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“Snug Harbor”

JUST As SNUG HARBORS offer ships protection from stormy
seas, there are protective coatings today that guard them
against sleet, snow, salt spray—and other damaging forces.

There is a plastic coating for ships’ hulls that eases the
age-old problem of barnacles and rust. Vessels stay in serv-
ice twice as long between costly lay-ups in drydock for
cleaning and painting. Top-side and below, there are long-
wearing coatings to keep the modern craft ship-shape.

Tankers at sea—and tanks ashore—get double protection,
inside and out, from plastic coatings. Contents stay clean
and pure, never touching the tank wall. The tank itself is
safe from attack by water,acids,alkalies, or other chemicals.

These sea-going coatings are made of the same kinds of
plastics that serve us so well in industry and in our homes.

BAKELITE, KRENE, VINYON, and VINYLITE Plastics «

Trade-marked Products of Divisions and Units include
LINDE Oxygen .« PREST-O-LITE Acetylene « PYROFAX Gas

In a triumph of synthetic chemistry, these ever-useful basic
materials are produced for us from organic chemicals.
The plastics and chemicals for these improved coatings
are but a few of the hundreds of better materials supplied
by the people of Union Carbide to serve shipping and many
other industries.
FREE: If you would like to know more about many
of the things vou use every day, send for the illustrated
booklet *“ Products and Processes.” It tells how science

and industry use UCC’s Alloys, Chemicals. Carbons,
Gases. and Plastics. W'rite for free booklet I'.

UnionNn CARBIDE

AND CARBON CORPORATION

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

NATIONAL Carbons « EVEREADY Flashlights and Batteries « ACHESON Electrodes

PRESTONE and TREK Anti-Freezes « ELECTROMET Alloys and Metals

« HAYNES STELLITE Alloys « SYNTHETIC ORGANIC CHEMICALS
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You've read, in both newspapers and
magazines, about the powerful electron
microscope. Now this amazing “instruc-
tor” of scientists, physicians, and engi-
neers becomes even more useful—in
more research fields.

Through principles uncovered at RCA
Laboratories, RCA engineers have devel-
oped a compact “table model” electron mi-
croscope, at a price which makes it practical
for use in an increased number of universi-
ties, industries, hospitals, clinics. So simpli-
fied is the new instrument that even a high

Portable electron microscope, developed by RCA, widens research in universities, industries, hospitals,

7[6' new mstructor gets 4 éear{// weleome

school student or unskilled laboratory tech-
nician can quickly learn to use it!

Magnifications of 6000 times can be ob-
tained directly in RCA’s portable electron mi-
croscope —four times that of ordinary light
microscopes—and photography lifts this to
30,000! A new “instructor,” yes— and one that
gets a very hearty welcome.

* * *

See the latest wonders of radio, television and
electronics in action at RCA Exhibition Hall,
36 West 49th Street, N. Y. Admission is free.
Radio Corporation of America, RCA Building,
Radio City, New York 20, N. Y.

© 1950 SCIENTIFIC AMERICAN, INC

RCA research, which gives science
and industry better instruments, also
develops better television instru-
ments for you—RCA Victor’s 1951
home television receivers.

RADIO CORPORATION oFf AMERICA
World Leaaer in Radio — First in Television,



Tall Tale

Speaking of sparkle, did you ever hear
how Mose Humphries trapped the
sun and hauled it along at the head of
the fireman’s parade? Took a ton of
elbow grease, but Mose polished
engine No. 40 till she shined so bright
the sun never did set that day—it was
too busy bouncing back and forth
between the bell and the boiler.

toFabulous Fact

Elbow grease used to be the most
important element in any good polish
—elbow grease and wax. Now polish
makers add a Dow Corning Silicone
product and save the elbow grease.
In car polishes alone, that amounts to
a net saving of about x-million tons
of elbow grease so far this year.
That's one of the peculiar things
about these silicones. They spread
themselves and polish without
rubbing. Furthermore, they won’t
melt or freeze and they’re more water
repellent and more weatherproof than
any organic materials. That kind of
stability is one of the fabulous facts
about all Dow Corning Silicone Prod-
ucts—fluids, greases, electrical insu-
lating materials, resins or rubbers.

That's why ey

Siliconea PNean Bisinean

Write for your copy of our reference guide to
Dow Corning Silicone Products. Ask for catalog
No.W-22 or call our nearest branch office.

DOW CORNING CORPORATION
MIDLAND, MICHIGAN

Atlanta « Chicago « Cleveland « Dallas
Los Angeles « New York
In Canada: Fiberglas Canada Lid., Toronto
In England: Albright and Wilson Ltd., London
In France: St. Gobain, Chauny et Cirey, Paris

DOW CORNING SILICONE NEWS

NEW FRONTIER EDITION

FIRST O F A SERIES

IF YOU WEAR GLASSES try Sight Savers and see how exceedingly

€

well silicones clean, polish and protect eyeglasses. SIGHT SAVERS
are Dow Corning Silicone treated to KEEP YOUR GLASSES CLEANER.

10c at all drug and tobacco counters,
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Sirs:

It was with much pleasure and inter-
est that I read your September issue,
“The Age of Science, 1900-1950”. . . .
I feel, however, that I must register a
slight complaint. An article on the ad-
vances in engineering would, in my
opinion, have been entirely in order. In
my own field of electrical engineering,
one has but to look at the tremendous
place which electricity plays in our lives,
a place which was gotten only in the last
50 years. The increase in size of power
units which are common now; the in-
crease in transmission voltages from only
a few thousand volts at the turn of the
century to the experimentation with
500,000 volts at the present; the con-
quering of the effects of lightning on
electrical equipment; the exploitation of
the entire radio spectrum including tele-
vision and radar and microwave trans-
mission—all these advances were made
primarily by the dogged research and
work of many engineers after the basic
theories were thrown forth by the pure
scientists. And then I haven’t even men-
tioned the tremendous advances made
in the other fields of engineering—in au-
tomobiles, in heavier-than-air aircraft, in
jet propulsion, the plastics and chemi-
cals industries, and so on. . . .

G. I. STILLMAN

New York, N. Y.

Sirs:

Your September issue is of such monu-
mental importance that criticism seems
unjust. However, I cannot help regret-
ting that it contains no article devoted
to biology.

The sciences of physiology, biochem-
istry and genetics do not embrace the
whole of biology. The subject is far big-
ger than that. One might point out that
Darwin propounded the greatest of all
biological principles despite the fact that
he knew little physiology and nothing of
biochemistry or genetics. . . .

The failure to include an article on
medicine was another serious omission
from your last issue. The whole of medi-
cine certainly cannot be embraced by
physiology and biochemistry. For exam-
ple, some physicians are impressed by



LETTER

the correlation between disease and
physical type. Here is a group of prob-
lems calling for a new advance in prin-
ciples.

Too many sciences are waiting pa-
tiently for physics (or chemistry) to drop
something into their laps. Meanwhile,
the general public—and, unfortunately,
many scientists—is complacently certain
that science is advancing at a dizzy
speed. There is a failure to discriminate
between a proliferation of unimportant
detail and a broad advance in general
principles.

Chemistry is not moving forward so
swiftly as in the great days of Mendeley-
ev, Kekulé and van’t Hoff. No Darwin
is practicing in biology today. Medicine
is not advancing so swiftly as in the years
when Pasteur and Koch were sweeping
away centuries of false speculation about
the nature of contagious disease.

Every science should learn all it can
from others. But no science should be
relieved of the duty of running under its
own power. And this it can do only by
seeking new principles peculiarly its
own.

PATRICK B. HENRICKSON

East Setauket, Long Island, N. Y.

Library binders to preserve issues of the new
SCIENTIFIC AMERICAN may be obtained by writing
Department B, SciENTIFIC AMERICAN, 24 West 40th
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If you use any of these e

LIBERTY
MIRROR

can help you

Whether you use these singly or
in large quantities, Liberty’s
research and production facilities
are at your service. We operate
the largest thermal vacuum
evaporation department in the
world, staffed with men trained
through long experience in
mass production by the
vacuum process.

If you have new uses or
experimental applications of
vacuum deposited coatings,

you can expect the same

careful attention to an order Name Title

Company. S
SEND FOR INFORMATION ' Address S

City —_Zone . State.

for “one of a kind” that you
would ask for thousands of units.
Our research technicians stand
ready to help vou find the right
solution to your special problems.
Your inquiries are invited—use

the handy coupon, below.

LIBERTY MIRROR DIVISION,

LIBBEY - OWENS - FORD GLASS CO.,
L4115 NICHOLAS BUILDING,
TOLEDO 3, OHIO

| am interested in your Liberty Yacuum Deposited Coat-
ings Products. Please send additional information on

(Type of Vacuum Deposited Coating Product)
[ Please have salesman call.

Liberty Mirror Division

LIBBEY « OWENS « FORD GLASS CO.
NICHOLAS BUILDING, TOLEDO 3, OHIO
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OVEMBER 1900. “At the recent
l \_ meeting of the International Elec-
tric Congress at Paris, some inter-
esting developments regarding wireless
telegraphy were explained. In connec-
tion with the possibility of being able to
communicate over great distances, M.
Willot, of Paris, contended that it was
impossible to telegraph satisfactorily
over distances exceeding 28 miles, owing
to the adverse influence offered by the
curvature of the earth. This contention,
however, is disproved by the results of
the experiments carried out by Marconi
himself, who has been successful in
transmitting messages on several occa-
sions over far greater distances than the
limit mentioned by M. Willot. Marconi
is of the opinion that the Hertzian waves
follow smoothly round as the earth
curves. For instance, the curvature of
the earth between his station at Poole,
in Dorsetshire, and the station at the
Needles, in the Isle of Wight, a distance
of about 25 miles, amounts to at least a
dip of 500 feet, and yet messages have
not been influenced in the slightest.”

“The population by the Twelfth Cen-
sus of the United States was officially
announced by Director Merriam to be
76,295,220, compared with 63,069,756
in 1890; this is a gain of 13,225,464 in
ten years, or an increase of 21 per cent.
Seventy-four million six hundred and
twenty-seven thousand nine hundred
and seven persons reside in forty-five
States, the remainder in the Territories,
Alaska, Hawaii, etc.”

“Tohn D. Rockefeller has given
$100,000 to the psychological laboratory
at Columbia University.”

“In a communication recently made
to the Académie des Sciences, M. Curie
states that he has succeeded in making
an approximation toward the atomic
weight of the new element radium. Since
the commencement of his researches for
isolating the new element, the progress
of its concentration in the chloride of
barium has been constantly observed by
the study of the spectrum and determi-
nations of atomic weight. The weight
found for barium gives the number 138,
and that of the product containing ra-
dium, 174.1 and 173.6 in two cases.
There is no means of finding the rela-

4

a0 AND 100 YEARS AGO

tive amount of radium and barium
in the latter product, but M. Demarcay
concludes from the spectrum that there
is a greater proportion of radium. It is,
therefore, certain that the atomic weight
of radium is much greater than 174. The
quantity of pure chloride of radium iso-
lated is not sufficient to allow the study
ot the properties of this element in a
pure state, but its existence is no longer
a matter of doubt.”

“At the annual meeting of the Na-
tional Academy of Sciences, held in
Providence, R.I., on November 13, Prof.
A. A. Michelson in two papers described
improvements in the echelon spectro-
scope, and a very interesting analysis of
the spectrum of sodium in a magnetic
field. The discovery by Zeeman that the
lines of the spectrum of sodium are
broadened when the sodium vapor is
within the field of a magnet, he charac-
terized as one of the most interesting of
recent times. Michelson soon found that
these lines were double; then Zeeman
found them to be triple, and Michelson
found that they separated farther as the
density of the vapor increases; also a
central line not previously present ap-
pears, which again disappears if the
density becomes excessive. When the
sodium vapor is very dense, it shows a
double line even when not in a magnetic
field. These studies may throw light on
the motions of molecules and their rela-
tions to the interstellar ether.”

tion by a Mr. Jordan, of Liverpool,

by which he proposes to substi-
tute iron for the wooden framing of ves-
sels, is attracting a good deal of attention
in that city. The inventor has taken out
an American patent.”

P l OVEMBER 1850. “A new inven-

“Doctor Grange, a learned physician
of Paris, was commissioned some time
ago by the government, to pursue, in
France and other countries, inquiries in-
to the causes of goiter and cretinism. His
official report has just appeared, and will
be deemed by the medical faculty a
valuable document. He has come abso-
lutely to the conclusion that they are
independent of latitude, altitude and cli-
mate. Their presence appears to be con-
nected with that of magnesia in food or
drink; their absence often proceeds from
the iodine which the article consumed
offers to chemical analysis. In some lo-
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calities the substitution of spring for well
water has sufficed to banish goiter. The
Doctor recommends marine salt—ioduret
of potassium—and he thinks that much
can be done by government towards the
cure and future security of the popula-
tions among whom the distemper is
found.”

“In about two years from the present
date, it may be predicted with certainty
that we will be able to step on board a
railroad car at the corner of Hudson and
Chambers Street, this city, and proceed
on our way, by uninterrupted railroad,
to the Mississippi River in Illinois. From
New York to Galena, on the Mississippi
River, Illinois, the distance is 1,200 miles,
and railroads are now in the course of
construction, which, along with those in
operation, will complete the whole chain
in about the time we have specified, af-
fording the longest and most splendid
internal railroad communication in the
world, excepting it may be the great
Russian line. In the course of ten years
from the present moment, it is not too
much to expect an interior line of rail-
road communication from New York to
San Francisco.”

“A number of scientific gentlemen of
Belgium have lately made some meteor-
ological observations on the heights of
Belleville, Paris. They sent up to a cer-
tain height several kites, to which were
affixed a number of needles, and al-
though the weather was perfectly serene
at the time, they drew from the clouds
flashes of electricity similar to those
which accompany a storm.”

“We learn from the ‘Boston Traveller’
that on Friday night the existence of a
third ring around Saturn, which had
been for some time suspected, was ascer-
tained by the astronomers at Cambridge.

t is interior to the two others, and there-
fore its distance from the body of Saturn
must be small.”

“A ship is about to be built in this city,
by W. H. Webb. Of 230 feet in length,
42 breadth of beam, 25% depth of hold,
and clipper built, she will be 25 feet
lenger than any merchant vessel sailing
from this port. She is to be finished in
about six months, and will run from New
York to Canton, via California, and
thence home, completing the circuit of
the globe with each trip. She will meas-
ure near 2,600 tons.”



How a whiff of stibine
led toward lower telephone cosis

In the Bell System there are a million
lead storage battery cclls connected to
tclephone circuits in the central offices.
Current seldom flows in or out of these
cells beyond the trickle which keeps
them charged. In the rare event of
power failure, however, they stand
ready to supply the current for your
telephone service.

Even in this stand-by service, cells
require water to make up for electrol-
ysis. And they consume power and
eventually wear out. But Bell Labora-
tories chemists discovered how to make
a battery which lasts many more years
and requires less attention — by chang-
ing a single ingredient, the clue to

which came unexpectedly from an-
other line of their research.

The clue was a minute trace of
stibine gas in battery rooms which
clectrochemists detected while on the
lookout for atmospheric causes of re-
lay contact corrosion. In small traces
the gas wasn’t harmful but to battery
chemists it offered a powerful hint.

For stibine is a compound of anti-
mony—and antimony is used to harden
the lead grids which serve as me-
chanical supports for a battery’s active
materials. Tracing the stibine, the
chemists discovered that antimony is
leached out of the positive grid and
enters into chemical reactions which

© 1950 SCIENTIFIC AMERICAN, INC

At the New York Telephone Company’s
Triangle exchange in Brooklyn, emer-
gency batteries stand ready to deliver
3000 amperes for several hours.

hasten self-discharge and shorten bat-
tery life.

Meanwhile, in the field of cable
sheath research Bell mectallurgists had
discovered that calcium could be used
instead of antimony to harden lead.
And theory showed that calcium would
not react destructively in a battery.
The result is the new long-life calcium-
lead battery which cuts battery replace-
ment costs, goes for months without
additional water, and nceds but Y5 the
trickle current to kecp its charge.

It demonstrates again how diverse
lines of research come together at Bell
Telephone Laboratories to keep down
the cost of telephone service.




S0DIyM
A -o:.rn"""“umu
i Mbucing A0t

fon NT

Oreing. Mlaacting, 5.0
20d Chomiggs ..;n::’ui'
el

Field Offices
NEW YORK
BOSTON
DETROIT

ol [[of Nelo]
PHILADELPHIA
ATLANTA

“"VIRGINIA”
REDUCING
AGENTS
DO IT!

“Virginia’ makes three reducing
agents—basic chemicals which
have proved invaluable in more
than 40 important industries.

The most versatile of these is
its 99.98+ per cent pure Liquid
Sulfur Dioxide. It is favored for
its properties as a reducing, neu-
tralizing, and bleaching agent,
preservative, antichlor, and pH
control. “Virginia” is the world’s
largest producer of SO..

Concentrated ‘“Virginia’ Zinc
Hydrosulphite is prepared by us
expressly as a reducing and
bleaching agent for many indus-
tries, chief among which is the
pulp and paper industry. It is the
only high test ZnS,0, available
commercially.

“Virginia” Sodium Hydrosul-
phite is widely used in textile
manufacturing for efficient reduc-
ing operations in the dye house.
It is noteworthy for its uni-
formity, strength, and stability
in storage and in the bath.

“Virginia” is constantly re-
searching new and improved ap-
plications of these three standard
reducing agents. Bring us your
problems. Perhaps one of these
chemicals can be used to advan-
tagein your products or processes,
and can cut your production
costs. Our technical counsel—
backed by 29 years of experience
—is freely available.

Write today for our descriptive
folders on any of these products.
Ample experimental samples of
Zinc Hydro and Sodium Hydro
are yours for the asking. Virginia
Smelting Company, Dept. SA,
West Norfolk, Virginia.

CI ! SINCE 1898
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THE COVER

The painting on the cover is a top
view of Simple Simon, the smallest
complete mechanical “brain” (see
page 40). The basic elements of
Simon are war-surplus relays, 122 of
which are shown in the painting.
Sharp-eyed readers may notice that
the photograph of Simon on page 43
shows 128 relays. These were added
shortly after the completion of the
painting. The relays are painted in
various colors to distinguish their spe-
cialized functions. At the lower right-
hand corner of the chassis is a device
which reads the punched-paper tape
that bears the instructions for the ma-
chine. Slightly above and to the left
of it is a stepping switch. Below these
two devices is the front panel of
Simon. At the left end of this panel
are the controls of the machine. In
the center of the panel are five lights
which flash the answers to problems
and the stages of their solution. Be-
side these five lights is a sixth which
indicates whether the power is on
or off. At the bottom of the paint-
ing is a device for punching the tape.

THE ILLUSTRATIONS
Cover by Stanley Meltzoff

Page Source

14-17 Adolph Brotman

18 U. S. Geological Survey

19 Adolph Brotman

20-21 Stanley Meltzoff

31 Ruth V. Dippell, University
of Indiana

32-35 Irving Geis

36-38 Ruth V. Dippell, University
of Indiana

39 Irving Geis

41 Donald Moss

43 K. Chester (photographs),
Donald Moss (drawings)

44 K. Chester, courtesy Julius
Berbecker & Sons, Inc.

46 Fred Chance, after Textbook
on Sutures, by Paul F.
Ziegler. Courtesy The Ken-
dall Company

47 K. Chester, courtesy Memori-

al Hospital

Irving Geis

53 Fred Chance

56 Mathematical Snapshots, by
H. Steinhaus. Oxford Uni-
versity Press

61-63 Russell W. Porter
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Great Airlines All

...with one vital element

in common!

Here grouped are the insignia of 16 leading U.S. airlines.

And linking these far-flung airlines, as well as 18 foreign
airlines, is the fact that nearly all of the hundreds of planes
they use daily are equipped with vital accessories designed
and manufactured by AiResearch.

For AiResearch equipment is on every type of U.S. com-
mercial transport manufactured during the past few years.
Today we produce more types of air conditioning, pressuri-
zation and temperature control equipment for both military
and commercial high speed, high altitude aircraft than any
other concern in the world.

AiResearch is currently producing 560 aircraft assemblies,
each designed to do a different job. These fall into eight
basic categories: temperature controls, electric-electronic
AR LINES equipment, cabin superchargers, air cycle air conditioning,

o gas turbines, pneumatic power units, heat transfer equipment
and cabin pressure controls.

We are proud to salute the great airlines of America who
have shown their faith in these vital components precision
engineered by AiResearch.

And we intend to continue to justify this faith by relent-
less pioneering in the field of high altitude, high speed flight.

AIRESEARCH MANUFACTURING COMPANY ¢ LOS ANGELES 45, CALIFORNIA

HIVISION ©F

THE GARRETT CORPORATION
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X-ray tubes that prove inner soundness of castings, Toys, metallized wrapping materials, jewelry,

Auntomobile headlights containing reflectors coated

giant transmitter tubes, television picture tubes, sequins emerge from DPi vacuum-coating cham- under high vacuum make night driving safer.
electronic tubes for scores of purposes—all last bers— beautiful, durable, and so inexpensive Your new car also is beautified by plastic name
longer, work better because of better evacuation of  that much of it can be sold over dime-store Dlates, horn button, and other interior ornamenta-
atmosphere with DPi-engineered equipment. counters. tion metallized under high vacuum.

High vacuum debydration has greatly extended
the shelf-life of vaccines and serums . . . and has
thereby lowered the cost of precious pharmacenticals.

New metals for turbo-jet aircraft engines are
refined and cast in electric furnaces from which
air has been evacuated by DPi high vacuum pumps.

high vacuum research
and engineering

improved
these products

OTHING means—getting tid of air and gas, creating
the highest vacuum for the job.

In the absence of interfering molecules of air, many prod-
ducts can be processed faster and cheaper, new products
created, old ones improved.

Perhaps high vacuum can serve you. DPi builds equipment
‘which makes high vacuum a practical, inexpensive production
tool, applicable in many surprising ways. If you would like to
learn how high vacuum can work for you, or if you wish to im-
prove your present high vacuum operations, write to: Vacuum
Equipment Department, Distillation Products Industries, 751
Ridge Road West, Rochester 3, N. Y., (Division of Eastman
Kodak Company).

Also...vitamins A and E.. .distilled monoglycerides...more than 3300 Eastman Organic Chemicals for science and industry.
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NﬂW—Simpler, Faster, Automatic Titrations!

SIMPLE OPERATION: In a
series of titrations, simply fill the burette,
place the sample in the beaker—and the
Beckman Automatic Titrator takes over from
there. Raising the beaker holder into posi-
tion automatically starts the stirrer motor and
begins delivering titrating solution into the

Here’s another new Beckman ad-
vancement in instrumentation —an in-
strument that runs your titrations for
you. It's the Beckman Automatic Titra-
tor—the instrument that makes accu-
rate titrations more rapidly and con-
veniently than by manuval methods.

such as preparing samples, or calculating
results.

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

D It gives objective, reproducible results . ..
eliminates errors due to personal factors.

PERFORMS A WIDE VARIETY OF TITRA-
TIONS — Neutralization, Oxidation-Re-
duction, Precipitation, Complex-Forma-
tion and other types.

NO SPECIAL TRAINING IS REQUIRED—
rapid and accurate titrations can read-
ily be performed without special skill
or technique.

QUICK, SIMPLE OPERATION — completes
many routine titrations in only 1-115
minutes —even titrations to 0.19% accu-
racy in 2V5 minutes or less. Change of
sample is simple, rapid—a single motion
raises, locates and secures new sample
in operating position.

CONVENIENT, VERSATILE, ADAPTABLE—
0° to 100° C temperature compensa-
tion . . . adjustable holder accommo-
dates 10 ml to 400 ml beakers or simi-
lar vessels ... instrument may be used
with all standard burettes down to 5
ml...as many as four delivery units
accommodated by single amplifier con-
trol unit. ... uses standard Beckman
electrodes . . . electrode holders and
delivery tip can be pivoted into any
required position ...ample provision
for mounting heating devices or other
special equipment.

ALSO A RELIABLE pH METER — the Beck-
man Automatic Titrator can also be
used as an AC-powered pH meter to
give accurate readings over the range
0 to 14 pH, as well as millivolt read-
ings from —G00 to -+ 1400 mv.
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sample. D 1t provides time-saving conveniences for

A special circuit electrically anticipates sample handling.
the approaching end point, scaling down
delivery of the titrating solution in progres-
sively smaller increments to assure a highly
accurate titration. When the end point is
reached, delivery of the titrating solution .I-‘
stops and a light shows com- A
pletion of the titration—al//
automatically and without at- [ !
tention from the operator.

Whether your laboratory
is large or small the Beckman
Automatic Titrator provides
important advantages in your
titrating operations. . .
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Y 1t releases the technician dur-
ing titration, enabling him
to perform other operations
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For full details on this new Beck-
man instrument see your authorized
Beckman dealer—or write direct.
Beckman Instruments, National Tech-
nical Laboratories, South Pasadena

48, California.
Factory Service Branches:
NEW YORK — CHICAGO — LOS ANGELES
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Votes in the Making

What are the factors that influence voters and decide

elections? The investigations of social science have

begun to add to the knowledge of the politician

tions is an old American game,

almost as popular as post-mortems
on World Series. Our legends about how
elections are won go back to the early
days of the republic. When William
Henry Harrison defeated Martin Van
Buren for the Presidency in 1840, post-
election analysts decided that it was the
slogan “Tippecanoe and Tyler too” and
his log-cabin symbol that had won for
him. Grover Cleveland triumphed in
1884 because a parson who attacked
him with the slogan “Rum, Romanism
and Rebellion” was not repudiated
quickly enough by James G. Blaine, his
opponent. Woodrow Wilson won in
1916 because Charles Evans Hughes
was not nice enough to Senator Hiram
Johnson in a San Francisco hotel. To
this sport of hindsight interpretation a
new game has recently been added: the
prediction of elections by means of pub-
lic opinion polls.

Below this surface of popular interest,
there has also developed a tradition of
systematic study of elections which is
beginning to make contributions to our
knowledge of public and human affairs.
Elections represent an outstanding op-
portunity for the social scientist. They
are a regularly recurring phenomenon,
like the cycle of the seasons, in which
many factors remain constant. Usually
only two major parties are involved; the
electoral procedures are fairly constant;
even the techniques of propaganda do
not change very much. Thus elections
offer an opportunity to make repeated
observations and to build up a solid body
of knowledge, the precondition of all
truly scientific development.

What do we want to know? One ques-
tion that interests social scientists is the

EXPLAININC the results of elec-

by Paul F. Lazarsfeld

extent to which voting is correlated with
the voters’ income, education, race, reli-
gion, age and so on. The most con-
venient way to study this is to make a
careful correlation analysis of election
returns in small units, preferably pre-
cincts. To illustrate the technique used
let us take a study that was made of a
question raised by The Age of Jackson,
the well-known historical work of Ar-
thur M. Schlesinger, Jr.

Schlesinger’s thesis was that class di-
visions in voting did not begin during
the New Deal but were an old story in
American politics, going back to the
election of Andrew Jackson. A number
of historians contested this thesis, argu-
ing that election data showed that Jack-
son was by no means favored by the low-
income voters of his time. One young
historian dug up election figures in Bos-
ton for several elections between 1826
and 1840; they showed that the Demo-
crats lost every ward, even the poorest.

But a more precise analysis by Robert
Bowles, who correlated voting with the
wealth of each ward, as measured by its
per capita assessed valuation, bore out
Schlesinger’s contention. A comparative
analysis for the election of 1836 is sum-
marized in the table on the next page.
The Democrats did indeed lose most of
the wards, but their percentage of the
vote paralleled fairly closely the financial
figures. By and large, the greater the
wealth of the ward, the smaller the
number of Democrats. The correlation
in such a study is measured by a coeffi-
cient which varies from zero to one. If
the parallel is perfect, the coefficient is
one; if there is no relation whatever be-
tween one factor and the other, the
coefficient is zero. In this case the co-
efficient of correlation between the
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Democratic vote and wealth (i.e., lack
of it) was .73, indicating that the eco-
nomic factor played a considerable role.

When the analysis of Boston’s voting
was extended to a series of elections dur-
ing the Jackson Era, an even more strik-
ing result emerged. This was that the
importance of the economic factor had
steadily increased; i.e., the coefficient of
correlation between the Democratic vote
and wealth rose from election to election.
For example, the coefficient in the elec-
tion of 1828 was .53; in 1832 it was .56,
and in 1836 it was .73. These figures give
good support to the view that Andrew
Jackson’s policies made for ever sharper
clashes of interest between economic
classes—at least in Boston.

IMILAR analyses of elections in our

own time have been made by a num-
ber of social scientists, notably Charles
E. Merriam and Harold F. Gosnell of the
University of Chicago and the Govern-
ment economist Louis H. Bean. They
have amply corroborated the preference
of the low-income groups for the Demo-
cratic Party. They have also disclosed
many other interesting specific correla-
tions. During the depression the amount
of relief spent in certain counties of the
U. S. was correlated with the strength
of the Democratic vote. Crop failures
due to natural causes in the Midwest
farm belt were correlated with a de-
crease in vote for the party in power.
During prohibition days a stand in favor
of the continuation of anti-liquor laws
was correlated with a high female vote
for the candidate. In Europe the Swedish
political scientist Herbert L. G. Tingsten
showed that in countries where the Cath-
olic Church was identified with a politi-
cal party, the strength of this party was



clearly correlated with the proportion of
female voters; and that in Germany the
pre-Hitler Communist movement and
later the Nazi movement both were
strongest in areas where the younger
voters were most numerous.

ORRELATION studies of this kind
have, however, one serious short-
coming. It is never easy, and often quite
impossible, to separate certain factors
which are themselves related to each
other. For example, Polish people in the
U. S. in recent decades have tended to
vote for the Democratic Party. So have
Catholics. But most Poles are Catholics,
so it is difficult to tell in a simple cor-
relation analysis of voting in a Polish
district whether religion or national ori-
gin is the decisive factor.

It is in problems of this kind that the
public opinion polls have made their
greatest contribution. They can provide
no end of information about the individ-
ual voter, and thereby make fine dis-
tinctions possible. Take, for instance, the
question as to why Catholics have so
strong a tendency to vote for the Demo-
cratic Party. Probably this is deeply
rooted in their immigration history,
among other things. Does this mean that
the primary factor is economic? The
theory may be tested by examining a
specific group of voters, say voters of
German extraction living in northern
Ohio, some of whom are Catholics and
some Protestants. As expected, we find
the Catholics more prone to vote Demo-
cratic than the Protestants. We may sus-
pect that the reason is that Catholics
are, on the average, poorer than Protes-
tants. But even among voters in the
group who belong to about the same
economic class, we find that Catholics
are markedly more likely to vote for the
Democrats than are Protestants. Conse-
quently economics is not the immediate-
ly decisive factor here.

The analyst of the political scene
wants to know answers to a great many
other questions. What, for example, are
the factors behind a failure to vote at
all? Surveys of elections over the last 20
years or so show that poor people are
consistently less likely to vote than those
with higher incomes, women less likely
than men, young people less likely than
older ones. From the latter finding any-
one may draw his own moral. Some may
lament it as evidence of a lack of active
interest in public affairs among American
youth; others may welcome it as a sign
that Americans begin to get interested in
politics only after they have reached a
certain amount of experience and matur-
ity.

This type of analysis often produces
information of considerable practical
value to political workers. The 1944
Presidential election, it will be remem-
bered, was notable for the special efforts
made by labor unions’ political action
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committees to bring out the vote. But
this effort apparently was not effective
among women, for a survey of a repre-
sentative sample in four industrial
centers (New York, Chicago, Cleveland
and Kansas City) shows that a large pro-
portion of the women in the labor group
failed to vote. Clearly they represent a
reservoir of possible votes upon which
the political workers could profitably
concentrate in the future.

IT HAS always been suspected, and the
survey data have verified, that most
Americans do not wait for the arguments
of an election campaign to make up
their minds on how to vote. They vote
the same party all their lives, usually the

same as their parents have voted before-

them. In a poll, therefore, it is important
to make a distinction between this large
majority of “congenital” Democrats and
Republicans (probably at least 70 per
cent of the total) and the minority who
make up their minds in the course of the
campaign or at least over a period of
time reasonably related to the current
issues and candidates. The latter group
is of special interest to the social scien-
tist, first because they are the people
from whom we can learn something
about the effect of propaganda efforts,
and second because their shifts contrib-
ute greatly to the swings in the political
history of the country. To study them
voting analysts haye devised the so-
called “panel technique.” A sample of
citizens is kept under observation for
perhaps six months before a Presidential
campaign. Each member of this panel
is interviewed repeatedly, beginning be-

WARD

NUMBER

PER PERSON

12 171.04
3 214.93
1 234.06
5 240.61
2 356.06

1 367.80

10 469.28
4 617.95
6 1234
9 739.59
8 868.08
1 1,188.78

1835 ASSESSED VALUE

fore the nominating conventions and
ending after Election Day.

Such an investigation was made in
1948 as part of the well-known Elmira
Study, sponsored jointly by Columbia,
Chicago and Cornell Universities and a
number of private agencies. In the
August interview a sample of voters were
asked how they intended to vote in the
Presidential election. They were classi-
fied as strongly Republican, mildly Re-
publican, neutral (does not intend to
vote), mildly Democratic and strongly
Democratic. Ultimately they were in-
terviewed after the election to determine
how they had actually voted.

The main results are shown in sum-
mary form on the opposite page. It
must be borne in mind that Elmira is a
strongly Republican city, which ac-
counts for the large Dewey majority and
insignificant Wallace vote. The study
yielded a wealth of interesting informa-
tion: e.g., that people with only a mild
leaning toward a candidate frequently
vote for his opponent or do not vote at
all in the end; that a considerable pro-
portion of the voters who intended to
vote Democratic in this city failed to
carry out their intention; that in a dis-
proportionately large number of cases
the “neutrals” finally voted Democratic.

FROM this study and similar ones in
the two preceding Presidential elec-
tions we can draw, among others, this
significant generalization: people group
themselves in quite a homogeneous
political environment. The overwhelm-
ing majority, asked to tell how their
three best friends would vote, said their

1836 DEMOCRATIC VOTE
AS PER CENT OF TOTAL

51
49
53
36
65
35
29
40
34
29
20
23

PRESIDENTIAL ELECTION OF 1836 was analyzed to test the hypothesis
that Jackson was favored by the low-income voters. An analysis of voting
records in 12 Boston wards showed that the hypothesis was generally correct.
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friends would vote as they themselves
would. This, of course, is not surprising.
The primary groups in which people live
are rather homogeneous. Our friends
have about the same income and tend to
be of about the same age as ourselves;
Catholics and Jews are likely to be asso-
ciated in their private lives mainly with
their coreligionists. All these factors, as
we have mentioned, are more or less
related to the way people vote. One
might say that voting the same way is
partly an expression of solidarity with
our immediate face-to-face environment.
In the course of a campaign this solidari-
ty seems to become further accentuated.
In the 1948 election the people of the
Elmira panel who considered themselves
in the middle class showed a tendency
to switch to Dewey during the campaign
if they were not for him in the begin-
ning; working class people had a similar
tendency to stay with Truman or switch
to him.

The family group, of course, shows the
same tendency to uniformity. In a family
whose members are all in political agree-
ment their pre-election voting intentions
seldom shift. But where there is only
partial agreement or considerable disa-
greement in party preferences, changes
in voting intentions are much more com-
mon, showing a clear tendency to adjust
to one’s own environment.

People tend, in short, to avoid the
tensions of disagreement in their own
primary group. What happens when
they are subjected to cross-pressures?
Catholics tend to vote Democratic and
rich people Republican. What will a rich
Catholic do? How do members of a fam-

NOVEMBER
VOTE

ily with a tradition of voting for one
i)arty reconcile their conflict when they
eel very strongly in favor of another
party in some special election? There is
no general answer. But one point can be
made safely: the greater the number of
such cross-pressures, the longer people
will delay making up their minds. In the
1940 election a study of the effects of
cross-pressures was conducted among a
sample of voters in Erie County, Ohio.
Individuals who were subject to two or
more cross-pressures in their environ-
ment were slow to decide how they
would vote: nearly a third did not make
up their minds until the last two months
of the campaign. On the other hand, of
those who were entirely or almost entire-
ly free of cross-pressures, 58 per cent
knew how they intended to vote as early
as May, and only 16 per cent waited
until the final weeks to decide.

These findings concerning the great
importance of the social environment in
the area of politics are in accord with
the data from other social investigations.
For instance, the monumental study,
The American Soldier (ScIENTIFIC
AMERICAN, May, 1949) has shown how
important a role the primary group plays
in determining how a soldier will stand
the ordeal of battle.

IN the political field one might say that
most people do not vote tor a Presi-
dent but for the kind of friends and
neighbors they would like to have. This
clearly has tremendous implications for
the conduct of election campaigns. The
whole orientation of propaganda will be
affected. The role of pamphlets, speeches

and other more formal devices probably
depends upon whether they can be in-
tegrated into the processes by which
primary groups are formed and de-
veloped.

Not only the voter’s occupation and
income but the whole social context in
which he lives plays a part in determin-
ing how he will vote. Thus in the tradi-
tionally Republican rural Middle West
sales clerks tend to vote Republican,
while in large cities, where the prevail-
ing atmosphere is Democratic, they are
more likely to vote for that party. Like-
wise in England workers living in a solid
working-class district are more likely to
vote Labor than workers of the same
occupations who live in a middle-class
district.

The practical politician has always
known that political machines are the
most important way to win elections.
Social scientists appear to be on the road
to adding more precise information to
this general observation. In the 1952
Congressional election the committee
that conducted the 1948 Elmira Study,
together with the American Association
tor Public Opinion Research, plans to
continue the-investigation by means of
a number of smaller regional panel
studies. It is hoped that this kind of
work, systematically carried out over
many years and in a variety of situations,
will increase our knowledge about votes
in the making.

e ——
Paul F. Lazarsfeld is

professor of sociology
at Columbia University.

AUGUST INTENTION

REPUBLICAN

DEMOCRATIC

STRONG  MILD NEUTRAL MILD  STRONG MORTALITY
DEWEY 206 144 30 8 2 28
TRUMAN 1 28 16 86 49 32
WALLACE 0 0 0 1 0 0
DIDN'T VOTE 38 1 99 3 12 38
MORTALITY 9 9 15 1 6 44
REFUSED 3 14 5 1 2 5
TOTAL 267 236 165 134 n 147

PRESIDENTIAL ELECTION OF 1948 was analyzed
to determine shifts by voters during campaign. A group
of voters in Elmira, N. Y., was interviewed in August
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and November. The results may be read: 206 who were
strongly Republican in August voted for Dewey, 11 for
Truman, etc. Mortality : voters not reached at given time.
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GROUND WATER

The subterranean rocks of the U. S. hold more water than all its

surface reservoirs. Yet the present demand on this mighty store

raises the question of whether it is being permanently depleted

THE average city-dweller usually has

little appreciation of the value of
water. Generally he is able to get
all he needs simply by opening a faucet,
and he takes it so much for granted that
he has ceased to be conscious of the fact
that water is a necessity of life; that,
moreover, modern civilization is more
dependent on water than on almost any
other commodity. Without water our
great refineries, chemical plants, steel
mills, power plants—our industry gener-
ally, to say nothing of commerce and
agriculture, would be helpless. What
most city dwellers have also failed to
realize, until recently, is that water, like
other raw materials, is not an unlimited
resource.
Is it possible that the U. S. may actu-

by A. N. Sayre

ally run short of water? In some parts of
the country, notably the arid sections of
the West, water has always, of course,
been something to worry about. In fron-
tier days men often fought pitched bat-
tles with six-shooters for possession of a
water hole, spring or stream. It was not
very long ago that Arizona mobilized its
militia to prevent construction of the
Imperial Dam, which would divert Colo-
rado River water from Arizona to Cal-
ifornia. The scene of battle in such dis-
putes over water rights has shifted to the
courts, commissions and legislatures, but
the battle goes on with undiminished
intensity.

During the past few years worries
about water have become widespread in
the U. S. Local water shortages have

appeared in many places in all parts of
the country. The problem was dramat-
ically brought to national attention in
the fall of 1949, when the nation’s largest
city, New York, suddenly found itself
confronted with a severe water shortage
and had to call on its people to reduce
water consumption. President Truman
considered the general situation so se-
rious that he appointed a commission to
develop a national water policy.

This national concern is well merited.
We need to take steps to conserve water.
But it is also possible to become too
alarmist about the situation. The nation’s
press has recently published some dis-
quieting predictions by writers who hold
that our water supplies are steadily and
irretrievably diminishing. They have
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cipitated on the surface of the earth. When a well is
sunk into permeable rocks, the water stands at the level
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stressed a supposed general dropping of
the water table. Let us examine the evi-
dence.

HE contention that the nation’s wa-

ter resources are declining has been
based in large part on two surveys, each
made a number of years ago. The first
was by the late W. J. McGee, of the De-
partment of Agriculture, who was one
of the earliest champions of the conser-
vation of natural resources. In 1910
McGee sent a questionnaire to 33,000
township crop-reporters of the Depart-
ment of Agriculture asking them to re-
port on ground-water levels, as measured
by the depth of water in wells. From
their replies he concluded that over a
period of 25 to 30 years water levels had
steadily declined at a small but appreci-
able rate.

But McGee’s conclusions were later
refuted in a careful analysis by the late
O. E. Meinzer, formerly Geologist in
Charge of the Ground Water Branch of
the Geological Survey. Meinzer pointed
out several errors in McGee’s fundamen-
tal assumptions. In the first place, the
measurements had recorded the depth
of water in the well rather than the dis-
tance of the water level from the land
surface. Inasmuch as wells commonly fill
at the bottom because of caving and de-
posits of material from the outside, a re-
duction of the water depth in an old
well does not necessarily mean that the
water level has actually fallen. Secondly,
the 1910 measurements were made in
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the fall, when water levels are commonly
at or near the lowest stage of their an-
nual cycle. Thirdly, 1910 was an excep-
tionally dry year in much of the country;
in the upper Mississippi basin it was the
driest year since 1878.

The other survey commonly cited by
pessimists was made by H. E. Simpson,
formerly State Geologist of North Dako-
ta, and presented in the Report of the
Mississippi Valley Commission in 1934.
On the basis of questionnaires sent to
well drillers Simpson reached conclu-
sions similar to McGee’s. He reported
that over periods ranging from one to
several decades water levels in shallow
water-bearing formations had fallen gen-
erally in the upper Mississippi basin, de-
clining as much as 35 feet in western
South Dakota, and that the deeper arte-
sian levels, especially in the Dakotas,
had declined much farther. The fall in
artesian levels is well substantiated. But
the decline in the shallow water-bearing
formations was only temporary; it was
due to shortages of precipitation during
the drought years of the early 1930s.

Actually exact measurements of
ground-water levels made in recent dec-
ades by the U. S. Geological Survey and
its cooperating state and Federal agen-
cies show that the pessimism of McGee
and Simpson was unwarranted. It is true
that there have been substantial declines
in many areas, notably Memphis, Tenn.,
Houston, Tex., Long Beach, Calif., Mo-
bile, Ala., the Philadelphia-Camden
area, the Grand Prairie region in Arkan-

sas, the great Dakota artesian reservoir
in North Dakota and South Dakota, the
High Plains area of Texas and New
Mexico, and most of the irrigated valleys
of Arizona and New Mexico. But in
nearly every case the areas of decline are
areas where the ground-water reserves
have been heavily pumped. The declines
reflect increased use of ground water
rather than a general falling off of re-
sources. Outside the areas of heavy
pumping there has been no apparent re-
gional net decline in water levels within
the period of record. Ground-water lev-
els have fluctuated with precipitation,
declining in periods of low precipitation
and rising during periods of heavy pre-
cipitation.

Records of the measured flow of
streams likewise fail to show any gen-
erally significant long-term trend. Ac-
cording to Engineer W. B. Langbein of
the U. S. Geological Survey, stream flow
did decline during the early part of this
century, reaching a low point during the
1930s, but since 1940 there has been an
upward trend in the flow of most streams.
One of the few striking exceptions is
the Southwest, where stream flow has
continued to decrease since 1940.

In considering whether our water re-
sources are diminishing, it should be re-
membered that the records are scarcely
long enough to permit valid conclusions.
Most of our water-level and stream-flow
observations were begun within the past
30 or 40 years; very few go back as far
as 100 years. Our longest records of pre-
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of the water table. When a well is sunk into permeable
rocks beneath an impermeable formation, the water
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rises. Such a well is called artesian. The level to which
artesian water will rise is called the piezometric surface.
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cipitation and temperature cover only a
little more than 200 years. We know
from geologic and other evidence that
precipitation and other climatic factors
bearing on water supply have fluctuated
widely. By a synthesis of all lines of
evidence eventually we may be able
te make some deductions about our long-
term water prospects. But at the pres-
ent time it is difficult to say with assur-
ance whether our water supply is likely
to increase or diminish.

HE PRESENT shortages of water in

a growing number of communities
in the U. S. are due primarily to in-
creased consumption of water rather
than to any important change in the
natural supply. Not only has our popula-
tion increased but our per capita use
of water has risen—and at a much greater
rate. In Texas, for example, while the
population tripled in the 50-year period
ending in 1940, the use of water for
industrial and municipal purposes in-
creased about 30 times, for irrigation
about 55 times, and for water power
about 85 times; for all purposes the
average over-all increase was almost 71
times. Similar increases in the use of
water have occurred throughout the na-
tion.

Thus far most communities have been
able to obtain the necessary additional
water supplies by tapping new and gen-
erally more distant sources of water. This
is the method by which New York City
expects to overcome its present water
shortage. It seems likely that under pres-
ent rates of water use, and allowing for
a normal population increase, most com-
munities will be able to satisfy their in-
creasing water needs for many years to
come by reaching out farther for their
water supplies. Yet for some communi-
ties, less favored by nature, this pro-
cedure may be too costly, and eventually
new agricultural developments or indus-
trial processes that require large amounts
of water (e.g., the hydrogenation of coal
and oil-shale) may bring water shortages
home to many U. S. areas.

We can no longer afford, therefore, to
dally with the problem. Clearly we need
to proceed as rapidly as possible to take
an inventory of what and where our
water resources are. Already some in-
dustries are finding it necessary to search
for areas of abundant water as sites for
new plants. It seems likely that this will
take place, industry by industry, until a
rather thorough decentralization, based
on availability of water supplies, has re-
sulted. The finding of the necessary un-
developed resources of water will not,
however, be a simple matter. It is not a
problem that can be solved with a divin-
ing rod or by witchcraft. We shall
need a survey, area by area, of cur-
rent water supplies and long-term vari-
ations in them, and research into a
multitude of other problems in hydrol-

16

POPULATION

MUNICIPAL and INDUSTRIAL WATER SUPPLY

TOTAL WATER REQUIREMENTS

3000

0 1000 2000 4000

5000 7000 8000 9000

INCREASING DEMAND FOR WATER is illustrated by example of Texas.
From 1890 to 1940 population increased 287 per cent; water supply, 2,960;
land irrigated, 5,480; water power, 8,500; total water requirements, 7,070.

ogy that have scarcely been touched.
The resource that concerns us here
is ground water, a huge reserve that
amounts to many times the total volume
of water that is or could be stored in all
the nation’s natural and artificial surface
reservoirs. Ground water, roughly speak-
ing, is the great pool of water stored in
and transmitted through the porous
rocks below the land surface.
Hydrology, the science that deals with
the study of water, goes back to Marcus
Pollio Vitruvius, a Roman architect and
engineer who lived about the time of
Christ. He was the first to outline clearly
the theory that the water of springs and
rivers is derived from rain and snow,
which filters through the soil and rock
strata and eventually emerges at the sur-
face. Obvious as it may seem, this idea
was not generally accepted by savants
until near the end of the 17th century
and was not realized by the average lay-
man until comparatively recent times.
Leonardo da Vinci, Bernard Palissy and
perhaps a few others, by their own
shrewd deductions, reached conclusions
similar to those of Vitruvius. But no
quantitative tests of the theory were
made until the measurements of the
17th-century Frenchmen Pierre Perrault
and Edmé Marriotte and the Englishman
Edmund Halley (who is better known
for his work in astronomy). Perrault
measured the rainfall and the discharge
of the Seine River during a period of
three years and computed that the pre-
cipitation in the Seine Basin was about
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six times the quantity of water dis-
charged by the river. Marriotte essen-
tially verified Perrault’s results. Halley,
by measuring evaporation rates, demon-
strated that the water evaporated from
the Mediterranean was ample to supply
the rivers flowing into that sea. These
pioneering studies were followed by a
great number of investigations by many
scientists which filled in the picture.

It is now recognized that there is a
vast circulation of water from the sea to
the land and back to the sea again—the
“hydrologic cycle.” The cycle is imper-
fect. Much of the water evaporated from
the sea is precipitated on the sea itself.
Of the part precipitated on the land,
some is returned directly to the atmos-
phere; some flows off directly through
streams; some is locked more or less per-
manently in chemical combination with
minerals; some filters through the soils
and rock strata of the earth and eventu-
ally returns to the streams or to the
ocean.

Thus essentially all fresh water is de-
rived from precipitation. It becomes
available for human use only when it is
collected in some kind of natural or arti-
ficial catchment. In many parts of the
world people still get water for domestic
use by collecting rainfall from roofs and
storing it in cisterns. On Gibraltar and
in the Virgin Islands rainfall is caught
on paved hillsides and conducted to stor-
age reservoirs. Man has devised all sorts
of methods for collecting precipitation.
But the great catchment system from
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which he gets most of his water is na-
ture’s rivers and lakes and her vast un-
derground reservoirs of permeable
rocks.

THE water-bearing formations that
make up the natural underground
reservoirs are called “aquifers.” They
differ greatly in shape, thickness and
extent. For example, in Texas the geo-
logic formation known as the Carrizo
sand ranges from about 100 to 200 feet
in thickness and provides potable water
in an area 20 to 50 miles wide and hun-
dreds of miles long; by contrast, some
of the permeable glacial deposits of the
Middle Western States have a thickness
of only a few feet and an extent of less
than a few square miles.

Two important factors, among others,
govern the amount and availability of
water in an aquifer. One is the porosity
of the rock, i.e., the proportion of the to-
tal volume that consists of voids or inter-

stices that can be occupied by water. The -

porosity, of course, determines how
much water the formation can hold. The
other factor is the permeability of the
rocks, which determines how freely wa-
ter can move through them. Permeability
and porosity are not synonymous. Shales
and clays, for example, are highly porous
and can hold a great deal of water, but
their pores are so tiny that they are rela-
tively impermeable; under ordinary gra-
dients water moves very slowly through
them or not at all. Hence wells drilled
into such rocks mav be dry or produce

only small amounts of water. The perme-
able rocks are sands, gravels, cavernous
limestones and any dense rock that has
been fractured, as by earth movements.

Ground water may be loosely defined
as the water in the saturation zone where
all the spaces in the rocks are filled with
water. The upper surface of the zone of
saturation in unconfined permeable
rocks is called the water table. If all the
rock through which a well passes is per-
meable, the water will stand in the well
at the level of the water table. If the rock
overlying the water-bearing bed is im-
permeable, the water is under pressure,
and when a well is sunk to it the water
will rise. Such water is called artesian,
after the French province of Artois,
where the first flowing wells were con-
structed in 1126.

Contrary to a widespread impression,
the water table is almost never a flat
surface; it is higher under hills than in
valleys. Moreover, it is not static but
rises and falls as water is added to the
zone of saturation or is taken from it.
Where the water table intersects the
land surface, water issues as springs or
seeps, and under certain conditions a
marsh or lake may be formed.

Artesian aquifers are generally re-
charged at a considerable distance from
the area of flow, sometimes several hun-
dred miles away, as in the Dakota arte-
sian basin. Local rainfall in the area of
flow does not help to recharge such
aquifers. Nonartesian aquifers, on the
other hand, are ordinarily recharged by
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measures the rate of evaporation. Observation well and
stream-gauging station measure the balance of the cycle.

local rains in the area where pumping
occurs.

Because a great many factors affect
the fate of the precipitation that falls on
the earth, much of it is prevented from
replenishing the ground-water supply.
The absorptive capacity of the soil and
underlying rocks, the topography, the
kind of vegetal cover, the form, intensity
and total amount of the precipitation it-
self—all these determine whether pre-
cipitation will sink into the land surface
or run off over it. A light rainfall may
be evaporated from the soil or the leaves
of plants without sinking in at all.

In large areas of the U. S. the rocks
beneath the surface are impermeable
and there are no good aquifers. Thus
much of the precipitation runs off, erod-
ing the soil. Erosion can be retarded and
infiltration capacity substantially in-
creased by establishing vegetal cover
and by other beneficial land-use prac-
tices. A cover of vegetation is not an
unmixed blessing, for the plants them-
selves take up much of the water, but it
can often increase the yield of shallow
wells and springs and seeps which help
maintain the flow of streams in dry sea-
sons. In areas where the subsurface is
highly permeable so that good aquifers
are available, the soil’s absorptive capac-
ity is high already, but man can still
improve matters by storing flood waters
from adjacent areas and artificially re-
charging the underground reservoirs
when necessary. On the other hand, in-
dustrial or housing developments, with
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their large areas of roofs and paving,
greatly reduce the opportunity for
ground-water recharge.

Of the water that sinks into the ground
a very large part is held by molecular
attraction to the walls of the pore spaces
in the soil above the water table. It re-
mains there as “suspended water”
until plants draw it up through their root
systems and transpire it into the atmos-
phere through their leaves. Especially
during the growing season, when the de-
mands of the vegetation are large, most
of the precipitation may be used up in
this manner. Even when there is so much
water that some of it can sink to the zone
of saturation in the underlying rocks, it
is still not entirely safe from the demands
of certain plants, such as alfalfa, salt
cedar and cottonwood, which send their
roots so deep that they reach the zone
of saturation unless the water table is
extremely deep.

WHEN water reaches an impermea-
ble layer or the zone of saturation,
it moves laterally under the force of
gravity until it emerges as springs or
seeps and thus returns to the streams.
About 40 per cent of the flow of sur-
face streams in the U. S. is derived
from ground water. There is a close in-
terrelationship between surface water
and ground water, and the flow is not
all one way. In humid areas ground
water feeds the streams, but in many
arid and semi-arid regions and in areas
of heavy ground-water pumpage adja-
cent to streams, the streams feed the
ground water.

The proportion of the precipitation
that returns to the sea through streams
and through subterranean courses has
been determined in only a few places. It
varies widely from place to place and
from time to time at the same place. For
example, data from Ohio indicate that
of the 38 inches average annual precipi-
tation, approximately 13 inches is dis-
charged by ground water and stream
flow and about 25 inches is evaporated
or transpired; in the Miami, Fla., coastal
area, of the 60 inches average annual
precipitation, approximately' 25 inches
is discharged through the streams and
about 35 inches is lost by evapo-transpi-
ration.

There is a wide range of ground-water
conditions in the U. S., as might be ex-
pected from the great differences in
climate, topography, geology, permea-
bility of rocks and the extent to which
individual aquifers are exposed to re-
charge from precipitation or, in some
arid regions, from stream flow. Among
the most productive ground-water re-
gions are the Atlantic and Gulf coastal
plains; part of the North Central area, es-
pecially Michigan and northern Indiana;
parts of the northern High Plains in
Nebraska; certain alluvial basins in the
West that are adjacent to high moun-
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tains which receive abundant precipita-
tion, and parts of the Pacific Northwest.
Among the least productive ground-
water regions are a mid-continent belt
extending from Kentucky and Tennessee
to the eastern margin of the High Plains,
parts of the northern Great Plains in the
Dakotas and Montana, and the low
meuntains and high plateaus of the arid
West.

The U. S. is blessed with enormous
and generally underdeveloped ground-
water resources, but the geographical
distribution of the ground water is far
from uniform, and it is this factor, rather
than an over-all shortage of water, that
is responsible for most of our ground-
water problems. Unfortunately we know
too little of our ground-water resources
in detail. The study and appraisal of
them have been carried out on a gradual-
ly increasing scale. But only a small
percentage of the nation has been cov-
ered by the systematic, comprehensive
and integrated investigations that are
required.

Ground-water investigations often are
very complex, time-consuming, and, in
some places, costly. They include not
only geologic and geophysical mapping
to determine the location, extent and
thickness of water-bearing formations,
but also hydrologic mapping and physi-
cal studies to determine the permeability
and porosity of the rock, the amount of
water that enters the aquifers, the di-
rection and rate of movement of the wa-
ter and the areas of recharge to and dis-
charge from the aquifers. Inasmuch as
water beneath the land surface is invisi-
ble, the relevant data are often deter-
mined by indirect methods such as elec-
tric and gamma-ray logging and exam-
ination of the geologic strata in drilled
wells, as well as by actual pumping tests.

I N ORDER to utilize our ground-water
resources effectively and thus main-
tain our industrial and agricultural ex-
pansion, it is essential to proceed with
these studies as rapidly as is practicable.
The slow rate of progress in this field
was pointed out in 1940 in a report by
the National Resources Planning Board
called “Deficiencies in Hydrologic Re-
search.” It was reiterated by the Natural
Resources Task Force of the Hoover
Commission in 1949. The need for re-
search will doubtless be one of the prime
considerations of President Truman’s
Water Resources Policy Commission.
The evidence that the water problem
has finally aroused interest among the
public and in high places in government
gives hope that we can look forward to
full development of our water resources.

e ——
A. N. Sayre is Geologist
in Charge of the Ground

Water Branch of the
U. S. Geological Survey.
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SPINAL CAT has a characteristic at-
titude. One hind leg is thrust out
stiffly ; the other is twisted backward.

‘Spinal” Cats Walk

When the spinal cord of an animal is cut, a permanent paralysis

has been thought to result. Now some remarkable experiments show

that in some animals the severed system is capable of learning

EARNING, students of the nervous
L system have long been taught, can
occur only in the brain. This theor
is founded on the well-established fact
that the brain is the master of the senses
and of all voluntary activity. An animal
can feel a stimulus and make a volun-
tary response to it only if the nerve im-
pulses involved pass through the brain.
The brain receives an impulse from the
stimulated organ (eyes, ears, nose,
tongue or skin), translates this impulse
into some sensation and then responds
by sending an impulse calling for action
to an effector organ, such as a muscle or
a gland. If the nerve pathways over
which these impulses travel are blocked,
by injury or disease, the animal loses
sensation or the power of voluntary
movement or both, depending on the
location and extent of the damage.

The spinal cord, though also a part
of the central nervous system, can feel
nothing nor initiate any voluntary activ-
ity. If the spinal cord is cut through, the
part of the body below the cut, having
lost nervous contact with the brain, is
completely paralyzed and loses all sen-
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by P. S. Shurrager

sation. The functions of the spinal cord
have been carefully studied through ex-
periments on animals by many investi-
gators, and the general picture is as
follows: Immediately after the cord is
severed the animal goes into a state of
“spinal shock.” The part of the body
below the cut shows no nervous response
whatever; even reflexes are absent. If the
animal lives, it eventually recovers from
shock and “spinal reflexes” reappear be-
low the cut. The animal’s lower limbs
can respond to a stimulus: when a leg is
touched or stimulated by a mild electric
shock, it moves. But it is not a response
that can be controlled or made intention-
ally. When not artificially stimulated, the
body below the injury is completely
limp, or it may become rigid, with cer-
tain muscles more or less permanently
contracted. The animal typically drags
itself about and, since there is no sense
of pain in the lower part of the body, it
often rubs raw, infected sores there. The
unused muscles atrophy. Circulation and
processes of digestion and elimination
are depressed.

Yet the powers of the isolated part of
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the nervous system are not entirely lost.
The great English physiologist Sir
Charles Sherrington, who made many
experiments with spinal animals, found
that if a spinal dog’s feet were placed so
that the body was balanced, the animal
could stand alone for a short period.
When the animal was held up in the air,
its hind legs made rhythmical stepping
movements. Was it possible that this
standing and stepping behavior could be
integrated and trained so that a spinal
animal could actually walk? Sherrington
concluded that it was not, and the ac-
cepted theory has been that the spinal
reflex responses are not modifiable—in
short, that no learning can take place in
a spinal nervous system cut off from the
brain.

The writer does not agree with this
theory. In a series of experiments started
at the University of Illinois and con-
tinued at the University of Rochester
and, during the past two years, at Illinois
Institute of Technology, it has been
demonstrated that a simple form of
learning in the severed spinal system is
possible; indeed, that spinal animals can



be trained to walk. Although sensation
and the power of voluntary activity are
missing, the system of spinal reflexes can
be coordinated into a functional pattern
of behavior.

The technique we used to determine
whether the spinal cord is capable of
learning was the “conditioning” of re-
flexes. For example, a weak stimulus,
such as the stroke of a soft brush or a
mild electric shock, was applied to the
tail of a spinal animal. There was no
response, beyond perhaps a twitch of
the tail. A second later a much stronger
stimulus was applied to the paw; this
made the leg muscles flex. After this
combination of a weak tail stimulus and
strong paw stimulus had been applied a
number of times, the tail stimulus alone
was sufficient to cause flexing of the leg
muscles.

Having demonstrated in this way that
spinal responses could be modified, my
colleagues R. A. Dykman and H. C.
Shurrager and I proceeded to attempt to
train spinal animals in more elaborate
conditioned responses. The abilities
achieved by some of them exceeded any-
thing we had thought possible.

The subjects were young cats and
dogs under three months old. Under
ether anesthesia their spinal cords were

SPINAL CAT IS SUSPENDED in apparatus for condi-
tioning and stimulating responses of the hind legs. A
weak stimulus was applied to the tail and, almost simul-

exposed by breaking away the tops of
the spinal vertebrae, which are compara-
tively soft in young animals. The exposed
cords were then tied tightly with silk
thread at two points approximately one
centimeter apart and cut through be-
tween these ligatures. The cut was made
between the tenth thoracic and third
lumbar vertebrae—roughly the middle of
the back. Aseptic operating conditions
were maintained; infections were con-
trolled with penicillin and sulfa drugs.
Some of the subjects on which the op-
eration was performed were kittens a
few days old. These kittens were put
back with their mothers immediately
after the operation. The old cats ac-
cepted them without demur, fed them
and cleaned them, and the kittens were
apparently as healthy as their normal
litter mates. The older spinal animals,
capable of feeding themselves, had a
diet of diluted condensed milk, raw egg,
liver and kidney and commercially pre-
pared canned foods.

All the spinal animals were kept in
boxes filled to a depth of at least a foot
with paper excelsior. This permitted the
animals to move about without injuring
the insensitive hind part of the body on
hard or rough surfaces. It also stimulated
movements of the paralyzed hind limbs

and provided resistance against which
they pulled when entangled. Within 24
hours after the spinal operation, elec-
trical stimulation of the hind legs was
begun. Stimuli were applied at 30-sec-
ond intervals for at least an hour every
day. During the stimulation the animals
were comfortably supported on a pad-
ded board, with their hind legs free
above a table. Electrodes were attached
to the hind paws, and a stimulus of suf-
ficient intensity to induce full flexion of
the stimulated leg was applied alternate-
ly to the left and right legs. When one
leg flexes, the opposite leg extends, so
this treatment elicited a series of such
“crossed extensor” responses.

WHEN the kittens and puppies were
old enough, they received a great
deal of handling and attention in addi-
tion to the controlled electrical treat-
ments. They were exercised daily on
wide strips of corrugated cardboard
stretched on the floor. The corrugated
surface gave their hind feet something
to push against; on bare floors they
would have slipped. The animals were
coaxed to climb over folds of the card-
board. They were given balls, corks and
bits of string to play with, were rolled
on their backs so they could wrestle with

i g &
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taneously, a stronger stimulus to one of the hind paws,
causing the leg to flex. After a time the weak stimulus
applied to the tail was sufficient to cause the leg to flex.

2i



the experimenter’s hand, and in general
were encouraged to be as active as pos-
sible. They also received regular massage
treatments of their hind legs.

This constituted the spinal animals’
“training.” What were the results? Im-
mediately after the operation the ani-
mals lay in grotesque positions, with their
legs thrust out or twisted under them.
Their limp hind legs offered no resist-
ance when flexed with the hand. But
after a few days of training, resistance
to flexion began to develop. At rest in
their boxes, some of the animals assumed
a more normal crouching position with
their legs drawn up. Three quarters of
the animals in our experiments never
progressed much beyond this stage. But
others continued to improve. They first
attempted to rise, then learned to bal-
ance on all four feet and to take a few
tottering steps. As time went on, the
stood for longer periods and walked far-
ther without falling.

It must be emphasized that a spinal
animal’s walking does not approximate
that of the normal animal in speed,
smoothness or continuity. It is, however,
a complex form of coordinated and func-
tionally adequate behavior. Among these
spinal animals, one remarkable cat could
remain on its feet for as long as 15 min-
utes at a time, could step up six inches
and down six inches, could crouch and
spring, could run for a few feet, change
direction and even turn corners without
falling—all on bare wooden floors.

How can a spinal animal attain the
coordination between fore and hind legs
that is necessary for walking? One possi-
ble explanation might be that the animal
re-establishes nerve connections between
the hind part and the brain, either by a
regeneration of nerve fibers or by way
of indirect pathways in the nervous sys-
tem whereby nerve impulses can by-pass
the interruption in the spinal cord. To
test this interpretation we took two cats
that had developed some spinal walking
ability and cut their spinal cords in a
second place above the point where they
had been cut originally. After recovery
from this new operation, the two cats
were able to walk as well as before. This
seemed to be clear proof that their coor-
dinated leg movements depended only
on the nerve system within the originally
isolated section of spinal cord. More-
over, it must be remembered that spinal
animals feel no sensation in the part of
the body behind the cut and have no
voluntary control of movements—an-
other indication that no nerve connec-
tions with the brain are re-established.

UR conclusion is that learning does
occur in the isolated part of the
nervous system, by a process analogous
to reflex conditioning. In the earliest
stages the animal’s movements probably
are purely mechanical: its hind limbs
make compensatory adjustments when it
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is off balance in much the same way as
a hinged doll walks down an incline. If
a front leg steps forward, pulls are ex-
erted on the muscles and tendons of the
rear body and legs. When these stimuli
become strong enough, there is a reflex
response of a hind leg which in effect is
a step. Then the other front leg moves
forward and the other hind leg follows.
At first progression is very unsteady and
the animal soon falls, but its coordination
and speed improve with practice and
this improvement must be the result of
learning. Undoubtedly much of this
learning occurs in the front part of the
body still served by the brain. Move-
ments of the rear end exert pulls on
structures of the front end, and the ani-
mal learns to interpret these stimuli as
cues to the position and movements of
the hind legs it cannot actually feel. It
can then manipulate the parts of the
body it can control so as to initiate ap-
propriate movements in the rear end.
This is not meant to imply that these are
conscious postural adjustments, but
rather that certain responses, after oc-
curring repeatedly in conjunction with
given stimuli, come to be evoked by
these stimuli. They are, in Pavlov's
terminology, “conditioned reflexes.”

There are several reasons for believ-
ing that learning by conditioning also
occurs in the rear end of the body.
Among them is the fact that when train-
ing is discontinued, the acquired skill in
walking deteriorates. This conforms to an
established law of conditioning: when a
conditioned stimulus occurs repeatedly
and is not reinforced, the conditioned
response weakens and disappears. When
a spinal animal is confined to its box and
has no opportunity to move about,
stimuli still impinge upon its receptors,
but the conditioned walking responses
are prevented from occurring. In general
terms, the animal first learns to make re-
sponses and then learns not to make
them.

It may be argued that the degenera-
tion of walking ability in these animals
is attributable to a lowering of their
physical vitality due to confinement and
inactivity. Undoubtedly the remarkable
performances of our experimental ani-
mals can be accounted for partly by the
fact that they were kept in superior
physical condition. But among animals
that were all apparently at the same level
of health, the efficiency of performance
tended to depend on the relative amount
of training and practice.

Our spinal animals were able to per-
form more complex acts than any re-
ported in previous attempts to train such
animals. What factors in our experimen-
tal situation might account for this? Sev-
eral possible explanations suggest them-
selves. All of our animals were very
young. Perhaps the modifiability of cen-
tral nervous tissue decreases with age.
Even within the narrow age range (a
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few days to three months) of the animals
on which we operated, there was a tend-
ency for those whose spinal cords were
cut at the earliest ages to show less evi-
dence of spinal shock, to recover more
rapidly and ultimately to demonstrate
better walking ability. Another factor, as
we have already suggested, was the in-
tensive course of electrical treatments,
exercise and handling given the animals.
Because many of the animals failed to
respond to these treatments, it is not pos-
sible to assert definitely that the training
itself was responsible for the success of
those animals that learned to walk, but
it seems significant that no walking be-
havior developed in animals that were
not systematically stimulated and exer-
cised. Still another factor was the close
relationship between the animals and
the experimenters. The kittens and pup-
pies were not confined in standard cages
nor isolated in the animal room, but were
kept in the laboratory and became pets.
Students and staff members, who came
and went all day, stroked them and
talked to them and offered them bits of
food. Without exception the cats and
dogs were very responsive and excep-
tionally gentle and easy to handle. It is
perhaps not too fantastic to suggest that
all this had some stimulating effect on
the animals’ learning.

FI‘ HE major contribution of this work
is that it shows that spinal cats and
dogs are capable of much more complex
and useful patterns of responses than
had previously been thought possible.
The involuntary movements of the hind
legs can be organized so as to enable
some of these apparently hopelessly
paralyzed animals to move about with
relative ease. There is, of course, a
temptation to generalize from spinal cats
and dogs to spinal human beings, i.e.,
people whose spinal cords have been
damaged by accident or disease. The
work reported here has given rise to
optimistic interpretations that have
aroused considerable public interest. It
must be emphasized that so far as our
work is concerned there is absolutely no
experimental evidence to support such
interpretations. The fact that a kitten
whose spinal cord is severed can learn
to walk is far from presumptive evidence
that a man whose spinal cord is severed
or damaged can also learn to walk. The
higher an animal is in the evolutionary
scale, the more complex are its response
systems and the more dependent it is
upon its brain. In any case, it is for medi-
cal men to investigate what implications,
if any, this research may have for human
paraplegics.

e ———

P. S. Shurrager is chairman
of the department of psychol-
ogy and education at the Illi-
nois Institute of Technology.



Photography

SHOWS A CAVITY IN A COLUMN OF WATER

Harvey, McElroy, and Whitely (at Princeton) shot a 5-mm. rod
through a column of water at 12.2 meters per second. Using the
Kodak High Speed Camera, which can make 1000 to 3200 pictures
per second, they photographed what happened. Then, projecting

the film at 16 frames ser second, they could study the remarkable
branched cavity formed behind the rod, and the way the cavity decays
in a series of decreasing oscillations in and out of existence.

The Kodak High Speed Camera now comes with the new Kodak
Cine Ektar Lens, 63mm. f/2.0. With nearly twice the light-gathering
ability previously available, proper illumination becomes easier.
The superb over-all image quality reveals significant details to sup-
plement the “slowing down” of time. For more information about
this instrument and how it can be applied to your problems in time-
motion measurement, write Eastman Kodak Company, Industrial
Photographic Division, Rochester 4, N. Y.

HIGH SPEED MOVIES

e+« an important function of photography
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Organized Self-Protection

N California, Michigan, Missouri,

Connecticut, New Jersey, upstate
New York and many other areas, real-
estate brokers have noted signs of an
accelerated movement to the country.
Some of them report that since the pub-
lication of the Atomic Energy Commis-
sion’s best-selling book, The Effects of
Atomic Weapons, inquiries from city-
dwellers about farm properties have
doubled. Advertisements of “Country
Retreats” have begun to appear in the
newspapers. In Teaneck, N. J., three en-
terprising World War II veterans have
gone into the business of building con-
crete atomic bomb shelters. They offer
to construct a shelter 10 by 10 feet with
18-inch walls under the garage for
$1,500, and point out that the shelters
will not be a total loss “even if there are
no atomic bomb explosions, because they
can be used as wine cellars or utility
rooms.” In New York City the skyscraper
Sherry-Netherland Hotel has arranged
to shelter its guests in its deep cellars,
and one projected Madison Avenue of-
fice building has included shelter accom-
modations for 4,000 in its plans. A reso-
lution proposing that the city take steps
toward building shelters under parks,
playgrounds and buildings, at a cost of
about $450 million, has been introduced
in the City Council. In California, gu-
bernatorial candidate James Roosevelt
demanded that the state build accom-
modations in the country for four million
possible evacuees from coastal cities.

In recent weeks the nation’s increas-
ing civil-defense consciousness has been
reflected in many sporadic indications
such as these, but the wide interest in
the subject has not yet crystallized into
much organized activity. The U. S. has
been presented with a “master plan,”
prepared by the Civilian Mobilization
Office of the National Security Resources
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Board and submitted to Congress by
President Truman. The plan, however,
places “the primary responsibility for
civil defense” on the states and local
communities. Its philosophy is summed
up in the phrase “organized self-protec-
tion.”

The report proposes that the responsi-
bility of the Federal government be lim-
ited to over-all planning, issuing infor-
mational material, training technicians,
coordinating interstate operations, fur-
nishing some essential equipment and
possibly contributing funds to the states
for distribution to communities. These
activities would be carried on under a
basic law creating a new Civil Defense
Administration. The control and direc-
tion of operations would be in the hands
of the states, which would be responsi-
ble for providing leadership and organiz-
ing intercommunity cooperation. The
plan includes proposals for a national
civil-defense law and a model state law.

“Civil defense is conceived as a system
which will depend largely on coopera-
tion between critical target areas and the
communities around them,” says the re-
port. “To make every critical target com-
munity completely dependent upon its
own resources would dislocate the na-
tional economy and jeopardize the rest
of the defense effort.”

The proposed preparations for de-
fense are essentially the same as those
used in World War II by Britain and
Germany, with modifications to take in-
to account the peculiar characteristics
of the atomic bomb. Thus the program
includes air-raid warnings, bomb shel-
ters, wardens, fire, health and rescue
service. It omits, however, any discus-
sion of long-range measures such as dis-
persal of cities or industries. (In a sepa-
rate action, President Truman has asked
Congress for $139 million to begin long-
range planning for dispersal of Federal
government offices from Washington.)

So little has thus far been accom-
plished at the state and local level that
many believe the Federal government
may have to take a more active hand
than is contemplated in this plan. The
Bulletin of the Atomic Scientists, sur-
veying existing state legislation, recently
reported that 23 states still lack a civil-
defense plan, a state civil-defense direc-
tor or both. And the U. S. Conference of
Mayors, meeting last month in Wash-
ington, revealed an almost total lack cf
progress in civil-defense measures thus
far.

One mayor reported that he had ap-
pealed for 5,000 civil-defense volunteers
in his city and at the end of a month had
received only 20 responses. Many of tlie
mayors indicated that they were con-
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fused as to what was expected of them
or how to start to organize a civil-defense
program. Mayor Elmer E. Robinson of
San Francisco, apparently speaking for
many others, declared that Washington
must provide more aggressive leader-
ship.

It is reported that the Administration
will ask Congress at its coming session
for somewhere between $100 million
and $300 million for civil defense. This,
however, appears to be far below the
demands that will be made by the states.
The New York City resolution urges that
the Federal government provide $2 bil-
lion for shelter construction alone.

NSF in Business

[THIN the next few weeks, when

Congress reconvenes, President
Truman is expected to nominate the 24-
member governing board for the Na-
tional Science Foundation. The Founda-
tion was narrowly rescued during the
last days of the recent Congressional ses-
sion after the House Appropriations
Committee had voted down an appro-
priation necessary to put it in business.
The Senate Appropriations Committee,
on the urging of the President and sci-
entists’ organizations, restored $225,000
of the $475,000 the President had asked
for the Foundation’s first year. The re-
duced sum was finally approved by both
houses.

The Federation of American Scien-
tists, one of the groups actively backing
the Foundation, said: “It is clear that
continuing scientist support for NSF is
needed. At best, its activities this year
will be limited. Restricted funds will
probably reduce the estimated staff of
about 100. The agency will not be in a
position to support research and training
of young scientists for at least another
year. The scope of activities of NSF
from now on will depend largely on the
Appropriations Committees of the House
and Senate. An annual campaign may be
necessary to wring adequate funds trom
these ‘hard-boiled” groups.”

Vaccination and Polio

NE of the few well-established facts
about poliomyelitis is that physical
exhaustion or severe physical stress can
make people vulnerable to the disease.
Physicians advise against tonsillectomies
during the polio season. Now they have
found some evidence that preventive in-
oculations against diphtheria or whoop-
ing cough may also predispose some chil-
dren to attacks of polio.
In a polio epidemic last year in Mel-
bourne, Australia, a number of children
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who came down with the disease de-
veloped paralysis in the same limb in
which they had received inoculations
within the three months preceding the
attack. The more recent the injection,
and the younger the child, the more se-
vere the polio reaction. A careful check
ruled out the possibility that contamina-

‘tion of the hypodermic needle with polio

virus was responsible. The Melbourne
findings have been confirmed by inde-
pendent investigations in Great Britain.

Investigators have taken pains to
point out that only a small percentage
of those inoculated against diphtheria
contract polio, and that inoculation saves
far more lives than it endangers. Never-
theless, The Journal of the American
Medical Association concludes: “In view
of available evidence, it might be ad-
visable to postpone diphtheria and/or
pertussis [whooping cough] immuniza-
tion during a poliomyelitis epidemic.
Postponement of such immunizations for
a few months, until the end of the epi-
demic, would appear particularly dis-
creet when during these few months the
children are not likely to be exposed to
diphtheria or pertussis, i.e., when these
diseases are not unduly prevalent in the
community at the same time as the pol-
iomyelitis epidemic.”

Natural Tritium

TRITIUM, the radioactive isotope of
hydrogen with mass 3, is so short-
lived (half-life: 12 years) that physicists
have supposed it would never be found
in nature. Now Willard F. Libby of the
University of Chicago and Aristid V.
Grosse of Temple University have un-
mistakably identified traces of it in con-
centrated samples of heavy water. Ac-
cording to their measurements there is
only one atom of tritium to every million
million million atoms of ordinary hydro-
gen in natural water, which makes it the
rarest natural isotope found so far. It is
of course much too rare to be extracted
in any useful amount, for hydrogen
bombs or any other purpose.

Tritium is produced in nature by the
action of free neutrons liberated by cos-
mic rays in the upper atmosphere. Its
source is nitrogen 14. Usually when ni-
trogen 14 captures a neutron, it is con-
verted to radioactive carbon 14, but
occasionally it splits into three helium 4
nuclei and one tritium nucleus, or into
one carbon 12 and one tritium nucleus.
The tritium formed quickly encounters
a molecule of water vapor and displaces
one of the ordinary hydrogen atoms.
Eventually it is precipitated to earth.

Fifteen years ago, before it was known
that tritium was radioactive, Hugh S.
Taylor and his associates at Princeton
University believed they had isolated
some of the isotope from heavy water
by a mass separation method. The great
British physicist Lord Rutherford, scof-
fing at this result, gave Taylor a sample
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of heavy water and defied him to find
tritium in it. Taylor could not, but with
the sensitive new techniques they have
developed Libby and Grosse succeeded
in detecting tritium in this very sample.

Natural tritium is not likely to become
such a useful research tool as natural
carbon 14, which was found by Libby
and Grosse in 1947 and has become an
accurate means of determining the age
of archaeological materials. But it may
be helpful in oceanic research. If, as is
suspected, tritium is more abundant at
the poles than at the Equator, because
of the focusing of cosmic radiation by
the earth’s magnetic field, it could be
used to differentiate equatorial from
polar waters, and thus to trace ocean
currents.

Antiquity of the Indians

WHEN the Great Pyramids were be-
ing built on the Nile 5,000 years
ago, the area that is now New York State
had already been settled by American
Indians. There were human beings in
Mexico at least 7,000 years ago, in Ore-
gon and Nevada 10,000 years ago. These
discoveries, which lengthen previous es-
timates of the antiquity of these peoples
by thousands of years, were reported by
Willard F. Libby and James R. Arnold
of the University of Chicago at the re-
cent meeting of the National Academy
of Sciences in Schenectady, N. Y.

Libby and Arnold made their deter-
minations by the radiocarbon technique
(see above). They were given charcoal
from Indian cremation pits in New York,
sandals from a cave in Oregon, carvings
from Mexico. Knowing the rate of decay
of radioactive carbon 14, which all liv-
ing plants absorb from the air, they were
able to measure the radioactivity of these
materials as compared with that of living
plants, and arrive at an estimate of their
age.

For the Mentally 11l

“THE allegedly mentally ill person
may be arrested by a sheriff with a
warrant, charged with insanity by a
judge, detained in a jail pending the
hearing, tried in open court before a
jury, remanded to jail pending a vacancy
in a mental hospital, and finally trans-
ported to the hospital by a sheriff.” This
description by the Yale Law Journal of
the handling of the mentally ill applies,
in part or in whole, to most of the 48
states.

The Federal Security Agency believes
that this is a poor way to handle men-
tally sick people. It has submitted to all
the states a model law covering pro-
cedures for hospitalizing the mentally
ill.

The model law, said FSA Administra-
tor Oscar R. Ewing, is designed to assure
mentally ill: “first, maximum opportuni-
ty for prompt medical care; second, pro-
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NEW OPTICAL METHODS
EXTEND MICROSCOPE RANGE

Three principal systems of instrumen-
tation have been developed for extending
the spectral range of the microscope
through the infrared, visible, ultraviolet
and vacuum ultraviolet regions.

The importance of such systems lies in
the small order of magnitude of the ana-
lytic sample. Minute quantities (10—7 to
10—8 gm) of scarce organics have yielded
infrared spectra; ultraviolet records have
been obtained on even smaller samples.

The first system employs a reflecting
microscope illuminated with an achro-
matic monochromator, plus radiation de-
tector, or image converter.

In the second system, the object image
at the entrance slit of a spectrograph is seen
on film as a series of discrete or overlap-
ping monochromatic images.

System three employs illuminator and
reflecting microscope followed by mono-
chromator and radiation detector. The
image is relayed to the entrance slit of the
monochromator in a single-beam-record-
ing infrared spectrometer.

The above is a digest of a complete article
by R. C. Mellors of The Sloan-Kettering
Institute for Cancer Research.

You can receive the complete publication
from which these articles were digested.

Write The Perkin-Elmer Corporation, 535 Hope
St., Glenbrook, Conn., and you will receive
regularly THE PERKIN-ELMER INSTRUMENT
NEWS—an 8-page quarterly devoted to news
of the latest advances in electro-optical in-
strumentation. Here are some of the features
of the current issue:

ASPECTS OF ACTH & CORTISONE TREATMENT
Flame Photometer Aids Hormone Research

PERFORMANCE OF THE MODEL 12-C
Data on Spectrometer Design Changes

U. OF MICHIGAN NEW SCHMIDT TELESCOPE
To Study Milky Way Structure

AMPLIFIER ADAPTED FOR
VARIETY OF DETECTORS

The Perkin-Elmer Model 81 Amplifier,
originally developed for amplifying the
output of thermocouples in the Perkin-
Elmer Model 12-C Spectrometer, has
been adapted for use with other detectors.
With relatively simple . external circuits,
the amplifier will work satisfactorily with
lead sulfide cells, phototubes and photo-
multiplier tubes. Observed signal to noise
ratios are close to calculated theoretical
imposed values.

Perkin-Elmer Model 83 Monochromator used as an ultraviolet illuminator for micro-
photography at Sloan-Kettering Institute for Cancer Research, New York.

ADVERTISEMENT

© 1950 SCIENTIFIC AMERICAN, INC

INTERNATIONAL CRISIS
AGAIN CHALLENGES
INSTRUMENT-MAKERS

Grave responsibilities once again face
American instrument-makers as a result
of the Korean crisis and its impact on U.S.
defense plans, writes Walter J. Murphy,
American Chemical Society Editor, in the
Fall 1950 issue of INSTRUMENT NEWS.

Instrument manufacturers achieved “a
distinguished but little appreciated record”
during World War II and, if plans are
made now, they can readily duplicate and
exceed their former records.

Dr. Murphy urges that instrument-mak-
ers take immediate steps for greater ex-
pansion to meet the increasing demand for
instrumentation in all types of industry.
Rapid expansion of the atomic sciences
and growth of special atomic techniques
call for a new instrument line designed
specifically for an atomic age.

Automatic recording and control instru-
ments can help industry overcome its
shortage of trained technical personnel.
The development of devices aimed toward
such an end should be of primary concern
to American instrument-makers, con-
cludes Dr. Murphy.

A digest of an article by Walter J. Murphy
in the FALL 1950 INSTRUMENT NEWS.

ADRENAL HORMONES
MENTAL DISEASE FACTOR

ACTH and adrenal cortex hormones are
important factors in schizophrenia, accord-
ing to recently published investigations by
Dr. Gregory Pincus and Dr. Hudson
Hoagland of the Worcester Foundation
for Experimental Biology. Perhaps these
findings will pave the path for a national
chemotherapy of this prevalent illness.

Fatigue and stress studies conducted dur-
ing World War II showed that increased
output of adrenal cortex hormones was an
important part of the normal reaction to
stress. This stress-response mechanism is
deficient in schizophrenia. Although their
output of cortical hormones as a whole is
normal, stress situations in schizophrenics
fail to bring about the expected enhanced
output.

Injections of ACTH result in some im-
provement but cortical hormone output is
still below normal. Electric shock treat-
ments similarly stimulate output of adrenal
cortex hormones. Prognosis of improve-
ment with electric shock therapy can be
made by studying prior reactions of pa-
tients to injections of ACTH.
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tection against emotionally harmful or
degrading treatment; and third, protec-
tion against wrongful confinement and
deprivation of rights.”

The model law would:

1. Make voluntary hospitalization for
mental illness more readily available.

2. Place emphasis on medical judg-
ment in admission procedures.

3. Stop the practice of handling the
mentally ill like ordinary criminals; in-
stead of being tried in court before a
jury or held in jail pending a hospital
vacancy, the patient would be examined
and handled in a manner “not likely to
have a harmful effect” on his mental
health.

4. Permit a mentally ill person to be
committed to a hospital temporarily in
an emergency without a court hearing.

5. Protect the personal rights of the
hospitalized patient, particularly to al-
low him to have visitors or communicate
with people outside the hospital and to
prohibit his being placed under me-
chanical restraints except when medical-
ly required and on specific written order
of the hospital head.

Funerals

AMERICANS spend $700 million a
year for funerals—more than they
do as patients in hospitals. William M.
Kephart of the University of Pennsylva-
nia has made a survey of funeral prac-
tices and published his findings in
American Sociological Review. He con-
centrated on Philadelphia.

Kephart finds that class distinctions
which separate rich Philadelphians from
poor Philadelphians persist into the
grave. Among the poor, friends, relatives
and neighbors are invited to “view the
body”; the upper class restrict this privi-
lege to members of the family, and make
no comments on the appearance of the
deceased. One social registerite out of
10, he reports, has no viewing at all.

On the way to the cemetery, the poor
man is accompanied by all who attended
the funeral services. Among the upper
class, most of them just go home. On the
poor man’s grave go wreaths, pillows of
flowers and “bleeding hearts”; the rich
prefer simple baskets and sprays.

Although the rich are no longer so
addicted to mausoleums as in the gaud-
ier past, they still find their distinctive
resting place in a plot on high ground,
in a cemetery with “restricted clientele.”
Cremation, a spreading upper-class cus-
tom, may enable them to economize on
the casket and on cemetery space. The
poorest poor, on the other hand, arrive
at last in potter’s field, where they are
buried without flowers, clothes or names
in long trenches with only a number on
a wooden paddle. If their remains are
unclaimed, they share a final distinction,
or extinction, with the rich: their bodies
are dug up and burned to make room for
new tenants.



What GENERAL ELECTRIC People Are Saying

G. B. WARREN
Apparatus Department

Gas TursBINEs: For the first time
in industrial history gas turbines, a
new type of power plant adaptable
to land, rail, or marine use, have
gone into full-scale production.
Orders for more than 20 of the new
power plants have already been re-
ceived by General Electric, for use
in power generation and for gas-
pipeline pumping stations.

While it is still too early to pre-
dict the full potentials of this new
power plant, we foresee the in-
creased use of direct fuel-burning
power plants like the gas turbine to
help meet the country’s expanding
needs for electric power. Two units,
in particular, with ratings of 3500
and 5000 kilowatts, have unique
advantages:

(1) They are comparatively small
and compact, (2) they can be started
quickly and require minimum at-
tendance, (3) the smaller unit can
be made portable and therefore is
well suited for emergency use, (4)
both types can be moved easily
from the original location to meet
changing power needs, (5) they need
little or no water, and therefore have
special potentialities, particularly in
the Southwest, where low-cost gas
is available and water is scarce.

Three General Electric gas tur-
bines are already in use. Of these,
the first unit to be used in this coun-
try for electric power generation has
been in regular service more than a
year for the Oklahoma Gas & Elec-
tric Company in Oklahoma City. A
second was put into service last
April by a New England power com-
pany. Another powers a develop-
mental locomotive built at the Com-
pany’s Erie Works and now under-
going tests in regular service by the

Union Pacific Railroad.
Schenectady, New York
August 15, 1950
*
BERNARD VONNEGUT

Research Laboratory

RainmakiNG: Legislators in  the
future may well face many problems
connected with cloud seeding. Laws
may be necessary to prohiiit and

police seeding operations contrary
to the best interests of the public.
Licensing of seeding operators and
permits for seeding may be desirable
m the future.

The extent to which new laws
may be necessary to control cloud
seeding depends largely on to what
extent these groups now conducting
these operations meet their re-
sponsibility to the public. Those
scientists engaged in research in this
field must keep the public and their
legislators informed and must exer-
cise every caution to be sure that
at no time do they run the risk of
aiding a few people at the expense
of many.

New England Assn. of Chemistry
Teachers; Storrs, Connecticut

August 25, 1950

*

C. L. SCHUCK
Apparatus Department

Power Fuses: A need exists for
low-voltage fuses having much
higher short-circuit interrupting ca-
pacity than that of cartridge fuses
commonly used.

Cartridge fuses for circuits of 600
volts and less have been used in the
United States for many years, prin-
cipally in low-burden branch cir-
cuits where available fault currents
were relatively low. They are pro-
duced by numerous manufacturers,
and practically all makes satisfy the
National Electrical Code through
compliance with the “Standard for
Fuses” of Underwriters’ Labora-
tories, Inc.

In the matter of short-circuit
interrupting ability, the “Standard
for Fuses’ includes a d-c test with
10,000 amp available, the rate of
rise of the U. L. New York City
testing circuit being approximately
2,000,000 amp per sec. While most
applications of cartridge fuses are
on a-c circuits, this d-c short-circuit

test is, even today, the only criterion
in use for determining the accept-
ability of fuses for application on
either a-c or d-c circuits.

However, no direct inference is
valid concerning the a-c short-cir-
cuit interrupting ability of a fuse
which has passed this particular test
. .. Conversely, the a-c short-circuit
interrupting ability demonstrated
for a fuse is not a reliable indication
of its ability to interrupt a d-c
short circuit . . .

The need . . . now can be satisfied
with specially designed fuses of the
current-limiting type. A line of such
fuses has been developed, satisfying
in every respect the “Standard for
Fuses” of the Underwriters’ Labora-
tories, Inc. . ..

General Electric Review

July, 1950
*

J. P. DITCHMAN

Lamp Department

PranNT LicuT: The farmer may now
control conditions favorable to the
growth of plants and animals.
Among the farmer’s latest imple-
ments and agents are new man-made
“suns” designed to produce visible
radiation, ultraviolet, and infrared
radiant energy. These artificial suns
may be teamed up with natural
daylight or may be used entirely
independent of natural conditions.
Thus plants may be grown success-
fully underground in a completely
artificial environment of light, hu-
midity, temperature, and air ... Our
world may in the future depend very
much upon how well we learn to
applyradiant energy to produce more
and better food and to reduce the
life processes which oppose our own.

Illuminating Engineering Society
Pasadena, California
August 21, 1950

You can pui your confidence in—
GENERAL @3 ELECTRIC
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PARTNER
OF THE GENES

An account of the experimental evidence indicating

that the factors controlling heredity lie not only

in the nucleus of the cell but also in the rest of it

THIRTY years ago the age-old ques-

tion of how living things pass on
their biological inheritance to their
offspring was widely believed to have
been solved. Biologists had located the
material basis of heredity in the nucleus
of the cell. They had shown that heredity
could be traced to invisible factors in the
nucleus called genes. Further, the ele-
gant observations and experiments of the
Columbia University school of biologists
led by Thomas Hunt Morgan and Ed-
mund Beecher Wilson had proved that
these genes were localized in the visible
chromosomes of the nucleus. Apparently
all the phenomena and rules of heredity
could be explained by the way these
chromosomes with their genes were
transmitted from parents to offspring.
In this scheme of things the cyto-
plasm—all the surrounding material of the
cell outside the nucleus—was just a silent
partner. It was viewed as a highway
across which supplies from the outer
world traveled to the genes in the nu-
cleus and as a workshop in which the
products of the genes’ activity interacted
to yield the stuff that constitutes the or-
ganism. Thus the cytoplasm was not con-
sidered to play any direct part in control-
ling heredity. The sole physical basis of
heredity was believed to be the nucleus.
Now an accumulation of old and new
evidence, particularly during the past
decade, suggests that the role of the
cytoplasm was greatly underestimated.
Claims have been made that the cyto-
plasm, like the nucleus; houses genelike
factors or particles that take a hand in
shaping an organism’s heredity. Some
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biologists have gone so far as to contend
that the cytoplasm controls all the basic
traits of the organism and the nuclear
genes determine only the relatively triv-
ial ones. Although most professional stu-
dents of heredity reject this extreme
view, the weight of the present evidence
does indicate that the cytoplasm is an
active partner with the nucleus in the
control of inheritance.

A Test for Inheritance

How can one find out whether a given
hereditary trait is determined by nuclear
genes or by the cytoplasm? Fortunately
a comparatively simple method is availa-
ble. It is based on an important differ-
ence in the cytoplasmic contributions of
the father and the mother to the fertil-
ized egg from which the offspring devel-
ops. The fertilized egg represents the
fusion of a mother cell and a father cell—
the egg and the sperm. The nuclei of the
egg and sperm are fully equivalent: each
has exactly the same number and types
of chromosomes (with the single excep-
tion of the sex chromosome), so the off-
spring receives equal contributions of
nuclear material from both parents. But
the egg has a good deal of cytoplasm,
while the sperm has very little. Thus the
new individual derives cytoplasm al-
most entirely from the mother. Hence if
a given trait is always or almost always
inherited from the mother (and is known
to have no connection with the sex chro-
mosomes), there is at least a strong sus-
picion that the trait is transmitted
through the cytoplasm. On the other
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hand, if it is inherited with equal readi-
ness from either the mother or father, it
can be assumed to be transmitted by
nuclear genes.

The method of testing this is recipro-
cal crossing, a technique first used by the
Moravian monk Gregor Mendel, the
founder of genetics, in his historic exper-
iments with garden peas. Suppose we
have two pure strains of peas, one bear-
ing white flowers, the other red flowers.
We mate a red-flowered female with a
white-flowered male and a white-flow-
ered female with a red-flowered male;
this is a pair of reciprocal crosses. If
flower color were inherited through the
cytoplasm, we would expect to get dif-
ferent results from the two matings: the
first should produce red-flowered off-
spring and the second white-flowered.
Actually both matings yield the same re-
sult: the offspring are always red-flow-
ered. This shows that flower color is in-
herited as readily from the male as from
the female. Consequently the presump-
tion is that flower color is controlled by
the nucleus, and detailed analysis has
proved that it is determined by a nuclear
gene.

Experiments on a great variety of
traits in both plants and animals, per-
formed by thousands of investigators
and students, have shown that reciprocal
crosses nearly always yield identical re-
sults. Yet there are many reports to the
contrary. For example, the mating of a
mare to a jackass produces a hybrid called
amule, while the offspring of the recipro-
cal cross, between a stallion and an ass,
is often claimed to have somewhat dif-



ferent traits from a mule; to distinguish
it from that animal it is called a hinny.

Before concluding that such cases in-
dicate cytoplasmic inheritance, however,
we must rule out other possible explana-
tions. In the first place, we must be sure
that the outcome of a given experiment
is a valid and regular result. In the
particular case of the mule and hinny,
it has not been established that they are
invariably different. In the second place,
even when real differences are demon-
strated, it is still possible that nuclear
genes, rather than the cytoplasm, may be
responsible for them.

One possibility, already mentioned, is
that the traits in question are controlled
by genes in the sex chromosomes, which
differ in the male and female. One can
readily determine, however, whether a
trait is controlled by genes in these
chromosomes and thus exclude the in-
terpretation of cytoplasmic inheritance.
Another possibility is that a trait under
the direct control of the cytoplasm of
the egg is actually controlled indirectly
by nuclear genes acting on the cyto-
plasm. But such cases, of which a num-
ber are known, also can be distinguished
from true cytoplasmic inheritance by
following the offspring carefully for sev-
eral generations after the original genes
have been eliminated. A third possibility
is that the egg cytoplasm affects heredity
by rejecting some or all of the chromo-
somes brought in by the sperm but does
not itself possess genetic properties. It
has long been known that such chromo-
some elimination occurs when certain
plants and marine animals are mated
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PARAMECIUM is the experimental organism of the

studies undertaken by the author and his colleagues.

with other species to produce hybrids.
The fourth and most perplexing possi-
bility that must be taken into account in
reciprocal-cross experiments is that some
parasitic organism in the cytoplasm, not
the cytoplasm itself, may influence he-
redity.

The German zoologist Paul Buchner
has written a fascinating volume on para-
sites that dwell in cells: in a great variety
of plant and animal organisms the cyto-
plasm has been found to be inhabited
by one-celled algae, bacteria and various
other tiny fungi and animals. The cyto-
plasm may also harbor the still tinier
Rickettsiae and viruses. Now a microor-
ganism that infects and multiplies in the
cy toplasm will pass along with the cyto-
plasm to the descendant cells. Since the
egg is well provided with cytoplasm,
while the sperm is not, cytoplasmic
parasites may be transmitted regularly
from the mother, rarely or never from
the father. If these parasites affect some
traits of the organism, such traits will
not be “inherited” equally in reciprocal
crosses, and the result will appear to be
a case of cytoplasmic inheritance. Most
students of heredity maintain that if a
trait is due to the presence of a virus,
Rickettsia or other parasitic organism, its
transmission cannot be considered an
example of inheritance.

Yet here we enter a realm where the
words and definitions we use may con-
fuse our thinking. The concept of a virus,
for example, is by no means sharp and
clear, and it is very difficult, if not im-
possible, to make a satisfactory distinc-
tion between a regularly transmitted,
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non-pathological virus and a normal
genetic particle. In the cytoplasm, as we
shall see, there are genetic particles that
are indistinguishable in biological prop-
erties from viruses; they are on a border-
land where the study of heredity merges
into parasitology and vice versa.

Because of these various pitfalls, and
others suspected to exist, students of
heredity are apt to be extremely wary of
any claim of evidence for cytoplasmic in-
heritance. By now, however, there is a
considerable number of extensively ana-
lyzed and well-substantiated cases of
such inheritance.

Non-Mendelian Inheritance

The interest in this subject is largely
due to the work and influence of one
man, Carl Correns of Berlin, one of the
three scientists who in 1900 rediscovered
Mendel’s unnoticed work and confirmed
the Mendelian laws of heredity. Correns
was alert from the first to the possibility
that not all heredity conformed to the
Mendelian pattern of control by nuclear
genes. For 27 years he collected ap-
parent exceptions to Mendelian heredity,
verifying many of them by his own ex-
periments. In 1927 at the International
Congress of Genetics in Berlin he pre-
sented his survey under the title of “Non-
Mendelian Inheritance.” Later Correns
greatly expanded this survey, and it was
completed after his death by his devoted
pupil Fritz von Wettstein. This monu-
mental and prophetic work was the start-
ing point for subsequent investigations
of cytoplasmic heredity. Today there is

Here two paramecia are in conjugation. Ordinarily this
juncture involves exchanging nuclei but not cytoplasm.

31



M (2

A
AR

CELL DIVISION is shown in schematic drawings of five stages. In first stage
chromosomes appear in the nucleus. In second they are duplicated. In third
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a large and impressive literature on the
role of cytoplasm in inheritance. Cor-
rens’ work was confined to plants; his
successors have extended it to animals.

The example of cytoplasmic inherit-
ance that was most thoroughly analyzed
by Correns and other investigators con-
cerns a familiar peculiarity of leaf color-
ing. Everyone has seen occasional plant
leaves which are not uniformly deep
green but have streaks of light green and
yellow or white. This variegation is
hereditary and is usually controlled by
nuclear genes, but it has been shown
beyond doubt that in many cases the
trait is under the control of the cyto-
plasm. One indication of this is that often
the trait appears in the offspring only if
the seeds happen to be set on a varie-
gated part of the mother plant.

Another well-documented case of
cytoplasmic inheritance is male sterility
in plants. Male sterility results from the
degeneration of the sperm-forming
pollen cells in the male structures. The
botanical geneticist Marcus Rhoades,
now at the University of Illinois, carried
out a particularly thorough study of this
condition in corn. He was able by breed-
ing experiments to replace each chromo-
some of a male-sterile strain of corn with
the corresponding chromosome from a
male-fertile strain. Still the male sterility
persisted. Strange as it may seem, re-
ciprocal crosses can be carried out with
such “sterile” plants, because pollen
grains capable of fertilizing the egg are
occasionally formed on the plants. Re-
ciprocal crosses showed that the charac-
teristic of male sterility was regularly
transmitted through the egg, never
through the pollen. Since control by nu-
clear genes was excluded, it was clear
that in this case the trait must be deter-
mined by something in the cytoplasm.

The most important current study of
cytoplasmic inheritance in higher plants
is being carried out on the willow herb
Epilobium. This investigation, led by the
German botanical geneticists Ernst
Lehman and Peter Michaelis, has been
in progress for over 30 years and is
probably the most extensive ever carried
out on cytoplasmic inheritance. Recipro-
cal crosses between certain species of
Epilobium, and even between geograph-
ical races of the plant, yield offspring
with different characteristics. Very ex-
tensive further breeding experiments
show that at least some of the reciprocal
differences continue to be transmitted
only from the mother for many genera-
tions after the chromosomes of the ma-
ternal strain have apparently been large-
ly replaced by chromosomes of the pa-
ternal strain by breeding.

The plant studies clearly demonstrate,
then, that the cytoplasm must play a
part in determining inheritance. But they
also reveal two limitations on its role.
First, the traits in which cytoplasmic in-
heritance is involved are commonly con-
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sidered to be expressions of “inhibition”
or interference with normal develop-
ment; they are reduction in fertility, re-
duced pigmentation, reduced size of
leaves, flowers and the whole plant. Sec-
ond, the inhibitions result only when
certain cytoplasms are combined with
certain nuclear genes. Sometimes the cy-
toplasm is decisive; sometimes the genes
are. Michaelis and others have therefore
concluded that normal development oc-
curs only through the harmonious joint
action of both nuclear and cytoplasmic
genetic materials.

Paramecium and Drosophila

The first indications of cytoplasmic in-
heritance in animals came almost simul-
taneously from separate studies on two
different laboratory favorites: the one-
celled Paramecium and the fruit fly Dro-
sophila. The chief investigators of this
phenomenon in Drosophila have been
Philippe L’Héritier and his collabora-
tors in Paris. They have studied the in-
heritance of sensitivity to carbon dioxide
in a certain Drosophila strain, a strain
which is unusual in that it is killed,
rather than merely anesthetized, by mod-
erate doses of this gas. They found that
all the offspring from the mating of a
sensitive female to a resistant male are
sensitive; whereas the offspring from the
reciprocal cross are usually, but not al-
ways, resistant. That the sensitive and
resistant flies do not differ in any nu-
clear genes affecting these traits was
proved by breeding experiments in
which all of the chromosomes of the
sensitive stock were replaced by corre-
sponding chromosomes of the resistant
stock. The difference between the two
kinds of flies must therefore be due to
something in the cytoplasm. The spo-

radic exceptions in which sensitivity is
inherited from the male may be ac-
counted for by transmission of the trait
through the small quantity of cytoplasm
carried by the sperm.

The work on cytoplasmic inheritance
in Paramecium has been carried out
mainly by my co-workers and myself.
This .common denizen of ponds and
streams is an unusually favorable mate-
rial for the study of cytoplasmic inherit-
ance. Curiously enough, it takes only
one mating to achieve a pair of recipro-
cal crosses! The reason is that Parame-
cium is hermaphroditic, each mate of a
pair fertilizing the other. During mating
a nucleus comparable to a sperm passes
from each mate into the other and fuses
there with a nucleus comparable to that
of an egg. The nuclear exchange is so
arranged that no matter how different
the two mates’ sets of genes were before
mating, they become identical. On the
other hand, ordinarily little or no cyto-
plasm is exchanged; if the mates had
different cytoplasms before mating, they
still differ in cytoplasm afterward. After
fertilization, the two mates separate and
each produces a culture of progeny by
repeated cell divisions. Because the nu-
clear genes in the two sets of progeny
are identical, any trait controlled by
them should be the same in both cul-
tures, but any traits controlled by the
cytoplasm should remain different in the
two cultures.

We have studied the inheritance of
three kinds of traits in Paramecium. In
all three respects the two mates of a
pair do in fact produce unlike cultures.
One of these traits is sex, or mating type.
Although the two individuals that mate
are functionally hermaphroditic, they
differ physiologically: mating can occur
only between physiologically diverse
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with a black female and vice versa. The offspring are
black. Since there is little cytoplasm in sperm cells, this
indicates that coat color is controlled by nuclear genes.

cells, that is, between different mating
types. In some species of Paramecium
each of the mates usually gives rise to a
culture of the same mating type as itself.

The second trait investigated is the
capacity of some strains of Paramecium
to produce a poison, called “paramecin,”
that kills paramecia of certain other
strains. The poison-producing strains are
known as “killers,” the others as “sensi-
tives.” These two kinds of strains can be
mated to each other because sensitives
are resistant during mating. Reciprocal
crosses again give different results: the
killer mate gives rise to a culture of kill-
ers, the sensitive to a culture of sensi-
tives.

The third trait has to do with certain
complex chemical substances, known as
antigens, possessed by paramecia. The
antigens we have studied are located on
the hairlike cilia that the paramecia use
for swimming. When a specific anti-
serum, obtained from the blood of rab-
bits into which part of a culture of para-
mecia has been injected, is applied to
other paramecia of the same culture, it
combines with the antigens, causes the
cilia to stick together and thereby para-
lyzes the animals. We found that a single
paramecium gave rise to eight diverse
antigenic types of paramecia, readily
identifiable by their reactions to different
kinds of antiserum. Now when two para-
mecia of different antigenic types mate,
each mate produces a culture of the same
type as itself. The offspring remain as
diverse as the parents, in agreement with
the expected consequences of cytoplas-
mic control.

Although these three experiments are
not in themselves sufficient evidence to
prove cytoplasmic inheritance, two fur-
ther facts clinch the matter. First, it is
possible to bring about an exchange of
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cytoplasm between paramecia. When
they exchange cytoplasm, there is no
difference in their offspring; both mates
produce cultures with identical traits.
The second decisive fact is that it can be
proved that the genes in the differing
offspring of a pair of mates are actually
identical. When later generations are
bred from them, no hidden or delayed
gene effects appear. The differences be-
tween the two lines persist, showing that
their cytoplasmically controlled traits
are truly hereditary.

It must not be supposed, however,
that Paramecium’s characteristics are
mainly or exclusively controlled by the
cytoplasm. Paramecium also has a genet-
ic system like other organisms; its traits
are controlled by nuclear genes as well
as by cytoplasm. Its nuclear and cyto-
plasmic inheritance are not two mutually
exclusive phenomena but go hand in
hand. The studies on Paramecium sup-
port the fundamental conclusion, drawn
by Michaelis from his Epilobium studies,
that the nuclear genes and the cytoplasm
are partners in the control of heredity.

Yeast

Work on cytoplasmic inheritance has
also been done in the microorganism
yeast. In 1945 Carl and Gertrude Linde-
gren and Sol Spiegelman, all then at
Washington University in St. Louis, re-
ported the first of a series of studies that
startled students of heredity. They said
they had found that a certain enzyme or
enzyme precursor could be maintained
and multiplied in cytoplasm even in the
absence of a nuclear gene necessary for
its initial formation. The enzyme, meli-
biozymase, could arise only when this
particular gene was present in the yeast.
Once formed, however, it could go on
reproducing independently, so long as it
was supplied with the sugar melibiose.
Thus the enzyme or its precursor be-
haved, according to their report, like a
gene in the cytoplasm.

The Lindegren-Spiegelman results
and their interpretation of them were
much publicized and widely discussed,
but they have not been confirmed. The
Danish geneticist O. Winge, who has
also made extensive studies of the in-
heritance of enzymatic capacities in
yeast, maintains that the observations of
the Lindegrens and Spiegelman can be
explained without resort to cytoplasmic
inheritance. Moreover, other investiga-
tors and they themselves have failed in
attempts to repeat the original experi-
ment. Spiegelman later brought forth an
independent line of supporting evidence
based on the kinetics of enzyme forma-
tion in the yeast cell. Until the matter
has been clarified, however, it would
seem wise to refrain from speculations
as to the significance of this work in re-
lation to cytoplasmic inheritance.

Meanwhile a new and important cen-
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ter of research on heredity in yeast has
appeared on the scene. The leader of the
new group is the colorful and able genet-
icist Boris Ephrussi, who was born in
Moscow and works at the Institute of
Physico-Chemical Biology in Paris,
where he now heads a remarkable labo-
ratory.

When, a few years ago, Ephrussi
turned his talents to the turbulent field
of yeast heredity, he soon discovered
that he could change his yeast cultures
radically by exposing the cells to the ac-
tion of acriflavine, a dye that has an
affinity for that most important compo-
nent of genetic materials, nucleic acid.
At first he noticed only that the altered
cells produced dwarf colonies. But fur-
ther study showed that this dwarf trait
was a reflection of deep-seated physio-
logical and biochemical changes. The
organisms had apparently lost some of
their respiratory enzymes. In ordinary
organisms this would be fatal, but not so
in yeast. It has two enzymatic systems
for respiration: one utilizing free oxy-
gen, the other managing without free
oxygen. Consequently it can survive and
multiply when one of its respiratory sys-
tems fails to function.

Eventually Ephrussi and his collabo-
rators demonstrated by breeding analysis
that this hereditary alteration in yeast is
under the control of the cytoplasm. Thus
they proved that cytoplasmic inheritance
can affect a very fundamental trait. Re-
cently, however, they have also found
that the very same change can be con-
trolled by a gene! At a meeting of the
Genetics Society of America in Colum-
bus in September, celebrating the 50th
anniversary of the beginning of modern
genetics, Ephrussi reported that he had
found a strain of yeast in which the same
enzymes are apparently lost as the re-
sult of mutation of a single nuclear gene.
In other words, a change in either the
cytoplasm or a nuclear gene can result
in the loss of the fundamental respira-
tory enzymes—again a case in which the
nuclear genes and the cytoplasm are
partners in the control of heredity.

“Genes” in the Cytoplasm?

We have now reviewed the major evi-
dences for cytoplasmic inheritance. It
unquestionably occurs with some fre-
quency in higher plants and in micro-
organisms. There is still a dearth of ex-
amples in higher animals, but a few have
been found even there. In general the
traits controlled by the cytoplasm are
comparable in kind, in magnitude and in
importance to those controlled by nu-
clear genes. They involve differences in
color, size, shape, fertility, enzymes, anti-
gens, sex organs, mating types and so on.
Thus cytoplasmic inheritance is not only
a fact, but one of the capital facts of
biology.

These discoveries, however, are only
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a beginning. They bring the study of
cytoplasmic inheritance to the stage in
which nuclear genetics found itself
when it was known only that the nucleus
was a physical basis of heredity and the
genes had not yet been identified. The
next step in cytoplasmic “genetics” is to
investigate what materials in the cyto-
plasm have genetic functions and how
these materials are related to the known
examples of cytoplasmic inheritance.
About this relatively little is yet known.
One of the major theories now being in-
vestigated is that the cytoplasm contains
genetic materials or particles compara-
ble to the genes and chromosomes of the
nucleus.

What must be the nature of such par-
ticles? Certain general statements can be
made about them. Like the genes, they
must be able to duplicate themselves, so
they can transmit their properties in per-
petuity. Second, they must possess the
property of mutability, so they can give
rise to mutations (“false copies” of them-
selves) which persist and produce per-
manent alterations of an organism’s
traits. Indeed, the property of mutability
is the most convincing evidence of self-
duplication and genetic function; in the
case of the chromosomes it was the dem-
onstration of their mutability that
clinched the conclusion that they were
self-duplicating and therefore true he-
redity-controlling structures.

Chloroplasts

Now the cytoplasm is known to con-
tain a number of visible, self-duplicating
structures. The outstanding example is
the chloroplasts of plants. These struc-
tures, often as large or larger than the
nucleus, contain the green pigment
chlorophyll and are the centers of photo-
synthesis, the process which utilizes en-
ergy from the sun in the formation of
carbohydrates. In'the lower green plants
each cell usually has a small number of
chloroplasts, sometimes only one, but
the cell in higher plants as a rule has
large numbers of them. The chloroplasts,
which divide and are distributed to the
daughter cells, though not with the same
regularity and precision as chromosomes,
are known to control certain inherited
traits in plants.

The chloroplasts arise from smaller,
colorless bodies known as leucoplasts.
Normally the leucoplasts turn green as
they develop into chloroplasts. But un-
der certain conditions they fail to do so.
Cells that contain only such defective
plastids are white or yellow instead of
green. This proved to be the explanation
of at least some of the cytoplasmically
inherited color variegations in leaves
that Correns investigated.

It seemed logical to suppose that the
defect was due to a mutation of the
chloroplasts, or plastids, but Correns re-
jected this interpretation. He pointed



out that if plastid mutation had taken
place, one would expect to find a mix-
ture of normal and defective plastids in
many cells; yet such mixed cells were
rarely observed. Correns maintained
that the defective development of the
plastids must be caused by some defi-
ciency or defect in the surrounding cyto-
plasm. Later investigators discovered a
fact that supported his interpretation: a
single nuclear gene mutation can result
in the failure of all the plastids to de-
velop chlorophyll. Evidently the gene
controls some alteration in the cytoplasm
which makes it impossible for the plas-
tids to turn green.

Yet, as so often happens in biology, it
turned out that more than one cause can
produce the same effect. Other lines of
evidence proved beyond doubt that
plastids can mutate and that these mu-
tations can lead to variegation. The
German botanist Otto Renner demon-
strated that different species of the eve-
ning primrose have genetically different
plastids: in a hybrid produced by mat-
ing two different species of the plant, the
plastids of one species are unable to be-
come green in the presence of nuclear
genes of the other species, and this de-
fect continues through many genera-
tions. But these plastids regain the abil-
ity to produce green pigment when the
original genes are restored by back-
breeding. Since it must be assumed that
the different plastids of the different spe-
cies arose in the course of evolution from
common ancestral plastids, the conclu-
sion that plastid mutations have oc-
curred seems warranted.

Another excellent evidence for chloro-
plast mutability is provided by the 1920
study of the European biologist C. van
Wisselingh on the common pond bloom,
Spirogyra. This plant consists of a single
row of cells forming a fine filament. In a
species in which each cell contains 10
chloroplasts, van Wisselingh found a fila-
ment in which each cell contained one
colorless and nine normal plastids. There
can be little doubt that one plastid had
mutated and then reproduced true to its
type.

Perhaps the clearest and most elegant
example of plastid mutability has come
from the studies of Marcus Rhoades on
corn. He demonstrated that a particular
gene, known as the iojap gene, brings
about mutations of the plastids which
render them unable to form chlorophyll.
The plastids descended from them re-
main defective and reproduce true to
this condition in a later generation after
the iojap gene has been removed by ap-
propriate matings. In other words, the
change in the plastid is permanent and
reproducible even in the absence of the
nuclear gene that was responsible for its
origin.

The plastid is the only visible, unques-
tionably normal cytoplasmic structure
that has been shown beyond reasonable

VARIEGATED LEAF COLOR is due to the fact that some of the tiny
green chloroplasts in the cells are colorless. Cells descended from those
with mixed green and colorless chloroplasts are either green, colorless
or mixed, indicating that chloroplast heredity is independent of genes.
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MATING TYPE is one of the Paramecium traits ob-

served by the author and his associates. In the first pho-

doubt to be self-duplicating, mutable
and the basis for cytoplasmic inheritance
of a trait. There is partial and more or
less suggestive evidence, however, for a
number of others.

Other Particles

Foremost among these candidates are
the mitochondria—the tiny bodies that
are found in the cytoplasm of all sorts of
cells. These structures often have the
size and shape of bacteria. They have
characteristic chemical properties, evi-
denced by their reactions to certain dyes,
and they are known to be associated
with complexes of enzymes. Mitochon-
dria have often been observed to repro-
duce, dividing in two. The chief ob-
jection to ascribing genetic significance
to them is that under certain conditions
they seem to disappear from the cell or
to spring up from no known source. This
is not, however, a conclusive objection,
for mitochondria can grow, and it is now
known that they can exist in submicro-
scopic sizes. Hence their sudden appear-
ance and disappearance may simply be
due to changes in size that place them
within the visible or the invisible range
under the microscope. In this connection
it is worth remembering that chromo-
somes seem to disappear and reappear
regularly in each nuclear cycle, yet they
unquestionably are genetically continu-
ous.

H. G. DuBuy, Mark Woods and Mary
D. Lackey of the National Cancer Insti-
tute have recently reported evidence
that mitochondria are mutable. They
claim to have found many mutations of
the particles’ enzymatic properties. If
these findings are confirmed, the genetic
function of the mitochondria will be es-

the heredity of Paramecium. The first five photomicro-
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tablished. The question is of surpassing
importance to the whole conception of
the extent and nature of cytoplasmic
genetic particles.

Several other visible cytoplasmic
structures are known to possess the abil-
ity to duplicate themselves. These in-
clude the centriole, the blepharoplast
and the kinetosome. The centriole is a
small granule near the nucleus which
duplicates itself at each nuclear division,
one product passing to each daughter
cell. It plays a role in forming the spin-
dle on which the chromosomes orient
and move during nuclear division. The
centriole is chemically and functionally
related to a structure that forms a nor-
mal part of every chromosome—the cen-
tromere.

The blepharoplast is a structure that
occurs at the base of the whiplike flagel-
lum in certain cells. The blepharoplast
divides when the nucleus and cell divide.
There is some evidence that it contains
desoxyribose nucleic acid; the presence
in a normal cytoplasmic structure of
this chemical, which is normally con-
fined to the nucleus, is unique and re-
markable.

The kinetosome, a barely visible gran-
ule about a thousandth of a millimeter
in diameter, is the structure from which
the vibrating cilia grow in cells that bear
these appendages. Kinetosomes seem al-
ways to arise from division of similar
pre-existing granules. André Lwoff, mi-
crobiologist of the Pasteur Institute in
Paris, has just published a stimulating
little book summarizing the work of the
French school on the kinetosomes of
unicellular animals. His main thesis is
that these structures are visible models
of the basis and mechanism of cytoplas-
mic inheritance. It is remarkable that

y ¢
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tomicrograph are paramecia of Type I; in the second
are paramecia of Type II. None of the paramecia is in

the kinetosomes can give rise to several
other structures besides cilia; apparently
other influences in the cell, not the kine-
tosome itself, determine what it will pro-
duce. Although there is no evidence that
the centrioles, blepharoplasts or kineto-
somes are mutable, their regular self-
duplication marks them as genetic ma-
terial.

Another type of visible self-duplicat-
ing structure is the “bacteroid,” found
in certain insects. As the name implies,
bacteroids closely resemble bacteria.
They may have evolved from organisms
that were originally independent, but
they now seem to be a vital part of the
cell, for when they are removed the in-
sects die. Thus they have become nor-
mal cytoplasmic materials, and therefore
of genetic interest.

We have already noted that another
tiny but visible particle sometimes oc-
curs in the cytoplasm—namely, the Rick-
ettsia. Rickettsiae, found in arachnids,
insects and mammals, cause Rocky
Mountain spotted fever, typhus and
other diseases when they get into human
beings. They are usually considered to
be parasitic organisms. The most inter-
esting fact about them in connection
with heredity is that in the tick and
certain other animals they are regularly
transmitted to the progeny through the
cytoplasm of the egg.

Parasites v. Genetic Particles

We return, then, to a question asked
earlier in this article: How can one tell
in such cases whether the cytoplasmic
inheritance is controlled by a genetic
agent in the cytoplasm or by a parasite?
In other words, how distinguish be-
tween a parasite and a normal heredity-

T

KILLER FACTOR is another trait useful in studying  graphs show effects of placing sensitive paramecia in
fluid where killer paramecia have lived. First blisters



conjugation. In the third Type I and Type II paramecia
have been mixed; after one and a half minutes they

controlling structure, particularly if the
agent in question is very small and re-
produces only in the cytoplasm of cer-
tain cells?

One test might be the capacity of the
particle to infect other cells—the obvious
stamp of a parasite. But this would not
be conclusive, for there are normal com-
ponents of cytoplasm that seem to have
the ability to infect—one example is the
spread of pigments from one cell to an-
other in spotted guinea pigs. The fact is
that at present there seems to be no ab-
solutely satisfactory criterion for decid-
ing whether certain particles are genetic
or parasitic agents in the cell.

This basic question is well illustrated
by the case of the killer trait in Para-
mecium. The trait is controlled by a cyto-
plasmic particle to which I gave the
name “kappa.” This kappa has very in-
teresting properties. They have been
most ingeniously investigated by John R.
Preer, Jr., and Ruth V. Dippell, students
in my laboratory at Indiana University.
(Preer is now at the University of Penn-
sylvania.)

Preer discovered several years ago
that if paramecia were given an excess
of food they multiplied faster than kap-
pa. The amount of kappa per cell there-
fore decreased until none was left, and
the paramecia irreversibly lost the killer
trait. He then proceeded to determine
the number of particles of kappa in a
killer paramecium. First he proved in an
ingenious way that if a single particle of
kappa was left in a cell, the entire
amount could be restored by underfeed-
ing the paramecia so they multiplied
more slowly than kappa. Using this
knowledge, he was able to determine
what proportion of the paramecia had
lost kappa completely after various pe-

form on its surface, then a large characteristic hump.
Finally the paramecium shrinks and dies. The last three

riods of heavy feeding. From this he
could compute the average number of
kappa particles at each step; by extrapo-
lating back to the starting point he esti-
mated the number of particles present
in the original killer cell. This number
turned out to be from a few hundred to
about a thousand.

Continuing his study at the University
ol Pennsylvania, Preer set out to deter-
mine the size of kappa. The method he
used was to bombard killer paramecia
with X-rays. This radiation can inacti-
vate kappa particles. Obviously the
probability that it will “hit” and inacti-
vate a particle depends in part on the
particle’s size. More “shots” of radiation
are needed to inactivate a small particle
than a larger one, within certain limits.
Preer came out with the astonishing re-
sult that kappa, which had never been
seen, probably was big enough to be
visible under a microscope.

But how look for kappa? How distin-
guish it from other fine granules? Preer
tound a clue in evidence obtained by the
Indiana University biochemist Willem
van Wagtendonk that the poison con-
trolled by kappa was chemically similar
to chromosomal material. Using a stain
suggested by this clue, Preer was able to
see the kappa particles. They had the
size and were present in the numbers he
had indirectly inferred!

Dippell now made a thorough investi-
gation to determine whether kappa had
the property of mutability. A number of
mutations of the killer trait had been ob-
served. The original killers caused sen-
sitives to develop a hump on one side of
the body before they died. From them
there had developed mutant killers that
produced no hump but paralyzed the
sensitives or made them swim aberrantly
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have begun to form clumps. In the fourth the same two
types form even larger clumps after eight minutes.

or swell up before they died. Other mu-
tants produced two kinds of poison; still
others produced very little. Each of the
mutants was subjected to extensive
breeding analysis. This brought the find-
ing that rio nuclear genes affecting kappa
or the killer trait had mutated. Then Dip-
pell showed that some of the mutants
carried two kinds of kappa that could be
separated from each other. As both were
derived from the original kappa, it was
clear that mutations of kappa had oc-
curred. In short, kappa was indeed muta-
ble.

The question remains: Is kappa a
parasite or a normal cytoplasmic com-
ponent? Those who argue that it is a
parasite cite several suggestive facts. For
example, kappa does not always multi-
ply synchronously with the nuclei and
cells. But plastids, which are unques-
tionably normal, show the same lack of
synchronism in most plants. Secondly,
under certain conditions killers can be
freed of kappa without killing the cell.
But certain plant cells can likewise be
freed of their normal chloroplasts.
Thirdly, kappa contains a chemical
found only in the nucleus, which sug-
gests that kappa is an organism. But
blepharoplasts, a normal component of
cytoplasm, are reported to possess this
same chemical. Fourthly, kappa is in-
fectious. But I have shown that infection
occurs only in the presence of concen-
trations of kappa far beyond any that
could occur in nature, so there is as yet
no evidence that kappa is normally in-
fectious.

None of these facts, therefore, can be
taken as proof that kappa is a parasite.
The only strong reason for thinking that
it may be, in my opinion, is that kappa
is relatively uncommon; most strains of

photomicrographs show the effect of another strain of
paramecia which cause the formation of a huge blister.
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KAPPA, the substance responsible for the effects shown
at the bottom of pages 36 and 37, appears as small dark

paramecia do not contain any particle of
this kind.

Plasmagenes?

A close parallel to kappa is the parti-
cle which L'Héritier and his co-workers
believe to be in control of the Drosophila
fly’s cytoplasmic inheritance of sensitiv-
ity to carbon dioxide. They call their
particle “sigma” and have characterized
it as a “genoid,” to emphasize its gene-
like properties. Sigma is self-duplicating
and apparently can undergo mutation.
Sigma behaves like kappa in many ways.
It does not necessarily multiply at the
same rate as the cells of the fly, and it
may be lost completely under certain
conditions. It is infectious, in the sense
that it may pass from cell to cell, but
there is as yet no evidence that this hap-
pens under normal conditions. Normally
it is transmitted only by heredity, chiefly
through the cytoplasm of the egg.

Sigma has been estimated by indirect
means to be about the size of a virus. Is
it a virus or a mutant form of a normal
cellular component of the fly? So far as
I can see, there is at present no way of
getting decisive evidence, particularly in
view of the fact that it is too small to be
seen.

It is possible that particles compara-
ble to kappa and sigma may be found to
be the basis of other cases of cytoplasmic
inheritance. Yet there remain the cases
where cytoplasmic inheritance is con-
trolled by what are unquestionably nor-
mal genetic particles; of this the best
example is the chloroplasts and the
plastids from which they arise. The
Japanese botanist Yoshitaka Imai main-
tained that the basis of the genetic prop-
erties of plastids is an invisible genelike
component of the plastid which he called
a “plastogene.” Similarly, Woods and
DuBuy ascribe the mutations they think
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they have found in mitochondria to
“chondriogenes.”

Speculations about cytoplasmic genes
have gone on for well over 50 years. In
early years these hypothetical particles
were variously called “ids,” “biophores,”
“plastidules,” “pangenes.” Nowadays the
name usually applied to them is “plasma-
gene” or “cytogene.” Although all of
these terms—and others—refer to parti-
cles with essentially the same properties,
those who use them differ in their ideas
as to where the particles originate. Some
believe the particles arise in the nucleus;
this is the sense in which the term “pan-
gene” was used by Hugo De Vries and
the term “plasmagene” has been used
by Sewall Wright, Cyril Darlington and
Spiegelman. The evidence for a nuclear
origin of plasmagenes is, however, prac-
tically nil. Others hold that the cyto-
plasmic genetic particles are not of nu-
clear origin but autonomous or semi-
autonomous. Kappa, sigma, kinetosomes,
centrioles, blepharoplasts and plastids
are well-established examples. It must
not be forgotten, however, that the test
of mutability has been clearly estab-
lished only for chloroplasts, for kappa,
for sigma and perhaps for the mitochon-
dria.

The Delbriick Model

Could some other mechanism bring
about cytoplasmic inheritance? This
brings us to the second major theory now
under investigation. Until recently it was
generally supposed that cytoplasmic in-
heritance necessarily implied the exist-
ence of particles responsible for it. But
the biophysicist Max Delbriick, devel-
oping an idea suggested by Wright and
others, has pointed out that the persist-
ence of a trait can be accounted for
without assuming the existence of cyto-
plasmic genes. The essence of his idea
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particles in the cytoplasm of a killer paramecium. The
large dark body is one of the paramecium’s two nuclei.

is that the dominance of one reaction in
a cell among two or more mutually ex-
clusive ones may favor one line of de-
velopment and inhibit the others, thus
maintaining the favored trait. Suppose,
to take a simple example, that a cell is
capable of carrying out either of two
reactions: a change of the substance A
to B or of Y to Z Suppose further that
high concentrations of B inhibit the
change of Y to Z and that high concen-
trations of Z inhibit the change of A to
B. Then the cell will ordinarily be capa-
ble of carrying out only one of these
reactions at a time, since the success of
one reaction inhibits the other. Most im-
portant, the reaction that “goes” will
perpetuate itself (i.e., be inherited), be-
cause as long as much of the dominant
material, B or Z, is present, the competi-
tive reaction is inhibited and the favored
reaction remains free to continue.

Delbriick’s model was proposed as a
possible explanation of cytoplasmic in-
heritance of antigenic types in Parame-
cium. It will be recalled that eight hered-
itary antigenic types appeared among
the descendants of a single ancestral
paramecium. The Delbriick model there-
fore suggests that there are eight alter-
native chains of reactions, each with a
link which, in high concentration, in-
hibits all of the other seven.

We had found that changes in tem-
perature or feeding or the administration
of a paralyzing antiserum could trans-
form paramecia of one hereditary anti-
genic type into others. Under standard
conditions the induced transformations
persisted and were cytoplasmically in-
herited. According to the Delbriick
model, such changes are due to modifi-
cations of the system of mutual inhibi-
tions. This can be brought about by re-
ducing the concentration of the inhibitor
or by altering the relative rates of forma-
tion of the differentinhibitors. If the Del-



briick model is correct, the transforma-
tions of antigenic type should be reversi-
ble. And experiment shows that they
actually are reversible.

The Delbriick model is capable of ac-
counting for the main features of the
system of antigenic types. There is little
or no evidence that it is the correct or
best interpretation of the results, but it
does show clearly how cytoplasmic in-
heritance could occur without being
based on cytoplasmic genetic particles.
Actually no visible particles have yet
been observed to be involved in the con-
trol of the antigenic types.

The Delbriick model has reopened the
whole question as to whether cytoplasmic
inheritance is always controlled by ge-
netic particles in the cytoplasm and has
stimulated a search for other possible
mechanisms. It therefore seems likely
that the study of cytoplasmic inheritance
will be greatly broadened in the near
future.

A Cooperative Affair

Perhaps the most important feature of
the investigation thus far is the finding
that the nuclear genes and the heredity-
influencing factors in the cytoplasm are
definitely related to each other. The lat-
est discoveries in the work on paramecia
point this up.

As already mentioned, a single indi-
vidual gave rise to progeny of eight dif-
ferent types. When the same experiment
was made with an individual of another
race of paramecia, it too produced a set
of differing types, but the second group
of types was not identical with the first.
Now a very curious fact emerged when
progeny of the second race were cross-
bred with those of the first. Let us call
the two races I and II and focus attention
on one type descended from each. Race I
produces eight antigenic types, one of
which we shall call type A. The differ-
ence between type A and the seven
other types is cytoplasmically inherited.
Similarly in race II the difference be-
tween the corresponding type A’ (not
identical with A) and the seven other
types it produces is also cytoplasmically
inherited. But when A is mated to A’,
the difference is not cytoplasmically in-
herited; it proves to be controlled by a
nuclear gene! The same results are ob-
tained when other pairs of comparable
but not identical types in these two races
are crossbred. And this pattern has been
confirmed by similar experiments with
other pairs of races.

These experiments show that the cyto-
plasm determines whether a cell will
form antigen A or B or C, and so on, but
the specific character of each type (e.g.,
A or A’) is controlled by the nuclear
genes. While the full meaning of these
observations is not yet clear, they do
demonstrate the important point that

some close interrelation exists between
nuclear genes and cytoplasmic inherit-
ance.

Apparently cytoplasmic inheritance
of antigenic types is limited to certain
mutually exclusive alternatives defined
by the nuclear genes that are present.
The same situation may exist in the body
cells of higher organisms. These cells,
all of which come from a single cell (the
fertilized egg), are presumably identical
in their genes but nevertheless develop
into a number of different specialized
types. The cells all have the same genes
but they possess a set of hereditary al-
ternatives that permit them to develop
along different roads. The explanation
may be that genes for all the possibilities
are present and that the cytoplasm de-
termines which of these possibilities will
be realized and perpetuated. If this hy-
pothesis is correct, the elucidation of the
interaction between genes and cyto-
plasm would probably carry with it the
beginning of a general solution of one
of the greatest remaining enigmas in
biology: the question of how normal and
abnormal cell differences arise in the
course of the development of the indi-
vidual from the egg.

The Path to Explore

Where now does all this leave the
general theory of heredity? Clearly there
is more to heredity than the chromosomal
genes. But it would be absurd to con-
clude from this, as is doneinthe U.S.S.R.,
that the whole theory of the gene must
be discarded. The new discoveries about
the genetic role of the cytoplasm leave
untouched the vast accumulation of evi-
dence that the nuclear genes do control
nearly all of the hereditary differences
thus far analyzed. They merely empha-
size what has long been realized: that
the gene is not in exclusive control of
heredity. It operates not in an ivory tow-
er but in the organic unity of the cell,
and the rest of the cell has some voice in
the directions that are given.

The outstanding result of the studies
we have reviewed seems to be that the
nuclear genes and self-perpetuating cy-
toplasmic mechanisms work jointly in
determining heredity. When nuclear
genes are the variable, they control he-
reditary differences; when cytoplasm is
the variable, it too controls the heredi-
tary differences, apparently even the
same differences. The path for future
workers to explore is the interaction be-
tween these two components of the cell
in the control of cellular and organismic
traits.

—_—— e ———
T. M. Sonneborn
is professor of

zoology at Indi-
ana University.
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EXCHANGE OF NUCLEI between
paramecia causes no change in killer
trait (black), mating (numbers) or
antigenic type (letters) of offspring.

EXCHANGE OF CYTOPLASM can
cause several changes in the off-
spring. Killer factor will be in all and
other factors distributed variously.
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SIMPLE SIMON

A small mechanical brain that possesses the same

fundamental characteristics as its larger relatives

can explain in rudimentary fashion how they work

DURING the past eight years the

designers of computing machines

have announced the completion
of giant mechanical “ brains” of increas-
ing size and genius. Last spring a
curious mutation in this evolutionary line
was exhibited at Columbia University.
It was the smallest complete mechanical
brain.

Compared to its larger cousins the tiny
computer was almost a moron. Like
Simple Simon of the familiar nursery
rhyme it entertained its audience with
its rudimentary intellectual processes,
and it was christened Simon. Simon oc-
cupies only a little more than a cubic
foot of space, and it weighs a mere 39
pounds. In contrast to Aberdeen Proving
Ground’s great Electronic Numerical In-
tegrator and Computer, or Eniac, which
performs 5,000 operations a second,
Simon performs one operation in about
two thirds of a second. In contrast to
Harvard University’s Mark I calculator,
which can remember 144 numbers at a
time, Simon can remember 16 numbers
at a time. In contrast to Bell Telephone
Laboratories’ two General Purpose Re-
lay Calculators, which can conceive of
351,000,002 numbers, Simon can con-
ceive of only four numbers. Yet Simon
possesses the two unique properties that
define any true mechanical brain: it can
transfer information automatically from
any one of its “registers” to any other,
and it can perform reasoning operations
of indefinite length.

How did Simon come to be built?
What is its purpose? Can we expect this
little moron of a mechanical brain to be
useful around the laboratory and earn
its keep?

THE STORY of Simon is closely con-
nected to the story of the big me-
chanical brains. These machines fall into
two main types: the “digital” and the
“analogue.” Digital means handling in-
formation as characters or digits, in the
way the fingers of one hand can express
the numbers 0, 1, 2, 3; 4, 5. Analogue
means handling information as measure-
ments of physical quantities; the meas-
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by Edmund C. Berkeley

urements are analogous to numbers.
There are no easy analogues for random
numbers, alphabetical information and
certain other classes of information. So
digital computers are generally more
versatile than analogue computers.

Both digital and analogue computers
possess breath-taking powers. They can
manipulate rambers much faster than
the human brain, often 10,000 and some-
times 100,000 times faster. They are also
more reliable than the human brain. As
a result many problems that would not
be practical for the human brain may be
submitted to the machines.

Most of the digital machines are able
to make choices and decisions. They can
choose between numbers and between
calculation routines. They can make
choices from time to time in the course of
a problem according to indications in
the problem itself. Many of the machines
can work out more than 95 per cent of
their own instructions.

Powerful though the machines may
be, there are difficulties in their applica-
tion. It takes time, and often a long time,
to train specialists to prepare the correct
instruction sequences for a mechanical
brain. It also takes time to train other
specialists to operate the machine cor-
rectly, to use the right controls at the
right time. And in spite of the fact that
the machines are more reliable than hu-
man brains, they have temperaments
and moods. They do not inevitably sup-
ply the correct answer, nor are they al-
ways consistent in their mistakes. Any-
one who has sought to run a problem on
such a machine has learned that it is
vital to have good trouble-shooting—to
find what part of the machine is failing
to operate as it should, and then to re-
pair or replace it promptly. Usually trou-
ble-shooting on a big machine requires
two people: a mathematician who knows
what the instructions currently require
from the machine, and an electrician who
can get to the failing part of the machine
and repair or replace it.

Unhappily it is difficult for an inex-
perienced mathematician or electrician
to learn this job on the machine itself.
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It is too advanced to give much useful
instruction to students; it is also too valu-
able to entrust to inexperienced hands.
Its time is precious: it is monopolized
by what some inhabitants of computing
laboratories call VIPs—very important
problems.

HAT CAN be done about the diffi-

culty? How can we provide train-
ing and experience for the few who must
work with the big machines, and for the
many who wish to understand them? We
can hope that as time goes on the ma-
chines will become cheaper, less com-
plicated, more easily operated and more
accessible to students. Or we can build
a really cheap, simple machine designed
mainly to teach the student the funda-
mentals.

This we can do, provided we sur-
render one characteristic that is usually
thought to be essential in.computing
machines: the capacity for useful work.
Obviously this capacity is not required
for teaching purposes. To abandon this
capacity, in fact, is to give us some
necessary freedom. We become free to
play with the machine, and to tinker
with it.

It was such considerations that led to
the birth of Simon. But what sort of op-
erations can a small, nonutilitarian me-
chanical brain accomplish?

In mathematics there exist not only
systems that are very large, containing
millions of numbers or elements, but
also systems that are very small, con-
taining only a few numbers or elements.
In daily life we use some number sys-
tems that are very small. Take the days
of the week: Sunday, Monday, Tuesday,
Wednesday, Thursday, Friday, Satur-
day. This is exactly equivalent to a sys-
tem of seven numbers: 0, 1, 2,3, 4, 5, 6.
A smaller mathematical system in com-
mon use is right, left, up, down, back,
front. This has six elements. A smaller
one still is North, East, South, West. This
has four elements. Perhaps the common-
est and most useful of all mathematical
systems has just two elements: yes and
no. Mathematically we can use 1 and 0.



Which of these small mathematical
systems shall we choose for Simon? Let
us choose a mathematical system of four
elements. Then we can see at least a
little of the numerical side of mathe-
matics and still handle the logical side
of yes and no.

We can think of these four elements
or numbers as four compass directions,
North, East, South, West. Or we can
think of them as four numbers, 0, 1, 2, 3.
Or we can think of them in the notation
of the scale of two—binary notation—in
which they are written 00, 01, 10, 11.
Here the left-hand digit counts not the
number of tens but the number of twos,
and the right-hand digit counts the num-
ber of ones. For example, 11 in binary
notation means one two plus one one,
and this in decimal notation is 3. Or we
can think of these four numbers as right-
angle turns: O for no turn, 1 for one
right-angle turn; 2 for two right-angle
turns in the same direction, and 3 for
three right-angle turns in the same di-
rection. With this kind of interpretation
of 0, 1, 2, 3, we can see that 4 is inter-
changeable with 0, 5 with 1 and so on.
If we turn through four right angles we
face in just the same direction as before.

Now in order to make a computing
machine, we must consider computing
operations utilizing our numbers 0, 1, 2,
3. In the case of Simon it was decided
to choose at least two computing opera-
tions belonging to logic. The two logical
operations were “greater than” and “se-
lection.” These can be put in the follow-
ing form. Greater than: Is the number a
greater than the number b? Yes (1) or
no (0). Selection: Choose the number «
if there is an indication that p and pis 1,
and choose the number b if there is an
indication that p and p is 0.

It was also decided to equip Simon
with two arithmetical operations. The
two operations which at once suggested
themselves were addition and “nega-
tion.” A mechanical adding system can
be illustrated by the operation of an au-
tomobile speedometer. Each adding
wheel in the speedometer proceeds 0, 1,
2,8,4,5,6,7,8,9,0, 1, 2 and so on.
Simon, using only four symbols, adds
units in this progression: 0, 1, 2, 3, 0, 1,
2,8,0,1, 2,38, 0 and so on. A man can
add 1 and 2 and get 3; so can Simon. A
man can add 2 and 2 and get 4, but
when Simon adds 2 and 2 it gets 0; its
limited mentality cannot distinguish 4
from 0.

Negation may be defined as “finding
the negative of.” In Simon we find the
negative of a number by subtracting it
from O or from 4, which is interchange-
able with 0. Thus 0 is the negative of 0,
2 is the negative of 2, 1 is the negative
of 3, and 3 is the negative of 1.

All these features of Simon were
worked out some two years before Simon ~LIGHTS flash the answers of problems submitted to Simon. One pair of
was actually built. Published as a chap-  lights is sufficient to express Simon’s four numbers in the binary notation.
ter in the author’s recent book Giant Simon has three other lights, however, for additional purposes (see page 43).

RELAYS of Simon express numbers 0, 1, 2, 3. Each relay can express 1 or 0,
and pairs of them can express numbers in binary notation. In this notation
relays at left express number of twos; those at right, number of ones.
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Brains, they served as an introduction to
bigger computers. Even in the first hypo-
thetical designs for Simon it was decided
that its principal elements should be re-
lays rather than electronic tubes. Circuits
involving relays are considerably easier
to understand than those involving
tubes. In fact, they can be understood in
terms of yes and no, i.e., of current flow-
ing and no current flowing.

A survey of war-surplus stores sug-
gested that we use relays of 24 volts and
3,000 ohms, which were available at 60
cents each. A second-hand stepping
switch was acquired and modified with
coils that would energize at 24 volts. For
feeding Simon its instructions, via a
punched-paper tape, we chose the
simplest available tape feed—a regular
Western Union tape transmitter costing
$50. A front panel with switches and
lights, some rectifiers and condensers
and a frame for mounting all the parts
made Simon complete.

The machine is mounted on a chassis
24 inches long and 15 inches wide. Its
front panel is 24 inches long and 6 inches
high. The switches there enable the
machine to be operated either auto-
matically from tape or manually by
pushing buttons. Simon shines its an-
swers on the five lights that are mounted
on the panel. Just behind the panel is the
tape-feeding mechanism and the step-
ping switch. The rest of the machine
consists mainly of 120-odd relays (of
which about 10 per cent are spares,
available for increasing Simon’s capaci-
ty).

Y Simon was built by William A. Porter,

a skilled technician who had a consid-
erable responsibility in the construction
of the Harvard Mark II and Mark III
calculators, and two Columbia Univer-
sity graduate students of electrical engi-
neering, Robert A. Jensen and Andrew
Vall. Like any computer, Simon required
three kinds of workers for its creation: a
mathematician to design its circuits, an
electrical engineer to make sure that all
its elements would work, and a skill-
tul technician to put it together. The
final cost of Simon was about $270 for
materials and another $270 for the labor
of wiring. This figure does not include
the cost of the designing and a good half
of the labor, which was contributed.

HE OPERATIONS that Simon can
perform with numbers are such as to
make anyone present at the performance
feel distinctly superior. Consider a typ-
ical problem, the first given to the ma-
chine, which embraces all the numbers
and operations that Simon knows and
demonstrates its capacities. The prob-
lem: Add 2 and 1; find the negative of
3; find whether the first result is greater
than the second; if so, select 2; if not,
select 3.
Simon, or for that matter any other
mechanical brain, is analogous to a long

42

series of sidings on a railroad. Freight
cars may be switched onto the sidings
and left there until they are brought out
again. In a computing machine the
freight cars are numbers or other items
of information, and the sidings are
called registers. Each register is funda-
mentally made up of two relays, al-
though for practical reasons it may be
made up of more (see diagram at top of
preceding page) .

Simon’s 16 registers may store the
numbers 00, 01, 10, 11, or the opera-
tions 00, 01, 10, 11. The first two regis-
ters (called Input Registers) take in
from the punched tape either numbers
or operations. The next six registers
(called Storage Registers 1 to 6) store
information unchanged until it is called
for. The next five registers (called Com-
puter Registers 1 to 5) have had mathe-
matical and logical capacity wired into
them in such a way that together they
can compute. Computer Register 5
always holds the result of an operation,
specified in Computer Register 4, on cer-
tain numbers specified in Computer
Registers 1, 2 and 3. The last three regis-
ters of Simon (called Output Registers)
are connected to five lights on the front
panel, and whatever information they
hold is spelled out by the lights.

As in any other mechanical brain, cal-
culation in Simon proceeds as a series
of commands. Each command to Simon
takes the same form: “Take the number
out of register____; put it into regis-
ter____.” The blanks may be filled with
the numbers of registers in many ways.
In fact, about 200 different commands of
this kind can be given to Simon.

Let us now convert the first sentence
of Simon’s demonstration problem into a
series of commands.

Operation: Take 2.

Command: Read from Input Regis-
ter 1 (which has been filled from a line
of punched tape holding the binary num-
ber 10) into Computer Register 1.

Operation: Take 1.

Command: Read from Input Register
1 (which has now been filled from an-
other line of punched tape holding the
binary number 01) into Computer Reg-
ister 2.

Operation: Add.

Command: Read from Input Register
1 (now filled from another line of
punched tape and holding the binary
number 00, the symbol for addition)
into Computer Register 4 (the register
that holds the operation instruction).

Operation: Take the result and store
it.

Command: Read from Computer Reg-
ister 5 (now holding 11, the result of
adding 10 and 01) into Storage Regis-
ter 1.

This is the way Simon carries out a
problem. The process may seem so sim-
ple as to lack meaning. Yet the machine
is required to remember results from
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the earlier stages of the problem, to
refer to these results and to combine
them. Simon actually has a slightly bet-
ter memory than many human beings.
Its memory capacity is the equivalent of
a sheet of paper where 16 numbers can
be put down and referred to later.

E have now described how Simon

came to be conceived, how Simon
was built and what sort of problems
Simon can do. But this is not the end of
Simon’s story. The little machine has
some interesting future possibilities.

The first is that Simon itself can grow.
It possesses all the essentials of a me-
chanical brain, but other circuits can be
added to it. One that can easily be added
is a “carry” circuit. There is no basic
reason why Simon should be restricted
to numbers less than 4. A carry circuit
will enable Simon to deal with numbers
of two digits. Another possible extension
of Simon would be to add a mechanism
capable of punching paper tape. Then
impulses delivered by Simon could be
used to punch the tape, and Simon
could prepare some of its own tapes. It
would not be surprising if in another
six or eight months Simon was able to
handle decimal digits, and to do a mod-
erate amount of real computing.

Simon has a second future: It is likely
to stimulate the building of other small
mechanical brains. Perhaps the simplici-
ty and relatively low cost of such ma-
chines may make them as attractive to
amateurs as the radio set and the small
telescope.

Simon has a third future: It may
stimulate thought and discussion on the
philosophical and social implications of
machines that handle information. An
essential point about these machines is
that they are endowed with the spark
of automatic activity. In a machine this
is basically the capacity to pay attention
to and respond to a series of stimuli. The
more experience human beings have
with this unique faculty, the better they
will be able to develop and utilize it.

OME DAY we may even have small

computers in our homes, drawing
their energy from electric-power lines
like refrigerators or radios. These little
robots may be slow, but they will think
and act tirelessly. They may recall facts
for us that we would have trouble re-
membering. They may calculate ac-
counts and income taxes. Schoolboys
with homework may seek their help.
They may even run through and list
combinations- of possibilities that we
need to consider in making important
decisions. We may find the future full
of small mechanical brains working
about us.

Edmund C. Berkeley is the author
of the recent book Giant Brains.



FRONT VIEW of Simon shows its controls and lights. the stage of its solution. Light at right indicates power
Here the lights show not the answer to a problem but s on. Other two lights show that problem is at stage 9.
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TOP VIEW of Simon shows its relays. Their basic func- (C), input (D) and output (E). At the lower right is
tions are programming (A), storage (B), computation the tape feed. To the left of it is the stepping switch.

DIAGRAM shows relationship of relays noted on photo-  poses or for expanding the capacity of Simon. By adding
graph above. The remaining relays are for auxiliary pur- a “carry” circuit, Simon will be able to count higher.
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Surgical Stitching

The surgeon’s needlework is in many ways similar

to that of the housewife, but it requires special
skills because of the properties of the material

by Sir Heneage Ogilvie

SURGEON’S NEEDLES come in a great variety of sizes
and shapes. They are divided into two classes: the cut-
ting and the round-pointed. The straight needles are

best for sewing on the surface; the curved needles, for
penetrating beneath the surface. The diameter of the
needle is determined by the diameter of the thread.
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like that of the housewife, but the

garment he is sewing is made of
living tissues and the seams he makes
will be there for a lifetime.

If we were to put our housewife into
a sterile gown, cap and mask, and lead
her into a modern operating theatre, she
would probably be struck first of all by
the resemblance of all she saw to a reli-
gious ceremony—the bright lights, the
men and women in white moving swiftly
about their allotted tasks, the soundless
progress of a ritual made perfect by re-
peated rehearsal. When she came to the
side of the table and looked over the
surgeon’s shoulder, she might find the
performance much less impressive. She
might think the surgeon was using
needles too large and of too many dif-
terent shapes. She might think his
threads were coarse and his stitches un-
necessarily far apart. She might sum up
that he wasn’t very good at the job.

We should have to explain to her that
the surgeon was stitching material a
good deal tougher than she worked with,
and that he could not take it on his lap
but must stitch it where it lay, often in
an awkward place. We should tell her
that the thread was not meant to join the
two edges of a cut, but merely to hold
them together while they joined them-
selves. As for the surgeon, we should
have to excuse him by saying that he had
first used a needle at the age of 24, while
she had started at four, and that he was
practicing a method quite new in the
long history of the craft of surgery.

The pattern of any occupation de-
pends on the quality of the material with
which it is conducted, and on the nature
of the manipulations which are carried
out on that material. If the material is
coarse and heavy, and its handling needs
nothing but the application of force in a
simple manner, the worker is a laborer,
skilled or unskilled. If the material is
small in size or fine in texture, so that it
must be worked with delicacy and preci-
sion, he is a craftsman. If the task to be
done differs on each occasion and the
worker is called on to use his judgment
to produce something of his own choice
rather than one of a series, he becomes
an artist.

The raw material of surgery is the
human body, a material differing from
that on which other crafts are conducted
in two respects: 1) it contains many
tissues with widely different properties,
and 2) it is alive, meaning that it can
grow and rejoin itself and can also decay
and die. Man is the lord of creation, but
he is safe in his castle only while the pro-
tective rampart of skin that keeps out his
microscopic enemies is intact. The prick
of a needle may open the door to the
bacterial hordes that can within a day
lay his hopes, ambitions and imaginings
in the grave.

Before Pasteur’s discoveries and Lis-

THE SURGEON'S stitching is very

ter’s application of them to surgery, any
breach of this rampart, even in a surgical
operation, was followed by infection,
often by serious infection of the blood-
stream. The simplest operations had a
death rate of nearly 50 per cent, and
childbirth in a hospital, where the bac-
teria of puerperal fever spread from
ward to ward, was almost as dangerous.
Surgeons therefore confined their opera-
tions to draining abscesses, amputating
limbs and removing tumors from the
surface of the body and stones from the
bladder. They knew that safety lay in
leaving the wounds open, thus allowing
the defenses of the body complete free-
dom to evacuate the litter of the battle-
field as pus. They never opened the ab-
domen. They never stitched a wound.

The conquest of infection has saved
more lives in the past 70 years than were
lost in all the wars of history. It has also
transformed surgery from a brutal trade
to a delicate art, has transferred its inter-
ests from drainage and removal to repair
and reconstruction, and has elevated the
surgeon from the itinerant peddler of the
Middle Ages and the rough battle-fol-
lower of a hundred years ago to the sci-
entific healer of today.

THE BODY, looked on merely as the
material of a craft, may be said to
have five basic structures: the covering
membranes, fat, muscle, fibrous tissue
and bone. Fibrous tissue is the lowliest,
yet the most universal of all the tissues,
for it is the binding and sheathing ele-
ment that gives strength to all the others.
The covering membranes owe their
strength to the tough fibrous sheet on
which they lie. The nerves and arteries
run in fibrous tunnels. The muscles work
in fibrous jackets and exert their pull
through fibrous tendons. The bones are
fibrous tissue, solidified by the deposi-
tion of calcium salts.

Surgical stitching is the stitching of
fibrous tissue. A stitch will include other
tissues, but unless it takes a firm bite of
fibrous tissue in some part of its course,
it will pull out.

Since surgical stitches are to be in-
serted into the living body, the material
to be used as thread, or suture, cannot
be chosen for its strength and diameter
alone. It must be considered in relation
to the properties, movements and power
of repair of the tissues it is required to
hold together. The suture materials used
in surgery fall into three groups, each
with its advantages and disadvantages:
the absorbable, the fibrous and the
monofilaments.

The only absorbable suture material in
common use is catgut. It is made from
the intestines of the sheep, not the cat;
it gets its name from the fact that it was
first made for the Kat, or Kit, a musical
instrument like a small fiddle. Catgut is
used where it is essential that the stitch
shall disappear entirely when it has done
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its work, as in operations on the stom-
ach. The time it takes to absorb is deter-
mined by the method of its preparation.
Apart from its absorbability, it has no
advantages. It must be used in strands
much thicker than those of any other
substance to give comparable strength.
It is hard to sterilize. The strands break
and the knots slip more readily than
will other material. Worst of all, it pro-
duces a considerable reaction in the
tissues that are absorbing it. Manufac-
turers are seeking to produce a strong,
nonirritating, absorbable thread of plas-
tic to replace catgut, but so far without
success.

The fibrous materials in common use
are silk, linen thread and cotton. They
have many advantages over catgut: they
can be sterilized by boiling; their
strength is uniform and from six to 10
times that of a catgut strand of equal
diameter; knots tied with them will not
slip. Their price is from a thousandth to
a twentieth that of catgut. They are
more pliable, and, owing to their
strength, are used in finer threads with
finer needles that make smaller holes.
They produce very little irritation of the
tissues in which they lie. Yet they also
have a serious disadvantage. Because
they are woven from fine fibers, they
have a mesh structure into which body
fiuids and body cells can penetrate. In
sterile conditions this property is innocu-
ous, but where there are bacteria the
meshes may give them shelter.

Monofilament materials are those
made from a single strand, or from fi-
brous materials whose meshes have been
obliterated by a filling agent. The com-
mon materials in this group are silkworm
gut, nylon and noncorrosive wire, either
of stainless steel or tantalum. These ma-
terials can be sterilized by boiling and
have no interstices in which body fluids
can seep and bacteria can lodge. But
they are all unabsorbable and less plia-
ble than the fibrous materials, and on the
whole less strong. For work where com-
plete reliability combined with extreme
fineness is essential, as in operations on
the arteries and the eyes, many surgeons
use fine silk impregnated with wax or
plastic. Silkworm gut is stronger than
nylon of equal diameter and knots bet-
ter, but it is stiffer and cannot be ob-
tained in lengths much over a foot. Wire
is stronger than either silkworm gut or
nylon, butstiffer, liable to kink, snarl and
snap. It can be used only by a patient
surgeon served by an instrument nurse
with the qualities of an angel. Wire usu-
ally breaks down into fragments after a
few months, tears the fingers of any sur-
geon who opens the wound again, and
plays strange tricks with radiotherapy
should that be required. Surgeons are
either “wirophiles” or “wirophobes.” I
am one of the latter.

The needles used in surgery are of in-
finite variety. Four considerations gov-
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SURGEON’S STITCHES, from the
top, are continuous suture, inter-
rupted suture,buried mattresssuture,
purse-string suture and lock suture.
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ern the choice of the needle for any
particular job: the tissue through which
the stitch has to be passed, the suture
material the needle must carry, the ac-
cessibility of the structures to be sewn
and the fad of the surgeon. Surgical
needles are divisible into two classes: the
cutting and the round-pointed. The
choice of the type of point depends on
the toughness of the tissue it has to
pierce. For sewing skin or tough fibrous
sheets a bayonet or triangular point like
that of a saddlemaker’s needle is wanted;
for the intestine a round-bodied needle
is usually chosen. The diameter of a
needle is governed by the suture mate-
rial it must carry; catgut will need a
coarser caliber than thread. The length
and shape of a needle will depend on
the way it is to be held, and the thickness
of the tissue it must pierce. For easy
sewing on the surface a straight needle
is best, because the site of its point is
always known and the direction of its
travel is always under control. For sew-
ing at a depth a curved needle is neces-
sary; the greater the depth and the
smaller the bite to be taken, the sharper
must be the curve.

From another point of view needles
may be divided into those to be held
with the fingers and those to be used
with needle holders. The former need to
be longer than the latter, for the fingers
require four centimeters of length for
their grip, while the needle holder needs
only one centimeter. In intestinal work
and in fine plastic operations “atraumat-
ic” needles are used; the suture material
is gripped in a little tube at the end of
the needle, instead of being threaded
through an eye, to avoid drag when it
enters the tissue.

The choice of suture methods and su-
ture materials will depend upon the de-
mands of the particular task, on whether
the part to be sutured is infected or
sterile, on whether it is moving or station-
ary. It will also depend on whether the
strength or the appearance of the scar
are the final consideration, and on
whether the stitches will be removed or
will remain in the body.

Surfaces are always infected or poten-
tially infected, and any stitch provides a
track that may carry infection to the
deeper layers. Skin stitches are always
removed to prevent persisting sepsis, but
even a small amount of infection around
a stitch hole may leave a permanent
stitch scar. The mesh materials—silk,
linen, cotton and catgut—provide a wick
soaked in tissue fluids along which bac-
teria can grow from the surface or from
the deep glands in which they reside to
the deeper layers, and therefore they are
never used to stitch skin. The monofila-
ment materials have no such action, and
if the stitches are removed early they
leave no scar.

In the intestinal surfaces, where the
appearance of the scar is immaterial and

© 1950 SCIENTIFIC AMERICAN, INC

infection, provided it is transient and
limited to the stitch hole, is unimportant,
the preferred materials are catgut, silk
or linen; the monofilament materials are
too rigid for use in this situation. In the
case of silk or linen, interrupted stitches
are used; continuous sutures of unab-
sorbable material are not permissible in
infected sites where they cannot be re-
moved. A single-thread stitch will drop
out when it has done its work if there is
any infection, but a continuous one may
remain for years, giving trouble all the
time.

When a moving structure is to be
stitched, it may be advisable to use cat-
gut, so that no foreign material remains
at the site of suture when repair is com-
plete. In many places, however, partic-
ularly in the closing of abdominal inci-
sions, catgut is hardly reliable enough.
Many surgeons prefer interrupted stitch-
es of silk, linen or stainless-steel wire in
such situations. In the repair of hernia,
stitches are often used as a reinforcement
for a weak layer of tissue; they are there-
fore woven into the tissues and must re-
main there. This means that the suture
material must be of a kind that can yield
to the normal movements of the lower
abdominal wall. Wire, which is used by
many, seems unsuitable, for while wire
can bend it will not do so forever with-
out fragmenting. Here, where sepsis
should not occur and incorporation in
the tissues is desirable, silk, linen or cot-
ton is preferable to silkworm gut or ny-
lon. In all operations on the stomach or
intestines, the site of repair must be free
to expand and contract with the move-
ments of the part. A continuous stitch of
unabsorbable material would fix it in
one position. Free from this drawback is
a continuous catgut stitch or a series of
interrupted thread stitches that do not
hinder expansion.

HE MOST delicate operations in

surgery today are those on the brain,
the heart and the great blood vessels.
The brain is unstitchable, since it con-
tains no fibrous tissue. For the same rea-
son ligatures cannot be used there;
hemorrhage from cut surfaces of the
brain must be controlled by some special
means such as electric coagulation or
little patches of gelatin or fibrin sponge
soaked in thrombin, the agent responsi-
ble for clotting of the blood. The arteries
and heart, having abundant fibrous tis-
sue in their walls, can be stitched, but it
is a most difficult form of needlework.
The surgeon not only has the great
problem of joining surfaces that pulsate
with every heartbeat; his stitching must
be done with the finest of needles and
suture materials to an incredibly high
standard of accuracy. The join must be
so exact that no breach on which clots
could form appears in the lining mem-
brane, and so strong that blood cannot
force its way between the stitches.



Further, the needle must be no larger
than the suture that follows it, or blood
will force its way out along the stitch
hole. This last need, which is peculiar
to blood-vessel surgery, is met by the
use of a very fine round-pointed needle
molded onto very fine black silk of
identical diameter, the whole suture be-
ing kept in sterile liquid paraffin.

A woman’s skin is her shopwindow,
and more and more of it is exposed to
public gaze every year. It is also the sur-
face on which the surgeon writes his
signature, and by the beauty of the scars
he produces, rather than by the excel-
lence of the job he has done underneath
them, will he be judged. A surgical scar
can be invisible only if it is placed out
of sight or where there was a scar before,
but it need never be ugly. Happily the
surgeon’s scar can often be concealed by
nature’s scars—the skin creases. The scar
of a thyroid operation, if accurately
placed in one of the normal transverse
creases of the neck, well sutured and
well healed, will be quite invisible when
the color has left it. The scar of an ap-
pendectomy operation placed in the
outer end of the lower abdominal crease
can escape the eye even of the examiner
for an insurance company.

These devices are not always possible,
but to make a scar that shows no more
than a thin white line like a piece of
paper on edge should always be possible
if certain principles are borne in mind.
First, incisions made across the line of
elastic tension in the skin heal better
than those made along it. Second, com-
plete apposition of the edges of the cut
layers of skin, not merely on the surface
but throughout its depth, is necessary to
secure smooth healing. Third, infection
in either wound or stitch holes means
unsightly scars—and stitch scars are
uglier than wound scars.

The stitches are used to bring the
wound together but not to hold it to-
gether, except in the early stages of re-
pair. The holding is soon taken over by
living tissues. The more accurately the
cut edges are brought together, like to
like, without gaps yet without pressure,
the more rapidly will living cells grow
across and render the_stitches superflu-
ous. The earlier, too, will epithelial
growth close the breach in the ramparts
made by the knife and shut out infection.
In neck wounds the stitches normally can
be removed in 48 hours. In other wounds
those that merely bring the skin edges
together can come out in four days if
they have been accurately placed, and
the wider ones which bring the fat into
apposition can be removed in another
three or four days.

——

Sir Heneage Ogilvie is sur-
geon to Guy’s Hospital in
London and a Fellow of the
Royal College of Surgeons.

SURGEON’S SUTURES, like his needles, come in a wide variety for various
purposes. These sutures, from top to bottom, are catgut, chromic catgut,
silkworm gut, white silk, black silk, linen, white cotton, black cotton, nylon
and wire. Only sutures that are made of catgut are absorbed by the body.
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ION EXCHANGE

The technique of replacing electrically charged atoms

or groups of atoms with others of the same charge has

become increasingly useful to science and technology

or groups of atoms. Most inorganic

substances are made up of ions. A
classic example is common salt. When
this is formed by the combination of its
elements, sodium and chlorine, a very
vigorous reaction occurs in which each
sodium atom loses an electron, becom-
ing a positively-charged sodium ion, and
each chlorine atom gains an electron,
becoming a negatively-charged chloride
ion.

The properties of the ions are, of
course, very different from those of the
neutral atoms whence they came. There
is a tremendous attractive force between
the positive and negative ions. Suppose
one could somehow separate the sodium
and chloride ions in an ounce of common
salt and then take the pile of sodium ions
to the North Pole and the chloride ions
to the South Pole. The two tiny piles of
ions, though 8,000 miles apart, would
attract each other with a force of several
tons!

Needless to say, the separation of posi-
tive from negative ions in any weighable
amount is quite impossible. Wherever
we have a positive ion, there must be a
negative ion in its immediate neighbor-
hood. Yet, though positive and negative
charges may not be separated, there is
nothing to stop us from substituting one
kind of positive ion for another, or one
kind of negative ion for another. This
substitution is known as “ion exchange.”
More specifically: ion exchange is the
reversible interchange of ions of similar
charge between a solution and a solid
insoluble body in contact with it. The
solid body is called an ion exchanger.
Being insoluble in water, it does not con-
taminate the solution in any way; its sole
effect is to trade ions.

Suppose we have potassium chloride
in a solution and want sodium chloride;
or, taking a more practical case, we have
the potassium salt of penicillin and want
the sodium salt. We place the solution in
contact with an ion exchanger contain-
ing sodium ions. This solid gives up some
of its sodium ions to the solution and
takes potassium ions in exchange. The
exchange is reversible, so it is really a

IONS are electrically charged atoms
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by Harold F. Walton

sharing of potassium and sodium ions
between the solution and the exchanger.
We can, however, completely replace
the potassium ions in the solution with
sodium ions by packing a column with
granules of the exchanger and letting the
solution flow through it.

A SOLID ion exchanger must have
three characteristics. First, it must
contain ions of its own. Second, it must
be insoluble in water under all condi-
tions; this means that its molecules must
be very large. Third, there must be
enough space between its molecules so
that small ions such as the sodium ion
can move freely in and out of the solid.

The chemical structure of two typical
ion exchangers is shown in the diagrams
on the opposite page. An exchanger mol-
ecule contains many thousands of atoms,
most of them linked together in a long
chain or network. This main part of the
molecule is really one big, multiply
charged ion; it may have either a nega-
tive or a positive charge. To neutralize
this charge, smaller ions of opposite
charge are present. It is these small ions,
which are not held by bonds to the rest
of the molecule, that change places with
ions in a solution. When the small ions
are positive, the molecule is a cation ex-
changer; when they are negative, it is an
anion exchanger.

In one of the exchangers illustrated
here the free ions are negative chloride
ions; in the second they are positive
sodium ions. The second, a modern resin-
ous cation exchanger, demonstrates the
way in which the structure of the mole-
cule permits free ions to move in and out.
Here the chains of atoms carrying nega-
tive charges are kept a certain distance
apart by bridges of benzene nuclei. The
spaces between the main molecular
chains are now large enough so that
metallic ions, and even relatively large
ions like those of vitamin B or nicotine,
can diffuse in and out easily.

A granule of ion-exchanger may be
likened to a submicroscopic sponge. In
the channels of the sponge are many
tiny fish (ions). There is a law, corre-
sponding to the law of electrical neutral-
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ity, which says that the number of these
fish must always be constant. If the
sponge is surrounded by nothing but
water, therefore, the fish cannot escape
but must stay inside the sponge. But if
we put the sponge into a tank containing
other tiny fish, some of these will swim
into the sponge, and an equal number
of its original population can now swim
out. The mingling is not entirely promis-
cuous. If we start with 50 red fish in the
sponge and 100 blue fish outside, we
may wind up with an equilibrium in
which there are always 30 red and 20
blue fish in the sponge and 20 red and
80 blue outside. The red fish evidently
like the environment of the sponge more
than do the blue fish. So it is in ion ex-
change; cation exchangers hold potas-
sium ions more firmly than sodium ions,
and sodium ions more firmly than lithium
ions.

Our fish analogy can be carried fur-
ther: just as big fish cannot enter a small
sponge, so ions cannot enter an ex-
changer granule if they are too large.
though they may be held on the outside
of the granule to some extent. The fish
analogy breaks down, however, in one
respect: it is actually the number of
charges, not the number of ions, that
must stay constant in or on an exchanger
granule. One calcium ion, for instance,
displaces two sodium ions, because its
electrical charge is double that of the
sodium ion.

THE MOST important ion exchanger
in nature is the soil. It was in soil
that ion exchange was first discovered,
exactly 100 years ago, by J. T. Way, a
consulting chemist to the Royal Agricul-
tural Society of England. He was curi-
ous to know how soil could hold a water-
soluble fertilizer, such as potash (potas-
sium chloride) or sulfate of ammonia, so
strongly that rain could not wash it out.
He made an experiment in which he al-
lowed a solution of potash to percolate
through soil in a jar with a hole in the
bottom and analyzed the water that
dripped out of the bottom. The experi-
ment revealed that the potash released
from the soil a chemically equivalent



quantity of chloride of lime or soda. We
would say that the potassium ions dis-
placed calcium and sodium ions from
the soil. Once the potassium ions are in-
side the soil, no amount of rain water
will wash them out, because it is impos-
sible to separate positively-charged ions
from the negatively-charged “sponge” of
the soil. But the potassium ions can be
washed out by irrigation water contain-
ing sodium ions, for the latter displace
them.

It is certain minerals, notably clays,
and acids formed from decaying vege-
tation that are responsible for the soil’s
ion-exchanging ability. In 1858 a chem-
ist in Germany named H. Eichhorn used
this knowledge to create the first syn-
thetic exchanger. He mixed sodium sili-
cate and sodium aluminate solutions and
produced a white jelly which, when
dried and crushed into small pieces,
made an excellent exchanger. This ma-
terial is still one of the most important
commercial exchangers today; it is used
on an immense scale for softening water.

A new era in ion exchange opened in
1935, when the British chemists B. A.
Adams and E. Leighton Holmes an-
nounced they had prepared synthetic
resins which had ion-exchanging prop-
erties. Their resins were chemically an-
alogous to bakelite, but more strongly
ionized and more permeable. (Bakelite
itself is an ion exchanger, though a very
poor one.) All synthetic resins consist
of long chainlike or weblike molecules,
so they can be made into exchangers
simply by building ionic groupings onto
them and arranging for suitable perme-
ability. Today many different types of
ion-exchanging resins are commercially
available. It is becoming possible to pro-
duce “tailor-made” resins suited to the
particular needs of the process in which
they are to be used. This is accomplished
by varying such factors as the degree of
ionization, permeability, capacity (num-

ber of ions per unit volume) and selectiv-
ity (ability to hold one ion more strongly
than another). Another advantage of the
resin exchangers is that they are not
broken down by acid or alkaline solu-
tions.

Meanwhile Dutch and German indus-
trial chemists have found that a good
cation exchanger can be made by treat-
ing bituminous coal with concentrated
sulfuric acid. Chemically this material
is related to the humic acids of soil. It
does not have the capacity of the newer
resins, and it is inferior to them in cer-
tain other respects, but it is far cheaper
and has a very wide industrial use in the
U.S.

HE MOST important commercial

application of ion exchange, as has
already been suggested, is the soften-
ing of water. As we obtain it from riv-
ers, lake or wells, water always has
some impurities. Usually it contains ions
of calcium and magnesium, which make
it “hard.” When such water is boiled, it
leaves hard, scaly deposits of carbonates
and sulfates; when its ions combine with
soap, they form a curd. It can be “soft-
ened” by exchanging the calcium and
magnesium jons for sodium ions, which
do not form a curd with soap or produce
boiler scale. The water is passed through
a bed of ion-exchanger granules, which
take up the water’s calcium ions and
substitute sodium ions for them. Fresh
hard water is constantly poured on to
the top of the bed, so its top layers lose
virtually all their sodium ions and be-
come saturated with calcium. The layers
at the bottom, however, hold their so-
dium ions for quite a while, because the
water reaching them has already been
softened. The result is a very efficient
use of the exchanger; for a long time the
water that emerges from the bed con-
tains no detectable trace of calcium.
This in spite of the fact that ion ex-

changes arereversible! The ion-exchange
column offers a fine example of a reversi-
ble chemical reaction which can be
driven virtually to completion by always
keeping one of the reactants in excess,
in this case the sodium-saturated ex-
changer at the bottom of the bed.

When the whole bed has finally be-
come so loaded with calcium that cal-
cium ions begin to appear in the water
flowing out at the bottom, it is an easy
matter to rid it of calcium and restore its
sodium ions. The flow of hard water is
stopped and a concentrated sodium
chloride brine is allowed to run slowly
through the bed. The excess of sodium
ions reverses the exchange process; now
the calcium ions are washed out and re-
placed by sodium ions. This is called
regeneration of the exchanger. It makes
it possible to use the same charge of ex-
changer over and over again for many
years.

The largest ion-exchange softening
plant in the world belongs to the Metro-
politan Water District of Southern
California. Each day it softens 400 mil-
lion gallons of water, using 400 tons of
salt for regeneration.

The process just described does not
purify the water; it merely exchanges
one impurity for another. For some pur-
poses, such as manufacturing pharma-
ceuticals, washing photographic film, or
filling high-pressure boilers, any impuri-
ty in the water is harmful. The purity of
distilled water is needed. But distillation
is expensive. Thanks to the organic ion
exchangers, it is possible to get “dis-
tilled” water without distiiling, and at a
small fraction of the cost. The “raw”
water, containing, let us say, calcium
sulfate and calcium bicarbonate, passes
first through a bed of organic cation ex-
changer which has been regenerated
with acid and therefore contains ex-
changeable hydrogen ions. When the
bed takes calcium ions from the water,
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ers show only segments of their repeating structures. In
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these two exchangers chloride (C1—) and sodium (Na+)
ions are exchanged for other ions of the same charge.
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ION-EXCHANGER BED exchanges
calcium (Ca++) for sodium ions. X—
stands for the negatively-charged
segment of cation exchanger mole-
cule. Na+X— is the exchanger itself.
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it releases these hydrogen ions in their
place. The water leaving the bed also
contains negative bicarbonate (HCO3—)
and sulfate (SO,=) ions. Some hydro-
gen and the atoms in HCO3~ recombine
to form carbon dioxide. (The water is
passed through a degasifier where the
carbon dioxide is removed.) Now the
water contains only H* and SO,=, the
ions of sulfuric acid. It passes next
through a bed of anion exchange resin
which contains negative hydroxyl
(OH~—) ions. This exchanger absorbs the
sulfate ions and gives up thehydroxylions
in exchange. The latter then combine
with the hydrogen ions in the water and
form more water. Thus the water that
finally flows from this bed contains no
ions in solution at all. The whole process
is known as “deionization” or “demin-
eralization.” If only ionic impurities were
present originally, the process will de-
liver a water as pure as distilled water.

If the water has a large salt content,
however, purification by ion exchange
costs more than by distillation. This is
true, for example, of sea water, which is
about 3.05 per cent salt. Consequently
we cannot at present expect ion ex-
change to provide a practical method of
producing potable water from the sea.
But it is an economically feasible method
for brackish waters which contain .2 to
.3 per cent of solids. Such water supplies
exist in many desert regions. To purify
them for irrigation purposes at a price a
tarmer can afford demands that the
chemicals for regeneration be used very
efficiently, but it has been done. A plant
now operating in the Negeb Desert in
Israel is producing irrigation water at 20
cents per thousand gallons—less than a
third the cost of distillation.

During the war compact little ion ex-
changers were used in life-raft emer-
gency kits for making drinking water
from sea water. Each kit had a plastic
bag and six tablets the size of candy bars,
consisting of a special high-capacity
cation exchanger, with silver ion as its
replaceable cation. One tablet was put in
the bag with a pint of sea water, and the
bag was kneaded to speed up the circula-
tion of the ions. The exchanger took the
sodium and magnesium ions from the sea
water. The silver ions that were thereby
driven from the exchanger combined
with the chloride ions remaining in the
water to form insoluble silver chloride.
The water, after straining through a can-
vas filter, was then fit to drink.

ON EXCHANGE can remove ionic or
saltlike impurities from other fluids
besides water; indeed, from any sub-
stance that is not itself ionized. Next to
water treatment the most important com-
mercial use of ion exchange today is the
removal of salts from beet juice in the
making of sugar. The salts present in the
raw juice interfere with the crystalliza-
tion of the sugar, and an increased yield
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of better quality sugar can be obtained
if they are removed. They are separated
out in a two-step process by exchanger
beds that allow the non-ionized sugar to
pass on. Similar processes are used to re-
cover sugar from pineapple cannery
waste, pectin from citrus wastes and lac-
tose from cheese whey.

Ion exchange is also used to “soften”
cow’s milk for infants. Cow’s milk nor-
mally contains some 25 per cent more
calcium than human milk does, and it
forms a hard, leathery curd in the stom-
ach which a baby cannot digest easily.
Replacement of some of the calcium by
sodium by treatment with a cation ex-
changer yields a more digestible product
known as “soft-curd milk.”

Ion exchange has recently found two
applications in medicine. One is a treat-
ment for gastric ulcers. Ulcers are asso-
ciated with high acidity, i.e., a high con-
centration of hydrogen ions in the stom-
ach. The patient is fed an anion ex-
change resin containing replaceable hy-
droxylions. When displaced from the ex-
changer, the hydroxylions combine with
the hydrogen ions to neutralize the
acidity. This resin tastes no worse than
dry cereal and is completely nontoxic.
The other medical use of ion exchange
is the relief of edema (swelling of the
tissues) resulting from high blood pres-
sure. The swelling is caused by an excess
of water in the tissues, and it can be re-
duced by removing sodium ions, which
attract water, from the body. This can
be done bv feeding cation exchange
resins.

When ions that have entered an ex-
changer from a solution are released
again by regeneration of the exchanger,
they usually come out in more concen-
trated form than in the original solution.
This provides a means for recovering
valuable materials from dilute solutions
from which their extraction by other
methods would be unprofitable. For ex-
ample, the electroplating and viscose-
rayon industries each year throw away
vast quantities of copper and other
metals, in the form of dilute solutions of
their salts. This not only wastes metal
but pollutes the rivers into which the
solutions are discharged. A start toward
recovery of these metals by ion ex-
change has been made. The waste solu-
tions are passed through cation ex-
changer beds. A heavy metal cation such
as the copper ion generally is strongly
held by an exchanger, so the recovery is
fairly effective. When the exchanger can
hold no more metal ions, it is regenerated
with a relatively concentrated acid or
salt solution. The metal salt solution that
comes out is concentrated enough to be
used again for the original purpose.

Similarly alkaloids can be recovered
from dilute plant extracts, nicotine from
tobacco wastes, quinine from cinchona
bark, the vitamin thiamin and the anti-
biotic streptomycin from dilute concen-
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ION-FREE WATER is produced by a two-stage ion-ex-
change process. In hydrogen exchanger positive metallic
ions are exchanged with hydrogen ions, i.e., salts are
converted into their corresponding acids. In anion ex-

trations of them, tartaric acid from grape
wastes in wine-making, citric and ascor-
bic acids from citrus juice. Some of the
monosodium glutamate sold today for
food flavoring is recovered from the ion
exchangers used in beet-sugar refining.
The number of such applications is legion
and increases almost daily.

NE of the great uses of ion ex-
change has been in biological re-
search, particularly the investigation of
proteins. When the structure of a protein
is broken down by hydrolysis, the wreck-
age is a tangled mixture of amino acids,
the protein’s building blocks. The amino
acids are very difficult to separate and
purify. Ion exchange is by far the best
means that has yet been found for do-
ing so.

Amino acids have the interesting
property that they are at the same time
acids and bases. They can therefore form
negative ions, positive ions or neutral
molecules, depending on the acidity of
their solution and on the amino acid
concerned. A cation exchanger will take
up the positive ions and an anion ex-
changer the negative ions, while the
neutral molecules are absorbed by nei-
ther. So the amino acids can be neatly
separated into three groups.

Ion exchange can go further: it can
even separate individual amino acids,
provided they have the same charge.
Their separation depends on the fact
that all ions are not held with equal
strength by an exchanger. In the case of
inorganic ions, the larger the ion, other
things being equal, the more strongly
it is held; this is true for anions as well

as cations. In the case of the amino
acids the relations are more complicated,
but there are still differences in the
strength of attachment which make sep-
arations of some of them possible. A
small amount of a solution containing the
mixture of amino acids is poured on to
the top of a tall column of exchanger. The
top of the column takes up all the ions,
i.e., the amino acids. Then a regen-
erating solution is run slowly through
the column. The ions of the regenerant
displace the amino acids from the top of
the exchanger and force them farther
down the column. The amino acid that
is least strongly bound by the exchanger
is displaced first and moves farthest
down the column. It is therefore the first
to emerge from the bottom of the col-
umn. The taller the column, the greater
the ultimate difference in the movement
of the various ions. If the column is long
enough, all of the first constituent of the
mixture will emerge before any of the
second appears. Thus each amino acid
successively comes out of the column
completely separated from the others.
This technique, called “chromatog-
raphy,” is also used to separate the fission
products from uranium, particularly the
rare-earth elements. As every chemist
knows, the rare-earth elements are so
nearly alike in their properties that sepa-
ration is extremely tedious. Indeed, be-
fore the ion-exchange method was de-
veloped, only one or two of them had
ever been obtained in much better than
95 per cent purity. Now they can be got
99.99 per cent pure and better. Similar
separations have been made between the
metals zirconium and hafnium, the
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changer negative ions are exchanged. The ions displaced
by those in the raw water pass off as water and carbon
dioxide. The hydrogen exchanger is “regenerated” with
acid; the anion exchanger is regenerated with alkali.

“identical twins” of the periodic table.

In the biochemical field ion exchange
has provided a tool for fascinating stud-
ies of the constituents of cell nuclei—
nucleic acids and nucleotides—which are
so similar to one another that they are
nearly impossible to separate by conven-
tional means.

HE applications of ion exchange are

now so numerous that I have been
able to mention only a small part of
them; there are many more in catalysis,
in the manufacture of colloidal suspen-
sions, in analytical chemistry and so on.
Yet the great diversity of applications
must not lead us to undue optimism
about their industrial possibilities. We
must remember that separation processes
which work beautifully with a few milli-
grams, or even a few grams, of rare-earth
mixtures will not necessarily work with
tons. Ion exchange is in its nature not a
highly selective process. If we could
make jon-exchanging materials that were
really selective, each holding a particular
cation or anion much more strongly than
all others, the prospects would be vastly
more exciting. We could then dream of
the extraction of gold or uranium from
sea water by ion exchange, or of a new
kind of metal mining in which solvent
solutions would go underground instead
of men and ion exchangers would do the
rest.

e —— -
Harold F. Walton is
associate professor of

chemistry at the Uni-
versity of Colorado.
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Is Man Here To Stay?

Throughout evolutionary history all dominant forms of life

except man have been supplanted. Thus far the new dominant

forms have sprung from unobtrusive, unspecialized creatures

HE THOUGHT that the human
Trace may one day disappear from

the earth is somehow intolerable,
even though in most epochs men have
not considered the danger immediate or
personal. Man has never been finicky
about speculating on the possible end of
the planet; the event lies so far off in the
indeterminable future that it is scarcely
real to finite brains. But the end of a
dominant species, particularly if it be
one’s own, is not so easy to dismiss with
a shrug. Even scientists seem loath to
deal with the subject. The idea clashes
with our submerged yearnings for a goal,
for a purpose related to ourselves. The
notion of human extinction troubles our
wish to participate, even though vicari-
ously, in the triumphs of our descend-
ants, and to see their line perpetuated
through the unbounded eras of the fu-
ture.

I have before me a scientific work in
which the author writes optimistically:
“The earth may last for ten thousand
million years yet before it and all its life
are dead, so man has more time at his
disposal than ever the dinosaurs had.”
Pierre Lecomte du Noiiy in Human
Destiny goes even further. He says that
from now on man’s “path separates from
that of the rest of living beings, which
he will always dominate. Evolution will
continue through him alone.” The appeal
of such reassuring expressions is obvious.
They link with Tennyson’s hopeful
dream of “that far-off divine event to-
ward which the whole creation moves.”

Yet the archaeologist who has wan-
dered among the fallen columns of dead
civilizations, and the paleontologist who
has delved into wastes of time in which
whole orders of life have vanished, may
well bring a certain austere perspective
to the consideration of this happy fan-
tasy. In this dread hour of prospective
atomic warfare, it will do us no harm to
measure man and the substance of his
dreams with realism. If he is to find his
freedom and his length of years, it can
be only through an adequate knowledge
of life and not of dreams.

There is a widespread tendency to
conceive of the course of evolution as an
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by Loren C. Eiseley

undeviating upward march from the
level of very simple organisms to much
more complex ones. We are inclined to
think of man as the crown and culmina-
tion of this movement and the natural
point of origin for any further progress.
The syllogism runs something like this:
Evolution is an upward movement. Man
is the most intelligent form of life on the
planet. Therefore he will continue to
dominate the earth throughout future
time, or he will himself give rise to some
more perfect and intellectual species as
far superior to us as we are superior to
our heavy-browed, lumbering forerun-
ners of the Pleistocene.

This last statement is very significant.
I it lies the major source of the confu-
sion we manifest about human destiny.
We know that man has moved along a
particular line that has led to greater and
greater intellectual triumphs. We know
his brain has grown and his body has
altered. We call this process evolution,
and we tend not to understand why it
cannot go on through an indefinite fu-
ture. The confusion lies in the fact that
we fail to distinguish adequately be-
tween progressive evolution in a single
family line and those greater movements
which adjust life to the rise and fall of
continents or the chill winds of geologi-
cal climate.

There is a pulse in the earth to which
life in the long sense adjusts, but it is a
rhythm so slow that it is imperceptible
in short-line evolution. We can grasp its
significance and its indifference to the
aspirations of individual life forms only
when we call the roll of the ages and
note the number of the vanished. Even
if we concentrate only upon the Age of
Mammals, ignoring the strange departed
amphibians of the Paleozoic or the
stalking giants of the Age of Reptiles—
even then we discover that whole orders
and families have passed out of exist-
ence. Many of these creatures were high-
ly successful in their day. Yet as one com-
pares the durability of the simpler crea-
tures with that of the more efficient, one
may be led to comment cynically that to
evolve is to perish. In general it is slow-
moving, inconspicuous creatures such as
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the common opossum that have come
down the long range of time unmodified
and “immortal.” It has been observed by
students of fossil life that in a surprising
number of instances the danger of ex-
tinction can be shown to be proportional
to the rapidity of evolutionary change.

The subject is a very complex one, of
course, because obviously the complete-
ly inadaptive organism cannot master a
shifting environment. Life must evolve
to live. Why, then, are we confronted
with the paradox that he who evolves
perishes? Are we not the highest animal?
And what, among all things that fly or
creep or crawl, is more apt to inherit the
future than we are?

THE one great biological principle
that seems to deny man’s hopes for
continued dominance of the planet is
known as the “law of the unspecialized.”
It is one of the curious ironies of scien-
tific history that the discoverer, or at
least the formalizer, of this law was a
devout Quaker scientist who put forth
his views during the full flush of 19th-
century enthusiasm for evolutionary
progress. He was Edward Drinker Cope,
undoubtedly one of the greatest natural-
ists America has ever produced. It is
hardly necessary here to enter into a
sterile debate as to what constitutes a
biological “law” or whether such laws
exist. Let us call Cope’s “law of the un-
specialized” merely a brilliant generali-
zation, based on his extensive knowledge
of the vertebrate faunal successions
throughout past time.

The gist of this generalization is that
the leaps ahead in evolution generally
take off from comparatively unspecial-
ized forms of life, rather than from the
most highly developed. In Cope’s words:
“The highly developed, or specialized
types of one geological period have not
been the parents of the types of succeed-
ing periods but . . . the descent has been
derived from the less specialized of pre-
ceding ages.” It is the more adaptable
and generally the smaller forms that are
best able to meet the onset of new condi-
tions which destroy the already domi-
nant and successful types. The first am-



phibians arose not from a highly success-
tul fish but from a slow-swimming, foul-
water form which had to be peculiarly
adaptable. Similarly, the first mammals
came not from one of the specialized
dragon reptiles but from a smaller and
much less specialized reptile which was
learning to control its blood tempera-
ture. Another climbing, jumping reptile
became a bird. All were small, all were
the fortunate possessors of traits that
offered the potentialities of successful
adaptation to new climates or new me-
dia.

Each of these insignificant, stumbling
but remarkably endowed creatures
founded explosive dynasties. Climbing
out of the seas and marshes to the unin-
habited air or land, entering into some
still region whose previous occupants
were dead, they radiated with amazing
rapidity into a diversity of forms. The
new forms grew ever more specialized
as they adapted to the particular niches
in the environment that they came to
occupy. Many of these specializations
are of quite remarkable character. Yet
in the long course of evolution they
threaten to reduce the adaptability of
the form in case it should ever find its
particular evolutionary corridor blocked
or destroyed. The problem is a little like
that presented to an elderly glass-blower,
let us say, when glass-blowing becomes
mechanized. His environmental zone has
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PALAEOZOIC
EVOLUTION OF VERTEBRATES is roughly plotted

on the basis of time and the relative dominance of each
group. From top to bottom are fishes, amphibians, rep-

changed, yet he is old; he is no longer
able to master a new field. He is through
—and so it may be, in even more brutal
ways, in the world of animal life.

I T is true that the history of evolution

shows some instances in which a spe-
cialized form continues successfully for
a long period, vanishes and then millions
of years later is reincarnated in the form
of similar adaptations in the same en-
vironment. Such oddities are not always
easy to explain. Probably in some cases
the death of a dominant form destroys
its enemies along with it, so that the par-
ticular corridor is left open for renewed
exploitation by a later creature which
begins to evolve down the same path-
way. A typical instance has been de-
scribed by Edwin H. Colbert of the
American Museum of Natural History.
The crocodile-like Phytosaurs of Triassic
times became extinct, yet the same en-
vironmental zone was entered by the
true crocodilians in the Jurassic, and
they have continued to be a highly suc-
cessful organism ever since. Though un-
related, both reptiles assumed remark-
ably similar shapes. This is progressive
evolution in a limited sense, but it is a
very confining type of movement.

The kind of evolution that produces
great advances or changes must be more
versatile. Thus the small arboreal ani-
mals of the Age of Reptiles, having
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MESOZOIC

tiles, birds, mammals and man. The horizontal coordi-
nate is numbered in millions of years. New groups
sprang from early unspecialized forms of older groups.

achieved a stable body temperature, sur-
vived the passing of the dinosaurs. Ven-
turing on to the world of dry land, they
underwent an explosive radiation which
carried some of them back to the sea,
some of them into the night world of the
mole, some into the armor of the slow-
moving Glyptodons. Some reached
elephantine proportions, some inserted
themselves into tiny environmental
crevices where they survived as rare
oddities. Each, in a sense, sacrificed
something for a narrower proficiency;
the armored his speed and wit, the great
carnivore his ability to live if his prey
became extinct.

Thus the evolutionary paradox be-
comes plain: The highly and narrowly
adapted flourish, but they move in a
path which becomes ever more difficult
to retrace or break away from as their
adaptation becomes perfected. Their
proficiency may increase, their numbers
may grow. But their perfect adaptation,
so necessary for survival, can become a
euphemism for death. Climates change,
vegetation changes, enemies perfect
their weapons, continental ice-fields ad-
vance, indirect competitors may smother
the corridor. Sooner or later an impasse
develops, an impasse which a small,
omnivorous creature that has “special-
ized” in generalized adaptability and in-
conspicuousness may escape, but which
the perfected evolutionary instrument
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never can. Consider, for example, the
disaster that would overtake an animal
like the tubular-mouthed toothless ant-
eater if extinction overtook the social in-
sects. The anteater could never readjust.
He would starve in the midst of food
everywhere available to the less special-
ized. He will last only as long as his
strange environmental niche remains un-
disturbed.

The question we are mainly interested
in is: Is man a specialized or a general-
ized creature? Are we the refined end-
product of an evolutionary line whose
genetic plasticity has about reached its
limit, or are we the departure point for
an undreamed of future? An answer of
sorts can be given, but it has to be given
with great care and with much attention
to precise definition. We will want to
ask, first of all, whether there really is
such a thing as an “unspecialized” ani-
mal. My answer is that there is, and that,
furthermore, it robbed our kitty’s food
dish last night. It is no mere intellectual
abstraction.

ROBABLY the major confusion that

has developed about Cope’s principle
of the unspecialized animal is the tend-
ency to imagine it as some kind of in-
choate “archetype” creature capable of
galloping off in several evolutionary di-
rections at once. No such animal ever
existed, and Cope never intended to sug-
gest that it had. The term “unspecial-
ized” is used only in a comparative sense,
and in this sense we need not look far,
even today, to find examples. The opos-
sum that stole up our back stairway last
night and turned the cat’s tail into a
frightened bush has marched unchanged
through 80 million years of geological
upheaval. As George Gaylord Simpson
observes in his widely read recent book,
The Meaning of Evolution: “It has been
suggested that all animals are now spe-
cialized and that the generalized forms
on which major evolutionary develop-
ments depend are absent. In fact all ani-
mals have been more or less specialized,
and a really generalized living form is
merely a myth or an abstraction. It hap-
pens that there are still in existence some
of the less specialized—that is, less nar-
rowly adapted and more adaptable—
forms from which radiations have oc-
curred and could, as far as we can see,
occur again. Opossums are not notably
more specialized now than in the Cre-
taceous and could almost certainly ra-
diate again markedly if available space
were to occur again.” Nature, in other
words, seems to keep available creatures
whose life zones are broad enough for
renewed experimentation if the need
arises.

It is evident, then, that there are two
currents in the evolutionary flow, al-
though neither is completely separate
from the other. There are times when
only a person gifted with foreknowledge
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of the future could indicate which of
these streams means progress. But in
general one of the streams is not really
progressive. It is simply the perfection of
specialization: the creation of the ideally
adjusted parasite, of the glowing mon-
ster of the abyssal seas, the saber-toothed
tiger, the fish with batteries in its belly.
All of this is remarkable beyond words,
but beneath these superficial diversions
a deeper flow has carried life up from the
waters, perfected its chemical adjust-
ments, conquered the land, stabilized
bodily temperature, developed nervous
systems of growing complexity and
brought into being the mind, whereby
the universe examines itself.

So far this broad upward movement
has never retraced its steps. Not that it
has not wandered or specialized, or lost
itself in peculiar and constricted niches,
but once a new level of organization has
been attained, it has not been lost, and
the old has dwindled in importance. The
Crossoptyrigian fishes gave rise to the
amphibians and vanished almost totally.
The amphibians, making further lung
and limb adjustments, then gave rise to
the reptiles. The latter then contributed
the two great living groups—the mam-
mals and birds. In all these cases it was
not the largest or most highly specialized
of the new classes that produced the suc-
ceeding forms. It was instead the smaller,
less spectacular and more adaptable
types. Man, who derives from a com-
paratively generalized and ancient order
of mammals, has opened a strange new
corridor of existence—the cultural cor-
ridor. With the appearance of culture
the biologist is confronted with a true
innovation.

T HERE exist in various obscure parts
of the globe certain ancient and re-
markable forms of life. They are, one
might say, the immovable immortals. Is
that quick-witted, volatile and short-
lived parvenu, man, destined to join
their company? Has his mastery over
environment, the greatest yet achieved
by any animal, created the first highly
specialized but truly adaptable organ-
ism? Does his one great specialization—
his brain—mean escape at last from the
disasters that have stalked all other
forms?

There is a creature something like man
that may provide a hint, though it crawls
in another shape. Like man, it is an agri-
culturist and a city builder. It numbers,
like man, in the millions, and like man it
has mastered the problem of food storage
and distribution. In its dark cities it
knows something of the common warmth
and security, the thrusting back of the
harsh natural environment, that man has
so recently achieved. This creature is the
ant.

You will object at once that ants are
physically and mentally remote from
men. So they are, but in their tremen-



dous, if minute, activities they have
achieved a remarkably humanlike adapt-
ability. The tropical Attas ant, for exam-
ple, has solved the food problem by
controlled culture of domesticated fungi.
We need not linger over the details or
over the even more ancient kingdoms of
the termites. The important point is that
the ants have led their present lives for
more than 80 million years, while man’s
civilization is scarcely more than 7,000
years old. They are the oldest cosmop-
olites; they have sheltered longest,
grown food, escaped many of the vio-
lences of the mammalian world. We shall
want to ask just one question: “Have
they changed?” It would seem they have
changed very little, if at all. They are
one of the small “immortals.” They at-
tained their present relatively high bio-
logical specialization very long ago and
have since been marking time or evolv-
ing so slowly that the modifications are
extremely minor.

The reason for this long life without
noticeable change would seem to lie in
a perfect environmental balance. Even
the creatures’ parasites are old. The re-
markable instinct-built cities, playing a
part roughly equivalent to our own
metropolises, have provided shelter, food
and protection. The stability of perfect
adjustment has set in.

It can justifiably be contended, of
course, that man, by reason of his cul-
tural malleability, his ability to invent,
to progress, to introduce changes into his
environment, is in a much more dynamic
and unstable relationship with nature
than the social insects. But it is also true
that man’s cultural proclivities are di-
rected toward making life easier for
himself. He prepares food which makes
an elaborate dentition superfluous, and
which actually encourages its disappear-
ance. His machines transport him with
little effort on his own part. His clothing,
his air-conditioned houses, his medical
devices all protect him from the harsh
natural environment that controls the
survival and directs the evolution of
other animals. As a living organism man
is still susceptible in some degree to en-
vironmental influences and genetic drift,
but natural selection has ceased to oper-
ate intensively upon him. To be sure,
competition in implements and methods
of warfare may well determine the in-
crease or relative decline in significance
of particular racial types in given mo-
ments of human history. There is nothing
in the present life of man, however, to
suggest the likelihood of striking in-
creases in brain development or other
remarkable innovations in human struc-
ture. We may expect at most a few mild
changes toward a reduced dentition and
other small adjustments if civilization
and its luxuries continue.

Man, in other words, gives every sign
of having reached, by a different road
from that of the social insects, an equiva-

lent environmental mastery. It would
take a formidable and unforeseen world
cataclysm to thrust him once more naked
into the wilderness out of which he
emerged. It is conceivable that his pro-
pensities for destruction may bring about
his self-extinction, but because of his
worldwide distribution and enormous
expansion in numbers this is extremely
unlikely.

The 19th century drew from the cen-
tury before it a concept of human prog-
ress which the evidence of the earth’s
history does not entirely justify. Evolu-
tionists do not see at work any inner
perfecting principle that would auto-
matically improve a given organism after
it has achieved a certain stability of re-
lationship with its environment. Rather
the pace of evolution steadily becomes
slower, until the vicissitudes of time de-
mand new adjustments or force the now-
specialized organism toward extinction.
“No fixed law,” wrote Charles Darwin,
“seems to determine the length of time
during which any single species or any
single genus endures.”

Darwin, like his 18th-century fore-
runners, believed in progressive change
and predicted that “we may look with
some confidence to a future of great
length . . . all corporeal and mental en-
dowments will tend to progress towards
perfection.” Yet curiously this quotation
lies at the close of a paragraph in which
he said: “Of the species now living very
few will transmit progeny of any kind
to a far distant futurity.”

THE primate order is old. Man is a
comparatively young branch of that
order, but his great brain marks him as
specialized in a way peculiarly apt to
bring an end very soon to his physical
modifications and advancement. Indeed,
there is evidence that Homo sapiens has
not altered markedly for hundreds of
thousands of years. Yet man’s strange
specialization has introduced a new kind
of life into the universe—one capable
within limits of ordering its own envi-
ronment and transmitting that order
through social rather than biological
heredity.

If man can master quickly his individ-
ualistic propensities for destruction, he
may be able to become another of the
small immortals. Even to this, however,
judging by the records of the geological
past, there will come an end some day.
Sooner or later Cope’s law of the unspe-
cialized will have its chance once more.
When it does, we can only hope that the
beings who will replace our dominance
upon earth may be, if not wiser and gen-
tler, at least less diabolically inventive
than ourselves.

—_————

Loren C. Eiseley is profes-
sor of anthropology at the
University of Pennsylvania.

© 1950 SCIENTIFIC AMERICAN, INC

NOWQOC

One Relay takes the

place of MANY

") . —
4-POLE
e = SRELAY WITH
— TN = UMIVERSAL
- '_"‘-J..;-_-.%b COMTACTS
( 1 b_—L =
-_h =

D% 3":_‘)’

HOIMALLY OPEN Contacts to
NORMALLY CLOSED Contacts
by Simply Shifting Connections

The Allen-Bradley Bulletin 700 Universal sole-
noid relays are a new idea in relay design. The
new dual contact arrangement permits quick
changes to be made in the control circuits of ex-
perimental or production line equipment. To shift
“normally open” normally closed”
contact or vice versa—you merely change con-

“

from a to a
nections —a simple and easy operation.

These relays incorporate the time tested struc-
tural elements of all other Allen-Bradley Bulletin
700 solenoid relays: Only ONE moving part, no
contact maintenance, efficient solenoid construc-
tion, no flexible jumpers.

Bulletin 700 a-c Universal relays have a rating
of 10 amperes at voltages up to 600 volts. A-B
Bulletin 200 d-c Universal relays have a rating
of 10 amperes up to and including 115 volts and
a rating of 2 amperes above 115 volts and up to
230 volts.

Write, today, for complete information.

ALLEN-BRADLEY
MOTOR CONTROL

'W EENEEE NN EEE ..
] L]

L]
: Allen - Bradley Co. .
M 134 W. Greenfield Ave. "
s Milwaukee 4, Wis. "
L ] L ]
H Gentlemen: .
. Please send me latest information on the A-B g
a Bulletin 700 Universal Solenoid Relay. ™
'] L]
®  Name Title L]
] L]
: Company. :
] L
" Address, ™
[ ] L
s City. Zone. State. "
L) L]
NSNS NN R S



by James R. Newman

MATHEMATICAL S~apsHOTS, by Hugo
Steinhaus. Oxford University Press

($4.50).

MATHEMATICS presents certain

difficulties because, as Sir Ber-

nard Darwin has said about
golf, you must learn it first and think
about it afterwards. There are many of
us who would like to understand the
subject better, to get the hang of it be-
yond the mere ability to arrive at the
same sum when adding a column from
bottom up and top down. But the prepa-
rations required for this increase of
knowledge often prove too arduous. One
evinces good intentions by buying the
latest popular book on mathematics and,
if resolve holds, even makes an attempt
to read it. The ensuing disillusionment
is swift and drastic; it is soon discovered
that the mystique of square roots and
fractions is as disagreeably elusive as
ever, that if these elementary matters
are not mastered, further progress in the
art is impossible, that the publisher’s
blurb to the effect that here at least is a

=

BOOKS

An approach to mathematics through

some diverting mathematical pictures

way to glide painlessly to the summit is
a monstrous deception. It is disconcert-
ing to learn that a ready grasp of the in-
tricacies of world affairs does not enable
one to answer such questions as: If it
takes three men seven hours to build a
hen house and a half, how many hen
houses can five men build in an hour and
a quarter? And it is particularly humili-
ating to find that your 12-year-old son,
who knows nothing about the designs of
Mao Tse-tung or the Schuman Plan, re-
gards the hen-house problem as tire-
somely simple. There is of course no law
of nature that a man’s mind gets sharper
as he grows older. (

This book by Hugo Steinhaus offers
consolation for these melancholy truths.
In its seemingly haphazard way it af-
fords, in exchange for a relatively small
expenditure of reader effort, a remark-
ably spacious view of the subject. Itis a
book to stretch the imagination without
unduly straining the mind; but this is not
to say that if you enjoy grappling with
difficult ideas you will be disappointed,
for they are to be found here in abun-
dance.

The first edition of Mathematical
Snapshots was published in Poland in
1939 and has been out of print for some
years. It was a delightful little volume.

CHESSBOARD PROBLEM involves eight queens, each
of which can move in any direction. The queens are ar-
ranged in such a way that none can attack any other. The
same result can be achieved with 91 other arrangements.
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Besides its many handsome diagrams
and striking photographs, it possessed a
side pocket containing a collapsible,
multicolored dodecahedron (held to-
gether by rubber bands which made it
self-erecting when removed from its hid-
ing place), a set of motion-picture cards
which when rapidly riffled displayed cer-
tain geometrical laws, a pair of red and

reen Cagliostro spectacles which con-
ferred three dimensions on the book’s
several anaglyphs, and a few other
equally ingenious gadgets. Dr. Stein-
haus’ introduction was so modest and
amiable as to disarm all criticism. “You
are right,” he said, “there is no system in
this book; important things are omitted
and trifles are emphasized. Many things
do not deserve the name of mathematics,
and the author himself does not seem to
know what his aim really was in publish-
ing his ‘mathematical snapshots.” They
are too scientific for a child and too
childish for a mathematician.” Still, this
was excessively modest. For Steinhaus
succeeded not only in serving up a re-
past of mathematical objects “as pecu-
liar as the most exotic beast or bird,” but
his book, for all its grab-bag disorder and
despite the fact that his morsels rarely
more than tickled the appetite for the
strange and wonderful, afforded an

THEORETICAL PROBLEM is to draw a curve through
every point in the interior and on the boundary of a
square. One mathematician solves the problem with this
curve, which is impossible to draw in its final form.



amazing display of the richness, the va-
riety and especially the interrelatedness
of mathematical thought. His snapshots
had a dual role. They were often beau-
tiful and fascinating in themselves and
from that standpoint it was unnecessary
to ask what they meant. Yet they were
also pictorial representations of purely
abstract relations possessing universal
validity. Thus they could illumine for
the thoughtful reader something of the
nature of intellectual process—how we
are able to interpret the physical world
and make coherent and useful systems
describing its behavior. The very mish-
mash quality of the book serves to carry
out this purpose.

The new edition of Mathematical
Snapshots, alas, omits the spectacles, the
dodecahedron and the other props.
Steinhaus’ earlier apologia is replaced by
a more formal and less informative
preface. Moreover, the illustrations,
though many new ones have been added,
are somewhat smaller and therefore not
as strikingly handsome as those in the
volume printed by Ksiaznica-Atlas in
Lwow. But the principal substance of
the book has been preserved, and the
text has been considerably expanded
and improved.

Many of the old favorites among rec-
reations are included. The secrets of the
esoteric games of ticktacktoe and three-
in-a-row are here exposed to vulgar view.
The standard analysis is presented of the
“Fifteen” or “Boss” Puzzle invented by
Sam Lloyd, an oddment which for a
number of years was the rage in France
and Germany. (At one time it was found
necessary to post a notice in the Reich-
stag forbidding the legislators to move
the little squares in the Fifteen Puzzle
while more serious matters were being
considered.) Steinhaus says that the
Fifteen Puzzle went out of fashion when
in 1879 a mathematical explanation of
it was published in the American Jour-
nal of Mathematics. Evidently he has
not recently inspected the novelty coun-
ters of drugstores in American cities: it
is my impression that more plastic Fif-
teen Puzzles than prescriptions are dis-
pensed in some of these emporia. Any-
cne who is intrigued by chessboard
puzzles (as distinguished from chess
problems) and other recreations involv-
ing the so-called Graeco-Latin squares
will find fresh, diverting material in
Steinhaus. The great Euler, who was not
merely mathematically omnipotent but
omnivorous as well, is represented in
these pages for his solution of the famous
Seven Bridges Problem and the Problem
of the Thirty-Six Officers. How is a dele-
gation of six regiments, each of which
sends a colonel, a lieutenant colonel, a
major, a captain, a lieutenant and a “sub-
lieutenant,” to be placed so that neither
in any row nor in any file will regiment
or officer’s rank be repeated? It is dis-
piriting to learn that this cannot be done,
ulthough it is possible to place 25 offi-

cers in the desired order. I do not mean
to be unduly irreverent about the im-
portance of this mathematical discovery:
the solution undoubtedly represents
some contribution to mathematical
knowledge and, indeed, it turns out
to have practical value in horticultural
and genetic experiments. As Santayana
wrote: “It is a pleasant surprise to [the
pure mathematician] and an added
problem if he finds that the arts can use
his calculations, or that the senses can
verify them, much as if a composer
found that the sailors could heave bet-
ter when singing his songs.”

Without straining matters and with
considerable imagination and skill Stein-
haus shows the relations between rec-
tangles, irrational numbers, falling dom-
inoes and tunes; between tessellations,
the drying mud of a river bed, the mix-
ing of liquids, nomograms, slide rules,
Lake Michigan, musical scales and the
measuring of irregular areas and lengths;
between soap bubbles, geodesy, the
earth and moon, maps and dates; be-
tween squirrels, screws, candles, conic
sections, acoustics, billiard tables, the
nervous system, electrocardiograms and
shadows; between the Platonic solids,
crystals, bees’ heads, detergents, billiard
balls, a rhombic triacontahedron and the
method of proportional polling where
three political parties are contesting an
election; between polyhedra, the city of
Konigsberg, haystacks, knots, dovecotes,
the Mébius band, doughnuts, the color-
ing of maps and the combing of hair;
between Boyle’s law, Pascal’s triangle,
frogs, college freshmen, bacteria, digi-
talis, the height of sunflowers and the
total length of American railways. I can-
not elucidate any further the links con-
necting the members of these assem-
blages except to assure that Steinhaus
makes the most unlikely cousinships ap-
pear quite plausible.

For those who feel a book on popular
science fails unless it makes the reader
goggle, there is a fine sprinkling of gog-
gle-making revelations. The highest
known prime number, 2127 —-1—=17014-
1183460469231731.6873037158841057-
27, can be got by putting two chess-
boards side by side, placing one grain
(of something or other) on the first
square, two on the second, four on the
third—doubling through all 128 squares
and then removing one grain from the
last square of the second board. The
number of grains remaining on that
square will then be the large number
written above. Although a curve is a one-
dimensional figure and cannot fill space,
it is nevertheless possible, as was shown
by the Polish mathematician Sierpinski,
to give the formula for constructing a
space-filling curve that will fill a square.
If you have 13 coins, one differing in
weight from the others, three weighings
will suffice to identify the counterfeit.
(I should warn that this is not easy; in
fact I remember the current rumor,
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/“g% él»g is, without

question, the best general
l work on the meaning of

evolution to appear in our
time . . . Will be read,
praised, referred to, quoted,
and accepted, for many a
year to come.”—N. Y. Times

THE
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By George Gaylord Simpson

A splendid gift for any young
man or woman entering on a
career of science. Third print-
ing, tllustrated, $3.75

At all bookstores
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Engrossing story of the first indus-
trial laboratory in America founded
for research ... and a vivid account
of individual accomplishments:
Coolidge’s x-ray tubes, Langmuir’s
gas-filled incandescent lamps,
Hull’s studies in electronics, Dush-
man’s researches into high vacuum
—and scores of other scientists
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when the puzzle was first talked about a
few years ago, that Albert Einstein had
been unable to solve it.) If three dogs
are chasing one another, they are likely
to be wasting their time unless they have
heard of the circles of Apollonius or at
least realize that the most efficient path
of pursuit for all of them is along a loga-
rithmic spiral. It takes a highly compli-
cated machine to draw a straight line
(no point in using a straightedge since
you have no way of telling whether or
not it is straight until you have drawn a
straight line), but it is always possible
to cut a sandwich with a plane stroke so
as to halve the bread, the butter and the
ham. (The latter problem has been most
carefully considered in an article by A.
H. Stone and J. W. Tukey on “general-
ized ‘sandwich’ theorems,” in the Duke
Mathematical Journal.)

This, I hope, gives the flavor of a book
both entertaining and of intellectual
merit. I hope it will have many readers.
I can promise even those who regard all
mathematics as a basilisk an agreeable
surprise.

BLINDNESS: MODERN APPROACHES TO
THE UNSEEN ENVIRONMENT, edited
by Paul A. Zahl. Princeton University
Press ($7.50). The seeing person is often
uncomfortable in the presence of a blind
person, and to him the blind and blind-
ness are apt to be almost mysterious.
This anthology should provide correction
for the blind spots of the sighted with
respect to blindness. It was prepared un-
der the auspices of the Committee on
Sensory Devices of the National Re-
search Council, and its authors are com-
petent research workers or teachers of
the blind. The coverage is extensive, in-
cluding such topics as the history of the
treatment of blind people, vocational
and educational problems of blindness
and the fascinating search for new de-
vices which will assist blind people “to
see.

PSYCHOSOMATIC MEepicINE: ITs Prin-
CIPLES AND APPLICATIONS, by Franz
Alexander. W. W, Norton & Co. ($4.00).
People no longer have pains; they have
“psychosomatic pains.” Indeed, the re-
cent emphasis on the mental and emo-
tional causes of disease leads one to won-
der how long it will be before a counter-
revolution begins, under the slogan
“There Is a Body.” Dr. Alexander, di-
rector of the Chicago Institute for Psy-
choanalysis, has written a readable book
in which the principal psychosomatic as-
pects of several diseases are described.
He does not forget, however, that there
are anatomical and physiological factors
important in the complex disease proc-
esses of the human being. Much of his
material is familiar, but of great interest
are his presentations of the psychody-
namics of psychosomatic illnesses in psy-
choanalytic terms. As an introduction to
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a relatively new, complex and rapidly
developing branch of medicine, the book
will be valuable to the reader who has
some knowledge of medical and psycho-
analytic terminology and theory.

ex IN SociaL LiFg, edited by Sybil
Neville-Rolfe. W. W. Norton & Co.
($5.00). SEx QUESTIONS AND ANSWERS:
A Guipe To Happy MARRIAGE, by Fred
Brown and Rudolf T. Kempton. Whittle-
sey House ($2.95). Sex knowledge
seems still to be one of the least well-
distributed commodities in Western so-
cieties, and since direct laboratory in-
vestigation of this subject by the student
is discouraged, books are the principal
formal medium for the dissemination of
information. One can highly recommend
either of these two excellent books. For
the intelligent, well-educated reader, the
Norton anthology will be the more satis-
factory. It is well written, scholarly and
covers a wide range of topics in a thor-
ough, urbane and pleasantly philosophi-
cal manner. Sex Questions and Answers
is for less erudite readers. Its topical
range is almost as wide as that of the
anthology, but its presentations are not
as elaborate and its language is simple.
Its authors have lectured widely on sex
topics, and their book considers selected
questions asked them by American sol-

diers and by other audiences.
C.A.C

HE AUTOBIOGRAPHY OF ROBERT A.

MiLLikaN. Prentice-Hall ($4.50).
Dr. Millikan has had a long and success-
ful career as a physicist, teacher, scien-
tific discoverer, organizer and adminis-
trator. He has traveled widely, met and
worked with the outstanding men in his
field in the last 60 years, conducted im-
portant researches, been rewarded with
the Nobel prize and many other honors,
been blessed with unbroken good health
and a happy marriage, and enjoyed thor-
oughly the people, the ideas, the work,
the challenges that have filled his ex-
istence. All this is told in his autobiogra-
phy, a book of many tedious interludes
and trivial details, also somewhat over-
laden with sermons and ingenuous social
diagnoses, yet giving withal an interest-
ing account of a busy scientist’s career
and absorbing descriptions of major ad-
vances in 20th-century physics to which
Millikan made essential contributions. A
rare history of a civilized, happy man.

UT OF My LATER YEARs, by Albert
Einstein. Philosophical Library
(84.75) . A collection of scattered essays,
statements and addresses, covering a
variety of topics from Max Planck and
E =mc? to socialism, militarism, Zionism
and the menace of atomic destruction.
The selections are, as might be expected
of occasional pieces, of uneven quality
and importance; yet not a few bear the
characteristic stamp of Einstein’s origi-
nality and insight, just as others are ani-
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SINCE the appearance of the first
German edition in 1927, this
book has been recognized as the
only adequate and authoritative text
both on the physical principles of
microclimatology and on the de-
scription of microclimates that have
been studied. In the present edition,
the book has been thoroughly re-
vised and enlarged to present the
results of the many advances made
in this field in the past twenty years.
450 pages, 180 figures, $5.00.

At all bookstores, or

) Y00 HARVARD

\ g y, UNIVERSITY PRESS
\“\“/ Cambridge 38, Massachusetts

\\\\\\\\\\\\\\\\ S ——

mated by his moral courage and humani-
ty. A book worth reading not only for
much of its content but for the mirror it
holds up to the mind and temper of a
profoundly simple and great man.

BRING Out Your Deap, by J. H.
Powell. University of Pennsylvania
Press ($3.75). An overlong but well-
written dramatic account of the great
plague of yellow fever that decimated
Philadelphia in 1793, the most frightful
collective disaster to have overtaken an
American city thus far. In re-creating the
events of this extraordinary calamity
from a mass of documents and other
sources hitherto neglected, Powell has
rounded out the portrait of Benjamin
Rush and has memorialized the heroic
labors during the plague of a handful of
men and women, including a number of
former Negro slaves who gave courage
and leadership to the white community
which had despised them. The remark-
able Dr. Rush, for all his self-sacrifice
and devotion, was, by his fanatical in-
sistence on bleeding and purging, per-
haps responsible for more deaths than
all the other physicians put together.

1ISTORY OF PHysics, by Max Von
Laue. Academic Press, Inc.
($2.30). A lucid survey of the entire
field of physics, treated topically rather
than with primary emphasis on chronolo-
gy, with the result that the reader is
afforded an unusual opportunity to trace
the evolution of the basic concepts and
theories without having to shuttle con-
tinuously, as in the more conventional
histories, between the diverse major de-
velopments of each successive epoch.
Von Laue writes occasionally dogmatic-
ally, often brilliantly and with a wonder-
fully sure mastery of subject, especially
when dealing with the modern period.
One may, however, question the accu-
racy of some of his judgments in the
earlier history of physics. It is also a
drawback that his terse, tightly woven
exposition presupposes a broad knowl-
edge of physics and mathematics, thus
rendering the book largely inaccessible
to the general reader.

PRINCIPIA MaTtaEMATICA (second edi-
tion), by Alfred North Whitehead
and Bertrand Russell. Cambridge Uni-
versity Press (three volumes, $30.00). It
is gratifying to be able to report that a
reprint of this work, one of the great in-
tellectual achievements of the 20th cen-
tury, is again available. The Principia
has been out of print for a number of
years, and second-hand copies have been
scarce as well as expensive. The text is
unaltered; the paper and binding are up
te the usual standard of the Cambridge
University Press, which is to say, excel-
lent; the price, all things considered, is
moderate. Libraries and scholars should
be very well pleased.

J-R.N.
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R Science Library
for the

BUDGET-MINDED!

The Sigma Series . . . fourteen
monographs on separate scien-
tific subjects, written in simple,
understandable language by
recognized authorities. Delight-
ful, easy, and fascinating read-
ing, replete with halftone plates
and line drawings; no compli-
cated mathematics!

THE SIGMA SERIES
Edited by Martin Ruhemann
Cloth-bound $1.25 each.

FRONTIERS OF ASTRONOMY by
David S. Evans. The practical aspects
of modern astronomy. 175 pages.
WHAT IS ATOMIC ENERGY? by K.
Mendelssohn. Understandable answers
to an ever-present question. 180 pages.
FEEDING THE HUMAN FAMILY by
E. leGros Clark. A new scientific study
of man’s oldest problem. 125 pages.
ELECTRONS IN ACTION by J. G.
Daunt. Fundamentals of electricity,
from the structure of matter to the
principles of Radar. 151 pages.
POWER by Martin Ruhemann. The
significance of power; its principles,
production, and uses: Atomic and Solar
energy. 123 pages.

MOLECULES AGAINST MICROBES
by E. S. Duthie. A history of man’s
attacks against bacteria. 156 pages.
THE ELECTRON MICROSCOPE by
V. E. Cosslett. The principles and sig-
nificance of the instrument; its future
possibilities. 128 pages.

DRUGS FROM PLANTS by T'. I. Wil-
liam. The important plant drugs; past
history and modern research. 119 pages.
ANAESTHETICS AND THE PA-
TIENT by Gordon Ostlere. Principles
and application‘ of anaesthesia; de-
scriptions of drugs used. 166 pages.
MAGNETISM by David Shoenberg.
Magnetic-electrical relationships and
magnetic properties; practical appli-
cations of magnetism. 216 pages.
ABOUT COSMIC RAYS by John G.
Wilson. Electrons and radiations at
high energies; the meson. 216 pages.
HOW CHEMISTRY WORKS by
Arthur J. Birch. The basic concepts of
chemistry; a survey of principles un-
derlying chemical processes. 218 pages.

SIGMA SERIES DOUBLE
VOLUMES
Cloth-bound. $2.50 each.

HOW YOUR BODY WORKS by Dr.
Geoffrey H. Bourne. Introduction to
physiology on new lines, dispelling
many misconceptions of bodily func-
tions. 228 pages.

THE MERCHANT SHIP by G. S.
Baker. The history, principles, design
and construction of merchant vessels.
159 pages.

At your bookseller—or write

INTERSCIENCE

PUBLISHERS, Inc.
Dept. A
250 Fifth Ave., N. Y. 1, N. Y.
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Hoew! Satum 3 Inch
PORTABLE REFRACTORS

Only 5199.00

CHRISTMAS TIP!

If you haven't been able to work a Saturn
Refractor into your budget before, why
not suggest it as the Christmas present
you have always wanted? You would be
surprised at the number of three and four
inch refractors we ship for Christmas
delivery.

Saturn Refractors are capable of serious astro-
nomical research; are precision made by the
West’s largest makers of observatory instru-
ments. Objective lenses are highest grade pre-
cision ground, achromatic f-15 crown and flint
glass; all movmg parts are precision machined.
Both 3 and 4 inch refractors are easily port-
able, even though the 3” has a 45 inch focal
Iength and the 4” has a 60 inch focal length.

Cost of the 4" is $345. Larger instruments
manufactured to order.

Write for literature giving full informa-
tion on Saturn Refractors.
2528 Grove Street
Berkeley, California

WAR SURPLUS BARGAINS

YOUR CHANCE TO SAVE REAL MONEY!
MAKE A MICROSCOPE

Get wonderful results. Own an instrument worth many
times the cost to you. Simply convert a U.S. Govt. Rifle-
scope (Govt. cost over $65.00). It's easy! We show you
how. No machining required. Get up to 40 Power. Scope

we furnish is used but in good condition . . . sent complete

with extra l(‘nsec and direction sheet,

$7.90 Postpald
WRENCHES—for "above project, fo simplify_and speed
work—Stock #89-S .. $1.00 *Postpaid

ASSEMBLE YOUR OWN BINOCULARS
Save More Than 2 Regular Cost
GOV'TS 7 x 50 BINOCULARS

Complete Optics, complete Metal Parts. New and ready for

assembly. We supply full instructions.

METAL PARTS—Set includes_ all Metal Parts—col‘nnletely

finished for assembly of 7 x 50 Binoculars. No chining

required. A sturdy Binocular (,arrym" Case is optl(mdl with

cach set Of Metal Parts.
2-S—$39.40 Postpaid, plus $4.80 for Case—

20.
OPTICS—SQL includes all Lenses and Prisms you need for
assembling 7 x 50 Binoculars. These are in excellent con-
(hlmn—perfecl. or near-perfect—and have new low reflection

Stock .#5102 S—7 x 50 Optics . 525 00 Postpald
(These are standard Amer

NOTICE! If you buy both Binocular Optlcs and Blno(‘ulal
Metal Parts, add 20% I'ederal Excise Tax to above prices.

AMAZING POCKET-SIZE
10-POWER SPOTTING SCOPE

Complete WIﬂI Tripod and
Swivel Head
Only 5%"” long—8%"” high on
tripod. Adapted from Army tele-
scope and worth many times our -
price. Excellent for clarity and ’
sharpness. Has prism erecting
system, achromatic_objective.
Ramsden Eye-Piece. Lenses low
reflection coated. Ideal Scope for
sportsmen and hunters.

Stock #955-S = $14.95 Postpaid
SIMPLE LENS KITS!—-THE LENS CRAFTERS DE-
LIGHT! Fun for adults! Fun for children! Kits include
plainly written, illustrated booklet showing how you can
mmd lots of optical items. Use these lenses in photography
for copying, ULTRA CLOSE-UP SHOTS, Microphotography,
for “‘Dummy Camera’’, Kodachrome Viewer, Detachableé
Reflex View Finder for 35 mm. cameras, Stereoscopic
Viewer, ground glass and enlarging focusing aids. And
for dozens of other uses in experimental optics, building
TELESCOPES, low power Microscopes, etc.

Stock #2-5—10 lense Postpaid
Stock #5-5—45 lense Postpaid
Stock 1#10-S—B0 lenses. 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
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Conducted by Albert G. Ingalls

N A Newtonian telescope either a
right-angle prism or a diagonal mir-
ror of plane-parallel glass serves to

turn the light focused by the concave
mirror at right angles into the eyepiece.
If a mirror is used, its front surface must
be aluminized or only about four per
cent of the light will reach the eye, the
remainder passing through the diagonal
glass to be wasted. When observing the
sun, however, the large mirror of the
telescope collects far more light than the
eye can accept with comfort. Then an
unaluminized diagonal that wastes light
in this manner actually becomes desira-
ble. The difficulty in using such a diag-
onal is that a fraction of the light is re-
flected back from the inside of the rear
surface and reappears at the front to
form a second image of the sun nearly
as bright as the primary one beside it.

“Obviously,” writes John M. Hole-
man of Richland, Wash., “what isneeded
is a piece of glass having only one side.
A more attainable alternative is to use a
piece of glass having its second side tilted
with respect to the first, or front, side at
an angle large enough to throw the sec-
ondary image out of the field of view of
the lowest-powered eyepiece to be used.
Since the field of view of most telescopes
is narrow, an angle of 10 degrees be-
tween the faces of the prism is adequate
for most conditions. This prism is known
as the Herschel wedge or solar diagonal.
The following notes describe how one
was made.

“The optical requirements of this
prism are of the simplest. The first sur-
face should be flat to a quarter-wave-
length and well polished. The figure of
the second surface is not important,
since the image formed here is not to be
used. The other surfaces may be left
ground. This is one of the easiest prisms
to make, and a good first project for the
beginner in prism making.

“The prism can be made from a rec-
tangle of plate glass if a piece with one
side flat enough can be found. If optical
glass is desired a tank prism can be
bought and cut down. Salvage compa-
nies furnish 90-degree prisms that have
entrance and exit faces 1% inches wide

© 1950 SCIENTIFIC AMERICAN, INC

THE AMATEUR

and 6 inches long. The figure usually
found on tank prisms is turned-down
edge and ends. The faces are usually con-
vex, one nearly flat, and the third may
be anything. The flatness of the faces
can be tested with interference fringes,
and the best one chosen for the first sur-
face of the solar diagonal.

“After the best surface has been
marked off with a wax pencil, it is cov-
ered with painter’s tape or beeswax and
the prism is cut crosswise to leave a rec-
tangular face of the desired dimensions,
as shown in the upper left-hand part of
the drawing at the bottom of the oppo-
site page. [The drawing was made to
illustrate this article by Russell W. Por-
ter shortly before his death.] This may
be done by hand with a hacksaw blade
and coarse Carborundum grains.

“Next the prism is cut through at an
angle to make a second face at about 10
degrees to the first. The rough sides are
trued up and ground smooth, the first
surface remaining protected by tape or
wax. A stove lid or a piece of glass may
be used as the tool, and the prism hand-
ground on it with Carbo and water. A
high-grade prism may, if preferred, be
made by the special method described
by Fred Ferson in Amateur Telescope
Making—Advanced (printings since mid-
1944) and then polishing as he suggests
in a glass surround. This will produce a
beautiful prism with truly flat sides,
which is really unnecessary for the pur-
pose. The surfaces and ends may also be
ground and polished by the same means
if one is quixotic enough to put in an
additional 42 hours, as I did.

“There is so much opportunity for
originality in making the metal parts of
the accessory, and so much depends up-
on the equipment available to the indi-
vidual, that a detailed description of a
method would be useless except to a
few.

“The mounting needs a tubular exten-
sion in the end that fits into the telescope
where the eyepiece normally goes (the
left-hand end in the illustration) and a
holder at right angles to it to take the
eyepiece. Between these, and at the
vertex of the right angle, should be the
first face of the solar wedge. This should
be tilted at 45 degrees, with the thick
base toward the eyepiece holder. The
rear of the housing should be left open
to allow the direct light and heat of the
sun to escape. The simplest means of
supporting the wedge is to put it behind
a cut-out plate of metal slanted at the
proper angle and held in place by a re-
tainer of wood, as shown in the drawing.
The completed assembly is shown at the
upper right.

“Besides the prism, a dark filter is
needed at the eyepiece. For the sun a
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war-surplus dark neutral filter (No. 605)
may be had from a salvage company.
‘For the moon, where there is also an ex-
cess of light, the light neutral filter No.
604 is excellent. It is desirable to mount
the dark filter as close as possible to the
eye lens of the eyepiece, so that the eye
can reach the necessary eyepoint, which
is pretty close in most telescope eye-
pieces. This is usually done by burnish-
ing the filter into a thin circular cell like
the left-hand one of the two in the
lower right-hand quarter of the draw-
ing. This cell is substituted for the screw
cap of the eyepiece. A setscrew in the
edge will keep it from falling off. The
technique of burnishing or crimping in
the filter is the same as for a lens, and is
described by Porter in Amateur Tele-
scope Making, page 70: a thin edge is
turned up and rolled over against the
glass with a small roller while the lathe
is running at its fastest speed. In Lens
Work for Amateurs Henry Orford very
briefly describes this process and shows
two lathe tools for burnishing, one a cut-
ting tool with profile that excavates a
hollow near the edge, the other a little
roller. However, the job may be done
with a round-ended tool having no roller.

“If the variable filter shown in the
lower right-hand corner of the drawing
is preferred, it can be made from two
small Polaroid filters No. 633. If one of
these remains stationary and the other is
rotated on top of it, the light will dimin-
ish gradually from about 35 per cent to
practically zero. One way to mount this
is to burnish one Polaroid into a rimmed
cell, as with the simple filter, and to
burnish the second Polaroid into a thin
disk fitting into the cavity in the first
cell. A retainer sprung or screwed in
place keeps the whole assembly together.
Rotation of the inside filter is obtained by
a screw moving in a slot in the rim of the

outer cell and threaded into the inner
disk. The protruding head of the screw
serves to rotate the filters.”

After Holeman wrote the preceding
article and Porter illustrated it, a ques-
tion arose whose largely negative answer
may nevertheless have positive value.
This concerns possible injury to the eye
of the observer from continued use of
the second of the two types of filters de-
scribed: the variable density filter.

During the war the Polaroid Corpora-
tion developed its crossed Polaroid vari-
able filter attachment that was and still
is used in large numbers of military
binoculars. These have virtually com-
plete absorption for infrared and ultra-
violet radiation, and may be used with
safety on telescopes of any aperture—for
the observation for which they were de-
signed. They were not, however, de-
signed for direct observation of the solar
disk, and they should not be required to
protect the observer under such condi-
tions.

Preceding the filter in the optical
train, with the telescope aimed squarely
at the sun, is an objective lens or mirror
of 6-inch or larger aperture. This gathers
as much radiation as would a burning
glass of the same diameter. Next is a
Herschel wedge that throws 95 per cent
of this radiation out of the train. But the
5 per cent that remains and passes to the
filter is still far more than a filter is called
upon to absorb in other kinds of obser-
vation. It is doubtful whether the varia-
ble density filter has enough absorption
in the infrared to safeguard the observer
while he examines the solar image, as he
might, for several minutes at a time, day
after day, year after year. Yet the fact
that the visible light is cut down can
make him think he is safe, while the in-
visible infrared radiation may be cook-
ing his eye.

This in no way bears upon the use of
binoculars equipped with variable den-
sity filters even in prolonged terrestrial
use, nor does it bear upon Polaroid sun-
glasses. These absorb the ultraviolet,

Details of the Herschel wedge prism and mounting
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BINOCULARS

Outstanding Buys Still Available

7 x 50
HIGH
QUALITY
IMPORTED

Binoculars

*36°

(Ilustrated)

6 x 30 German Featherweight
Central Focusing $37.50*

8 x 32 Lightweight
Central Focus $35.00*

7 x 35 Wide Angle Lightweight

Actual
FPhotograph

ML 7 im
Wi 39 ox

Central Focus $44.00*
12 x 35 Lightweight
Central Focus $44.00*

6 x50 Achromatic American
Field Glass $16.00%

*Plus 20% Federal Tax

Send for Free Literature

Dept. 11K, 24 W.45th St., New York 19, N. Y.

N CAI.GIII.ATIONS

of all kinds can be easily
solved on the

J’B BINARY CIRCULAR
SLIDE RULE

This rule will quickly solve the

-
LLEj snuplest as well as the more

1 difficult problems involving

calculations  in  Arithmetic,

T Algebra and  Trigonometry.

Any number of factors can be

handled in long and difficult

——=mmm———- calculations. Uu C scale of

with graduations 27
20-inch slide rule. .
are divided as closely as u ’0 m[h slide rule, Iugv
scale extends from 1 0015 to 1,000,000. Give:
functions from 0 to 90 degrees on back. En
vided scales yellow and hlack on white coated alum
Permanently accurate. Dia. 81%”. Price $7.25 in cas
with instructions. Approved at leading Univ. Used hs
many large firms in the U. 8.

MIDGET
CIRCULAR SLIDE RULE

A‘ LL and Binary scales.
i . Approved

Half
750 in case leh m~uuclmns M rde of metal.

ATLAS SLIDE RULE

Combination Atlas-Binary Slide Rule

Has Atlas scales on one side, with 2 indicators, Binary

on reverse side with 2 indicators. Made of mcn!
permanently accurate. Price $12.00 in case with in-
structions.

We have many thousands of unsolicited_letters on
these rules. Descriptive circulars free. Satisfaction
guaranteed.

GILSON SLIDE RULE CO.
Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1913
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with /4" F.L.
Astronomical’ “Telescopes,  Spotting Scopes, etc
Original Gov't cost ﬁppmx:mately $100.00 each.

Diameter
54m/m (214")
78m/m (3%")
*78m/m (3%")
81m/m (34%")
83m/m (3%") $28.00
83m/m (314" $30.00
*Not coated

We can supply o ALUMINUM TUBING e for the
above lenses

SVMMETRlCAL EYEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-
mented achromats, exact Gov't spacing diagram.
Gives wide flat field.

%" EF.L. (20X) Lens Set 12m/m Dia.. $4.50

%7 E.I.L. (13X) Lens Set 18m/m Dia.....3.50

40 POWE TELESCOPE

Coated Lenses

Lach
.$12.50
.$21.00
$21.00
.$22.50

TIfocal Length
600m/m (23%"”)
381m/m (15”)
451m/m (1734
622m/m (241%")..
876m/m (34%%")..........

1016m/m (40”)..

Magnesium Fluoride Coated Cemented Gov't
It ohses 1nade of Anest Crown And Flint op
tical glass. They are fully corrected and have tre-
mendous resolving power and can be readily used

FOUR TELESCOPES in One because of Adjust-

able Power Eye piece 10X, 20X, 30X and 40X.

Magnesium-fluoride Hard Coated Precision Amer-

ican made Lenses. Achromatic Objective lens 214"

((}'Zm/mi deah Lengthicloscd 9%."”, open 271",
enuine Leather covering. Weight 28

o0zs. & & $35.00

Smaller Model 40 power telescope 1173’ (36m/m)
Only $27.

Objective, length open 26" 50
LENS CLEANING TISSUE—

a Wonderful
Gov’t Surplus Buy of Perfect Paper which was ’

made to the highest Gov’t
fications. 500 <}{Zeet standards and ss;)e;;)

size 71/2” x 11",

| Free catalooue
““MILLIONS”’ of Lenses, etc.

We pay the POSTAGE—C.0.D.’s you t
—Satisfaction guaranteed or mnn{sy r":f’{um’esu“ﬁ
veturned within 10 days.

93.08A 95th Ave.
A. JAEGERS (500 panK 6. Y.

Far YOU-A QUICK, EASY WAY TO
LEARN A

LANGUAGE

for « PROFESSIONAL, SCIENTIFIC AND
ii“

EDUCATIONAL ADVANCEMENT!
TRAVEL

« Greater Business Opportunities!
Jacti

* Doubled Travel Enioyment!
* Wider Social and Cultural Honzons'
What do you want to learn
Spanish, Russian, German? Wlth LINGUA-
PHONE you can learn any one of 29 lan-
guages, in just 20 minutes a day!
CULTURAL

LINGUAPHONE
WORLD'S STANDARD

Conversational Method

is the natural way to learn languages . .

actually the same way you learned English
even before you went to school. You hear
people speak in their native tongue. You
listen—you learn—you understand! You
SPEAK with correct pronunciation, proper
tonal infiection. It’s all amazingly easy!

In peace or war another language can
mean power, promotion. a better job,
more pay. greater opportunities and cul-

H tural enjoyment to you. \When traveling,

c‘1‘0 you’ll be able to see and do things the
!Du native way. If you're in a profession, a
scientist, student or {feacher, another language is a
valuable asset for greater achievement. You're never
too old or too young to learn the LINGUAPHONE way!

Right at home,
and friends,

SPANISH

in leisure time, alone or with family

you can learn:—
FRENCH RUSSIAN GERMAN

or any of 29 languages available

LINGUAPHONE INSTITUTE, 20-T Radio City, N. Y. 20,

FREE book gives fascinating facts about LlNr;uA
PHONE—why it is used by U. N., R. O., colle
schools, armed services, and has’ been the chou:e DT
more than one million home study students. Mail Cou-
pon TOD.

LlNGl.IlI’HEIIIE INSTITUTE
20-T Radio City, N. Y. 20, N. Y.
il me the FREE Linguaphone book.

SEND FOR

FREE

BOOKLET

1 want to learn.. ...language.
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Broadhead’s device for cutting glass disks

while in normal daylight the infrared is
insignificant—except when gazing di-
rectly at the sun, which our senses auto-
matically forbid anyway. The considera-
tion applies only to variable density fil-
ters (1) when used directly on the sun’s
disk (2) for prolonged observation (3)
with a large light-collector.

In Sky and Telescope, May, 1950,
Leo J. Scanlon described valuable expe-
rience with the solar-filter problem. After
many experiments he found most satis-
factory a telescope equipped with a
Herschel wedge and, over the objective,
an opaque diaphragm cut out to permit
insertion of welder’s filter lenses 2 inches
by 4 and in several available densities.

If instead of the preceding arrange-
ments the objective is itself reduced to
small aperture, the resolving power is
correspondingly reduced, while the al-
ternative of a narrow circular opening at
the edge conduces to diffraction effects.

AVE BROADHEAD of Wellsville,

N. Y., has devised a greatly im-
proved “cookie cutter” for the purpose
of cutting disks from larger pieces of
glass with abrasive grains. It is shown
in the illustration on this page, another
drawing made by Porter shortly before
his death. Its principal feature is an up-
and-down pumping motion that continu-
ally flushes the broken-down abrasive
and glass away from the edge of the
cutter, where it would otherwise clog
the groove and greatly impede the roll-
ing of abrasive grains that do the cut-
ting. This improvement was inspired by
recollection of the “Easy” washing ma-
chine. By its use cutting was so greatly
increased in speed that Broadhead was
able to cut 10%-inch disks out of 12%-
inch Pyrex telescope blanks 2% inches
thick in only 2% hours.

The drawing shows a 12%-inch Pyrex
blank, on top of which is a ring of iron
pipe sealed to the blank with wax. The
ring might equally well be made of any
kind of material. Inside it, with a narrow
space between the two, is the cookie-
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cutter of thin metal rotated by a central
shaft.

“I made this cookie-cutter airtight,”
Broadhead writes, “carefully sealing all
its cracks with wax. Then I poured
enough coarse abrasive grains on the
center of the glass to spread out to a
depth of perhaps %-inch, lowered the
cutter on the glass and filled the annular
space with water. As the shaft was raised
and lowered a fraction of an inch, at the
rate of about once a second, water was
forced in and out around the cutting
edge. This kept the pasty gunk of
broken-down glass and abrasive con-
stantly flushed out of the work, and
carried new abrasive to it. The gunk
particles suspended in the water flow
with it to the overflow pipe as water is
poured at intervals into the funnel.

“On disks of 10%-inch diameter no
small amount of force was needed for
lifting the cookie-cutter and the column
of air above it. This was applied by a
4-foot lever consisting of a 2-by-6 plank
having a deep notch, or prongs, at one
end. The plank was inserted over a ful-
crum and under the drive pulley at the
top of the vertical shaft and pumped up
and down through a short amplitude.
Obviously the force necessary to lift the
cookie-cutter against the weight of the
atmosphere would lift the Pyrex blank
and all from the bench, if it were not
firmly attached by clamps or otherwise.

“A part of the secret of success,”
Broadhead writes, “is the narrowness of
the space between the cutter and the
ring. Otherwise much of the unused
abrasive that finds its way to this outer
space will lodge there and not be used.”
Enough heat is generated after a time to
melt the wax if the work is pushed too
eagerly.

Since there is no clogging of the cut-
ter there would be no gain in serrating
its edge, as is often done in an effort to
cope with clinging, pasty gunk. The ver-
tical shaft may consist of a length of or-
dinary pipe running in wooden bearings
in a rough temporary framework, but,



unless it is held rigidly, there may be a
tendency for the cutter to drift sidewise.

An attempt to drive a cookie-cutter of
larger diameter than about 3 inches by
means of a sensitive drill press, which
the up-and-down motion of the Broad-
head cutter suggests, is not likely to
prove satisfactory. The too-rapid rota-
tion would throw the water and abrasive
in: all directions. For large work a small
drill press is also not sufliciently rigid.

Porter’s drawing on this page, the last
of his work that remains for posthumous
presentation in this department, ade-
quately describes an adjustable cookie-
cutter, biscuit-cutter or trepan, as the in-
strument is designated in Britain, de-
vised by N. C. C. Barrell of Guildford,
Surrey, England. Whenever the length
of the radius is readjusted the blades are
removed and concaved to fit a compass-
drawn circle by tapping them against
the open jaws of a vise.

THERE IS NO essential difference
between cookie-cutting the circum-
ference of a disk and perforating it cen-
trally for a Cassegrainian. In fact, the
perforation in one big disk is sometimes
as large as the outside diameter of an-
other. To supplement the preceding
notes on cookie-cutters, A. H. Johns of
Larchmont, N. Y., who was known to
be making two 16-inch Cassegrainian
mirrors for others as a part of his avoca-
tion, was invited to describe his methods
of trepanning, using a length of tubing
as the trepan. He writes:

“I had previously drilled 1-inch and
2-inch perforations in mirrors, and had
no trouble when I came to perforate the
two 16-inch disks 3 inches thick with
holes 4 inches in diameter. These disks
weigh about 50 pounds, which permit-
ted dispensing with holding devices
other than several thicknesses of wet
newspaper between the disks and the
bench on which they rested. These gave
an excellent grip.

“The steel drilling tube had walls %-
inch thick. It must be checked to assure
that the walls are true, since a bulge or
a taper will spell disaster.

“I did not pitch or wax a cover glass

to the face of the disk, as is sometimes
done to avoid splintering the glass at the
entrance point. If the drill is held suffi-
ciently rigid and the whole system is
properly squared up, there will be little
likelihood of such splintering. This rigid-
ity also safeguards against the drill run-
ning down at an angle.

“Because my disks were only rough-
ground at the perforating stage, and also
because the hole to be cut was fairly
large, I used No. 80 Carbo. This left a
few pits around the edge of the perfora-
tion, but these were later eliminated in
grinding the mirror curve.

“To prevent gunk from splashing, a
fence of heavy paper was wrapped
around the edge of the disk. The drill
was run at about 200 revolutions per
minute, but there is nothing compulsory
about this. For a 2-inch hole I once ran
at 540 revolutions per minute, according
to my log records. Plenty of Carbo and
water were worked into the crevice and
the grinding noise was maintained at
maximum. The drill was lifted frequent-
ly, while running, to bring up the gunk
and permit clean fresh Carbo to reach
the bottom of the cut. When it began to
pile up, this gunk was sponged away. It
is not necessary to flood the surface with
water.

“I ran the drill to within #%-inch of the
back, filled the cut with wax (to be left
while the mirror is processed) and in-
verted the disk to complete it by drilling
from the back. If at this point the planes
of the inverted disk-faces are not made
parallel with their original planes, there
will be difficulty in making the cuts meet.

“Splintering occurs only where the
drill emerges and not at the entrance
face. Were I planning to drill straight
through the disk in a single operation,
and were the splintered back-face ob-
jectionable, I would first pitch or wax a
cover glass over the exit area.

“If strains are already present in the
glass, drilling after polishing will warp
the figure.

“If a start is made with a given size of
grains and a switch is later made to an-
other size, the drill will wedge and cuss-
ing won’t repair that shattered glass.”
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FOR /! ACCURACY AND PRECISION

Model GO 48/77

Medical Microscope

Model BS 48/77 Vi &

When it's time to decide which microscope
you want to own, be sure to take a look at
the new Leitz Medical Microscopes. Here is
precision and quality that will stand the
test of time and long-run performance; the
kind of instrument that will meet your
student needs today, your professional requirements tomorrow.

Made to the uncompromising standards of quality that have earned
world-wide recognition for the name Leitz, these improved Medical
Microscopes embody the latest advancements optical science can
provide. They're easier to operate, more accurate than ever.

IMPORTANT NEW FEATURES

Smooth working and most
accurate coarse and fine ad-
justments yet devised.

New substage condenser with
swing-out upper element per-
mits the use of lenses from
lowest to highest powers.

the focusing motion...easier
to carry, easier to focus.

Oil immersion lens is anti-
reflection coated for maxi-
mum definition and better
color rendition.

New, built-in mechanical
stagewith low-set drives on a
common axis...more conven-
ience, smoother operation.

Larger yet lighter stands with
longer bearing surface for

Write today for Catalog Micro 101—SA
E. LE'TZ, |I'IC., 304 Hudson Street, New York 13, N. Y.

LEITZ MICROSCOPES SCIENTIFIC INSTRUMENTS
LEICA CAMERAS AND ACCESSORIES
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Temper or hardness is one of the important physical
characteristics of a metal, because it affects both
manufacturing processes, and the service given by
the finished product. Manufacturers are generally
aware of this fact, and the more complicated the
piece and the fabrication methods, the more attention
is paid to temper and annealing. However, it is often
the case that an apparently simple part may require
equally thorough consideration. Such was the case
with an electric soldering “gun,” which uses a 3%-
inch copper rod as the secondary

The users of the soldering gun of course have no idea
of the amount of testing and investigation that was
necessary in order to make the device practical and
advantageous for them. This is true of practically
every product, whether it be a super-accurate labora-
tory balance for which Revere may supply metals,
this soldering gun, or an automobile which may con-
tain many pounds of Revere Copper, Brass and
Bronze to assure satisfactory operation.

The point of this story is that Revere’s interest in
your problems by no means ends

of the transformer and a smaller
rod for the tip. It is necessary for
the rod to be sufficiently rigid, yet
at the same time it must be soft
enough so that during fabrication,
involving shearing, coining and
bending, the metal will not break,
split or crack. A certain temper of
rod was tried, and became twisted
during fabrication, which made it
difficult to assemble and interfered
in other ways with the manufac-

with the receipt of an order. It may
well precede the order, and be
maintained through very practical
cooperation until you, as well as
we, are convinced that the require-
ments of manufacture and use have
been met to the maximum degree.
This practice of cooperation be-
tween suppliers and manufacturers
is rather common throughout in-
dustry. The paper mill and pack-
age maker will gladly work out

ture and use of the device. The
cure turned out to be a slightly harder temper, hard
enough to prevent the twist, but not hard enough to
result in fractures during fabrication. Proper temper
was the key to a perfect job, not only for the trans-
former secondary, but also for the soldering tip itself,
which likewise has to be coined, punched, and
formed into the necessary shape.

Says the manufacturer: “In addition to being ex-
tremely helpful in arriving at the proper tempers,
Revere also recommended that we specify our rod
in multiple lengths, and thus save considerable on
scrap. They were also helpful in solving the problem
of attaching the brass sleeve to the secondary rod.”

with you the best material for your
packages, for example. If you buy chemicals, the
chemists may come up with something better or
cheaper for your purposes, or suggest an advanta-
geous shift in processing. There are many different
types of rubber and rubber-like substances, and of
glass, wood, plastics. You cannot be expected to know
all about everything you buy, nor is it necessary. Sim-
ply permit your suppliers to work out with you, in
full knowledge of your problems, the specification
and fabrication of the material best suited for your
needs. No matter what you make nor from whom you
buy, the opportunity to benefit by the knowledge of
your suppliers is always open to you.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
Executive Offices:
230 Park Avenue, New York 17, N. Y.
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How many loaves in a billion bushels 7

EvERY YEAR approximately 1,000,000,000 bushels of wheat flow from America’s
fields into the nation’s granaries. Much of this vast sea of wheat ends up in
bread and other food products if it is protected—especially against the
ever-present menace of insects.

The grain and milling industries, long noted for their “good housekeeping”
practices, have found in American Cyanamid’s Cyanogas® G-Fumigant a
uniquely effective material for protecting wheat and other grains. Applied
automatically to the grain as it flows into elevators, G-Fumigant releases a
gas which permeates the entire grain mass, killing insects in all stages of
development. Up to 30,000 bushels an hour can thus be fumigated at a cost of
less than 14 ¢ per bushel. This, together with customary cleaning, assures
purer flour.

By developing better fumigants and fumigating methods for industry and
agriculture, Cyanamid is helping to advance the quality and quantity of food
for people throughout the world.

(
AMERICAN @ﬂlldlllld’ COMPANY

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

Supplying materials for pest control—one of Cyanamid’'s many services.
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