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“Where did yesterday’s wrinkles go?”’

HAVE You HEARD about the new cotton dresses that resist wrinkles,
stay fresh and crisp longer? Even in hot, humid weather, wrinkles disappear
overnight, like magic!

The textile industry is giving many of its cotton fabrics this new quality
with SuPERSET* Finish, a durable wrinkle-resistant finish recently
developed by American Cyanamid’s Textile Resin Department. SUPERSET
Treated fabrics are soil resistant, too. They stay clean longer, are easier
to wash and iron, need no starching—save time and work. This finish lasts
as long as the garments themselves.

SupERSET Treated cottons are available now in women’s and children’s
dresses and sportswear, boys” wear, men’s sports shirts and other garments.
Here is another way in which Cyanamid chemistry is working to aid the great

textile industry in increasing the value and serviceability of its products.
*Reg. U. S. Pat. Off.

AMERICAN IId/IZl.(/L'{]M/’A/VV

30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

Materials for the Textile Industry —one of the many industries served by Cyanamid
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New-type glass for RCA television picture tubes filters unwanted light, to give sharper, clearer images.

%ywam/ //'7/47‘ /S 05'3‘6,;29 ned for beffer felevision?

Now television pictures gain still greater
contrast and definition—through re-
search originally initiated by scientists
at RCA Laboratories.

Their discovery: That wandering light
waves inside a picture tube—and even more
important, inside the glass itself—may cause
halation and blur an image’s edges. But, by
introducing light-absorbing materials into
the glass, the wayward flashes are disci-
plined, and absorbed, so that only the light
waves which actually make pictures can
reach your eyes!

Glass companies, following this research, de-
veloped a new type of faceplate glass for RCA
. . . Filterglass. Minute amounts of chemicals
are added while the glass is being made, and
give it, when the picture tube is inactive, a
neutral gray tone. In action, images are sharper,
clearer —with more brilliant contrast between
light and dark areas. Reflected room light is
also reduced.

P
See the latest in radio, television, and electronics
at RCA Exhibition Hall, 36 W. 49th St., N. Y.

Admissionis free. Radio C or;iorafion of America,
RCA Building, Radio City, N. Y.

Filterglass faceplates give you more
brilliant pictures on today’s RCA
Victor television receivers.

RADIO CORPORATION of AMERICA
World [eader in Radio — First in Television
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BECKMAN

runs your

%mmd&'& “, titrations
TITRATOR ) for you!

Once the technician has filled the burette
and placed the sample in the beaker, this
new titrator takes over—from there to
the flashing of a signal light indicating
that titration is completed! Consider just
the major advantages of this:

P It releases the technician during titration,
enabling him to perform other operations
such as preparing samples, or calculating
results.

v

It eliminates the fatigue caused by close
observation required in manual procedures.

v

It gives objective, accurate reproducible re-
sults . . . eliminates errors due to personal
factors.

v

It provides time-saving conveniences for
sample handling.

Complete descriptive bulletins, detailing
other advantages and giving full specifi-
cations, are available. Simply fill in the
coupon below and one will be sent you
by return mail. The WILL model number
is 27291 and the price only $650.00.

MAIL THIS COUPON TODAY

WILL CORPORATION
Dept. SA-5, Rochester 3, N. Y.
(or nearest branch—see addresses at bottom)

Please send complete descriptive bulletin on
your model 27291, the new Beckman Automatic
Tritrator, to:
NAME...

TITLE ...

COMPANY

ADDRESS ..

Rochester 3, N. Y. . . . Will Corporation
New York 12, K. Y. . . Will Corporation
Buffalo 5, N.Y. Buffalo Apparatus Corp.
Atianta 3, 8a, . Southern Scientific Co.

Sirs:

The high compression article by Alex
Taub in your Februm‘y issue is very in-
teresting. A problem as big as “more
miles per gallon,” however, really merits
a broader discussion than Taub has given
it. In terms of mechanical octane num-
bers there are a number of other things
worth consideration such as turbulence,
supercharging, dual fuel systems, etc.
There are many highly qualified persons
who think the red-hot exhaust valve is
not the chief explanation of the im-
proved performance of the sleeve-valve,
rotating head and single-valve engines.
In any event, it will be interesting to
see how the automotive engineers will
react to the proposal that drastically new
engines be designed.

A still broader perspective of the
“more miles per gallon” problem is to be
found in the fact that, in spite of two
decades and billions of dollars of great-
ly increased mechanical and chemical
octane numbers, miles per gallon has
remained practically constant. One
would conclude there has been no gain
and that both mechanical and chemical
octane numbers are will-o™-the-wisps.
Not so. The vehicles weigh 25-50 per
cent more, move 25-50 per cent faster,
and have 23-50 per cent higher top
speeds. Thus we have gained “ton-miles
per gallon” at higher speeds.

I am convinced that be they mechani-
cal or chemical octane numbers, or both,
instead of “more miles per gallon” the
net result of the forthcoming lap in the
octane-number race will be “faster ton-
miles per gallon.” The automotive in-
dustry will continue to furnish heavier
and faster cars with bigger tires, auto-
matic chokes, air-conditioning, kitchen-
ettes, trailers, fluid drives, automatic
transmissions, etc., etc., etc., because
these are what the public wants.

R. C. ALDEN

Phillips Petroleum Company
Bartlesville, Okla.

Sirs:

In your February issue I read the arti-
cle A Chess-Playing Machine,” by
Claude E. Shannon, and I make the fol-
lowing comment:

A game of chess is like a painting; the
chess master draws a faint outline of
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the strategy which he is to follow—a
strategy based on the weakness of the
opponent’s position—and then he care-
fully fills in the gaps on this faint outline
until the clear image of victory presents
itself. In the process of filling in the gaps
he finds that he must add a little here
and a little there, and so modifies the
colors, but—mind this—whatever modi-
fications he makes of the colors, he does
not modify the original outline, as it is
the guiding pattern of what he is to do.

We will take for granted that such a
computer could be built that will over-
come all technical difficulties encoun-
tered, and furthermore that this com-
puter will find the best move in a given
position. Then, confronted with a move
by a human player, the computer will
answer it with the best move in that
given position. But we do not know what
the best move in a given position is until
we have compared it with our basic
strategical aim, and this not only takes
calculation but imagination.

CHARLES A. DU PONT
Miami, Fla.

ERRATUM

The article “Hot Atom Chemis-
try” in the March issue of this
magazine contained the statement:
“The [iodine] atom’s energy is
calculated to be some 200 million
electron volts.” The latter part of
this statement should read “200
electron volts.”
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when vacvum is vital

you can count on KINNEY

Kinney High Vacuum Pumps are at work in all
phases of low pressure processing — in the produc-
tion of television tubes, titanium, penicillin, elec-
trical condensers, coated camera lenses, dehydrated
foods, and scores of other products. Their
dependability and high pumping speed have
helped bring vacuum out of the laboratory and
onto the production line. Kinney Pumps are es-
tablishing important records both for length of
service and economy of operation. They are
virtually a “production must” whenever processes

require fast pump down to low absolute pressures.
Performance is the big reason why Kinney
Pumps are so often specified “when vacuum is
vital”. Perhaps they can help speed YOUR proc-
esses or improve YOUR products. Write for
Bulietin V-45, describing the complete line of Single
Stage and Compound Vacuum Pumps. Kinney
Manufacturing Company, 3583 Washington St.,
Boston 30, Mass. Representatives in New York,
Chicago, Cleveland, Houston, New Grleans, Phila-
delphia, Los Angeles, San Francisco, Seattle.

Foreign Representatives: General Engineering Co. (Radcliffe) Ltd.,
Station Works, Bury Road, Radcliffe, Lancashire, England . . . Hor-
rocks, Roxburgh Pty., Ltd., Melbourne, C. I. Australia . . . W. S.
Thomas & Taylor Pty., Ltd., Johannesburg, Union of South Africa ...
Novelectric, Ltd., Zurich, Switzerland.

KINNEY Vacvum Pumps
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AY 1900. “So completely have the
material achievements of science
overshadowed what may be

called its theoretical development that
we are inclined to underestimate the
work which has been done in pure sci-
ence for the mere love of it. It is because
the work of the pure scientist is so self-
sacrificing and unselfish that he com-
mands our special regard. Not to men-
tion that most conspicuous example of
disinterested scientific research, Fara-
day, what adequate pecuniary reward
has Tyndall derived from the arduous
research that culminated in his brilliant
theory that heat is a mode of motion?
What commensurate reward have Dar-
win and Spencer received for their in-
vestigations in the theories of natural
selection and evolution, or Roentgen for
the discovery of the rays that should
rightly bear his name? These are facts,
the significance of which we are apt to
forget in an age so purely utilitarian as
our own.”

“It was natural that the successful re-
sults obtained with Marconi wireless
telegraphy should have suggested its use
for the steering from a distance of float-
ing and submerged vessels. Now the
steering of vessels by wireless telegraphy
has been accomplished in a test, recently
carried out in the south of England for
the British government. Mr. Varicas, the
inventor of the system, and Commander
Colwell, who was carrying out the test
for the government, stood by the trans-
mitting apparatus. Commander Colwell
uttered an order, Mr. Varicas turned the
controlling wheel of the transmitter, and
the little boat immediately altered her
course to the desired direction. Then
followed further orders from the Com-
mander, and the launch quickly per-
formed all the necessary evolutions as
though a quartermaster were aboard.”

“There has been submitted to Con-
gress a bill which proposes to merge the
Office of Standard Weights and Meas-
ures in a new bureau, to be known as the
National Standardization Bureau, whose
function shall consist in the custody of
the national standards when such data
are of great importance to scientific and
manufacturing interests and are not to
be obtained with sufficient accuracy

4

20 AND 100

elsewhere. The introduction of accurate
scientific methods into our various indus-
tries calls for a multitude of standards of
far greater accuracy than was formerly
required. It is sincerely to be hoped that
Congress will look favorably upon this
bill and not only enlarge the functions
of the present Office of Standard Weights
and Measures, but provide it with an
adequate laboratory, equipment, and
working force.”

“Prof. Percival Lowell and Prof. Todd
have left New York with astronomical
material to observe the eclipse of the
sun in Algeria. Owing to the fineness of
the climate of Algeria, it is a particularly
good locality to observe the eclipse.”

“The seventy elements which are
daily used in the laboratory are surely
but the variant forms of a single matter.
We have but one force; and why should
there be seventy matters? That wonder-
ful periodical law, with its puzzling num-
bers, seems to contain within it the
means of discovering the primeval mat-
ter for which chemists have long been
seeking. The old alchemist with his theo-
ry of the transmutation of elements again
lives; but he is now a chemical physicist,
who endeavors not to convert a base
metal into gold, but to prove the exist-
ence of one form of matter. The mys-
teries of chemical energy are also still
to be unfathomed. The forces which we
have learned to observe and to measure
are phenomena of a secondary nature.
The chemical energy whose transforma-
tions give rise to these forces is still a
puzzle to chemists. Instruments of meas-
urement can reveal only the sum total
of this energy, but not the nature of the
intramolecular changes which occur.”

AY 1850. “Mr. Roebling’s publi-
M cation on the practicability of an
Atlantic Magnetic Telegraph has
been read with a good deal of attention,
and the Senate Committee, to whom a
memorial on the subject has been re-
ferred, will avail themselves of the sug-
gestions made. There have been so many
wonderful things accomplished in our
day that it is scarcely safe to laugh at
anything.”

“It has been ascertained that the true
source of scorbutic disease, as it shows
itself in our ships and prisons, is the want
of potash in the blood; that salted meat
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YEARS AGO

contains little more than half the potash
in fresh meats; and that, while an ounce
of rice contains only five grains of potash,
an ounce of potato contains 1,875 grains,
which accounts for the increase of the
disease since the scarcity of the potato.”

“During the late fine weather in Eng-
land, Lord Rosse has been able to make
use of his splendid telescope to great ad-
vantage, and has added three new nebu-
lae to his former important discoveries.”

“Professor Rodgers has commenced
his course of geological lectures at the
Smithsonian Institution. Last evening he
adduced many interesting proofs that the
interior of the earth consists of lava in a
state of fusion. He said at the depth of
two miles below the surface water will
boil, and that it is calculated that at a
depth of twelve miles all is liquid fire.
In confirmation of this theory, he ob-
served that from numerous experiments
the heat increases in proportion to the
depth.”

“Roche, the French aeronaut, recently
made an ascent at Bordeaux, when his
balloon hit a chimney, upset the car, and
threw him into the street, where he was
picked up with one broken arm and two
broken legs.”

“Chloroform has been employed in
Edinburgh in from 80,000 to 100,000
cases, without a single accident or bad
effect of any kind traceable to its use. It
saves many lives which otherwise would
sink under the nervous shock which is
experienced from a severe operation un-
dergone in a state of consciousness. At
the same time, chloroform has received
the sanction and recommendation of the
most authoritative bodies in France and
the United States. Nevertheless, the pub-
lic of Loudon is almost wholly denied the
vast benefits of this agent, purely
through the prejudices of profession.”

“By the Annual Report of the New
York City Inspector, we learn that the
number of deaths in the city last year
was 23,773, of these 5,071 were by
cholera, and 2,086 by consumption.
These diseases claimed the greatest
number of victims. The mortality of our
city appears to be yearly on the increase.
More than two-thirds of those who died
by cholera were foreigners, Ireland fur-
nishing 2,219 victims. How is the evil to
be remedied? That is the question.”



Wood preservation
holds down telephone costs

Poles are a substantial part of the plant
that serves your telephone; making them
last longer keeps down repairs and re-
newals that are part of telephone costs.
So Bell Laboratories have long been ac-
tive in the attack on wood-destroying
fungi, the worst enemies of telephone
poles.

Better, cleaner creosotes and other
preservatives have been developed in
co-operation with the wood-preserving in-
dustry. Research is now being carried
out on greensalt—a new, clean, odorless

preservative. Even the products of atomic
energy research have been pressed into
service —radioactive isotopes are used to
measure penetration of fluids into wood.

Treated poles last from three to five
times as long as untreated poles. This
has saved enough timber during the last
quarter century to equal a %orest of
25,000,000 trees. More than that, wood
preservation has enabled the use of
cheaper, quickly growing timber instead
of the scarcer varieties.

This and other savings in pole-line

Exploring and Inventing, Devising and Perfecting, for Continved
Improvements and Economies in Telephone Service.

© 1950 SCIENTIFIC AMERICAN, INC

costs, such as stronger wires which need
fewer poles, are some of the reasons why
America’s high-quality telephone service
can be given at so reasonable a cost. It
is one of today’s best bargains.

BELL TELEPHONE

LABORATORIES




“¥IRGINIA’
SULFUR DIOXIDE

whiter, brighter,
hetter NEWSPRINT

Sulfur dioxide (SO,) is a “must’ in efficient, economical paper manufac-
ture. To get best results from this chemical a new Southern industry
selected ‘‘Virginia’ to engineer the SO, storage facilities, gaging and
flow control devices in its newsprint mill, and to supply the liquid SO,
used in process.

The “Virginia’ SO, adjusts the pH and functions as a reducing me-
dium, decolorizer, and antichlor. Result: SO, lifts whiteness several
points and holds it against reversion; protects the quality and strength
of the finished paper; saves maintenance costs on equipment.

.

This scores another big success for ‘“Virginia’s”’ 29 years of experience
in applying its SO, to the specific and widely diversified needs of
more than 40 industries. “Vir-
ginia’s’’ seasoned chemists know
intimately the SO, properties
needed in this operation and how
to develop them to best advan-
tage. They also know what this
fine SO, will do as a bleaching
agent, neutralizer, or preservative
—in cutting costs and improving
production. Perhapsinyourplant!

As the world’s largest manufac-
turer of SO,, we’d like to help you
in realizing these objectives . ..
in utilizing to the fullest ‘“‘Vir-
ginia’s” expert, technical know-
how and the assured supply of
SO; made possible by vast manu-
facturing and storage facilities,
with specialized delivery equip-
ment. If there is a likelihood that
you can use our SO, and service
to advantage, send for our SO,
folder. VIRGINIA SMELTING COM-
PANY, Dept.SA,West Norfolk,Va.

Field Offices:
NEW YORK
BOSTON

PHILADELPHIA
DETROIT
CHICAGO
ATLANTA
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THE COVER

The painting on the cover shows the
interior of a Kinney rotary vacuum
pump. Such a mechanical pump is
used in association with a vapor pump
to produce the high vacuums required
for many processes in modern science
and technology (see page 20). In the
painting the cylinder head of the
pump has been removed to reveal its
principal working part, a cylinder of
steel that rotates eccentrically within
a cylindrical chamber. The gas from
the system to be evacuated enters the
pump through the smaller chamber at
the top. As the eccentric rotates it ad-
mits gas from the smaller chamber
into the larger through a valve ar-
rangement that is not visible in the
painting. The eccentric then sweeps
the gas out of the cylindrical chamber
through the large outlet pipe at the
upper right. The operation of the
pump depends on a tight, oil-sealed
fit between the rotating eccentric and
the wall of the cylindrical chamber.
The pump is a product of the Kinney
Manufacturing Company of Boston.
The cover is the fourth painted for
SciEnTIFIC AMERICAN by the dis-
tinguished artist Walter Murch. An
earlier painting, which appeured on
the cover of the December, 1949, is-
sue of this magazine, was exhibited in
the annual showing by New York’s
Whitney Museum of American Art of
the best American paintings of 1949.

THE ILLUSTRATIONS
Cover by Walter Murch
Page Source
12-15 TIrving Geis

17-18  Human Fertility, by Edmond
J. Farris, The Author’s

Press, Inc.
21-23  Eric Mose
24 Jack Manning
33 Royal Canadian Air Force
34-41 Irving Geis
42-45 Bernarda Bryson

46-47 Ralph K. Potter, Bell Tele-
phone Laboratories
48-51 Carl B. Boyer

33 Roman Vishniac
54-55 Adolph Brotman
57 Ben Shahn

61-63 Roger Hayward




FIRST “FAIL SAFE” ELE(

Pilots on today’s giant aircraft adjust engine throttles
by means of elaborate remote control electronic systems.

Problem has been to devise an electronic control that
would “fail safe” in case trouble developed anywhere
in the system. In other words, controls that would stop
and hold position at the exact moment of system failure.

Engineers at AiResearch have now perfected such an
electronic control. This control has many applications
in the regulation of pressure...temperature...and
remote positioning. For the first time, it provides a “fail
safe” method of electronic control.

In addition, this new type of AiResearch electronic
control is ultra sensitive. It makes possible the appli-
cation of maximum power—or response to temperature
or pressure changes—in almost microscopic degrees.

AiR

THE GARRETT CORPORATION

earch

"TRONIC CONTROL

Such pioneering in the field of
electronic development and manufacture

is typical of the day-to-day operations of the

skilled scientists and engineers at work at AiResearch.

® Whatever your field—AiResearch engineers—
designers and manufacturers of rotors operating
in excess of 100,000 rpm — invite your toughest
problems involving high speed wheels. Special-
ized experience is also available in creating
compact turbines and compressors; actuators,
with high speed rotors; air, gas and liquid heat
exchangers; air pressure, temperature and other
automatic controls.

e e o o An inquiry on your company
letterhead will receive prompt attention,
AiResearch Manufacturing Company
Los Angeles 45, California
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“Dime Store” items made of plas-
tic look like @ million dollars Finer sun glasses and binoculars
when metal coated under high use lenses gradiently coated under
vacuum. high vacuum for better vision.

Many vaccines and serums retain
potency longer because of high
vacuum debydration.

PERHAPS

. CAN HELP
YOUR BUSINESS |

You take crisper photographs

Wiatch makers use high vacuum
to eliminate oxidation of springs

when lenses are coated under high 2
vacuum. during annealing.

New metals which can withstand
the heat and stress of jet and tur-
bine gas engines are the product
of the metallurgist’s high vacuum
Surnace.

More reliable refrigerators and
air conditioning systems result if
coils have been evacuated and
tested for tiniest leaks by high
vacuum,

In television and other electronic
equipment, the higher the vac-
uum in the tubes the longer they
give reliable service.

By ”'Not/)z'ﬂg” we mean bigb vamum—approdcbing complete absence of air and pressure.

New and improved high vacuum  able in many ways. The technical ~ possibilities of employing high

methods may be a profitable tool ~ knowledge acquired by DPi re-  vacuum—or in improving present
for you. DPi builds equipment  searchmenand engineersareavail-  high vacuum installations. Write—
which makes high vacuum applic-  able to industries interested in the

A

HIGH VACUUM RESEARCH

VACUUM EQUIPMENT DEPARTMENT I:;

DISTILLATION PRODUCTS coectecaznces

751 RIDGE ROAD WEST, ROCHESTER 3, N. Y.
Division of Eastman Kodak Company

Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry;
Manufacturers of High Vacuum Equipment.

AND ENGINEERING
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What GENERAL ELECTRIC People Are Saying

A. D. MARSHALL

Assistant Secretary

CoMPULSORY RETIREMENT: It seems
to me that a sound pension plan
should prepare a man for retire-
ment in several ways, not just pro-
vide a depreciation reserve to take
care of him when his usefulness is
ended.

There must be financial prepara-
tion. His employer’s program can
be expected to provide him with
retirement income bearing some
reasonable relationship to his earn-
ings during his working life. He
should be encouraged to systemat-
ically save to provide for the good
things of life after retirement. But
financial preparation, even if it is
more than adequate judged by our
present high standards, is not the
only preparation necessary for re-
tirement.

There should also be mental and
emotional preparation. My experi-
ence with our own plan and that of
the administrators of other plans
which have been in effect for several
decades agree on one point: The
fixing of a compulsory retirement
age from which almost no exceptions
are made is, over the years, one of
the best emotional and mental
preparations for retirement. It comes
as a shock to the older workers when
the policy is established. But once
it is generally known that no ex-
ceptions are made, men plan and
look forward to it with anticipation.

Industrial Relations Conference,
Detroit, Mich.,
January 24, 1950

*

R. S. NEBLETT
Knolls Atomic Power Laboratory

Atomic PoweEr ProsrEMs: If the
atomic energy industry, partic-
ularly in the power field, is to
be successful, the mechanical en-
gineering profession has a tremen-
dous job ahead of it. We must
learn how to handle liquid metals at
high temperature. We must solve
the problems of heat transfer rates
which at the present time seem out
of this world. We not only must
learn how to build these atomic
power plants at an economical
figure, but we must also learn how

to operate them economically and
how to maintain them over long
periods of time. The stress analysis
work, the heat transfer work, the
plain mechanical ingenuity re-
quired to pump liquid metals, to
say nothing of the problems of how
material behaves under intense
radioactivity, are all major mechan-
ical engineering problems. Those
of us in the atomic energy business
feel sure that these problems will be
solved, but we know that it is no
easy job, and that atomic power is
certainly not just around the cor-
ner.

AS.M.E.,
Washington, D.C.,
January 26, 1950

*
H. M. OGLE

General Engineering & Consuliing
Laboratory

THE AMPLISTAT: A new static power-
control device now finding many
applications in industry is the ampli-
stat. This device can be adapted to
the control of most electric equip-
ment, and it provides operation at
low cost, with reduced maintenance
and with a long life expectancy.

The amplistat combines a satur-
able-core reactor and a rectifier. The
former is a device somewhat re-
sembling a transformer, with several
windings linking one or more lami-
nated iron cores. It differs from the
transformer in that the core is de-
signed to be operated in the region
of magnetic saturation during part
of each cycle. The rectifier used to
make up the amplistat can, theoreti-
cally, be of any type, but the most
common now in use are selenium and
germanium crystal rectifiers.

Saturable-core reactors have been
used by themselves for power-con-
trol devices, although their inherent
qualities of low amplification and
slow response have restricted their
use. The amplistat, however, over-
comes both of these limitations and
definitely acquires broad usefulness
as a control device.

Amplistats can be used wherever
electrical signals of low or moderate
frequencies are to be amplified. For
some applications they are used be-
cause they have no warm-up time.
In some cases they are selected be-
cause of their long life and sturdy
construction, or because they are the
lightest-weight equipment to do a
given job. Most applications, how-
ever, are the result of a combination
of these or other features, such as the
ability to match impedances, or the
electrical isolation of the input cir-
cuit. Amplistats, in general, are easy
to apply, and they provide a flexible
tool for the circuit designer.

General Electric Review,
February, 1950

*

J. H. SWEENEY
Electronics Department

GerManiuM Driopes: The prices
of television receivers are almost
continuously being reduced, and at
the same time designers are striving
to reduce their weight, size, and tube
complement. Today, also, engineers
are designing receivers for use on
the new ultra-high-frequency chan-
nels, and efficient, inexpensive con-
verters are needed.

A major factor in the attainment
of these goals is the increasing use of
germanium diodes in place of vac-
uum tubes in many circuits. In
addition to the reduction of size,
weight, and number of tubes, ger-
manium diodes also offer many other
advantages. Filament hum preva-
lent with series-filament wiring can
be eliminated; heat from filaments
can be reduced; feedback can be
more easily controlled; longer, re-
liable life can be obtained, particu-
larly for ultra-high-frequency con-
verters, and in many cases greater
output can be obtained.

A.IE.E.,
New York, N. Y.,
February 2, 1950
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The Hydrogen Bomb: 111

The physical, strategic and moral discussion of the last

two issues is continued. In this article: the question

of whether the weapon enhances our military security

statements about hydrogen bombs

and what we should do about
them. Some of these statements have
become distorted in repetition. Others,
while clearly stating physical possibili-
ties, concern events which are so im-
probable as not to warrant serious con-
sideration at the moment. Some of the
statements made by scientists, whether
intentionally or otherwise, have been
very frightening to our citizens. Back of
such statements seems to be the idea,
expressed by some, that if the U. S.
citizen will just become sufficiently
frightened somehow we will not have
any war in the future.

There is no question that the hydro-
gen bomb has terrifying possibilities and
I shall try to give some estimate of what
such a bomb might be like. It is our very
deep obligation, however, as citizens in
a democratic country to consider this
whole question objectively, dispassion-
ately, and as carefully as we can under
the circumstances to decide intelligently
just what our country should be doing.
It will not improve the judgment of the
citizen to scare him to death first. This
is a very serious time for the U. S. We
cannot afford any irrational or purely
emotional action. Our future safety and
security depend today on keeping our
heads and using wise judgment.

Many people in considering the na-
tional policy on the hydrogen bomb have
been able to formulate their opinions of
this weapon very quickly on moral
grounds alone. They say, and with jus-
tice, that the hydrogen bomb is a weapon
of tremendous mass destruction and that
accordingly no civilized country should
consider its possible development and

T HERE have been many conflicting

by Robert F. Bacher

use. This is a comfortable position and
one very easy to take, but where do we
stop? Atomic bombs also are weapons of
mass destruction. Are they moral or im-
moral? Nothing could be more gruesome
and immoral than the reports that many
of us have heard of some of the hand-
to-hand conflicts during the past war.
Nothing could be more uncivilized than
some of the torture to which war, con-
flict and slave states have led.

War inevitably leads to many acts
which are immoral. The relative immo-
rality of various weapons and acts of
war becomes difficult to assess. The hy-
drogen bomb, being a weapon of tre-
mendous destruction, is more to be con-
demned on these grounds than lesser
weapons if used for needless mass de-
struction. Indeed, no one can argue that
the moral position of the U. S. will be
improved by the possession or use of
this bomb. Immoral as it is, war con-
sumes a large part of the efforts of the
people of the world. Situations arise in
which war seems to be the lesser of two
evils.

There are of course many other ques-
tions about the hydrogen bomb, but let
us consider here primarily the practical
problem of its effect on our national se-
curity. How important is it to our se-
curity, and what is the relative value of
work on this development as compared
with other measures of defense?

B EFORE trying to answer these ques-
tions let us look briefly at a little of
the technical background of the hydro-
gen bomb. It has been known for a great
many years that if one could somehow
find a way of putting light atomic nuclei
together to make heavier nuclei, it would
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be possible to extract energy. The first
indication that this process might be im-
portant as a source of energy came from
the suggestion by Hans A. Bethe that the
fusion of the light elements was our fun-
damental source of energy in the sun and
stars. Bethe worked his ideas out in some
detail and scientists now believe that this
is the origin of solar energy. There is no
possibility that the energy release from
thistype of reaction can be controlled on
the earth, as it can be in the case of the
fission of a heavy element such as ura-
nium. In the stars the reaction is con-
trolled because of their great size. On
the earth these self-sustaining thermo-
nuclear reactions will give either an ex-
plosion or nothing at all.

Whether a hydrogen bomb can be
made depends upon whether it is possi-
ble to create on earth an assembly of
materials that will produce a nuclear
reaction if heated to a sufficiently high
temperature, and then to devise a way to
raise these materials to that temperature.

The temperature required is compa-
rable to that reached in the interior of the
sun—more than 20 million degrees Centi-
grade. The only way that we know to
reach such a temperature today is in a
fission atomic bomb, where the sudden
release of energy causes the materials of
the bomb to be heated to an extremely
high temperature.

The main light element to which I
have been referring, of course, is hydro-
gen. Now ordinary hydrogen will not
work. The scientific evidence for this
seems to be quite clear. But hydrogen
as it is found in nature has another iso-
tope, heavy hydrogen of mass 2, which
is a possibility for a fusion-bomb reac-
tion. In recent years heavy hydrogen, as



contained in water, has been separated
in relatively large quantities.

There is another possibility. For more
than 15 years it has been known that a
still heavier isotope of hydrogen, called
tritium because it has mass 3, is pro-
duced in nuclear reactions. This material
is radioactive, with a half-life of only
12 years, and ordinarily does not exist
in nature. But its nuclear properties are
such that it is of basic interest in the
release of energy by fusion.

It has been known for many years that
tritium could be produced in a nuclear
reaction in which neutrons are absorbed.
The big nuclear reactors now in opera-
tion produce neutrons in large quantity.
These neutrons are ordinarily used in
the production of plutonium, but they
could be used just as well to produce
quantities of tritium. Any nuclear physi-
cist can sit down and figure out the
theoretical limit of the amount of tritium
that can be produced with a given num-
ber of neutrons. It would be necesssary,
of course, to know a great deal about the
actual workings of a nuclear reactor in
order to say just how much tritium could
be produced in that reactor if one were
willing to forego the production of a cer-
tain amount of plutonium. It appears
that the production of tritium in quan-
tity is at least a fairly expensive if not
formidable process. And it is a point
worth emphasizing that tritium could be
produced only at the cost of using neu-
trons that might otherwise be employed
to make plutonium.

That the heavy isotopes of hydrogen
can possibly play a fundamental role in
the release of nuclear energy by fusion
is well known. Just exactly what relative
role they play and how they might play
it is not a subject for open discussion
today. These questions are secret and we
can have no discussion of them. But any
nuclear physicist will quickly grasp the
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UNECONOMICAL USE OF NEUTRONS is a produc-
tion shortcoming of the hydrogen bhomb. In the first
stage of this schematic representation of the problem is
a nucleus of uranium 235, the primary fuel of all nuclear
reactors, In the second stage U-235 fissions, producing
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requirements as far as the basic science
is concerned, even though the actual
technology of making a bomb on these
nrinciples is more complicated.

HE real problem in developing and

constructing a hydrogen bomb is:
“How do you get it going?” The heavy
hydrogens, deuterium and tritium, are
suitable substances if somehow they
could be heated hot enough and kept
hot. This problem is a little bit like the
job of making a fire at 20 degrees below
zero in the mountains with green wood
covered with ice and with very little
kindling. Today scientists tell us that
such a fire can probably be kindled with
the heavy isotopes of hydrogen. Once
you get the fire going, of course, you can
pile on the wood and make a very sizable
conflagration. Similarly the hydrogen
bomb could be built up with more heavy
hydrogen. It has been called an open-
ended weapon, meaning that more ma-
terials can be added and a bigger explo-
sion obtained.

Let us look for a moment at what sort
of an explosion is imagined. Here I shall
take the figures that have been common-
ly reported in the press and stick to
round numbers. In 1945 President Tru-
man stated that the atomic bomb was
equivalent to 20,000 tons of TNT. A
hydrogen bomb 1,000 times as powerful
as the Hiroshima bomb, which is the
number most commonly used in public
speculation, would have an explosive ef-
fect equivalent to about 20 million tons
of TNT. Its radius of comparable blast
damage would be about 10 times as
great as that at Hiroshima. The radius
of severe blast damage at Hiroshima was
about one mile, so for a bomb 1,000
times as powerful it would be about 10
miles. Appraisal of the flash-burn effect
of the more powerful bomb is somewhat
more complicated. If we neglect the ab-
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sorption of heat radiation by smoke or
smog, and do not take into account the
shadow effect, we may estimate that the
flash-burn effect of the bigger bomb
would extend about 100 times as far as
that at Hiroshima. The effects of ab-
sorption and of the shadows of buildings
are important, especially at a distance,
but they are most difficult to estimate.
In any case, it is clear that the flash-burn
effect would be important over a con-
siderably greater area than the blast
damage.

There has been a great deal of specu-
lation about the radioactive products
of a hydrogen bomb. Since an atomic
bomb would be needed to get the con-
flagration going, some fission products
from that bomb would doubtless be
present. The hydrogen nuclear confla-
gration itself would yield neutrons which
would produce large quantities of ra-
dioactivity if they were absorbed in
some material that becomes artificially
radioactive. On the other hand, many of
these neutrons might be absorbed in
material that did not become radioac-
tive. If the neutrons escaped into the air,
many of them would be absorbed by
nitrogen and produce radioactive car-
bon. This material is most disagreeable
as a radioactive contaminant, since it has
a half-life of many thousands of years.
If the bomb were exploded under water,
very few of the neutrons would escape;
most of them would activate sodium and
other elements in the sea water, or con-
vert the ordinary hydrogen in the water
into heavy hydrogen.

The radioactivity effects of a hydro-
gen bomb are difficult to estimate, since
they depend very much on where the
bomb is exploded and what material
surrounds it. If the bomb is surrounded
with a material selected to yield a maxi-
mum of artificial radioactivity, the radia-
tions will be a dangerous hazard over

the surplus neutron of the third stage. This neutron
may now be used for capture by a nucleus of U-238,
which shortly decays into plutonium 239. The fission
of Pu-239 yields 200 million electron volts. The same
neutron, however, might be used to bombard the nucleus
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the bombed region. One of the real scare
stories about the effects of radioactivity
has postulated the complete explosion
of 500 tons of deuterium. While this is
not impossible, as far as anyone can
say, it is stretching probabilities a long
way.

This brief analysis of well-known
scientific information shows, then, that a
hydrogen bomb would require a con-
siderable quantity of heavy hydrogen,
perhaps both deuterium and tritium, as
well as an atomic bomb to set it off by
raising the temperature sufficiently so
that a nuclear conflagration can exist.
Technically the problem is to figure out
how a sizable fraction of the energy of
the heavy hydrogen can be released be-
fore the material is cooled too much by
emitted radiation or dispersed by the
explosion. In the stars the radiation is
retained because the stellar material is
relatively opaque and there is an enor-
mous temperature difference between
the center and the outside of the star. In
a hydrogen bomb there is no such pro-
tective layer. Thus the central problem
is to get a large fraction of the energy
released while the temperature is still
high enough.

Whether this can be done will of
course not be certain until it has been
done. There are many opinions as to
how difficult it may be. Since the Presi-
dent has directed the Atomic Energy
Commission to continue with the devel-
opment, we can assume that it is re-
garded as both possible and feasible.

SO MUCH for the technical problems
that must be solved in order to de-
velop a hydrogen bomb. Assuming that
the problems can be solved, let us try
to determine whether or not hydrogen
bombs will add materially to our na-
tional security by considering their ef-
tectiveness as military weapons and com-

paring them with atomic bombs already
in existence.

If we assume that the hydrogen bomb
is a thousand times as powerful as the
Hiroshima bomb, we can easily see that
a hydrogen bomb is capable of destroy-
ing any major city, with the exception
perhaps of some of the outlying districts.
How does this compare with what could
be done with atomic bombs? We have
been comparing the hydrogen bomb
with the fission bomb used at Hiroshima,
but it has been stated that since the war
there have been significant improve-
ments in fission bombs. These improve-
ments have resulted in more powerful
bombs and in a more efficient use of the
valuable fissionable material.

Most large metropolitan areas include
many sections that are covered by water
or otherwise unsettled. Thus a hydrogen
bomb would blast many square miles
whose destruction would contribute in
no way to the effectiveness of the bomb.
Atomic bombs, on the other hand, could
presumably be dropped so as to avoid
overbombing uninhabited areas. Fur-
thermore, it was found in the last war
that a saturation raid which greatly
hampered fire-fighting forces caused
damage far beyond the areas of imme-
diate blast effects. Considering all these
factors, it seems likely that there is no
metropolitan area which could not be
thoroughly destroyed with 25 atomic
bombs at most, and perhaps as few as
10. It also appears that two atomic
bombs would completely paralyze a city,
even a large one.

Except for the psychological effects
and for the most unpleasant and some-
what unpredictable effects of the radio-
activity produced, it appears that a hy-
drogen bomb 1,000 times more powerful
than an ordinary fission bomb would
probably not be much more effective
than 10 fission bombs. For smaller in-

dustrial targets it would not be much
more effective than a single fission bomb.

In view of this, one begins to wonder
just how useful a military weapon the
hydrogen bomb would be. Would it
really revolutionize warfare, as some
say? Certainly it is a terrible weapon,
and large numbers of these bombs could
cause untold destruction; even a rela-
tively small number could deal a major
blow to any highly industrialized and
centralized country. But what about the
fission bomb and the damage that a
sizable stockpile of these weapons could
inflict? Suppose, just to take a round
number, that the U. S. possessed 1,000
fission bombs of the improved variety.
If they could be delivered to military
objectives at all, they would go a long
way at the rate of 10 for a major metro-
politan area and perhaps an even smaller
number for major cities. With 1,000
bombs, there would be a great many for
relatively minor military objectives, and
I imagine that the military commanders
would have a hard time figuring out
what to do with the last hundred.

It appears that if any nation has as
many as 1,000 atomic bombs, the world
is already in the position where any na-
tion could be blasted thoroughly and
completely, insofar as bombing alone
can be effective. If this is the case, just
what additional military use is a hydro-
gen bomb? It looks very much as if
everyone is simply fascinated by the
idea of “the bigger the better.” There
are some examples in the history of the
world that should lead us to question this
view. We should not forget the dinosaur
nor the dodo. Indeed, we should not for-
get the battleship, now almost extinct.

Actually it might turn out that in a
shooting war it would not be possible to
deliver hydrogen bombs, atomic bombs
or any other kind of big bomb to the
targets. Hence if atomic bombs or any
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of lithium. This capture yields tritium (T), the hydro-
gen isotope of mass 3. The fusion of tritium and deuter-
ium (D), assumed here to be essential in a hydrogen
bomb, releases 17 million electron volts, On this basis the
expenditure of a neutron in the manufacture of tritium
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produces much less energy than in the manufacture of
plutonium. The relative energy release of A- and H-
bombs per neutron is symbolized at the far right. This
diagram was prepared by the editors on the basis of
statements by the author and other unclassified material.
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big bombs are to be a major part of our
military preparation, from the military
standpoint the solution of the delivery
problem is vastly more important than
exactly what kind of bombs would be
carried if they could be delivered.

F HYDROGEN bombs would not add
very much to the military effective-
ness of the U. S., would they add much
to the US.S.R’s military potential?
Here, of course, one gets involved in
even more uncertain speculation. It is
extremely difficult to judge whether the
Russians would have an appreciable
chance of delivering the hydrogen bomb
by air against the radar defense which
we are now constructing. Even if a rea-
sonably effective system of air defenses
is built, however, there is another
method of delivery which would perhaps
be quite effective for the Russians. Many
of the big cities of the U. S. are on the
seacoast. Into any one of these harbors,
or at least reasonably close to it, a hy-
drogen bomb might easily be brought in
the hold of a tramp steamer or in a rela-
tively small unmanned cratt. While this
might not be the most effective place to
detonate a hydrogen bomb, it would be
a sumple method of delivery for a sur-
prise attack. On the other hand, prac-
tically no Soviet cities could be reached
in this way. This means that the hydrogen
‘bomb would be a more effective weapon
for the Russians than for the U. S.

Some people have argued that it we
develop the hydrogen bomb and can
really keep its details secret, the Rus-
sians will never be able to develop it.
There is absolutely no reason to believe
this. Recent experience has shown that
the Russians have an atomic energy en-
terprise adequately developed to make
a sizable atomic explosion. In addition
they probably have fairly detailed in-
formation about our work on atomic
weapons and about at least some of the
early thoughts on the possibility of a
hydrogen bomb, obtained from the
blundering mdiscretions of some months
ago, espionage activity and the widely
known basic scientific principles. Given
adequate time they can surely make a
hydrogen bomb if it is possible at all.

The President’s decision to go ahead
with the development of the hydrogen
bomb created a tremendous stir in the
nation. From the standpoint of its mili-
tary effectiveness, there seems to be little
reason to attach such great significance
to the hydrogen bomb. While it is a ter-
rible weapon, its military importance
seems to have been grossly overrated in
the mind of the layman.

What is probably much more serious
about the hush-hush subject of the hy-
drogen bomb is that here is a weapon
about which the average citizen is so ill-
informed that he thinks it can save the
country from attack. Pumped full of
hysteria by Red scares, aggravated by
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political mud-slinging, the average citi-
zen is easily convinced that he can find
some security and relief from all of this
in the hydrogen bomb. The most tragic
part is that the hydrogen bomb will not
save us and is not even a very good addi-
tion to our military potential.

Here we have the outcome of what
can happen in a democracy when deci-
sions of far-reaching national signifi-
cance are made without public scrutiny
of pertinent information. While most of
the pertinent information is not at all
secret, some of the information the citi-
zen should have in order to judge
whether our national policy is sound is
being kept secret. One of the most im-
portant facts the citizen should have to
make a reasonable judgment is the ap-
proximate number of atomic bombs in
our stockpile. It would be quite surpris-
ing if the Russians could not figure this
out from the information they have ob-
tained. Senator Brien McMahon, chair-
man of the Joint Committee on Atomic
Energy, raised the question of making
the number of atomic weapons available
generally. He was vigorously criticized.
As of last spring, not even the members
of the Joint Committee knew how many
atomic bombs the U. S. had.

NOTHER item of information that
would help the citizen appreciate
the relative cost of hydrogen bombs and
atomic bombs is the amount of fission-
able material needed to get the hydrogen
reaction started and the plutonium
equivalent of the tritium to be used in a
hydrogen bomb. Since neutrons are re-
quired to produce either plutonium or
tritium, the neutron cost of a hydrogen
bomb may be larger than first appears.
The diversion of neutrons from the man-
ufacture of plutonium to make tritium
would mean a very real sacrifice of po-
tential atomic bombs in order to obtain
the ingredients for hydrogen bombs. As
for the money cost of the hydrogen
bomb, there have been such wide dis-
crepancies in the ‘estimates that the citi-
zen can reach no sensible conclusion
about it at all.

It is most important in our democracy
that our government be frank and open
with the citizens. In a democracy it is
possible to have good government only
when the citizens are well informed. It
is difficult enough for them to become
well informed when the information is
easily available. When that information
is not available, it is impossible. While
it may well be that some of the informa-
tion the citizen needs to make an intel-
ligent judgment of national policy must
be kept secret for military reasons, the
present use of secrecy far exceeds this
minimum. These are the methods of an
authoritarian government and should be
vigorously opposed in our democracy.

The hydrogen bomb and its potential
usefulness to the U. S. as a military
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weapon is a subject on which citizens
should be much more fully informed. It
is a weapon whose effectiveness has been
grossly exaggerated, and one in which
we can place relatively little reliance for
the future. Quantities of hydregen
bombs will not contribute very much to
the security of the U. S. Unfortunately
the citizen today believes that they will.

What, then, might be done to improve
our military security in an important
way? There are probably many answers
to this question, but let me just make one
suggestion that I am sure is clear to any-
one who has thought seriously about the
problem.

If the Russians should decide to move
into Western Europe, we would imme-
diately be faced with the prospect of
fighting a war. Presumably we could use
atomic bombs. It would not be long,
however, before we would need a large
army, and supplies not only for that army
but also for our allies in Europe. We
would have to send these supplies to
Europe. But just how would we get them
there? During the last war the Germans
came dangerously close to shutting oft
our supplies to England on at least two
occasions. This was before the develop-
ment of the Schnorkel type of subma-
rine, which we are told the Russians now
have in quantity. It is well known that
this Schnorkel submarine, while not ab-
solutely impervious to detection by ra-
dar, is most difficult to run down. No
method of detection has been developed
that can locate it at any great distance
under water. It appears that a deter-
mined enemy with adequate bases and
Schnorkel submarines could go a long
way toward preventing us from deliver-
ing men and supplies to Europe. We
could presumably deliver a certain
amount of material by air, but when it
comes to delivering millions of tons, our
experience with the Berlin air lift should
show us that this is not a feasible solu-
tion.

Here is a problem whose solution
would contribute greatly to our military
strength and therefore to our security.
Its solution might even deter the Rus-
sians from overrunning Western Europe
if they planned to do so. Hence it seems
much more important to devote our at-
tention to this problem than to the more
spectacular hydrogen-bomb develop-
ment.

HERE exist a great many other

problems that are probably almost as
important. For example, there is the mat-
ter of the development of long-range
guided missiles. This development is
clearly important to military strength.
During the last war both the Germans
and the Russians were very successful in
the tactical use of airplanes with ground
troops. New technical work might great-
ly increase the effectiveness of airplanes
in tactical use.



In the field of atomic energy itself we
need to make a choice between weapons
and other developments of nuclear pow-
er which may have long-range peacetime
significance as well as military applica-
tions. These long-range peacetime assets
may add to our industrial strength and
thereby make a greater contribution to
our security than the more immediate
development of weapons.

At the present time it is most difficult
to ascertain how our government de-
cides what policies to follow regarding
national security. High government offi-
cials find themselves beset with advice
to pursue this or that development or
construct this or that weapon without
being very sure how one weapon com-
pares with another. Where the develop-
ment of a weapon may compete with a
long-range industrial development the
problem is still more difficult. Although
the U. S. is a rich country, we cannot
afford to follow every recommendation
that anyone believes will increase our
national security.

The best way to make sure that a rea-
sonable policy is followed is to have
those policies and the information on
which they are based open for public
scrutiny. The citizen must choose, inso-
far as that is possible. Today if he tries
to come to some conclusion about what
should be done to increase national se-
curity, he runs up against a high wall of
secrecy. He can of course take the easy
solution and say that these questions
should be left to the upper echelons of
the military establishments to decide.
But these decisions are so important to-
day that to leave them to the military
men is for the citizen essentially to abro-
gate his basic responsibility. If in time
of peace decisions on which the future
of our country depends are left to any
small group not representative of the
people, we have gone a long way toward
authoritarian government.

The U. S. has grown strong under a
Constitution that wisely has laid great
emphasis upon the importance of free
and open discussion. Under the influence
of a large number of people who have
fallen for the fallacy that there is security
in secrecy, and of many, including, I
regret to say, eminent scientists, who
prophesy doom just around the corner,
we are dangerously close to abandoning
those principles of free speech and open
discussion that have made our country
great. The democratic system depends
on intelligent decisions by the electorate.
Our heritage can only be carried on if
the citizen has the information with
which to make an intelligent decision.
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Robert F. Bacher, from 1946 to 1949
a member of the Atomic Energy Com-
mission, is professor of physics at the
California Institute of Technology.
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U.S. DISADVANTAGE in a war involving hydrogen bombs is illustrated in
this map and section drawing. Cities on or near the coast would be vulnerable
to a submarine (A) firing a hydrogen bomb in a rocket or to a hydrogen
bomb-carrying robot ship (B). Range of rocket is assumed to be 150 miles.
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MALE FERTILITY

Perhaps two thirds of the cases of human infertility are

chargeable to men rather than women. Some recent

studies have revealed a few interesting reasons why

O PROBLEM concerns mankind
l q more deeply than the problem of
human fertility. It interests physi-
cians and philosophers, demographers
and politicians, psychiatrists and an-
thropologists, biologists and business-
men, policemen and sociologists. De-
mographers meet this root-problem
when they study world food conditions,
psychiatrists when they attempt to deal
with psychological difficulties of child-
less couples, adoption agencies when
they grapple with the imbalance of sup-
ply and demand for children. Millions
of laymen are personally and profoundly
concerned with one or another of the
problem’s phases.

There are of course two basic aspects
of the fertility problem: conception and
contraception. The elements of the lat-
ter are clearly understood, and the prob-
lem can be solved easily by any informed
couple; whatever difficulties arise in con-
nection with the application of contra-
ception are usually concerned with
groups rather than with individuals. The
elements of conception, on the other
hand, are only partly understood, even
by the well informed, and are often mis-
applied to such an extent that infertility
results.

It is highly probable that in some
cases infertility in a couple results from
emotional factors which are most diffi-
cult to define and resolve. But recent
experiments show that in more than 80
per cent of those couples who seek aid
the problem is physiological in origin,
not psychological, at least so far as the
male contribution is concerned.

More often than not, infertility in a
couple is charged to the wife. This is
often a grievous error. In about two
thirds of all cases, infertility is actually
chargeable to the husband. It is there-
fore important that both physicians and
laymen learn more than is now generally
understood about semen and the varying
degrees of potential fertility in men.

Studies of this kind have been made
in our laboratory at The Wistar Institute
with the aid of a new method we have
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developed for analyzing semen. Where
former methods relied upon a fixed cell
count, the new one makes it possible to
determine accurately the number of
active spermatozoa in any semen sample.
In the experiments to be described, 406
specimens were obtained from 239 indi-
viduals. They included both married and
unmarried men. Some of the married
men were of proved fertility. About 90
per cent of these were studied within
three months after their wives had be-
come pregnant.

UR first concern was to determine
the minimum number of active
spermatozoa that must be produced by
the husband if the wife is to conceive.
We grouped 49 fertile men according

EDITOR’S NOTE

The material contained in this
article is treated at greater length
in a chapter of a new book by the
author. The title of the book is
Human Fertility. It was published
late last month by The Author’s
Press of White Plains, N. Y. It is
copyrighted 1950 by The Author’s
Press, Inc.

to whether they had had one child or
two or more. In the first group were 38
men with one child each who had come
to us because their wives were expe-
riencing difficulty in conceiving a sec-
ond time. In the second group were 11
men who had atleast two children; none
had a fertility problem.

The results of the semen analyses in
these cases are shown in the table at the
top of page 19. The most significant fig-
ures for our present purposes are those
which give the number of active sperma-
tozoa in the total ejaculate, i.e., the “ab-
solute motility.” They show that the
smallest number of active spermatozoa
in any specimen from these 49 men
was 83 million. All of the men whose
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counts were near this lowest figure were
in the less fertile group. From this we
obtained a hint that somewhere in the
low 80 millions might be the dividing
line between men who could be viewed
as subfertile and those who might be
said to have “normal” fertility.

We have since confirmed this to our
satisfaction by making similar analyses
of many married men who have come
to us with various problems. We found
that about 97 per cent of the men whose
counts of absolute motility fell below 80
million either had had no children at all
or (in a comparatively few cases) had
had children at some time in the past but
had since become infertile. In such cases
the couple seeking help can succeed in
having a child only with great difficulty
and with the most careful clinical guid-
ance. On the other hand, we have rarely
found ourselves unable to help the wife
of a man with a count higher than 80
million to conceive, unless the wife also
has a fertility problem.

In the tests described above, all the
(sipecimens were obtained at least five

ays after the last previous emission.
With the aim of obtaining a measure-
ment of the degree of fertility in a shorter
interval, we ran a pilot series of obser-
vations on 23 individuals. Two semen
specimens were taken from each man:
the first after five days of abstinence and
the second 24 hours after the first. On
the basis of counts of active spermatozoa
the men were divided into three groups.
In all three groups the count fell on the
second day. But the principal fact we
noticed was that all of the men in the
first group, who had an absolute mo-
tility of well over 80 million the second
day, had had a count of more than 185
million on the first day. In other words,
it appeared that any man with an active
spermatozoon count of 185 million or
more could engage in coitus two days in
succession and still not drop into the sub-
fertile zone. Later investigations showed,
in fact, that these men remain in the
fertile zone for at least three successive
days. But the group who had counts be-
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CIRCLING HUMAN SPERMATOZOON is photo-
graphed at 24 frames per second. Such a spermatozoon

has a negligible chance of traversing the approximately
180 millimeters to the ovum. It is accordingly not qual-
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ified as a “progressive” spermatozoon. Other non-pro-
gressive spermatozoa merely fail to move very far in any
direction. Still other imperfect spermatozoa are not only
non-progressive; they appear to he completely inactive.
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NORMAL spermatozoon is viewed
through phase microscope. At right:
abnormalspecimen withagiant head.

ABNORMAL spermatozoa arc shown
at left and right. Specimen at left is
“pinhead”; the other is “duplicate.”

ABNORMAL spermatozoon at left is
“hammerhead”; specimen at right
suffers an irregularity of cytoplasm.
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tween 80 and 185 million the first day
dropped into the subfertile zone on the
second day, and the group who were
under 80 million the first day fell still
lower.

These discoveries have a practical ap-
plication to couples with fertility prob-
lems. A husband whose semen has an
absolute motility of over 185 million has
a good chance of bringing about concep-
tion for at least three consecutive days
during the period in which his wife’s
ovulation takes place. Thus it is usually
not necessary for him to know his wife’s
ovulation time with great accuracy. On
the other hand, a husband with an abso-
lute motility of 80 to 185 million is faced
with a problem. Since he is subfertile on
the second day, he can have sexual in-
tercourse with some hope of success on
only one day during the fertile period.
In his case it is necessary that an accu-
rate prediction of his wite’s ovulation
time be made in order that he may make
the best use of his limited fertility. Such
a prediction can be made by means of a
new rat test which has been developed
at The Wistar Institute. The test, in-
volving injection of urine containing
hormones from the patient into a rat,
makes it possible to predict a woman’s
time of ovulation within 12 hours in the
majority of cases.

OUR findings permit us to define three
degrees of fertility in the male: 1)
high fertility, indicated by a count of
above 185 million active spermatozoa on
the first day and above 80 million on the
next day; 2) relative fertility, with a
range of 80 to 185 million on the first
day, but less than 80 million on the next
day; 3) subfertility, with a count of less
than 80 million in the majority of semen
examinations.

Another study was designed to find
out what other factors were associated
significantly with this index of fertility.
The subjects in this investigation were
221 childless men who sought our ad-
vice because of the inability of their
wives to conceive. On the basis of counts
of active sperm they were classified in
four groups: highly fertile, relatively
tertile, subfertile and sterile (no sperma-
tozoa). The results of this study are
shown in the table at the bottom of the
opposite page. The analysis indicates,
more conclusively than the earlier study,
that most of the other factors are related
to the absolute motility. One factor that
shows relatively little correlation with it
is the volume of the ejaculate. The varia-
tions in volume appear to be within the
range of normal physiological variation,
and even the sterile men were not far
from the norm in this respect. This find-
ing should be an effective answer to the
many men who think they are fertile be-
cause their semen volume is large.

The most critical factor in this study,
as in the others, is the average number
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of active spermatozoa; the count for the
fertile males in the first two groups is
three to eight times greater than for
those in the subfertile group.

Occasionally the spermatozoa counts
of an individual vary sufficiently to
cause a temporary shift from one classi-
fication into another. Obviously no exact
borderlines can be established; it would
be ridiculous to say that a man with a
count of 80 million active spermatozoa
can have a child and one with 79 million
has no hope of ever having a child with-
out guidance. But wide variations are
most often found in the moderately fer-
tile and subfertile groups. Highly fertile
males usually remain consistently in the
high-count category if they practice
moderate abstinence.

The fertility of a man cannot be
judged on the basis of his physical ap-
pearance. Semen analyses on men of all
physical types have demonstrated that
within each type one will find the full
range of classifications from highly fer-
tile to sterile. The heavyweight boxer is
not necessarily more or less fertile than
the ascetic. One must look primarily to
physiological standards.

HAT are the standards? In a study

of more than 200 husbands whose
wives conceived while the couples were
being studied, the semen samples gave
the following median values: the volume
was four cubic centimeters (the largest
volume we have ever recorded was 15.5
c.c. in a relatively fertile man); the
speed of the spermatozoa was one twen-
tieth of a millimeter per second; 87 per
cent of the spermatozoa were of the
normal oval type; 44 per cent were
active; there were 51 million active
spermatozoa per c.c. and 209 million
active sperm in the total ejaculate. When
the husbands’ semen had these median
values, their wives conceived without
difficulty. The minimum conditions for
conception appear to be a volume of two
and one half cubic centimeters, a sper-
matozoa speed of one twentieth of a
millimeter in .7 to 1.2 seconds, 80 per
cent oval cells, 38 per cent motile cells,
and 80 million active spermatozoa in the
total ejaculate.

These standards serve only as a guide.
One cannot state dogmatically that a
male with less than the minimum stand-
ards can never father a child, but there
is only a negligible chance that he will.
Occasional pregnancies have occurred
when the count was less than the mini-
mum figures.

Semen samples below the minimum
for ordinary conception may sometimes
be used successfully for artificial in-
semination. A series of 24 successful in-
seminations was performed with semen
of varying degrees of fertility; in one
case the absolute motility was only 38
million. But these tests are not sufficient
to give us a clear indication of the mini-



mum standards. For obvious reasons it TWO COMBINED
is not feasible to experiment in artificial ONE OR MORE FERTILE

insemination with semen specimens of CHILD
all degrees of fertility. In donor insemi-
nations we always supply the samples

CHILDREN GROUP

from men we know to be highly fertile, Number of men 38 11 49
in order to avoid an additional unfavor-
able factor. In time we may be able to Volume of ejaculate (cc) 4.5 4.0 4.3

accumulate sufficient data to determine
minimum standards by studying all cases
of insemination in which the husband’s
semen is used. Active and inactive sperm in 496 661 555
On the basis of the experiments de- total ejaculate (millions) (232-1062) (276-1284) (232-1284)
scribed in this article, and with the aid
of the highly accurate ovulation-timing

(1.8-9.6) (1.2-8.4) (1.2-9.6)

test, it has been possible to develop a Active sperm in total ejaculate 221 292 246
complete and integrated program for the (millions) (83-499) (151-462)  (83-499)
alleviation of sterility. Much of the pro-
gram can be applied by the childless Percentage of active sperm 45 46 45.5
couples themselves, and with great ef- (15-74) (23-64) (15-66)
fectiveness. In complicated cases the
physician, the clinician and patients
working together can bring about con- Speed of sperm (seconds) 1.2 1.2 1.2
ception in a high proportion of those (0.7-2.8) (0.5-3.6) (0.5-3.6)
cases that do not involve subfertile hus-
bands. . .

To check on the effectiveness of the Percentage of specimens active 70 80 1€
integrated program, we have started a after 24 hours
survey of a group of couples treated be-
tween 1946 and 1950 They Were Se- Percentage of oval (normal) 87 91 90
lected at random from our files for those forms (stained specimens) (75-96) (82-90) (75-99)

years, except that we eliminated all cases

in which we knew there was a female FERTILE MEN were studied at The Wistar Institute to determine the mini-
problem. We have lost contact with some  jum number of active spermatozoa required for conception. The figures

of the couples and.do not .know_ whether parentheses are the largest and smallest value recorded in each group.
they have had children; in a few cases

treatment is not yet complete, and in
some there may be female abnormalities
not yet discovered. Each of these factors More. tl}an gbess.tllll.an

will tend to improve the figures when we 80 million mion

have re-established contact and filled in

the gaps. In the meantime it is interest- Number of men > 1 81 =
ing to observe what the results have been

so far, conservatively stated. Volume of ejaculate (cc) 4.7 3.9 3.5 3.4
(1.2-10)  (1-10) (0.5-8) (0.35-8)

ACTIVE SPERM CELLS IN MILLIONS

N general our studies suggest that
about 40 per cent of the males were
highly fertile, about 35 to 40 per cent Active and inactive sperm in 611 346 155 —
relatively fertile, about 15 per cent sub- totalejaculate (millions)  (307-1465) (122-1254) (3-530)
tertile and the rest sterile. In couples
involving subfertile husbands, success . . .
was attained in only 15 per cent of the Active sperm in total ejacu- 283 129 37 -
cases. Most of these couples will have to late (millions) (182-576) (83-185) (0.5-80)
resort to heterologous artificial insemina-
tion to conceive. But among highly fer- .
tile husbands the program hgas b%eefll suc- Percentage of active sperm 44 40 26 -
cessful in a minimum of 86 per cent of (16-65) (11-72) (2-75)
the cases; and in those cases involving
relatively fertile men it has been suc-

cessful at least 75 per cent of the time. Speed of sperm (seconds) L.6 1.2 1.9 3

In the two groups together, 81 per cent (0.5-1.8) (0.7-2.1) (0.9-12.3)

of the couples have conceived one or

more times as a result of the program. Percentage of specimens 84 70 2 _

On the whole it appears that couples
afflicted with temporary sterility now
can have reasonable hope that their

active after 24 hours

problems may be solved. Percentage of oval (normal) 90 88 70 -
e — forms (79-99)  (58-97)  (10-96)
Edmond ]. Farris is executive FERTILE AND INFERTILE MEN were similarly studied. Most of the
director of The Wistar Insti- factors appear to be related to the “absolute motility” of the spermatozoa.
tute of Anatomy and Biology. Volume of sperm has little influence on the number of active spermatozoa.
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HIGH VACUUM

The void of the ancient Greek philosophers

has become the essential medium of subtle

processes in modern science and technology

tory—any physics laboratory, any-

where in the world today—and
you will almost certainly hear one char-
acteristic background noise: the low,
steady pulse of the vacuum pump, the
heartbeat of the laboratory. Walk into
the room, and the most characteristic bit
of apparatus you will see is the vacuum
tube, which is as essential to a modern
physicist as the microscope is to a bac-
teriologist or the nail to a carpenter.

The vacuum sealed within the tube
and the vacuum produced by the pump
serve much the same ends. The tube is
a ready-made package of commercial
vacuum, while the pump is a means of
providing vacuum custom-built for the
experimenter who cannot find on the
market a package to suit his special
needs. The vacuum itself is almost liter-
ally the lifeblood of modern physics, the
essential medium in which its important
experimental structures are bathed.

In the fifth century B.C. the Thracian
philosopher Democritus of Abdera came
to the conclusion that all things were
made up of atoms and the void between
them, and that the void was fundamen-
tally as real as the atoms themselves.
Two hundred years later Strato the
Physicist, a successor to Aristotle at the
Lyceum of Athens, made an airtight
metal sphere fitted with a pipe through
which he blew in and sucked out air.
By this means he sought to demonstrate
experimentally his theory that “small
vacuums exist in a scattered state in
air, water, and other bodies. . . . The
particles of air do not completely fit into
one another [but] leave empty spaces be-
tween, as does the sand on the beach.”
Strato used his theory in the explanation
of many phenomena, including the prop-
agation of light: “If vacuums did not
exist, neither light nor heat nor any other
material force would be able to penetrate
the substance of water or air or any other
body.”

Physicists today believe with Democ-
ritus that all things are made of atoms
and the void and that the two are insepa-
rable. With Strato they believe that the
void—empty space—is not featureless but

OPEN the door of a physics labora-
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has properties as definite as those of the

atoms, that it can transmit light and
gravitation, and that in it move the atoms
themselves. The void can be studied
only through the behavior of the atoms
which fill it or bound it, and the atoms
can be described only in terms of their
structure in space. Both the theories of
Democritus and the experiments of
Strato continue in the imagination and
the experience of physicists, and the
ideas suggested by these two ancients
are subjects of discussion today.

Their work was largely forgotten,
however, and it was not until the Renais-
sance that the next famous vacuum ex-
periment was performed by Galileo’s
pupil Evangelista Torricelli. He filled
with mercury a long narrow glass tube
closed at one end, placed his finger over
the open end and inverted the tube in a
basin of mercury. The mercury in the
tube sank at once, leaving an apparently
empty space at the top, later called the
Torricellian vacuum. In effect Torricelli
had made a barometer. The height of
the mercury column (about two and a
half feet) measured the sea-level atmos-
pheric pressure, i.e., the weight of the
air pressing on the surface of the mer-
cury in the basin. The great French
philosopher Blaise Pascal repeated these
experiments on top of the Puy-de-Déme,
and found the weight of the air to be
less at that altitude than at sea level. He
concluded “that the vacuum is not im-
possible in nature, and that she does not
shun it with so great a horror as many
imagine.”

Independently Otto von Guericke,
burgomaster of Magdeburg, invented
the air pump. This he used in many
demonstrations, the most spectacular of
which was performed before the Em-
peror Ferdinand III and his Reichstag
at Regensburg in 1654. Here von
Guericke used two large copper hemi-
spheres made airtight by a sealing ring
of leather soaked with oil and wax. Once
he had pumped the air from his hemi-
spheres, 16 horses could not pull them
apart. In England Robert Hooke and
Robert Boyle built an improved air
pump which Boyle used for an almost
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whimsical variety of experiments, in-
cluding an observation of the effect of
reduced pressure on a bee.

It was the mechanical properties of
the vacuum, the visible demonstration
of the weight of the air, that mainly
concerned these pioneers. Not until
later did experimenters focus their at-
tention on the internal nature of the
vacuum, as, with the growing skill of
their technique, the idea of the fine
structure of matter became clear.

HAT is vacuum? In the old philo-
sophic sense vacuum is void or
nothing or empty space inextricably
linked with the existence of atoms. In
modern science space and matter are
still major categories for our basic un-
derstanding of the real world. But we
shall speak of vacuum pragmatically, as
something the physicist has made a long
series of efforts to produce. In the latter
sense vacuum is a “fourth state of mat-
ter” as different from gas as liquid is
from solid, and in much the same way.
The differences among the four states
of matter are essentially those of the
spacing and the motion of the molecules,
and these differences are obvious in such
examples as the crystal ice and the liquid
water. The molecules contained in an
ordinary ice cube will fill a five-gallon
can if they are converted into steam at
atmospheric pressure; the flying mole-
cules of the vapor are about 10 times as
far apart as they were in the solid ice.
When a housewife confines the mole-
cules of this amount of water in her
pressure cooker and heats them suffi-
ciently, she is making steam at double
normal pressure; if she opens the valve
a bit too soon, she receives a graphic
demonstration of the behavior of a gas
as the molecules crowd through the nar-
row tube into the air. The molecules of
a gas—fast and slow, spinning and oscil-
lating, converging and scattering—hurtle
through space in a completely random
course. Indeed the word gas is simply
the Greek word chaos, transliterated into
Flemish by the alchemist Jan van Hel-
mont.
Starting with our five-gallon can of



steam at normal pressure, we can obtain
a reasonably good vacuum—after strong-
ly re-enforcing the can to withstand at-
mospheric pressure—by pumping out all
but one out of every million of the orig-
inal molecules. (This would leave only
enough water to make a snowflake.)
Like the pressure cooker our container
must be tight, but now in order to keep
molecules of air from rushing in rather
than molecules of steam from bursting
out. The molecules remaining within the
container fly about freely. Since there
are few of them in a comparatively large
space, they do not collide with one an-
other as often as do those in a gas at
normal density. In the normal air of a
room an average molecule flies with the
speed of a rifle bullet and in a similar
straight path, a little curved by the force
of gravity. After one molecule collides
with another, each goes off in a new
direction; on the average in normal air
such a molecule can travel only a few
millionths of an inch—less than the
length of a light wave—before hitting a
neighbor. The physicist says that the
mean free path of this molecule is very
short. In our evacuated container, on the
other hand, one of the rare remaining
molecules travels two inches on the
average before hitting another. In the
best vacuums now attainable, where all
but one out of every million million
molecules are removed, a molecule can
travel miles before hitting any others ex-
cept those in the walls of the container.

It is just this long mean free path of a
molecule in a gas at very low pressure
that is characteristic of our fourth state
of matter. Only in high vacuum is the
physicist able to study and control the
behavior of a single particle without the
interference of its fellows. Only in a
vacuum can the physicist easily use elec-
tric and magnetic fields to guide a
stream of electrons in some particular
path or against some particular target;
only in a vacuum has the physicist been
able to unravel the nature of the mole-
cule and its constituents. The great ma-
chines of today’s nuclear laboratories—
the cyclotrons and synchrotrons and
betatrons—are simply devices for speed-
ing isolated particles around and around
a carefully planned interlacing orbit in
a vacuum. A television tube must con-
tain a good vacuum, else the narrow
stream of electrons which so rapidly and
precisely paints the image on the screen
would become impossibly distorted and
diffuse through random collisions with
the molecules of gas. The ever-present
radio tube in all its variants provides the
ready-made sealed-off vacuum where
the delicately controlled motion of elec-
trons can serve the innumerable pur-
poses of the circuit-maker’s art.

It should be remembered that even in
a good vacuum isolation is a relative
term when we speak of molecules. In our
best attainable vacuums there are still

tens of millions of molecules in every
cubic centimeter. Each molecule flies
back and forth across the enclosure,
making thousands of collisions with the
walls of the system, traveling several
miles before encountering another mole-
cule. This is possible only because each
molecule is so extremely small that even
tens of millions in a cubic centimeter
present in the aggregate only a tiny
target. Beyond the edge of the galactic
system there are lonely hydrogen mole-
cules which may travel for millennia and
through billions of miles between en-
counters with their neighbors. Here is
the very highest vacuum of all, in that
grandest of containers: the universe.

HE physicist’s standard of a good

vacuum has changed with the years.
When the debonair English physicist
William Crookes presented what his re-
nowned colleague J. J. Thomson de-
scribed as the “striking and beautiful
spectacles with which he delighted, al-
most yearly, crowded audiences at the
Friday Evening Discourses at the Royal
Institution,” Crookes had removed all
but one out of every ten thousand mole-
cules from his electrical discharge tubes.
At the time this was considered an ex-
tremely good vacuum. The history of
progress in vacuum is essentially a his-
tory of the development of pumps. Up
until the middle of the 19th century the
only practical air pump was a piston de-
vice, an improved version of the kind
that von Guericke and Boyle had devel-
oped. In a physics textbook published in
1860 the Yale chemist and geologist
Benjamin Silliman (the younger) de-
scribed an “excellent form” of the piston
pump made in Boston with valves of
oiled silk! But it was with mercury
pumps that the monumental work of
Cambridge University’s Cavendish Lab-
oratory was done, from James Clerk
Maxwell’s study of the viscosity of gases
to J. J. Thomson’s discovery of the elec-
tron.

Descendants of the Torricellian ba-
rometer, these early mercury pumps
were painfully tedious to use, requiring
the continual raising and lowering of a
reservoir of mercury by hand. Lord Ray-
leigh described as the central object of
his father’s laboratory at their home in
Essex “a large Topler mercury pump
which at the time it was procured (about
1885) was regarded with satisfaction as
the last word in efficiency for the rapid
production of high vacua. Yet it took a
whole morning of intermittent attention
to exhaust one of the two-litre globes
used for weighing gases.” Crookes, who
was not on the staff of any university,
used in his own independent laboratory
an improved Sprengel mercury pump,
made somewhat more automatic than
the Topler but still uncomfortably slow.
At “the Cavendish” itself, Rayleigh
noted in 1897 that the “ubiquitous

© 1950 SCIENTIFIC AMERICAN, INC

\ ]
) |
TOPLER PUMP exhausts globe

(top) when vessel of mercury (bot-
tom) is repeatedly raised and low-
ered. When vessel is raised, mercury
in system rises to force gas out of
chamber at top center. When vessel
is lowered, check valve below the
globe allows gas to flow down from it.
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Topler pump” was the only method of
exhaustion available. It was not until this
century that the first satisfactory pumps
tor high vacuum were designed by the
inventive German professor W. Gaede,
who produced a whole series of improve-
ments: rotary mercury and oil pumps
(1905), a molecular pump (1912) and
a vapor diffusion pump (1915). The
Gaede pumps, together with the indis-
pensable form of vapor-condensation
pump developed by the U. S. physicist
Irving Langmuir in 1916, form the basis
of modern techniques of vacuum pro-
duction.

J. J. Thomson believed that the com-
mercial introduction of electric light was
the important factor that led inventors
to develop automatic and rapid pumps.
Although it is not perfectly clear which
came first, the pumps or the bulbs, the
exact sequence of events is not so impor-
tant as the fact that pumps and bulbs
were largely interdependent in their de-
velopment. Incandescent lighting was
little more than an amusing laboratory
possibility until the Sprengel pump was
invented and men like Crookes worked
out techniques for using it.

At the high temperatures required to
make them glow brightly, most objects
would oxidize away in a flash if exposed
to air. Once it was clear that a vacuum-
sealed glass globe could be made to hold
the glowing material aloof from air, there
remained only the problem of finding
some efficient material in a practical
form. This Thomas Alva Edison—and
others—solved with a high-resistance car-
bon filament. Electric lights then became
commercially feasible. There followed a
flood of refinements in production tech-
nique which have culminated in today’s
great industry. Today filaments are made
of tungsten; the lamp bulbs are filled
mainly with argon gas, but the bulbs
must be well evacuated of air before the
argon can be introduced. Vacuum tubes
for television, radio and other electronic
applications are made in much the same
way as electric lamps, though generally
with a much better vacuum. More than
half a billion dollars is spent each year
for such commercial packages of vacuum
and the delicate structures they enclose.

AKING a good vacuum is basically

the problem of eliminating air and
other gas from the complicated set of
bulbs, tubes and valves the experimenter
calls his vacuum system. (Glass vacuum
systems have come to be the standard
photogenic background for shots of “the
scientist at work.”) Gas appears within
his system in three principal forms: as
free air, as captured gas and as gas re-
leased by evaporation. The air of the
ever-present atmosphere is the main
thing to be removed. In addition every
solid—even the purest metal—contains
some molecules of captured gas, either
as a more or less continuous layer coat-
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ing its surface or scattered thinly within
its bulk. This gas gradually escapes from
its captivity, slowly if the solid is very
cold, more rapidly when it is heated.
Organic materials such as rubber con-
tain large quantities of such captured
gas, and even glass and metal may con-
tain troublesome amounts.

If the experimenter were able to
eliminate all of the free gas and captured
gas, he would still have to deal with the
gas molecules released by evaporation.
Even a pure solid gives up molecules
at a fixed rate at a given temperature—
the rate at which its own vibrating outer-
most molecules burst {ree of their bonds.
Just as glare ice on a cold day evaporates
slowly without melting, so at room tem-
perature even as stable a solid as iron
loses molecules from its surface layers
at a steady though imperceptibly slow
rate. For liquids and for soft solids such
as wax or rubber, which are near their
melting point at room temperature, the
rate of evaporation is enormously higher.
The “goodness” of the vacuum that an
experimenter obtains depends on the
balance he strikes between the rate at
which gas enters his system from all pos-
sible sources, and the rate at which his
pumps force gas to leave. The ultimate
limit is reached when the pumps can
remove gas no faster than it is formed
by evaporation. To obtain his vacuum
the experimenter may choose to decrease
the amount of gas that enters his system,
or he may increase the speed and size of
his pumps. This choice has led to the
growth of two schools of vacuum build-
ers characterized by their typical skills.
One school employs the skill of the glass
blower, the other that of the plumber.

The school of glass blowers is the
more traditional of the two; its adherents
believe in reducing to a minimum the
amount of gas that enters the system.
They depend on small, low-speed pumps
operated with modest power. Their sys-
tems are small and complicated and
usually glass; it is they who achieve the
highest vacuums known today. The
standards of cleanliness for an experi-
menter of this school would drive the
most meticulous of housewives to frenzy:
a careless thumbprint can mean hours
of extra pumping. The experimenter
struggles in a vicious circle: he can-
not make a good vacuum unless his
system is absolutely clean, and his sys-
tem cannot be absolutely clean unless
he has a good vacuum. He begins by
thoroughly washing every square inch
of the inner surface of the system to be
evacuated, ending usually with a bath
of pure acetone. He degasses each part
by baking it separately in a vacuum to
drive off as much of the captured gas as
possible before assembling his system.
The system is first evacuated crudely by
some type of mechanical pump which
removes all but one out of every ten
thousand molecules in a few minutes.

© 1950 SCIENTIFIC AMERICAN, INC

Only after this preliminary vacuum has
been reached does he switch on his high-
vacuum pump, usually a mercury-vapor
or oil-vapor pump. Long pumping and
additional baking now take care of most
of the gas.

For the difficulties caused by gas con-
tinuously supplied by evaporation the
experimenter has many dodges. For ex-
ample, he inserts between the system to
be evacuated and the surface of the
pumping liquid a trap with walls cooled
by liquid air. Vapor molecules that
leave the pump will stick to the cold
walls of the trap whenever they collide
with them; the vapor is frozen fast. He
eschews the convenient rubbery or plas-
tic insulators; ceramics, quartz and glass
are his austere though often expensive
choice. Wherever he can he avoids mov-
ing parts with their lubricated bearings
or ground joints; when he must have
lubricants and seals he uses specially
made compounds: vacuum greases with
very low evaporation rates. He fuses to-
gether his glass parts, solders or welds
his metal parts and even fuses joints
between glass and metal. With a magnet
on the outside, he is able to direct the
motion of what has sometimes come to
resemble a miniature machine shop
within the vacuum, adjusting, cutting or
turning, all by remote control. Thus he
substantiates Crookes’ description of
vacuum as “a new world . . . where we
can never enter, and with which we
must be content to observe and experi-
ment from the outside.”

If the experimenter is building a sys-
tem which is to be sealed off from his
pump once it has been evacuated, he has
one more trick at his disposal, a trick
indispensable to the lamp and radio-tube
industry. He “cleans up” the vacuum
with a “getter.” Getters are substances
which get and keep by chemical com-
bination the gases that escape from any
part of the system. A great lore has de-
veloped as to what substances make the
best getters for particular systems.
Although the exact mechanisms by
which they work are not completely un-
derstood, getters are very useful for
maintaining the vacuum once the system
has been sealed. The silvery mirror you
see inside a radio tube is a getter; usu-
ally it is a film of barium evaporated on
the glass. Even at very high vacuums it
would take only a few minutes for the
entire surface of a tube to be covered
with a single layer of molecules. Precise
measurements on the chemistry and
physics of surfaces of any kind can be
properly made only during the few min-
utes when the surface is still really clean,
still free of the molecules that strike the
walls and stick to them. Only the best
vacuums allow this short time of real
cleanliness. No comparable standards of
cleanliness are conceivable outside of a
high vacuum, because almost every sur-
face we can touch in the world, no mat-



ter how spotless it appears, is covered
with a patchy layer of molecules—water,
oil or air.

UITE different is the approach of
the plumbers. The experimenter of
this school does not worry much about
degassing or getters or the vapor pres-
sure of his materials. His system is not a
few feet of glass tubing and a couple of
flasks, but a big steel or brass chamber,
sometimes large enough to walk into. His
diffusion pumps are the same in princi-
ple as those of his more painstaking
colleagues, but run up to a yard in
diameter. He relies upon the great speed
of his enormous pumps to bring his sys-
tem to a reasonably good vacuum in a
short time. His valves may be commer-
cial high-pressure steam valves, his con-
nections plumber’s piping sealed with a
little giyptal varnish in the threads.
Everywhere he has adjustable shafts and
ports with removable lids. These are
sealed by tightly compressed rubber
gaskets, usually made so that atmos-
pheric pressure wedges the rubber se-
curely into place. He may lift off heavy
steel lids with a chain hoist many times
a day, exposing the surfaces of the whole
great system to air, but an hour or two
of fast pumping restores the vacuum.
Sources of vapor within the system,
short of puddles of water or real air
leaks, are of no great concern. (One
eminent practitioner has been known to
demonstrate an unorthodox confidence
in his pumps, to the alarm of cautious
onlookers, by knocking his pipe ashes
into the system before closing it up.)

To be sure, the plumber cannot
achieve as high a vacuum as the glass
blower. The slow evaporation of the rub-
ber in his gaskets and the big gassy sur-
taces of his system set a limit to the
quality of the vacuum, a limit which
would be disdained by the builder of an
immaculately degassed ceramic and
glass system. But the sheer quantity of
the plumber’s vacuum plainly justifies the
latter-day school. In 15 years, since the
rapid evolution of the cyclotron and
the other big nuclear machines began,
the nuclear laboratory has gradually
swung over from the finicky glass blow-
ing to the brash plumbing technique for
vacuum. The laboratory glass-blower is
conspicuously absent in many nuclear
laboratories today. His intricate art is
becoming the property of the high-pur-
ity chemist and the surface physicist.

It is from nuclear physics and its
vacuum plumbing that the present in-
dustry of high vacuum has grown.
Vacuum has spread from the light-bulb
industry to a thousand industrial and
commercial uses, the description of
which would make a fascinating article
in itself. One might mention as examples
the dehydration of frozen foods and the
vacuum distillation at room temperatures
of heat-sensitive organic compounds

MECHANICAL PUMP evacuates most of the gas from a modern high-
vacuum system. Shown in this schematic drawing is the principle of a rotary
oil pump. Gas from the system to be evacuated enters the pump from the
top. A rotating eccentric then sweeps the gas out to the right. The shaded
area around the pump cylinder indicates the circulation of cooling fluid.

VAPOR PUMP, often called a diffusion pump, is used to evacuate much of
the remaining gas left by a mechanical pump. The gas to be evacuated from
the vacuum system enters the pump from the top and is swept out at the
lower right by a stream of mercury or oil vapor. The vapor originates in the
pool of liquid at bottom of pump, to which it returns upon condensation.
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GLASS VACUUM SYSTEM has several essential or-
gans. At upper left is a Pirani gauge for measuring very
low pressures. Second from left is a vessel to be evacu-
ated for a delicate distillation. Third from left is a
chamber which traps vapor that might escape into the
system from the distillation vessel. Fourth from left is
a two-stage oil-diffusion pump. The first stage of the

\ .:.‘-‘-w'wwﬂ ) 4

pump is represented by the glass funnel within the hor-
izontal glass tube. The second stage is in the base of the
vertical column farther to the right. At the far right is
the silhouette of a mechanical pump. The apparatus was
built by Distillation Products Industries, a firm which
principally manufactures much bigger vacuum systems
for large-scale laboratory and industrial purposes.

which are today large-scale processes,
putting vacuum-concentrated orange
juice on every breakfast table and
vacuum-dried penicillin crystals in every
drugstore. )

To compare the vacuum technique of
today with that of 50 or 100 years ago
we have only to think of Rayleigh’s
Topler pump, which could exhaust a
two-liter flask in half a day, and then
look at a picture of one of the oil-diffu-
sion pumps at Oak Ridge, 32 inches in
diameter, which, in combination with a
big mechanical pump, has a capacity of
30,000 cubic feet per minute. With the
development of large pumps the vacuum
plumber’s technique was made possible,
and with the development of this tech-
nique vacuum graduated from the lab-
oratory to the factory. Diffusion pumps
are no longer the home-made product of
the physicist but are highly developed
products of skilled and specialized firms.
Many more vacuum systems are used out
of the laboratory than in it. The physicist
today draws upon this industry for a

wide range of easily available compo- .

nents of his vacuum system.
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Building the system is not quite the
whole story; it must be kept tight and
leakproof. The enemy air is everywhere,
eager to slip in through any tiny flaw.
The job of leak detection is never fin-
ished. A crude leak is easy to detect; it
simply whistles as the air rushes in! Most
leaks are more sly than that. To locate
them the experimenter releases small
amounts of a test gas, area by area, all
around the outside of his system, stop-
ping at each point to see whether his
detector has found any of the released
gas inside. To detect gas in simple glass
systems the experimenter may use a
Tesla coil outside and watch the color
of the spark discharge that identifies a
gas within.

There is a whole range of other detec-
tors. For large metal systems by far the
most sensitive method is the mass spec-
trometer. This complex piece of appa-
ratus, with its own internal vacuum sys-
tem, is capable of scenting the test gas
(helium) admitted through even a mi-
croscopic flaw. When the leak has been
precisely spotted, a dab of glyptal var-
nish or a new gasket or a resoldered
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joint may cure the trouble. Leaks are
the principal torment of experimental
physicists, who spend more hours than
they care to remember tediously search-
ing out invisible holes.

From Torricelli onward the physicist
has worked on the practical problem of
making a vacuum. And the very tech-
niques by which he makes and measures
the vacuum are themselves both the
agents and the fruits of a deeper under-
standing of physics; insight and tech-
nique thus grow together. By making a
vacuum and by using it, the physicist
has gained real insight into the deeper
nature of vacuum in the philosophic
sense. Like any tool of the physicist, a
vacuum system represents his active in-
tervention in the workings of the world.
With such tools the physicist more and
more will come to understand the nature
of space and matter, of atoms and the
void.

Philip Morrison is a theoreti-
cal physicist at Cornell Univer-
sity. Emily Morrison is his wife.
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procedures in your work.
Almost a third of the booklet is devoted to
sensitometry and the characteristic “H & D”
curve. Other chapters deal with emulsions and

EASTMAN KODAK COMPANY, ROCHESTER 4, N. Y.
Please send me a copyofyour booklet, “Photographic Plates for Scientific and Technical Use.”

Name

Organization
Address

City_

- . ___________ Position

Zone____

characteristics of specific types of materials used
in scientific and industrial photography. Another
section discusses and plots spectral sensitivity
from the ultraviolet through infrared.

This booklet is replete with valuable data and
information. It is free to those interested in the
scientific and technical use of photography. To
obtain a copy, write to the Eastman Kodak
Company, Rochester 4, N. Y.

—_ State

© 1950 SCIENTIFIC AMERICAN, INC




— —— 4
—— -y

=\l
e

o . a1
r

1
1
1)

Concerning H-Bomb Reactions

HE first major extension of censor-

ship over scientific information in the
U. S. since the end of the war was insti-
tuted last month. The Atomic Energy
Commission directed its employees and
consultants to cease public discussion of
thermonuclear reactions in relation to
the projected hydrogen bomb. The Com-
mission explained that its request ap-
plied to unclassified as well as classified
information. It was addressed to all per-
sons now or recently associated with the
atomic energy project, which would in-
clude most of the atomic physicists of
the U. S.

This policy was made known in tele-
grams sent on March 14 and 20 to AEC
managers. The second telegram ex-
plained that the purpose was “to avoid
release of technical information which,
even though itself unclassified, may be
interpreted by virtue of the project con-
nection of the speaker as reflecting the
Commission’s program with respect to
thermonuclear weapons.”

The Commission applied the policy
last month to censor an article written
for ScienTiFic AMERICAN and the Bulle-
tin of the Atomic Scientists by Hans A.
Bethe, professor of physics at Cornell
University, who is a consultant to the
Commission. Dr. Bethe had sent copies
of his manuscript to a number of his col-
leagues in physics, among them a mem-
ber of the Commission. Neither the
author nor the editors of the two publi-
cations considered it appropriate to sub-
mit the article to the AEC for review,
since all the technical information in it
was well known to physicists the world
over and had been widely published.
Physicists who read Dr. Bethe’s original
manuscript, including several associated
with the atomic energy program, con-
curred in the view that it involved no

2%
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question of security of information. On
March 15, after the April issue of Scien-
TIFIC AMERICAN containing Dr. Bethe’s
article, titled “The Hydrogen Bomb:
II,” had gone to press, a telegram was
received from the Atomic Energy Com-
mission requesting that the technical
part of the article be withheld from pub-
lication. SCIENTIFIC AMERICAN stopped
its presses and asked the Commission to
specify its objections. After reviewing
the article the Commission requested the
deletion of several sentences. In order
to proceed with publication of the issue,
the editors complied with the Commis-
sion’s request. The Commission then
asked that all copies of the original
article be destroyed. An AEC security
officer visited the printing plant and
supervised the destruction of the type
and printing plates with the deleted ma-
terial and the burning of 3,000 copies of
the magazine which had been printed
before the presses were stopped.

In response to inquiries from the press
after the incident had become known,
Gerard Piel, publisher of SciexTiric
AMERICAN, observed that the material
deleted by the Commission included
“statements which had already been
widely quoted in the press and state-
ments which have since been made by
Robert Bacher, a former member of the
Commission, in a speech in the Los
Angeles Town Hall on March 27.” Piel
added:

“We oonsider that the Commission’s
action with regard to the Bethe article
and the sweeping subsequent prohibi-
tion issued to the nation’s atomic scien-
tists raises the question of whether the
Commission is thus suppressing informa-
tion which the American people need in
order to form intelligent judgments on
this major problem. While there are cer-
tainly areas of information which must
be protected for reasons of national
security, there is a very large area of
technical information in the public do-
main which is essential to adequate pub-
lic participation in the development of
national policy, and on which the Ameri-
can people are entitled to be informed
by such recognized authorities as Dr.
Bethe.”

SCIENTIFIC AMERICAN is continuing
the discussion of the hydrogen bomb
with the article by Dr. Bacher in this
issue (see page 11). A fourth article in
this series of discussions will be pub-
lished in June.

Civil-Defense Hearings

N March 17 the Joint Congressional
Committee on Atomic Energy be-
gan its long-awaited series of public
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hearings on civil defense against the
atomic bomb. First to testify were repre-
sentatives of the Atomic Energy Com-
mission.

Research on methods of counteracting
the effects of nuclear radiations was de-
scribed by Shields Warren, director of
the AEC’s Division of Biology and Medi-
cine. He reported that six per cent of the
survivors of Hiroshima who were less
than 1,000 meters from the center of the
explosion now show evidence of radia-
tion cataracts. With the exception of
these persons, said Warren, “those sur-
viving the acute effects of irradiation
from an atomic explosion can . . . expect
a reasonably normal life thereafter.”

The immediate effects of exposure to
a lethal dose of radiation are:

1. Infection by organisms already
present in the body, caused by the body’s
loss of the ability to produce antibodies
and white blood cells. “This leads to
ulcerations all along the gastro-intestinal
tract and the upper respiratory passages.
These ulcerations tend to produce hem-
orrhage just like a stomach ulcer. A
frequent cause of death is pneumonia
and/or blood poisoning.”

2. Anemia, caused by destruction of
the power of the bone marrow to pro-
duce new red blood cells, and aggra-
vated by bleeding from ulcerations.

3. Injury to the blood-clotting mech-
anisms and possibly to the capillaries,
the smallest blood vessels.

4. Changes in the excretion of sodium
and potassium salts and in the amounts
of water present in the tissues, and gen-
eral disturbances of nutrition resulting
in loss of weight.

AEC workers have developed several
protective measures. Before exposure,
large doses of female sex hormones or
of the amino acid cysteine can increase
resistance to the effects of irradiation.
During exposure, shielding of certain
parts of the body greatly increases the
survival rate, as shown by experiments
on animals. After exposure, the recom-
mended treatment is several weeks of
rest, administration of antibiotics, blood
and plasma transfusions and the use of
antiheparin substances to combat hem-
orrhage.

Warren reported that the AEC has
started a program of training of instruc-
tors to teach radiation detection. At
universities throughout the country phy-
sicians are being given training in
“medical aspects of atomic warfare.”
AEC technicians have developed an in-
expensive new Geiger counter for meas-
uring high levels of radiation; it could
be mass-produced for $10 to $15.

In New Jersey a state-wide program
of atomic defense was promulgated by
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Governor Alfred E. Driscoll last month.
Local defense councils will blood-type
every resident of the state, arrange for
emergency beds, organize police and
fire reserves, provide for emergency
water supplies, list heavy road machin-
ery available for clearing debris and in-
struct the public on the seriousness of
atomic warfare. In New York prepara-
tions are under way to make specialized
training in the clinical and biological
effects of atomic bombs available to the
state’s 30,000 physicians.

New AEC Commissioner

THOMAS E. MURRAY, a New York
business executive and engineer, has
been appointed to the Atomic Energy
Commission by President Truman to re-
place David E. Lilienthal, who left the
Commission on February 15. Murray,
best known as a former receiver of New
York City’s Interborough Rapid Transit
Company, is president of the Metropoli-
tan Engineering Company, a director of
the Chrysler Corporation and trustee
of the Bank of New York and the Fifth
Avenue Bank.

Sumner T. Pike continues as acting
chairman of the Commission. A perma-
nent chairman is expected to be chosen
when President Truman appoints -a
member to the vacancy created by the
resignation of Lewis L. Strauss.

Element 98

FEW days after SCIENTIFIC AMERI-

caN had gone to press with the
article in the April issue entitled “The
Synthetic Elements,” which stated that
“at the moment the list of identified ele-
ments stands at 97,” the number was
raised to 98. The creation of element
98, the sixth synthetic addition to the
periodic table, was announced at the
University of California by Glenn T.
Seaborg, Stanley G. Thompson, Albert
Ghiorso and Kenneth Street, Jr. They
named it californium, after the state and
the University.

The new element was produced in
Berkeley’s 60-inch Crocker cyclotron by
bombarding a few millionths of a gram
of curium 242 with alpha particles with
an energy of 35 million electron volts.
The 60-inch cyclotron, in which five
other synthetic elements were also first
created, is used for this work in prefer-
ence to the giant 184-inch because the
400-mev alpha particles produced in
the latter would shatter the nuclei of the
target material instead of being captured
by them.

Element 98 has a half-life of only 45
minutes, and the tiny amount produced
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was difficult to detect. It was identified
only because the California workers
had been able to predict its half-life
and chemical properties. Although the
element will probably never be made
in visible amounts, its properties are
of considerable theoretical importance
to chemists. It is a homologue of dys-
prosium, element 66, which is part of
the rare-earth series that begins with
lanthanum. The successful identification
of element 98 on the basis of the pre-
dictions bears out the theory that the
synthetic elements beyond uranium are
part of a second rare-earth series whose
prototype is element 89, actinium. If
this theory is correct, five more new
elements may be expected to complete
the series.

It is customary to name new elements
on the same basis as their homologues;
thus element 97 was named berkelium,
after the city of Berkeley, because the
corresponding rare-earth element ter-
bium, number 65, had been named for
Ytterby, Sweden, where it was discov-
ered. Dysprosium, the homologue of
element 98, was named from a Greek
word meaning “hard to get at.” In justi-
fication of the name californium for the
new element, the Berkeley workers
pointed out that “the searchers for an-
other element a century ago found it
difficult to get to California.”

Radio’s Circumnavigation

A RADIO engineer has finally suc-
ceeded in sending a radio signal
completely around the earth and detect-
ing it near the point of transmission. The
feat was accomplished by Jack N. Brown
of the National Bureau of Standards.
Using a signal of very low frequency
(18 kilocycles) and the powerful 350-
kilowatt transmitter of the Naval Radio
Station at Annapolis, Md., he found that
the signal took a little more than a tenth
of a second to circle the earth.

Brown detected the signal at a Bureau
of Standards field station at Sterling,
Va., 50 miles from the transmitter. His
receiver had a large loop antenna 150
feet high. The circumnavigating radio
pulse was identified and timed by the
fact that it arrived as an identical de-
layed signal a certain interval after the
direct signal from Annapolis to Sterling.

Brown estimated that on a normal
day a low-frequency radio signal
bounces back and forth between the
earth and the ionosphere a total of 55
times in its trip around the world. Each
hop is about 450 miles long.

Spectrographs

THE spectrograph, the instrument
that splits light into its spectrum of
wavelengths, is one of the most power-
ful tools of modern research. Industry
uses it for quick, accurate analysis of
materials; the chemist, the physicist and
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the astrophysicist find it indispensable.
But production of the instrument has
not been able to keep up with the pres-
ent-day demand. Word now comes from
Johns Hopkins University of a major
improvement in technique that will re-
lieve the shortage.

In the classical spectrograph the ele-
ment used to disperse light into a spec-
trum is a quartz prism. In modern in-
struments the prism is increasingly being
replaced by a diffraction grating, both
because of a scarcity of optical quartz
and because of certain advantages in
gratings. The ruling of diffraction grat-
ings is perhaps the most exacting and
difficult of all high-precision tasks, and
the construction of machines that do
this work is an extraordinarily delicate
problem. To rule straight, parallel and
equidistant grooves on aluminum with
an accuracy of a millionth of an inch the
parts of the ruling machine must remain
fixed and stable to a high degree; its
work may easily be ruined by micro-
scopic changes in the shape of the ma-
chine due to temperature variations,
friction, elasticity and internal strain.
Henry A. Rowland of Johns Hopkins
was the first to manufacture diffraction
gratings on a production basis, 70 years
ago. The Hopkins has remained the chief
source of the large gratings needed in
basicresearch. The supply of large grat-
ings has recently fallen about a year be-
hind the demand.

Now John D. Strong of the Hopkins,
aided by a group of skilled instrument
makers, has developed an improved ver-
sion of the classic Rowland machine that
rules gratings with less difficulty and
greater speed. The machine started pro-
duction two months ago, and the very
first gratings ruled proved suitable for
use. It is producing gratings six inches
in diameter with a focal length of 21
feet. The fundamental improvements in
the Strong design promise even more:
they indicate a likelihood that larger
machines built on this model will be
capable of making larger diffraction grat-
ings than any now produced.

Antihistamines

INCE the U. S. Food and Drug Ad-
ministration approved the unre-
stricted sale of antihistamines last
September they have become the most
advertised and fastest-selling patent
medicines in the U. S. It has been esti-
mated that the American public will
spend $100 million this year for anti-
histamines to “stop colds.”
Antihistamines such as Pyribenzamine
and Benadryl have been prescribed for
over a decade in cases of allergy. Their
use as “cold-stoppers” was first proposed
by Capt. John M. Brewster of the Navy
Medical Corps, who found that “the
abortion of the common cold [by the use
of antihistamines] is so truly unique it
must be seen to be appreciated.” More



carefully controlled studies by other
investigators have failed to confirm his
findings. The Council on Pharmacy and
Chemistry of the American Medical As-
sociation “does not believe that the data
prove that the antihistaminics are useful
for the prevention of the common cold
or for the treatment of those who are
ill with this affliction.” Medical writers
in Lancet and in The Journal of the
American Medical Association, and most
recently Samuel M. Feinberg, head of
the Allergy Research Laboratory at
Northwestern University Medical School,
have reported that a number of children
are known to have been fatally poisoned
by the drugs, and that their sedative
effect has caused accidents to persons
who were driving vehicles or operating
machinery.

Last month the Federal Trade Com-
mission issued complaints against four
manufacturers of antihistamines for
“false and misleading” advertising. The
companies are Bristol-Myers, makers of
Resistabs; the Anahist Company, makers
of Anahist; the Whitehall Pharmacal
Company, makers of Kriptin; the Union
Pharmaceutical Company, makers of In-
histon.

Locust Navigation

IR-MINDED man has lately begun
to take a more intimate interest in
the flying machines of nature. There are
Karl von Frisch’s studies of the direc-
tional sense of bees, numerous investiga-
tions of the navigation of birds, and the
American Museum of Natural History’s
research on the “gyroscopic” stabilizers
of flies, to mention but a few examples.
The latest news in insect aerodynamics
has to do with locusts. T. Weis-Fogh, a
worker in the Copenhagen laboratory of
the late Nobel prize physiologist August
Krogh, has found out how locusts navi-
gate.

The locust has five tiny patches of hair
on each side of its “forehead.” Weis-
Fogh discovered that when a locust is
suspended by a string and a fine jet of
air is blown at the patches, the insect
flaps its wings violently. The flapping
stops as soon as the jet is turned off. If
the hairs are covered with paint, the air
stream produces no effect. Weis-Fogh
further established that a large nerve
whose function was previously unknown
serves to transmit electrical signals from
the wind-bent hairs to the locust’s brain.
When the insect, flying against a head-
wind, is blown around from its course,
the unequal stimulation by the wind of
the hair patches on the two sides of its
head enables it to orient itself and reset
its course in the original direction.

Weis-Fogh believes that the locust
also possesses a built-in “altimeter,” and
he has started a search for the mecha-
nism. He is pursuing this study by sus-
pending locusts in an insect-sized wind
tunnel.

You remember the old Greek legend
of the Golden Fleece. This origin-
ated in an ancient method of placer
mining. A fleece was anchored in a
stream, and the tiny particles of
gold in the rushing water would be
caught and held by
the wool.

Today there is a
new kind of Golden
Fleece. American
Felt Company buys
fine raw wool, re-

TRADE,

General
Offices:
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1 The Golden Fleece of Today

AmericanFelt
Company

methods, producing felt for an in-
finitude of industrial purposes . . .
For example, felt seals are widely
used to seal bear-
ings, housings, etc.
or technical infor-
mation and refer-
ence samples, write
for Data Sheet No.
11, “Felt Seals.”

MARK

58 Glenville Road
Glenville, Conn.

moves the natural oil and grease,
and processes the fibres under many
different and closely-controlled
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MEMO TO EXECUTIVES:

Wondening what REALLY GOES ON
¢ your frooduet ?

Like many other progressive manu-
facturers today, you may be taking a
good second look at your own and
your competitor’s product.

A continuous program of product
improvement is effective insurance
against competition—and one of the
most effective methods of evaluating
electrical or mechanical product per-
formance is a Consolidated Measuring
and Recording System. It can tell you
exactly how your product performs in
action, and provides answers to such
questions as: Is the product “over-
engineered?” Is it under-rated? Where
and how can costs be cut safely? These
answers not only point the way to
product improvement, but frequently
make possible dramatic cost savings.

Consolidated instruments accomplish
this by measuring and accurately re-
cording scores of data points simul-
taneously, thus giving your engineers
one of the most advanced methods of
performance evaluation available to-
day.

Consolidated Instruments today are
playing a prominent role in leading
research laboratories. This instrument
“know how” is available to you
through our staff of application engi-
neers. For help in recording “hard-to-
get” dynamic performance data, please
write. Our engineers will be glad to
call without obligation.

For further information on Consoli-
dated Systems and Oscillographs, send
for Bulletin 1500-X12.

Consolidated System D, 8-channel amplifier
system using self-generating or carrier-excited
pickups, and a Consolidated Multi-channel re-
cording oscillograph.

CONSOLIDATED ENGINEERING
CORPORATION

Analytical Instruments for Science and Industry

620 NO. LAKE AVE.

PASADENA 4, CALIFORNIA
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Long before Hiroshima, Revere used the atom — constructively

EFORE the first atomic pile was built, before the

first atomic bomb was exploded, Revere used the
effects of the disintegrating atom for constructive re-
search. It was in 1941 that radio-active tracer elements
were employed in a Revere-sponsored investigation
into the destructive process known as dezincification.
This is a form of corrosion formerly of chief concern
to users of copper-zinc alloy condenser tubes. In this
process the alloy seems to be dissolved from localized
areas, the zinc going off in solution while the copper
is re-deposited as a porous plug.

A number of years ago it was found by experiment
that the addition of small amounts of some other
element would prevent or inhibit this electro-chemical
action. Nobody knew just why or how, nor what was
the best percentage for the third element. Revere
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decided to find out, and commissioned two able
scientists in a famous Eastern technical school to
conduct the necessary experiments.

In this work, radio-active elements or isotopes were
produced in a cyclotron, and were used in order to
determine the function of those elements in rendering
the alloy more resistant to corrosion.

Briefly, the method was this: The desired radio-
active element was dissolved in an acid, and the solu-
tion’s radio-activity calibrated by means of a Geiger
counter. A standard sample of the alloy was immersed
in the solution, and from time to time the amount of
the active element deposited upon it was measured
with the counter. The nature of the deposited film was
also checked by the electron diffraction method.-This
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Left, in this giant structure, 10-ft. blocks of concrete
are used as a shield to protect personnel against radi-
ation. Above, view of a condenser for a public utility,
showsng tubes partly installed.

was in effect an accelerated test for dezincification and
its inhibition. It was repeated many times with solu-
tions of various concentrations. This, mind you, was
in 1941, before radio-active tracer procedures were
of any interest except to a comparatively few scientists.

The conclusions reached as a result of these tests
can be summarized as follows: The corrosion of un-
inhibited copper-zinc condenser tubes occurs by solu-
tion of the alloy as an entity. When an inhibitor is
present, however, in the percentages revealed by the
experiments, the inhibitor is re-deposited on the alloy
as a film which has about the same effective electrical
potential as copper. The deposition of copper is
thereby prevented. One of the key processes in dezinc-
ification having been thus interrupted, the process
itself is effectively stopped, or at least so reduced in
activity as to provide corrosion resistance, and com-
mercial service, for extremely long periods of time.
Thus the inhibited copper-zinc alloy condenser tube
has become reliable and economical to an extent
heretofore unrealizable.

Realistic Revere Research

Often the word “research’ is thought to mean startling new
discoveries and swift, amazing inventions. The fact is, how-
ever, that research does not work that way. Such modern
devices as the aut bile, the airplane, the telephone, radio,
television, and numerous others would indeed be startling if
they had been developed overnight. As we all know, they
have reached their present high degree of development as a
result of ti impro t, detail after detail, problem
after problem being worked out through countless hours and
even years of the most painstaking research.

Revere's research is of that type. It is a continving search
for better knowledge of its materials and processes, and the
way its metals may be utilized with the greatest efficiency
and the maximum economy. This is not spectacular, but over
the years it has made many contributions to the farm, the
home, and industry.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.;

Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y,
Sales Offices in Principal Cities, Distributors Everywhere.
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THE CRUST
OF THE EARTH

The traditional view of the architecture of continents
and ocean floors is in process of being revised by some
resourceful new methods of probing beneath the surface

by Walter H. Bucher

.‘r-'-r .-' A d I._. oo 'a. .

PRE-CAMBRIAN SHIELD of Canada illustrates one of areas of ligchter and darker rock. The dark areas are
the riddles of the earth’s crust. This aerial photograph metamorphosed sedimentary rocks. The light areas are
of the shield in Canada’s Northwest Territories reveals granite. The problem: How did the granite get there?
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dented discovery. Systematic ex-

plorations of the earth’s crust by
geophysicists and geologists, working in
close cooperation and using new meth-
ods of investigation, are yielding wholly
new knowledge about the ocean floors
and the deeper parts of the continents,
and a more precise understanding of
regional geology. As a result, traditional
views concerning the physical and
chemical processes that have produced
and are now molding the earth’s crust
are being challenged. What processes
created the contrasting formations of
continents and oceans? Are they still go-
ing on, forming future continents? In the
search for the answers to these funda-
mental questions there is an atmosphere
of fascinated suspense today such as has
always marked the high points on the
growth curve of a science. This article
deals with some of the changes in out-
look that are suggested by the work of
the past few decades.

The “crust” of the earth is a cool, rela-
tively rigid shell which is probably not
much more than 30 miles deep, i.e., less
than eight thousandths of the distance
from the surface to the earth’s center.
The idea that the earth has such a
“crust” rests on the assumption that un-
der the high temperatures and large con-
fining pressures below a certain level all
rock materials must lose the power to
resist deformation under the action of
long-continued stress. Measurements of
the rate of temperature increase in drill
holes and mine shafts indicate that 30
miles below the earth’s surface under the
continents the temperature must reach
1,000 degrees Centigrade. Somewhere
below that depth the rocks are thought
to be unable to resist relatively small
stress differences and to yield to stress
plastically.

Only a small fraction of the crust’s
thickness lies exposed. The sections that
we can observe have been brought in-
to view by uplift, tilting and erosion
on continents and islands. Wherever
enough of the crust is revealed, the di-
versity of materials and the folding and
fracturing they have undergone indicate
a dynamic activity in the earth that con-
trasts greatly with the prevailing static
concept of the crust as a series of con-
centric “shells.” This activity must be
brought about by powerful changes go-
ing on below the crust, which suggests
that there is more life in the old earth
than one would guess from the diagrams
in textbooks. To explain that dynamic
activity is one of the baflling problems
of earth physics.

A satisfactory answer will not be pos-
sible until we know more about the
structure of the deeper parts of the crust.
This calls for geophysicists working hand
in hand with geologists—the teamwork
of our day. The geologist’s methods of
study apply to the visible parts of the

( ;EOLOCY is in a period of unprece-

lands, i.e., about one quarter of the
earth’s surface. The three quarters that
lie hidden beneath water and ice, and
the deeper parts of the crust everywhere,
must be probed indirectly by the geo-
physical measurement of such quantities
as the local value of gravity, the velocity
of elastic waves at various levels and the
direction and intensity of the local lines
of force in the earth’s magnetic field.
The results of such abstract measure-
ments must then be translated into the
terms of concrete geological reality.

Under the Continents

It is convenient to consider the sub-
continent and subocean structures sepa-
rately. What is the structure of the crust
beneath the continents? The first evi-
dence about it is provided by analysis of
the travel times of earthquake waves
through parts of the crust from known
source points. Such measurements show
that beneath all the continents the crust
consists of an upper part in which the
elastic waves travel with relatively low
velocity and a lower one through which
they pass more rapidly. The magnitude
of these differences in velocity proves
that they are due to differences in the
rock materials at the upper and lower
levels. And laboratory studies of the
speed with which elastic waves travel
through various types of rock give a clue
to the type of rock that prevails at each
level.

The primary rocks of the earth, the
so-called igneous rocks formed by cool-
ing and crystallization from an original
molten condition, fall into two general
groups. One is relatively rich in silicon
(Si) and aluminum (Al), and hence is
called “sialic.” The other is poor in those
elements but rich in magnesium (Mg)
and iron (Fe), and this type is called
“mafic.” The most common sialic rock is
granite; the most common mafic rock is
basalt. In this article the terms granite
and basalt will be used in a broad sense
to represent the two groups of igneous
rock.

When these rocks are tested in the
laboratory, it turns out that elastic waves
travel faster through basalt than through
granite. Since the speed of earthquake
waves is greater in the lower parts of
the subcontinent crust than in the upper
parts, the deeper parts of the crust must
everywhere consist of basalt, and granite
must be limited to the upper crust. Large
areas of the ocean floors seem to have
no granite at all; below the mantle of
young sediments basalt forms the surface
of the crust.

This distribution suggests that the
granite of the earth’s crust formed as a
kind of “scum” on the fundamental
basalt, and for a long time that was the
prevailing view. But a peculiarity about
the distribution of granite throws doubt
on this idea. Not one of the great bodies
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of granite in the earth is found lying
simply on top of basalt. Instead the
granite invariably appears in intimate
relation with great bodies of older sedi-
mentary rocks, which it seems to have
invaded and altered into the so-called
metamorphic rocks at high temperatures
and pressures.

In this contrast between the structural
relations of granite and basalt lies the
key to the problem of crustal structure.
To see the problem in proper perspec-
tive we must take a closer look at the
structure of the continents as it is seen
at the surface.

All continents exhibit the same major
elements of structure. Each contains at
least one “Pre-Cambrian shield,” a large
region of low uplands consisting essen-
tially of ancient rocks made up of meta-
morphosed sediments and associated in-
trusive rocks, chiefly granite. This is the
“basement complex” of the continents.
Formed originally at considerable depths
below the surface, it now lies exposed
on the continental shields, having been
bowed up in the shape of a buckler by
regional uplift and then planed down
by erosion.

In every continent the basement com-
plex, exposed only in part, passes out of
sight beneath sheets of early Paleozoic
sediments that were deposited upon it.
This “sedimentary platform” overlying
the Pre-Cambrian basement constitutes
the second structural element. It gener-
ally consists of a few thousand feet of
limestones, shales and sandstones. Final-
ly in all continents there are belts of
folded mountains—great masses of sed-
imentary rocks, largely of marine origin,
compressed into folds and broken by a
multitude of fractures.

“Floating” Mountains

As early as 1859 the U. S. geologist
James Hall observed that when one
goes from the plateaus of the sedimen-
tary platform toward a mountain belt,
the sediments progressively thicken and
the top of the basement complex below
them plunges to unknown depths. In the
midst of these thick sediments granite
comes to light. This granite is not part
of the “dead” basement complex but
“live” igneous rock that has invaded the
sediments in bodies of immense size
and has altered them far and wide into
the same kinds of metamorphic rocks
that are associated with the granites of
the continental shields. If the granite-
invaded parts of the great new mountain
belts were shaved off to sea level, they
would be indistinguishable in rock types
and structure from corresponding
stretches of the continental shields. In
fact, the more the complicated structure
of the continental shields is studied, the
clearer it becomes that they consist of
the stumps of former folded mountain
belts, formed during the first billion and
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GEOLOGICAL MAP OF THE CONTINENTS outlines
their principal crustal features. The darkest blue areas
on every continent are the Pre-Cambrian shields. The
lighter blue areas that adjoin them are platforms of
younger rock that lie on top of a Pre-Cambrian base-
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ment, i.e., those parts of the Pre-Cambrian shield that
dip beneath the surface. The lightest blue areas are
where the younger rocks lie on top of a basin-shaped
depression in the Pre-Cambrian basement. The areas
marked with long gray striations are regions of folding
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or mountain building since the end
of Pre-Cambrian time. Features of
the ocean floor are not shown. Some
important features of the Atlantic
and Pacific floor appear on page 41.

a half years of the earth’s history. If we
want to know how the crust beneath the
continents was formed, we must study
not only these eroded remnants but also
the younger folded mountain belts of
today.

Before there was an organized science
of geology, a discovery of far-reaching
importance was made by accident in the
Andes of Peru, one of the mightiest of
the young folded mountain belts. Around
1740 a French expedition that went to
Peru to measure the length of a meridian
arc found that the gravitational attrac-
tion of the High Andes caused a much
smaller deflection of the plumb line, and
therefore of the bubble in the surveyor’s
level, than was to be expected from so
large an excess of mass on the earth’s
surface. Pierre Bouguer, the French
mathematician who made the discovery,
concluded that the rocks in the moun-
tains and below them to some distance
were lighter than their surroundings. He
thought this might be due to thermal
expansion of the underlying rock.

A hundred years after Bouguer’s dis-
covery the English astronomer George
B. Airy, having measured the gravitative
deficiency of the Himalaya Mountains,
suggested the correct explanation: the
rocks beneath a mountain belt have a
lower density than their surroundings.
He postulated that below a mountain
belt the light granite rock of the outer
crust extends far down into the heavier
underlying basalt. From this suggestion
came the theory that mountains have
“roots.” Airy suggested that the young
mountains and their “roots” float in their
environment like icebergs in water, the
lighter mountains projecting higher than
the heavier ones.

In recent years efficient new methods
of measuring the local value of gravity
have shown conclusively that in a gen-
eral way the value of gravity does indeed
decline with altitude faster than the
mere change in elevation could explain.
The difference between the theoretical
value of gravity, assuming a uniform
density for all rocks, and the observed
values is called the Bouguer gravity
anomaly. Typical Bouguer anomalies are
illustrated in the gravity profile across
the Eastern Alps shown on page 36.
Across this whole range the gravitative
attraction is everywhere less than it
would be if the mean density were as-
sumed to be the same as in non-moun-
tainous regions. What is more remark-
able is that the discrepancy grows larger
as the elevation of the range increases;
it reaches a maximum at the crest. This
indeed suggests the existence of a moun-
tain “root.” Seismic studies provide a
clinching proof. At deep levels of the
crust beneath the Eastern Alps earth-
quake waves travel at a noticeably
slower rate than at comparably deep lev-
els in other regions, indicating that the
light, low-velocity rocks here extend far
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down to levels normally occupied by
denser rocks. In other words, the Alps
do have a granitic root. So do other
young folded mountain ranges that have
been similarly studied.

Do these mountain roots “foat” in the
heavier basaltic and ultrabasic rock ma-
terial of the lower levels, or are they
more like the roots of teeth anchored in
a jaw? That question cannot be answered
by any known geophysical method. An
answer can come only from an examina-
tion of the mountains themselves.

Whence Comes the Granite?

The Sierra Nevada of California is the
classic U. S. example of a young moun-
tain-building zone with a proved granitic
root. It also offers one of the best ex-
hibits of the invasion of sediments by
granite. Here, as in all young folded
mountains, the Pre-Cambrian basement
must lie many miles below the surface.
The range consists of marine sediments,
chiefly shales, which have been com-
pressed into a complicated pattern of
tight folds. But more than half the bulk
of the sediments deposited there has en-
tirely disappeared, and their place is
now occupied by granite, which forms
the vast inner core of the Sierra Nevada.
Where did the granite come from, and
where did the sediments go?

The traditional answer to the first
question is deceptively simple. Ever
since the infancy of geology it has been
an axiom that granite formed the upper-
most layer of the original crust of the
earth and that it constitutes the founda-
tion on which all sediments must rest.
The traditional theory holds that the
process of lateral compression of the
crust which forms mountains forces the
granitic part of the crust downward to
form a solid root and upward to invade
the thick sediments of the mountain-
forming belt as molten rock.

This implies a strange dual behavior.
To cause the young mountain range to
float, the granitic root must be able to
hold its shape and resist deformation to
a higher degree than the underlying
basaltic materials, which must behave as
a yielding matrix at depths where tem-
peratures and pressures are high. Yet at
shallow depths, low temperatures and
low pressures this same granite must
melt readily and displace and push down
out of sight huge volumes of sediments.
No known properties justify the assump-
tion of such a dual behavior. Wherever
basaltic and granitic rocks are seen de-
formed side by side in deeply eroded
parts of the earth’s surface, it is always
found that the granitic rocks have be-
haved more plastically than the basalt.
Moreover, granitic materials have a con-
siderably lower melting point than ba-
saltic rocks.

One must assume, therefore, that
when a young mountain system is
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GRAVITY ANOMALIES of the Alps were mapped by measuring the force
of gravity at various locations. Gravity was found to be less than it should
be at the height of these locations, suggesting that a root of relatively light
rock projected beneath the mountains. Milligals are a measure of gravity.
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ISOSTATIC ANOMALIES of the Big Horn Basin (left) and Big Horn
Mountains (center) reveal structure of Pre-Cambrian basement (light gray).
An isostatic anomaly is the variation from the predicted value of gravity
corrected for isostasy, i.e., the tendency of the crust to equalize its weight.
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formed by the compression of the crust
of a continental area, the primary gra-
nitic part of the crust is squeezed down
into and molded with the stiffer and
heavier basaltic part of the crust as a
plastic mass. As such it would form a
root all right, but not one that floats in
its environment. The granite would
merely make up a larger proportion of
the stiff, plastic crust than it does in other
places.

We are no longer sure that granite
formed an essential part of the original
crust of the earth. This venerable axiom
of geology is now being challenged in
one of the most significant controversies
of contemporary petrography. The argu-
ment has to do with the second question
asked above: Where did the sediments
go when the granite took their place?

In the Sierra Nevada granite has re-
placed the folded sediments up to an
elevation three miles above sea level in
a region some 400 miles long and in
some places 70 miles wide. Detailed
mapping proves that the granite was not
all emplaced at one time; it invaded the
sediments in a series of successive ad-
vances, and the structural relations are
not what might be expected if the granite
had merely pushed the sediments aside.
It rather appears in their midst as if it
had carved out the space it occupies.
Every major granite body is set in a belt
of metamorphosed sedimentary rocks
and is surrounded by a zone in which
granite material has infiltrated the sur-
rounding rocks in an intricate manner.
In such border zones granitic material,
ranging in thickness from layers of thou-
sands of feet to paper-thin seams, is in-
terlaced with layers of metamorphosed
sediments and cuts across them in a net-
work of dikes. Even in the spaces be-
tween these granite seams and dikes,
potash and soda feldspars, which are
characteristic minerals of granite, ap-
pear scattered through the rock as well-
defined, newly formed crystals or irregu-
lar clusters of them. The crystals occupy
space once occupied by sedimentary
rock, but they show no signs of having
been introduced forcibly. They must
have been formed by recrystallization of
the original sedimentary material, into
which was introduced relatively small
amounts of alkalis and perhaps some
silica in the gaseous state or in solution.
Detailed petrographic studies have
proved beyond reasonable doubt that
whole bodies of granite have been pro-
duced by this process, known as “graniti-
zation.”

Transformation of Rocks

The evidence for such transformation
of sediments and even lavas into granite
is so convincing that no petrographer
now denies that some granite has been
produced by granitization. The question
is: How much of the world’s granite has



been formed by such processes, and how
do they operate?

There are two schools of thought
about it. The orthodox hold that granite
is the agent of local granitization, the
heretics that it is the general end-product
of granitization. The former believe that
in the typical case granite bodies are
nothing more than parts of the primeval
granite of the earth’s crust which have
remelted locally and reached their pres-
ent position by mechanically displacing
other rocks; they contend that chemical
granitization occurred only incidentally
along the borders of the granite bodies.
The heretics hold that the original crust
of the earth consisted of basalt, and that
the granite bodies were created by the
transformation of sediments. They argue
that the process goes something like
this: Whenever disruption of the crust
produces belts of folded mountains at
the surface and stresses and frictional
heat at deeper levels, hot gases and solu-
tions carrying silica, alkalis and other
elements rise toward the earth’s surface
from the lower parts of the crust or the
subcrustal layers. These “emanations”
change basalt to rocks richer in silica and

convert shales and sandstones into
schists and gneisses and ultimately into
granite.

Because this issue is crucial in connec-
tion with the new view of the earth’s
crust, let us consider the chief argu-
ments in favor of the origin of granites
through granitization. The first argu-
ment is that if granites were merely
parts of the primeval liquefied sialic
crust, they might be expected to make
their appearance outside the limits of
mountain belts, as basalt and related
lavas do. But granite is never found out-
side such belts. The reason generally
given by the traditionalists is that sialic
melts are too viscous to move as freely
as mafic melts. They are indeed viscous,
but if it is viscosity that prevents the
sialic melt from behaving like basalt in
bulk movements, why is it that granite
succeeds in penetrating into the capillary
spaces of sedimentary rocks and altering
them chemically? Nothing remotely
comparable is ever observed where the
far more fluid basalt has intruded sedi-
ments. It is highly improbable that a
granitic melt could be injected forcibly,
layer by layer, between the delicate,
flaky layers of mica schist—a typical
metamorphic rock—to produce its char-
acteristic structure.

A rock specimen in the writer’s pos-
session demonstrates that recrystalliza-
tion can produce the characteristic struc-
tural relations between an intruding
granite and the invaded rock, in this
case an altered shale. The specimen has
delicate seams of granite that look as if
they had been injected between the lay-
ers of shale, and dikes that cut diago-
nally and vertically across the bedding.
The seams and dikes connect with the

main body of the apparently intrusive
material. Yet the field relations show
conclusively that in this specimen there
has been no intrusion, no forcible injec-
tion of fluid, in fact, no melting at all.
The light material consists of the sub-
stance of the shale recrystallized under
the influence of the heat supplied by a
sheet of basalt.

This hand specimen points to the crux
of our problem. No one objects to granit-
ization on a small scale. But most geol-
ogists balk at extending the process to
larger bodies of granite, even though
every detail of our miniature model can
be matched in typical granite regions on
almost any scale. We are awed by the
magnitude of the scale on which the
necessary processes would have to take
place.

Nevertheless we face the stubborn
fact that in all mountain belts vast vol-
umes of granite have appeared precisely
where vast volumes of sediments have
disappeared, in many cases leaving a
structure pattern that makes displace-
ment of the sediments by mechanical
means highly improbable, if not impos-
sible. Moreover, these large bodies of
substituted granite occur only in those
parts of the earth’s crust (i.e., mountain
belts) where intense mechanical de-
formation has taken place. This deforma-
tion must produce heat and create paths
in the rock for the rapid diffusion of the
“emanations” which are believed to play
a part in granitization.

Finally there is the strange fact that
at least one half of the earth’s crust—
beneath the oceans—apparently does not
possess a granitic upper layer. We geolo-
gists are hard pressed to explain the ab-
sence of so much of what we used to
think was once a universal part of the
crust. Many of us are beginning to think
that instead of asking, “Why is granite
absent from the oceans?” we should be
asking, “Why is granite present in the
continents?”

To the writer these arguments seem
impressive enough to command atten-
tion. Yet granitization on this world-wide
scale is still only a bold hypothesis. The
concept of “emanations” from the sub-
crust is vague and has as yet no accepted
place in geochemical thinking. It is re-
jected by some eminent petrographers.
But knowledge of the behavior of sub-
stances under extremely high pressures
or temperatures is still in its infancy, and
thinking about the unruly matter be-
neath the crust is undergoing changes as
new facts are brought to light by geo-
physicists. It looks at present as if the
concept of granitization fits into the com-
plex jigsaw puzzle of crustal structure
better than the traditional view does.

Basins and Swells

We have been considering changes in
the earth’s crust in the young folded
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mountain belts. The sedimentary plat-
forms of the continents reveal, in a more
indirect way, that changes and resulting
movements of the crust take place even
outside these belts. The surface of the
platforms is warped into irregular basins
separated by low swells. The North
American Mid-Continent has several
basins (e.g., the Michigan Basin and
the Illinois-Kentucky Basin), which
measure a few hundred miles in diameter
and one to two miles in depth (see map
on page 39). Of the swells that separate
them, the “Cincinnati arch” is the best
known.

Little thought has been given as yet
to the reason for such warping. The
tendency has been to blame the sedi-
ments, the theory being that the crust
beneath the continents is so weak that it
gives even under small local loads, and
therefore the weight of sediments laid
down on it would cause a downbuckling
to form basins. But intensive gravity
surveys carried out in recent years have
brought conclusive evidence that the
crust beneath the continents is much
stronger than was formerly supposed.
Isostatic equilibrium prevails only in a
broad sense over very wide areas. Many
of the smaller basins, notably the Big
Horn and Powder River basins of the
Rocky Mountain region, are much too
light to remain so low, and adjoining
mountain ranges are too heavy to main-
tain their height if the crust were weak.
In such cases the crust must be strong
enough to support large local stresses.
There is evidence that even the largest
of our Mid-Continent basins cannot owe
their existence to the weight of the sedi-
ments in them. The sinking of the land
surface to form basins must be due to
processes that take place at depth. Until
we know what these processes are, we
cannot hope to solve the largest problem
of all—the origin of the ocean basins.

In the smaller basins of the sedimen-
tary platform the old Pre-Cambrian land
surface lies bent down to depths of one
to four miles below sea level, i.e., depths
which we associate with the oceans.
Does this mean that parts of the modern
ocean floor may be merely downbent
portions of old continents? With this
question we turn to the structure of the
earth’s crust below the oceans.

Under the Oceans

On the coasts of continents bordering
the Atlantic, Indian, Antarctic and Arc-
tic oceans, and on some coasts of the
Pacific, the continental structure lines
run out beneath the sea as if the surface
were indeed bent down or had broken
off. On a geologic map they end ab-
ruptly. The presence of identical or
similar marine shallow-water organisms
and terrestrial animals and plants on op-
posite shores of an ocean often suggests
that shallow water or land connections
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once existed where now there is deep sea.
Such observations led many geologists
in the 19th century to the conclusion
that in the course of geological history
large sections of continents or even whole
continents sank to oceanic depths.

In 1846 the U. S. geologist James D.
Dana first suggested the opposite view:
that the continents have stood high since
the earliest part of the geologic record.
He thought that the continents were
parts of the crust that consolidated early;
hence they were thicker and sank less
as the earth shrank, while the thinner
parts became the oceans. Later, when
it became known that basalt is by far
the most common rock found on oceanic
islands, while the lighter granite is con-
fined to the continents and nearby is-
lands, many geologists came to the same
conclusion as Dana, but for a different
reason. Since the parts of the earth’s
crust appeared to be in gravitative equi-
librium, they thought that the ocean
floors are low because they consist of
heavy rock, and the continents are high
because they are light. Once a continent,
always a continent. But that left unex-
plained the world of facts that had led
others to the opposite conclusion.

About 40 years ago the German geo-
physicist Alfred Wegener advanced his
spectacular continental-drift hypothesis.
Contrary to all the available physical and
geological evidence, he blandly postu-
lated that the basalt of the ocean floor
is so weak that it cannot resist deforma-
tion even under the action of almost in-
finitesimal forces. This would make it
possible for granitic continental masses
to drift through the basalt of the sea floor
like cakes of ice through water. Accord-
ing to Wegener the sea separates great
land masses that were once in contact,
and the solid basalt of the present sea
floor flowed plastically into the spaces it
1.9w occupies. His book, a masterpiece of
special pleading, fired the imagination:
by one bold stroke it seemed to explain
a number of baffling problems of world
geology. Wegener’s work drove home to
all concerned the need for new, crucial
information on the physical properties of
rocks and the topography and structure
of the ocean floor. Some of the much-
needed information on the geology of
the ocean floor is beginning to come in
through the work of a small group of
brilliant and indomitable investigators,
among whom F. A. V. Meinesz of the
Netherlands and Maurice Ewing of Co-
lumbia University stand out as leaders.

The Atlantic

In the last years before World War
II Ewing set out to determine how the
granitic crust of the North American
Continent connects with the floor of the
deep sea along the western border of the
North Atlantic Basin. Off the Atlantic
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coast of the U. S. the sea bottom at first
drops very slowly, forming a continental
shelf which reaches a depth of around
360 feet below sea level at its outer edge,
some 60 to 80 miles off New Jersey and
Maryland. Beyond the edge the bottom
drops off relatively fast (about 400 feet
per mile) to the deep sea, forming the
continental slope.

Ewing faced two questions: 1) What
makes the continental shelf? 2) What
becomes of the sialic crystalline (gra-
nitic) basement as one goes toward
oceanic depths? Wegener had suggested
that the outer edge of the shelf marked
the end of the granitic continental crust
—the sharp edge along which it had torn
away from the Continent of Europe. If
that were true, beneath the shelf the
crust should consist of rocks of the base-
ment complex, with no more than a
veneer of young sediments, and this
structure should end abruptly.

To find the answers to his dual ques-
tion, Ewing adapted the seismic method
to work below the sea by means of sev-
eral masterly devices that would make a
thrilling story in themselves. What he
found is illustrated in the chart at the
bottom of page 39. He showed that the
granitic basement does not end at the
continental shelf but slopes down con-
tinuously to depths of about two miles
below sea level. This was a crucial dis-
covery. It demonstrated that here at the
edge of a continent the basement of
crystalline rocks, which are identical in
character with the older rocks of the con-
tinental shield, falls away to form an
oceanic basin in exactly the same way
as the shield bends down to form the
Michigan Basin 700 miles inland. Like
this basin, the descending North Atlan-
tic basement is covered with sediments,
which are the seaward continuation of
the formations exposed on the coastal
plain. This discovery proves that parts
of the deep sea may well consist of con-
tinental crust brought to a low level and
held there. Presumably this was accom-
plished by the same unknown processes
that produced the basins within the con-
tinents.

How much of the Atlantic Ocean floor
had such a history? The best answer one
can give at present is that probably only
a small fraction of the “North American
Basin” of the Atlantic Ocean is under-
lain by crustal material of the continen-
tal type. This is contrary to a widely held
belief. Old interpretations of the velocity
of earthquake waves traveling across
ocean floors had suggested that all
oceans except the central part of the
Pacific are covered by a layer of granitic
material not over some six miles thick.
But Ewing and his co-workers have de-
veloped a new theory about the travel
of earthquake surface waves along ocean
floors which, while not necessarily dis-
proving the presence of “continental”
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crustal material on the floor of the North
Atlantic Ocean, makes it unnecessary to
assume it. And direct seismic refraction
measurements recently made by Ewing
at over a dozen points in the North At-
lantic Ocean have shown only the wave
velocities characteristic of basalt. More-
over, gravity measurements across the
North Atlantic by Meinesz lead to the
same conclusion: they show dominant
positive anomalies which indicate the ab-
sence of light granitic material.

The Atlantic’s Mountains

These considerations make it appear
probable that beneath the North Atlantic
and under large parts of the other oceans
the crust consists wholly of basalt with-
out any sialic material. We recall that
Wegener built his hypothesis of the con-
tinental drift on the premise that this
was the case. But what about the prop-
erties of this basalt? According to Weg-
ener’s theory, the basalt must be so weak
that it yields to very small pressures.
This means that the basalt formation
would have to be essentially flat; it could
not support the weight of hills or moun-
tains. What are the facts?

In the summer of 1947 Ewing started
a systematic mapping of the topography
of the North Atlantic sea floor with mod-
ern echo-sounding devices from the re-
search ship Atlantis. This exploration
shows in precise detail what had been
known before in a general way: that the
surface of the sea floor is the exact op-
posite of what Wegener’s hypothesis
demands. The floor has a rugged topog-
raphy. From the plain of the North
American Basin at the bottom of the
Atlantic more than five miles below sea
level there rise large mountains (“sea
mounts”) which in some cases are more
than 6,000 feet tall. Many of these un-
dersea mountains have sharp peaks;
others are flat-topped. From Iceland
south to the Antarctic Ocean runs a com-
plex submarine mountain belt—the Mid-
Atlantic Ridge. Its central part forms a
rugged highland 60 to 200 miles wide,
with peaks that rise to less than a mile
below the surface of the sea. On both
sides of this central highland the flanks
of the Mid-Atlantic Ridge exhibit a re-
markable pattern of tilted flat surfaces,
underlain by thick, unconsolidated sedi-
ments. The pattern suggests tilted fault
blocks. Large, angular blocks of basalt
were dredged by Ewing from the foot
of an abrupt declivity which must be a
fault scarp. Other features in the North
Atlantic are suspected to be the result
of faulting. It is probable that the edge
of the continental shelf is produced by
a fault zone along which the other half
of the sedimentary basin suggested by
Ewing’s cross sections has dropped to
deep-sea level.

Much the same picture characterizes



BASINS AND SWELLS of the Pre-Cambrian basement
are shown in this map of the Great Lakes region. The
outlines of the Great Lakes and the states are shown in
black. The heavy blue line shows the edge of the Pre-

Cambrian formation at the surface. The blue shading
shows in 1,000-foot contour intervals the depth to which
the formation plunges heneath the surface. In central
Michigan the basement is more than 5,000 feet down.
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CONTINENTAL SHELF is an important clue to the
structure of the earth’s crust. This cross section of the
shelf off the coast of southern Virginia was plotted by a
group headed by Maurice Ewing of Columbia Univer-

sity. The dark gray area is the Pre-Cambrian basement.
The lighter gray area is younger sediments; the stippled
area unconsolidated sediments atop it. The vertical scale
of the section is exaggerated ; the actual profile is at top.
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the floor of the great central region in
the Pacific, which apparently consists
wholly of basalt and related rocks. Flat-
topped sea mounts in large numbers
have been found there. The Hawaiian
Islands are the top of a great basalt
range which rises above sea level from
an ocean floor over three miles deep.
The topography of the surrounding sea
floor suggests that the weight of the
range is held up by the elastic strength
of the crust, somewhat as a weight is
supported by a sheet of ice covering a
body of water. This ability to support
heavy local loads points to a thick crust
of great strength—the exact opposite of
the conditions demanded by Wegener.

In short, everything that is now
known concerning the configuration and
structure of the floors of the oceans
proves conclusively that Wegener’s hy-
pothesis of continental drift is wholly
untenable. It also suggests that Dana
was wrong in his idea that the con-
tinents were formed by the thicker
parts of the crust. Actually the crust
beneath the continents appears to be
thinner and weaker than that beneath
the oceans.

The crust beneath the ocean floors is
as much a part of the earth’s solid
“armor” as that beneath the continents,
if not more so. This being the case, the
same crustal processes that are at work
in the continents should also be in opera-
tion in the oceanic areas. Can these proc-
esses explain the contrast between the
two levels of the earth’s surface? The
writer believes that they can.

Furrows and Welts

To begin with, the two major types of
deformation found on the continents are
also seen on the ocean floors. One type
of deformation is the succession of basins
and swells. The floor of the Atlantic has
a basin-and-swell pattern which in prin-
ciple is the same as that in the sedimen-
tary platform of the North American
Mid-Continent, except that in the ocean
the pattern is developed on a gigantic
scale. The other type of deformation is
the one that has givenrise to great folded
mountain belts. The largest development
of this process on earth occurs along the
borders of the Pacific Ocean and on the
floor of the western half of the ocean
itself; there the peaks of submarine
mountains form the great island chains
of the Pacific. The pattern is character-
ized by long, narrow, asymmetrical
mountain ranges, closely paralleled by
deep, narrow trenches along their steep-
er sides. The trenches are called “fur-
rows” and the mountain ranges “welts.”
This furrow-and-welt pattern is evident
in the island chains of the north and west
sides of the Pacific and in the great cor-
dilleras of Central and South America
with their accompanying offshore, deep-
sea trenches. In the mountain belts
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around the Pacific have originated over
40 per cent of the earth’s near-surface
earthquakes, about 90 per cent of those
recorded from intermediate depths, and
all the deep earthquakes. Here, then, is
mountain-making on a vast scale actively
going on today.

Perhaps the most significant of the
young, active welts is the mighty sub-
marine mountain belt which extends
southward from Japan through the Bon-
ins and Marianas to Palau—a range com-
parable in length and height to the
Himalayas. Among its peaks are the is-
lands of Iwo Jima, Saipan, Guam and
Yap. This range has the same asym-
metric profile, the same deep-sea trench
along its steeper side and the same chains
of volcanoes on its gentler back as the
most active welts on the continents bor-
dering the Pacific. But it differs in two
significant ways: 1) It stands alone on
the deep-sea floor; 2) The only meta-
morphic rocks that have been found in
the rock body of the range are derived
from basalt or from other oceanic rock
types that are even richer than basalt in
iron and magnesium. The types of meta-
morphic rocks characteristic of conti-
nents (those derived from ordinary sedi-
ments such as shales and sandstones)
seem to be absent. Here is a young
mountain range, as mighty as any on
land, that seems to have been formed by
deformation of the ocean bottom.

Suppose there were no ocean and we
were standing on the bottom lowlands
of the Pacific looking westward toward
this towering mountain range. Beyond it
westward lies a deep sea plain that ex-
tends for more than 600 miles. There
the great submarine mountain chains
that form the Philippine Islands rise in
precisely the same manner from the
ocean deep, and behind them, covered
by younger sediments, emerges the edge
of the Asiatic Continent itself. From this
perspective it would seem incompre-
hensible to us that men should ever ask:
“How did the ocean basins come to be?”
Instead we might well ask: “How did
the continents come to be?”

From this point of view the very ex-
pression “ocean basins” becomes mean-
ingless. The continents now can be seen
clearly as deformed belts of the earth’s
surface which have been raised at inter-
vals through geologic time and joined
together in various ways. The oceanic
areas, on the other hand, must be the
undisturbed portions of the earth’s sur-
face. They are underlain by the original
basaltic crust, covered here and there
with a blanket of diverse sediments.

This reasoning deviates considerably
from current doctrine. The purpose in
presenting it is to indicate possible new
directions of thinking and to suggest cru-
cial areas in which these ideas may be
tested systematically by geophysicists
and geologists.

One of these crucial

areas is the
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Bonin-Marianas-Palau folded mountain
belt. Despite the fact that tens of thou-
sands of square miles of the crust west
of this range lies at deep-sea level, the
current view is that the range marks the
eastern, outer edge of the granite-bear-
ing, “continental” type of crust in the
Pacific Hemisphere. This interpretation
was derived from studies of the compo-
sition of the most common type of lava
that has poured from the numerous vol-
canoes of the island belt. The rocks
formed from this lava, known as andes-
ite, are different in mineral composi-
tion from any rock types that can be
derived from the typical basalts of the
Pacific. They are richer in silica, for one
thing. To explain their relatively high
silica content and other nonbasaltic com-
ponents, the prevailing interpretation
suggests that these andesite rocks were
created by contamination of basaltic lava
with the granitic material of a layer of
primeval granite that is assumed to lie
on top of the crust where andesite is
found. This is the same kind of reason-
ing that presupposes the existence of a
primeval layer of granite to account for
the presence of granite bodies in the
metamorphosed sediments of the conti-
nental mountain belts.

But we have seen that there is an al-
ternative explanation for the presence of
granite bodies in the continental sedi-
ments—namely, the transformation or
granitization of sediments by emanations
of silica and other elements from lower
levels. The same type of activity may ac-
count for the production of andesite; that
is, the so-called contamination of the
basaltic source material may be due to
the introduction of silica and other ele-
ments in the same manner and for the
same reason as is postulated for graniti-
zation. So the andesite lavas of the Paci-
fic may represent not an essentially static
heritage of the past but the dynamic
front along which belts of the old basal-
tic crust are being actively molded into
young mountain welts.

Here in the western Pacific, then, we
have the stage for a crucial test of the
great issues of crustal evolution. Surveys
must be made to obtain an adequate
picture of the topography of the ocean
floor; seismic, magnetic and  gravity
measurements must be made from sur-
face ships and submarines to explore the
nature of the crust in the suboceanic
mountain ranges and on both sides of
them; the steep submarine slopes must
be dredged in the search for sample rock
materials; the island structures and rocks
must be studied in detail; analyses must
be made of the physical chemistry of the
pertinent elements in the gaseous state,
in solutions and in melts.

Conclusions

From all this it is plain that we still
know little about the structure of the



crust beneath the continents and much
less about that below the oceans. All our
concepts necessarily rest on extrapola-
tions far beyond the scanty data that can
be considered reliable. All are but tenta-
tive hypotheses waiting to be tested. Yet
we must have hypotheses to test, and we
must constantly seek to combine them
into a consistent over-all picture that
shows the parts in relation to the whole.
The essence of a possible picture of the
earth’s crust that emerges from the ob-
servations and thoughts presented in this
article may be summed up as follows:

The complexity of the crust beneath
the continents is the result of major
crustal folding, i.e., the formation of up-
bowed welts and downbowed furrows
that filled with sediments. Compression
of these belts drew out the sediment-
filled furrows into roots of mountains,
and set in motion the physical and
chemical processes that transformed part
of the sediments into metamorphic rocks
and ultimately into granite. The idea
that the rocks in the crust lie in essen-
tially horizontal layers is a purely statis-
tical concept which does not reflect the
actual complexity of the crustal struc-
ture.

The shields and their continuation be-
neath the sedimentary platforms of the
continents are the eroded stumps of
earlier folded mountain ranges; their
level is therefore related to sea level.
Their existence is proof that the position
of the sea level with reference to land
has not changed radically since Cam-
brian time. Parts of the old Pre-Cam-
brian surfaces of the continents have
been warped into basins and swells, and
the floors of some of these basins have
sunk to depths comparable to those of
the oceans.

Between the typical continental and
oceanic areas lie regions where the basin-
forming process has brought sections of
the continental granitic crust down to
oceanic depths. Crustal deformation, on
the other hand, has produced belts of
folded mountain ranges from the basaltic
crust beneath the ocean floors as well as
from continental levels. This process, to
which the continents owe their existence,
is still going on actively on the borders
of the Pacific Ocean and within the
ocean’s western part.

Such an abstract, overgeneralized pic-
ture is but the framework into which the
realities of crustal structure must be fit-
ted. It defines the scope of some of the
great questions that call for answers, and
of the stirring possibilities for work on
one of the great frontiers of modern
science—the geology of the deeper parts
of the earth’s crust.

e ——
Walter H. Bucher
is professor of ge-

ology at Colum-
bia University.
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FLOOR OF ATLANTIC has rugged features. On this map parts of North
and South America are at left; parts of Europe and Africa at right. Running
down the middle of the ocean’s floor is the Mid-Atlantic Ridge, the central
part of which forms a broad highland that is some 60 to 200 miles across.
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FLOOR OF THE PACIFIC, of which only a small part is shown here, shows

evidence of significant change. Some landmarks are the Philippines (lower
left) and southern Japan (top center). Running south from Japan is a
submarine ridge, surmounted by volcanoes and paralleled by great deeps.
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Imitation of Lile

Concerning the author’s instructive genus of mechanical

tortoises. Although they possess only two sensory organs

and two electronic nerve cells, they exhibit “free will”

“When we were little . . . we went to
school in the sea. The master was an old
Turtle—we used to call him Tortoise.”

“Why did you call him Tortoise if he
wasn’t one?” Alice asked.

“We called him Tortoise because he
taught us,” said the Mock Turtle angrily.
“Really you are very dull!”

—Lewis Carroll,
Alice’s Adventures in Wonderland

vention of the electronic vacuum

tube there were many legends of
living statues and magic pictures. One
of the commonest devices of sorcerers
and witches was the model of an enemy
which somehow embodied his soul, so
that injury to the model would be re-
flected by suffering or death of the or-
iginal. Even today it is not very uncom-
mon to find in the cottages of European
peasants wax statuettes of hated rivals
stuck with pins and obscenely mutilated.
One has only to recall the importance of
graven images and holy pictures in many

IN THE DARK AGES before the in-

by W. Grey Walter

religions to realize how readily living and
even divine properties are projected into
inanimate objects by hopeful but bewil-
dered men and women. Idolatry, witch-
craft and other superstitions are so deep-
ly rooted and widespread that it is pos-
sible even the most detached scientific
activity may be psychologically equiva-
lent to them; such activity may help to
satisfy the desire for power, to assuage
the fear of the unknown or to compen-
sate for the flatness of everyday exist-
ence.

In any case there is an intense modern
interest in machines that imitate life.
The great difference between magic and
the scientific imitation of life is that
where the former is content to copy ex-
ternal appearance, the latter is con-
cerned more with performance and be-
havior. Except in the comic strips the
scientific robot does not look in the least
like a living creature, though it may re-
produce in great detail some of the com-
plex functions which classical physiolo-
gists described as diagnostic of living

processes. Some of the simpler of these
functions can be duplicated by mechani-
cal contrivances. But it was not until the
electronic age that serious efforts were
made to imitate and even to surpass the
complex performance of the nervous
system.

The fundamental unit of the nervous
system is the nerve cell. In the human
brain there are about 10,000 million such
cells of various types, mostly concen-
trated in deep masses of “gray matter”
or on the surface of the brain—the much-
folded cerebral cortex. Between the cells
run skeins of white matter, the inter-
connecting fibers. The unit of function
is the nerve impulse, a miniature electro-
chemical explosion that travels along the
outside of a nerve fiber as a vortex ring
of negative ions.

All the gradations of feeling and ac-
tion of which we are capable are pro-
vided by variations in the frequency of
nerve impulses and by the number of
nerve cells stimulated. The brain cipher
is even simpler than Morse code: it uses
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TORTOISE IN BOX describes a cycloidal path, back-
ing up when it encounters a wall. In these drawings the
tortoise features are somewhat exaggerated for clarity.
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LIGHT IN BOX, picked up by the photoelectric “eye”
of the tortoise, causes it to steer in that direction. When
tortoise comes close to light, however, it backs away.



only dots, the number of which per sec-
ond conveys all information. Communi-
cation engineers call this system “pulse-
frequency modulation.” It was “invent-
ed” by animals many millions of years
ago, and it has advantages over other
methods which are only just beginning
to be applied. The engineers who have
designed our great computing machines
adopted this system without realizing
that they were copying their own brains.
(The popular term electronic brain is
not so very fanciful.) In the language
of these machines there are only two
statements, “yes” and “no,” and in their
arithmetic only two numbers, 1 and 0.
They surpass human capicity mainly in
their great speed of action and in their
ability to perform many interdependent
computations at the same time, e.g., to
solve simultaneous differential equations
with hundreds of variables.

Magical though these machines may
appear to the layman, their resemblance
to living creatures is limited to certain
details of their design. Above all they
are in no sense free as most animals are
free; rather they are parasites, depend-
ing upon their human hosts for nourish-
ment and stimulation.

N a different category from computing

machines are certain devices that
have been made to imitate more closely
the simpler types of living creatures, in-
cluding their limitations (which in a
computer would be serious faults) as
well as their virtues. These less' ambi-
tious but perhaps more attractive me-
chanical creatures have evolved along
two main lines. First there are stationary
ones—sessile, the biologist would call
them—which are rooted in a source of

electric power and have very limited
freedom. The prototype of these is the
“homeostat” made by W. R. Ashby of
Gloucester, England. It was created to
study the mechanism whereby an ani-
mal adapts its total system to preserve
its internal stability in spite of violent
external changes.

The term “homeostasis” was coined
by the Harvard University physiologist
Walter B. Cannon to describe the many
delicate biological mechanisms which
detect slight changes of temperature or
chemical state within the body and com-
pensate for them by producing equal
and opposite changes. Communication
engineers have rediscovered this im-
portant expedient in their grapplings
with the problems of circuits and com-
puters. They describe a system in which
errors or variations from some desirable
state are automatically neutralized as
containing “negative or inverse feed-
back” (“Cybernetics,” by Norbert Wie-
ner; SCIENTIFIC AMERICAN, November,
1948). In their machines an error in
performance or output is fed back into
the input in such a sense that it opposes
the signal responsible for the error. In
an animal most of what is called reflex
activity has exactly this property.

In Ashby’s homeostat there are a num-
ber of electronic circuits similar to the
reflex arcs in the spinal cord of an ani-
mal. These are so combined with a
number of radio tubes and relays that
out of many thousands of possible con-
nections the machine will automatically
find one that leads to a condition of dy-
namic internal stability. That is, after
several trials and errors the instrument
establishes connections which tend to
neutralize any change that the experi-
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TWO LIGHTS IN BOX cause tortoise first to head for
the nearest, then to back away from it and head for the
other. Tortoise finally strolls between the two lights.
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menter tries to impose from outside. It is
a curious fact that although the machine
is man-made, the experimenter finds it
impossible to tell at any moment exactly
what the machine’s circuit is without
“killing” it and dissecting out the “nerv-
ous system”; that is, switching off the
current and tracing out the wires to the
relays. Nevertheless the homeostat does
not behave very like an active animal—
it is more like a sleeping creature which
when disturbed stirs and finds a com-
fortable position.

NOTHER branch of electromechani-
cal evolution is represented by the
little machines we have made in Bristol.
We have given them the mock-biological
name Machina speculatrix, because they
illustrate particularly the exploratory,
speculative behavior that is so character-
istic of most animals. The machine on
which we have chiefly concentrated is a
small creature with a smooth shell and a
protruding neck carrying a single eye
which scans the surroundings for light
stimuli; because of its general appear-
ance we call the genus “Testudo,” or tor-
toise. The Adam and Eve of this line are
nicknamed Elmer and Elsie, after the
initials of the terms describing them—
ELectro MEchanical Robots, Light-
Sensitive, with Internal and External
stability. Instead of the 10,000 million
cells of our brains, Elmer and Elsie con-
tain but two functional elements: two
miniature radio tubes, two sense organs,
one for light and the other for touch, and
two effectors or motors, one for crawling
and the other for steering. Their power
is supplied by a miniature hearing-aid
B battery and a miniature six-volt storage
battery, which provides both A and C

“KENNEL” IN BOX has light of certain brightness that
attracts the tortoise only when its storage battery is run
down. Battery is then recharged from contacts in kennel.
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current for the tubes and the current for
the motors.

The number of components in the
device was deliberately restricted to two
in order to discover what degree of com-
plexity of behavior and independence
could be achieved with the smallest
number of elements connected in a sys-
tem providing the greatest number of
possible interconnections. From the the-
oretical standpoint two elements equiv-
alent to circuits in the nervous system
can exist in six modes; if one is called A
and the other B, we can distinguish A,
B, A+B, A—B, B—>A and A=B as pos-
sible dynamic forms. To indicate the va-
riety of behavior possible for even so
simple a system as this, one need only
mention that six elements would be more
than enough to form a system which
would provide a new pattern every tenth
of a second for 280 years—four times the
human lifetime of 70 years! It is unlikely
that the number of perceptible func-
tional elements in the human brain is
anything like the total number of nerve
cells; it is more likely to be of the order
of 1,000. But even if it were only 10, this
number of elements could provide
enough variety for a lifetime of expe-
rience for all the men who ever lived or
will be born if mankind survives a thou-
sand million years.

So a two-element synthetic animal is
enough to start with. The strange rich-
ness provided by this particular sort of
permutation introduces right away one
of the aspects of animal behavior—and
human psychology—which M. specula-
trix is designed to illustrate: the uncer-
tainty, randomness, free will or inde-
pendence so strikingly absent in most
well-designed machines. The fact that

only a few richly interconnected ele-
ments can provide practically infinite
modes of existence suggests that there
is no logical or experimental necessity to

invoke more than number to account
for our subjective conviction of freedom
of will and our objective awareness of

personality in our fellow men.

The behavior of Elmer and Elsie is

in fact remarkably unpredictable. The
photocell, or “eye,” is linked with the

steering mechanism. In the absence of

an adequate light-stimulus Elmer (or
Elsie) explores continuously, and at the
same time the motor drives it forward in
a crawling motion. The two motions
combined give the creature a cycloidal
gait, while the photocell “looks” in every
direction in turn. This process of scan-
ning and its synchronization with the
steering device may be analogous to the
mechanism whereby the electrical pulse
of the brain known as the alpha rhythm

sweeps over the visual brain areas and at

the same time releases or blocks im-
pulses destined for the muscles of the
body. In both cases the function is pri-
marily one of economy, just as in a tele-
vision system the scanning of the image
permits transmission of hundreds of
thousands of point-details on one chan-
nel instead of on as many channels.
The effect of this arrangement on
Elmer is that in the dark it explores in

a very thorough manner a considerable

area, remaining alert to the possibility

of light and avoiding obstacles that it
cannot surmount or push aside. When
the photocell sees a light, the resultant
signal is amplified by both tubes in the

amplifier. If the light is very weak, only
a change of illumination is transmitted
as an effective signal. A slightly stronger

!

signal is amplified without loss of its
absolute level. In either case the effect
is to halt the steering mechanism so that
the machine moves toward the light
source or maneuvers so that it can ap-
proach the light with the least difficulty.
This behavior is of course analogous to
the reflex behavior known as “positive
tropism,” such as is exhibited by a moth
flying into a candle. But Elmer does not
blunder into the light, for when the bril-
liance exceeds a certain value—that of
a flashlight about six inches away—the
signal becomes strong enough to operate
a relay in the first tube, which has the
reverse effect from the second one. Now
the steering mechanism is turned on
again at double speed, so the creature
abruptly sheers away and seeks a more
gentle climate. If there is a single light
source, the machine circles around it in
a complex path of advance and with-
drawal; if there is another light farther
away, the machine will visit first one
and then the other and will continually
stroll back and forth between the two. In
this way it neatly solves the-dilemma of
Buridan’s ass, which the scholastic phi-
losophers said would die of starvation
between two barrels of hay if it did not
possess a transcendental free will.

For Elmer hay is represented, of
course, by the electricity it needs to re-
charge its batteries. Within the hutch
where it normally lives is a battery
charger and a 20-watt lamp. When the
creature’s batteries are well charged, it
is attracted to this light from afar, but
at the threshold the brilliance is great
enough to act as arepellent, so the model
wanders off for further exploration.
When the batteries start to run down,
the first effect is to enhance the sensi-
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LOW OBSTACLE prevents tortoise from heading
straight toward light. Shell is mounted on a switch so
its way around obstacle.

that tortoise backs and “feels”
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MIRROR causes tortoise with indicator light, again ex-
aggerated for clarity, to flicker and jig. The light goes
out when tortoise “sees”

a light, even its own reflection.



tivity of the amplifier so that the attrac-
tion of the light is felt from even farther
away. But soon the level of sensitivity
falls and then, if the machine is fortu-
nate and finds itself at the entrance to
its kennel, it will be attracted right home,
for the light no longer seems so dazzling.
Once well in, it can make contact with
the charger. The moment current flows
in the circuit between the charger and
the batteries the creature’s own nervous
system and motors are automatically dis-
connected; charging continues until the
battery voltage has risen to its maxi-
mum. Then the internal circuits are auto-
matically reconnected and the little
creature, repelled now by the light which
before the teast had been so irresistible,
circles away for further adventures.

INEVITABLY in its peripatetic ex-
istence M. speculatrix encounters
many obstacles. These it cannot “see,”
because it has no vestige of pattern vi-
sion, though it will avoid an obstacle that
casts a shadow when it is approaching
a light. The creature is equipped, how-
ever, with a device that enables it to get
around obstacles. Its shell is suspended
on a single rubber mounting and has
sufficient flexibility to move and close a
ring contact. This contact converts the
two-stage amplifier into a multivibrator.
The oscillations so generated rhythmic-
ally open and close the relays that con-
trol the full power to the motors for
steering and crawling. At the same time
the amplifier is prevented from trans-
mitting the signals picked up by the
photocell. Accordingly when the crea-
ture makes contact with an obstacle,
whether in its speculative or tropistic
mode, all stimuli are ignored and its gait

is transformed into a succession of butts,
withdrawals and sidesteps until the in-
terference is either pushed aside or cir-
cumvented. The oscillations persist for
about a second after the obstacle has
been left behind; during this short mem-
ory of frustration Elmer darts off and
gives the danger area a wide berth.

When the models were first made, a
small light was connected in the steer-
ing-motor circuit to act as an indicator
showing when the motor was turned off
and on. It was soon found that this light
endowed the machines with a new mode
of behavior. When the photocell sees
the indicator light in a mirror or reflected
from a white surface, the model flickers
and jigs at its reflection in a manner so
specific that were it an animal a biolo-
gist would be justified in attributing to
it a capacity for self-recognition. The
reason for the flicker is that the vision
of the light results in the indicator light
being switched off, and darkness in turn
switches it on again, so an oscillation of
the light is set up.

Two creatures of this type meeting
face to face are affected in a similar but
again distinctive manner. Each, at-
tracted by the light the other carries,
extinguishes its own source of attraction,
so the two systems become involved in
a mutual oscillation, leading finally to a
stately retreat. When the encounter is
from the side or from behind, each re-
gards the other merely as an obstacle;
when both are attracted by the same
light, their jostling as they approach the
light eliminates the possibility of either
reaching its goal. When one machine
casually interferes with another while
the latter is seriously seeking its charging
light, a dog-in-the-manger situation de-

velops which results in the more needy
one expiring from exhaustion within
sight of succor.

HESE machines are perhaps the sim-

plest that can be said to resemble
animals. Crude though they are, they
give an eerie impression of purposeful-
ness, independence and spontaneity.
More complex models that we are now
constructing have memory circuits in
which associations are stored as electric
oscillations, so the creatures can learn
simple tricks, forget them slowly and
relearn more quickly. This compact,
plastic and easily accessible form of
short-term memory may be very similar
to the way in which the brain establishes
the simpler and more evanescent con-
ditioned reflexes.

One intriguing effect in these higher
forms of synthetic life is that as soon as
two receptors and a learning circuit are
provided, the possibility of a conflict
neurosis immediately appears. In diffi-
cult situations the creature sulks or be-
comes wildly agitated and can be cured
only by rest or shock—the two favorite
stratagems of the psychiatrist. It appears
that it would even be technically feasi-
ble to build processes of self-repair and
of reproduction into these machines.

Perhaps we flatter ourselves in think-
ing that man is the pinnacle of an es-
timable creation. Yet as our imitation of
life becomes more faithful our venera-
tion of its marvelous processes will not
necessarily become less sincere.

e ——

W. Grey Walter is director of the phys-
iological department at the Burden Neu-
rological Institute in Bristol, England.
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TWO TORTOISES WITH LIGHTS oscillate back and
forth until they retreat from each other. The lights
flicker as the steering motor of each is turned on and off.

———
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TWO TORTOISES WITHOUT LIGHTS head toward
a single light in a jostling manner. When their shells
come in contact they briefly back away from each other.

45



THREE CLICKS appear as three

vertical bars on a sound spectrogram.

PURE TONE of 250 cycles a second

appears as a single horizontal line.
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OVERTONES of a 250-cycle funda-

mental have equally spaced lines.

DROPPING PITCH causes funda-

mental and overtones to slant down.
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FROG CALLS

The musical patterns produced by various

species on a summer night are made visible

in traces produced by the sound spectrograph

by Ralph K. Potter

HE night croakings of various spe-
cies of frogs and toads are highly

distinctive, as many a country
dweller has noted. Recently 26 frog and
toad calls were studied by means of the
sound spectrograph, an instrument de-
veloped by Bell Telephone Laboratories
for the visual investigation of human
speech. The calls were supplied by
“Voices of the Night,” a series of phono-
graph records made by the Albert R.
Brand Bird Song Foundation of Cornell
University.

The sound spectrograph converts
sounds into pictures called spectrograms
that have dimensions similar to those of
the familiar musical staff. In these pic-
tures time extends from left to right and
the constituents of sound are laid out
vertically in the order of their pitch:
low-pitched tones at the bottom and
high-pitched tones toward the top. The
elementary sound patterns at the left will
help the reader to interpret the frog-call
patterns on the opposite page. Three
sharp sounds like the clicks of a bounc-
ing ping-pong ball produce the three
vertical bars in the first picture. The
time between these clicking sounds is
about .15 seconds. In all the patterns the
relative strength of the trace is a meas-
ure of loudness.

The second picture shows the trace of
a single pure tone of 250 cycles a second
(near middle C). Ordinarily such a fun-
damental tone is accompanied by a series
of overtones, or harmonics. A 250-cycle
fundamental with overtones of nearly
equal loudness appears in the third pic-
ture. To the ear the pitch of the sounds
in the second and third pictures would
be the same.

The pitch can also be measured just
as accurately when the fundamental is
missing from the sound pattern, because
the frequency space between any two of
the overtones is equal to the fundamen-
tal frequency. Thus the spacing of the
overtones in the third picture is 250 cy-
cles. When the pitch changes, the over-
tone spacing changes. In the fourth pic-
ture there is a rise in pitch followed by a
decrease in pitch—a falling inflection.

The steadiness of these patterns is
altered by any harshness in tone quality,
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resulting from instability in the vocal
cords or other sound-generating mecha-
nism. The tone traces become irregular
and are even interrupted. Effects of this
kind appear in the tone patterns of the
human voice when it is “rough” or
“harsh” because of the interruption of
vocal-cord oscillation by an accumula-
tion of mucus. They are also common in
the call patterns of frogs, possibly for a
similar reason.

A study of spectrograms such as those
on the opposite page reveals some pi-
quant facts. For example, some frogs ap-
pear to yodel; at least their voice pat-
terns contain sudden harmonic shifts in
pitch that resemble pitch changes in the
voices of human yodelers. Such shifts
appear at the beginning and end of the
Green Tree Toad call and in the second
part of the Anderson’s Tree Frog call.

There is a rich variety of inflections in
frog calls. The Oak Toad pattern reveals
a sudden rise of pitch followed by a
gradual fall. The Spadefoot Toad also
has a peculiar pitch inflection. The pitch
starts high and slopes downward rapid-
ly, flattening off toward the end. For
some reason such a pitch change has a
melancholy sound.

Another call of particular interest is
that of the Bullfrog. The Bullfrog’s voice
is rich in overtone; it is not difficult to
find 30 or more harmonics. Generally the
tonal quality seems to be rather stable,
but occasionally it is garbled so that it
sounds as if the Bullfrog has a “frog in
its throat.”

The pitch of the 26 frog and toad calls
varies over a wide range of frequencies.
The range of the 26 calls is from 80 to
6,000 cycles a second, and the calls of
the species are distributed over this
range with remarkable evenness. Fur-
thermore, where two or three species
share the same calling band their calls
are so distinctly different that they can-
not be confused. Apparently an orderly
use of the sound spectrum has been
worked out in the process of evolution.

e —
Ralph K. Potter is director

of transmission research at
Bell Telephone Laboratories.



GREEN TREE TOAD (Hyla cinerea) makes two calls

with yodel-like changes in pitch at beginning and end.

BARKING FROG (Hyla gratiosa) call resembles the

barking of a dog only in the fact that it begins suddenly.

FOWLER’S TOAD (Bujfo woodhousii fowleri) has call

with arched inflection at the start followed by overtones.

CRICKET FROG (Acris gryllus) emits two strong calls.

Band at the top is composed of calls in the background.

BULLFROG (Rana catesbeiana) gives a deep call. Here

the bullfrog call is repeated eight times within a second.

ANDERSON’S TREE FROG (Hyla andersonii) has

“hec-haw” call. Trace at top is made by cricket-frog.

OAK TOAD (Bufo quercicus) has a single, high-pitched
peep that rises quickly in pitch and falls off gradually.

SPADEFOOT TOAD (Scaphiopus holbrookii) has a

single raucous call. Band near top is a chorus of calls.

WOOD FROG (Rana sylvatica) has a call that begins

in a whine and ends in a cluck. Here two calls are shown.

GREEN FROG (Rana clamitans) has banjolike call that

begins with a sharp twang and fades off into overtones.
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true portrait of Aristotle the Stagirite, leader of the Peripatetic school.”
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The famed Greek philosopher is recognized
as one of the great early zoologists. But

what about his reputation as a physicist?

by Carl B. Boyer
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undergone more violent gyrations

over the centuries than has that of
Aristotle. Aristotle has been to Western
culture what Confucius is to Oriental,
but his work has not been fully appreci-
ated in all periods. The son of a Mace-
donian physician, he was born in 384
B.C., went to Athens as a young man
and studied with Plato for 20 years.
After the death of his master, Aristotle
founded his own Lyceum in opposition
to the Platonic Academy. His school
were known as Peripatetics, from their
custom of walking during discussions.
When Aristotle died in 322 B.C., he
bequeathed to posterity an intellectual
system covering most branches of knowl-
edge. His influence dominated the sci-
ence and philosophy of the ancient world
for hundreds of years. Then began a
series of cycles in which his ideas were
alternately treated with contempt and
adulation.

His popularity reached an ebb in the
early Middle Ages. The early medie-
valists were more attracted by allegorical
interpretations of Plato’s speculations
than by Aristotle’s glorification of com-
mon sense. By the year 1000, however,
scholars in Arabia had redeveloped an
intense admiration for Peripatetic philos-
ophy, and 200 years later Aristotelian
science was rediscovered by the Latin
world of Europe. During the earliest
years of the 13th century the doctrines
of Aristotle were looked upon with sus-
picion in European universities. Then
scholastic philosophers reconciled Aris-
totelian science with Christian theology
so thoroughly that the two soon became
well-nigh inseparable. Under the shad-
ow of ecclesiastical authoritarianism
there was fostered a sedulous apotheosis
of Aristotle; Dante referred to him as
“master of them that know.” A new cy-
cle began in 1536 when the French
philosopher Ramus defended the auda-
cious thesis that “everything Aristotle
said is false.”

By the time of Galileo and Newton
the science of Aristotle had been thor-
oughly discredited. It became the fash-
ion to ridicule Aristotelian science for
its errors, more putative than real. Yet
during the 19th century a new upswing
in the cycle of Aristotle’s reputation once
more got under way. “The Philosopher”
was rediscovered to be perhaps the
greatest zoologist of all time. Aristotelian
physics, however, continues to be un-
appreciated.

In our century the world still knows
Aristotle as a great philosopher and bi-
ologist. Does his physics deserve the
ridicule it receives?

In the modern estimate the physics of
Aristotle is completely overshadowed by
that of his successor Archimedes, his-
tory’s most celebrated mathematician
and chief ancient rival to Aristotle in
scientific greatness. So we may gain
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some insight into Aristotle’s accomplish-
ments in physics by comparing them
with Archimedes’. Much, but not all,
of what these two wrote has been pre-
served. Among the surviving Aristotelian
works is one entitled Physics. The word
was used by the Greeks in a sense differ-
ent from that of today: the Greek physis,
meaning the essence or nature of things,
was more concerned with the explana-
tion of essential properties and relations
than with quantitative description.

The Physics and other Peripatetic
works contain some of the earliest
known references to physical laws. It
has been said that only three physical
laws were correctly known to the an-
cients: the law of the lever, the optical
law of reflection and the hydrostatic law
of buoyancy. The oldest of these may
well be the principle of the lever, the
author of which is unknown. Undoubt-
edly the operation of the lever principle
had been observed at a primitive level
of civilization, long before it was clearly
expressed. The first quantitative formu-
lation of the principle has been widely
attributed to Archimedes, but actually
it had been stated at least a century be-
fore him in the Aristotelian Mechanics:
As the weight moved is to the weight
moving it, so, inversely, is the length
of the arm bearing the weight to the
length of the arm nearer to the power.
Hence until further evidence is disclosed
the earliest formulation is to be ascribed
to Aristotle, even though it was Archi-
medes who dramatically applied the law
in his mechanical contrivances and gave
it vivid expression in his flamboyant
boast that, given an appropriate lever
and fulcrum, he could move the earth.

The statements of the principle by
Aristotle and Archimedes were very
similar, but the explanations they gave
were distinctly different. Aristotle was
more concerned with the question of
speed and facility of movement than
with the mathematical relationships be-
tween weights and distances. As he put
it, in describing a suspended balance:
The same power moves the weight more
easily and quickly the further away the
fulcrum is. The law was to Aristotle but
an aspect of a more general theory of
dynamics. Observation had led him to
the plausible conclusion that terrestrial
or “local” motions take place under quite
different laws from those governing ce-
lestial movements. Natural motions on
the earth appear always to be rectilinear,
directed toward the center of the earth,
their “natural place,” whereas the natu-
ral orbit of a heavenly body is a circle or
a combination of circles. For Aristotle,
then, local motion in a circle was not
natural, but resulted only from the con-
tinued application of a force. The more
closely circular movement approxi-
mated to the natural rectilinear motion,
the smaller was the force needed to ini-
tiate and maintain it. Consequently it

would take less force to move an object
along the circumference of a large circle
than of a small one. Aristotle therefore
reasoned that the longer arm of a lever
could be moved more easily than the
shorter one because its path came closer
to being a straight line.

Archimedes, on the other hand, de-
duced the law of the lever from a basic
principle of. statics—the equilibrium of
bilaterally symmetric systems. His de-
duction continues to be valid today,
whereas that of Aristotle is vitiated by
the untenability of his fundamental as-
sumption. However, Aristotle’s point of
view continues to be applicable in modi-
fied form in the principle of virtual velo-
cities or of statical moment.

T HE concepts of center of gravity and
of density generally are attributed to
Archimedes, but the general notions go
back at least as far as Aristotle. A Peri-
patetic astronomical treatise pointed
out: “If, then, a weight many times that
of the earth were added to one hemi-
sphere, the center of the earth and of the
whole will no longer be coincident.” As
to the concept of density, predecessors
of Aristotle had dealt with “the relative
heaviness and lightness of things possess-
ing weight,” but Aristotle himself seems
to have published the first definition:
Dense differs from rare in containing
more matter in the same cubic area. The
Peripatetics recognized that fresh water
is less dense than salt water, and that
“dense water finds a lower level than
water which is not so dense.” There is
no indication, however, that Aristotle
was familiar with the great Archimedean
principle, the quantitative law of buoy-
ancy. Aristotle incorrectly ascribed the
greater buoying effect of salt over fresh
water to the lifting power of salt parti-
cles, rather than to the increased fluid
density.

Aristotle had a very definite interest
in optics, which he included with har-
monics and astronomy among “the more
physical of the branches of mathe-
matics.” In the time of Empedocles, he
writes, “there was no scientific knowl-
edge of the general subject of the for-
mation of images and the phenomena of
reflection”; but by his own day the study
had progressed sufficiently so that Aris-
totle could speak of “the theory of op-
tics.” He himself seems to have com-
posed a treatise on optics, now lost. It is
abundantly clear from surviving Peripa-
tetic treatises that “The Philosopher” was
acquainted with the law of reflection,
both for sight and sound. With regard to
the latter he wrote:

“Why is it that the voice, which is
air that has taken a certain form and is
carried along, often loses its form by dis-
solution, but an echo, which is caused
by such air striking on something hard,
does not become dissolved, but we hear
it distinctly? Is it because in an echo re-
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fraction takes place and not dispersion?
This being so, the whole continues to
exist and there are two parts of it of
similar form; for refraction takes place
at the same angle.” (The word refrac-
tion is of course to be taken as meaning
reflection.)

In another place Aristotle specifically
states that the causes of the echo, re-
flection and the rainbow “are identical
generically, because all three are forms
of repercussion.” The recognition of the
equal-angle law of reflection in the
acoustic case is itself an achievement,
and it probably would not have been
made without knowledge of the corres-
ponding optical principle. Aristotle com-
pared the reflection of light with a me-
chanical reflection, remarking that “ob-
jects which are traveling along, when
they come into collision with anything,
rebound in a direction opposite to that
in which they are naturally traveling,
and at similar angles.” As an application
of his optical ideas, he also correctly in-
terpreted twilight and the light of dawn
as due to the reflection of sunlight by
the atmosphere.

The branches of science that were
first given mathematical form were as-
tronomy, music and optics, and to each
of these Aristotle, although he was not
primarily a mathematician, made contri-
butions. Aristotelian cosmology, com-
bined later with elements borrowed frorn
the Ptolemaic system, enjoyed wide
popularity in the Greek, Arabic and
Latin worlds. Whereas the Pythagoreans
had proposed the sphericity of the earth
simply on grounds of geometrical perfec-
tion, Aristotle presented physical argu-
ments which are still acceptable today.
And it is in the works of Aristotle, al-
most 2,300 years ago, that one finds the
first reasonable estimate of the size of
the earth: “Those mathematicians who
try to calculate the size of the earth’s
circumference arrive at the figure
400,000 stades [about 40,000 miles].
This indicates not only that the earth’s
mass is spherical in shape, but also that
as compared with the stars it is not of
great size.”

ARISTOTLE was greatly interested in
the numerical aspect of musical
harmony, and presented ideas in this
field which were more advanced than
those of anyone, with the possible ex-
ception of Aristoxenus and Ptolemy, be-
fore the 17th century. To the Pythag-
oreans has been attributed the idea that
the simpler the ratio of the two parts into
which a vibrating string is divided, the
more perfect is the consonance of the
two sounds. Aristotle saw the operation
of the same principle in reed pipes: “In
the reed-pipe an accord in the octave is
obtained by doubling the length, and
this is how flute makers produce it. Simi-
larly they obtain a fifth by means of a
length in the ratio of 3 to 2 ... and a
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fourth by means of a length in the ratio
of 4to 8.7

The works of Aristotle also contain an
early recognition of the importance of
frequency, noting that “more frequent
impacts upon the air are caused by the
shriller note,” and that “strings which
are tightly stretched give a shriller note,
for their movement is quicker.” Since
Aristotle held with Plato that proportion
is order, which is naturally pleasant, it
followed that “sounds in a concord stand
in a proportion of movement to one an-
other.” The implication seems to be that
the proportions here are the same as
those for lengths. This is an anticipation
of the relationship between tone and fre-
quency, the discovery of which is usually
ascribed to Galileo.

Nevertheless Aristotle (or his stu-
dents) ‘confused frequency of vibration
with speed of transmission, and held to
the view of Archytas that the higher the
pitch, the greater the velocity of the
sound. This would indicate that although
Aristotle correctly described sound as a
disturbance of the air, he had no idea
of periodic vibrations or wave motions
which on superposition might produce
interference patterns. The analogy be-
tween sound and the circular waves
formed when a stone is dropped into a
tank of water appeared centuries later

LEVERS, which interested Aristotle
as well as Archimedes, appear in
a 16th-century edition of Mechanics.

in the work On Architecture by Vitru-
vius.

Aristotle made an acute observation
about the pitch of echoes which was
overlooked for some 2,200 years. The
British physicist Lord Rayleigh in 1873
believed that he was the first to notice
that in echoes the upper components of
a complex note predominate, with the
result that an increase in pitch fre-
quently is observed. But Aristotle had
remarked long before that “the sound of
an echo is distinctly shriller,” although
he failed to note the quantitative rela-
tionships that led Rayleigh to refer to
the phenomena of differential reflection
as “harmonic echoes.”

Aristotle’s views on the nature of heat
and light, like those on sound, have a
touch of modernity. With respect to heat
he said that “movement tends to create
fire in wood, stone, and iron.” He re-
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jected earlier suggestions that light was
corporeal, or due to visual rays emanat-
ing from the eye, substituting instead
the idea that it is an activity of a sort of
luminiferous aether or quintessence. But
his statements, anticipating the kinetic
theories of heat and light, remained un-
convincing for well over 2,000 years be-
cause they had no quantitative basis.

RISTOTLE ambitiously attempted to
explain the nature of color, propos-
ing a theory akin to the one which was
to be developed in the 18th century by
the poet Goethe. Aristotle took color to
be a relationship between, or a mixture
of, the basic components white and
black, or light and dark. He proposed
the first three-element theory of color
vision, maintaining that red, green and
violet are the only true colors, the ap-
pearance of others resulting from con-
trast. Of the primary colors, he said, red
contains the greatest proportion of white
and violet the least, but yellow is more
closely related to white than is red. Color
can result also from a weakening of
light energy or activity, so that as the
sun sets and is somewhat obscured by
haze and smoke it appears red.

One of the most interesting applica-
tions of his ideas on color is given by
Aristotle in connection with an elabo-
rately detailed theory of the rainbow.
Here the pioneer position he holds in
science again is exemplified by the fact
that his work represents the first serious
effort to supply a naturalistic and math-
ematical explanation of the rainbow,
both as to shape and color. He recog-
nized that sunlight and raindrops are
both essential in the formation of the
rainbow, and that the effect can be pro-
duced artificially by the dashing of an
oar in water or by other methods of
sprinkling water in tiny drops. He knew
that the bow is semicircular if the sun is
on the horizon and that it becomes
smaller as the altitude of the sun in-
creases. He sought to explain the cir-
cularity by saying that the observer is at
the center of a sphere on which the cloud
and the sun lie. He gave extensive geo-
metrical arguments, but his explanation
is fundamentally incorrect in that he
overlooked refraction as the chief fac-
tor; he ascribed the colors and shape of
the rainbow to reflection alone.

Aristotle pointed out that lunar rain-
bows are possible, but that these occur
much more rarely, inasmuch as the moon
must be full at the same time that all the
other conditions for a bow are present.
He reported that he himself had seen
not more than two lunar bows in over
50 years. (Few semicentenarians of to-
day can boast as many!)

The Aristotelian explanation of the
rainbow exhibits a weakness of ancient
optics. Whereas the theories of perspec-
tive and reflection were extensively
studied from the geometrical point of
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view, the phenomena of refraction were
scarcely recognized. It was not until
1637 that Descartes published a rela-
tively satisfactory explanation of the
shape and size of the bow, and it was still
another generation before Newton dis-
closed the relationship between refrac-
tion and the formation of colors.

IF the significant contributions of Aris-
totle in the field of statics frequently
are overlooked, his work in dynamics
seldom escapes unthinking ridicule. Let
it be pointed out that in the latter field
Aristotle had practically no predecessors,
and that it was a field where even the

RAINBOW is explained in terms of
reflection by woodcut in a 16th-cen-
tury German edition of Meteorology.

great Archimedes later feared to tread.
There was in the Peripatetic approach a
point of view that vitiated much of the
school’s efforts. The Aristotelian dynam-
ics centered on the difficult question of
real motions in resisting media, instead
of beginning, as did Galileo, with a more
elementary study of hypothetical or ideal
motions in a vacuum. The air pump for
producing a vacuum (pages 20-24) was
unknown in antiquity, and Aristotle
made the plausible assumption that the
existence of a void is impossible. The
familiar expression “Nature abhors a
vacuum” is looked upon with good rea-
son as typically Peripatetic.

There was nothing animistic, how-
ever, in the Aristotelian attitude: the
existence of the void simply was incon-
sistent with Aristotle’s view of the uni-
verse as well-ordered, with each element
possessing a natural place. Against the
contentions of the Greek atomists, he
insisted that there was no random mo-
tion. Movement was “natural” in the
case of an objectseeking its proper place,
“violent” if the object was compelled by
an external force to move in any other
manner. But in a void there could be no
such thing as “place” or “proper place,”
and hence no motion was possible, for
there could exist no reason why an ob-
ject should move in one direction rather
than in another.

This position granted, all motion must
of necessity take place in a surrounding
medium. For this situation Aristotle
formulated the earliest mathematical
law of dynamics, not in itself unreason-
able: namely, that the velocity of an
object varies directly as the motive
power and inversely as the resisting ef-



fect of the medium. He naturally re-
jected the idea of perpetual uniform
rectilinear motion, and developed in-
stead the doctrine that continued mo-
tion was possible only through the ap-
plication of a “force from behind.” In
this situation velocity—rather than ac-
celeration—was proportional to force,
and varied inversely as the density of
the surrounding medium. This assump-
tion implied that in a vacuum a body
should fall with infinite speed—an ob-
vious impossibility which confirmed
Aristotle in his denial of the void.

The Aristotelian law also implied that
bodies fall through a resisting medium
with speeds proportional to their
weights, a conclusion which Aristotle—
and later Leonardo da Vinci—accepted,
but which, even for terminal or limiting
velocities, is not in close agreement with
experimental evidence. This discrepancy
has appealed so strongly to the modern
imagination that it has overshadowed
other more valuable portions of Aris-
totelian physical science. After all, even
Galileo in his early treatise On Motion
committed comparable errors, and in his
mature and brilliant work on Two New
Sciences very inadequate consideration
was given to the effects of a resisting
medium.

In the works of Aristotle are anticipa-
tions of the idea of uniform acceleration,
widely but erroneously ascribed to Gali-
leo, as well as a first approximation to
the laws of falling bodies: “In rectilinear
locomotion [vertically downward] the
motion of things in leaving the starting-
point is not uniform with their motion
in approaching the finishing-point, since
the velocity of a thing always increases
proportionately as it removes itself
farther from its position of rest.” This
idea that velocity is proportional to the
distance fallen was also Galileo’s first
impression, but he later found that in-
stead it is proportional to the elapsed
time.

URING the medieval period the
works of Aristotle served as the cen-

ter of discussions and commentaries on
dynamics and other aspects of mathe-
matical science. The ideas of uniform
and nonuniform velocities, accelerations
and other rates of change were freely
used and even represented graphically
on coordinate systems. In the course of
these discussions some of the weak points
of Aristotle’s theory gradually gave way
to the modern point of view. There had
been an element of inconsistency in the
Peripatetic idea that the medium
through which a projectile moved should
be the agent that continued the body in
motion. Here the medium was viewed
on the one hand as a necessary condition
for the motion of projectiles and on the
other as a factor impeding the motion.
In the sixth century the Aristotelian com-
mentator Simplicius cited with approval

the opposing view of the astronomer
Hipparchus: that the continued motion
of a body, after it has lost contact with
the initial impelling force, is due not to
a push from the rear exerted by the
medium but to an impetus or inertia in-
herent in the body itself. This new con-
cept of inertia became popular among
the scholastic Peripatetics in Paris in the
14th century, and from there it spread
to Italy before the days of Galileo. Simi-
larly the view of Aristotle that the speeds
of falling bodies are proportional to their
weights was refuted by the Peripatetic
commentator Philoponus in the sixth
century—long before Galileo is said to
have performed his experiments from
the Leaning Tower of Pisa.

There are Aristotelian passages which
are suggestive of the first and third of
the so-called Newtonian laws of motion:

Bodies which are at rest remain so
owing to their resistance.

When one is running fast it is diffi-
cult to divert the whole body from its
impetus in one direction to some other
movement.

The force of that which initiates
movement must be made equal to the
force of that which remains at rest. For
there is a definite quantity of force or
power by dint of which that which re-
mains at rest does so, just as there is of
force by dint of which that which ini-
tiates movement does so; and as there is
a necessary proportion between opposite
motions, so there is between absences of
motion . . . For as the pusher pushes so

I

MECHANICAL ADVANTAGE is il-

lustrated in a 17th-century Italian

book about Aristotle’s Mechanics.
is the pushed pushed, and with equal
force.

The physical science of Aristotle is a
coherent and systematic treatment
which, while less accurate than that of
Archimedes, is of far wider scope. In
method there is a striking similarity be-
tween these two greatest scientists of
antiquity. Both men began with careful
observation unaided by the use of instru-
ments, framed inductive generalizations
and with these as premises built a deduc-
tive science. But while Archimedes, a
mathematician, limited himself to a few
observations comparable in exactitude to
the axioms of Euclid’s Elements of
geometry, the philosopher Aristotle sur-
veyed the whole of nature so that he
might disclose the rational order in cause
and purpose. For this reason Aristotle
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placed the inner consistency of his sys-
tem above accuracy in detail, and in his
eager search for certainty he failed to
exercise the needed suspension of judg-
ment. At heart Aristotle was a teleologist
for whom the question “Why?” held
greater attraction than the physicist’s
query, “How much?” He placed exces-
sive confidence, as Sir James Jeans would
have put it, upon “facts as they are re-
vealed by our primitive senses,” rather
than upon those “revealed by instru-
ments of precision.”

It is customary to excuse the armchair
physics of the Greeks as due to a defi-
ciency of measuring instruments, but this
condonation is perhaps too generous.
After all, the ruled straightedge, the
graduated water-clock and the scale or
balance were well known in antiquity
and could have been used to good ad-
vantage in physical experimentation.
With these alone Aristotle might easily
have detected his errors with respect to
the speed of falling bodies and the
velocity of sound. Had Archimedes used
them for experiments, he might well
have created a satisfactory science of
dynamics.

The failure of the greatest minds of
Greece to appreciate the significance of
accurate measurement made their work
of limited value. Nonetheless, the quan-
titative aspect of modern science can be
traced back to sources springing directly
from the Aristotelian tradition. The
Physics of Aristotle came to Parisian uni-
versities in the 13th century, and during
the 14th century it became subject to a
thoroughgoing reconstruction. Certain
qualitative changes, such as the intro-
duction of the idea of inertia, took place,
but more important than these was a
shift from a qualitative to a quantitative
physics. During the 15th century this
tendency gained headway, and by the
17th century Johannes Kepler had estab-
lished the value of precise measurements
in formulating his valuable mathematical
laws of astronomy. To the oft-quoted
statement of Aristotle, “All men by nature
desire to know,” Kepler added a fitting
complement: “To measure is to know.”
Had Aristotle appreciated this, he might
have been known as “The Physicist”
rather than “The Philosopher.” As it was,
the physical science of Aristotle is per-
haps best described in his own words,
engraved on the home of the National
Academy of Sciences in Washington:

“Search for truth is in one way hard
and in another way easy, for it is evident
that no one can master it fully nor miss
it wholly, but each adds a little to our
knowledge of Nature, and from all the
facts assembled there arises a certain
grandeur.”

———

Carl B. Boyer is pro-
fessor of mathematics
at Brooklyn College.
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OLVON:

A COLONY OF CELLS

The microscopic green globe that dwells in ponds

is a significant member of the evolutionary line

between the one-celled and many-celled organisms

HAT is the meaning of the word
;x/ “one”? In the simple lexicon of
one’s early days at school, when
the idea is painstakingly planted that
two apples plus three apples make five
apples, one acquires a clear idea of what
“one” means. It means an individual—
one individual apple. Later some ques-
tions are raised about halves and quar-
ters, and by the time one encounters the
problems of infinity, as for instance, the
infinite subdivisibility of a line, one is
not so sure about how one is to define
“one.”

Biologists, as well as mathematicians,
have such problems. Of course there is
no question that a tree or an elephant is
one individual, and we have a very clear
mental picture of what this means, for
we ourselves are individuals. But there
are lower forms in the borderland be-
tween one-celled organisms and multi-
cellular organisms that are more bother-
some in this respect.

A very good example of such an or-
ganism is Volvox, a curious inhabitant
of fresh-water ponds which is a kind of
cross between a plant and an animal.
Volvox is a green, sphere-shaped organ-
ism made up of a group of flagellated
cells. Its basic unit is an ovoid cell with
two whiplike flagella protruding from
the small end. These cells are bound
together in a mass of jelly, and form a
slightly elongated sphere about a milli-
meter in diameter.

The flagella, protruding from the colo-
ny like a forest of flails, beat in an or-
ganized way to give the whole colony a
beautiful spinning motion. It spins like
a top around the vertical axis, which is
slightly longer than the horizontal axis.
Periodically the ball reverses its spin and
whirls in the opposite direction. As it
spins the colony also glides slowly
through the water. It is quite a sight to
see a group of these colonies through the
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low power of a microscope; they suggest
a whole planetary system in the small
universe of a drop of water, with each
spinning green planet gliding through its
orbit.

A few minutes’ close inspection re-
veals that the colony has a rather rudi-
mentary differentiation into front end
and hind end, or rather north and south
pole, with the “front” end at the top. It
never turns head over heels but always
keeps right side up. The cells in the
northern hemisphere differ slightly from
those in the southern hemisphere: they
are a little larger and have fuller, more
intensely green chlorophyll spots. The
reproductive cells of the colony always
arise in the southern hemisphere.

Now if you cut out any single cell
from the colony and isolate it from its
neighbors, it will round off slightly into
the shape of a teardrop and swim about
actively by means of its two flagella,
apparently quite undismayed by its soli-
tude. In this state it closely resembles
Chlamydomonas, a one-celled form that
is considered to be the ancestral type of
Volvox. The only deficiency of this iso-
lated cell is that it cannot reproduce and
perpetuate itself; after a time it dies.

If the cells can live either independ-
ently or in a definitely organized com-
munity, which is the individual, the cell
or the colony? I suppose one could argue
that both are—or that neither is. It de-
pends entirely upon how one defines
“individual.” The simple word that we
have so often used must now, if it is to
survive, be chained by a more precise—
and more cumbersome—definition. This
always follows in the wake of an advance
in knowledge, and it is the reason that
scientists have collected such large quan-
tities of unpoetic jargon. But we are not
quite cornered; there is a way out. We
can simply forget the semantic problem
and consider the nature of this colonial
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organism as a step in the evolution of
life from simple to more complex forms.

It was the Dutch microscopist Anton
van Leeuwenhoek who first saw and
described Volvox. His observations are
recorded in a series of remarkable letters
written in colloquial Dutch (he was not
a learned man and knew no Latin) to
the English Royal Society. Van Leeu-
wenhoek, who by extraordinary skill and
ingenuity constructed microscopes of
very high power, described in a delight-
ful rambling fashion all the new things
he could see that had been hidden from
the naked eye. In 1700, at the age of 70,
he wrote of his discovery of Volvox:

“I had got the foresaid water taken
out of the ditches and runnels on the
30th of August: and on coming home,
while I was busy looking at the multi-
farious very little animalcules a-swim-
ming in this water, I saw floating in it,
and seeming to move themselves, a great
many green round particles, of the big-
ness of sand grains. When I brought
these little bodies before the microscope,
I saw that they were not simply round,
but that their outermost membrane was
everywhere beset with projecting parti-
cles [the flagellated cells] which seem to
me to be triangular, with the end taper-
ing to a point: and it looked to me as if,
in the whole circumference of that little
ball, eighty such particles were set, all
orderly arranged and at equal distances
from one another; so that upon so small
a body there did stand a full two thou-
sand of the said projecting particles.
This was for me a pleasant sight, be-
cause the little bodies aforesaid, how oft
soever I looked upon them, never lay
still; and because too their progression
was brought about by a rolling mo-
tion . ..”

Van Leeuwenhoek went on to de-
scribe daughter colonies within the
mother colony and, even further, daugh-



ter colonies within daughter colonies. As
we shall see, his observations were quite
correct; the only difference between his
pioneer description and a modern one is
that besides having more observations
we also now have elegant names for
everything.

A number of people have noticed that
Volvox moves toward the light; this
property is often quite readily observ-
able in nature. How can the colony
achieve an orientation toward the light
when it spins constantly about its verti-
cal axis? In 1927 S. O. Mast of Johns
Hopkins University found the answer.
He showed that the flagella beat in dif-
ferent directions when they are on the
shaded and on the sunny sides of the
spinning colony. On the sunny side the
beat is sideways and merely causes the
rotation, but on the shady side the beat
pushes away from the colony, giving the
colony a thrust toward the light. Since
the organism depends on sunlight for
food by the process of photosynthesis,
the utility of this mechanism is clear.
Apparently in the dark of the night Vol-
vox “sleeps”; when deprived of light for
a prolonged period, it sinks to the bottom
of a dish or a pond.

VOLVOX reproduces by both the sex-
ual and asexual methods. In the
asexual process certain cells in the lower
half of the colony become enlarged and
begin to divide. The daughter cells
formed from each original cell all lie in
one plane and would form a sheet of
cells if it were flattened out, but they are
held together like the mouth of a purse
with the strings pulled tight. As the cells
continue to divide, they bulge inward to
form a pocket—the daughter colony. The
total number of cells in each daughter
colony varies, depending on the species,
from around 500 to 50,000 cells. Appar-
ently during this dividing process very

MOTHER COLONIES of Volvox globator are filled

with daughter colonies. Magnification: 200 diameters.

little if any growth of the total colony
takes place, so the dividing cells become
progressively smaller and are closely
packed in the daughter sphere.

Now this process places the daughter
colonies in an awkward position. The
flagellar ends of their cells—those from
which the flagella are destined to come—
are turned inward, which means that the
future flagella would sprout on the in-
side of the daughter colony. Such an ar-
rangement would be all wrong from the
standpoint of the colony’s locomotion; it
would be like having the propeller of an
airplane madly churning the air inside
the cabin.

Nature solves this topological prob-
lem in a simple and satisfying manner
by doing what obviously needs to be
done: it turns the spherical daughter
colony inside out. The sphere has a hole
at the point where it touches the mother
colony; the hole is called the phialopore.
If you had a tennis ball with a round
hole the size of a nickel cut somewhere
in it, you would have a fair model of the
colony. Now take the ball and push in
the wall opposite the hole; with a little
struggling you may be able to turn the
tennis ball inside out by pushing it
through the hole. This is precisely what
the daughter colony does. In the course
of an hour or so it turns itself inside out
—without assistance, of course. First one
can see a preparatory crinkling of the
walls, and then it suddenly inverts. In
doing so it frees itself from the mother
wall: its phialopore end becomes the
south pole; it sprouts flagella that point
outward; and the colony begins to swim
about merrily inside the mother. Eventu-
ally the aged mother, no longer capable
of holding its kicking brood, splits open
to die and gives birth to the young colo-
nies, which rush out into the world.

This process of turning inside out, or
inversion, is not unique with Volvox. As

. | .
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Libbie Hyman of the American Museum
of Natural History has pointed out, in-
version is also found in the primitive
sponges; she suggests that the sponges
and Volvox might have come from a
common stock. And indeed it is well
known that all other animals go through
a comparable process during their em-
bryonic development—the process called
gastrulation. Gastrulation often resem-
bles inversion, except that instead of
turning completely inside out the em-
bryo stops halfway and forms a half-
sphere two cell-layers thick; it is as
though a tennis ball collapsed into a
half-sphere. The inner layer becomes the
digestive canal, and the outer one the
skin and nervous tissue. It would be rash
to say that gastrulation and inversion are
necessarily related; the two processes
may well have arisen independently.
Nevertheless one may speculate about
the possibility that the mechanisms in-
volved are actually similar. At present
neither process is really understood.

HE most beautiful and detailed ac-

count of Volvox, including its process
of inversion, has been given by Mary A.
Pocock of Rhodes University College in
Grahamstown, South Africa; much that
I write here has its origin in Dr. Po-
cock’s papers. Of the discovery of in-
version she says: “It is hardly creditable
that in so well known an organism as
Volvox, which has been investigated
again and again during the last two cen-
turies, a phenomenon so striking as that
of inversion of daughter colonies should
have been completely overlooked. Yet
such is apparently the case. No mention
of it can be found in the extensive Vol-
vox literature until Powers (1908) re-
corded its occurrence in his description
of species of Volvox from Nebraska, and
photographed some of the stages.” It
was not until the 1920s that biologists

S MR

DAUGHTER COLONIES of V. globator at an earlier

stage than those at left are magnified 1,000 diameters.
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DEVELOPMENT OF DAUGHTER COLONY begins with cells dividing
to form an inward bulge on the wall of the mother colony (first three draw-
ings) . Daughter colony finally becomes a hollow ball (next seven drawings).
Last two drawings show structure of opening through which colony inverts.

finally obtained a clear picture of the
process. It was then found in other forms
related to Volvox. It is my impression,
however, that even today there are more
biologists who have never heard of in-
version than there are who have.

Sexual reproduction of Volvox follows
after a period of asexual division. The
asexual process described above occurs
at the beginning of warm weather in the
spring and may last for some time. Often,
as van Leeuwenhoek saw, there will be
daughter colonies within daughter colo-
nies—three generations not yet sepa-
rated. Then suddenly sexual colonies
begin to appear. In some forms of Volvox
separate male and female colonies de-
velop; in others the colonies are her-
maphroditic.

In the genesis of a male colony the
cell that is to form the sperm, like the
cell that forms a daughter colony in
asexual reproduction, first grows larger
than its neighbors. It divides similarly by
successive bipartitions and soon devel-
ops into an inward bulge of many small
cells. Also—and this is quite remark-
able—this sphere of future sperm cells
undergoes inversion exactly as the asex-
ual colonies do. By the time inversion is
complete, each cell has sprouted two
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very long flagella and the sperm ball be-
gins to move. After some time it pushes
its way gently through the wall of the
“father” colony and liberates itself. The
sperm then separate from one another
and swim about freely.

On the other hand the young cells that
are to become a female colony (essen-
tially an egg) do not divide; starting as
cells slightly larger than their neighbors
they enlarge still further until they are
ready for fertilization. Unfortunately the
fertilization itself has never been ob-
served, despite all the work done on
Volvox and despite painstaking and re-
peated attempts by Dr. Pocock to de-
tect it. There is no question that it must
take place, but it is hard to see.

The fertilized egg drops deeper into
the colony away from the surface and
develops a hard, spiny outer coat. This
covering, resistant to adverse conditions,
is responsible for the survival of the spe-
cies, for it enables the egg to survive the
winter or the drying up of a pond. Once
these resistant fertilized eggs or oospores
are formed, the weather may do what it
wishes. The colony will soon die, but
these little strongboxes will settle down
in the mud to wait for better conditions.
When spring and the first warmth comes,



INVERSION OF DAUGHTER COLONY proceeds while it is still attached
to the wall of the mother colony. Through various stages the daughter colony
pushes through opening at top to turn itself inside out. In this way cells are
arranged so that cilia that propel organism develop on outside of colony.

the obspores split open and their con-
tents emerge. After a period of enlarge-
ment and internal changes the egg peels
off still another jacket and finally
emerges as a naked, biflagellate cell.
Soon this cell settles down and begins
to divide. In a short time it produces a
sphere of cells, all sticking together. It
is a juvenile form, containing fewer cells
than one would expect of Volvox, but it
is Volvox, sitting free and alone. This
ball, true to form, turns inside out and
becomes a miniature, spinning version of
the organism. The next generation,
which is asexual, produces larger colo-
nies, and by the third generation the
organism reaches its normal adult size.

HE aspect of Volvox that catches

the imagination is that we have a
group of what appear to be simple cells,
and that these cells have in some way
cooperated with one another to form an
organized colony. How does it come
about that such single cells can produce
an obviously communal effort? One
might argue that the cells are not really
“single,” since they are joined by fine
protoplasmic connections that might en-
able them to communicate with one an-
other readily. But this is no explanation,

nor is it actually true, for some forms
lack these connections during a good
part of their life cycle.

The tact remains that these single
cells show considerable division of labor:
there is an upper and a lower end to the
colony, each with cells slightly different
in appearance, and only in the lower
portion do cells arise that can reproduce
asexually or produce sperm or eggs.
Then there are the coordinated swim-
ming movements of the colony and the
wonderfully coordinated process of in-
version. The pattern of growth itself—
the invariable production of a colonial
sphere—also shows some degree of or-
ganization.

We can only marvel at how these sim-
ple flagellated cells can be so clever. It
is my conviction that if we could solve
this mystery and discover the mecha-
nisms whereby coordination is achieved
in such low forms as Volvox, we would
be a long way toward understanding
how complex integration occurred in the
evolution of higher forms.

| ——

John Tyler Bonner is assis-
tant professor of biology
at  Princeton University.
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by Sir Edmund Whittaker

ALBERT EINSTEIN: PHILOSOPHER-SCIEN-
TIsT, edited by Paul Arthur Schilpp.
The Library of Living Philosophers,
Inc. ($8.50).

event of major importance for phi-

losophy and science. It will not es-
cape notice that of the seven eminent
men who have been the subjects of vol-
umes in The Library of Living Philoso-
phers, no fewer than three (Whitehead,
Russell, Einstein) began life not as
philosophers but as mathematicians. In-
deed, the work of Einstein as a mathe-
matical physicist so far surpasses in im-
portance any contributions he has made
to philosophy that his selection for in-
clusion in the series may perhaps cause
a moment of surprise. But the editor has
made a wise choice: this work will be of
the highest interest and value even to
the professional philosopher, for it is not
an account of Einstein’s researches such
as might have been written by a purely
scientific disciple, but a penetrating dis-
cernment of their source. It shows how
his discoveries sprang from a conception
of the universe that was derived ulti-
mately from his religious and philosophi-
cal outlook.

Albert Einstein was born at Ulm in
Germany on March 14, 1879. His par-
ents were Jewish, but nonobservant of
their religion. From a deeply interesting
autobiographical fragment we learn that
at a very early age the boy’s religious
nature became dissatisfied with the spir-
itual emptiness of his surroundings; seek-
ing for something deeper, he attached
himself ardently to the faith of his peo-
ple. But the character of his education
changed this feeling. In his early years
his education was very irregular, owing
chiefly to changes in domicile brought
about by the circumstances of his father’s
business: the family moved between
Germany, Switzerland and Italy, and
each successive move involved an awk-
ward discontinuity in the school curricu-
lum. Thrown very much on himself, he
took to reading popular books of science
and general knowledge, and from some
of these he acquired the opinion that
fact cannot easily be separated from
legend in the framework of Jewish his-
tory. As a result what he later referred
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to as “the religious paradise of youth”
was lost to him. He retained an affec-
tionate loyalty to Judaism and accepted
its ethical teachings, but he conceived of
it no longer as a transcendental religion
but as a moral attitude to life.

Transcendental belief came to him
from another source. His imagination
was stirred by the picture of nature ex-
isting independently of human beings
and presenting for solution an eternal
riddle, which yet was rational and there-
fore in principle soluble. This now be-
came the center of his religion. “I be-
lieve,” he declared, “in Spinoza’s God,
who reveals himself in the harmony of
all being, not in a God who concerns
himself with the fate and actions of
men.”

The conception of a God who is the
author of the reign of law in the uni-
verse, but who takes no interest in the
human race, has had a long history: it
goes back beyond Spinoza to Aristotle,
in whose system the Prime Mover caused
the rotation of the outermost heavenly
sphere, and so of all that lay within it,
but was indifferent to the affairs of hu-
manity. That this view should be
adopted in the 20th century by a man of
Einstein’s intellectual distinction is pro-
foundly significant. It induced in him
what he calls a “cosmic religious feel-
ing,” that is, a belief in the possibility
of interpreting nature in terms of a
mathematical system of great beauty
and simplicity. This is the spiritual
background of his mature intellectual
achievements.

It was in 1905, when Einstein was 26,
that the world of science first became
aware of his genius. In that year he wrote
three papers, all printed in the same
volume of the Annalen der Physik, any
one. of which would have sufficed to
place him in the front rank of theoretical
physicists. The first paper, on the action
of ultraviolet light in ejecting electrons
from a negatively-charged metallic
plate, occupies in the history of quantum
theory a place second only to Planck’s
original discovery of the quantum of
action. The second, which explained the
irregular thermal motion of microscopic
particles suspended in a liquid, provided
a striking verification of the kinetic
theory of matter, and actually convinced
doubters such as Mach and Ostwald.
The third was the famous paper that
created the Special Theory of Relativity.
For the next 12 years a continuous suc-
cession of discoveries poured forth. It is
possible to trace with some degree of
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assurance the way in which, under the
inspiration of his “cosmic religious feel-
ing,” Einstein developed the theory of
knowledge which issued ultimately in
his most characteristic and best-known
creation, the General Theory of Rela-
tivity.

How do concepts such as those that
constitute natural philosophy originate?
The narrower school of British empiri-
cists might say that they are all derived
from experience, by the methods of ab-
straction and induction. But Hume him-
self saw that they cannot be obtained
from the data of experience by any
strictly logical procedure, and Kant
went much further. Impressed by the
belief (universal in his day) that Eu-
clidean geometry was perfectly correct
and that the axioms on which it was
founded were self-evident antecedently
to all experience, Kant thought that there
are certain truths—such as those of
geometry—which we derive from reason
alone, and which have an absolute va-
lidity. Einsteinrecognizes that this Kant-
ian doctrine was overthrown by the dis-
covery of non-Euclidean geometry, but
as against some of the British empiricists
he maintains that the concepts and cate-
gories, by the aid of which we construct
science out of the data of experience,
are themselves not derived by abstract-
ing from experience but are the free cre-
ations of human thought.

He believes, then, that there is a spon-
taneous activity of the mind, altogether
apart from experience, which-can make
contributions of the utmost value to
natural philosophy. The method by
which this is most effectively accom-
plished is to find systems of mathemati-
cal equations that satisfy certain condi-
tions. One such condition is that the
meaning of the equations shall not be
affected by any arbitrary change in the
choice of coordinates. Another condi-
tion is simplicity: he has (as Kepler had)
a half-mystical belief that the simplest
equations are the most likely to be true.
Still another condition is that in special
limiting cases the new equations should
reduce to equations already known to be
valid in those cases; for example, the
equations proposed for any new theory
of gravitation must yield the equations
of the Newtonian theory as a limiting
case.

It might be expected a priori that con-
ditions such as these would be insuffi-
cient to determine completely a new
theory of nature. Thus the theory actu-
ally created by Einstein, the General



Theory of Relativity, was an unexpected
and marvelous achievement. Such a
theory must, of course, be tested by
comparing its predictions with expe-
rience, but the point is that the whole
of a creative work of this kind has to be
done in the region of mathematical
thought, and that the confrontation with
observational facts is a subsequent op-
eration, which may even have to be
postponed owing to the lack of the re-
quired data.

It will be seen that Einstein’s philoso-
phy of scientific research bears a strong
resemblance to Carte-
sianism. Descartes’ pre-
decessors—Tycho
Brahe, Kepler, Galileo—
had all taught that true
knowledge can be ac-
quired only piecemeal,
by the patient inter-
rogation of nature. Des-
cartes, on the other
hand, put forward an
all-embracing theory of
the universe without \
waiting to study its
processes in detail; he
laid down certain gen- 4
eral principles, such as
that bodies can act on
each other only when
they are contiguous, and
trusted that the clarity )
of his explanations
would secure their ac-
ceptance, leaving the
question of their agree-
ment with observation
to be settled by his suc-
cessors. Einstein like-
wise presented his
theory as a somewhat
speculative  deduction
from general principles,
not as an induction from
experience. He pointed
out, however, that it led
to some consequences
that were not involved
in the Newtonian theo-
ry, and he invited the
practical astronomers to
test them.

Einstein was well
aware that the Carte-
sian procedure had been out of favor
ever since the ruin of Descartes’ own
cosmology, and he admitted that it was
unsuited to the early days of science,
when very few facts had as yet accumu-
Jlated. But he claimed that, when the
aggregate of detailed knowledge had be-
come very great, the mathematical
imagination could take its rightful place
and construct an all-embracing system
which was unattainable by mere induc-
tion and which perhaps even possessed
only scanty, difficult and remote contacts
with observational data.

When the General Theory of Relativ-
ity was first published and expounded in

By T4 e

the years 1915-1920, there was very little
opposition to it. Probably most mature
physicists reacted unfavorably, but they
knew that they could not hope to under-
stand it without serving a tedious ap-
prenticeship to tensor calculus, so they
remained silent. Almost the only man of
eminence who expressed himself ad-
versely was Heaviside, who (referring to
the curvature of space-time) denied that
anything could come out of “Einstein’s
distorted nothingness.” The advocacy of
Eddington, then already in the front
rank, helped greatly to secure the

theory’s general acceptance. In all this
there is a strong contrast to the early
history of the Newtonian theory of gra-
vitation, which for at least 20 years after
its publication was rejected by practi-
cally every natural philosopher on the
European Continent, and was not even
taught officially in Newton’s own Uni-
versity of Cambridge.

During the past 20 years the prestige
of the General Theory of Relativity has
perhaps declined somewhat, for several
reasons. In the first place, it has become
clear that General Relativity does not
stand alone but is a member of a family
of theories that have many features in

© 1950 SCIENTIFIC AMERICAN, INC

common. In this family the most serious
rival to Einstein’s theory is E. A. Milne’s
theory of Kinematic Relativity. It is set
forth by Milne himself in an article,
“Gravitation Without General Relativ-
ity,” in the volume under review.

Milne’s and Einstein’s theories are
both in the tradition of Descartes rather
than that of Galileo. There are, however,
notable differences between them. The
point at which they diverge is that
whereas in the General Theory of Rela-
tivity all observers are equivalent, in
Kinematic Relativity only those observ-
ers are assumed to be
equivalent who are sim-
ilarly related to the
large-scale distribution
of matter and motion in
the universe. Now it ap-
pears from observation
that the matter of the
universe is concentrated
into galaxies, which are
approximately homo-
geneously distributed
and which are appar-
ently receding from one
another with velocities
proportional to the dis-
tances separating them.
Observers situated at
t the nuclei of galaxies
 therefore would all be
_I similarly related to the
{ large-scale distribution
of matter and motion in
the universe, and in
Milne’s theory only such
observers are equiva-
lent.

In developing these
ideas Milne builds up a
complete theoretical
physics from first prin-
ciples. He does not as-
sume the Lorentz for-
mulae or any properties
of light as Einstein does.
In fact, he gives to all
the laws of nature the
character of theorems
deduced from the de-
fining axioms. Many of
these theorems are star-
tling. Thus it is found
that the time (7) re-
corded by a molar timekeeper such as a
chronometer or the rotating earth differs
in the long run from the time (t) re-
corded by a timekeeper based on atomic
processes, such as a radioactive clock.
The first, 7, is the time of Newtonian
dynamics; that is, in terms of 7 a particle
moving under no forces has a constant
velocity, and the Newtonian constant of
gravitation remains permanently con-
stant in time. In 7-time the age and vol-
ume of the universe are both infinite; in
t-time, on the other hand, the universe
is finite in volume, is expanding, and is
aged only about 2X10° years. In both
systems of time the galaxies would show
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a red shift in their spectra, but for totally
different reasons. In all this it must be
remembered that the description in 7-
time and the description in ¢-time are
simply two different descriptions of the
same physical entity.

Thus in Milne’s theory there is a par-
ticular instant of ¢-time which has a
preferential character, namely the in-
stant of what we may call the Creation.
In Einstein’s theory there is no such
preferential instant. Milne’s work, like
Einstein’s, is a wonderful intellectual
feat; one may doubt whether the
world has ever seen more brilliant dis-
plays of mathematical power. After
reading Milne’s article, one naturally
turns to Einstein’s “Remarks to the
Essays Appearing in this Collective
Volume” to see what Einstein has to say
about it. The one great disappointment
of the whole book is that Einstein says
nothing beyond five lines of rejec-
tion.

We have now to consider whether in
the case of either General Relativity or
Kinematic Relativity the link with ob-
served fact is strong enough to compel
acceptance.

As to General Relativity, it must be
said that some of the observational con-
firmations do not now appear to be so
secure as they were thought to be a few
years ago. One of the most important of
them was the bending of light rays when
they pass near a large gravitating body
such as the sun. This phenomenon was
observed at the eclipses of May, 1919,
and September, 1922, with results which
were considered to verify Einstein’s pre-
dictions. But at the eclipse of May, 1929,
the agreement was not satisfactory, and
a re-examination of the 1922 measure-
ments has raised further doubt. It is to
be hoped that the eclipses of 1954 and
1955 will decide the matter. Another
effect predicted by Einstein was that
when rays of light are emitted by a
source situated in a strong gravita-
tional field, they should be displaced
toward the red end of the spectrum.
This was believed to be established
by certain solar observations. But some
recent work on the sun, e.g., that by
M. G. Adam of Oxford, has not been con-
firmatory.

If the position of General Relativity
as regards observational verification is
somewhat unsatisfactory, that of Kine-
matic Relativity is still more so. It is not
even known whether Kinematic Rela-
tivity can account for the anomalous mo-
tion of the perihelion of the planet Mer-
cury, which is explained in an unques-
tionably satisfactory way by Einstein’s
theory.

It must be said that even if the phe-
nomena predicted by General or by
Kinematic Relativity were found to oc-
cur, we should still not be able to regard
the theories as logically demonstrated,
for it is possible that other theories could
give the same predictions. Indeed it is
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conceivable that General Relativity and
Kinematic Relativity will be found to
make identical assertions with regard to
the very few observable effects that can
be deduced from them.

The appeal of General Relativity (and
of Kinematic Relativity also) has been
further weakened by the growing doubt
as to whether continuous differential
equations in four-dimensional space-
time can possibly provide a solution of
some of the problems of quantum theory,
such as those relating to the time of
decay of a radium atom. This is a point
of capital importance, which has been
the subject of many papers published
in recent years. Einstein takes one
side, holding that the world can be
completely described by a field theory
of the type of General Relativity, which
is rigidly deterministic. Most other
theoretical physicists, particularly Max
Born, Niels Bohr and Wolfgang Pauli,
maintain on the contrary that in micro-
physics strict causality must be aban-
doned.

There is a lot about the controversy
in the volume under review. Born, in a
particularly well-written article, de-
scribes Einstein’s discoveries in quantum
theory with warm appreciation but adds:
“Yet later, when out of his own work a
synthesis of statistical and quantum prin-
ciples emerged, which seemed to be ac-
ceptable to almost all physicists, he kept
himself aloof and sceptical. Many of us
regard this as a tragedy—for him, as he
gropes his way in loneliness, and for us
who miss our leader and standard-bear-
er.” The article following this, by Walter
Heitler on “The Departure from Classi-
cal Thought in Modern Physics,” is a
carefully reasoned exposition of some of
the principles that Einstein rejects. After
this comes an interesting recital by Bohr
of his personal contacts with Einstein
and of the discussions that culminated
in the present situation. There are fur-
ther thoughtful discussions of the prob-
lems involved in Einstein’s outlook on
this and other questions by many of the
best American and European theoretical
physicists and philosophers. The essay
by H. P. Robertson on “Geometry As a
Branch of Physics” is in a somewhat dif-
ferent category, being a masterly treat-
ment of the physical doctrine of the
curvature of space, to which Robertson
himself has made outstanding contribu-
tions.

Ilse Schneider discusses Einstein’s at-
titude toward the question as to whether
the numerical constants of nature (such
as the ratio of the gravitational to the
electric force between two electrons, or
the ratios of the masses of the elemen-
tary particles) can be derived in a purely
epistemological way, without depend-
ence on observation and experiment.
Eddington believed that they could, and
in fact devoted the later years of his life
to their actual calculation. Einstein ex-
presses his own position thus: “I would



like to state a theorem which at present
cannot be based upon anything more
than upon a faith in the simplicity, i.e.,
intelligibility, of nature: there are no
arbitrary [dimensionless] constants; that
is to say, nature is so constituted that
it is possible logically to lay down such
strongly determined laws that within
these laws only rationally completely
determined constants occur [not con-
stants, therefore, whose numerical values
could be changed without destroying the
theory].”

The most valuable contribution in the
whole book is unquestionably Einstein’s
autobiography, which occupies the first
95 pages. It is a natural and fascinating
description of the growth of his ideas,
and makes clear many points that have
hitherto been obscure. For instance,
Einstein tells us that by 1908 he had
already discovered the fundamental
ideas on which the General Theory of
Relativity is based: (1) the strict equal-
ity of inertial and gravitational mass, and
(2) the principle that the laws of physics
must be covariant with respect to non-
linear transformations of the coordin-
ates in the four-dimensional continuum.
Why, then, did it take him seven years
more to construct the General Theory?
The main reason seems to be that it took
all that time to free himself from the idea
that coordinates must have an immediate
metrical meaning.

During the last 30 years he has never
relaxed in his purpose of generalizing
and completing the General Theory of
Relativity by bringing electromagnetic
phenomena within its scope. Quite re-
cently he has discovered what he be-
lieves to be the right way to do this, and
has himself explained, in the April issue
of ScienTIFic AMERICAN, the principles
on which it is based. May we express the
hope that he may be spared to bring this
latest creation of his genius to a happy
and perfect completion.

- | ——

Sir Edmund Whittaker is professor of
mathematics at Edinburgh University.

ACKGROUNDS OF Power, by Roger
Burlingame. Charles Scribner’s Sons
($5.00). This book puts on an air of
examining the sociological and philo-
sophical implications of the use of mass-
production methods. In actuality it is an
informal and interesting, if somewhat
overlong, history of certain aspects of the
development of mass-production and
assembly-line techniques. Its most nota-
ble addition to this history is its descrip-
tion of some of the lesser-known contri-
butions. Thus it points out that Cyrus
McCormick’s idea of installment selling
was almost as important in the history
of economic development as his inven-
tion of the reaper. As Burlingame trench-
antly remarks, one of the factors that
vitiated Karl Marx’s prediction that the

laboring class would be steadily impov-
erished is the ability of mass-production
workers to buy the things they produce,
notably demonstrated in the U. S. An-
other major advance was Andrew Car-
negie’s continuous strip mill, which in
one unbroken series of processes under
a single roof performs the complete op-
eration of transforming raw material into
finished product. For the rest, the book
rescues from obscurity many an inventor
and engineer who by advancing machine
technology had more effect on history
than much better-known soldiers or
statesmen. Among these were the Eng-
lish toolmaker Maudslay, who first made
uniform screws and bolts, and the
American Oliver Evans, who originated
what might be called the first fully auto-
matic factory (a flour mill). The book
reminds us how far back the idea of the
assembly line goes (apparently to 1438)
and how many individuals participated
in the development of that complex and
marvelously efficient method of produc-
tion, of which the first wholly integrated
and great exemplar was Henry Ford’s
River Rouge plant. Burlingame’s book
ends on the hopeful note that the aban-
donment of the Model T and the recent
development of flexibility in mass-pro-
duction methods portend a break away
from the uniformity—and conformity—
which characterized not only the things
made by these methods but the people
who bought them.

NE Havr THE PropLi, by Charles
Morrow Wilson. William Sloane
Associates (34.00). The theme of this
book is as important as any could be: the
shocking state of the world’s health.
(“One and a half to two billion people
out of a total of two and three quarters
billions are sick.”) By means of vivid
anecdotes and lively thumbnail sketches
of native African or Amerindian doctors,
Wilson tellingly brings home his point
that in every part of the world, and par-
ticularly in the tropics, adequate medi-
cal care is conspicuous by its absence.
Nor does he neglect his own country,
listing our deficiencies, particularly in
rural areas, and hitting at the enormous
waste resulting from the fact that 70 per
cent of U. S. expenditures on medicines
go for proprietaries, not to mention the
questionable value of the hundreds of
millions spent annually on packaged
vitamins. On health insurance Wilson
takes no stand, being content to state
the pros and cons. His criticism of our
present health organization would have
been even more telling if he had called
attention to the limitations on entry into
medical schools, as a result of which we
have fewer medical students in propor-
tion to our population today than we
had 20 years ago. This book is distinctly
intended to be “popular,” making no at-
tempt to be scientific or complete, yet
there is no need for a popular book to
be so poorly organized. T.N.
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Tirst Surface Mirror 12”7 x 15”7 34” thick...
First Surface Mirror 8 x 10”7 14” thick...
First Surface Mirror 4”7 x 4”7 34" thick. ...
Trirst Surface Mirror 134”7 x 1%” 7" thick
‘““FREE CATALOGUE”
Sensational Optical Bargains
Send for it Today!!

WE PAY THE POSTAGE
93-08A 95th Ave.
A. JAEGERS (;0NEPARK (6 N. Y.

Hoecwe! Satum 3 Inch
PORTABLE HEFRACTURS_
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For the first time an instrument capable of
serious astronomical research is available

for less than $200.00! The Saturn 3 Inch
Portable Refractors are precision made by
the West’'s largest makers of observatory
instruments; objective lenses are highest
grade precision ground, achromatic f-15
crown and flint glass, all moving parts are
precision machined.

Although the Saturn 3 Inch Refractor has
a 45 inch focal length, the instrument is
easily portable, weighing less than thirty
pounds, including tripod.

Saturn 4 Inch Portable Refractors from
$345.00; larger instruments manufactured
to order.

Write for literature giving full information
on the Saturn Refractors.

2528 Grove Street
Berkeley, California
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Conducted by Albert G. Ingalls

BOUT a year ago a number of 16-
inch Pyrex glass blanks were of-
tered to the readers of this maga-

zine at a fraction of the market price.
Within a short time the last of more than
400 blanks had been sold, two thirds of
them to amateur telescope makers
throughout the nation. One might as-
sume that each purchaser at once started
grinding a mirror, and that perhaps 250
16-inch telescopes emerged at the same
time. A few of those who bought the
blanks indeed began to work soon after
receiving them, but it takes a long time
to complete a 16-inch telescope. A ma-
jority are holding the blanks until they
gain experience with smaller mirrors.

Some of those who own the 16-inch
blanks have asked for suggestions about
working them. Four methods will be
discussed: face down against equal-
diameter tools, (1) by hand and (2)
with the Hindle machine; and face up
against subdiameter tools, (3) by ma-
chine and (4) by hand.

Since a 16-inch blank weighs about 50
pounds, the first method would prove
strenuous. The glass tool should be chan-
neled as described by Fred Ferson in
Amateur Telescope Making—Advanced
(printings since mid-1944) to eliminate
the risk of sticking and for other advan-
tages, or else a similarly “broken” tool
of glass or tile blocks pitched to metal
may be used.

For the second method a large and
rugged Hindle machine capable of
throwing around a 50-pound blank
would be needed. One such machine
that John H. Hindle of England built, all
metal and wire-rope driven by a heavy
motor, was illustrated in SciENTIFIC
AMERICAN in March, 1943.

For the third method there are several
sound types of machines. One that is
seldom built by amateurs, perhaps be-
cause it requires two cranks geared to-
gether, is the triangular type shown in
Amateur Telescope Making at A on page
163.

The arc-stroke machine shown at B on
the same page enjoys a good record. In
highly disguised but mechanically iden-
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tical form it is widely used commercially.
If the lengthwise arm of the machine
were discarded and the arc arm forcibly
oscillated we would have the “Arsenal
sidewinder” used in the Frankford
Arsenal and illustrated on page 83 in
Amateur Telescope Making—Advanced
(printings since mid-1944). As a com-
mercial product the latter costs several
hundred dollars. A. H. Johns of Larch-
mont, N. Y., embodied the same side-
winder principle, together with his
caster buffers, in a machine known, be-
cause of various resemblances, as the
“Tohns banjo.”

There remains in the subdiameter tool,
mirror-face-up category, the Draper
type of machine. During the war Dave
Broadhead of Wellsville, N. Y., designed
the machine shown on the opposite page
directly from the original 1864 drawing
by Draper as reproduced in Amateur
Telescope Making, page 165. For sev-
eral days I watched this machine at work
in Broadhead’s cellar shop. It was de-
signed so well and worked so efficiently
that it is offered with confidence as suit-
able for making 16-inch mirrors.

“Nearly all machines used in precision
optics,” Broadhead states, “are basically
related to the Draper, with the following
adjustments:

“1) A turntable rotating at a rate that
balances accomplishment against heat.

“2) A reciprocating arm to drive the
tool over the work (‘stroke’ in the draw-
ing on page 63) at a rate perhaps five
times that of the turntable, and means
to vary its length.

“3) Means for varying the ‘offset’ (see
drawing).

“4) Means for ‘decentering’ the driv-
ing pin so that the stroke takes place a
fraction of an inch more on one side of
the center of the work, in order to soften
and spread a zone.

“5) Variable driving speed to permit
the same linear speed in polishing work
of different diameters.”

As the machine shown was designed
for 12-inch maximum work diameter, a
few inches should be added to its length
for 16-inch mirrors. The height should
be changed to suit the worker’s own
height and that of his high stool. Vertical
legs may be substituted for the A-frame
legs, but if this is done the worker will
no longer be able to stand close to his
work. (In the drawing he would stand
behind the machine, facing the reader.)

On 12-inch work the %-horsepower
motor has proved more than sufficient.
A %-horsepower motor was ample when
the arm was temporarily extended to a
separate spindle for making two 36-inch
mirrors.

The motor’s long V-belt with its sag
on top improves the smoothness of the
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drive. The gear reduction may be ob-
tained from the Chicago Gear Works or
from the Boston Gear Works. Broad-
head’s was an old one, salvaged as per
amateur tradition. The Ford transmis-
sion can be obtained from Sears, Roe-
buck and Company, but the one used
cost $7 at a junk yard. Greasing suffices
to lubricate it, no oil bath being needed.
The gears shift readily without stopping
the motor.

Pulleys of 3 inches and 15 inches di-
ameter, or sprockets and chain, would
improve this machine, Broadhead states,
by giving a smoother drive to the turn-
table.

The reciprocating arm may be lifted
entirely off the machine without first
loosening anything. In his version of
Draper’s original, Broadhead embodied
the illustrated provision for shifting the
arm laterally to cancel zones without
stopping the machine.

Since the driving pin is free to rise or

V-

Driving arm inverted

for thin work ‘“\\//_/,_,—

Auto ligh

tall within its oiled guide, the tool load-
ing remains uniform and perfectly con-
trolled; none of the weight of the arm
rests on the tool.

The husky turntable shaft has a %-14
SAE right-hand thread and a shoulder.
This shaft should barely rise above its
bearing.

On both vertical shafts the top lateral
bearings are common floor flanges care-
fully bored out on the lathe. At the low
speeds of these shafts relatively little
power is lost in plain bearings. Power is
lost, however, when shafts extend above
their bearings, a grotesque fault of many
machines, including Draper’s. Fancy
bearings will not recover this loss, which
is due to cramping caused by flexure.
The avoidance of this waste, together
with the efficient transmission, largely
explains why the midget motor has been
adequate. The solidly bolted-in 4-by-4
puts the pipe-flange bearing high up,
close to the “ears” of the crankshaft head.
Thrusts up to 600 pounds are obtained
in lowest gear. Nine speeds, from 1.2
revolutions per minute on the turntable
and 6 strokes per minute on the arm up
to 13.5 revolutions and 68 strokes, re-

. Working
“/'/ nqtch

dimmer
floor switch

Fyper /Y/Mr/

Broadhead’s version of Draper’s original mirror-making machine
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NO NEED FOR MONTHS OF TEDIOUS GRIND-
ING! TELESCOPE SUCCESS ASSURED WITH
NEW 75” F.L.

OUR
/7 Pyrex Telescope Mirror Onl
6 Grouynd. I’olislledp Aluminized 1 $l7'5u

Every mirror is Ronchi-knife-edged tested. Powers?
Up to 300 times, weather permitting. Makes ideal
planetary instrument. Standard 1” thick pyrex blank,
annealed, stain free. Strictly limited production sched-
ule. Orders filled in turn. Don’t delay. Remit with
order—Sorry, no C.0.D.’s at present.

All necessary accessories to complete your telescope
in a few hours also available.

For those still in doubt a stamp will bring our brochure.

TRANSMISSION MIRROR

These aluminized mir-
rors reflect as well as
transmit light about
half and half. Opti-
cal glass flat to 4
wavelength, size 24"
x 4" about /)" thick.
Mounted in metal frame with window in
back. Excellent if you wish to "see without
being seen' as through a peep hole. $5.00

' 1 Front-Surfaced
v - Aluminized Mirrors

Fluoride-Coated. Finest
quality new plate glass
ground to flatness and

J coated with hard-coat-
A ing plus Fluoride coat-
ing almost scratch-proof. It is wipe proof. Can be
washed with soap and water or alcohol. /4" thick.
Nothing finer for ''Flats." Can also be used to re-
flect ultraviolet and infra-red light with minimum
loss. Great saving if used in place of prisms in
Porro #2 system. Prices @ 25¢ per sq. inch. Mini-
mum size 3" x 4”. Cut to your order. Size 23"
by 34" $2.00

Include Postage—Remit with Order
Send 50¢ for up-to-minute Catalog

HARRY ROSS

MICROSCOPES—TELESCOPES
70 West Broadway, New York 7, N. Y.

FREE TRIAL

MONEY BACK GUARANTEE
MILITARY TYPE

BINOCULARS

BRAND NEW. Military type—Achromatic lenses. Have
precision ground optics, lightweight metal bodies.
Moisture—Dust proofed.
7x35 Coated ...
7x40 Coated
7x50 Regular .
7x50 Coated ...
10x50 Regular .
10x50 Coated

12x50 Coated ...

Regular ....
Regular
Coated ..
Regular
Coated ..
Regular
Coated

[YE3l{3 BINOCULARS

COATED! Dynamic in power and range.
ACTUAL PHOTE  B08 (50 yards has sharp, clear field of
370 feet! Military typc—Achromatic lenses. Moisture-proofed
.. . Dust-proofed! All metal construction. Individual eye
focussing. Adjustable for all eye widths! A compact, durable,
all purpose prism binocular.” NOT a field glass. COATED!
For better performance. Economy priced at fraction of what
similar_glasses sell at retail! Quality binoculars that bear
the United seal on their frame. Because they are made to
rigid UNITED specifications. America’s leading binocular
house—selling by mail since 1937. Complete With leather
case and straps only $19.50.
All binoculars have individual eye focussing. Prices in-

clude genuine leather case and straps.

Try For 20 Days At Our Risk!

If not fully satisfied return for full refund! Cash orders
rushed postpaid. On C.0.D.’s include $2.00 deposit. Add
Federal tax.

UNITED BINOCULAR CO., 7941 S. Halsted, Oept. ARF-627, Chicago, 20
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WAR SURPLUS BARGAINS
ASSEMBLE YOUR OWN BINOCULARS
Save More Than 2 Regular Cost

GOV'TS 7 x 50
BINOCULARS

Complete Optics, com-
pletc Metal Parts. New
and ready for assembly,
We supply full instruc-
tions.
METAL PARTS—Set in-
cludes all Metal Parts—
completely finished for
assembly of 7 x 50 Bin-
oculars.” No machining
required. A sturdy Bin-
ocular Carrying Case is
optional with cach set
of Metal Parts.

Stock  #842- —s39 40
Postpaid, plus 80
for Case—Total 544 20
OPTICS—Set includes all
Lenses and Prisms you
need for assembling 7 x 50 Binoculars. These are in excel-
lent condition—perfect or near-perfect—and have new low
reflection coating.

Stock #5102- S—7 X 50 Optics...couiuuunianinnnid $25.00 Postpaid
(These” are standard American-made parts, not Japanese.)

NOTICE! If you buy both Binocular Optics and Binocular
Metal Parts, add 209 Federal Excise Tax to above prices.

MOUNTED PROJECTION LENS—Speed F/1.9 F.L.
15 mm. $22.00 value for $7.50. Low Reflection’ Coated.
Used on 8 or 16 mnl 1\‘[0\’1(‘ roicctors make a
Desk Viewer or Edi for 16 mm. Micro-film Reader

. for Contour l’lmoct()l for very small items.
S{ock #4045-S.. $7.50 Postpaid

$1200.00 VALUE for 595.00

SCISSORS TELESCOPE—Gives 100 times greater stereo-
scopic power than the unaided eye. Binocular type. Big
field of view. 12 power. Furnished complete with tripod,
mount and case. Used by Army and Navy for long distance
spotting, target observation, ctc. Used but good condition.
. (Weight approx. 79 1bs.)

95.00

Shipped f.0.h. Camden, N. J
Stock #952-S..

SIMPLE LENS KITS!—THE LENS CRAFTERS DE
LIGHT! Fun for adults! Fun for children! Kits include
plainly written, illustrated_booklet showing how you can
build Tots of optieal items. Usc these lenses in photography
for copying, ULTRA CLOSE-UP SHOTS, Microphotography
for “‘Dummy Camcxa" Kodachrome Viewer, Detachablé
Reflex View Finder for 35 mm. cameras, Stercoscopic
Viewer, ' ground  giass and enlarging focusing aids. And
for dozens of other uses in experimental optics, building
TELESCOPES, low power Microscopes, etc.

Stock #2-5—10 lenses..
Stock #5-5—45 lenses.. $5.00 Postpaid
Stock #10-S—80 lenses.. .$10.00 Postpaid

We have Literally Millions of WAR SURPLUS LENSES
AND PRISMS FOR SALE AT BARGAIN PRICES

Write for Catalog ''S''—SENT FREE!

EDMUND SALVAGE CO.

BARRINGTON, NEW JERSEY

., CALCULATIONS

$1.00 Postpaid

of all kinds can be easily
J, L q | l ] solved on the
BINARY CIRCULAR
M SLIDE RULE

This rule will quickly solve the
T [ TTT simplest as well as the more
| difficult  problems  involving
caleulations in  Arithmetic,

AL U T Algebra and Trigonometry.
n 1 Any number of factors can be
handled in long and difficult
=== calculations. The G scale of
the Binary is 235 inches long
with graduations 25% further apart than those of a
20-inch slide rule. e CI. A, K. & Log scales
are divided as closcly as a 20-in. slide rule, Log-Log
scale extends from 1.0015 to 1,000,000. Gives Trig.

functions from 0 to 90 degrees on back. Engine-di-
vided scales yellow and hlack on white coat luminum.

Permanently accurate. Dia. 8%”. Irice § in case,
with instructions. Approved at leading Univ. Used by
many large firms in the U. S.
MIDGET
CIRCULAR SLIDE RULE
. and Binary scales.

Similar to Binary, has C, CIL, A, LI
scale is 127 long. Trig. functions on back. Approved

at schools .'\nd Jending Univ. Ideal for Students and

beginners, or for pocket use. Half million sold. Price
$2.50 in case with instructions. Made of metal.

ATLAS SLIDE RULE

SCALES OVERLAID IN YELLOW

on Binary Atlas Models
Facilitate casy reading. All
Indicators on front and 1 on back.
We have many thousands of unsolicited letters on

rules have 2 Iair line

Steel center bushing.

these rules.
guaranteed.

Descriptive circulars free. Satisfaction

GILSON SLIDE RULE CO.
Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1915
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Details of the Broadhead grinding and polishing machine

spectively, are possible by shifting the
motor belt on the step-pulleys in com-
bination with the gear shift. Thus Broad-
head can always obtain his favored slow
eight-feet-per-minute for polishing, and
slower speeds for figuring. For roughing
out and for fine grinding much higher
speeds can do no harm.

The movable dimmer switch on the
floor serves not merely to control the
motor; it assures quick stops in emergen-
cies when the hands are otherwise occu-
pied. It also frees the hands during halts.

One way to learn to operate such a
machine is to try tools of various sizes
with varied strokes until, after perhaps
100 years, the art is learned empirically.
There is, however, a science to it that
others have recorded. In his book en-
titled Optical Workshop Principles (Jar-
rell-Ash  Co., Boston, 1943) Charles
Dévé of France has set forth some of
this science, though his book will call for
hard study of geometrical principles.

Dévé shows geometrically why the
method of equal-sized tools requires so
much juggling to produce a sphere. The
moment the edge of the upper disk ex-
tends beyond that of the lower, uniform
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abrasion ceases and, as Patrick A. Dris-
coll has pointed out in this department
(October and November, 1945), we ob-
tain first a hyperbola and then, due to
the short strokes used in escaping from
it, a turned edge. Thereafter, to balance
off these two irregularities, we perform
the juggling that makes the conquest of
a mirror such a fine sport. The sport un-
fortunately loses its attraction on such a
large mirror as a 16-inch.

Instead of going through this proce-
dure with his Draper machine, Broad-
head excavates with a two-thirds-diam-
eter tool to full sagitta at the outset. He
uses strokes that pass near the center of
the mirror but do not extend the tool
more than barely past the edge.

With the curve thus roughed out, a
%-diameter tool is used until figuring be-
gins. As Driscoll has pointed out, a % tool
has long been known in the optical in-
dustry as the best for holding the curve
almost to the radius with which it starts.
With this diameter of tool, correct set-
ting of stroke and offset will suffice to
increase the curvature, decrease it or
hold it precisely. This “method of uni-
form wear,” as it was called by Dévé,



enhances the attractiveness of the sub-
diameter tool method. A drawback is the
need to guard against grinding astigma-
tism into the mirror: the worker must
start by grinding the blank flat, support
it on Brussels carpet and turn it.

“So now,” Broadhead writes, “we must
discover experimentally the ‘neutral po-
sition,” the precise combination of stroke
and offset that will hold the curve at one
radius. Do not change to the third ab-
rasive until the neutral stroke has been
found and can be held. Then grind and
polish with this stroke.”

Broadhead makes a combination
roughing and grinding tool by cementing
chamfered or sloping-sided blocks of
glass to the steel backing out to % diam-
eter, and surrounding these with a ring
of thinner blocks extending to % diameter
and of such thickness, ascertained per-
haps by consulting a psychic medium,
that the outer ring will come into contact
just as the curve reaches the sagitta.

Now he adjusts the stroke to about
.35 length of mirror diameter and .2 off-
set (trying .5 and .3, respectively, in case
the medium was wrong), until the outer
blocks reach contact. If the spherometer,
preferably made with a dial indicator,
shows that the curve is shallowing again,
we may try .2 and .1.

In mirror polishing there are two com-
mon techniques: the wet-lap technique
and the dry-lap technique. In the first,
water is used very freely and heavy
weights bring work and tool into some-
thing like contact. But, as Broadhead
points out, gobs of water on one side of
the work often lift it unevenly, and capil-
larity prevents the water from squeezing
out. It is feared that too many amateurs
follow this method, also using gobs of
rouge. In the dry technique, observed in
many commercial optical shops, the lap
runs almost dry for lack of attention and
squeals like an agonized pig, and this
often causes sleeks.

When the worker can concentrate his
tull attention on one spindle he can use
a third method—the moist technique. “In
this I cold press,” says Broadhead, “with
no more water on the lap than might be
deposited by breathing on it. To prevent
sticking, I lay a damp cloth, not around
the edge to produce a cold zone, but on
the weight, which should be the same as
the one to be used on the drive pin. On

== Pclth of pin
' ~Stroke
— .;1

_"]')ecentcring

Offsct )

a 14-inch surface I use only three
pounds. To maintain humidity, cover the
work with a cake cover.”

I watched Broadhead closely while he
figured two mirrors. He put a spoonful
of Barnesite in a glass of water and
stirred it with a tiny artists” brush that
had very few hairs. On the newly made
lap he brushed a little of the pink liquid,
washed the mirror and all but dried it
with his hands. Accent throughout was
strongly on little abrasive, little water.

After a few minutes’ work with the
machine a hint of a squeal was heard. A
tiny droplet—less than a drop of pink
water—was dabbed on either side of the
moving tool. This quieted the incipient
squeal. Perhaps a quarter of a minute
later, as the pig threatened to squeal
again, two more stingy dabs were grant-
ed it, and so on throughout polishing,
while the machine groaned from exer-
tion. The aim is to maintain a strong and
unvarying attraction, or “suction,” due
to extremely intimate contact during
work. Into this the weights enter but
little. At no time after the first stirring
was the water in the glass stirred.

This moist technique, with its power-
tul adhesive forces, calls for a rigidly
built machine and for tools having maxi-
mum rigidity and minimum weight.

Broadhead figured with agonizingly
slow strokes, deliberately stretching the
opemtion out to avoid heat caused by
the low-moisture method and to main-
tain calm control. He used a star tool of
.5 diameter. Such tools work fast and
must be used very cautiously. He delib-
erately overcorrected a little, then cold-
pressed the % lap on the mirror and ran
it a few minutes at “neutral” stroke to
smooth the figure.

“What you call my technique came
largely,” Broadhead protests, “from read-
ing Driscoll’s articles, talking with Fer-
son, and watching closely at Frankford
Arsenal during a wartime visit.”

The fourth method mentioned at the
beginning of this article was by hand
with subdiameter tools face up. Here the
methods just described for machine use
may be an improvement over those given
in the chapter on subdiameter tools in
Amateur Telescope Making—Advanced.
Any reader who uses this method will in
some measure be pioneering among ama-
teurs and should report his findings.

Pin fits ll
straight pml
of holu

Bewvel for

.:Iéor E;
t'x % fins
Optional 7~

Welds paanc:i-— -
torelieve strain

Left: Elements of strokes. Right: Rigid tool backing
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7 x 50

BINOGCULARS

MADE TO RIGID MILITARY SPECIFICATIONS

Brand New

*36

With
COATED
Lenses & Prisms

46

These magnificent, imported 7x50 prism binoculars

have the brilliant luminosity, precise clarity, and
wide, undistorted 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 Army, Navy and Marine
Corps. This is your opportunity to purchase a
brand new 7x50 AT !/3 OF THE USUAL COST.
Lifetime construction. Lightweight aluminum
body. Individual eye focusing. Ultra-precise op-
tics, sealed against moisture and dust. Unques-
tionably the greatest binocular value available
anywhere. Sold with a guarantee of satisfaction
or money refunded.

Actual
Photograph

Price With Price With

Regular Optics Coated Lenses & Prisms

$36* $46*
*Plus 20% Federal Tax
IMMEDIATE DELIVERY. WE PAY THE SHIPPING COST.
Catalog of Telescopes, Microscopes,
Binoculars Free on Request.

Dept. 5K, 24 W. 45th St.,

New York 19, N. Y.

EVERYTHING
FOR THE AMATEUR

TELESCOPE
MAKER

Precision Workmanship
Quality Supplies
Money Back Guarantee
.

KITS—Our Speciali'y

Complete 6” Kit. .............$5.50 up
Pyrex Kit, 6”... . . . .$7.50 up
Other Sizes Proporflona+e|y Low

PYREX MIRRORS

Made to order. Correctly Figured,
Polished, Parabolized 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.

1001 EAST 163rd ST.
New York 59, N. Y.
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UNEQUALED

for Colorimetric

the INDUSTRIAL

Photrometer
w Jeitz

Precision square absorption cells with
plano-parallel surfaces eliminate errors
possible with ordinary curved cells.

accuracy
simplicity
dependability

ROUY-

Optical system design eliminates possi- FINER SPECTRAL
MORE ACCURATE bility of stray light with attendant error. DEFINITION
READINGS Ten narrow band filters

cover the entire visible
spectrum., Two extra
spaces provided for
special filters.

Only the Rouy-Photro
meter cuts functional
error to within 0.19%,

$210.00 with ten filters,

sealed H2O absorption cell,
four square 10 mm. absorp-
tion cells (5 mm. and 20
mm. cells with adapter rings
also available), handbook
with operating instructions.

EASIER OPERATION

All adjustments made with a =
single control. Any compe-
tent laboratory worker can
use the Rouy-Photrometer,

4 BETTER MATCHING OF ELEMENTS

Only the Rouy-Photrometer has pho-
toelectric cell and microammeter
matched so carefully that measure-
ment of electrical energy is strictly
linear to transmitted light energy.

No other colorimetric instrument can equal the Rouy-Photrometer in speeding
up routine chemical controls while insuring a high standard of accuracy.
Extensive tests and performance in the field have demonstrated its suitability
for use in such varied industries as water supply, foods, electro-plating,
metallurgy, wherever colorimetric methods spell better process control.

Leitz representatives will be happy at any time to advise you on how the
Rouy-Photrometer can be applied in your industry.

For information, write Ee LEITZ , INC., 304 Hudson Street, New York 13, N.Y.

LEITZ SCIENTIFIC INSTRUMENTS « MICROSCOPES
LEICA CAMERAS AND ACCESSORIES
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SoURCE Book IN GREEK SCIENCE.
M. R. Cohen and I. E. Drabkin.
McGraw-Hill Book Company, 1948.

VOLVOX: A COLONY OF CELLS

VoLvox 1IN SoutH AFRrica. M. A.
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Museum, Vol. XVI, Part 3; July, 1933.
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oF THE ALGAE. Volume I. F. E. Fritsch.
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Today’s News—Today!

THE AMAZING SPEED and accuracy with which news comes
to us are genuine tributes to the great newspapers, and the
news services, to radio and television—and the people who
staff them.

It’s a story of communications. Radio flashes words—by
voice or teletype—across continents and seas with lightning
speed. Pictures move as fast. And today television and pho-
tography are used in a method to transmit instantaneously
and reproduce full pages of printed, written, or illustrated
matter in the original form!

Electronics is the basis of such speed. Special metals are

required for the tube electrodes. Plastic insulations keep

high frequency current in right circuits. Carbon’s unique

ELECTROMET Alloys and Metals  «
B ELITE, KRENE, and VINYLITE Plastics  «
PRESTONE and TREK Anti-Freezes

Trade-marked Products of Divisions and Units include

HAYNES STELLITE Alloys -
NATIONAL Carbons
LINDE Oxygen

electrical and mechanical value is used to control power.

In supplying these materials, and many needed chemi-
cals, UCC has a hand in getting the news swiftly to you.The
people of Union Carbide also produce hundreds of other
basic materials for the use of science and industry.

FREE: If you would like to know more about e
many of the things you use every day, send for / - )
the illustrated booklet *“ Products and Processes.” fon T
It tells how science and industry use UCC’s '
Alloys, Chemicals, Carbons, Gases, and Plastics.
Write for free Booklet B.

A,
A

S

Union CARBIDE

AND CARBON CORPORATION

30 EAST 42ND STREET NEW YORK 17, N. Y.

LICC]

SYNTHETIC ORGANIC CHEMICALS
« EVEREADY Flashlights and Batteries + ACHESON Electrodes
= PREST-O-LITE Acetylene - PYROFAX Gas
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you cAN BE SURE..IF |1"sVVeStinghOllS€

|

A THING OF THE PAST!

One of our engineers vowed a great vow. chance to build up in this refrigerator—because

Never again, said he, will my wife have to go  automatic things happen. And they happen so
through the ancient and accepted ordeal of defrosting.  frequently and so fast that frozen foods and ice

It doesn’t make sense, said he, that in a country  cubes stay solid through it all. No drippy trays to
smart enough to put refrigerators in every kit-  empty,no dials to set, no thermometers to watch.
chen, women should have to go into defrosting  Efficiently and smoothly, the temperature is main-
conniption fits because nobody ever really decided  tained at an even level that assures longer life,

to prevent frost getting started. greater economy and safer, better foodkeeping.
Out of that vow came the new Westinghouse Hundreds of thousands of kitchens are going
“Frost-FREE”* Refrigerator. to be blessed by their mistress’ belief in the words

That name is literally true. Frost doesn’t get @  weliveby—Youcanbe sure...if it’sWestinghouse.

#IRADE MARK

WESTINGHOUSE ELECTRIC CORPORATION e ¢ ¢« PITTSBURGH « PA,
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