy, this chart takes the
1938 output of the Continent in each
category as 100 per cent. The indus-
trial decline of Germany is shown to
be absolute as well as relative. Coal
and steel production targets of west-
ern Europe are high enough to make
up for German decline and bring
over-all increase in the output of the
Continent as a whole. Bigger supply
of these basic materials is key to
plans for a 50 per cent expansion in
the output of other heavy industries.
Disproportionately large increases in
production of electric power indicate
that European industry will move to
higher levels of technology as well
as higher levels of production. Indus-
trial expansion in eastern Europe is
directed primarily at increase in
agricultural output and depends up-
on imports of industrial equipment
from western Europe. Achievement
of agricultural objectives will, in
turn, permit eastern Europe to re-
sume export of food to the West. In-
crease in eastern coal output is pri-
marily Poland’s and will help reduce
Europe’s coal imports from the U. S.

|
U. S. AID is critically essential to the
achievement of the reconstruction
plans outlined above. This chart
shows the major requirements as
forecast at the Paris conference on
European economic cooperation in
1947 by the 16 nations participating
in Marshall Plan aid. The dollar
values in the chart are adjusted to
1947 prices. The gray band segregates
the commodities—food, raw cotton
and oil—which made up the bulk of
prewar European imports from the
U. S. Recovery in agriculture will
substantially reduce European de-
pendence upon the U. S. during the
next 12 months. The commodities in
the red band are those required to
meet the demands of Europe’s pres-
ent emergency and for reconstruc-
tion, Principal emergency items are
coal and finished textiles, which were
minor items in prewar trade and
which will decline sharply during
the forecast period. The bulk of the
remaining categories—iron and steel,
industrial equipment, machinery
and other metal manufactures—will
go into the reconstruction and expan-
sion of Europe’s industries and will
help to reduce all other categories of
imports from the U. S. The first
Marshall Plan appropriation by
Congress last month met the $5 bil-
lion need forecast for coming year.
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ANTIQUITY OF MODERN

AN

The discovery of a broken skull in a French

cave proves, after a long debate, that Homo

sapiens walked the earth with Neanderthalers

covering roughly the period from

50,000 to one million years ago, have
baffled a generation or more of geologists
and anthropologists. The mystery con-
cerns the fossils’ age, and this, in turn,
affects the entire question of how the hu-
man line has evolved. The key questions in
the mystery are whether the beetle-browed
Neanderthal man was really our ancestor
or an unhappy cousin doomed to extinc-
tion, whether Homo sapiens is a recent ar-
rival or a hardy species that has stood the
test of evolution for several hundred thou-
sand years. In short, how old is modern
man? How far back can his characteristic
features—our features. the friendly faces
that greet us at the club—be traced?

One man gave up a major part of his
career to working on the puzze and fi-
nally, in the closing years of his life,
became convinced that his theories were
mistaken—though time was to prove him
right. Those 10 grinning skulls have seen
the right men wrong and the wrong men
right for five decades.

Last August, in a quiet French village,
the mystery was solved. In the cave of
Fontéchevade in the Department of
Charente, a few fragments of an old skull
were brushed carefully out of the ancient
clays. The world press gave it no notice.
There was no battery of cameras; no one
spoke over the radio about “missing
links.” Indeed, there was no reason why
anyone should. It was an old skull and
very broken. The only curious fact about
it was that it was a skull very much like
your own.

To an anthropologist, that was astound-
ing enough. The great French prehistorian
Henri Vallois came and marveled. A few
letters were exchanged among scientists.
One whose theories had been blasted pro-
tested harshly that there must be some
mistake. Before there had always been
some reason to dismiss such findings as
the fumblings of amateurs or an accident
of nature that had misplaced the fossils.
But this time there could be no mistake,
and the doubters grew angrily silent. It
was the end of an era, and a new interpre-
tation of human history was now in order.

At Fontéchevade Mademoiselle Henri-
Martin, a quiet, amiable French scientist,
daughter of a famous archaeologist, con-
tinued to busy herself with the restoration
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of the skull she had discovered. No inquir-
ing reporters intruded. and it was just as
well. After six years of laborious effort in
the earth one did not want to be hasty;
one should establish one’s evidence beyond
doubt. The evidence was clear; and this
time of all times the right people were
present.

The story of the skull is a strange tale
out of the past—the story of a human be-
ing dead when now-extinct elephant and
rhinoceros species roamed the environs of
Paris. Like all true stories, it is difficult to
tell because the threads are many and lead

sketch the stages through which this con-
troversy has passed.

A little over 100 years ago. a Cath-
olic priest. Father J. MacEnery, began
to carry on some excavations in Kent’s
Cavern, a famous old cave in the south
of England. One has to know something
of the history of archaeology to catch
the irony of this situation. The time was
one in which the Biblical conception of
creation still reigned. Mankind, it was
thought, could be no older than 6,000
years. Georges Cuvier, the great French
paleontologist of the time. is reputed to

CHARENTE MAN, discovered by Mademoiselle Henri-Martin in the cave
of Fontéchevade, is represented by broken brain pan. Added evidence that
it is Homo sapiens is provided by fragment of another skull found with it.

to strange places and even stranger char-
acters. You can say it began with Darwin
or the priest MacEnery, or with the ec-
centric American doctor Robert Collyer.
It is all of this and more, because it con-
cerns man’s infinite yearning to know the
truth about himself, and that truth he will
never possess until he has trekked back-
ward into time far enough to see his own
footprints merge humbly into those of the
lesser beasts.

Archaeology is just a little over 100
years old, and in that century, man’s no-
tions about his history have altered tre-
mendously. Looking back, we can discern
two periods of firmly held preconceptions
about human origins and we can see also
their successive rejection. Three episodes
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have tossed out of the window in disgust
a human jaw brought to him by someone
who thought it associated with fossil ani-
mals of the distant past. Scientists and
laity alike slapped their thighs and roared
with laughter at the ideas of lunatics who
talked about tools and bones older than
the world itself. Nevertheless that world
was changing. Strange things had been
found in caves in Germany and France-—
unbelievable things, of course—but Father
MacEnery was curious. He left his con-
temporaries chortling in their taverns and
set out with a shovel to investigate.

In the echoing galleries of the cavern,
behind the town of Torquay, the priest
found his answer. From the cavern floor
he unearthed implements of stone and



bone lying in the same stratum with the
bones of extinct animals—the great cave
bear, the mammoth, the rhinoceros. Father
MacEnery, Roman priest, had stepped
across an-invisible threshold; he had en-
tered the Pleistocene.

It is true he was not quite the first to
dig in the English caves. Dean Buckland,
then reader of geology at Oxford. had dug
at Paviland. Then in his Reliquae Dilu-
vianae of 1823 he had given the lie to all
he had seen by maintaining that the
strance associations of men and beasts he
had found were the result of human re-
mains that had been swept into the caves
at the time of the universal Deluge. Dean
Buckland was an authority. He had recon-
ciled theology and science.

But MacEnery shook his head. No, he
maintained. The evidence pointed other-
wise. Men had lived here long ago. Men
had lit their fires here and cooked their
food. Men far away in time, contempo-
raries of the great gray mammoths.

Father MacEnery spoke, but the Dean
thundered. He was the leading authority
on caves. Someone took Father MacEnery
aside. Someone must have said to him,
“My dear fellow, this controversy is grow-
ing public. Consider your cloth, consider
your vulnerability, consider your posi-
tion.”

Father MacEnery did consider. He laid
aside his book in manuscript. His beloved
Cavern Researches was not published un-
til long after his death. He dug no more.
Only in the loneliness of his own fireside
and without companions could he relive
again that magnificent moment when. first
of all mankind, he had lifted up his torch
and looked full into the world of the ice.

It was 30 years before science accepted
what he had seen in that blinding vision.
Father MacEnery had lived in a primitive
period—the world of little time. At the
end of a cavern he had found the way out.
He did not survive to see his views ac-
cepted; he never realized that in the vast
depths of time he had uncovered there
shambled uncouth and anthropoidal men.
He knew only that for a single moment in
Kent’s Cavern time had suddenly opened
out like space and that nothing had seemed
quite the same afterward. It took the rest
of the century and the long thought of a
biological genius, Charles Darwin. hefore
the idea of eons of time became accept-
able. and the bodies of men and animals
were seen to melt and flow and change
frem age to age like the hills they moved
lll)(ill.

VEN THEN, perhaps. the vision was

still beyond us. The human mind al-
ways tends to erect new dogmas. to shelter
itself in hastily erected systems against
what is not known or what proves at last
to be unknowable. The forms of paleoan-
thropic, big-browed fossil men began to
be discovered. Though their numbers were
few, scientists fitted them into a system—
a single line of ascent leading to modern
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ESTIMATED AGE of modern man is
depicted in time chart of the Pleisto-
cene period. During the Pleistocene
the ice sheet, indicated by symbols at
the right, advanced four times, The
earliest date suggested for modern
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and Swanscombe skulls in the Second
Interglacial period. Homo sapiens of
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in the Third Interglacial. Neander-
thal man is dated in the Fourth Gla-
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warmth-loving animals in the Third
Interglacial. During Fourth Glacial
similar animals grew long coats be-
cause of the cold. Shown at top are
civilized man and modern animal.
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man. A form like Pithecanthropus, for
example, led on in the following age to
Neanderthal man. and the latter was re-
garded as our own direct ancestor. At the
other end of the succession. the beginning,
was an ape generally conceived of as dif-
fering little from a modern chimpanzee.

The sequence was thought of as short
and very direct. The time scale was still
being underestimated. and western Eu-
rope, actually marginal to the Asiatic land
mass, was unconsciously overemphasized
as an evolutionary center for mankind. In
addition, certain preconceptions were
making it difficult to survey the problem of
the origin of modern man in an unpreju-
diced light.

The most obvious of these preconcep-
tions was, of course. the idea that since
the remains of Neanderthal man had been
found in European deposits immediately
underlying our own species, we must be a
later breed. Thus there could be no valid
remains of Homo sapiens that were as old
as Neanderthal man in Europe. Ales
Hrdli¢ka, for example, in his Huxley Me-
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GALLEY HILL skull, found in a
terrace of the Thames, may date back
400,000 years. But because it was un-
covered by amateurs, its authenticity
has never been completely accepted.

morial Lecture of 1927 at London, scoffed
at the idea that modern man might have
developed before Neanderthal. In his mind
there was no doubt that Neanderthal man,
placed in the Mousterian period some
100,000 years ago, had slowly been trans-
formed into a creature like ourselves
sometime during the middle of the last
great ice sheet. The final transformation
he attributed, rather crudely. to the selec-
tive effect of a rigorous glacial climate.
Curiously enough, however, almost
from the beginning there were faint clues
that pointed in another direction. For il-
lustration the case of Robert Collyer
might be cited. He was an American phy-
sician residing in London and actively in-
terested in everything from hypnotism to
bones. Intrigued, perhaps, by the Dar-
winian controversy, he purchased a human

18

jawbone and published a paper about it in
1867. The fossil was submitted to T. H.
Huxley and other famous authorities of
the day. None seems to have been par-
ticularly impressed.

Collyer’s claim for the antiquity of his
specimen lay in its fossilized state and the
fact that it had been obtained from a
gravel pit near Foxhall at a depth con-
siderably below the surface. Perhaps the
fact that it had once changed hands for a
glass of beer did not inspire confidence
in its origin. At all events, after it had
passed under many eyes, interest waned.
largely because the jaw was modern in
appearance. The disappointed doctor is
believed to have turned homeward to
America. With him went the Foxhall
mandible. Together they vanish from the
sight of science. An engraving of the jaw
which has come down to us, however, sug-
gests that it did indeed look like modern
man’s.

HE IRONY of the tale lies in the fact

that long, long afterward, in 1922, the
English archaeologist Reid Moir relocated
the old Foxhall quarry and established an
early Pleistocene cultural horizon within
it. If the jaw actually came from this level.
as Moir believed, we would have un-
doubted evidence that a form of man like
ourselves was wandering on the European
continent long before the time of Nean-
derthal man.

Now of course such a striking reversal
of all our accepted notions of prehistory
can never be carried out on so flimsy a
hasis. The story of Robert Collyer’s Fox-
hall jaw points a moral. however. The
find was potentially one of great import-
ance. The quarry in which the discovery
was made should have been investigated
immediately. Instead, so inhibiting were
the prevailing preconceptions as to what
an early human fossil should look like
that apparently no one sought to investi-
gate the site itself or pursue excavations
there. Attention unfortunately centered on
the mandible itself and. since there was
nothing about it that the anatomist
could surely regard as primitive, interest
quickly faded. Only time will tell how
many other ancient human relics may
have been discarded simply because they
did not fit a preconceived evolutionary
scheme. It cannot be too often emphasized
that if the type of man that now exists
should prove to be very old, only geology
and the study of man’s associated tools
and implements will have established the
fact. None of this, seemingly, was grasped
at the time. Perhaps the circumstances
were such that it would have made no dif-
ference. Nevertheless one wonders. And
the story of the Foxhall pit continues to
be told and retold wherever archaeologists
gather—told with that wistful wisdom of
people speaking 80 years after the event
who say to themselves, “If only / had been
there...”

The finds accumulated. Sir Arthur
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Keith. the great English scholar. cata-
logued many of them in his work The
Antiquity of Man in 1925. There was the
Galley Hill skull from the 100-foot terrace
of the Thames, a fossil that seemed to date
back as far as the Second Interglacial.
some 400,000 years ago. It, too, was found
by amateurs. It, too, failed to gain un-
qualified acceptance, though it was vigor-
ously defended by Sir Arthur. There were
other finds in France, in Italy and again
in England. Always the doubt remained.
Nor was it all mere prejudice. Our dig-

FOXHALL JAW, supposedly found
in an English quarry, was publicized
by the American physician Robert
Collyer in 1867. If authentic, it might
have dated back to early Pleistocene.

¢ging luck had been bad. When one finds
a Neanderthal man, one knows one is
handling ancient material. With our own
human type, the bones may tell nothing or
may speak in riddles. We must have other
evidence of an irrefutable character.

Sir Arthur recognized this when he
wrote, a little wearily, of the Galley Hill
specimen: “The anatomist turns away
from this discovery because it reveals no
new type of man, overlooking the much
greater revelation—the high antiquity of
the modern type of man, the extraordinary
and unexpected conservatism of the type.
The geologist regards the remains with
suspicion for two reasons—first, he has
grown up with a belief in the recent or-
igin, not only of modern civilization, but
of modern man himself. He expects a real
anatomical change to mark the passage of
a long period of time. . . . Moreover, a very
primitive type of man survived in Europe.
... Hence the rejection of all remains . . .
which do not conform to this standard.”

There the argument stood. The Peking
men were discovered—low-browed, small-
brained, more primitive than Neanderthal.
Their datings were not much older than
the time suggested for the Galley Hill
skull. Yet to imagine these two forms as
standing so close to each other on the
time scale with the one directly ancestral
to the other strained credulity. The au-
thenticity of the Galley Iill cranium
seemed even less plausible than before.
Then, in 1935 a strange thing happened.
In a gravel pit at Swanscombe, England,
24 feet beneath the surface, the fragments
of another skull were found.

The details of that discovery need not



detain us. Here we are concerned only to
note that these fragments, which unfor-
tunately did not include the face or fore-
head, suggested  y strongly a true Homo
sapiens type. And this was associated with
the Acheulean culture in geological de-
posits dated in the Second Interglacial!
By comparison, Neanderthal man was
alive just yesterday. There was no reason-
able doubt of the skull’s position, no rea-
sonable doubt as to its geology or the sort
of tools found with it. The anatomist W. E.
Le Gros Clark allowed that the skull gave
evidence that already in early Paleolithic
times the human brain had “acquired a
status typical of Homo sapiens.”

Nevertheless, the evidence was not com-
plete. The face was missing. Were we sure.
after all, that the face was like our own?
Might it not have carried the heavy brow
ridges of at least an advanced Neander-
thal type? To confuse us further, finds in
Palestine, at the much later date of the
Third Interglacial. something over 100,000
years ago, suggested a Neanderthal type
evolving in the direction of Homo sapiens.
It was either that or a hybrid mixture be-
tween an already existing modern type of
man and his heavy-browed relative. Once
more argument raged. Even Sir Arthur
Keith seemed to waver in his espousal of
the antiquity of modern man. It is, then.
by this involved and twisted pathway that
we come to Mademoiselle Henri-Martin
and the deposits in Charente.

The cave lies at the side of a small val-
ley near the village of Montbrun. It had
long been known to students of prehistory
as having yielded a succession of stone
industries extending from Mousterian
times to the much later Magdalenian pe-
riod of the post-glacial era. At the base
of the Mousterian cultural layer—every-
where associated in Europe with Neander-
thal man—earlier workers had struck a
solid floor of stalagmite. There they had
stopped.

Mademoiselle Henri-Martin was not so
easily deterred. Near the mouth of the
cave she broke through the stalagmitic
floor and found, in the red, sandy clay
underneath it, an older, cruder flint in-
dustry marked by large flakes which the
French prehistorian Henri Breuil has
termed Taycian. It is regarded as a flake
culture transitional between the Mouste-
rian and an earlier period.

Many cultural horizons contain no hu-
man remains. but here. abandoned among
flint chips and the bones of animals, lay a
human skull. One can imagine the eager
brushing away of earth, the careful ma-
nipulation of tools. Here, certainly, must
lie an ancestral Neanderthal. This is the
Third Interglacial time. The long, cold
night of the Fourth Glacial is still far
away in the future.

The skull is too worn, too delicate to
free quickly from the encasing earth. The
hours go on. It is seen not to be complete;
finds of such great antiquity rarely are.
Nevertheless. the two parietal bones form-

ing the major part of the sides of the head
appear. Part of the occipital bone at the
back becomes visible, and a fragment of
the frontal. It is not, however. the part of
the frontal that can tell us about the brow
ridges. But for all that, this skull has an
oddly familiar look.

In the bony debris painstakingly gath-
ered by the workers, another human frag-
ment is discovered—a very odd fragment
that might easily be tossed aside by the
inexperienced. Apparently belonging to a
second individual, it is the final key to a
story that might otherwise have ended like
the debate over the Swanscombe skull.
This is a glabellar fragment—a little piece
from just over the root of the nose and
including a little part of the orbit of the
eye. There is no trace of a brow ridge.
The orbital edge has the delicate sharp-
ness of a modern woman’s. This is Homo
sapiens! This fossil woman saw with liv-
ing eyes the warmth-loving fauna of the
Third Interglacial. In the trench with her
lie scattered the remains of Rhinoceros
mercki and a warmth-loving Mediter-
ranean turtle. The woolly mammoth and
the woolly rhino of the last glaciation have

SWANSCOMBE SKULL, also found
in England, is dated in Second Inter-
glacial. Its identification as a fossil
of modern man, however, is difficult
because brow ridges are missing.

not yet come. In the opinion of Henri
Vallois, the fossil seems to validate the
authenticity of the Swanscombe discovery
and, over and beyond. to confirm the exist-
ence of a non-Neanderthaloid type on the
Continent prior to the Mousterian period.

The skull is markedly long-headed—
hyperdolichocephalic, as the anthropol-
ogists say. The thickness of the skull bones
is marked but not excessive. It is a small
skull within the size range of living fe-
males. There is nothing Neanderthaloid
about it. This woman could have sat across
from you on the subway yesterday and
you would not have screamed. You might
even have smiled.

GAIN and again, in the case of pre-

vious discoveries, the question of in-
trusive burial had arisen—the possibility.
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in other words, that the bones were
younger than the cultural stratum in which
they were found. But Dr. Hallam Movius.
a leading authority on the Old World
Paleolithic, says: “There can be no ques-
tion concerning the fact that these finds
were in situ [in their original site] when
discovered by Mademoiselle Henri-Mar-
tin: they come from an undisturbed hori-
zon sealed below a thick, unbroken and
continuous layer of stalagmite that under-
lies the Mousterian level at this locality.
Furthermore. the fauna demonstrate that
these deposits were accumulated under
conditions of the warm temperate climate
of Third Interglacial times. And the
archaeological material is definitely older
than the Mousterian from a typological
point of view.”

Frederick Zeuner. the geochronologist.
once wrote that the Pleistocene is a period
characterized more by extinction than by
creation; that it takes something like
500,000 years for one species to diverge
clearly and recognizably out of another.
The Pleistocene covers a scant million
years. Have we expected too much to
transpire in it? Is our vanity offended
because, in spite of the great age of our
race, it is only in the lattermost part of
that epoch that our cultural activities have
taken on a highly creative character? Has
man, the living species, or something verv
closely approximating him, drowsed
through endless millenia a little as the
Australian aborigines were doing until
Western explorers stumbled upon them?

There are thousands of questions one
yearns to ask, and the answers are very
few. What, one might inquire, is our re-
lationship to those thick-skulled, heavy-
browed Neanderthals who seem at the on-
set of the last ice sheet to have dominated
western  Europe? Were they already
“living fossils”—structural ancestors of
ours in an earlier time?

Darwin and Huxley certainly were not
wrong in their evolutionary theory. We
bear in our bodies the traces of our lowly
origin. But the lady of Charente takes
modern man back to the Third Intergla-
cial of over 100,000 years ago. The Swans-
combe cranium very probably carries our
human type into the long summer of the
Second Interglacial. Year dates grow
meaningless when they begin to reach the
400,000-mark. Nevertheless, somewhere
far below in the unplumbed depths of the
Pliocene of one to seven million years
ago, the trail converges backward. It is a
trail shared apparently by giants and by
dwarfs, by all manner of strange human-
ity. Year by year their bones accumulate
in our museums. Year by year we sort
and rearrange and ponder.

————————e

Loren C. Eiseley is pro-
fessor and head of the
department of anthro-
pology at the Univer-
sity of Pennsylvania.
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GALAXIES IN FLIGHT

If the island universes are indeed racing away

from one another, the fact may shed light on

the primordial formation of nuclei and atoms

by George Gamow

astronomer Edwin Hubble made a

very remarkable discovery. He found
that the giant accumulations of stars
known as galaxies, which are scattered in
great multitude through the vast expanses
of the universe as far as the best telescopes
can see, seem to be running away from
one another at fabulously high speeds.
From this observed fact originated the
famous theory of the expanding universe.
Although the theory is still not finally
proved, it seeded a whole generation of

IN THE YEAR 1929 the Mount Wilson

GREAT NEBULA in Andromeda is
full-size galaxy closest to Milkv Way
Photograph by Lick Observatory,

fruitful
also in

in astronomy but

gy, physics and chemistry.
It gave us a new start for investigating
the age of the universe and the creation
of the stuff of which it is made. If our far-
flung cosmos came originally from a dense
hot core of material concentrated in one
place, then we can reasonably assume that
this tightly packed core must have con-
sisted in the beginning of elementary
building blocks, most of them probably
neutrons. out of which all the chemical
elements later were made. I shall discuss
me recent studies of this phase
anding-universe theory which

have been made by Ralph Alpher. Hans
Jethe and George Gamow. The main sub-
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SPIRAL nebula in Canes Venatici
is seen along a line perpendicular
to its long axis. Photograph by the
60-inch reflector at Mount Wilson.

EDGE of galaxy N.G.C. 4594 in Vir-
go faces the Milky Way. Below:
“barred” spiral N.G.C. 5850 suggests

galaxy in earlier stage of formation.

ject of this article, however. is the basic
theory itself, and how it stands up today,
19 years after Hubble’s discovery.

The idea of stellar galaxies is a com-
paratively recent discovery in astronomy.
The celestial shapes that we now recog-
nize as galaxies had been observed for a
long time as faint nebulosities of various
regular forms, but they were generally
believed to be simply luminous clouds of
gas floating in the spaces between the
stars of the Milky Way. Observations with
more powerful telescopes, however, re-
solved these “nebulosities” and showed
that they were not clouds but huge col-
lections of extremely faint stars. These
giant stellar aggregates were far beyond
the outer limits of our own stellar system,
the Milky Way; in fact, it soon became
clear that they formed systems very simi-
lar in shape and structure to the Milky
Way galaxy itself.

The nearest and most familiar external
galaxy is the great nebula in Andromeda,
which "can be seen with the naked eye
as a faint, spindle-shaped speck of light
in the upper part (from the Northern
Hemisphere) of the constellation of An-
dromeda. Photographs made with large
telescopes show that this galaxy has a
rather complicated structure consisting
of an elliptical center, or “galactic nu-
cleus,” and “spiral arms” flung into the
surrounding space from the central body.
The photographs also show two nearly
spherical nebulosities close by, probably
satellites of the central system.

Among the myriads of stars in the arms
of the Andromeda Nebula are many pul-
sating ones, of the type called Cepheid
variables. They brighten and fade in a
regular rhythm, and their pulsation pe-
riod provides a method of determining
their absolute brightness. By comparing
their apparent brightness (which depends
on their distance from us) with their cal-
culated absolute brightness, Hubble was
able to prove that the Andromeda Nebula
is some 680,000 light-years from the
Milky Way. To a hypothetical observer in
the Andromeda galaxy, the Milky Way
would look much the same as the Androm-
eda system looks to us, except that the
spiral arms of the Milky Way are some-
what more open. Our sun, with its family
of planets, would be seen through a tele-
scope within the Andromeda Nebula as a
rather faint star near the end of one of
the spiral arms, some 30,000 light-years
from the Milky Way center.

HE GALAXIES generally are shaped

like a discus. The Andromeda system
looks like an elongated spindle to us be-
cause it is tilted to our line of sight, but
there are many other galaxies that we see
from the top or straight on edge. Most
galaxies have the same sort of spiral arms
as the Milky Way and Andromeda, but
there are also some armless ones. Indi-
vidual stars are much more difficult to
distinguish in armless galaxies and in the
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nuclei of spiral ones than in the spiral
arms. It was only several years ago that
Walter Baade of the Mount Wilson Ob-
servatory succeeded in resolving these in-
terior stars by using special photographic
plates and carrying out the exposures with
great care. His pictures revealed an un-
expected fact: the stars forming the nu-
clear regions of spiral galaxies, and all
stars of the armless galaxies, have very
different physical characteristics from
those in the spiral arms. The meaning of
this difference in stellar population is not
clear, but there is no doubt that it has an
extremely important bearing on stellar
and galactic evolution.

The galaxies are scattered more or less
uniformly through space as far as our
telescopes can probe. The average dis-
tance between neighboring nebulae is
about two million light-years. The limit
of our vision with the 100-inch telescope.
the largest with which observations have
yet been made, is about 500 million light-
years. Hence in the observable region of
space there are some 100 million galaxies.
The new 200-inch telescope on Mount
Palomar, which will double the distance
we can see into space, may reveal an
enormously larger number. Most galaxies
are isolationist, dwelling in remote and
solitary splendor, but we find a number
that group themselves together to form
more or less compact clusters. In the con-
stellation of Corona Borealis, for example.
there is a cluster containing some 400
galaxies. Our Milky Way is a member of
a small cluster which embraces, among
others, the Andromeda Nebula and the
two galaxies known as the Magellanic
Clouds, which are of a relatively rare
type that has no well-defined shape.

The distances of all but the nearest
galaxies are so great that even the most
powerful telescopes fail to resolve them
into individual stars. Astronomers’ calcu-
lations of their distances depend entirely
on their apparent brightness. Hubble.
studying a group of about 100 well-known
neighboring galaxies, established the fact
that on the average they were of about
the same size and the same intrinsic lu-
minosity. Using this standard, we can esti-
mate the distances of remote groups of
galaxies by comparing their mean appar-
ent brightness with that of nearby galaxies
whose distances are known. Such measure-
ments give the value of 7.5 million light-
years for the distance of one of the nearest
groups of galaxies in Virgo. Similar galac-
tic groups in the constellations of Coma
Berenices, Corona Borealis and Bootes
are respectively 30 million, 100 million
and 180 million light-years away.

OW WHAT was it that gave Hubble

the notion that the galaxies are run-

ning away from one another and that the
universe is expanding? His basic dis-
covery was made with that indispensable
tool of the astronomer, the spectrograph,
which analyzes the color components of



the light coming from stars. Studying the
spectra of distant galaxies, he noticed a
curious fact: all the lines in their spectra.
regardless of the wavelength or color of
the line. were displaced toward the red
end of the spectrum. Furthermore. the
amount of this “red shift” was always di-
rectly proportional to the distance of the
galaxy from us. The most natural expla-
nation of this shift was that the source of
the light was moving away. This is the so-
called Doppler effect. of which the classic

You must not conclude from this that
we stand at the center of the universe and
that all the rest of it is running away from
us. Picture a slowly inflated rubber bal-
loon with a large number of dots painted
on its surface. An observer on one of the
spots would be under the impression that
the other dots were racing away from him
in all directions, and so indeed they would
be, but the same thing would be true no
matter which dot he was on. In the case
of the galaxies, we are dealing with the
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and most familiar example is the change
in pitch of a locomotive whistle as the
train approaches us and then speeds
away. A light wave. like a sound wave,
appears to shift to a longer wavelength
when it reaches us from a receding source.
And the speed with which the source is
moving away is directly proportional to
the shift in wavelength. Since the red
shift of the galaxies also varied as their
distance from us, Hubble concluded that
the speed of the receding stars was propor-
tional to their distance; the farther away
they moved from one another, the faster
they traveled. The red shiit of the most
distant galaxies that have thus far been
observea is 13 per cent, which suggests
that they are receding from us at the ter-
rific velocity of 25,000 miles per second.

effect of a uniform expansion throughout
all of space.

If you pick an arbitrary point in space,
say the earth, and divide the distance of
a given galaxy by its recession velocity.
you get a figure which represents the
length of time that the galaxy has been
receding from that point. The strange and
wonderful consequence of Hubble’s obser-
vations is that the figure will be the same
no matter what pair of galaxies you pick.
Thus it works out that at a fixed, calcula-
ble time in the past all the galaxies now so
widely scattered were packed tightly to-
gether in one place. And the time figure
you arrive at is the age of the universe,
measured from that instant when the orig-
inal condensed lump of universal matter
was torn apart by the primordial “explo-
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sion” that started its headlong expansion.

To get this figure, we must know the ex-
act values for the distances and the reces-
sion velocities of distant galaxies. This is
less simple than it sounds. The velocities.
as we have seen. can be computed from
the observed red shift. and the distances.
presumably. from the galaxies’ apparent
brightness. But there is a catch: the ap-
parent brightness of the stars is affected
not only by their distance but also by the
fact that the light coming from them is
redder, and therefore carries less energy.
than if the light source were stationary.
To illustrate this, suppose for a moment
that you are shot at by a gan«ster operat-
ing a submachine gun from the back win-
dow of a speeding car. Since the vehicle
is receding, the bullets move more slowly
toward you than they would from a sta-
tionary gun, and they strike your bullet-
proof jacket with less energy. A receding
light source produces exactly the same
effect; its emitted light quanta strike the
eye with less energy and therefore look
redder than they should. An astronomer
must make the same correction for the
weakening of light intensity as a ballistics
expert would make in estimating the muz-
zle speed of the bullets.

There is a further complication. If the
submachine gun shoots, say, one bullet
per second, its bullets will strike you at
longer and longer intervals as the gun
recedes, for each successive bullet will
have farther to travel. Similarly. light
quanta from receding stars enter the ob-
server’s eye with less frequency, and this
fact calls for another correction of the
observed brightness.

Applying both corrections, and taking
the most accurate possible observations.
Hubble calculated that the universe be-
can to expand less than one billion years
ago. This result stands in contradiction to
~eological evidence, which indicates thal
the age of the solid earth crust, estimated
quite reliably from radioactive decay in
the rocks. must be at least two billion
years. Since numerous pieces of evidence
in various sciences support the two billion-
year estimate. Hubble was forced to re-
consider the expansion theory and con-
sider the possibility that the red shift was
due not to the normal Doppler effect but
to some unknown physical factor which
caused light to lose part of its energy dur-
ing its long trip through intergalactic
space.

Such a conclusion would ruin many
beautiful scientific developments that
have flowed from the hypothesis of the ex-
panding universe. It would confront physi-
cists with the difficult task of explaining
the red shift in non-Dopplerian terms—
which would seem to contradict everything
we know at present about light. Fortu-
nately. there is a simple way out of the
dilemma which is usually overlooked by
the proponents of the “stop-the-expan-
sion” point of view. The point is that Hub-
ble’s method of estimating the distances
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of faraway galaxies assumes that at the
moment when they emitted their light they
were just as bright as the galaxies we see
closer at hand. It must he remembered.
however. that the light we see from the
distant galaxies was emitted at a fantas-
tically distant time in the past; the light
now coming to us from the Coma Bere-
nices cluster. for example. started on its
way some 40 million years ago. and the
most distant galaxies used by Hubble in
his studies are seen as they were almost
half a billion years ago!

Do we have the right to assume that the
galaxies. which are evolving like every-
thing else in the universe, have kept their
luminosity constant over such long period=
of time? In view of the known facts about
the evolutionary life of individual stars.
which maintain their luminosity by the ex-
penditure of nuclear energy. such an as-
sumption would be very strange indeed.
Actually. we can remove the entire difh-
culty in Hubble’s time scale by remember-
ing that the nuclear processes that fuel
the stars are not endlessly self-perpetu-
ating but are accompanied by a gradual
dissipation of the originally available en-
ergy. The assumption that an average
galaxy loses a mere five per cent of its
Juminosity in the course of 500 million
years would bring the age of the universe
to the two billion-year figure demanded by
other astronomical, geological and physi-
cal evidence.

HIS CONCLUSION finds =trong con-

firmation in recent work by Joel Steb-
bins and A. E. Whitford at the Mount
Wilson Observatory, who have studied the
apparent luminosities of distant galaxies
on special plates sensitive to red light. To
everyone’s surprise, they found these gal-
axies much brighter in the red part of the
spectrum than they had previously ap-
peared to be on ordinary photographic
plates, which are sensitive mostly to the
blue rays. It looked at first as if this phe-
nomenon was due to the same kind of
optical scattering which makes the sun
look red during dust storms: light from
the galaxies, it was thought, was reddened
by the clouds of fine intergalactic dust
through which it passed. Calculations
showed, however, that te account for the
observed reddening would take a fantastic
quantity of dust—100 times as much as
the total amount of matter in the galaxies
themselves. Such an assumption would
come into serious conflict with many facts
and theories about the structure of the
universe.

It therefore seems more reasonable to
suppose that the distant galaxies look red-
der simply because they actually were
redder when they emitted the licht which
is now reaching our telescopes. This could
be explained if we assumed that young
galaxies contain more red stars than more
mature ones. Further studies by Stebbins
and Whitford should yield important in-
formation about the evolutionary life of
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individual galaxies. Already they have
demonstrated quite clearly the danger of
building any conclusions on the hypothe-
sis of constancy of galactic brightness.
Having made this fiery defense of the
right of our universe to expand. let us
consider the physical consequence of the
expansion theory suggested at the begin-
ning of this article. What physical process
was responsible for the present relative
quantities of the various chemical ele-
ments that make up the universe? Why,

EELATIVE ABLNDANCE

s E3
ATOMIC WEIGHT

ELEMENTS are distributed in rela-
tive amounts according to their
atomic weight. Author’s theory coin-
cides with elements observed in stars.

for example. are oxygen. iron and silicon
so abundant; and gold, silver and mercury
so rare?

We know that. except for the lightest
elements (such as hydrogen. helium. nitro-
gen and carbon, involved in the sun’s nu-
clear cycle). transformation of one atomic
nucleus into another requires tremendous
temperatures such as do not exist at the
present time even in the hot interiors of
the stars. Consequently there can not have
been any revolutionary change in the rela-
tive abundance of the various elements
since the expansion of the universe began.
On the other hand, there has been some
change, for a number of atoms are radio-
active and have gradually decayed into
more stable elements.

Considering the latter case first, we
note, for example. that the lighter isotope
of uranium, U-235 (atomic bomb stuff).
constitutes only .7 per cent of a given
amount of uranium found in nature; the
rest is the heavier isotope U-238. The half-
life of U-235 is only .7 billion years. while
that of U-238 is 4.5 billion years. If we
make the reasonable assumption that at
the original formation of the universe both
isotopes were produced in about equal
amounts. the age of the universe figures
up to about four billion years. Similar cal-
culations based on the naturally radio-
active isotope of potassium (relative
abundance—.01 per cent; half-life—.4 bil-
lion years) yields the figure of 1.6 billion
years. While there is a discrepancy, both
ficures agree roughly in order of magni-
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tude with the age of the universe as esti-
mated from the red shift and other evi-
dence. Thus we have fairly good reason
to suppose that the radioactive elements
were formed at the beginning of the uni-
verse.

Actually, the picture presented by the
expanding universe theory, which assumes
that in its original state all matter was
squeezed together in one solid mass of
extremely high density and temperature,
gives us exactly the right conditions for
building up all the known elements in the
periodic system. As I have mentioned.
Alpher, Bethe and Gamow have attempted
to reconstruct in some detail the processes
by which the various elements may have
been created during the early evolutionary
stages of the expanding universe.

UR STUDIES indicate that, under the

tremendous temperatures and densi-
ties prevailing in the nucleus of the uni-
verse during the stage of its maximum
contraction, primordial matter must have
consisted entirely of free neutrons moving
much too fast to stick together and form
stable nuclei. As the universe started to
expand, this primordial gas began to cool.
When its temperature dropped to about
one billion degrees, neutron condensation
began. The neutrons collected in aggre-
gates of varying numbers of particles. It
is known that neutron aggregates are in-
trinsically unstable unless about half of
their particles carry a positive electric
charge. Hence they must have emitted
electrons until they achieved a state of
electrical equilibrium. The electrons fell
into orbits around the nuclei and formed
electronic envelopes around them; thus
atoms were created.

I shall not attempt here to go into a
detailed description of the rather involved
mathematical theory of atom-building, but
shall simply present a graph which com-
pares the abundance curves of the chemi-
cal elements as observed and as calculated
by our theory. The theoretical curve cor-
responds pretty well with the observed
values; the fluctuations of the empirical
curve are due to minor periodic variations
of nuclear properties and can be explained
by a more detailed form of the theory.

According to our calculations, the for-
mation of elements must have started five
minutes after the maximum compression
of the universe. It was fully accomplished.
in all essentials. about 10 minutes later.
By that time the density of matter had
dropped below the minimum necessary
for nuclear-building processes. All the ele-
ments were created in that critical 10
minutes. and their relative abundance in
the universe has remained essentially con-
stant throughout the two or three billion
vears of subsequent expansion.

et
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FOUR GALAXIES of different types recede from the galaxies have the same average size and intrinsic lumi-
Milky Way in a mighty company. They are N.G.C. 3185, nosity. Groupings of oalanes are not uncommon. The
N.G.C. 3187, NGC 3190 and N.G.C. 3193. The endence \[11k$ Way galaxy and the Andromeda Nebula, plus

that these aggregates are in the same cluster is that the several smaller aggregates, form a system of their own.
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ALLERGY: A DEFINITION

The 01‘iginal meaning of the word has been obscured by

the unp]easant reactions associated with it. Without

allergy, in fact, the human species could not survive

THE TERM allergy. which came into

our language less than 50 years ago,

has everywhere been adopted with
amazing alacrity. It is now a household
word, yet few persons know its true mean-
ing. Laymen and even physicians often use
the term as if it applied only to asthma,
hay fever, eczema, hives and related con-
ditions. This is a misconception. The term
has much wider meaning. We are well ac-
quainted with the allergies that make us
miserable, but what we do not realize is
that allergy is one of our chief defenses
against fatal diseases. Without allergy the
human race could not long survive.

The fundamental meaning of the term
can be easily explained and readily under-
stood. It comes from two Greek words,
allos, meaning different or altered, and
ergeia, meaning work or, in its biological
usage, reaction. It signifies simply that
when the human organism is exposed to
the same germ or foreign substance more
than once, it reacts differently to the sec-
ond dose than it does to the first.

It was Clemens von Pirquet, professor
of children’s diseases at the University of
Vienna, who coined the word and did the

INCUBATION PERIOD of diseases such as measles,
typhoid and smallpox is explained by series of events in
these three drawings. In first drawing germs that have
invaded the body multiply unhindered. In second body
has manufactured antibodies (triangles) that attack
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by Bela Schick

original research in this subject. His al-
lergy concept grew out of studies which
he began in 1902 of the incubation per-
iod in diseases. As everyone knows, a
person exposed to infection by a germ
does not get sick immediately. It takes
several days at least for the first symp-
toms of the disease to appear—this is
the so-called incubation period. Why does
it take so long? One explanation, it was
discovered, is that the invading germ at
first multiplies without inhibition, con-
tinuously producing a toxic secretion, and
the disease begins to show symptoms only
after the toxin accumulates in sufficient
quantity. The classic example of such a
disease is diphtheria. It has a relatively
short incubation period.

There are other diseases, such as ty-
phoid fever, measles and smallpox, which
have a considerably longer incubation;
every experienced mother knows that it
takes about 14 days after exposure for a
child to come down with measles. The
manner in which these diseases develop
must be different from that in diphtheria.
The usual and most plausible explanation
is this: the invading germ does not excrete
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germs. The germs then liberate endotoxin
squares) , which causes symptoms of disease. In third
drawing germs have been destroyed by antibodies.
These, or at least the ability to produce them, remain as
defense against the later incursion of the same germs.

a toxin, but it does multiply copiously and
without hindrance within our system. If
this process were not eventually checked,
the result would be fatal. The germ or
virus would multiply so enthusiastically
that it would fill up our blood vessels and
finally obstruct our circulation.
Fortunately our system is equipped with
defenses that are called into play before
multiplication goes too far. The invading
germs stimulate the body to produce anti-
bodies which destroy the germs. The de-
struction process liberates toxic substances
called endotoxin within the germs. It is
these toxic substances that produce the
symptoms of disease. We must pay with
disease to free ourselves from the invad-
ing germ. Indeed, if the invasion and
multiplication of germs is very intensive,
the antibodies may liberate so much poison
that the patient dies—a kind of involun-
tary suicide. But invasions of such severity
are exceptional, and in some diseases we
can mitigate their intensity by the use of
modern drugs—the sulfas, penicillin,

streptomycin—which help the antibodies
by retarding the multiplication of germs.
In measles, typhoid and smallpox, the

(small



incubation period represents the time re-
quired by the body to mobilize the anti-
bodies. In diphtheria, as we have seen,
incubation is the period during which
toxin accumulates to the point of produc-
ing symptoms. But Pirquet observed a
disease to which neither of these explana-
tions of the incubation time applied. This
is the disease known as serum sickness. It
develops after the classic treatment of
diphtheria with horse serum. The serum
is derived from horses which have been
injected with the toxin of the diphtheria
bacillus. The horses then produce an anti-
toxin against this toxin. When their anti-
toxic serum is injected in a child suffering
from diphtheria, it neutralizes the toxin in
the child’s system. Soon after the dis-
covery of the serum in 1894, it was ob-
served that eight to twelve days after it
was injected in children they broke out
with hives and fever. This was puzzling.
The liquid serum itself is not toxic, as
proved by the fact that even if 100 to 200
cubic centimeters is injected it produces
no immediate effects; the serum sickness
does not start until eight to twelve days
afterward. There is no germ in the serum
which could multiply or produce toxin, or
release an endotoxin. What, then, is the
cause of serum sickness, and why is its
appearance delayed?

O FIND the answer to this question,

Pirquet carefully observed a child who
had been treated with the serum. After
the usual incubation time, the child de-
veloped hives and other familiar symptoms
of serum sickness. Three weeks later this
child required a second injection of serum.
To Pirquet’s surprise, the child came
down with serum sickness within a few
hours. In other words, the incubation pe-

SERUM SICKNESS sometimes occurs when patient is
injected with diphtheria serum, The sickness is caused
by a foreign protein in the blood of horses which have
been injected with diphtheria germs to produce the
serum. In the first drawing the foreign proteins have

riod had been eliminated! What had hap-
pened? The serum injected was the same.
There were no germs in the serum, so the
second injection did not produce a cumu-
lative effect. There could be only one ex-
planation: the difference must be in the
reaction of the child. The first injection
had somehow altered the child’s reaction
time. It had developed what Pirquet called
an “allergy.”

Pirquet and I, collaborating in further
studies of this phenomenon, found that if
the second injection of serum was made
four months or more after the first, instead
of only a few weeks afterward, there was
still another reaction. This time serum
sickness developed not within a few hours
but after four to six days. The incubation
period was not eliminated but shortened.
To explain this allergy or altered re-
activity, we formulated this theory:

Serum sickness is due to the foreign
protein (from the horse) which is present
in the serum. The human system cannot
tolerate a foreign protein and therefore
the protein must be destroyed. It is true,
to be sure, that at every meal we take in
food containing foreign proteins. But these
proteins must be digested before they re-
place our own protein destroyed daily by
life processes. The digestive juices in the
stomach and intestines break down the
complicated foreign protein molecule to
its simplest elements—amino acids. Dur-
ing this breakdown process, intermediate
substances are formed which are toxic.
But they do us no damage because they
are fully converted to the safe amino acids
before they leave the digestive system.

When a foreign protein is injected un-
der the skin or into a vein, however, the
protective action of the gastrointestinal
canal is by-passed. The cells of the or-
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ganism are capable of producing digestive
substances (such as fermentlike anti-
bodies) which break down the protein.
But the toxic intermediate products that
are created during this process are in posi-
tion to attack the body directly, and so
these poisons produce sickness, that is,
serum sickness. We postulated, therefore,
that the interaction between the antibodies
and the foreign protein was the cause of
the sickness.

At the time of the first injection of horse
serum into a patient, no such antibodies
are present; they must be created. This
process takes time, which accounts for the
incubation period. After the patient has
recovered from serum sickness, the anti-
bodies are still present, and they remain
in the circulation for about four months.
If the patient gets a second injection dur-
ing this period, there is no waiting for
antibodies to be produced; they are al-
ready on hand and attack the foreign pro-
tein immediately. Within a few minutes to
a few hours the toxic intermediates appear
in the blood and the patient begins to
show symptoms of the serum disease. Sup-
pose, on the other hand, that the second
injection is given after a lapse of four
months. By that time the antibodies have
disappeared. Nevertheless, the cells ap-
pear to remember how to produce them,
and this time the production of antibodies
is much faster than after the first injec-
tion. Consequently the attack on the pro-
tein is accelerated and the patient’s
reaction also is accelerated. He shows the
symptoms of serum sickness in four to six
days instead of eight to twelve. These
studies led us to an important corollary
conclusion: if a person shows an imme-
diate or accelerated reaction to a serum in-
jection, one is justified in assuming that

entered the body of the patient. In second drawing
proteins are broken down by digestive substances into
toxic products which cause the symptoms of sickness. In
the third drawing these toxic intermediates have been
further broken down into various harmless amino acids.
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very likely he has previously been treated
with horse serum.

AN the allergy theory be applied also

to the other group of diseases we
considered—measles. typhoid, smallpox,
smallpox vaccination? It can indeed. As
we observed, when germs of these diseases
invade the body, antibodies are formed to
fight them. After the germs have been
mastered, the antibodies continue to cir-
culate in the blood stream for a time. If a
second invasion by the same germs oc-
curs, the antibodies kill them immediate-
ly, before they have time to multiply.
Since very little endotoxin is set free, the
individual has no symptoms. He is, in fact,
immune to the disease. He is immune be-
cause his reaction has been altered and
takes place immediately. In other words,
his immunity is based upon allergy.

As in serum sickness, the antibodies in
these diseases disappear in time; but they
reappear more quickly in response to re-
peated attacks of the disease and conse-
quently the patient has at least partial
immunity. He has “shaken off the infec-
tion with very mild symptoms.”

Here, then, is the principle on which
medical immunization is based. To fore-
stall a severe infection, we inoculate our-
selves with a mild form of the disease by
injecting a small amount of toxin, of a
modified toxin called toxoid or of attenu-
ated germs. This mobilizes an army of
antibodies ready to attack any natural
invasion by the same germs. Vaccination
against smallpox, injections against diph-
theria, tetanus (lockjaw), whooping cough
and yellow fever, and BCG vaccination
against tuberculosis are examples of such
immunization. Their effect is to create a
beneficial allergy.

Thus allergy is an essential element in
man’s protection against serious infec-
tions. It is also important in diagnosis.
Pirquet’s fundamental studies in allergy
led him, for example, to the discovery of
the tuberculin test. A positive result in the
Pirquet test indicates the existence of a
tubercular infection. By this discovery,
Pirquet became the father of all skin test-
ing. There are now a number of skin tests
used in the diagnosis of various diseases.

But we must consider the unpleasant
and harmful phases of allergy. They con-
stitute only a small part of all allergy, but
they do cause great misery, and in extreme
cases may even endanger life. The aller-
gies that trouble people are known as
hyperallergic or anaphylactic reactions.

In our study of serum sickness, Pirquet
and I found that the elimination or short-
ening of the incubation period was not the
only result of allergy. After repeated in-
jections, the serum disease became more
intensive than in the first attack. A child
became hypersensitive to the toxic sub-
stances created by the interaction between
horse serum and its antibody. Occasion-
ally, especially when serum was injected
intravenously, the serum sickness was so
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severe that the patient went into shock
and showed symptoms of asthma. Then
he broke out in a violent eruption of hives.
Usually the patient recovered, but in a few
extreme cases he died.

At this stage of the study occurred the
phenomenon so common in science—al-
most simultaneous discoveries in widely
separated parts of the world by several
groups of scientists who happened to be
studying the same sort of problem at the
same time. While we were investigating
allergy in Vienna, the great American
bacteriologist Theobald Smith was experi-
menting along the same lines with guinea
pigs. He injected them with horse serum
containing diphtheria antitoxin. To his
surprise, the guinea pigs, which tolerated
the first injection without ill result, sud-
denly died when they were given a second
injection two weeks later. Their symp-
toms resembled asthmatic shock. At
about the same time the famous French
physiologist Charles Richet made a sim-
ilar discovery. In a floating laboratory
provided by the Prince of Monaco, he
was studying a potent poison derived
from a sea anemone. He injected tiny
amounts of the poison in dogs. After one
injection, the dogs were allowed to re-
cover completely. They also survived a
second injection given two weeks after
the first. But a dog that got a second in-
jection after an interval of three weeks
died suddenly in shock. Apparently the
dog had become hypersensitive. Richet
called this hypersensitiveness “anaphy-
laxis”—f{rom the Greek ana, meaning the
reverse of, and phylaxis, protection—to
denote the fact that the dog had lost a
protection which it formerly possessed.

ICHET’S dog and Smith’s guinea
pigs quite clearly had succumbed to
similar types of attack. This class of
syndrome is not to be confused with a
human being’s repeated inoculation with
disease germs, which does not produce so
damaging an effect. Anaphylaxis is al-
ways serious and sometimes fatal. Evi-
dently we were dealing here with a kind
of phenomenon entirely different from a
germ attack.

The hypersensitive reactions of the
animals resembled asthmatic attacks in
human beings. This finding focused at-
tention on the asthma syndrome. It was
found that asthma and hay-fever patients
were frequently extremely sensitive to
horse-serum injections. This prompted the
idea that such patients should be stud-
ied from the angle of hypersensitiveness
to other protein substances. Since Pir-
quet had already used skin-testing to de-
termine the presence of tuberculosis, and
I had used it to determine susceptibility
to diphtheria, we chose this method to de-
termine to what substances hyperallergic
patients were sensitive.

It was known that some persons were
sensitive to certain foods such as fish,
eggs, berries and so on, and that the in-
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halation of pollens, especially of rag-
weed, could produce attacks of asthma,
sneezing, swelling of the face and other
symptoms. The difficulty was that this
sensitivity was always strictly specific to
a particular substance, and it was often
difficult to identify the offending sub-
stance. The skin-test method proved to be
a handy way to find the offender. Scratch
tests and intracutaneous tests were per-
formed with extracts of foodstuffs, pollen
of grasses and hundreds of other sub-
stances. When a person was sensitive to a
given substance, that fact was disclosed
by the appearance of a wheal around the
scratch or intracutaneous injection. It was
found that there is almost no foodstuff
which will not produce a positive skin
reaction in some hypersensitive patient.
From many tests we learned which sub-
stances most frequently give rise to symp-
toms. Those that seem to be especially
obnoxious are house dust, feathers and
animal emanations, particularly from
cats, dogs and horses. These substances
are capable of producing a great variety
of unpleasant symptoms, from sneezing
and coughing to outright asthmatic at-
tacks. Some of them are: itching, erup-
tions of hives and other rashes, a running
nose, nausea, vomiting, colics and diar-
rhea, migraine and other intense head-
aches and a multitude of similar neuro-
logical symptoms.

The allergy-producing materials are
not confined to natural substances. Many
materials used in industry may produce
hyperallergic symptoms, often by mere
contact. Chemicals (especially dyes), in-
secticides, cleansers, soap, and, to the dis-
tress of the ladies, such cosmetics as nail
polish, lipstick and face powder may
cause skin irritations. (Fortunately non-
allergic cosmetics are available.) Drugs
also may have hyperallergic effects.
Some of the new drugs, including peni-
cillin, streptomycin and the sulfas, have
been known to cause trouble in hyper-
allergic patients. As a rule the drug’s
beneficial effect outweighs any discom-
fort it may cause, but in some patients its
side effects may be so distressing that re-
peated use of the drug is inadvisable.

Protein hypersensitiveness is a heavy
burden to many people. A hay fever pa-
tient, obviously, is miserable during the
pollen season. Before the present treat-
ment with injections was discovered, the
patient had two alternatives: to suffer
through the season or to betake himself
to a place that was free of pollen. In
Europe, the Island of Helgoland is such
a hay fever patient’s paradise; in the
United States, Bethlehem in New Hamp-
shire’s White Mountains is a similarly
famous haven. But nowadays a patient
may be relieved without fleeing. An at-
tempt is made to discover the specific
pollen to which he is susceptible. With
that knowledge he can be desensitized by
means of injections of an extract of the
pollen. A similar treatment with extracts



is used to reduce sensitivity to house dust,
poison ivy and so on.

LLERGIC reactions to foodstuffs are
easier to handle. All one needs to
do is to identify the offending food and
then eliminate it from the diet. This may
be a nuisance, but one can learn to live
without eating oysters, for example, or
fish, chocolate, nuts or strawberries. It is
sometimes hard to keep children from
food which they adore. But it has been
my experience that older children are
often better than adults in accepting their
diet or other privations. A child deprived
of the privilege of playing with dogs or
cats, or riding ponies, or going to the
rodeo, circus or zoo, is unhappy for a time
but many children realize that it is bene-
ficial for them to forego such pleasures.

Happily, as far as children are con-
cerned, we can promise in many cases
that their hypersensitiveness will diminish
in time; eventually they become able to do
all the things that other children do. One
interesting discovery is that a given pa-
tient’s tolerance to offending substances
is not the same at all times. During pe-
riods of robust health, a hypersensitive
child’s tolerance may be so improved that
he can eat and do everything. Again it
must be borne in mind that allergy is not
a disease, but only a different reactivity.
A hay fever patient is healthy outside of
the hay fever season, and even during the
season there is nothing wrong with him if
he is in a locality free from pollen.

Recently a great deal has been written
about the role that histamine in the body
is supposed to play in the causation of
hyperallergic reactions, and about anti-
histamine drugs. But the theory is a very
debatable one and I shall not attempt to
deal with it here.

In sum, then, it cannot be too strongly
emphasized that the uncomfortable symp-
toms conjured up in the layman’s mind
by the term allergy are but a small part
of a larger whole. The conspicuously an-
noying effects of these allergies project
them so disagreeably and intensely into
our daily lives that the much more com-
prehensive and beneficial implications of
allergy are generally overlooked. Actu-
ally allergy is a great boon to mankind.
Instead of focusing our displeasure upon
the discomforts caused by hyperallergic
reactions, we should be grateful for the
immunity we gain from this marvelous
process. Were it not for allergy, the germs
would kill us all. As medicine progresses,
it should become possible to find effective
treatments for the disagreeable phases.
The time will come when no one will
doubt that nature has indeed been kind to
have given us the blessing of allergy.

e —

Bela Schick, originator of the
Schick test for immunity to diph-
theria, is consulting pediatrician
at New York’s Mt. Sinai Hospital.

TEST FOR ALLERGY, made by scratching patient’s arm with common
allergens, produces miniature allergic reaction. First picture shows scratches
immediately after they were made. The second, after one minute, shows
wheals about scratches made with pollen extract of grasses (top) and rag-
weed. Third, after five minutes, shows patient is most sensitive to ragweed.
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U. S. Joins WHO

FTER a year of hesitation, the U.S.
£+ % has become a member of the World
Health Organization. Ratification of the
WHO charter was voted by the Senate
last July. Similar action by the House was
held up, however, until early last month
by the House Rules Committee, which had
declined to give the ratification resolution
a place on the House calendar. The rati-
fication was signed by the President June
14, making the U.S.—last of the Big Five
nations to act—WHO’s 42nd member.

As finally voted by Congress, the rati-
fication resolution contains four House-
imposed limitations on American partici-
pation in WHO. First, the U.S. financial
contribution is limited to $1,920.000 a
year. Second, the U.S. member of WHO’s
executive board must be an M.D. with
at least three years of active practice.
Third, U.S. representatives in WHO are
to be investigated for loyalty by the FBI.
Fourth, the resolution contains a broad
reservation with respect to U.S. acceptance
of specific WHO proposals.

Ratification came just in time to permit
the U.S. to send a regular delegation to
the First World Health Assembly, which
met in Geneva June 24 for the formal
launching of WHO. Over 500 delegates
and technical experts from some 70 mem-
ber and non-member countries were pres-
ent as WHO took over from the Interim
WHO Commission established two years
ago by the United Nations. The Assembly
mapped programs for fighting tubercu-
losis, malaria and venereal disease, and
for promoting maternal and child health
on a global scale.

Science Foundation Fails

MONG the measures that fell by the
wayside as the 80th Congress ad-
journed was the National Science Founda-
tion bill. After the Senate had passed an
amended version of the compromise
Foundation bill on May 5, action was be-
gun in the House Interstate and Foreign
Commerce Committee on the original
version of the compromise bill. As the
result of a hearing June'1, the Committee
reported out a bill which was also
amended in several particulars. There
were still differences between the House
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and Senate versions and a conference
to reconcile the two would have been nec-
essary. The Rules Committee did not as-
sign it a place on the House voting calen-
dar. Since the 80th Congress is now over,
the Senate vote goes for naught; the bill is
now dead and will have to be reintroduced
in both branches of the 8lst Congress.

Two other bills affecting science were
passed, however, just before the last-
minute draft and ERP battles. The first,
signed by the President June 16, creates
a National Heart Institute, similar to the
National Cancer Institute, within the U.S.
Public Health Service to carry on research
in cardiovascular-renal diseases. But no
funds for the Heart Institute were appro-
priated. The other measure sets up a
National Institute for Dental Research in
the Public Health Service.

$11 Billion in Chemicals

URING the past quarter-century the

chemical-process industries have dis-
placed steel as the nation’s largest indus-
try. In the first of a new series of annual
surveys, Industriel and Engineering
Chemistry reports that the 1947 output of
chemicals and allied products had a value
of $11 billion—more than one and a half
times the $7.1 billion gross product of the
steel industry.

Twenty-five years ago the annual output
of chemicals and related products such as
paints and drugs was only $3 billion. The
rise since then stems almost wholly from
technological and scientific advances, be-
cause many of the most important chem-
ical products of 1947 did not exist or were
merely laboratory curiosities in 1923. Syn-
thetic yarns, synthetic rubbers, several
new classes of plastics, insecticides, the
sulfa drugs, penicillin, streptomycin and
other new products have brought a 30-
fold increase in the production of organic
chemicals. A five-fold increase in the out-
put of basic inorganic chemicals has also
taken place, due partly to the rise of the
organics (for which inorganic chemicals
are required as raw materials) and part-
ly to the emergence of new synthetic
fertilizers. The chemical industry’s growth
will continue for some time, since it has
expanded its research facilities along with
its production. As a consequence there
are more new chemical developments on
the horizon today than ever before.

German Documents

OR the second year in succession, the
Senate has come to the rescue of the
Office of Technical Services, the Govern-
ment agency charged with analyzing and
publishing captured German scientific
and technical documents. Four years ago
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OTS was established by the Department
of Commerce to provide technical assis-
tance to small business during postwar
reconversion. When hundreds of tons of
captured German technical reports began
arriving in the U.S., the task of process-
ing them and making their contents
available to interested American labora-
tories and manufacturers was added to
OTS’ functions. Both this year and last,
however, the House of Representatives
failed to appropriate funds for OTS. Only
Senate appropriations have kept the
agency in existence. OTS will continue
for another 12 months, but its appropria-
tion is only $200,000. Since it has been
directed to wind up its work within the
year, OTS will be able to do little more
than list the titles in the 2,500 trunks of
German papers remaining to be opened.

Cape Cod Mecca

~ HIS season Woods Hole, Mass., is
Vl back to its peacetime norm as a tradi-
tional summer capital of American sci-
ence. On a southern extension of Cape
Cod opposite historic Martha’s Vineyard,
Woods Hole is the home of two world-
famous institutions, the Marine Biological
Laboratory and the Woods Hole Oceano-
graphic Institution. The Marine Biologi-
cal Laboratory is host in July and August
to scientists who come from nearly every
state and from abroad to work on a wide
variety of general biological problems,
many of which are most conveniently
studied in marine animals. This summer
the Laboratory has nearly 500 researchers
in residence. The Oceanographic Institu-
tion, the field of which is the physics and
chemistry of the ocean, also is having a
busy season.

During the war the Marine Biological
Laboratory was shut down. The Oceano-
graphic Institution operated full blast,
but worked exclusively on problems of
warfare at sea, such as underwater acous-
tics. Although the Institution still holds
Navy contracts, the last naval officer has
left. With 385 scientists in residence, it
has resumed the study of heat exchange
between the sea and the air and other
basic oceanographic problems.

Senior Societies

HE most esteemed honor offered to

an American scientist, aside from
award of a Nobel prize, is election to
the National Academy of Sciences or
the American Philosophical Society. The
Academy, founded during the Civil War
by an act of Congress (but privately
supported) to advise the Federal govern-
ment on military-scientific problems, has
401 members drawn from the physical
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and biological sciences and psychology
The Philosophical Society. which dates
back to colonial times, has approximately
the same membership but fewer scientific
members, since arts, letters and the social
sciences also are represented.

At their spring meetings, the Academy
elected 30 new members and the Philo-
sophical Society 14. Among them was
Gerty T. Cori, Washington University of
St. Louis biochemist, who was elected to
both—the fourth woman scientist to re-
ceive this dual recognition. Dr. Cori joins
her husband. with whom she shared a
1947 Nobel prize for their studies in carbo-
hydrate metabolism, in the two societies.
Another elected to the Academy was Glenn
T. Seaborg, discoverer of plutonium. The
Philosophical Society’s elections included
Robert Fox Bacher, physicist member of
the U.S. Atomic Energy Commission.

Hybrid Corn

ARLY this spring. the UN Food and
Acriculture Organization shipped
$300 worth of hybrid corn seed to 17 Euro-
pean and Middle Eastern countries. With
this. AO hopes to bring a new order of
farming to Europe and the Middle East.
for hybrid corn has increased American
corn yields by more than Z0 per cent in
a decade and a half.

Corn has never been a popular crop out-
side the New World. However. experi-
mental plantings of hybrid corn in Italy
last year—the first outside the U.S.—sur-
prised Italian farmers. Yields ranged
from 32 to 117 per cent higher than the
inferior varieties used most often over-
seas. FAO believes that hybrid corn will
overcome the Old World farmer’s lack
of interest in corn and make a sig-
nificant contribution to the world food
supply by multiplying the acreage de-
voted to one of the most efficient food
crops known.

‘ERP’ for Science

HREE years after the end of the war,
scientific workers abroad—who in-
clude many of the world’s outstanding tal-
ents—still labor under frustrating handi-
caps. Aside from the question of their
health and personal well-being, their
equipment is obsolete or worn out, or was
lost during the fighting. Most of the
apparatus-makers who supplied them,
moreover, are either out of business or are
engaged in urgent tasks of reconstruction.
In many countries, the only possible
source for thousands of items of labora-
tory supplies and equipment is the U.S—
but the countries concerned have no
dollars.
Two schemes for dealing with the situa-

tion are slowly being developed. The
nearer of the two to materialization is an
arrangement worked out by a group of
American apparatus-makers who last year
formed a U.S. Scientific Export Associa-
tion. Sometime this summer the Associa-
tion is to receive a $2.500.000 credit from
the Export-Import Bank to finance ap-
paratus exports to countries short of dol-
lars. Shipments will probably begin next
year to countries that make necessary sup-
plementary agreements with the Export-
Import Bank. The second scheme, to
provide $3 to $4 million in dollar credits
for purchase of American equipment by
European institutions. is a UNESCO
project. UNESCO’s first financing pro-
posals were rejected by the major nations,
but more acceptable suggestions are ex-
pected to come from a current UNESCO
meeting in Paris. If both the American
and the UNESCO plans materialize. some
$6 million will become available for re-
equipping research centers abroad—by no
means a large sum, but a useful adjunct
to other efforts.

Max Planck Society

NE of the first acts of the Allied Con-

trol Council in Germany was disso-
lution of the Kaiser Wilhelm Institute, the
central agency through which German
scientific work was coordinated and which
played an important part in German mili-
tary research. German scientists wondered
what was to become of the 50 research
agencies that were affiliated with the In-
stitute. A partial answer has come from
the ancient university town of Géttingen
in the British zone. Under the presidency
of Otto Hahn, discoverer of uranium fis-
sion. 11 German Nobelists living in the
bizonal area have formed the Max Planck
Society for the Advancement of Science to
take the place of the Kaiser Wilhelm In-
stitute. Until private and industrial funds
become available. the Society expects to
obtain funds for research from the bizonal
government.

Two former affiliates of the Kaiser Wil-
helm Institute. the Kaiser Wilhelm Insti-
tute for Coal Research at Heidelberg and
the Paul Ehrlich Institute for Vaccines at
Frankfurt, have joined the Max Planck
Society. Nothing has been heard, however.
from institutes in the French or Soviet
zones, nor have any in the British zone as
yet completed affiliation.

Meetings in August
MERICAN Institute of Electrical En-

. gineers. Pacific general meeting.
Spokane, Wash., August 24-27.

American Chemical Society. Eastern
session. Washington, D. C., August 30-
September 4.
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Needs No
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xm;:ﬁ";Z/:_LtL 75 i

This is all you wear. $75 complefe.

9 SAVES YOU OVER $100 |~
Coupon below brings it to you—
no salesman, no visits to sales-
rooms. Hear better or pay nothing!

MONEY-BACK TRIAL!

Wear the Zenith "75" at home, at work, any-
where. If it isn’t better than you ever dreamed
ANY hearing aid could be, return it within
10 days of receipt and Zenith will refund
your money in full.

Thousands who formerly hesitated to wear a
hearing aid are ordering the new Zenith “75.”
Because it needs no ‘“fitting,” it comes to you
by mail—no salesman to high pressure you,
no embarrassing visits to salesrooms.

Saves you over $100, too. If its price had
to include ‘‘fitting,” middlemen’s profits and
high sales commissions, the Zenith 75
would have to sell for $195 instead of $75. So
do as tens of thousands have already done.
Order your Zenith “75” and find new friends,
new success, save over $100, too! Mail the
coupon today.

By the makers of the World-Famous Zenith Radios

Look only to your doctor
for advice on your ears and hearing

— MAIL THIS COUPON TODAY 1
Zenith Radio Corporation SC78 '
I

I Hearmg Aid Division, Dept.

I 01 Dickens Avenue, Chicago 39, Illirois
D I enclose check or money order for $75 * for one

I Zenith 75" Hearing Aid. Unlcss I am com-
pletely satisfied and find the Zenith ‘75’ superior

I to any other hearing aid, I may return it within ten I

I days of receipt and get my money back in full.

*Plus tax of 81.50 in lIl1m)1: or New York City;

I 81.88 in California, excepr Los Angeles,82.25.

I [:l Please send me free descriptive literature.

ARMY AUCTION BARGAINS

Antique oil cup..
Krag rear 5|ght,
Shot gun nippie: .
Rev. holster, blal:k cal. 38 .45 "
Mauser '98 bos

Angular Bayonet ‘ca

25 each

Lead ladle, 61/2 inch..

Flint pistol barrel, 6 i . 3 75
Sharpt carbine barrel "S6 7 400
Springfield carbine barrel 45/70.. 60
Flints, assorted. dozen.. . _1.00 '

Krag Rifle, 30/40, used..
Prices do not i
shown in special circular for 3c stamp.

FRANCIS BANNERMAN SONS

501 Broadway New York 12, N. Y.
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PHYSICS AND MUSIC

The agreeable sound of simple melodies and Beethoven

symphonies is guided by physical rules, plus a little

physiology and psychology. The understanding of these

principles can enhance musical creation and enjoyment

QNYONE who looks upon a great

bridge arching across a wide river

is thrilled by its beauty, and aware
at the same time that a great deal of
measuring. testing and calculating must
have gone into its planning to make the
structure safe. A bridge is an obvious
combination of art and science. Not so ob-
vious is the physical architecture of great
music. One who listens to a symphony at
an orchestral concert may know that the
composer drew on his inspiration to fill
pages with symbols, and that the conduc-
tor and his musicians interpret these to
help bring to life again what was in the
composer’s mind. The listener is intel-
lectually and emotionally moved by the
sequence of sounds coming to him from
many different sorts of instruments. But
what has this bewilderingly complex ex-
ample of art to do with science?

The answer is simple enough. Music is
based on harmony, and the laws of har-
mony rest on physics, together with a little
psychology and physiology. The simplest
and most pleasant intervals of music have
always existed among the harmonics of
pipes and strings. From them grew the
study of harmony, and they have formed
the basis of many noble melodies. A classic
example is the opening melody of Beetho-
ven’s Eroica symphony, whose first part
consists of the simplest possible intervals
flowing one after the other. Such simple
combinations do something to our ears
which is fundamentally pleasant and satis-
fying. Some musical instruments were well
developed long before the subject of mu-
sical acoustics was born. Today the phys-
ics of music helps to guide improvements
in musical instruments, in the construc-
tion of buildings with good acoustics, in
the reproduction of music for immense
audiences, and in many other ways.

To examine the physical basis of music
we begin by considering the nature of
sound. Sound is a word used in at least
two senses: (1) the sensation produced in
the brain by messages from the ear, and
(2) the physical events outside the ear.

SYMPHONY is a vast blend of fre-
quencies from many instruments. At
left: Leopold Stokowski conducts re-
hearsal of New York Philharmoniec.

by Frederick A. Saunders

The context usually makes it plain which
meaning is intended. Thus we avoid long
arguments over whether a sound can exist
if there is no ane present to hear it. Sound
has its origin in a vibrating body. and the
vibration may be simple or complex. The
motion of the pendulum of a clock repre-
sents a simple vibration, one which is not
rapid enough to be audible. To be heard
as a musical tone, a vibration must have a
frequency of at least 25 cycles per second.
A pure tone is represented by a smooth

HARMONIC series is defined in vari-
ous vibrations of a string. Harmoniz-
ing frequencies are two, three, four or
more times simplest vibration (top).

curve in which distances to the right stand
for time, and distances up and down cor-
respond to the displacement of the vi-
brating body from its position of rest. A
vibration of this sort is often called simple
periodic motion because it repeats itself
regularly with a constant period of time
for each repetition. But pure musical
tones are rare; the tones that are pro-
duced by musical instruments are almost
always complex.

Complex vibrations can always be re-
garded as made up of a combination of
simple vibrations of different frequencies.
Their forms are very varied, as shown in
the illustration on page 38. Sometime
when you are out walking and have noth-
ing better to do, try swinging your arms
at different rates. The simplest case is
easy: right arm going at twice the rate
of the left. It is not quite so simple to
make the right arm alone combine both of
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these motions, and it is still harder to
combine rates whose ratio is one to three,
two to three, and so on. One gives up be-
fore long; yet any violin string can do
this easily without becoming confused. It
can combine as many as 20 different rates
at the same time into one complex vibra-
tion, which is caused in this case by the
complicated motion of the string under the
bow. These frequencies are simply re-
lated; their values are proportional to the
integers 1, 2, 3, 4 and so on. They form a
harmonic series. The vibration with the
lowest frequency, corresponding to the
number 1, is called the fundamental;
the sound with double this frequency
is the first harmonic, and the higher har-
monics are calculated in like manner.

I. Harmonic Analyzers

The scientific study of musical instru-
ments depends partly upon the resolution
of complex tones into their harmonic ele-
ments, a process called harmonic analysis.
It is often of practical importance to de-
termine what components are present in
a tone and how strong each one is. One
old method of analyzing a musical tone is
to study its wave form, as pictured by
means of a microphone, an amplifier, and
a cathode-ray oscilloscope (see cover).
But the wave is frequently very compli-
cated, and its analysis by mathematical
methods into the simple waves of which
it is built is very slow and tedious. In re-
cent years instruments have been devel-
oped which analyze complex tones auto-
matically, yielding rapid and accurate
results.

Some of these harmonic analyzers make
use of the physical effect called resonance,
which is a response produced in one body
from the vibration of another body. It is
easily demonstrated on a piano. In piano
strings the harmonics are strong. If you
press gently on the key an octave below
middle C, so as to free the string but not
to strike it, and then strike the middle C
key sharply, you will hear a continuing
middle C tone coming from the lower
string. The experiment succeeds only if
the strings are in tune. The middle C fre-
quency (about 260 cycles per second) is
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FREQUENCY RANGE of some musical instruments and other producers
of sound is tabulated in chart adapted from book The Psychology of Music,
by C. E. Seashore. Frequencies, noted in scale at the bottom of page, are
plotted horizontally. Range of scale is 40 to 20,000 cycles, as compared with
the human ear’s approximate range of 25 to 30,000 cycles. The thin line with-
in each light horizontal bar indicates actual range of frequencies produced
by each method. Circles on each line indicate effective range estimated by a
group of expert musicians. Vertical lines at the right end of each frequency
line indicate range of associated noise. The instruments in black panel are,
from top to bottom, tympani, snare drum, cello, piano, bass tuba, French
horn, bassoon, clarinet, male speech, female speech and jingling keys.
In blue panel are cymbals, violin, trumpet, flute and clapping hands.

equal to that of the first harmonic of the
lower string; hence the lower one can
respond.

By a variation of the experiment, one
can play a chord on a single string. Hold
the lower string open as before, but now
give a strong impulse to three keys at
once—middle C, the C above and the G
between. After the upper strings have
been quieted, all three tones will be heard
coming from the lower string alone, which
is resonating to three frequencies at once.
This works as well the other way around:
hold the same three upper keys open with
the right hand and give the lower C a
sharp blow. The three upper tones will
be heard. coming from the three untouched
strings. Or again, try singing a tone into
a piano with the loud pedal pressed down.
(This frees the strings to vibrate in reso-
nance with any tone with which they agree
in frequency.) When you stop singing,
you will hear a faint mixture of tones
issuing from the piano.

If we had some kind of attachment to
the strings by means of which the re-
sponse of each could be recorded, we
should have one type of harmonic ana-
lyzer, but not a very good one. It would
be unable to respond properly to fre-
quencies lying between those of the
strings. A more useful type of analyzer
would be a single string whose pitch we
could change slowly and steadily
throughout the whole range of the mu-
sical scale. This could be fitted with an
attachment which would record the
string’s responses, whenever they oc-
curred, to the tone being analyzed. Such
a device would be like the tuning ap-
paratus in a radio receiver, which picks
up radio waves on each frequency over
which they are being broadcast. The de-
vice would miss nothing, but it would
not be. capable of making analyses in-
stantaneously. The same sort of plan,
carried out electrically, gives more rapid
results. With suitable equipment it is
possible to obtain within a few seconds
a complete photographic analysis of a
sustained tone, yielding numerical values
for the strength and frequency of all
harmonics present in the frequency
range from 60 to 10,000 cycles per sec-
ond. This method has been applied to
the study of the tones of many instru-
ments.

A remarkable frequency analyzer re-
cently developed by R. K. Potter of the
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Bell Laboratories

Telephone gives a
continuous analysis of speech; its re-
sult is appropriately called “visible

speech.” One speaks into a microphone
and the oscillations of his speech are
then passed through 12 electrical filters,
each of which allows only a narrow
range of frequency to pass. When ampli-
fied. each filtered set of oscillations
lights a tiny “grain-of-wheat” lamp;
there are 12 lamps, arranged vertically.
The fundamental tone of the speech
lights one lamp, the first harmonic an-
other farther up, and so on. The lamps
that light in response to the speaker in-
dicate the frequencies present in his
speech. To reproduce his speech pattern,
the light from the lamps falls on a hori-
zontal moving belt made of phosphores-
cent material, so arranged that each
lighted lamp traces a separate luminous
line on the belt. The result is a char-
acteristic pattern for each vowel and
consonant, defined by lines of varying
frequency and duration. The accom-
panying illustration demonstrates how a
phrase looks to the eye. A trained ob-
server can read words and phrases at
sight, and a person who has been deaf
from birth may thus learn to read speech.
He can also correct imperfections in his
own speech by matching the patterns he
produces against standard ones. This
visible speech is exciting to watch, and
it is likely to be of great help to the deaf.

I1. The Violin

Now let us turn to the consideration
of musical instruments, a subject in
which harmonic analysis has been very
useful. We may agree at the start that
nothing deserves the name of musical
instrument unless it can make a loud
sound. Our greatest musical artists must
fill large concert halls, and for this they
need loud voices, violins, pianos or other
instruments. Some musical instruments
require a method of amplifying the vi-
brations created by the player to pro-
duce powerful tones. Consider the violin
as an example.

A wire mounted on a bent iron rod,
with no body or plate to shake, gives
almost no sound when it is excited by
bow or finger. The wire is too narrow to
push the air about sufficiently to create
a strong sound wave. Such a perform-
ance is analogous to trying to push a
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canoe through the water with a round
stick as a paddle. If you stretch a piece
of strong twine between two hands and
pluck it with a free finger, it makes
very little sound. But if a part of the
twine near one end is pressed on the
edge of a thin board, you have a crude
stringed instrument, giving a much
louder sound, which now comes from
the board. The sound of a violin is emit-
ted not from the strings or the bow but
from its light wooden body. The contact
between the strings and the body of a
violin is through the wooden bridge.
which is cleverly cut to filter the sound
transmitted and remove some unpleasant
squeaks. To produce loud sounds, the
violin body must satisfy three conditions.
It must be strong, light enough to be
easily shaken, and big enough to push a
lot of air around when it moves. The
sounding board of a piano must fulfill
exactly the same conditions.

As everyone knows, stiff objects vi-
brate much bhetter than limp ones; we
all have observed, for instance. how
noisy a job it is to wrap a parcel in stiff
paper, whereas if a handkerchief is sub-
stituted for the paper there is almost no
sound. Large areas of stiff paper tend to
move together as one piece, and thus
push on the air sufficiently to start vig-
orous sound waves. In a violin, the wood
must be light, so that the vibrations of
the strings can move it, and strong
enough to sustain the tension of the
strings, which adds up to about 50
pounds. The kinds of wood most used
are close-grained Norway spruce for the
top plate, and maple for the back.

The body of a violin should respond
equally to all frequencies of vibration
within its range. The fact that it fails to
do this is seldom noticed. The reason
for the defect will be clear if we first
consider the beautiful method devised
by the German acoustical physicist Ernst
Chladni (at about 1800) which discloses
the natural modes of vibration of plates.
By sprinkling sand on a flat metal plate
and drawing a rosined bow across its
edge, one can get a musical tone. and
some of the sand is seen to move from
certain areas and some to rest along
quiet “nodal” lines. The accompanying
illustrations show various figures pro-
duced on violin-shaped metal plates
which were fixed at both ends and at a
point corresponding to the violin sound
post. In each figure there are several pat-
terns. and each pattern is associated with
a tone of a particular frequency. These
tones are not in a harmonic series; in
fact they are usually discordant with one
another. A high tone forms a pattern of
many small areas; a low tone produces
a few larger ones. Every violin has its
own natural modes of vibration. scat-
tered over the musical scale, and eight
or ten of them may be especially strong.
When a violinist produces a tone coin-
ciding with a strong natural frequency
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of his instrument the violin responds
loudly. but if he makes one in the range
between two such frequencies, the re-
sponse is poor. This unevenness in re-
sponse occurs in the playing of the best
artists on the best violins, but it is seldom
noticed since no artist is expected to
maintain an even loudness.

The number of harmonics produced,
and their strength, determine the “tone
color” or timbre of a sustained tone from
a violin. Whenever one of the harmonics
comes near one of the natural vibrations
of the plates, it is increased in loudness,
and the tone is changed in tone color.
This happens often, because there are sev-
eral natural vibrations and many har-
monics in each tone. Thus the tone color
varies throughout the range of the violin.
No one tone color is characteristic of any
violin—much less of violins of any par-
ticular age or from any one country.

As a machine for producing sound a

ANALYZER made by Bell Labora-
torics separates sound frequencies
with 12 filters. Each regulates a tiny
light. Lights make image on screen.

violin is very inefficient. Most of the work
done by the player in rubbing the bow
against the strings is lost as heat in the
wood. The Chladni patterns show an-
other reason for inefficiency. Two adja-
cent areas in a plate must he moving in
opposite directions when the plate vi-
brates. rocking back and forth with the
separating nodal line at rest between
them. Thus at the same instant the air is
compressed by one area and expanded
by the other. The net effect on the air is
greatly reduced, since the contributions
of the two areas nearly cancel each
other. Moreover, the front and bhack sur-
faces of any plate may work against
each other: while one surface compresses
the air, the back of the same area starts
an opposite expansion. If the two waves
can meet at the edge of the plate they
will partly destroy each other. This ac-
tion weakens the low tones particularly,
not only in violins but in pianos and
loud-speakers. To prevent this effect in
loud-speakers. the vibrating area is com-
monly set into a “baffle” which. by en-
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speech” apparatus depicted at left

produced by “visible

larging the surface. inhibits the meeting
of the front and hack waves. Larger vi-
brating surfaces can emit low tones bet-
ter. This is why the violoncello and
double hass are made progressively big-
ger, and why the large sounding board in
a concert grand piano helps to improve its
deep bass tones.

Not all of the tone emitted by a violin
is produced by vibration of its plates. We
must also credit the air inside the box
with an important contribution. This air
can vibrate in and out of the f-holes
with a frequency which lies in the mid-
dle of the lowest octave. The tone there
would be mean and ugly without the
added vibration of the innner air. as one
can discover by plugging the f-holes
lightly with cotton. When the air inside
the box is vibrating at or near its natural
frequency. its resonance is strong. This
can be demonstrated by setting a candle
in front of one of the holes. with the in-
strument held vertical. When the right
note is bowed. the flame dances wildly;
for all others it remains quiet. (The
effect is most marked in a cello.) Air
resonance improves the tone just where
improvement is most needed; that is.
over a few semitones where the small size
of the violin prevents the body from emit-
ting the tones strongly. The maximum
effect is near C sharp on the G string in
violins, and near A or B on the G string
in violas and cellos.

IH1. Old v. New Instruments

Now what makes a superlative violin?

VIOLIN MUSIC recorded by visible

speech apparatus shows a horizontal
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may be temporary image on a phosphorescent screen or,
as in the illustration above, a pattern on a paper strip.

This question is endlessly debated. but
it cannot be settled by arguments. The
most accurate and careful measurements
in a laboratory with modern equipment
are required, and a start has already
been made. The impression made by a
violin on a listener is due to many fea-
tures: the quality or “tone color” of
sustained tones, the ease with which the
tones begin, the rate of decay of the
sound, the Joudness in different parts of
the range. These items are often lumped
together under the word “tone”; here
we must separate them carefully. The
tone color of sustained tones is probably
the least important of the lot. The loud-
ness in different ranges of pitch may be
the most vital consideration in the judg-
ment of a violin. A bad violin is weak in
the low tones and too strong in the
squeaky top frequencies.

Old violins are almost always thought
to be better than new ones, and European
better than American. This opinion may
come in part from psychological causes
—our admiration of old civilizations, the
influence of tradition and so on—but
part of it certainly comes from the beau-
ty of workmanship characteristic of the
best old instruments, and from their
rarity. It is as difficult for most violinists
to find any defect in a Stradivarius as it
is easy for them to criticize the best-
made American violin. In recent years
careful experiments have been made
with excellent modern apparatus, seek-
ing to measure all the mechanical fea-
tures mentioned in the preceding para-
graph. A great variation in values was
found among 12 Strads, many other old

band for each harmonic produced by the instrument.
Large number of bands illustrates complex nature of
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violins and a few dozen new ones, but
the average values failed to show any
consistent difference between old and
new. This is not to say that there are no
differences, but that the results were the
same within the limits of error in the
measurements, using very sensitive meth-
ods. These bold statements are supported
by many “blindfold” audience tests, as
well as by variations in professional
opinions as to the merits of certain fa-
mous violins.

Violins seem to become lighter and
better when played for a century or two.
The effect of age on instruments which
are not played appears to be small.
Changes in the physical character of a
violin can come about through vihration
and also from contact with players.
After a period of use a violin usually
weighs more because it has absorbed
water vapor from the air around the
player. This makes the wood expand
across the grain; when not in use it dries
out again and contracts. These changes
may alter both the physical and chemical
properties of the wood. Some day it may
be possible to attain the effects of years
by a quick treatment of the wood; prom-
ising work along this line is now in
progress.

There are methods of mapping out the
natural vibrations of a violin by exciting
it electrically and measuring its response
at every frequency. This yields a curve,
called the response curve, by means of
which violins can be compared. The in-
equalities in response at various fre-
quencies are remarkable, in both old and
new instruments. All good violins should
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This pattern. which may be read by a trained ohserver.
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in the future have a certified response
curve furnished with them when they are
offered for sale.

IV. The Piano

Some of the statements which I have
made about the violin apply equally to
the piano. The piano’s sounding board
acts like the violin body. While the violin
has not changed in the last century, the
piano has seen constant improvements in
the sounding hoard, the strings, the ham-
mers and the key action. So loud has the
instrument become that the vibrations now
shake the floor and are sometimes trans-
mitted through the solid structure of a
building to unexpected distances. In
apartment houses peace may sometimes
be preserved with the neighbors by plac-
ing rubber pads between the piano legs
and the floor.

New problems arose with the invention
of the piano’s key and hammer mechan-
ism. The hammer must be light but
strong, in order to act quickly and give
powerful blows to the strings. The pads
must be soft to avoid the production of
strong high harmonics that a hard ham-
mer creates. (One can almost convert a
piano into a harpsichord by using a tea-
spoon for a hammer.) When a player hits
a key on the piano, the action gives the
hammer a throw; at the moment when the
hammer strikes a string it is not connected
with the key, but is flying freely. It is as
if the player were throwing soft balls at
the strings from a distance. Once the
hammer is on its free way, the player can
do nothing more to it. His only control is

musical sounds. Record shows passage from Glazounov’s
“Concerto in A Minor,” played by Jascha Heifetz.
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COMPLEX WAVE FORMS of musical sounds are the result of combining
several simple forms. The forms above are (1) the simple tone of a tuning
fork, (2) pure chord produced by four tuning forks struck together, (3)
“beat” tone of two tuning forks with almost the same frequency. Character-
istic instrumental forms were made by (4) violin, (5) oboe, (6) French horn.,
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through the initial speed he imparts to
the hammer. Thus it is a fact that for a
given hammer speed the tone is exactly
the same whether the key is pressed by the
finger of a great artist or by the tip of an
umbrella. Any skeptic to whom this state-
ment is repulsive should open up a piano
and watch the motion of a hammer. Piano
“touch” is of course a mixture of effects:
besides hammer speed, which affects loud-
ness and tone color, it depends on the se-
quence of tones, the length of time each
key is held, the management of the ped-
als, the phrasing and so on. Of these the
last three are perhaps the most important.

There are two subjects in musical acous-
tics, incidentally, which often arouse fu-
rious arguments. One is piano touch. The
other is the alleged characteristic flavor
of music in different keys. Pupils are
often taught that D major is a martial
key. Today military marches are played
on a piano whose D is 294 cycles per
second. A musician in Mozart’s time
would have had a D of about 278 cycles
per second (our C sharp), since the pitch
has risen about a semitone in this interval.
If two performances of the same music in
different pitches can produce the same
impression, then the flavor of the key must
come from its name and not from its
pitch.

V. Wind Instruments

The wind instruments operate on a
very different plan from the strings, and
as sound-producers they are much more
efficient. A stringed instrument loses con-
siderable energy in transmitting its vibra-
tions from the plate to the air; in a wind
instrument the sound is emitted directly
by vibrations of the air inside the pipe.
Hence an instrument like the oboe or
clarinet in the orchestra stands out against
the string section, and two or three of
them are considered sufficient to balance
a much larger group of violins.

The sound waves in wind instruments
are generated in a variety of ways: by
thin streams of air issuing from slots (the
organ) or from the player’s lips (flute) ;
by the vibrations of single reeds of cane
(clarinet family), of double reeds of cane
(oboe family), of metal (organ), or of
the player’s lips (cornet, horn). Except in
the case of a metal reed, which has to be
tuned to its pipe, the mechanism that ex-
cites a wind instrument has no very defi-
nite natural frequency but will accom-
modate itself to the rate of the vibration
of the air in the pipe. This rate is de-
termined by the time it takes an exciting
air impulse, traveling with the speed of
sound (about 1,100 feet a second), to go
down the pipe and back. In instruments
which have side holes, this wave is re-
flected not from the end of the pipe but
from the first hole that is open. By this
means the player controls the effective
length of the pipe and the frequency or
pitch of the sound produced. Shortening



the pipe by opening successive holes
makes it possible to produce the notes of
the musical scale; the higher tones are
obtained as harmonics of these fundamen-
tal vibrations. The sound of the flute comes
from two holes, the one at the mouthpiece
and the first open one lower down; the
vibrating air dances in and out of these
two holes simultaneously. The holes still
lower down emit practically no sound.
The same principles apply to the oboe or
clarinet except that there is no hole in the
mouthpiece. The lowest tone is the only
one whose sound issues from the end of
the instrument.

In the brass instruments. the length of
the tube is governed either by a sliding
piece (slide trombone) or by insertion of
additional lengths of pipe by means of
valves operated with the fingers. At each
length a large series of harmonics can be
blown, and with several lengths available
all the notes of the scale can be played,
many of them in more than one way. The
fundamental tones are not often used.

The tone colors of wind instruments are
not as variable as those of violins; hence
the player’s opportunities for virtuosity
are more limited. On the organ, the only
wind instrument that has separate pipes
for each pitch, the organist can build up
tone colors by combining pipes of the
same pitch but different colors. In the
brass instruments, a player produces a
marked change in tone color when he puts
his fist or some other object in the “bell”
from which the sound comes. This muting
of the tone corresponds to what happens
when one loads the bridge of a violin with
an extra weight.

VI. The Singing Voice

But none of these instruments has the
variety of tone color available to a singer.
The voice is the most versatile and ex-
pressive of all musical instruments.

The vocal cords vibrate somewhat as
do the lips of a cornet player, that is, as a
double reed. They produce a range of fun-
damental frequencies which is determined
by the muscular tension that can be put
on them and by their effective mass and
length. The action of the cords has re-
cently been photographed with a motion-
picture camera, showing that they have a
complicated, sinuous back-and-forth mo-
tion. Such a motion would be expected to
generate a complex sound wave; voice
sounds are indeed found to be rich in har-
monics.

The throat and mouth space through
which the sound passes on its way out can
take the form of one chamber or be di-
vided almost in two by the back of the
tongue. A singer also varies the size of the
mouth opening. These alterations enable
the chamber to resonate to a variety of
frequencies, some low as fundamentals.
some high as harmonics. In singing, we
presumably tune the chamber to resonate
with the vocal cords at their fundamental

INNER EAR, here shown in highly diagrammatic drawing, is detector of
sound. Spiral organ at right is the cochlea. From it run branches of the audi-
tory nerve (upper right). These branches are attached to the basilar mem-
brane, stretched across the cochlea’s inside diameter along its full length.
When sound vibrates membrane, nerve impulses are sent to the brain.

BASILAR MEMBRANE responds to various frequencies at various points
along its length. Peaks on spiral diagrams show relative response. Two draw-
ings at top show “false harmonics” of ear’s response to a pure tone of increas-
ing loudness. Two drawings below show membrane’s accurate response to
many harmonics of steamboat whistle (left) and note of a bugle (right).
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or some harmonic. In general the pitch
of the voice varies with the tension and
length of the cords. its quality depends
on the shape and size of the chamber, its
loudness is determined by the amount of
air pressure supplied by the lungs. The
versatility of the voice comes from the
ease and quickness with which all these
changes can be made.

Singing teachers use certain special
terms to describe all the processes in-
volved in tone production. Although these
terms have quite definite meanings to the
teachers, to others such descriptions as
“head tones,” “chest register.” and “tone
placement” mean very little, and that little
is probably misleading. One would sup-
pose. for example. that the head and chest
must vibrate somewhat at all times. and
that the tone must always originate in the
same place. One may also object to credit-
ing the bony cavities in the head and the
absorbent lung-space with helping to pro-
duce loud sounds, since these areas are
powerless to contribute anything appre-
ciable. It is to be hoped that before long
there will be further experimental studies
that will disclose the real behavior of the
whole vocal apparatus, and that then such
language can be used as will be under-

stood by all.
VII. Musical Scales

There is one special study in which
mathematics and music go hand in hand.
This is in the construction of musical
scales. People with unmusical ears sing
up and down the range of pitches without
hitting the same spot twice; but music
cannot be built on this plan. The piano
must have a pattern on its keyboard, and
a fixed frequency for each key, as the flute
has fixed positions for its side holes. The
pattern of the keyboard repeats itself in
each octave. An octave is measured by the
first interval in the harmonic series. Two
tones an octave apart have a frequency
ratio of 2 to 1; they produce in our ears
a simple motion and a pleasant impres-
sion. To produce a similarly pleasing ef-
fect within the octave, its intervals also
should be simple. with ratios like the
ones found in the harmonic series, such as
the musical fifth (ratio 3 to 2) and the
fourth (4 to 3). Thus the scale is built
up on the plan of having as many pairs
of tones as possible which please us when
sounded together. At the same time the
musician demands freedom to shift keys
without running into any trouble with
different sorts of intervals.

The final result is a scale of 12 notes
with semitone intervals all exactly alike.
and just filling an octave. The mathema-
tician tells us that if we multiply the
frequency of any starting note by the 12th
root of two (or 1.05946), we obtain the
frequency of the next higher note, and
if we continue this process. after 12 mul-
tiplications we arrive at the beginning of
the next octave. This scale does not give
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us perfect musical intervals inside the
octave, but there seems to be no way in
which we can get a better one to fit all
the conditions stated. The purist objects:
he has a wonderful ear and he says it hurts
to hear these intervals the least bit off.
So the mathematician writes another pa-
per on a perfect—but unusable-—scale.

Recently the physicist and the psycholo-
gist have joined in the discussion. A
new measuring device has been invented
by O. L. Railsback. which he calls the
chromatic stroboscope. With this he can
measure the frequency of any tone while
it is sounding, with a precision greater
than we may ever need. It has been used
to check the tuning of pianos. The results
show that expert tuners agree among
themselves but they tune the low notes too
low and the high ones too high to fit the
scale. They do this because it actually
sounds better. and the explanation of this
odd fact is that the harmonics of a piano
string are themselves out of tune, and are

it does not always tell the strict truth.
S. S. Stevens of Harvard University has
shown that the pitch of a pure tone varies
with its loudness. Low tones may drop a
whole tone on the musical scale, whilevery
high tones go the other way. If, while
listening to a loud tone whose pitch is off.
you cover your ears, the pitch goes back
to where it belongs. Fortunately, since this
effect is observed to an appreciable degree
only for pure tones, it is of little impor-
tance in listening to most music, because
the tones are complex. Moreover, at the
pitchwhere the ear is most sensitive (2,000
cycles per second), the effect disappears.

The ear may even manufacture sounds
that do not exist. Harvey Fletcher and hix
group at the Bell Telephone Laboratories
have found that as the loudness of a pure
tone increases. the ear begins to hear a
change of tone color, seemingly caused by
harmonics which appear in the tone in
increasing number and strength. The tone
increases in shrillness and harshness until

DU

BRASS INSTRUMENT is stretched out to illustrate function of valves.
Manipulating valves adds extra segments to effective length of pipe. This
changes the rate of vibration of air in pipe and f{requencies of its toncs.

sharper than they should be. The 14th
harmonic occurs about where the 15th he-
longs. The scale that results is no longer
the exact scale of “equal temperament.”
which we have just considered, but a
“spread” one whose octave ratio is slightly
greater than two to one, while its fifths
are almost true. All these years we have
been using two scales without knowing it.
To make matters worse, it has been shown
that. in contrast to the piano. the har-
monics of pipes and of bowed strings are
not out of tune; so that the organ is pre-
sumably tuned in equal temperament. The
violin is always tuned to perfect fifths.
yet nobody minds when it is played with
a piano tuned to a different scale. These
strange differences seem to have escaped
the notice even of our friend the purist.

Recently musical psychologists of the
University of Iowa, under the leadership
of Dr. C. E. Seashore, have measured the
performance of a number of first-class
professional singers and violinists, and
found that they do not use the scale of
equal temperament nor any other scale
exactly. We must all be less sensitive
to the refinements of tuning than was
supposed. The scale (or scales) we now
use is (uite good enough for such ears
as the best of us possess.

VIII. The Listening Ear

The ear, in fact, is a surprising organ;
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it sounds like the blast of a cornet in one’s
ear. Yet an oscilloscope picture of the
wave form of the sound shows no trace of
these harmonics.

These ghostly harmonics arise some-
how in the ear itself. The sensitive basilar
membrane. where sound is detected by a
series of nerve endings, has been proved
to respond to different frequencies at dif-
ferent positions along its length. The
membrane is spiral-shaped, and Fletcher
pictures its “auditory patterns” by means
of a set of spiral diagrams showing where
disturbances occur in response to sounds
of different pitch. In the case of a soft,
pure tone, the membrane is disturbed only
at the place appropriate to the frequency.
But as the same tone grows louder, new
disturbances mysteriously appear at the
points where the harmonics of this tone
would be recorded. The source of the false
harmonics is probably traceable to a natu-
ral imperfection in the action of the mech-
anism of the middle ear.

A practical consequence of this quirk ix
that any tone, pure or complex, increases
greatly in harshness as it becomes louder.
Thus even a good radio gives a bad tone
when turned up too loud; the ear is to be
blamed, not the radio set. A violin has a
harsher tone to the ear of the player than
to a listener some distance away. A violin
whose sound was amplified electrically to
fill a large hall would sound quite unna-
tural.



IX. Room Acoustics

Science has made a very considerable
contribution to music in connection with
the acoustics of halls. To make clear the
nature of this contribution we must con-
sider some of the facts about sound in
rooms. If the source of sound in a room is
suddenly stopped, the sound lasts a little
while; it dies down as it is absorbed or es-
capes through openings. The duration of
this sound is long if the room is large or if
the sound was a loud one; it is shortened
if many absorbing substances are present.
The absorptivity of a material is great if
itis full of fine pores in which the regular
vibrations that constitute sound are made
irregular and thus turned into heat.

The best absorptive material is a closely
packed audience. But porous plates of var-
ious sorts are available for covering walls
or ceilings to cut down reflection of sound
and increase absorption, in case the audi-
ence is not large enough. A bare room with
hard walls reflects excellently, and this
has two effects: the sound is made louder
(just as white walls make a room lighter),
and itis prolonged. Speech becomes hard
to understand, because successive sylla-
bles overlap. Music usually benefits more
by reflection than speech does: it has few-
er short “syllables.” and the reflections
can make it loud enough to be heard well
even in the rear seats of a very large hall.

Wallace Sabine of Harvard was the first
to work out the proper way of correcting
the acoustics of noisy halls by increasing
their absorptivity. He founded architectu-
ral acoustics, which is fast becoming an
exact science. It is now a simple matter to
provide for good acoustics in a hall before
it is built, and a bad hall can usually be
made tolerable by treatment at any time.

One musical application of acoustics
concerns the marked effect which the
character of a room may have on the tone
color and the loudness of a voice or other
musical instrument. Most absorptive ma-
terials absorb more of the high tones than
the low ones. When you select a piano in
a bare showroom, it is likely to have a
“brilliant” tone, meaning that it is strong
in high frequencies. But if you place the
same piano in a living room full of stuffed
furniture, cushions and thick carpets, you
may find its tone dull and weak. The high
frequencies are still present, but they are
quickly absorbed, and so you do not get
the reinforcement of these tones that oc-
curred in the showroom. A violin’s tone
color and power likewise depend on the
sort of room in which it is played. On the
other hand, a singer whose shrill high
tones are hard to bear in an ordinary
room should bring along a truckload of
cushions, the presence of which would
have the effect of greatly increasing the
listeners’ pleasure.

e — e
Frederick A. Saunders is
emeritus professor of phys-
ics at Harvard University.

CHLADNI PLATES indicate the vibration of the body of a violin. These
patterns were produced by covering a violin-shaped brass plate with sand
and drawing a violin how across its edge. When the bow caused the plate to
vibrate, the sand concentrated along quiet nodes between the vibrating areas.
Bowing the plate at various points, indicated by round white marker, pro-
duces different frequencies of vibration and different patterns. Low tones
produce a pattern of a few large areas; high tones a pattern of many small
areas. Violin bodies have a few such natural modes of vibration which tend
to strengthen certain tones sounded by the strings. Poor violin hodies accen-
tuate squeaky top notes. This sand-and-plate method of analysis was de-
vised 150 years ago by the German acoustical physicist Ernst Chladni.
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COMPOUND EYES (left and right) of the housefly are
bulging domes of many tiny lenses. Behind each lens
extends a separate shaft to fly’s light-sensitive organ.

INsECT VISION

The compound eye of this vast living order,

the practical solution to a difficult optical

problem, reproduces a world of coarse images

achieve a working relationship with

most animals. it is doubtful that
he will ever get along smoothly with the
insects. Even if other differences are
ignored, men and insects are poles apart
in their vision. Not only strategically but
biologically they are incapable of seeing
eye to eye. Human eyes and insect eyes
are built on plans so radically unlike that
man has only a dim notion of how the
world looks to a mosquito.

We know pretty well what a whale sees.
Or a mouse, an elephant, a bat, a cat.
They see approximately as we do. The
eagle from its aerie, the snake in the
grass, the turtle on the lily pad and the
minnow darting below have various van-
tage points but very similar eyes. We can
even guess with some certainty how the
sea looks to a squid. All of these animals
have visual organs much like our own,
with an almost spherical eyeball contain-
ing a pigmented iris around a pupil. Light
passing through the pupil is focused by a
doubly convex lens on a sensitive retina.
The image on the retina is as precise as
that on light-sensitive film in a camera.
and it is formed in much the same way.

S—LTHOUCH man has managed to
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by Lorus J. and Margery J. Milne

An insect’s eye is radically different in
design. It has to be because of its small
size. Eyes of the camera type produce
poorer and poorer pictures when they are
reduced below certain minimum dimen-
sions, for the pupil then becomes so
minute that no recognizable image can be
formed by light passing through it. The
smallest camera-type eye is that of the
tiny shrew; the eye of this inch-long
creature is only a twenty-fifth of an inch
in diameter. This is actually too small to
do the animal much good—the shrew is
almost blind. Camera eyes less than an
eighth of an inch in diameter are poor
visual organs, found only in animals that
depend on them very little. This principle
is well known to photographers. Seldom
can the iris diaphragm on even a good
camera lens be closed to leave an opening
less than a tenth of an inch in diameter.
Sometimes users of small cameras wonder
why their lenses will not stop down far-
ther to match bright subject matter. This
is the answer: resolution suffers by fur-
ther pinholing.

Only an insignificant number of the
800.000 insect species are big enough to
carry a camera-type eye that would work
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well. The smallest insects that see are
about a hundredth of an inch long. Eyes
of insect dimensions need a new principle,
and the design they have developed is
known as the compound eye. This design
is universal in insects; even the largest
of them, which are between six and seven
inches long and could see with camera
eyes, have compound eyes like their fel-
lows.

The compound eye does away alto-
gether with true images. In their stead,
the insect’s visual organ makes use of a
mosaic of information on the relative
brightness of various parts of the sur-
rounding scene. The eye itself is composed
of a small or large number of identical
units, arranged side by side in close for-
mation like seeds in a sycamore ball. Some-
times this arrangement is described as re-
sembling the filled cells of a honeycomb.
The comparison is not exact, for the bees
make their cells with parallel walls, and
the units of the compound eye are long
cones. Only by being so can they fit to-
gether like the sycamore seeds to give a
convex surface to the group. And this
convex surface is one of the most im-
portant features of the insect eye.



In a sycamore ball each seed has an
axis of symmetry—an imaginary length-
wise line that radiates outward from the
center of the ball. The units of the com-
pound eye (called ommatidia) also have
axes of symmetry that fan out. These
axes are the lines of sight for the in-
dividual ommatidia, and each aims at a
separate part of the environment that
surrounds the insect.

Although the compound eye does not
rely on images as does the camera type,
each ommatidium has its individual lens.
These lenses are very transparent and
could produce an image deep in the eye
in the region of the light-sensitive cells.
But between the lens and the receiving
end of the system is interposed a pig-
ment diaphragm with a minute central
aperture. Unless the light passes through
this tiny hole it cannot reach the retinal
cells that alone can send a message to
the brain. Only light rays from a definite
region on or near the axis of the ommatid-
ium are led through the aperture by the
converging action of the lens. At the same
time the pinhole blurs the image to some
shade of gray, light or dark, something
the sense cells are able to measure as
values of brightness. And since each
ommatidium of a compound eye faces in a
slightly different direction from any other
(like the sycamore seeds), its responsi-
bility is restricted to one particular por-
tion of the surrounding space. The barely
overlapping fuzzy images of the omma-
tidia, all added together, represent to the
insect the world it lives in.

HIS detailless type of image is not

necessarily bad or good. It is more
familiar to us than many realize. Halftone
illustrations in books and newspapers are
somewhat similar. since the illusion of a
photograph is built up from jet-black ink
on white paper through the varying sizes
of a close and regular pattern of fine
dots. The printer has no gray inks with
which to render shades of tone. He em-

IN DAYTIME praying mantis has bright green eyes.
Dark spot toward the top of each eye is “false pupil,”
marking lenses that point directly toward the observer.

ploys a trick “screen” to produce dots of
different sizes, but all of equal blackness.
He assumes rightly that readers will not
look for extra detail in the halftone by
examining his product with a lens. Ac-
tually the detail is not there. Magnifica-
tion reveals only the pattern. The excel-
lence of the reproduction (and illusion)
depends on the number of dots per inch—
on the fineness of the screen. Similarly the
mosaic picture characteristic of insect vi-
sion depends for detail on the size of the
ommatidia. The smaller and more closely
packed they are, the more restricted is
the field of view of each unit, and the
finer the detail the creature can recognize
in its environment. Insects like the
dragonfly have immense numbers of mi-
nute ommatidia packed into a great bulg-
ing compound eye that covers most of the
head, allowing them the acuity of vision
needed for darting after gnats and mos-
quitoes. By comparison a grasshopper’s
vision is very crude, its ommatidia coarse
and relatively few.

Even a small dragonfly has far better
vision than one of the lesser mammals
such as a mouse. Furthermore, the insect
eye plan allows almost equally good see-
ing forward, up, down. to the sides and
far astern—all at the same time and with-
out shifting the head. To accomplish this
it is necessary only to have the com-
pound eye include more ommatidia, so
that the extras can cover additional parts
of the surrounding scene. Few have bet-
tered the dragonfly in this, for its right
eve extends to the top of its head to meet
the left eye on the mid-line. In fact, al-
most the whole head is occupied with
visual units. Space is left only for the
neck and a small region in front and be-
low where the antennae and mouth parts
are located.

Because of the bulbous form of the
dragonfly’s eyes, there are ommatidia in
both the right and left eyes that stare
straight ahead of the insect. Others slight-
ly toward the mid-line converge to over-

© 1948 SCIENTIFIC AMERICAN, INC

lap fields at various distances in advance
of the creature. The same is true slightly
to the side, above and below. Thus the
dragonfly has true binocular vision, and
with it comes the highly useful ability to
gauge distance and depth. On this the
insect depends in chasing down its active,
dodging victims. Whether the prospective
prey zooms or dives, the dragonfly does
not lose sight of it. The pattern represent-
ing the victim merely shifts to other
ommatidia in the binocular field. Only to
the rear, where its own muscular body
obstructs the view, is a dragonfly blind.
Small boys know that a butterfly net swept
after a dragonfly is more likely to capture
it than one from front or side, where the
insect sees a warning flash of movement.
Binocular vision and depth perception
are part of the essential equipment of
insects that hunt living animals by sight.
They are features of the praying mantis,
horsefly, tsetse fly, water strider, back
swimmer, tiger beetle and hunting wasp.
Vegetarian insects do not require this
sort of vision. Their food does not run
away. Thus lateral placement of the less
well-developed eyes of the grasshopper
allows more space inside the insect’s head
for its chewing muscles and their attach-
ments. Chewing is most important to a
plant eater, since it must munch through
prodigious quantities of greenery to gain
an appreciable amount of nourishment.
An insect evinces the greatest response
to movement and to actions close by. The
shifting of any object causes a pattern of
light or dark to move over the mosaic of
ommatidia. The closer the object, the more
ommatidia will be affected. And the more
ommatidia that telegraph news of con-
trasts in brightness to the insect’s brain,
the more the animal responds. For this
reason a large dark disk moving in front
of a white background is not nearly as
effective in disturbing the possessor of a
compound eye as an equal area broken up
into coarse spots like a checkerboard. Yet
this increase in “contrast contour” has its

AT NIGHT green pigment in mantis’ eye migrates, leav-
ing eye chocolate brown. Eye then gathers more light.
Mantis is one of a few species with this adaptive power.
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limits, for a very fine pattern is not seen
at all. The most stimulating is one that
has spots matching in dimensions the field
of view of a single ommatidium at a given
distance. Hence a coarse pattern is effec-
tive from a greater distance, a finer one
nearby. It is a matter of angle—and this
feature varies from one kind of insect to
another. In the housefly, for example. the
most stimulating pattern has spots three
degrees across. These are the smallest
that the ommatidia will recognize as dis-
tinct. The three degrees is a measure of
the fly’s visual acuity. The honeybee dis-
tinguishes patterns one degree in size.
This is still only one-sixtieth as good a
performance as that of a human eye with
normal “20/20 vision.”

UR own vision. so much richer in de-
tail. may be seriously upset by re-
fractive errors. Thus a nearsighted person
cannot focus an image of distant objects
unless aided by spectacle lenses of the
divergent type. Near objects. on the other
hand, are not only distinct but actually
magnified considerably. so that a myopic
individual sees more detail at close range
than does a normal person. A compound
eye, because of its low visual acuity, be-
haves somewhat like a nearsighted human
eye. An object close to an insect affects
many ommatidia and vision is relatively
distinct. But as the object moves farther
away, fewer and fewer of the eye units
are directed toward it. Details disappear
rapidly and soon so few ommatidia are
concerned that the object has negligible
effect. The deterioration in the mosaic
image is at least 60 times as rapid as
that in a normal human eye. This means
that we can recognize an insect 60 times
as far away as it can see its relative with
comparable distinctness. Sixty feet versus
one foot is the same order of difference
as that between a seriously nearsighted
person and someone with normal vision.
Neither myope nor insect can see the
moon distinctly. For the compound eye.
the half degree subtended by the full
moon (or the sun) may not fill even a
single ommatidium with light. The bril-
liance produced by sun or moon on flowers
and landscape may stimulate the insect,
but the celestial bodies themselves cannot.
The relationship between size of object
and its interest for an insect can be dem-
onstrated with a butterfly in a dark room
with black walls. If a bare electric bulb
is turned on. the butterfly will flit toward
it. Even if the insect’s wings are clipped
together to prevent flight. the butterfly
will creep in the direction of the bulb.
But if a sheet of white paper is held
close to the insect on the side opposite
the bulb. the butterfly will turn around
and walk toward the paper. The bulb is
far brighter. but the paper it illuminates
has a larger area that stimulates more
ommatidia. This is the insect’s guide.
To many insects. a flower or group of
blossoms is an attractive pattern. Actually,
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there were no flowers as we know them on
this earth until insects appeared. Then
plants developed means for making use of
bees and other bugs to carry pollen and
ensure setting of fruit—a method less
wasteful than casting immense quantities
of pollen into the wind to be blown to a
waiting unfertilized ovary. Yet to attract
an insect requires first something to see
(the petals), then something to present a
reward (the nectar or pollen). Anyone
doubting the importance of the visual
stimulus can prove the point by pulling

HALFTONE

here en-

engraving,
larged, creates efféct of shading with
onc ink and dots of various sizes.

MOSAIC IMAGE of inscct eye oper-
ates on similar principle. Each lens
system detects single tone of scene.

the petals from a branch of apple flowers.
The nectaries are still there. So is the
pollen. But the bees will do no more than
hover over the petalless blossoms. Never
do they alight and collect the reward they
so eagerly seek.

The apple tree presents another dem-
onstration of what an insect sees. On a
perfectly still day, honeybees come to the
apple blossoms indiscriminately. But if
there are two trees with unequal exposure
to a breeze. the tree that sways gently and
flutters its flowers is far more populous
with bees than the tree that stands calmly
in the sheltering lee of some building.
If the wind shifts so that both trees are
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disturbed equally. the insects redistribute
their attention. To a bee cruising over-
head. the quiet tree appears as a pinkish-
white area that moves slowly across its
visual mosaic in accordance with the in-
sect’s flight. Fluttering flowers, on the
other hand, stimulate and restimulate om-
matidia in a manner that is independent
of the insect’s own motion. They draw at-
tention to themselves and flag the insect
down. So does a wildly swatting man
trying to drive away an angry hornet.
Stay still and you will almost disappear!

VEN the rapid waving of petals in a
high wind does not present a move-
ment too fast for the insect’s eye to follow.
Experimenters have held bees in front of
screens on which were projected alternat-
ing stripes of dark and light. If the pat-
tern was shifted to the left. the bee fol-
lowed the motion with its antennae—ex-
tending the left antenna straight to the
side, the right antenna dead ahead. So
long as the pattern stripes were one de-
gree across (for maximum use of the bee’s
visual acuity) and the contrast in bright-
ness was high, the insect continued to
recognize the direction of movement when
the stripes flickered at the rate of 50 to
60 per minute. This is as good perform-
ance as can be expected of a human eye.
Those who have experienced the uneven
illumination of lamps run on electric
power generated at Niagara Falls know
that their fluttering, at the rate of 50
flickers per minute, is only barely per-
ceptible.

The flickering of an ordinary electric
bulb would not be apparent to a honey-
bee. however. The difference between the
dim and bright phases offers insufficient
contrast. Similarly in the shifting pattern
experiment, the full measure of flicker
recognition is obtained only with very
light and very dark stripings. If the con-
trast is reduced, so is the highest recog-
nizable rate of flicker. By studying insect
behavior in this way it has been possible
to show that the compound visual
mechanism requires a contrast at least 20
times as great as is necessary to gain
recognition in the camera-type eye. This
tells us that for the insect the tonal range
from black to white contains about a
twentieth as many shades of gray as the
human eye can identify distinctly.

Related to this deficiency of grays in
the vision of insects is their response to
darkness. The range of brightness be-
tween a sun-drenched beach and a
shadowed woodland under a starlit.
moonless sky is about a billion to one.
Human eyes can adapt themselves
throughout this tremendous spread. But
an insect that is active only in daytime
believes that night is at hand if the illu-
mination drops suddenly to a hundredth
of the sunshine level. The insect may go
to sleep promptly. as many brave souls
know who have captured a bumblebee in
hands cupped together around the buzzing



insect when it backed from a flower. Try
it! Don’t be alarmed when the captive
shrills a warning as it creeps around the
closed surface of your palms. The sud-
den darkness overcomes its concern, and
it quiets down with astonishing speed.
Several seconds of direct sunlight are re-
quired to awaken the sleeping bee again.
During the twilight of solar eclipses al-
most the whole insect population goes to
sleep. The ability of the compound eye to
adapt to the dark is relatively poor. Even
when allowed an hour to grow accustomed
to the dark, the compound eye needs a
thousandth of full illumination to see,
whereas the human eye needs only a bil-
lionth. For this reason, if no other. day-
time insects do not awaken with the birds.
but stay quiet on their sleeping sites until
the sun has cleared the horizon and filled
the shadowed spots with light.

Many insects. of course, are abroad at
night. But they depend more on odors
than on vision in finding their way about.
Most night-flowering plants that rely for
pollination upon sphinx moths, owlets
and other insects are highly odoriferous
(like the honeysuckle. evening primrose
and nightshade) or have very large white
blossoms (like the Jimson weed). Many
of the nocturnal insects have become
adapted to the darkness in another way:
their eyes lack the pigment diaphragm
that limits the light for day-flying kinds.
Thus they have sacrificed the only
mechanism available to the compound eye
for achieving high acuity of vision, but
they have gained an advantage. Without
the pigment interference. light entering a
number of adjacent ommatidia lenses can
be refracted and fall on the same sense
cells. The image that results is fuzzier,

WAVELENGTHS detected by human eye run from vio-
let to red. Fruit fly detects few colors in a shorter wave
band. Firefly may have broadest spectrum of vision.

but it gains in brightness. Some insects
that are active in twilight hours actually
shift their eye pigments to suit the cir-
cumstances. The praying mantis’ eyes,
except for the black false pupils. are pale
green by day, matching its body. By night
the same eyes are chocolate hrown—so
dark that the false pupils scarcely show.
Pigment from deep in the eye has been
shifted to the surface to allow the omma-
tidia to act “one for all and all for one”™—
not each to itself as in the daytime condi-
tion.

The compound eye recognizes colors in
its surroundings. Indeed. the insect can
see where we cannot, in the ultraviolet
part of the sun’s spectrum. To the honey-
bee. at least, this ultraviolet region is a
distinet “color™ that the insect can dis-
tinguish from the portions of the spec-
trum visible to us—violet, blue, green,
yellow, orange and red. The little fruit
fly. Drosophila, the familiar experimental
organism of modern heredity studies, is
attracted very strongly to light of any
wavelength from the short ultraviolet into
the longer vyellowish-orange. But as
though by compensation, the honeybee,
the fruit fly and most other insects are
completely blind to red light. This, by
the way, is another reason why dawn and
sunset hours provide too little illumina-
tion for insects to be active. The longer
passage of the sun’s rays obliquely
through the atmosphere filters out much
of the blue end of the spectrum with
which the insect sees. Some of the fire-
flies prove, however, that insect eyes have
possibilities far into the long waves too.
Pure spectral red light, flashed at the
proper interval after a male on the prowl
has emitted his signaling glow, is suffi-

DRAGONFLY
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ciently close imitation of the green from a
responding female to lure the swains in
numbers to the experimenter.

Bees of various kinds show a remark-
able “color constancy” in visiting flowers.
Attempts have often been made to con-
fuse them with squares of cardboard laid
out in a random arrangement. Where most
of the cardboards are gray of varying
darknesses and the other cards are colors
including some that match the flowers
nearby, the bees fly to and hover over
the matching cards. They pay no atten-
tion whatever to the grays or wrong colors.
This evidence of color vision indicates that
honeybees and bumblebees, at least, can
distinguish yellow and green (together
as one “‘color”) from blue-green, from
blue and violet, and from ultraviolet.
These four regions of the spectrum are
true colors to the insects, and they never
confuse them with any shade of gray. But
variations within these regions yield no
response. Compare this behavior with the
17,250 gradations of hue that the well-
trained human eye can distinguish!

The world through an insect’s eyes,
then. is a drab place in many ways. Yet
these insects are part and parcel of the
greatest group of competitors man has on
this earth. If the insects’ vision is inferior
to man’s, it is nonetheless adequate to
their purpose. And if we are to control
these dangerous rivals, we must investi-
gate their totally different point of view.

S ——
Lorus I. and Margery |. Milne
are, respectively, associate and

assistant professor of zoology at
the University of New Hampshire.

RABBIT

BINOCULAR field in man (white area) is broad, hut

dragonfly also has it astern, with monocular vision to
both sides (light gray). Rabbit has big monocular field.
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OAL ranks with soil and water and
C air as a vital necessity of 20th-cen-

tury man. Without it, he could
scarcely plan his tomorrow, much less a
more abundant future. It is the principal
raw material of his technology; indeed, it
is not too much to say that coal is man’s
chief ally in his scientific conquest of the
physical world. Coal makes possible the
smelting of iron and the making of steel;
it builds man’s tools, drives his machines,
transports his goods, fertilizes his crops,
preserves his foods, lights his cities,
warms his houses, fights his wars and
even cures many of his ills. There is al-
most no material product of our civiliza-
tion, from bombs to medicines, that does
not owe its existence directly or indirectly
to coal. Let its mining be halted for only
a few days, and almost immediately trains
stop running, factories shut down, lights
grow dim, food ceases to flow to market
places and a fatal paralysis falls upon
man and his civilization.

As the most important deposit which
nature has stored in the earth, and as a
fascinating natural phenomenon in its
own right, this powerful black stuff has
been studied for centuries by many spe-
cialists—geologists, chemists, botanists,
paleobotanists. Yet of such infinite variety
and complexity is coal that only recently
has the modern method of science deter-
mined how it was made.

Strictly speaking, coal is a sedimentary
rock. so classified by geologists because
it has no fixed chemical formula. Like
other rocks, it varies in chemical com-
position. No bed of coal is precisely like
another, and even within the same bed the
various parts may differ greatly in chemi-
cal structure. Coal is the most complex of
all rocks; this is what makes possible its
thousands of different uses.

This same complexity also is the cause
of the historic argument about coal’s
origin. Many of the early investigators
were led to strange conclusions. In 1546
the German mineralogist Agricola an-
nounced that coal was condensed petro-

GIANT RUSH Calamites left im-
pression of its leaves in mud which
was later metamorphosed into shale.



BEGINNINGS OF COAL

The remains of strange and beautiful
plants have preserved solar energy of
the geologic past for the uses of man

by Raymond E. Janssen

leum. The 18-century Irish mineralogist
Richard Kirwan argued that coal origi-
nated from the decomposition of the oldest
(Archeozoic) earth rocks. A half century
later the German chemist Fuchs suggested
that coal was formed simply by the
precipitation of surplus carbon dioxide
in the rocks. As late as 1903 reputable
geologists denied that coal could possibly
have had an organic origin.

The first to suggest the correct answer
was another German named Klein, who
in 1592 suspected that bituminous coal

i

geological processes by which primeval
forests were converted into coal but a
rather complete picture of the plant life
that covered the earth hundreds of mil-
lions of years ago. As we shall see, the
conditions that created the coal deposits
no longer exist to any appreciable extent.
So far as man is concerned, nature has
made its last important deposit in our
bank of coal.

As every schoolboy now knows. coal
was formed by the compression of buried
masses of plants over periods of millions

BARK of Lepidodendron, a common tree of the Pennsylvanian period, was
covered with diamond-shaped scars. Large impressions of fossil plants do
not appear in coal itself. They are left in rocks above and below coal beds.

and lignite came from wood. In 1709 the
German Johann Scheuchzer recognized
scattered plant remains in coal—strong
support for the theory of its vegetable
origin. Still stronger evidence was dis-
covered in 1833 by the English geologist
William Hutton: by the use of the micro-
scope he showed that coal contained an
abundance of recognizable plant material
including cellular structures like those
of charcoal. He also observed that shales
and sandstones immediately above and
below coal beds often showed the fossil
imprints of leaves, stems and seeds,
spread out as though they were in a
herbarium.

Today the plant origin of coal is
established beyond debate, and we can
reconstruct in exact detail not only the

of years. One basic question that has con-
cerned geologists is whether it was made
from land plants or sea plants. The evi-
dence at first strongly suggested that they
were sea plants. Most coal beds are over-
laid by strata of marine material. More-
over, great accumulations of marine algae,
which might be the potential stuff of coal
beds, are found along seashores and in
huge masses in the open ocean. It was
logical, therefore, to assume that coal beds
had been deposited on the bottoms of seas.
But during the past 50 years microscopic
studies of fossilized plant tissues have
proved that coal is composed of land
plants. Fresh-water plants have rarely
been found in it, and marine plants never.

Some have argued that the plants were
transported from their original habitats
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by currents and redeposited in beds be-
neath the sea. But there are several evi-
dences which indicate beyond doubt that
all major beds were formed in situ, that
is, in the places where the plants grew.
The fact that thick beds of pure coal occur
unmixed with sand, silt or other sedi-
ments is proof in itself that the plant ma-
terial was not deposited in the sea. Had
this been the case, the plant debris would
have been interstratified with other sedi-
ments. This is the situation which prevails
in the strata immediately above the coal
beds proper, where isolated plant fossils
are found embedded in the shales and
sandstones. In order to account for thick
beds of pure coal, we must look to present-
day boglands where pure plant debris is
accumulating in ever-increasing depths
beneath the semi-stagnant swamp waters.
Here it packs down into peat—the first
step in coal-bed formation. Also, in many
coal mines the fossil stumps of trees can
be seen still standing where once they
grew, with roots extending down into the
coal bed, or even below the coal and into
the shale beneath. These undershales were
once the soils in which those trees were
rooted. Such evidence can be taken as
undeniable proof that the plants which
formed the coal were not transported
before they were deposited, but that
they actually grew in the sites now oc-
cupied by the coal beds.

Geological evidence shows that coal has
formed in varying quantities ever since
land plants began to flourish on the earth.
The earliest recognizable fossils of land
plants have been found in rocks of the
Silurian age, deposited some 400 million
years ago. But plants were not then
plentiful enough to give rise to extensive
coal beds; only one Silurian coal forma-
tion—a small deposit in Bohemia—has
been found on our entire planet. In the
Devonian period, which followed the
Silurian, scattered forests began to ap-
pear; they formed a few thin coal beds.
But most of our great beds derive from
the two succeeding periods, the Mis-
sissippian and Pennsylvanian, approxi-
mately 250 million years ago. Then arose
the first towering forests, and a wealth
of vegetation that has given to these
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STUMP of a fossil tree is preserved in a Nova Scotia
coal field. Flora of the Pennsylvanian period almost cov-
ered the earth, even growing in what is now Antarctica.

two periods the name “Carboniferous.”
The world’s major high-grade coal de-
posits are found mostly in the strata of
the Pennsylvanian period. And, singular-
ly, although land plants have continued to
flourish in great abundance ever since. the
size of coal beds in the strata succeeding
the Pennsylvanian has steadily dwindled.

The reason for this is geological. Con-
sider, for example, the geological condi-
tions and processes whereby coal was
made in North America in the Pennsyl-
vanian period. The region between the
Appalachian and Rocky Mountains was
then a vast inland sea. Into it, from the
bordering lands, great rivers washed
sediments of sand and soil. These sedi-
ments, built up by millions of years of
erosion, gradually filled many parts of
the sea basin and formed deltas that
forced the sea to retreat. in much the
same way as the delta of the Mississippi
River is now encroaching upon the Gulf
of Mexico. (Only a few million years ago
an arm of the Gulf extended as far north
as the Ohio River; it was filled in by the
present Mississippi, whose delta actually
begins not at New Orleans but at Cairo,
Illinois!) The deltas of Pennsylvanian
times were vast swamplands. far more ex-
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tensive than any swamps in the world
today. From their mucky soils sprang
huge forests, like the bayou jungles that
cover the Mississippi Delta today. Their
trees grew and died and fell in thick or-
ganic masses into the boggy waters.

HEY did not decay, as dead plant

material ordinarily does on dry land.
In the presence of oxygen, dead plants
normally oxidize to carbon dioxide and
water, and their decayed remains mix with
the soil as humus. But the swamp waters
under which the Pennsylvanian trees
were buried excluded oxygen and killed
even anaerobic bacteria, so the dead or-
ganic matter, although partly decom-
posed, did not entirely rot away. Instead,
it became a slimy colloidal mass, the sub-
stance now called peat. This peat was of
various kinds, some brown and spongy,
some black and compact, depending on
the amount of decomposition that had
taken place.

Over these mucky masses, the sea ad-
vanced and laid down new sediments. As
the pressure piled up and the buried peat
dried and hardened, it was pressed into
lignite—low-grade coal. Under the fur-
ther pressure of eons of deposits, the
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FOSSIL NUTS of the seed fern Neuropteris are embed-
ded in a slab of sandstone. Nuts, now horne only by
trees, grew only on ferns in the Pennsylvanian period.

lignite became bituminous coal. It was
under such great pressure by this time
that one foot of bituminous coal repre-
sented 20 feet of original plant material.
Eventually, under even more extreme
pressures, part of the bituminous was
compacted to anthracite coal. Such pres-
sures develop only where rock strata are
folded upward into great mountain
ranges, which accounts for the fact that
anthracite is found in folded strata alone
and is much less abundant than bitumi-
nous.

Coal beds are seldom found singly.
They almost always lie in great series of
layers, separated by layers of other sedi-
mentary rocks. How may one explain this
pattern of seam piled on seam, as well
as the peculiar fact that the layers be-
tween the coal beds are usually of marine
origin? Again, geologists have {ound the
answer in the rocks. As the deltas piled up
on the sea basin, the basin itsel{ was de-
pressed. Sea bottoms are known to sink
from time to time. As the basin sank un-
der the increasing weight of sediments,
the swamplands, which were only a few
feet above sea level, fell below that level
and the sea washed over them. The inun-
dated forests were killed, with some trees



FRONDS of the true fern Asterotheca miltoni are im-
printed in shale. Ferns ranging up to 70 feet in height
were commonest and most diversified plants of period.

falling in the water. and others remaining
upright.

OW  marine deposits covered and

enclosed them. A new delta arose, and
a new cycle began. The delta grew a for-
est, the forest fell and turned to peat. the
compacted mass sank below the sea again
and was covered again by new sediments.
The cycle repeated itself again and again.
In parts of West Virginia more than 100
different seams of coal have been found,
one lying above the other, with sea debris
in between. From these successive layers.
ene can read an accurate geographical,
geological and botanical history of the
Pennsylvanian period, covering 35 million
years or more.

It is in the plant life of that ancient
time that geologists are naturally most
interested. From coal itself little can be
learned, for in coal seams the plants have
been so altered by extreme pressure that
only their cell structures remain for
study. But in the sediments immediately
above the coal. that is to say, in the roof
shale or slate of coal mines, geologists
have found many fossils of complete
plants, with stems, roots, seeds and leaves
which were beautifully preserved, even

down to their intricate veins and texture.

Thanks to the branch of geology known
as paleobotany, which has developed
greatly since the turn of the century,
knowledge of the ancient plants which
formed coal has become amazingly com-
plete. Through painstaking and detailed
study of countless fossil specimens taken
from the world’s coal mines, thousands of
varieties of coal-age plants, now long ex-
tinct, have become known.

The Pennsylvanian plant world was
vastly different from ours. There were
then no forests of deciduous, broad-leaved
trees. no grassy prairies, no flower-car-
peted meadows. No pine trees clothed the
mountain sides, no palms swayed in the
breezes along the shores. These plants
were not destined to appear on the earth
until millions of years later. The coal
swamps were covered instead with an im-
mense, lush growth of plants more like
our club mosses, horsetails and ferns. Al-
though these plants were lower forms,
botanically speaking. many of them were
of gigantic size. The forests were domi-
nated by stately pteridophytes (from the
Greek pteridos, meaning fern, and phyton,
plant). which attained the dimensions of
large present-day trees. The undergrowth
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BROKEN TRUNK of the giant rush Calamites suckowi
shows knothole where one of its branches broke off.
This specimen was found in a West Virginia coal mine.

consisted mostly of ferns and other
shrubby plants and vines with fernlike
foliage.

The principal trees of the coal age were
of the botanical order Lycopodiales, which
then had a much greater variety of forms
than it has today. The best-known present
members of this order in the temperate
zones are Selaginella, the club moss, and
Lycopodium, the ground pine. In the coal
age, the dominant Lycopodiales were two
huge tree species—Lepidodendron and
Sigillaria. Their most distinctive feature
was a peculiar kind of scar on the trunk,
representing the former attachment places
of fallen leaves. Strangely enough, after
the leaves had fallen these leaf scars
continued to grow throughout the life of
the trees, giving their bark a characteris-
tic pattern quite unlike the rough bark of
present-day trees. Hundreds of different
scar patterns are known, and it is by such
variations that the ancient tree fossils are
classified.

The Lepidodendron trees had diamond-
shaped, spirally arranged scars on their
trunks and branches. The trees branched
by twos, each branch dividing repeatedly
into two smaller ones to the ultimate tips.
At the tips were borne cones containing
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the reproductive spores. When ripe, the
cones were shed and two new branches
began to grow from this point. These in
turn bore a new series of cones and the
cycle repeated itself. The Sigillaria trees.
in sharp contrast, did not branch at all.
Instead, they bore their leaves in a single
spreading crown at the top of the trunk,
much in the fashion of modern palm trees.
Their cones were carried on small stems
which emerged at irregular intervals
along the trunk, like the pod-bearing
structures of modern cacao trees. When
they fell off they left oval scars resem-
bling knotholes on the trunk.

HE Lepidodendron and Sigillaria

leaves were long, grasslike spikes,
sometimes as much- as three feet in length
but never more than half an inch wide.
The trees attained heights of 100 feet or
more, with trunk diameters of six feet or
so at the base. They grew abundantly all
over the earth in the coal age, and their
stems and leaves were one of the chief
constituents in the formation of coal.
Cannel coal, which is a special variety of
bituminous, is composed almost entirely
of the massed spores of these trees.

The great swamplands of the coal age
also teemed with gigantic rushes, called
Calamites, which resembled the modern
bamboo. Their enormous trunks were as
much as two feet thick at the base and
towered 50 feet or more. Jointed like the
bamboo, the trunks bore lateral branches,
in some species from every joint. Along
the full length of every branch, at closely
spaced intervals of an inch or two, were
whorls of spatula-shaped leaves. Each
whorl or cluster had 15 to 30 leaves. Coal
miners often mistake these fossils for
asters or daisies, for when pressed flat in
the rocks the leaf-whorls suggest a flower.
These gigantic rushes have left only one
small modern descendant: the common
roadside weed known variously as horse-
tail, scouring rush or jointed grass.

The most ubiquitous “weed” of the coal
forests was Sphenophyllum—a small,
slender-branched, herbaceous plant that
seldom grew more than two feet high. Its
branches sprouted many whorls of tiny
triangular or wedge-shaped leaflets, clus-
tered always in multiples of three, the
average number in most species being six
to twelve. At the branch tips, the weed,
like the Calamites rushes, bore reproduc-
tive cones.

But by far the richest growth of the
coal age was the fern plants—ferns in
hundreds of varieties and in such pro-
fusion that the Pennsylvanian period is
known as the Age of Ferns. No one can
conceive of how opulently they grew until
he has visited a coal mine and seen their
delicate leafy imprints dotting the roofs of
its passageways for mile upon wonderful
mile. Their lacy outlines in black carbon
RECONSTRUCTION of coal-age “weed” Sphenophyllum shows its circular ~ stand out in bold relief against the gray
leaf pattern and slender reproductive cone (upper left). Sphenophyllum  background of the shales in which they
seldom grew higher than two feet, carried its leaves in multiples of three. are embedded. These ferns, ali with the
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characteristic finely divided fronds of
their kind, appear in shapes now no longer
seen on earth, some as herbaceous forms,
some as scramblers or vines that clothed
the forest trees in lacy negligee, some as
trees themselves, soaring to a height of
70 feet.

Strictly speaking, they were not all true
ferns, although until very recently they
were considered so. Microscopic examina-
tion of their stem structures has shown
that, unlike modern ferns, which without
exception reproduce by spores borne on
the undersides of the leaflets, a majority
of these ancient ferns bore nutlike seeds
attached to the fronds. They have there-
fore been given the name Cycadofilicales,
or seed ferns. How strange it is that nuts,
which today grow only on trees, a quarter
of a billion years ago were borne only on
ferns! The seed ferns did not outlive the
coal age and are now utterly extinct, but
the true ferns have come down in un-
broken succession through all the changes
of the earth’s geological history.

HE flora of the great coal age in gen-

eral resemble the plants now found in
the. tropics more than they do those in
other regions. Moreover, the trees of that
period did not have growth rings in their
trunks, which indicates that they de-
veloped under more or less uniform grow-
ing conditions, without great changes in
the seasons. These plants are found in
coal beds all over the earth, even in the
Arctic and Antarctic regions. Does this
mean that most of the world had a tropical
climate in those days? Perhaps so, but
there are some puzzling anomalies to ex-
plain. Even if the polar regions had been
warm enough to tolerate tropical plants,
their poverty of sunlight during half the
year would hardly have permitted the
lushness and sustained growth of vegeta-
tion required to form coal beds. Science
may have to find an explanation other
than tropical climate for the arctic coal
beds. There is a suggestion of a possible
answer in recent geological studies which
indicate that the earth’s great continental
masses have shifted bodily in position
since the coal strata were formed. If true,
this suggests a much less stable earth
than many geologists care to admit; but it
would account for the presence of exten-
sive coal beds in the Arctic and Antarctic.
In any case, here is a challenging prob-
lem for study and solution.

The vast realm of plants that lies buried
below the surface as coal is the foundation
of our modern industrial world. Without
the use of coal, medieval conditions would
still prevail. Long after our reserves of
oil, gas and other strategic mineral re-
sources have been depleted, coal will still
remain a most important resource.

—————

Raymond E. Janssen is associate
professor of geology at Marshall
College in Huntington, W. Va.

MAKING OF COAL begins (1) with deposition of delta, Sea re-
treats (2) and forest grows on new land. Sea hottom sinks (3), sub-
merging forest. Second delta is laid down over first (4). Process is
repeated many times (5), peat hardening into coal. Entire region
is then elevated (6). Most coal is bituminous and lower grades,
but folding of strata (right of dotted line) produces anthracite.

© 1948 SCIENTIFIC AMERICAN, INC



THE PHILIPS AIR ENGINE

The renascence of a forgotten idea has presented our

technology with a remarkable new prime mover. Its main

advantages: efficiency and independence of special fuels

at Munich in 1937, an engineer of

Holland’s famous Philips electrical
firm discovered a curiosity. It was an old-
fashioned Stirling air engine—a 19th-
century invention which had been all but
forgotten in the high-powered 20th. The
engineer found the contraption rather in-
teresting; he thought it might even solve
a problem—supplying power for small
radio transmitters in isolated areas—with
which the Philips firm was at the time
much concerned.

Philips’ engineers began to analyze the
machine. Soon they decided that it had
more interesting possibilities than they
had thought at first. Essentially it needed
only redesigning with modern materials,
they concluded, to become a remarkably
efficient engine. They went immediately to
work, and became so excited about their
project that they continued it in secret
throughout the German occupation of the
Netherlands. Since the end of the war, de-
velopment of their machine, which is now
known as the Philips air engine, has pro-
ceeded rapidly. More than 25 laboratory
and test models have been built at the
Philips Physical Research Laboratory in
Eindhoven and additional development
work is under way in the U.S. and Eng-
land. By now the air engine has evoked
wide interest among engineers on both
sides of the Atlantic. Some enthusiasts
compare its renascence with the discovery
of the steam engine and the internal com-
bustion engine. Indeed, its performance
so far indicates that for many purposes
the air engine may be superior to both.

The air engine is an external combus-
tion machine like the steam engine, with
air instead of steam as the working me-
dium. Air is alternately heated and cooled
to drive a piston. The engine can be de-
signed to run on almost anything that
burns, including bituminous coal—an
important consideration in these days of
almost insatiable demand for high-grade
fuels. Built of ordinary metals, and with
very few moving parts, it is as compact
as a gasoline engine but far quieter. And
its efficiency (i.e., the proportion of fuel
energy converted into mechanical energy)
may ultimately exceed 30 per cent. This
figure is better than that attained by com-
parable gasoline engines at any time and
better than that of a Diesel engine under

PROWLING around an industrial fair
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by Leonard Engel

any operating condition except full load.

The air engine has drawbacks that dis-
qualify it for some jobs. But it is so
simple and economical in operation that
many engineers consider it in general a
very satisfactory answer to technology’s
long quest for a quiet, efficient, trouble-
free motor. They think it will soon rank
as one of the major “prime movers.” The
Philips engineers are confident that with-
in a few years they will turn out practical
air engines for a variety of uses, with
speeds of up to 3,000 revolutions per
minute and power outputs of one to sev-
eral hundred horsepower.

The importance of this development
may be gauged by the fact that only four
other basic engine types have evolved
since the age of power began. It was in
1698 that the Englishman Thomas Savery
built the first working steam engine, which
James Watt and his contemporaries were
to translate into a practical machine in
the following century. The idea of the
internal combustion engine was born in
the fertile brain of the Dutch astronomer
and telescope maker Christian Huygens,
who in 1680 suggested a power plant
run by gunpowder explosions. Huygens’
scheme did not work out, but it started
a train of thought that led in 1820 to
the building by an Englishman named
W. Cecil of a machine operated on an
explosive mixture of hydrogen and air,
and thence to the modern gasoline engine
a half century later. The two other basic
prime movers are more recent: the steam
turbine (based on the same principle as
a windmill, with steam substituted for
wind as the motive power) was devel-
oped in the 1880s, and the gas turbine,
which uses hot gases instead of steam,
has been perfected in the last decade.

HE AIR ENGINE has been known in

principle for nearly two centuries but,
like many good ideas in science and
technology, it has suffered a long lag
in application. The Stirling engine was
designed more than a century ago by
a Church of Scotland minister named
Robert Stirling and his brother James.
Their machine even reached the stage of
commercial production. It was clumsy
and ineflicient, however, and the Stirling
engine lingered on into the 20th century
only as a laboratorv motor and as a toy.
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The air engine operates on the classical
principle underlying all heat engines.
which was formulated a century and a
quarter ago by the brilliant young French
engineer Sadi Carnot. Carnot’s principle
was roughly this: if a cold gas is com-
pressed and heated and then allowed to
expand again to its original pressure, the
heat imparted to the gas can be converted
to mechanical energy by permitting the
gas to expand against a piston or through
a turbine. The efficiency of this process
depends not on the gas used but on the
difference between the maximum and
minimum temperatures. Thus it makes no
difference in theory what gas is em-
ployed; air will do about as well as any.

In the air engine, air is cycled back
and forth in a closed circuit within a
cylinder. Heat is supplied by a burner
fitted over one end of the cylinder. The
cycle has four overlapping stages: 1)
the air is compressed in a “cold space”
at the cool end of the cylinder; 2) it
is moved to a “hot space” at the other end
and heated to high temperature; 3) it is
expanded against a piston; 4) it is cooled
and returned to the cold space. where it
is recompressed. Then the cycle begins
anew.

During the cycle, the pressure of the
air varies by a ratio of something more
than two to one. This is low in compari-
son with other engines and one might
imagine that the air engine, while theoreti-
cally efficient, would actually develop lit-
tle power. However, its power output can
be raised to a level comparable with that
of other engines by increasing the pres-
sure of the air within the cylinder. In one
Philips engine the minimum pressure is
22 atmospheres (308 pounds per square
inch ) and the maximum is 50 atmospheres
(700 pounds per square inch).

As in other heat engines, many different
mechanical arrangements are possible.
Philips has already developed four dis-
tinct types of air engine. One is a single-
cylinder model illustrated at the right.
Another has four cylinders arranged in a
square. Still another, a four-cylinder V
with a projected output of 300 horse-
power, is under construction in Holland.

Common to all models is a critically
important device known as the “regen-
erator,” situated between the hot and
cold ends of the cylinder. This device is a



heat exchanger which absorbs unspent
heat from the expanded air as it leaves the
hot space and gives the heat back when
the air returns. Thus the machine con-
serves heat and uses it again and again.
Only one fourth of the heat imparted to
the air during any one cycle is supplied
by the burner; three quarters is unspent
heat from previous cycles, transferred
by the regenerator. Without regeneration
fuel consumption would rise by a factor
of four and the air engine would be im-
possibly uneconomical.

Regeneration is, of course, widely em-
ployed in other prime movers. Steam en-
gines and steam turbines, for example,
use waste heat to raise the temperature
of incoming water, and in several types
of gas turbine. the combustion air is
preheated in a similar manner. Regenera-
tion is also utilized in high-temperature
chemical processes and in the blast fur-
nace to heat air for the blast. It is an
interesting fact that it was the Stirling
brothers who invented the regenerator (or
“economizer,” as they called it). The
Stirling engine also incorporated a sur-
prising number of other modern engineer-
ing features.

HE chief improvements in the Philips

engine are not in basic design but in
materials. Yet all of these materials are
readily available. There are no special
high-temperature alloys such as are re-
quired for gas-turbine blades. The heater,
which constitutes the “radiator” for con-
ducting heat from the burner to the en-
gine’s charge of air, and other parts
exposed to the hot air are fabricated from
nonscaling stainless steel. The heater’s
fins are of aluminum bronze. Other parts,
such as pistons and connecting rods, are
of standard metals. Contemporary mate-
rials, however, are so much superior to
those of the last century that even com-
monplace metals have effected extraordi-
nary improvements in performance. The
Stirling engine. which was limited to low
temperatures and pressures, weighed 880
pounds per horsepower and had an over-
all efficiency of three per cent. The Philips
machines, which develop peak pressures
of 50 atmospheres and hot-space tempera-
tures of 1.350 degrees F., weigh 10 to 20
pounds per horsepower, and production
models can be made lighter still.

A particularly striking example of the
gains brought by modern metals is af-
forded by the regenerator. In the Stirling
engine, the regenerator consisted of a
series of closely spaced thin iron plates.
This arrangement had too little surface
area for rapid heat transfer and the
plates so impeded the flow of air that the
regenerator was often Jeft out. In the
Philips engine. a coil of fine steel wire,
crimped to expose more surface, takes
the place of the iron plates. The wire coil
is a heat-transfer agent of astonishing
effectiveness. It heats the air flowing
through it from 250 degrees F. to 1.100

HOT SPACE —— HEATER

TRANSFER

REGENERATOR PISTON

COOLER

WORKING PISTON

THE AIR ENGINE has an unusual but simple principle of operation. Heat
is applied outside the engine by burner (top). Air in “hot space” is heated,
pushing working piston downward to rotate crankshaft (bottom). Working
piston merely helps displace air. Cycle of operation is depicted on page 55.
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A CLASSIFICATION OF
HEAT ENGINES

The air engine has a unique place among the devices
designed to obtain mechanical energy from heat. In this
chart the heat engines have been considerably simplified
to show their fundamental principles of operation. The
application of heat is indicated by red areas. In many
heat engines efficiency is cut down because much heat
is wasted. Outstanding exceptions are the air engine and
the closed cycle gas turbine, which conserve heat by re-
cycling working medium. The two should prove com-
plementary. The air engine is most efficient at low horse-
power, the closed cycle turbine at high horsepower.

e ——— e — |

Method of | piSTON ENGINES | PISTONLESS ENGINES

heat transfer

DIRECT,
without
oxygen
from air

T— =

DIRECT,
with

oxygen
from air

INDIRECT,
working

medium in
two phases

INDIRECT,
working

medium in
one phase
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degrees and then cools it again to 250 de-
grees—and it accomplishes this no less
than 3,000 times a minute.

The single-cylinder Philips engine uti-
lizes a transfer piston, an especially in-
genious feature of the Stirling engine.
In single-cylinder air engines, it is neces-
sary to have two pistons: one to move air
from the cold space to the hot, and the
other to move it back. Theoretically, both
of these pistons would have to operate
under pressure, since the first piston
would serve to compress the cold air and
the second would take up the expansion
of the heated air. Such an arrangement,
however, would introduce large friction
losses, for the pistons must be fitted
tightly to prevent the leakage of air. Two
pistons working under pressure in a sin-
gle cylinder would be impractical. The
problem is dealt with by making one of
the pistons merely a transfer piston, i.e.,
one which displaces the charge of air from
one space to the other, and by using the
second piston for both pressure strokes.
How this works is shown in the diagram
at the top of page 55.

NE OF THE major attractions of the

air engine is that it is inherently sim-
pler and longer-wearing than comparable
internal combustion engines. It can be
designed so that all wearing parts are at
the cold end of the cylinder. By means
of an air cooler supplementing the re-
generator, the cold end can be kept below
the temperature of boiling water. Thus
wear due to heat is reduced to a minimum.
A second advantage is that, in contrast
with the explosive gas expansion in an
internal combustion engine, the heated
air expands with relative slowness, -re-
sulting not only in less wear but in
quieter operation. Third, the combustion
being external, there is no deposition of
carbon on the working parts. Fourth, the
air engine has no valves. In most recipro-
cating engines, valves are required be-
cause the cylinders must be opened once
during each cycle. In the internal combus-
tion engine, cylinders are opened to re-
ceive air and fuel and dispose of the
products of combustion; in the steam
engine, to receive the charge of steam
from the boiler and, after it is spent, ex-
haust it to the condenser. The air-engine
cylinder, on the other hand, needs no
valves because it is a completely enclosed
system that requires no intake of air or
fuel, and the movement of air within the
system is entirely controlled by the pis-
tons.

Multiple-cylinder air engines of large
horsepowers can be constructed by assem-
bling single-cylinder engines. However,
Philips has worked out an even simpler
arrangement that eliminates the transfer
piston. In this, there are as many air sys-
tems as there are cylinders, but each
system consists of the top half of one
cylinder as hot space and the bottom half
of the next cylinder as cold space; the



SINGLE-CYLINDER air engine requires two pistons.
In first drawing working piston (bottom) pushes air up
into hot space (red area) . Air is partly heated by passing
through wire regenerator coil at the sides. Transfer

piston (top) then moves down, pushing more cold air
into hot space. In third drawing heat expands air, push-
ing working piston downward. Cycle is completed when
transfer piston removes remaining air from hot space.

flow of air. via heater, regenerator and
cooler, is between one cylinder and an-
other, not between the top and bottom of
each cylinder. When the pistons are made
to work in the proper order, the expansion
in the top of a cylinder coincides with a
cold compression and cold transfer in the
bottom half of the same cylinder (though
the latter is actually the cold stage of the
next air system). Each piston serves
simultaneously as working piston and
compression-and-transfer piston. The en-
gine therefore has only one piston for each
cylinder, which seems as simple a design
as is possible in a reciprocating engine.

Of the air engine’s disadvantages, the
most important is the fact that it does not
start instantly. Like other external com-
bustion engines, it must be warmed up.
This may bar the air engine from many
automotive applications. But in some—in
farm machinery, for instance—slow start-

ing is not enough of a handicap to nullify
the air engine’s other advantages. In other
fields. such as small power-producing
plants. refrigeration plants and small
motor ships and boats, where instant start-
ing has no special value, the air engine’s
ability to operate on low-grade fuels with
a minimum of maintenance and repair
should prove decisive.

The air engine’s independence of liquid
fuels gives it a great advantage over in-
ternal combustion engines and over most
versions of the new gas turbine. Gas tur-
bines usually require liquid fuels because
the turbine wheel is spun by combustion
gases. An effort has been made to adapt
some gas turbines to powdered coal, but
no practical success has yet been attained.

Another kind of air engine now under
test is the Swiss Ackeret-Keller turbine,
an external combustion engine which has
a cycle exactly like that of the air engine

except that a turbine replaces the piston.
Air passes successively through a com-
pressor. a regenerator, an “air boiler.” the
turbine, and finally through the regenera-
tor and a cooler back to the starting point.
The Ackeret-Keller turbine operates on
any fuel and promises a thermal efficiency
higher than that of the steam turbine.

Thus it appears that in the near future
air engines may be available throughout
the whole span of the horsepower spec-
trum: Ackeret-Keller air turbines in the
high horsepowers where turbines are pref-
erable, and Philips air engines at low
and medium horsepowers where recipro-
cating engines are the most efficient prime
movers.

e ———

Leonard Engel is a writer of arti-
cles on scientific and other topics.

MULTI-CYLINDER engine requires only one piston in
each cylinder instead of two. Each piston becomes a
combined working piston and transfer piston. Cylinders
are connected so that hottom of each piston pushes air

into the hot space of the next cylinder. The top of each
piston is pushed down by expanding air in the hot space.
All pistons are connected in this manner, but here
connection of piston at far left has been omitted.
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THE AGING NEWTON was “the recipient of honors  thropic and was knighted by Queen Anne....” The por-

and good fortune of every description. He . . . became a trait from which this contemporary engraving was made
counselor to young scientists, grew rich and philan- was painted by Sir Godfrey Kneller, the noted artist.
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by James R. Newman

N Christmas dav. 1642, in the year
when Galileo died, there was horn

in the Manor House of Wools-
thorpe-by-Colsterworth a male infant. so
tiny that, as his mother told him in later
years, he might have been put into a quart
mug, so frail that he had to wear “a bol-
ster around his neck to support his head.”
This unfortunate creature was. the parish
register reads, “Iraac, sonne of Isaac and
Hanna Newton.” There is no record that
wise men honored the occasion, yet the
child was father to a man who altered the
thought and habit of the world.

The English Royal Society, over which
Isaac Newton presided for almost a quar-
ter century, planned to celebrate the ter-
centenary of his birth in 1942, (Strangely,
this was to be the first international event
in Newton’s honor since one that took
place during his life. when he was elected
a foreign associate of the French Academy
of Sciences.) Postponed because of the
war, the celebration was finally held at
London and Cambridge in July of 1946.
With representatives of 35 nations attend-
ing, it was an international gathering such
as had rarely been convoked even hefore
passports, iron curtains and the congeal-
ing effects of security persuaded many a
traveler to stay home.

A number of the lectures delivered on
the occasion have heen collected by the
Cambridge University Press in a new book
called “Newton’s Tercentenary Celebra-
tion.” This slender, handsomely printed
volume is a worthy record of the celebra-
tion and a credit to the Press. Among its
contributors are Sir Robert Robinson,
president of the Royal Society; E. N. da
C. Andrade; H. W. Turnbull, and such
eminent non-British scientists as Niels
Bohr of Denmark and S. I. Vavilov of the
U.S.S.R. The tributes here offered to New-
ton’s memory concern various aspects of
his work and deal also with the man him-
self. In every sense it is a fine book with
as much meaning for the plain. thoughtful
man as for the scientist.

I found of especial interest the intro-
ductory lecture by Professor Andrade, a
lucid survey of Newton’s vast achieve-
ments. and the brilliant paper “Newton
the Man.” prepared by Lord Keynes but
delivered. because of his death, by his
brother Geuffrey Keynes. Andrade’s lec-

BOOKS

A fine collection of essays about Isaac Newton, both the man

and his accomplishments, on the occasion of his tercentenary

ture, without giving new facts. tells
Newton’s story more gracefully and con-
vincingly than this reviewer has heard it
told before; the fragment by Lord Keynes
(it was never completed), a fresh ap-
praisal based on unpublished manuscripts
and personal papers in his possession. is
enriched by the imagination and color
which Keynes brought to much of his writ-
ing.

[t is possible to construct a brief biogra-
phy from these essays. Newton had a
happy, normal childhood with little to
foreshadow the flowering of his genius.
At 18, having done “well enough at school
and badly enough as a farmer.” he was
sent to Cambridge, where he came under
the influence of the mathematician Isaac
Barrow. It was Barrow who trained New-
ton, early recognized his powers and, eight

PHILOSOPHI A W
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PRINCIPIA
MATHEMATICA
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R N S SR
TITLE PAGE of Newton’s great
Principia also hears name of Pepys,
then president of the Royal Society.

years later, voluntarily relinquished his
chair in mathematics to his pupil—surely
a rare phenomenon in academic life.

By the time he became a “senior sophis-
ter” in 1664, Newton had begun to show
a deep interest in mathematics and natu-
ral philosophy. Still, his university years
were not all grind. His expense account
shows—Desides such items as “magnet,
0-16-0” and “the hist. of the Royal Society,
0-7-0"—more frivolous entries: *“at the
tavern twice, 0-3-6,” “‘at the tavern several
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other times, 1-0-0” and even “‘lost at cards
twice, 0-15-0.”

In 1665 Newton was back at Wools-
thorpe. having been forced by the plague
to leave Cambridge. There, in two years
of benign solitude, he “laid the founda-
tions of his work in the three great fields
with which his name is forever associated
—the calculus, the nature of white light,
and universal gravitation.” It was an in-
credible achievement. Yet there is little to
show how Newton’s mind evolved these
discoveries other than a few words in a
memorandum that he wrote when he was
73: “All this was in the two plague years
of 1665 and 1666, for in those days I was
in the prime of my age for invention, and
minded mathematics and philosophy more
than at any time since.”

It would be a mistake, of course, to
infer that these brilliant conceptions came
to Newton’s mind suddenly and that noth-
ing in the intellectual life of the time had
opened the way for them. The calculus,
as he proposed it. was a “correlation of
what he [had] learned from Descartes,
Wallis and Barrow, combined with his
original methods of infinite series and their
reversion.” It was a wonderful creation
but not without forebears. His mechan-
ics of the universe, set forth in the great
Principia, was the culmination, as he rec-
ognized and stated, of the work begun by
Copernicus and richly enlarged by Tycho
Brahe, Kepler and Galileo. The famous
discoveries presented in his Opticks were
built on only meager foundations laid by
earlier scientists. But altogether the pre-
ceding period was not so dark nor New-
ton’s illumination so unexpected as is
sometimes supposed. Great ideas emerge
from the common cauldron of intellectual
activity and are rarely cooked up in pri-
vate kettles from original recipes.

HE book has some interesting obser-

vations on the celebrated tale of the
falling apple. which, like the account of
Galileo’s experiments with heavy bodies
dropped from the tower of Pisa, has not
had a kind reception from modern histo-
rians of science. Andrade credits Stuke-
ley’s report of a conversation in which the
aged Newton said that while he was
“thinking of what pull could hold the
moon in its path, the fall of the apple put
it into his head that it might be the same
gravitational pull, suitably diminished by
distance, as acted on the apple.” This ac-
count is more plausible than the one which
implies that the mere fall of an apple
first suggested the universal principle of
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gravitation. Falling apples, after all, are
commonplace and one might wonder why
they did not suggest gravitation to some
earlier scientist.

Newton had both a “horror of contro-
versy” and the related habit of postponing
for years publication or even informal
disclosure of his results. His mathematical
inventions of both the generalized bino-
mial theorem and of the calculus he gave
to Barrow in 1669 when he started to lec-
ture at Cambridge, but the manuscript
was not published until 1711. This post-
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ILLUSTRATION from the Principia
depicts hehavior of moving hodies
accelerated in the same direction.

ponement was partly responsible for New-
ton’s famous controversy with Leibnitz
over the invention of the calculus.

In 1671 Newton sent Oldenburg, secre-
tary of the Royal Society, an account of
his experiments with light: “being in my
judgement the oddest, if not the most con-
siderable detection, which hath hitherto
been made in the operation of nature.”
Again, the book itself did not appear until
the next century.

HE circumstances surrounding the

writing and publication of the Princi-
pia are elements in the case study of a
great man’s neuroses. It was characteristic
of Newton’s temperament to labor in vol-
canic fits and starts and to alternate his
efforts between science, theology and the
occult. In 1675, when he was urged to ex-
press himself on the subject of planetary
motions, it happened, as he said, that he
had developed a “great distaste for sci-
ence.” Indeed, one may doubt whether he
would have assembled his conclusions and
completed his system had he not been, as
he wrote, “spurred, cajoled and impor-
tuned” by his admirers and his detractors.
The grand unifying principle of gravita-
tion occurred to him, as I have mentioned,
in his meditations at Woolsthorpe. During
the ensuing years he had repeatedly re-
turned to the problem of explaining the
motions of the physical universe, but for
variousreasons he had not forced his mind
to the summit. His disinclination to pursue
the matter beyond writing a little book,
De Motu Corporum, is expressed in a let-
ter to Robert Hooke in 1679. “But yet my
affection to philosophy [i.e., science] be-
ing worn out so that I am almost as little
concerned about it as one tradesman uses
to be about another man’s trade or a coun-
tryman about learning, I must acknowl-
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edge myself averse from spending the
time in writing about it which I think I can
spend otherwise more to my own content
and to the good of others: and I hope
neither you nor anybody else will blame
for this averseness.”

It was not for this averseness that
Newton was blamed. Instead, Hooke, hav-
ing independently concluded that the mo-
tion of the planets could be explained on
the basis of an inverse square law of at-
traction, was furious when the Principia
appeared with his name not even men-
tioned in the preface. Newton, vexed be-
yond bounds by Hooke’s contentiousness.
threatened, as Andrade says, “to suppress
the third book of the Principia which is
the crown of the work and contains the
celestial mechanics.” It was the occasion
for Newton’s famous lament: “Philosophy
is such an impertinently litigous lady,
that a man had as good be engaged in
lawsuits, as to have to do with her.”

Despite the bitter controversy, there
emerged unscathed what remains to mod-
ern times the supreme scientific creation,
“preéminent,” Laplace said, “above any
other production of human genius.” Nor
has time altered this judgment. Einstein.
referring to the Principia, has said that to
Newton nature was “an open book,
whose letters he could read without ef-
fort.” The late Sir Arthur Eddington,
answering those who with the coming of
relativity would reduce Newton’s status to
that of an honored relic, wrote: “To sup-
pose that Newton’s great scientific reputa-
tion is tossing up and down on these latter-
day revolutions is to confuse science with
omniscience.”-

The first book of the Principia deduces
the laws of simple orbits, those already
set forth by Kepler, from the “vast gen-
eralization that every mass point attracts
every other mass point” according to the
law of inverse squares. (From this it fol-
lows directly that the path of each planet
is an ellipse.) It gives also the complete
laws of impact of two bodies. The second
book treats of “motion in a resisting me-
dium” and tackles the complex problems
of the motion of fluids. Hear Newton’s
words (“like the third movement of a
supreme symphony . . . with a recapitula-
tion of previous themes and short state-
ment of the new theme”) as he opens the
third book:

“In the preceding books I have laid
down the principles of philosophy; prin-
ciples not philosophical but mathematical.
. .. These principles are. the laws and
conditions of certain motions, and powers
or forces. which chiefly have respect to
philosophy. But lest they should have ap-
peared of themselves dry and barren, I
have illustrated them here and there, with
some philosophical scholiums, giving an
account of such things ... as the density
and resistance of bodies, spaces void of
all bodies, and the motion of light and
sounds. It remains. that from the same

© 1948 SCIENTIFIC AMERICAN, INC

principles, I now demonstrate the frame
of the System of the World.”

In the third book, as outlined by
Andrade in a formidable list. are estab-
lished the motions of the planets; the
masses of the sun and of the planets which
have satellites (a feat which Adam Smith
considered to be “above the reach of hu-
man reason and experience”) ; the density
of the earth, estimated at “between five
and six times that of water” (the accepted
figure today is 5.5) ; the conical motion of
the earth’s axis (the precession of the
equinoxes) ; the foundation for the theory
of tides; the orbits of the comets; the ir-
regularities of the moon’s motion due to
the pull of the sun; and “the flattened
figure of the earth.”

The Principia is a difficult work, writ-
ten in a style of “glacial remoteness,”
without concession to the reader, in the
aloof manner of “a high priest.” This fact
was recognized by Newton. “Upon this
subject,” he wrote, “I had, indeed, com-
posed the third book in a popular method,
that it might be read by many, but after-
wards, considering that such as had not
sufficiently entered into the principles
could not easily discern the strength of
the consequences, nor lay aside the preju-
dices to which they had been many years
accustomed, therefore, to prevent the dis-
putes which might be raised upon such
accounts, I chose to reduce the substance
of this Book into the form of Propositions
(in the mathematical way), which should
be read by those only who had first made
themselves masters of the principles estab-
lished in the preceding Books: not that I
would advise anyone to the previous study
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WAVE BEHAVIOR similar to that
which causes diffraction is explained
in cut for passage in the Principia.

of every Proposition of those Books; for
they abound with such as might cost too
much time. even to readers of good mathe-
matical learning . ..”

ILLIAM WHEWELL, the 19th-cen-

tury Master of Trinity. expressed
well Newton’s incomparable talent in the
use of geometric methods. “As we read
the Principia,” he wrote, “we feel as when
we are in an ancient armoury where the
weapons are of gigantic size; and as we



look at them we marvel what manner of
man he was who could use as a weapon
what we can scarcely lift as a burden.”

With the completion of the Principia
Newton’s consuming interest in science
was spent. Political and other distractions
now claimed him. As an M.P. for Cam-
bridge there is, to be sure, no evidence
that he made a splash. (There is an anec-
dote, perhaps apocryphal, to the effect
that his only recorded utterance in Par-
liament was to ask that a functionary
close a window which was causing a
draft.) But after he had fallen into a pe-
riod of “melancholy” and prolonged sleep-
lessness. when he lost, as he said, “the
former consistency” of his mind, he re-
cuperated fully to take on the post of
Warden, and later, Master of the Mint.
Though a lucrative post, this was not a
sinecure, and he found his time occupied
in the details of developing a new coinage
system.

More than 30 years remained to him
during which he was the recipient of hon-
ors and good fortune of every description.
He supervised new editions of his works,
became a counselor and patron to young
scientists, grew rich and philanthropic
and was knighted by Queen Anne, an
honor. Andrade says, that had never be-
fore been conferred for services to science.
In the warmth of adulation he relaxed his
reserve, if not to the point of affability at
least to the extent of a ready graciousness
and seignorial benevolence; he even remi-
nisced more or less freely for the benefit
of contemporary biographers and racon-
teurs. When Newton died in his 85th year,
his body lay in state in the Jerusalem
Chamber of Westminster Abbey and none
less than the Lord High Chancellor, two
dukes and three earls carried his pall.
This, Andrade remarks, “meant some-
thing in those days.”

This is a bare synopsis of Newton’s life
and work. What about the man himself, in
appearance and temper? Newton was of
medium height, “exceptionally well set,”
with abundant hair that turned gray at
30 and silver white in later years. Two
portraits reproduced in this volume show
him as a strikingly handsome man. In
later life he grew a trifle heavy and pink-
faced. “When he rode in his coach,” says
a contemporary, “one arm would be out
of his coach on one side and the other on
the other”; with his peruke off he was “a
venerable sight.”

His working and sleeping habits were
irregular but this did not seem to impair
his health, which, save for rare intervals,
was excellent. While he wrote the Princi-
pia, being then in the mood both for his
theoretical inquiries and for experiments
in chemistry and alchemy, the fire in his
“elaboratory” scarcely went out for six
weeks at a time. Only superlatives serve
to describe his thunderbolts of insight. A
problem set by the eminent Bernoulli as a
challenge to “the acutest mathematicians
in the world” came to him one afternoon

by post and he solved it before going to
bed. In 1716, when Leibnitz presented a
problem “for the purpose of feeling the
pulse of the English analysts,” it was also
solved by Newton in a few hours. Repeat-
edly Newton, as Augustus De Morgan
once wrote, seemed “to know more than he
could possibly have any means of prov-
ing.” Halley once asked Newton how he
knew and whether he had proved a cer-
tain discovery about planetary motion
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NEWTON’S TOMB is in England’s
Westminster Abbey. He died on
March 20,1727, at the ripe age of 85.

which Newton had just imparted to him.
“Newton was taken aback—‘Why, I've
known it for years,” he replied. ‘If you’ll
give me a few days, I'll certainly find you
a proof of it'—and in due course he did.”
Asked how he made his discoveries, he
once said, “By always thinking unto them”
and again, “I keep the subject constantly
before me and wait till the first dawnings
open little by little into the full light.”

Newton left behind a mass of unpub-
lished papers: half a million words on
alchemy; 1,300,000 words on theology;
assorted and voluminous notes and letters.
(Some of the material was in the Ports-
mouth collection acquired at auction by
Lord Keynes.) No competent scholar has
ever sifted the papers with care. A nervous
bishop of the 18th century took one look
at the theological manuscripts and put
them aside “with horror”; others were
equally disinclined to pry.

Even in his brief scrutiny of the unpub-
lished material Keynes gathered insights
more acute than those of earlier biogra-
phers. The conventional picture of Newton
as the supreme rationalist, “one who
taught us to think on the lines of cold and
untinctured reason,” is false. Newton was
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not, said Keynes. the first man in the age
of reason. “He was the last of the magi-
cians, the last of the Babylonians and
Sumerians, the last great mind which
looked out on the visible and intellectual
world with the same eyes as those who
began to build our intellectual inheritance
rather less than 10,000 years ago.” He was
also a “profound neurotic.” This went far
beyond mere shyness, reserve, inwardness
and distrust. He cared nothing for women;
he found it difficult to give anything of
himself, to part with anything he created.
Pride of accomplishment and the desire
for recognition, both normal, were count-
ered in Newton by a morbid fear of criti-
cism and the neurotic instinct not to re-
veal his thoughts. It seems clear, and for
this we may be thankful, that Newton’s
inner life was richer by just so much as
he was incapable of imparting to others;
his meditations were serene and undis-
turbed because when engaged upon them,
for however extended a period. the world
around him ceased to exist. This may ex-
plain how he was able to perform the feat
of keeping the elements of a problem in
uninterrupted focus “until he had seen
straight through it.” As Keynes said, any-
one who has tried to concentrate fully
upon a problem knows that despite the
most intense concentration “it will dissolve
and escape.”

HOUGH he was master of reason,

Newton’s deepest instincts were “oc-
cult, esoteric, semantic.” He looked on the
universe, says Keynes, as a riddle. He felt
that if he thought long and hard and
focused his attention on the clues left by
God it would all become clear. He would
read the “riddle of the Godhead” as he
had read the riddle of heaven and earth.
If this explanation suffices for the works
for which he is remembered, it will suffice
to explain the theological and Hermetic
writings which constitute the bulk of his
utterances and (since he kept them locked
in strong boxes and never consented to
disclose their revelations) probably the
most precious part of his work.

“I do not know,” said Newton shortly
before his death, “what I may appear to
the world; but to myself I seem to have
been only like a boy, playing on the sea-
shore, and diverting myself, in now and
then finding a smoother pebble or a pret-
tier shell than ordinary, while the great
ocean of truth lay all undiscovered before
me.” Despite its orotund style, the com-
ment was probably sincere. Newton was a
mixture of scientist and mystic; a flux of
contradictory inclinations and diverse
powers; a spirit both shining and inscrut-
able; a mind, in Wordsworth’s lines, for-
ever “voyaging through strange seas of
thought alone.”

————

James R. Newman is an attorney, visiting
lecturer at Yale Law School and by avo-
cation a writer on scientific subjects.
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4” ACHROMATIC LENS
Harry Ross Series of
‘““Doublestar” Refrac-
tors, 4” aperture
(100mm), 60” focal
length (1500mm). An
air spaced lens, strain
free mounted in a
smooth aluminum fin-
ished satin-black bar-
rel. This lens is an ex-
clusive Harry Ross
product. It has a money back guarantee which
states, “This lens will meet any and every test
you may devise for it as an astronomical ob-
jective.” No better lens was ever made.
Postpaid $125
4” Objective Lens—same type as above only 32"
focal length (800mm). Postpaid $150

SIMPLIFIED
EYEPIECE HOLDER

Now you can afford
to own an accurate
easy-to-line-up,
smooth-focusing eye-
piece mount with the
diagonal support
built into the unit.
Focusing tube auto-
matically lines up
with the center of
telescope tube. Sim-
ple to attach; drill
only 5 holes. Costs
but a fraction of a specially made unit.

Inside diameter 114" Price $3.50
Extension tubes for nearby objects, fits above
114”7 1.D. Price $1.50

STEAM ENGINE

Miniature Steam
Engine completely
assembled ready
for steam. Strongly
made of bronze,
and iron. A
practical working
model that per-
forms and operates
like a real steam engine. Made to exact scale.
Educational, instructive, entertaining and dec-
orative. For students, experimenters, display.
Can be employed as aerating pump for tropical
fish tank. Many other uses. Specifications : Bore
Y16 ; Stroke 1144” ; length of base 6” ; height 3” ;
weight 2 pounds. Finished in red enamel with
brass trim. With 15 1bs. pressure engine delivers
almost ¥4 H.D’. P’rice $17.50

f“"t

STEAM BOILER

Miniaturereal pow-
er Steam Boiler of
cast bronze
end plates
silver sol-
dered to
brass tub-
ing. Tested
to with-
stand 300
1bs. pres-
sure. Safe!
Enclosed in
sheet iron
housing.
Uses one or
two ‘““Sterno’’ cans for heat. Dimensions
614”x31,"x81%"”. Weight 4 pounds. Fittings in-
clude safety valve, pressure gauge, throttle;
connecting steam pipe of copper with oil
vent ; wrenches. Natural rolled iron, bronze,
brass and enamel finish. One pint water will
run 2 hours, giving steady volume of steam at
15 1bs. pressure. Price $22.50

MICROSCOPES

TUsed. Guaranteed in excellent op-
tical and mechanical condition.
Ready to use Standard size Bausch
& Lomb, Spencer, Leitz, etc.

2 Objectives, 2 Oculars, power
60x, 100x, 270x and 450x now
$65.00 net. Above plus oil-immer-
sion lens giving added 600x and
1000x and also including Abbe
condenser now $125.00 net. Ex-
press Collect.

Include Postage—Remit with Order

Send 30¢ for Up-to-minute Catalog

HARRY ROSS

MICROSCOPES—TELESCOPES

Scientific and Laboratory Apparatus
70 West Broadway, New York 7, N. Y.
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Conducted by Albert G. Ingalls

OT in the 22 years since the book
Amateur Telescope Making altered
a little-known art into a nationwide
hobby has this magazine learned of as
finished an amateur’s telescope as the one
described this month. Since the telescope
was made in Scotland this may be a good
time to put aside that tiresome boast about
“Yankee ingenuity.”
If about 170 hours suffice to make a
six-inch refractor that is serviceable and

THE AMATELR

satisfactory, what accounts for the 17.000
hours of spare-time work that Robert
Louis Waland, a Dumfries aircraft factory
employee. gave to this telescope over a
period of 11 years? Extras? The answer
is yes—two attached star cameras, a drive
that was an immense job in itself and a
synchronome clock. But mainly it was
high standards of design and exquisite
workmanship throughout.

Waland began, as is recommended, by
making a reflector. On the refractor shown
here. which was his next, he was helped
by Ellison and Dr. E. A. Baker of the
Royal Observatory at Edinburgh and by
Amateur Telescope Making—Advanced.

The lower part of Waland’s telescope
pedestal is made of aluminum cast in two

Waland’s six-inch refracting telescope with star cameras

© 1948 SCIENTIFIC AMERICAN, INC



ASTRONOMER

parts. The upper part is of steel tubing.
These parts and the mounting are blue-
gray. The tube and cameras are cream.
The upper camera has an f4.5. five-inch
photographic doublet lens. The lower one
is a 5Vo-inch Schmidt.

On the right is a two-inch star finder
and on the left a little 6X telescope for
viewing the illuminated declination circle
without leaving the eyepiece; Waland
claims he is “lazy”! The eyepiece end has
a penta-prism star diagonal and guiding
head, hence does not revert the image.
Why aren’t there more of these?

The synchronome clock shown in the
illustration controls an induction motor
that runs the drive on the pedestal and
this, the job Waland says he is most proud
of, cannot here be described for lack of
space. He barely mentioned the clock, a
type accurate to one second a week. and
was asked why. His reply: “It’s just an
ordinary synchronome I made.” He also
omitted to mention the optics and was
queried: “Where did you buy them?”
Reply: “What! And deprive myself of all
that pleasure? All optics home-brewed in-
cluding 11 eyepieces.” Perhaps these two
full-sized jobs looked minor against a
17,000-hour total.

By accident Dr. Erwin Finlay Freund-
lich, before Nazi days founder and direc-
tor of the Einstein Institute (“Einstein
Tower”) and now at the University of St.
Andrews, learned of Waland’s telescope.
The outcome: Waland is now instrument
maker at St. Andrews and is building the
University a 30-36-inch Schmidt-Casse-
grainian telescope.

Wartime restrictions kept Waland from
building an observatory from new mate-
rials. But now he has found some second-
hand steel and can at last have a private
observatory at his new home “Orlington,”
which is in Priestden Place, St. Andrews,
Fife, Scotland.

The remaining description is primarily
for telescope makers who wish to study
closely the details of this advanced tele-
scope. Waland writes:

“The axes are made from three-inch
heavy seamless steel tubing. The design is
such that the 1V5-inch inner shafts carry
no weight, except in the case of the coun-
terweight. The “bottleneck’ is made from
solid steel 3% inches in diameter.

“The lower end of the polar axis has a
handwheel for quick motion in right
ascension and an hour circle for direct
setting. This circle is free to rotate on the
polar axis and is set by the hand knob at
the top. The time shown by the indicator
on the axis housing corresponds to the
sidereal time at the moment. The tele-
scope is then rotated on the polar axis
until the lower indicator, which rotates
with it (being attached to the inner shaft),
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LAMPS

Photograph 3 times actual size
. Glass Bulb 13” x 3"
Mazda G.E. 323 3V. 194

Used for illuminating meters,
compaess dials, airplane instru-

ments, etc. TN

Soldering iron removes lamp
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from base to use in models, doll
houses, miniature trains, Xmas
trees, etc.

LU ST e
ALNICO FIELD MOTOR

This is perhaps the
WORLD'S
SMALLEST

MOTOR
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HEVERSINLE DRIVE O

o
SUNSPOT VIEWERS. Govt. Surplus. Well made.
Lots of fun for young and old!

30c¢ postpaid, 3 for $1.00. While they last!
BLAN, 64-P Dey Street, New York 7, N. Y.

Our newly developed

HARD BER-AL COATINGS

are replacing other types of front sur-
face mirror coatings for optical surfaces,
because:

HARD BER-AL COATINGS retain the
excellent optical characteristics of Alumi-
num coatings, in the visual as well as the
ultra-violet portions of the spectrum. They
do NOT contain Chromium and are NOT
covered with porous over coatings of
fluorides or silicates.

HARD BER-AL COATINGS can there-
fore be removed easily when desired and
since they have no additional affinity for
moisture, they are long lived.

HARD BER-AL COATINGS will with-
stand the heat in high wattage incandes-

cent and high intensity arc projector lamp
housings.

Prices for coating telescope mirrors, 6"
diam.—$2.50, 8“—$3.50, 10”"—$5.00
and 12'2"—$8.00, f.o.b. Chicago.

LEROY M. E. CLAUSING

4544 N. Western Ave. Chicago, Il

RAMSDEN EYEPIECES
Va"-147-1571" E.F.L. standard 1%"” O.D.
each $5.10—immediate dellvery
EQUATORIAL MOUNTINGS 6” $130
Combination Eyepiece and Prism Holder
Plain Sliding Adjustment $10
Mirror cell with ring for tube 6”—$20
Prisms highest quality

Price List on request.

C. C. YOUNG

25 Richard Road East Hartford 8, Conn.
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WAR SURPLUS
BARGAINS

ASSEMBLE YOUR OWN BINOCULARS

Complete Optics! Complete Metal Parts!
Save More Than !/ Reqular Cost

¥ E

METAL PARTS—Set
includes all Metal Parts
—completely finished—
for assembly of 7 x 50
Binoculars. No machin-
ing required. Bodies
have heen factory hinged
and covered. A sturdy
Binocular Ca ng Case
is optional with each set
of Metal Parts

Stock = 842-S..$39.40
Postpaid plus $4.80 for
Case—Total $44.20.

OPTICS—Set includes all Lenses and Prisms you need for
assembling 7 x 50 Binoculars. These Optics are in excellent
condition—perfect or near perfect—and have new low re-
flection coating.

Stock # 5102-S.........7 x 50 Optics... $25.00 Postpaid
NOTICE! Add 20% Federal Excise Tax to ahove prices if
you order both Binocular Opties and Binocular Metal Parts.

ARMY'S 6 x 30 BINOCULARS

COMPLETE OPTICS & METAL PARTS—Model M-I13A1,
Waterproof Model, 6 x 30 Binoculars. Everythi
—ready for assembly. When finished will look Ii i
factory job costing $102 to $120. The Optics are ne
perfect or near-perfect condition. llave new low reflection
coating. Metal parts are new and perfect, all completely
tinished. No machining required. Bodies factory hinged and
covered. Complete assembly instructions included.

Stock # 830-S $40.00 Postpaid
plus $8.00 tax—Total $48.00.

8 POWER ELBOW TELESCOPE

Gov’t Cost $200.00! Our Price $17.50!
Big 27 diameter objective. All lenses Achromatic. Amici
prism erects the image. 4 bhuilt-in filters—ucl amber.,
neutral and red. Slightly used eondition hut all guarantced
for perfect working order. Weight 5 Ihs. an he carried hut
a trifie bulky. Excellent for finder on Astronomical Tele-

Stock = 943-S $17.50 Postpaid

POLARIZING OPTICAL RING SIGHT

iUnmounted) Used in gun sights —especially for shot-

5. As you look through, you see a series of rings that
mpose on your target. No front sight required.
Increases degree of accuracy.
Stock # 2067-S

$4.00 Postpaid

BUBBLE SEXTANT. BRAND NEW and with Automatic
Electrie Averaging Device and Illuminated Aver
for night-time use. Govt. cost $217. We h:
Bubble and collimation and guarantee perfect working order.

Stock # 933-S . $2250 Postpaid

CONDENSING LENSES—Seronds, but suitable for En-
largers and Spotlights.
Stock = 1061-S 612"
Stock = 1080-S 57 di $1.00 Postpaid
We have a lelted Quantlty of Cnnden g Lenses—scconds

ranging from 4127 to 8%%” in dia. with various focal
lengths. Send for Free Bulletin titled *“MISCELLANEOUS
CONDENSING LENSES—S”

$200.00 DRIFT METER for $5.60

These were used for determina-
tion of drift and true air speed.
You can adapt to other uses or
take apart to get 2 mounted
Achromatic Lenses—2Mlirrors
—Field Lens—DPantograph—
Engraved Scales—Sponge Rub-
ber Dyises—metal parts  and
other components. Instrument
weighs 1 Ibs.

Stock = 942-S .

..$2.50 Postpaid

$5.60 Postpaid

6 POWER GALILEAN TELESCOPE—(Commercial Sur-
plus) 28mm dia. Achromatic Objective Lens. Sturdily con-
structed of Aluminum. 77 long, extends to 9”. Complete
with carrying case.
Siwock # 941-S

$3.00 Postpaid

WE HAVE LITERALLY MILLIONS OF WAR SUR-
PLUS LENSES AND PRISMS FOR SALE AT BAR-
GAIN PRICES. WRITE FOR CATALOG *S” =—
SENT FREE.

Order by Stock No. + Satisfaction Guaranteed

EDMUND SALVAGE C(O.

P. O. AUDUBON, NEW JERSEY
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Lets Go?

namp

AVAILABLE
NOW!

U. S. ARMY and NAVY SURPLUS

HOBBYIST LENS SET

Magnifiers, reducing lenses, positives,
ete. 10 piece lens set e 20

LENSES 500,000 OF THEM

negatives,
v $1.00

ACHROMATIC TELESGDPE OBJEGT|VES—~l'erimt
government surp . These cemented achroma

are made of vn-and Flint
are fully correc ve tremendous
er. Guaranteed w uited for Astronomical
scopes, Spotting Scope
48 mm Dia. 600 mm I,

ptical g H
ving pow-
Tele-

48 mm Dia. 600 mm F.L. Coated ... ... .

78 mm Dia. 381 mm F.L. _— ea. 17.00
78 mm Dia. 3 mm F.L. Coated ea. 19.00
81 mm Dia. mm F.L. . oo 20.00
81 mm Dia. mm L. Coated 1 22.50

ASTRONOMERS ATTENTION! ARMY SURPLUS,

motion clutch. Has a 23” calibrated circle. Can be
adapted for slow motions on equatorial mounting.
dition slightly used but mechanically perfect.
Postpaid $5.00
5 POWER TANK ARTILLERY TELESCOPE (M-T1)
Brand New. Coated optics. Completely assembled.
Value § .00 $29.50
OPTICAL LENS BENCH, a necessity for designing
your own telescopes or optical instruments. Complete
with four lens holders. Postpaid $8.50
MOUNTED KELLNER EYEPIECE E.F.L., 1%” 0.D.
of brass mount 1 17/32”, clear aperture of field lens
132", eye lens 13/16”. Postpaid $2.65
KODACHROME PROJECTOR LENS SET for 35
mm slides, includes Lenses. Heat Absorhing (ilass ﬂml
Instructions. Postpaid ea. $1.9
ACHRDMATIC KODACHROME PROJECTOR LENS
SET—same as_item ahove except it has two achromat
lenses for projection purposes. Postpaid ea. $3.10
SPOTTING SCOPE or MONOCULAR lens sets. Con-
sists of Achromatic objective. 2 prisms. eye and field
lens and diagram. All lenses are cemented. Buy 2 sets
to construct a High Power Binocular.
6 Power Set .. ea. $5.00 Il Power Set...ea. $6.00
8 Power Set.. ea. 5.25 13 Power Set..ea. 7.75
27 Power Set...ca. $11.85

KELLNER
EYEPIECE
ACHROMATIC

Mounted eyepiece has 2
perfect magnesium-fluo-
ride coated achromatic
lenses 29m/m in dia. De-
signed in order to give
good eye relief, 114"
E.F.L. (8X). Outside dia. of cell 40m/m. .
Cell to fit 1%4” tube (illustrated).............

"GIANT"
WIDE ANGLE
EYEPIECE

All coated optics, mount-
ed in focusing cell, 27
clear aperture, 19

Con-

s4 00
4.50

18 mm Dia. 102 mm F.L.
23 mm Dia. 162 mm . L.
23 mm Dia. 18! mm F.L.
25 mm Dia. 122 mm F.L.
26 mm Dia. 104 mm F.L.
29 mm Dia. 51 mm F.L.
30 mm Dia. 60 mm F.L.
31 mm Dia. 124 mm F.L.
31 mm Dia. 172 mm F.L.
32 mm Dia. 132 mm F.L.
34 mm Dia. 65 mm F.L.
38 mm Dia. 130 nm I".T..
38 mm Dia. 240 mm F.L.
44 mm ])mA 189 mm I".L.

coated
coated
coated . .
coated ..
coated

coated ...

coated ..

52 mm Dia. 224 mm F.L. .
DOVE PRISM 19m/m long .
115° AMICI PRISM 10m/m Face ea. 1.25
GIANT RIGHT ANGLE PRISM 41n1/m Y
57m/m Face (flint glass) 3.00
GIANT PORRO PRISM (grooved) 41m/m
Aperture .ea. 3.25
RIGHT ANGLE PRISMS, for (lix'e(‘l positive
Thotography or astronomical telescopes.
8mm Face ea. $ .75 38mm Face ea. $1.75
23mm Face..ea. 1.25 47mm Face .ea. 3.00
30mm Face..ea. 1.75 62mm Face..ea. 6.00
PENTA PRISM 19m/m Face ea. 1.00
PENTA PRISM 40m/m Face .. . ea. 5.00
90° AMICI PRISM 21m/m Face ea. 2.00

LENSES, PRISMS, “WE HAVE THEM”
priced from 25¢ up. Send stamp for “‘Bar-
gain List’”” of War Surplus Optical Items.

A. JAEGERS
123-26A Rockaway Blvd.

smooth working worm and gear mechanism with fast “

7 x50
BINOCULARS

[ l Brand New

With
COATED

Actual

Lenses & Prisms
Photegraph
H1

e '54

These ngmﬁrent 7x50 prism binoculars were
obtained through tne Supreme Commander of
the Allied Powers. They have the brilliant
luminosity, precise clarity, and wide, undis-
torted field of view obtainable only with a
good large glass. Because 7x50 glasses give the
highest performance obtainable they are now
the official choice of the Aimy, Navy and
Marine Corps. This is your opportunity o
purchase a brand new 7x50 AT 4 OF THZ
USUAL COST. Lifetime construction. Li
welght atuminum_body. Ultra-precise optiz
sealed against mosture and dust. Unsurpassed
by any other binoculars, regardless of price.
Sold with a guarantee of complete satisfaction
or money refunded. Supply limited so don't
delay.

Price
Without Case
7x50 Uncoated 7x50 Coated
$44* $54*
*Plus 20
IMMEDIATE DELIVERY

Price With
Richly Finished Case & Straps
7x50 Uncoated 7x50 Coated

$48*  $58*
Federal Tax
WE PAY THE SHIPPING COST

| BROWNSCUPECON

Dept. 7K. 24 West 45th St

.New York 19, N Y

E.F.L. 3 Achro. lenses.
Value $125.00 Perfect 1l
$9.50
ACHROMATIC LENSES, cemented
12 mm Dia. 80 mm F.L. v $ .50
14 mm Dia. 60 mm F.L. coated .ea. 25

AMATED e

Telescope Maker

PRECISION WORKMANSHIP, QUALITY
SUPPLIES, MONEY BACK GUARANTEE
KITS - OUR SPECIALTY
COMPLETE 6” KIT . $5.50
PYREX KIT, 6” . . $7.50
Other \1/es l’mpmnonmel) Low

EVERYTHING for the

Pyl‘OX N_Ixnle to mtlu, correctly
,\1 ) hg}lred, polished, parab-
Mirrors olized and aluminized.
ALUMINIZING
We guarantee a Superior Reflecting  Surface,
Optically Correct  Finish. Will not peel or
blister. Low prices.

MIRRORS TESTED FREE
PRISMS-EYEPIECES-ACCESSORIES
FREE CATALOG

Precision Optical Supply Co.

1007 Cast 117rd SF, NMew York 59, N. Y.

MAKERS

Quality materials of the RIGHT Kkind.

6” IKit:—Glass, abrasives. pitch rouge and instrue-
tions $6.00
HOBBYGRAFS-INFORMATION-INSPECTION
EYEPIEC BS 17 for $5.00: 147 for $7.50
e benefit of ou i ovears of ex-
perience at this hobby. Free price list.

John M. Pierce, || Harvard St., Springfield, Vt.

Y4

One Déllur Euch—Posfpald
TERRESTRIAL EYEPIECE
3 lens type—1” diameter—1” fl.

Three Dollars Each—Postpaid

SUFFOLK SCIENCE SERVICE BOX 108
MANORVILLE, N. Y.

—A BINOCULAR SENSATION!—

tooamoam SO. OZONE PARK 20, N. Y. =moemodl
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* Brand New 6 x 30 Coated
¢ Individual Focus ¢ Genuine
(Ilus 20%
Leather Case $57.50 ’Fux) ¢
Limited Quantity—Order Now
SCHOENIG & CO. Mty fi

GUILD OPTICIANS Dept. C
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shows the right ascension of the object.

“The worm-wheel drive is totally en-
closed and runs in an oil bath. The second
worm-wheel reduction connects to the

clock by a driving shaft with universal
joint at both ends. The worm wheel is not
attached directly to the polar axis but is
free to rotate on the latter.

“The polar axis is driven by the worm
wheel by way of the right ascension clamp.

Lower end of the polar axis

which can be operated from the eyepiece
end of the telescope in any position of ob-
servation. The gearing seen between the
telescope tube and the declination circle
transmits the power. The clamp takes the
form of a V-shaped pulley attached to the
worm wheel and surrounded completely
by a V-ring (like a V-belt on a pulley).
The ring is clamped by a screw. This
screw is operated by two universal joints
and a sliding. keyed shaft. This compen-
sates for the slight lack of alignment and
varying distance. which results from the
operation of the right ascension slow-
motion tangential lever. This lever is

The two axes from below

L-shaped and pivoted where the le-:s meet.
and is also operated by a second set of
gears beyond the declination circle. The
movement is transmitted through the rod
which can be seen running parallel to the
declination axis. The end of this lever is
seen above the worm housing. This screw
motion applied by hand is opposed by a
powerful spring operating on the other
arm of the lever. This cuts out backlash
and its evil effects. The same lever is at-
tached to a V-shaped casting seen below
which transmits the motion to the declina-



tion axis by way of the pivot point of the
lever, using the clamp also as a pivot. This
imparts a rotation to the polar axis and is
quite independent of the clock drive.”

HROUGHOUT much of the literature

of telescope mirror-making the terms
parabola and paraboloid are used inter-
changeably as if the two were synony-
mous. Of course nearly everybody under-
stands what is meant, a paraboloid being
the two-dimensional surface generated
when the one-dimensional curve called a
parabola is rotated about its axis. The
escape from the alleged crime is that when
a mirror is called a parabola its cross
section is described.

L

inch. If the telescope is not on a mounting
it can itself be moved a little. The chances
are that the average observer does these
things unconsciously, but it is instructive
to realize what he is doing and why.

OULD a large flat be made by attach-
ing several small flats to a rigid back-

ing and adjusting them to a single plane?
Readers who have asked this question will
find interest in a report by Professor Ar-
thur Howe Carpenter of La Grange, Il
“I made it work,” he says. “When I
corrected the secondary for my 20%4-inch
Cassegrainian telescope I needed a flat of
the same diameter for use in figuring the
secondary. Having three 10-inch flats on

The two axes from above. At right, the telescope tube

What more rightfully rubs the mathe-
matician’s whiskers backward is calling
the paraboloid a curve. Being two-dimen-
sional, it is a surface. In sum, then:

Parabola: one-dimensional, curve.

Paraboloid: two-dimensional, surface.

ALKDEN of London mentions a
wrinkle for observing with his rich-
est-field telescope. In an ordinary straight
view where the telescope tube is fixed, as
on a mounting, the central 20 degrees of
the field may be good and the margins
fairly good, until you swivel your eye to
get a direct look at them with the central
part of the retina. Then they seem strange-
ly dim and also have poor definition.
What you have done, Walkden points
out, is to move the crystalline lens of the
eye sidewise from the Ramsden circle so
only a crescent of the lens and the tele-
scope mirror remain in use. This is be-
cause the Ramsden circle is so close to the
size of the eye lens; you planned it that
way when you designed the telescope.
The wrinkle is simply to compensate
this partial eclipse by moving the whole
head in the opposite direction an amount
which will come to about a seventh of an

hand I silvered them and set them up—
the three arranged in triangular fashion—
on a heavy, solid backing made of two-by-
fours bolted together. Each flat was given
its own trio of push-pull adjusting screws.
By adjusting first two and then all three
flats I brought the star images into coinci-
dence. This was a tedious job. I was
helped by a very small defect in the pin-
hole and later when the secondary was
figured I could see that same defect very
perfectly with a good eyepiece. It looked
exactly as it had by direct inspection with
a pocket magnifier.

“Next the convex secondary was mount-
ed in place and tested and corrected in the
usual manner.

“Actually the three flats probably did
not lie in precisely the same plane, but
they did lie in parallel planes, which was
as good.”

In similar experiments Russell Porter
once brought three small flats into a single
plane by screw adjustment. “The screws,”
he says, “were not even delicate, just plain
machine screws. By placing a large flat
over the three smaller ones it took only a
few minutes to contact them with the
large one, same color over all three.”
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First quality
coated lenses,

' corrected for
" spherical and
chromatic aber-
rations. Stardi-
agonalorpris-
matic inverter.
Rack and pinion
focusing. Alum-
inum tube 5 ft.
hard maple tri-
pod. Folder on
request.Larger
instruments on

3 inch portable
REFRACTOR
45, 90, and 180x
eyepieces

$325

4 inch portable,
REFRACTOR
60, 120,240x @
eyepieces

MGuaranteed pefffzct
lenses and precision
workmanship make
these
outstandin
and in per[armmn-e.

instruments

g in value

20 power *SCOUT" *

& cooted lemes;

24" 213
17 open.
2 lens caps,

Folder on
request

44 mm, ochromaotic
objective. Drow tube
and ipiral focus,

KITS OUR SPECIALTY

it .. § 4.25 Pyrex $ 5.50
6" kit.... 5.75 Pyrex 7.95
8” kit.... 10.95 Pyrex 13.95
10” kit.... 17.50 Pyrex 24.95
12”7 kit  23.95 Pyrex 42.50

KITS CONTAIN: 1. Two specially selected well
annealed glass discs. 2. EIGHT GRADES OF
GENUINE CARBOLON (Silicon Carbide) abra-
sive. Due to its fast cutting and scratchless qualities
CARBOLON was selected to grind the 200-Inch
Mirror for the world’s largest telescope. 3. Tem-
pered Pitch with CERIUM OXIDE or BARNESITE
for polishing. 4. Free copy of our “Beginners In-
structions”—an eight page pamphlet.
Money-back guarantee that
THESE KITS ARE SECOND TO NONE
REGARDLESS OF PRICE

CERIUM OXIDE
BARNESITE ..... L tin

WE DO POLISHING, PARABOLIZING, AND
ALUMINIZING

M. CHALFIN OPTICAL COMPANY

G. P. O. Box 207 New York, N. Y.

20 x 123

BINOCULAR

New condition, inclined
oculars, 60 degree apparent field, bronze
construction. $500.

JOHN HOLEMAN

305 Thayer Drive Richland, Washington
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Make Your Own

TELESCOPE

XTENSIVE, practical in-
structions for making ex-
cellent telescopes capable of
serious astronomical work, in-
cluding the glass mirrors and
at a cost of less than $25 for

materials, are presented in

AMATEUR
TELESCOPE
MAKING

(500 pages, 316 illustrations)

$5.00 postpaid, domestic; foreign $5.35

FTER you have made your
A_ telescope, there will be
other optical apparatus that
you will want to make. Then
the book you will need is

AMATEUR
TELESCOPE
MAKING—ADVANCED

(650 pages, 361 illustrations)

$6.00 postpaid, domestic; foreign $6.35

Ask for detailed information
on these two practical books on
an important scientific hobby.

A postal card will do.

SCIENTIFIC AMERICAN

24 West 40th Street, N. Y. 18, N. Y.
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NOTHING in your hands! Nothing up your
sleeves! But look . . .

.. . out of your present income grows a wonder-
ful future. There’s a home in the country,
college for your children, travel and fun
for the whole family, even a comfortable
retirement income for yourself.

And this is no trick, no illusion. It really can
happen! 1t 1s happening right now for millions
of wise Americans who are buying U. S.
Savings Bonds automatically on the Payroll
Savings Plan.

Here’s how the magic works. All you do is
sign up for the Payroll Plan. Then regularly,
automatically, part of everything you earn is
used to purchase Savings Bonds.

And magically, week after week, these auto-
matic savings pile up the money you’ll need to
pay for the future you want!

Don’t forget that every dollar you put into
Savings Bonds is a “money-making dollar” —

AUTOMATIC SAVING IS SURE SAVING — U.S. SAVINGS BONOS

that $75 Bond you buy today will be worth
$100 in just 10 years. And these Bonds play a
big part in helping keep our country finan-
cially sound and strong, too.

They’re always available at any bank or
post office. But the surest way—the easiest
way—to build financial security for your future

i1s to buy them automatically on the Payroll
Plan.

If you're not on a payroll, and have a check-
ing account, you can still enjoy the magic of
automatic saving with the Bond-A-Month
Plan. Ask about it at your bank.

Contributed by this magazine in co-operation
with the Magazine Publishers of America as a public service.
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