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Cotton comes clean !

THE cLEANER and earlier that cotton comes from the field, the higher its
market value. So cotton growers everywhere, alert to new methods, are
making profitable use of AEro* Cyanamid, Special Grade, a unique nitrogen o
fertilizer which, when properly used, will also defoliate cotton. @ \

When Aero Cyanamid is evenly dusted on cotton plants by airplane or
ground dusting equipment, it causes the leaves of the plants to drop off

within a week or ten days. As a result, the early cotton bolls are exposed to .

more sunlight and boll-rot losses are reduced; the late bolls open more AMERICAN G}Mdjﬂ[d COMPANY
uniformly and practically all of the crop is harvested in the first picking.

Without leaves on the plants the cotton is easier to harvest by hand or 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

machine, and leaf stain and trash are reduced to a minimum. No wonder this
Cyanamid development is being hailed as an aid to hand picking or snapping
and as the necessary partner of mechanical picking or stripping.

This is a typical example of the way American Cyanamid Company research

is helping agriculture and industry to bring better products into your home.
#Trade Mark

Materials for the Agricultural Industry —one of the many industries served by Cyanamid
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Recorded only in the distortion-free quality zone, music “comes alive’” on RCA Victor 45-rpm records.

%ﬂ/mayic number nakes misiz miror-alar 7

Now, for more than a year, music-lovers
have had—and acclaimed—RCA Victor’s
remarkable 45-rpm record-playing sys-
tem. Already, millions know “45” as the
magic number that makes music mirror-
clear.

As was said when the American So-
ciety of Industrial Engineers presented
RCA Victor with its 1950 Merit
Award, “We are moved to admiration
by your bold departure from past prac-
tices in developing a completely inte-
gratedrecord and record-playersystem.”

Research leading to “45”—confirmed at RCA
Laboratories—covered 11 years...and resulted
in small, non-breakable records which can be
stored by hundreds in ordinary bookshelves, yet
play as long as conventional 12-inch records.
The automatic player, fastest ever built, changes
records in less than 3 seconds—plays up to
50 minutes of glorious music at the touch of a
button! Every advantage of convenience and
cost, marks “45” as the ideal system!

Another great RCA development is the finest
long-play record (33%-rpm) on the market—for
your enjoyment of symphonies, concertos, and
full-length operas. Radio Corporation of
America, Radio City, N. Y. 20.

Fully automatic RCA Victor 45-rpm
record player and records—small
enough to hold in one hand . . . inex-
pensive enough for any purse.

RADIO CORPORATION of AMERICA
World Leader in Radio — First in Television
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PRECISION

for stable
isotopes

The precision inherent in the Model
21-201 Consolidated-Nier Isotope-
Ratio Mass Spectrometer makes pos-
sible the use of stable isotopes for
tracer techniques in fundamental
studies. This instrument is in use in
numerous medical, biological, and
chemical research laboratories
throughout this country and abroad,
and has played an important role in
recent discoveries and scientific ad-
vances.

RELIABILITY as well as PRECI-
SION has been emphasized in this
instrument. Engineering and con-
struction of the highest quality, sup-
plemented by the experience of
Consolidated’s representatives for in-
stallation and training, results in a
research tool which will satisfy the
most critical scientific investigator.

For further information, write for
illustrated bulletin CEC 1803-X16.

FEATURES
DUAL CONSTRUCTION —Two separate ion

collectors permit simultaneous intensity meas-
urement of two ion beams with a direct read-
ing of the ratio.

OPERATING CONTROLS —All controls are
within easy reach of the operator.

FLEXIBILITY —Operating controls permit taking
of a variety of measurements. An outlet for a
pen and ink recorder is provided.

SAMPLE INTRODUCTION SYSTEM-Gas sam-
ples as small as 0.1 ml., S.T.P., can be intro-
duced for analysis.

CONSTRUCTION —the instrument is housed

in a single, well-balanced metal cabinet. All
components are easily accessible.

CONSOLIDATED
ENGINEERING

CORPORATION

620 NORTH LAKE AVENUE
PASADENA 4, CALIFORNIA

Sirs:

I should like to recall, in connection
with the article on the mechanical turtles
in your May issue, the “mechanical dog”
made by the American inventor, John
Hays Hammond, Jr.

This creature was described in the
Electrical Experimenter in 1915 by B. F.
Miessner. It boasted of two selenium
cells mounted behind eye lenses and
connected through relays with electro-
magnetic switches; it had a system con-
taining a driving motor and three wheels.
Less complex than the turtles, this “dog”
moved under the influence of light like
any candle-bound moth.

The article was quoted by the physiol-
ogist Jacques Loeb in his book Forced
Movements, Tropisms, and Animal Con-
duct (1918) as “proof of the correctness
of our view” (of animals as machines).

EVA H. SCHWARTZ

San Diego State College
San Diego, Calif.

Sirs:

The article by W. Grey Walter on “An
Imitation of Life” was of particular in-
terest to me.

In 1912 the mechanistic view of life,
as conceived by such men as the in-
ventor Nikola Tesla and Jac ques Loeb of
the Rockefeller Institute, was a subject
of considerable discussion. There were
many popular science articles about
Loeb’s work .with radiant stimuli that
produced forced movements in animals.
One of these articles explained the
forced or involuntary flight of a moth
into a flame on the basis that the action
of light or heat on areas on each side of
the moth reflexly ruddered its tail.

I was at that time associated with
John Hays Hammond, Jr., in the devel-
opment of guided and homing missiles
that were responsive to various kinds of
radiant energy such as radio waves, light
and infrared radiation. Hammond sug-
gested that we ought to be able to make
a machine which would, on terra firma,
do exactly as the moth does in flight. He
set me to work on the development of
such a machine in the winter of 1911-12.
I saw at once the applicability of the
moth mechanism to a homing missile, as
well as to a guided missile.

Of present interest, however, in con-
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nection with Dr. Walter’s article, is the
“electric dog” apparatus which I built
during the winter of 1911-12 in New
York. This apparatus consisted of a body
of about 30 inches long by 14 inches
wide by 10 inches deep. It had a six-volt
drive motor connected to two forward
drive wheels through a differential gear
box. A rear steering wheel could be
turned on a vertical axis by twin sole-
noids, or left in a spring-biased middle
position. The apparatus had two seleni-
um cells in front, behind six-inch con-
densing-lens “eyes,” with an intervening
“nose,” which cut off the light from one
cell when the light was more than 10 de-
grees to one side or the other of a dead-
ahead position. Some relays, batteries
and a motor-reversing switch completed
the arrangement. The dog would be
quiescent so long as it saw no light suf-
ficiently strong to operate the selenium
cells’ sensitive relays. Raising a window-
shade in a darkened room or turning on
a light would activate the dog, and start
it toward the light.

If the light were moved about, the
dog would follow it, at a speed of two or
three feet per second, in circles, figure
eights or other more complicated ma-
neuvers within its turning radius. If the
motor-reversing switch were thrown, the
dog would back away like a crab, al-
ways facing the light. The movements
of its steering wheel were accompanied
by clanking noises as the solenoids
switched it in response to the move-
ments of the light source.

Dr. Walter’s “turtles” add a tactile
control to the phototropic controls of
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the electric dog. Numerous other con-
trols might also be added, such as color-
selective visual controls, auditory con-
trols, olfactory controls and so forth.
The dog could have been made to
drool when it smelled meat, bark when
it heard certain sounds, growl if kicked,
blink if the light were too strong, shake
itself when wetted, run away if scolded
and so on ad infinitum.

B. F. MIESSNER

Morristown, N. J.

Sirs:

Professor Walter’s article, “An Imita-
tion of Life,” was most fascinating. How-
ever, I object to his attribution of “free
will” to his Machina speculatrix. He has
given his creatures random, undeter-
mined activity which indeed differenti-
ates them from machines, but this is not
free will. Free will is not randomness,
activity freed from the laws of causation.
It does not lie in the mere existence of a
number of possibilities, but in the exer-
cise of a conscious, active, deliberate
choice among these possibilities. Simi-
larly when he writes of the human nerv-
ous system; the fact of number does not
exclude (1) determinism (2) random-
ness.

We, like “Elmer,” can act only ac-
cording to our construction, according
to the possibilities that are built into us.
“Elmer does not blunder into the light,
for when the brilliance exceeds a cer-
tain value . . . the signal becomes strong
enough to operate a relay in the first
tube, which has the reverse effect from
the second one.” Elmer must obey all
the impulses he receives, although per-
haps at times in an irregular way. We
too are unable to control the series of
volitions which we term the “will”; but
our freedom lies in our ability to control
by a process of evaluation their passing
into action. All of Elmer’s impulses
(“volitions”) become action.

I wonder whether the shortcoming of
science, here and in all matters human,
is that it is limited to a quantitative basis.
Is it not possible (though unscientific)
that there may be also a qualitative dif-
ference between a mere pulsation and
a feeling of love, hate or jealousy? Is
there a difference between “independent
activity,” mechanical memory, etc., and
that quality we call “understanding,”
which enables us to be conscious of the
process we are performing and compre-
hend it? I do not claim there is, but can
we at this point exclude that possibility?
When Dr. Walter builds his robot with
more “nerve channels” than man, I won-
der whether it will be able to formulate
a theory, even from its own viewpoint,
of good and evil, and whether it will be
able to distinguish the beautiful and the
sublime.

L. G. CROCKER
Sweet Briar, Va.

the BOTTLE gets a break

Beverage bottles get rough use; breakage is high in handling. Close
packing in the cooling lehr during manufacture causes bottles to rub
together; appearance is marred, bursting strength greatly reduced.

A ““Virginia”’ technique of introducing small quantities of liquid sulfur
dioxide (SO,) into these lehrs as a reducing agent puts a protective
lubricating coat on each bottle. This eliminates most of the scratching
and increases the bursting strength of the bottles up to 40 percent.
Substantial savings can be effected by using thinner glass.

For 29 years, ‘““Virginia’’ has been developing new methods, short cuts,
and economies in the industrial application of its high-quality, inexpensive

Field Offices:
NEW YORK
BOSTON
PHILADELPHIA
DETROIT
CHICAGO
ATLANTA

‘

SO,. More than 40 different indus-
tries are now benefiting from this
vast accumulation of experience.
“Virginia”’ chemists know how to
translate the varied SO, proper-
ties as a reducing, neutralizing,
and bleaching agent, preservative,
antichlor, and pH control into
concrete industrial advantages.

“Virginia”’ is the world’s largest
producer of SO,. Take advantage
of ““Virginia’s” free, comprehen-
sive technical service—discover
how ““Virginia”” Liquid SO, may
lower your costs and improve
your products or processes. Send
for our SO, folder. VIRGINIA
SMELTING CoMpPANY, Dept. SA,
West Norfolk, Virginia.

I IN 7
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able meeting of the American As-

sociation for the Advancement of
Science was held in New York City from
June 23 to June 30, with several hundred
fellows and members in attendance, and
a long list of papers and addresses on a
host of scientific topics. A rather amus-
ing episode arose in connection with two
very able papers read by the well-known
statistician, Edward Atkinson, of Boston.
The breeze arose from Mr. Atkinson’s
incidentally affirming that ‘the United
States Government is spending annual-
v 150,000,000 for the killing off of the
Filipinos.” This obscrvation struck sev-
eral members as out of place, and their
sentiments were voiced by William H.
Hale, of Brooklyn, who never lets his
patriotism be hidden under a bushel. He
stigmatized the utterance as seditious,
and protested against its being printed
among the proceedings of the A.A.A.S.
Mr. Atkinson retorted that he hoped it
might be barred out, and reminded his
critic that when that experiment had
been tried by the Government concern-
ing one of his former publications it had
ended by 100,000 copies being sent
abroad instead of 2,000 copies.”

JULY, 1900. “A delightful and profit-

“Of the 46,988 deaths which occurred
in Paris in 1899, as many as 12,314 are
attributed to tuberculosis, or more than
one-fourth. From the age of 20 to 40
tuberculosis counts for three-fifths of the
total mortality.”

“The automobile industry, though still
in its infancy in Germany, is being rapid-
lv developed, and, in the opinion of the
United States Consul at Leipzig, is des-
tined to become an important tactor in
the manufacturing industries of the
country. The large amount of capital and
energy which is being expended upon
this branch of industry indicates that
the German businessmen have great
confidence in the future of automobil-
ism.

“The statistical report of the Interstate
Commerce Commission shows that there
has been a steady extension of the rail-
way system of the United States, and a
marked increase in traffic, both freight
and passenger. The total number of casu-
alties during the year was 31,743, of

4

20 AND 100

which 7,123 were killed. The number of
passengers killed was 239. During the
vear no less than 4,040 trespassers were
killed, and a slightly larger number in-
jured. With reference to trainmen, in
which term are included enginemen,
firemen, conductors and other train-
men, it is shown that 1 out of every 155
was killed and that 1 out of every 11 em-
ployed was injured. In view of the great
risks run by employees, it is gratifying
to note that, thanks to the efforts of the
Commission, the work of equipping cars
with automatic couplers and other at-
tachments calculated to reduce the list
of casualties is proceeding rapidly.”

weevil, began its course of destruc-

tion in Vermont about the year
1828, and it progresses in the course it
takes from ten to fifteen miles a year. It
has not yet reached Western New York;
but the destroyer is on its march, and
desolation will follow its track in this
great wheat-growing region.”

JULY, 1850. “The grain worm, or

“England has always boasted of her
wooden walls, and recent experiments
at Portsmouth, in that country, in testing
the effect of shot and shell upon the
sides of iron vessels, justify the claim to
superiority of oaken sides implied in the
boast. The results show pretty conclu-
sively that iron vessels are not fit to cope
with vessels of wood. The fatal effects
of every shot received on board would
be quadrupled by the tendency of the
ironwork to splinter and destroy every-
thing in the vicinity of the concussion.”

“The expense of fuel to do the same
amount of work with steam engines now

= »

is only one-third of what it was in 1815.

“The Hudson River railroad one day
last week brought down a train of twen-
ty-three large cars, having 1,750 pas-
sengers. The train was half a mile in
length—the heaviest train, probably, ever
drawn in this country by a single loco-
motive.”

“We make an annual tour in the course
of our orbital revolution round the sun,
which carries us to two points of space
nearly 200,000,000 of English miles
apart. We are actually tearing through
space at the rate of nineteen miles per
second, or 68,000 miles an hour. But the
most extraordinary fact is this, that,
notwithstanding the vast space which
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YEARS AGO

separates the position of our earth at op-
posite seasons of the year, the scencry
of the fixed stars is noways sensibly dis-
torted by our change of place. The vast
distance from the earth to the sun is
seen from the nearest fixed star as an
angle not exceeding one second.”

“The most extensive powder-mills in
the world are those on the Brandywine,
Delaware, and the best powder made is
at these mills. They manufactured last
year 2,500,000 pounds.”

“At one of Lord Rosse’s recent scien-
tific soirees, Mr. Appold exhibited his
curious Register Hygrometer for keep-
ing the atmosphere of the house at one
regular moisture. The instrument with
a variation at one degree in the moisture
of the atmosphere opens a valve capable
of supplying ten quarts of water per
hour; delivering it to pipes covered with
blotting paper heated by a gas stove,
by which the water is evaporated until
the atmosphere is sufficiently saturated
and the valve thereby closed.”

“The binary stars: To Sir William
Herschel the honor of discovering this
extraordinary combination of the heav-
enly bodies is due. That great man re-
marked that there were many instances
of two stars being placed so close to-
gether as to appear to the eye as one,
it being only by means of the tele-
scope that their separate orbs could be
descried. Extended observation soon
showed that this combination occurred
far too frequently to be the mere effect
of accidental similarity of direction;
there is no position in astronomy better
established than the fact that two, three,
or more stars may be found in combina-
tion revolving round each other and
exercising a combined influence on the
planetary systems relating to each.”

“Mr. Bond, of the Cambridge, Mass.,
University has daguerreotyped a star in
Lyra. This is believed to be the first in-
stance in which an attempt to daguerreo—
type a star has succeeded. The picture of
the star, the Boston “Traveller’ says, is
quite distinet, and of the size of a com-
mon pin head, and was obtained in about
30 seconds, the great refracting tele-
scope of the observatory being used
without the eye glass. Scientific men will
regard this experiment with interest, as
the possible prelude to important astro-
nomical developments.”



The look that keeps telephone costs
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Through his microscope this Bell met-
allurgist examines a bit of material
which is proposed for telephone use.
From what he sees of grain structure,
he gains insight into performance not
provided by spectrum or chemical anal-
ysis. He learns how to make telephone
parts stand up longer, so that telephone
costs can be kept as low as possible.

The items which come under scru-
tiny are many and varied, ranging
from manhole covers to hair-thin wires
for coils, from linemen’s safety buckles
to the precious metal on relay contacts.

In joints and connections—soldered
or welded, brazed or riveted — photo-
micrographs reveal flaws which would
escape ordinary tests. They show if a
batch of steel has the right structure
to stand up in service; why a guy wire
let go in a high wind or a filament
snapped in a vacuum tube; how to
make switchboard plugs last longer.

In their exploration of micro-struc-
ture, Bell Telephone Laboratories
scientists have contributed importantly
to the metallographic art. You enjoy
the benefits of their thoroughgoing
testing and checking in the value and
reliability of your telephone system,
and the low cost of its service.

Photomicrograph
of white cast iron
which is hard and

brittle.

Same iron ren-

- dered malleable
- by heat treat-
2 3 * ment. Shows spofts
b f of nodular
- Y carbon,
Examining specimen on metallographic microscope at Bell Telephone Laboratories. ” 7 g S
A ol 1 L " ‘

WORKING CONTINUALLY TO KEEP YOUR TELE-
PHONE SERVICE BIG IN VALUE AND LOW IN COST
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ACCURACY

Medical Microscope

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

AND PRECISION

Model GO 48/77

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

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

Larger yet lighter stands with
longer bearing surface for

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

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

Write today for Catalog Micro 101—SA

E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y.

LEITZ MICROSCOPES

SCIENTIFIC INSTRUMENTS

LEICA CAMERAS AND ACCESSORIES
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THE COVER

The painting on the cover shows four
stages in the evolution of corn, eco-
nomically the most important plant in
America (see page 20). At the lower
right of the painting is a single kernel
of modern dent corn, the principal
variety of the Corn Belt. Just above
and to the left of the kernel is the tiny
cob of a variety grown by American
Indians about 2000 B.C. This cob, dis-
covered in 1948 by an expedition of
the Peabody Museum of Harvard
University to Bat Cave in New Mexi-
co, is the oldest specimen known. On
the left side of the painting is the
many-colored ear of a variety grown
by Indians at the time of Columbus.
Corn of this type is one of the ances-
tors of modern breeds. In the back-
ground of the painting are several
branches of a tassel of a possible
ancestral form of all the varieties.
This is a South American pop corn
whose seeds are partially enclosed in
glumes. The tassels of this pod-pop
corn are mounted on a placard in
the Harvard Botanical Museum,
where all of these specimens are lo-
cated. At the lower right on the pla-
card is a blue symbol for pop corn.
This painting is the 21st SCIENTIFIC
AMERICAN cover that has been done
since May of 1948 by the young
American painter Stanley Meltzoff.

THE ILLUSTRATIONS
Cover by Stanley Meltzoff

Page Source

12-15 Irving Geis

16-19 David Stone Martin

20-24 K. Chester

30-32 Eric Mose, after maps by

Division of Soil Survey,
U. S. Department of Agri-
culture

35 Eric Mose

36 R. W. Simonson

39 Charles E. Kellogg

Irving Geis

Donald Moss

48 R. W. St. Clair

50 Donald Moss

Adolph Brotman

57 New York Public Library

58 David Stone Martin

Roger Hayward




What GENERAL ELECTRIC People Are Naying

R. S. PEARE
Vice President

MobeRN ProNEERs: In earlier days
in America, the men who controlled
the affairs of the community were
themselves the pioneers. It seems
to me that one of the problems of
our time is to restore some of our
modern pioneers in every field to a
rightful place in the affairs of the
community. If we are suffering, as
some authorities insist, from a social
and political lag, what better cure
for this condition than to get some
of the men who have put drive into
our economic and technological
progress behind, or into, our social
mstitutions?

Yet these same men of action,
who have discharged graver respon-
sibilities and solved greater prob-
lems, are strangely reluctant to take
hold of the wheel of a society that
they have in part created. Profes-
sionalism—and I am not speaking
just of the scientists and engineers—
has become almost a badge of living
apart from the world, though in it.
The chief danger in this kind of
thing is in the people left to run
other things. The world has never
had in any age enough creative
people, nor do we have today.

I am glad to see that professional
societies like the A.M.A., the A.A.-
A.S., the A.LLE.E. realize they can-
not, and do not, operate on a scien-
tific and technological plane alone.
But this job cannot be done by
societies, no matter how representa-
tive or how efficiently they may
operate as societies. Governments
are not having much success solving
problems at the top level, either.

Engineers have a way of saying:
“If we can’t solve a problem one
way, we turn it upside down and
solve it the other way.” If some of
our social and political problems
can’t be solved from the top down,
they can be solved the way our
society is built, from the bottom up.

There was no other thought in the
minds of those pioneers, our fore-
fathers, than that they could shape
their world to their needs. And the
things we enjoy today . . . were
constructed upon the basis of the
communities they built.

Is it naive to presume that our
problems, not only on a national

level, but even on an international
level, may be partially solved right
at home in our own communities?
I donotbelieve that it necessarily is.

A.l.E.E.,
Jackson, Michigan,
May 11, 1950

*

T. C. AITCHISON
H. BRUNTON

Apparatus Department

SEALED BusHINGs: For many vears,
complete hermetic sealing has been
a goal in the design of several types
of electrical apparatus. The intro-
duction of cast-glass bushings made
this goal practical, and for the last
ten years a few types of apparatus
have been equipped with them.

While cast-glass bushings have
been developed for some time, until
recently their use has been restricted
because of limited production facili-
ties. That problem has been solved,
and it is now possible to supply cast-
glass bushings in quantity.

“General Electric Review.”
May, 1950.

*
A. W. HULL
Research Laboratory

Caestum RecrirFiers: Many mod-
ern industries owe their existence
to electronic tubes. For example,
in long-distance telephony, talking
movies,radio, television, and radar,
the electronic components are es-
sential elements, for which there
are no alternatives. These compo-
nents are principally triodes, pen-
todes, magnetrons, and cathode-ray
tubes.

Other applications use vacuum
tubes because they do the job bet-
ter or more economically than al-
ternative devices. Rectifiers are in
this category . . .

A new development of consider-
able promise is a rectifier or thyra-
tron which substitutes caesium
vapor for mercury as the conducting
gas and simultaneously makes use
of the condensed monatomiclayer of
caesium as cathode coating. ... An
interesting feature of this type of
cathode is that its life is unlimited.
Even more interesting is the volt-
age drop, which is the lowest
known . . .

These tubes are only in the ex-
perimental stage.

A.LLE.E.,
New York, N. Y.,
February 1, 1950

*

W. C. WHITE
Research Laboratory

PerMANENT TuBEs: The time is
coming when receiving tubes will be
soldered or fastened into radio re-
ceivers just as are the other com-
ponents. There are a number of
factors favorable to such a develop-
ment. Two of these are the new
printed circuits and the wire leads
on subminiature tubes.

There is also the fact that there
is less tinkering nowadays with
radio receivers in the home either
by amateurs or professionals. The
diagnosis and repair of faults in a
modern radio receiver can best—
and sometimes only—be accom-
plished in a well-equipped radio
service shop. The advent of televi-
sion receivers emphasizes this trend.

It is also no easy matter for the
designer of a television receiver to
lay out chassis units in which every
one of the two dozen or more tubes
can easily be removed and replaced,
even with bases and sockets.

Institute of Radio Engineers,
New York City,
February 1, 1950.

You can put your confidence in—
GENERAL @3 ELECTRIC
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X-ray tubes that prove inner soundness of castings, Toys, metallized wrapping materials, jewelry,
giant transmitter tubes, television picture tubes, sequins emerge from DPi vacuum-coating cham-
electronic tubes for scores of purposes—all last bers— beautiful, durable, and so inexpensive
longer, work better because of better evacuation of — that much of it can be sold over dime-store
atmosphere with DPi-engineered equipment. counters,

Automobile headlights containing reflectors coated
under high vacuum make night driving safer.
Your new car also is beautified by plastic name
plates, horn button, and other interior ornamenta-

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

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

tion metallized under high vacuum.

improved
these products

OTHING means—getting rid 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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THE NEW
SCIENCE FOUNDATION

An agency unprecedented in U. S. history will soon

begin its task. Its most challenging responsibility will

be to recruit able youths for work in basic science

HE LEGISLATION establishing

the National Science Foundation is

now on the statute books as Public
Law 507 of the 81st Congress. That the
creation of this Foundation is a mile-
stone in the progress of science in the
U. S. is obvious. The Foundation is
charged with two main functions: 1)
support of basic scientific research, 2)
development of the nation’s resources
of scientific manpower. The legislation
recognizes officially for the first time in
our history that basic scientific research
is a national resource so important that
the Government must assume responsi-
bility for its vigor and effectiveness. But
perhaps the most definite break with the
past is the recognition that the national
welfare in a modern world requires large
numbers of specialists of advanced train-
ing, and that this too is a responsibility
of the Federal government.

The acceptance by the Congress and
the people of the idea of a Science Foun-
dation with such new departures was a
direct result of the dramatic successes of
wartime research. Science had dem-
onstrated its great power and versatility
in developing weapons and drugs. But
from this realization to the support of
basic research rather than applied sci-
ence was a long step. To the taking of
that step two historic reports contributed
greatly. One of the reports grew out of
a request by Franklin D. Roosevelt to
Vannevar Bush, director of the wartime
Office of Scientific Research and Devel-
opment, for a plan whereby the success-
ful experience of this Office could be

by M. H. Trytten

used for postwar progress in the im-
provement of health and the national
standard of living. The result of surveys
of these questions by four committees of
citizens appointed by Bush was the well-
known “Science—The Endless Frontier.”
The other report, “Science and Public
Policy,” was prepared at the request of
President Truman by the President’s
Scientific Research Board under the
chairmanship of John R. Steelman.

The two reports showed remarkable
unanimity in their conclusions, particu-
larly in their emphasis on the paramount
importance of basic research and scien-
tific education and in their recommenda-
tions for furthering those purposes. Their
argument in substance went as follows:
Although American ingenuity has al-
ways been preéminent in many fields of
applied science, invention and engineer-
ing, in these activities we have been
exploiting a stockpile of basic scientific
discovery developed largely in Europe.
Our own contributions to basic research
in the past have been less impressive.
Now that scientific work abroad has
been seriously reduced, we can count on
much less basic progress from foreign
efforts. We must take up the slack by
increasing our own efforts in funda-
mental research, not only for the sake
of the vigor of our own science, but be-
cause we are now the world’s chief
trustees of the tradition of free inquiry.

The universities and colleges are the
most logical places for carrying on such
work. But they cannot shoulder the load
of increased responsibility without sub-
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stantial help. They are caught in the
squeeze between decreasing returns on
endowments and rising costs of research.
They are hard put to it to retain the serv-
ices of their able scientists in competition
with outside bidders seeking scientists
for the applied research on which an ex-
panding economy depends. Consequent-
ly the Federal government must find a
way to strengthen the hands of the col-
leges and universities where basic re-
search and the education of scientists is
conducted.

HIS is the basic reasoning on which

the National Science Foundation has
been established, and the law reflects
the recommendations of both reports.
To make sure that the complex pattern of
higher education and science will be
kept in proper balance, the Foundation
is to be governed by a board of 24
eminent men from many fields. Under
their understanding guidance the possi-
bilities of the Foundation will be very
great.

In structure the Foundation is like no
other Federal agency; its organization
and form of responsibility are so novel
that it is too early to attempt to evaluate
them. An interesting step in the evolu-
tion of Government agencies, the new
Foundation is set up in a manner de-
signed to strike a balance between two
conflicting principles. On the one hand,
there is an urge to place the highly in-
tricate and technical problems of our
complex society in the hands of com-
petent experts and insulate them from
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transient political influences. On the
other hand, in a democracy an agency
too carefully insulated from politics may
also be insulated from understanding
and support by the Administration, the
Congress and the people, with whom
the ultimate decisions rest. The new
Foundation seeks to reconcile intellectu-
al authority with public responsibility
by providing that the members of the
governing Board, appointed by the
President with the consent of the Senate,
shall be persons of distinction in the
sciences, education and public affairs,
and shall serve for six-year terms.

HE law still reflects some military

considerations, for the Foundation
is instructed to undertake researches “in
matters relating to the national defense”
if the Secretary of Defense requests
them. But it is interesting that the em-
phasis on military research steadily re-
ceded in successive versions of the
Foundation bill as we left World War II
farther behind. In the early versions the
Foundation was to include a division
of defense research, but this demand
yielded to a more mature concept of
support of pure science for its own sake.
The final version goes far, though not
quite all the way, to remove the possi-
bility that applied military research will
interfere with the basic purposes of the
Foundation.

To many the most interesting chal-
lenge presented by the new Foundation
is its scholarship and fellowship pro-
gram. The nature of this problem in
American science has changed some-
what since the program was first pro-
posed. The original argument for it
rested heavily on the need for replacing
a “lost generation” of scientists—lost be-
cause the training of young scientists
was greatly curtailed during the war.
While the predicted shortage of scien-
tists did indeed materialize, some new
factors have entered the picture. The
influx of students, especially veterans,
into the universities after the war was so
great, and their interest in engineering
and the sciences so unprecedented, that
many have begun to wonder whether we
are not training more scientists and engi-
neers than we shall be able to employ.
If so, what need is there for more fellow-
ships?

This question, fundamental to the fu-
ture activities of the Foundation, re-
quires careful analysis. The answer to
it will call for detailed studies of supply
and demand and a philosophy as to the
proper magnitude of the eventual sci-
ence effort in the nation.

Obviously the activities of the Foun-
dation will have a dominant effect on
both the supply and demand: the size of
its basic research program will help de-
termine the demand for scientists, and
its fellowship program will affect the
supply. Thus the Foundation in effect
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AGRONOMY AND SOIL SCIENCE 221 214 1 345 148 122 298 108 394 551 1189 81
ANATOMY 413 432 41 32 157 136 8 10 344 60 68 1
ANIMAL AND POULTRY SCIENCE 1201 1193 8 288 302 314 176 61 122 324 716 39
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DAIRY SCIENCE 1158 1155 3 231 451 285 150 4 112 268 704 14
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HORTICULTURE 115 1104 1 121 320 384 213 7 252 359 461 43
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PATHOLOGY 640 580 60 24 13 241 161 95 94 109 428 9
PHARMACOLOGY 306 281 19 41 120 81 3 25 159 45 96 6
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100L0GY 1490 1185 305 434 533 288 130 105 690 410 338 52
OTHER 425 396 29 8 133 139 48 27 80 82 238 25
PHYSICAL SCIENCES 83191 82499 1292 32804 30905 15675 7050 3357 15269 17306 46976 10240
ASTRONOMY k0 283 61 53 m 78 44 58 182 81 66 15
CHEMISTRY 61509 56906 4603 23118 21022 10224 4602 1883 9648 9421 33791 8643
GEOLOGY 6113 5864 249 1387 2216 1562 633 315 1063 1473 3179 398
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MATHEMATICS 89m2 8015 1957 3356 3345 1738 944 589 1620 3325 4683 344
METEOROLOGY 1072 1051 2 292 442 194 68 76 35 188 506 343
PHYSICS 9608 9215 392 3780 3116 1591 Al 4n 2622 2613 4049 324
=
ENGINEERING 00002 | 199807 395 45128 59825 56006 26164 13019 2341 14682 | 134203 48970
CiviL amno 47614 96 4550 11668 16634 9329 5529 204 2140 30675 14091
SANITARY AND PUBLIC HEALTH 2108 2103 5 245 156 618 313 176 39 361 1352 356
OTHER 45602 45511 91 4305 10912 16016 9016 5353 165 2319 29323 13735
ELECTRICAL 19935 39870 65 8077 12826 13000 4322 1710 385 3065 28107 8378
RADIO AND COMMUNICATIONS 12254 12231 23 2820 4299 3893 985 251 159 1075 1820 3200
OTHER 27881 21639 42 5251 8521 9107 3337 1453 226 1990 20287 5178
MECHANICAL 54166 54070 96 14479 16536 13588 6543 3020 259 3145 35933 829
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AGRICULTURAL 789 189 152 306 199 91 4 8 132 544 105
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CHEMICAL 23776 2319 51 11903 7288 3005 1224 356 895 2162 16940 3179
MANAGEMENT 11631 11607 24 1845 3829 3528 1m5 114 55 805 7102 3669
METALLURGICAL 5195 5186 9 1446 1850 1 546 242 159 539 3624 813
METALLURGY 2988 2975 13 114 1100 629 334 151 162 394 1908 524
MINING AND MINERAL 5435 5444 1] 671 1489 1457 990 848 49 418 3815 113
PETROLEUM AND NATURAL GAS i 3126 5 138 1460 1063 365 105 81 390 2140 520
SAFETY a2 3107 5 152 938 1315 487 220 8 107 1622 1375
MANAGEMENT AND ADMINISTRATION 42324 40858 1466 3989 10644 19196 6144 2351 n 3628 18541 19684
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MANAGEMENT AND ADMINISTRATION 17417 17068 349 1555 3155 1218 kkyl) 1452 109 1038 8673 7591
PERSONNEL MANAGEMENT 4589 3660 929 501 1539 1626 1707 216 268 1380 1806 135

SOCIAL SCIENCES

ACTUARIAL SCIENCE 155 121 2 49 286 256 112 52 12 168 450 125
ANTHROPOLOGY 683 551 132 104 256 181 16 66 313 187 149 34
ECONOMIC 7349 6188 1161 2673 1744 1911 125 296 1642 1923 3133 651
GEOGRAPHY 580 490 90 91 220 148 84 37 208 220 131 2
HISTORY 3964 3132 832 944 n3 1119 501 m 1714 1445 756 49
POLITICAL SCIENCE AND PUBLIC ADMINISTRATION 2142 2398 344 N3 863 128 283 155 m 883 892 195
PSYCHOLOGY 6985 4254 2131 am 1914 1300 125 275 2430 2167 213 115
SOCIOLOGY 2129 1430 1299 1346 548 487 238 110 653 615 1239 22
SPEECH PATHOLOGY 571 251 314 130 199 146 66 30 110 295 142 24
STATISTICS 2018 1625 393 485 101 540 21 65 21 514 969 298
e e e e
ARCHITECTURAL PLANNING 8458 8226 232 425 1966 2884 2031 1152 16 904 3 3425
ARCHITECTURE 6830 6729 101 324 1396 2301 1761 1048 12 585 3125 3108
LANDSCAPE ARCHITECTURE 1208 1085 123 15 435 434 199 65 2 226 184 196
PLANNING 420 412 8 2 135 149 n 39 2 93 204 121
FOREIGN LANGUAGES 3830 2102 1128 523 1059 1176 665 407 1484 1315 145 286

NATIONAL ROSTER of scientists, engineers and man-  situation at end of 1945. List is now being used by the
agers provides a ready catalogue of manpower in the U. S. Employment Service. Maintaining such a roster
various skills. Started during the war, this listing shows  will be a major function of the new Science Foundation.
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will operate a control valve, and it can
use this to establish what seems to it to
be the optimum level of fundamental
and, to a certain extent, applied re-
search in the U. S. It is generally agreed
that the level should be considerably
higher than it now is.

To find the optimum level, the Foun-
dation will need a deep and understand-
ing perspective on our age and the U. S.
society. It will need to examine and in-
terpret the scientific revolution of the
past five decades. It will need to take
inventory of the stockpile of human re-
sources in the U. S., and to take care
that science does not preémpt the lion’s
share of the nation’s ablest youth, leav-
ing too few for other professions and
callings of great importance.

E already have some significant in-

formation on our reserves of human
ability and the trends in the training of
this intellectual manpower. The salient
facts are summarized in the charts on
the opposite page. In analyzing the
problem we must take as a starting point
that scientific work requires high ability.
Since the beginning of the century.the
number of young people going into ad-
vanced scientific training in the U. S.
has risen rapidly. The rate of expenditure
nationally for research and development
has expanded even more rapidly, so that
except during the depression scientists
with graduate training have never had
much difficulty finding employment, and
for the last several years there has been
an acute shortage of them.

Clearly the further expansion of our
scientific enterprise will soon raise a se-
rious question as to how enough persons
of the requisite ability are to be ob-
tained for science without diverting too
many from other fields where relatively
high intellectual ability is required.
What is the level of required ability, and
how large a reservoir of persons with
such ability do we have in our total
population?

A preliminary study of this question
has been made under the sponsorship of
the Conference Board of Associated Re-
search Councils under a grant from the
Rockefeller Foundation. Its results have
been reported in The Educational Rec-
ord by C. Gilbert Wrenn of the Univer-
sity of Minnesota.

This study showed that the median
1.Q. of a sample group of 600 persons
with the Ph.D. degree in the sciences
was 141. Among the 2,400,000 18-
year-olds in the U. S. in 1946 there were
144,000 with 1.Q.’s of 125 or higher; of
these only 14,000 were in the range of
141 and above, the Ph.D. median.

This, then, permits an estimate of the
annual U. S. potential from whom the
Ph.D.’s would come. But to estimate the
true present potential we must consider
the population that actually goes to col-
lege. A total of about 187,000 persons
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now graduate from college each year
(discounting the recent swollen G. I. en-
rollments). Of these some 65,000 have
1.Q’s of 125 or higher. Less than five
per cent, some 8,300, of the college grad-
uates reach or exceed an 1.Q. of 141.

Clearly this is a narrow base from
which to recruit persons for advanced
training. And of this small potential the
sciences and other specialties already
may get a disproportionate share. In
1949 a little over 5,000 Ph.D.s were
awarded in the U. S., 2,800 of them in
the sciences. It can be assumed that some
2,500 of these recipients are in the 1.Q.
range of 141 or higher, since 141 seems
to be the median for doctorates. This
means that about 30 per cent of the 8,300
most able students graduating from our
colleges each year are going into science
or some other special intellectual disci-
pline, leaving only 70 per cent for all
other activities in our civilization that
require top-flight personnel.

Of course one may question the valid-
ity of the 1.Q. as a measure of ability,
and in any case these figures are only
rough estimates. Yet there seems little
doubt that the general meaning of these
data is valid and important. In the past
four or five decades we have undergone
a scientific revolution which has created
a demand that absorbs a large share of
our ablest personnel. This demand ap-
pears to be steadily increasing. Further-
more, the revolution in the natural sci-
ences and in technology also creates a
steadily increasing demand for highly
trained persons of substantial ability in
other fields, such as social science, the
humanities, business and government.
What will happen if the demand for
highly trained specialists, which has ap-
proximately doubled each decade for a
half-century, doubles again in the next
decade?

The obvious answer, of course, is to
give more youngsters an opportunity to
go to college and to encourage more of
those in college to go on to advanced
study, thus providing a broader base of
trained intellectual manpower from
which to draw. But there seem to be
limits to what can be accomplished here.
In the first place, the learned professions
are already drawing a large share of the
more able members of the population.
According to the Wrenn study, 8,300 of
the total of 14,000 youngsters with I.Q.’s
of 141 or above in each age group of the
population now finish college. In other
words, well over half of the total poten-
tial of ablest people already is graduat-
ing from college, and the number of
additional persons at the upper levels of
ability who might be recruited for ad-
vanced training is not large.

Furthermore, it is not altogether cer-
tain that we can greatly broaden the base
of the college population merely by mak-
ing a college education more widely
available. The greatest step in this direc-
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tion in our history was the G. I. Bill of
Rights, which has financed college train-
ing for hundreds of thousands of veter-
ans since the end of the war. Yet over
the long term this did not add greatly to
cur college-trained population. It ap-
pears that most of the swollen postwar
enrollment was made up of men who
would have gone to college anyway had
the war not interfered. This is made clear
by the chart at the top of the opposite
page: the hump of postwar enrollment is
largely offset by the dip representing the
interruption of the war. It seems improb-
able that the G. I. Bill added more than
200,000 to the number who would nor-
mally have gone to college. These 200,-
000 were spread over age groups repre-
senting more than 10 classes, so the in-
crease was no more than 20,000 in each
age group.

On the other hand, there is no ques-
tion but that we are failing to make the
most of our potential resources of gifted
youth. A follow-up study of Minnesota
high-school graduates in 1948 indicated
that only four per cent of high-school
graduates with 1.Q.’s of 125 or higher
continue their education to the point of
obtaining advanced degrees.

These considerations point to a real
problem for the National Science Foun-
dation. To identify, recruit and finance
the training of promising youths for sci-
ence without making the error of merely
diverting able personnel from one field
to another will be a formidable task. The
Foundation, in undertaking it, will also
in a sense be undertaking a larger re-
sponsibility for husbanding the total per-
sonnel resources of the nation.

THE Foundation’s charter is very
broad. It is required “to develop and
encourage the pursuit of a national poli-
cy for the promotion of basic research
and education in the sciences.” It is to
maintain a register of scientific personnel
and in other ways provide a central
clearing house for information covering
such personnel. It is to foster the inter-
change of scientific information. Obvi-
ously all this gives the Foundation wide
latitude and responsibility for the scien-
tific progress of the nation.

It is hoped that the new agency can
complete its organization by June, 1951,
so that in the following fiscal year it will
be able to get underway in its major
tasks. Perhaps the first fellowships and
scholarships will not actually be distrib-
uted until the fall of 1952. By that time
what to scientists is the most significant
agency in the long history of our Fed-
eral government should be a fully func-
tioning ally, and its fruits should begin
to burgeon, at least in the blossom.

————.
M. H. Trytten is director of the

Office of Scientific Personnel of
the National Research Council.
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ARRESTED VISION

In which chimpanzees raised in the dark

shed light on the relationship between

visual experience and visual development

ANY primitive organisms show
M immediate and highly uniform
reactions to light from the mo-
ment of birth. In man vision is a much
more complex skill that develops gradu-
ally through the years of infancy and
childhood. How much of this capacity is
innate and how much is acquired by
learning or through the natural matura-
tion of the eyes during the child’s early
years? What are the factors that deter-
mine visual perception? If we knew the
answers to these questions we could do
a great deal more than we can now to
improve defective vision.

The task of separating the hereditary
factors from the effects of experience in
human vision obviously is not easy. For
example, a newborn infant at first shows
no clear indication of any response to a
bright disk presented before its eyes.
Only after several weeks does the grow-
ing infant begin to look at the disk. Is
this the result of growth, of experience

by Austin H. Riesen

or of both? Does the change in response
come about through practice in the use
of the eyes, or through a natural matu-
ration that occurs, quite independently
of use, in the retina of the eye, in the eye
or neck muscles, in fiber tracts of the
central nervous system or in several of
these parts combined?

Scientific studies of the growth of be-
havior have shown that certain abilities
do develop without use as animals ma-
ture. Thus tadpoles raised under anes-
thesia to prevent swimming movements
nevertheless improve in swimming abil-
ity. Chicks and rats kept in darkness for
a time show some progress in vision-
controlled behavior. Children also dem-
onstrate a basic rate of maturation in
some capacities: there is a limit to the
degree of retardation or acceleration of
these abilities that can be effected by
restricting or expanding their training.

But some of these studies have re-
vealed curious contradictions. Wendell

Cruze at North Carolina State College
found that after newly hatched chicks
had been kept in darkness for five days,
they were generally able to peck at and
hit 24 of the first 25 grains presented to
them; this score was 12 per cent better
than the average of hits by chicks imme-
diately after hatching. On the other
hand, S. G. Padilla at the University of
Michigan showed that if the period of
darkness was extended to 14 days, the
pecking response failed to appear, pre-
sumably because the instinct to peck at
spots on the ground died out through dis-
use. The chicks began to starve in the
midst of plenty. So it appears that lack
of practice, at least if sufficiently pro-
longed, can interfere with the develop-
ment of behavior which is basically in-
stinctive or reflex in nature.

In human beings the most nearly perti-
nent evidence on this problem has come
from studies of patients operated upon
at advanced ages for congenital cata-

CHIMPANZEES WERE BLINDFOLDED when they

were not kept in a darkroom (left). When the chimpan-
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zees were brought into the light at the age of 16 months
(right), they exhibited a serious retardation of vision.



racts. These patients, who have passed
all their lives in near-blindness, ranging
from the bare ability to tell day from
night to some ability to distinguish col-
ors and localize light, invariably report
an immediate awareness of a change
after a successful operation. They begin
at once to distinguish differences in the
parts of the visual field, although they
cannot identify an object or describe its
shape. After a few days™ practice they
can name colors. From this point on
progress is slow, often highly discour-
aging, and some patients never get be-
yond the ability to distinguish bright-
ness and color. Others, over a period of
months and even years, develop the abil-
ity to identify simple geometric figures,
read letters and numbers and, in rare
cases, to identify complex patterns such
as words, outline drawings and faces.
During their efforts to improve their
visual skill the patients go through a long
period of picking out elements in an ob-
ject and inferring the nature of the ob-
ject from these elements—often errone-
ously. For example, a child of 12, some
months after her operation, is reported
by her doctor to have pointed to a pic-
ture and called it “a camel, because it
has a hump.” What she identified as a
hump was the dorsal fin of a fish.

But such cases of congenital cataract
do not give us very satisfactory evidence
on the elementary problem of how dis-
use affects the development of visual
behavior. There are too many other var-
iables; we must take into account (1)
the degree of the patient’s previous
blindness, since he was not in total dark-
ness, (2) the limit that is imposed on his
potentialities for improvement by the

CHIMPANZEES WERE FED during tests of their

visual development. Chimpanzee raised in the dark

fact that the eye operated on lacks a
lens, and (3) the circumstance that in
all these cases there appears to be an-
other visual handicap—jerky movements
of the eyeballs known as spontaneous
nystagmus. The effects of these com-
bined difficulties are not readily calcula-
ble. For a more meaningful study it is
highly desirable to eliminate these varia-
bles by setting up a controlled experi-
ment that will determine the effects of
disuse on normal eyes. Obviously such
an experiment cannot be risked in hu-
man beings; no one would wish to im-
pose permanent reading difficulties on
any person having to adjust himself to a
civilized society. The most logical sub-
ject for the experiment is another higher
primate. The chimpanzee was chosen,
because its behavior, like man’s, is dom-
inated by vision, and because it is intelli-
gent and tractable.

In 1942 at the Yerkes Laboratories of
Primate Biology in Orange Park, Fla.,
an infant male chimpanzee was sepa-
rated from its mother on the day of birth
and blindfolded with a gauze bandage
and adhesive tape. This animal defeated
the experimenters by loosening the tape
at the side of his left nostril and habitual-
ly peeking down his nose with his left
eye. By the age of 16 weeks he gained
tull freedom from facial bandages. Al-
though he did not recognize his feeding
bottle at this time, nor show fixation of
persons or objects, he developed fairly
adequate visual behavior within a few
weeks.

In 1945 the experimenters tried again.
This time two newborn chimpanzee in-
fants, a male and a female respectively
named Snark and Alfalfa, were housed
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in a completely darkened room. During
the first 16 months the only light these
infants experienced was an electric lamp
turned on for intervals of 45 seconds
several times daily for their routine care
and feeding. When they were first tested
for visual perception at the age of 16
months, both chimpanzees showed ex-
treme incompetence. Their reflex re-
sponses indicated that their eyes were
sensitive to light—the pupils constricted;
sudden changes of illumination startled
the animals; they responded to a slow-
ly waving flashlight with jerky pursuit
movements of the eyes and side to side
following motions of the head. But both
chimpanzees failed to show any visual
responses to complex patterns of light
until after they had spent many hours in
illuminated surroundings. They did not
respond to play objects or their feeding
bottles unless these touched some part
of the body. They did not blink at a
threatening motion toward the face.
When an object was advanced slowly
toward the face, there was no reaction
until the object actually touched the
face, and then the animal gave a startled
jump.

After the 16-month period of dark-
ness, Alfalfa was placed on a limited
light schedule until the age of 21 months
and Snark until 33 months. When Al-
falfa was later moved into a normal day-
light environment, in the course of many
months she developed normal recogni-
tion of objects, began to blink in response
to threats and ceased to be startled by a
touch. Snark was much more retarded.
Between the ages of 20 and 27 months,
while he was still on rationed light, he
learned after many hundreds of trials to

——
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(left) was unable to grasp a hottle, even after several
trials. Normal chimpanzee grasped it after one trial.
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tell the difference between contrasting
signs, differing in color or pattern, which
indicated either food or a mild electric
shock. His visual acuity, as measured by
ability to discriminate between horizon-
tal and vertical lines, was well below that
of normally raised animals. At the end
of 33 months he began to live in the
normally lighted chimpanzee nursery
and later out of doors with chimpanzees
of his own age. It was expected that he
would rapidly acquire normal visual be-
havior. He did improve slightly at first,
but after this small initial improvement
he actually lost ground in visual respon-
siveness, until even reflex activity began
to die away.

What is the explanation of this de-
terioration® Had the development of
his eyes been permanently arrested by
the absence of light? There had been no
previous evidence that stimulation by
light is essential for the normal growth
of the primate retina or optic nerve. It
was a surprise to find that, while the eyes
of these Chimpanzees remained sensitive
to light after 16 months in darkness, the
retina and optic disk in both animals did
not reflect as much light as normal chim-
panzee eyes do. Snark later developed a
marked pallor of the optic disk in both
eyes. There is other evidence suggesting
that fish and amphibians, at least, need
light-stimulation for normal eye develop-
ment. So the physiological effects of the
lack of light may be part of the explana-
tion for Snark’s loss of visual function.
But it is not the whole explanation for
all the visual abnormalities in these two
chimpanzees, nor does it explain the

NORMAL AND ABNORMAL ANIMALS were subject-

ed to the same stimuli. At the left an abnormal chimpan-
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visual difficulties of the cataract patients.
These patients have excellent color dis-
crimination, and, incidentally, do not
show pallor of the optic disk. Moreover,
we now have clear evidence from fur-
ther experiments with chimpanzees that
not merely light itself but stimulation by
visual patterns is essential to normal
visual development.

In these experiments three other new-
born chimpanzees, two females and a
male, were put into the darkroom. Debi
was raised for seven months in complete
darkness, even during her feedings and
other care. Kora was raised for the same
period on a ration of an average of one
and a half hours of light daily, but the
light, admitted through a white Plexi-
glas mask, was diffuse and unpatterned.
Lad was given one and a half hours of
patterned light daily: he could observe
the edges of his crib, the variations in
pattern introduced by movements of his
own body and appendages, and all the
accompaniments of bottle-feeding, in-
cluding the moving about of persons in
the moderately lighted room.

At seven months, when the three sub-
jects were removed to normal daylight
surroundings, Lad’s visual performance
was indistinguishable from that of chim-
panzees raised normally. Kora and Debi,
however, showed the same kinds of re-
tardation as had Snark and Alfalfa, with
some minor exceptions. Kora did not de-
velop the blink response to a moving
object until six days after her removal
from darkness, and Debi not until 15
days. It took Kora 13 days and Debi 30
days to acquire the ability to pursue a

© 1950 SCIENTIFIC AMERICAN, INC

moving person with the eyes, and they
did this by a series of refixations instead
of following smoothly as normal animals
of comparable age do; it took Kora 20
days and Debi 16 days to pursue visual-
ly a moving feeding bottle; Kora 13 days
and Debi 30 days to fixate the image of
a stationary person.

These differences between Debi and
Kora may lie within the range of varia-
tion that would occur in a group of ani-
mals treated exactly the same as either
Debi or Kora. This question could be
checked only by repeating the experi-
ment many times.

Between seven and 10 months of age
Debi and Kora both showed a moderate
and intermittent outward (wall-eyed)
deviation of the eyes. This gradually was
overcome. Both infants also showed an
initial spontaneous nystagmus, i.e., jerky
eye movements. It appeared only spo-
radically, and was more pronounced un-
der general excitement than when the
animals were well relaxed.

Normal animals of seven months learn
to avoid a large yellow and black striped
disk after receiving one or two mild elec-
tric shocks from it. Debi and Kora, how-
ever, were shocked by the disk twice a
day for six and nine days, respectively,
before they so much as whimpered when
it was shown. Only after 13 days in
Kora’s case and 15 days in Debi’s did
they consistently indicate by some sort
of avoidance response that they saw the
disk within five seconds of the time that
it was raised in front of their eyes.

In still another study an infant chim-
panzee named Kandy was put in the

zee is given a mild electric shock by a disk with a con-
tact at bottom. At right normal chimpanzee is shocked.



darkroom for only the. first three months
of life. After she was removed to day-
light surroundings, her progress on the
same tests was approximately parallel
to that of Debi and Kora. There were
three interesting differences: 1) Kandy
showed a convergent squint (cross-
eyes), which cleared up in a little less
than two months; 2) she did not have
spontaneous nystagmus; 3) she required
24 days, as compared with 13 or 15, to
develop consistent avoidance of the
black and yellow shock-disk. The last
difference suggests that Kandy learned
more slowly because of her younger age;
in other words, that the development of
visual discrimination was a matter of ma-
turity as well as learning. This conclusion
was strongly supported by the finding
that an infant chimpanzee started
through the same training at the age of
two days failed to show avoidance in a
month’s time.

All these observations demonstrate
that vision must be put to use if it
is to develop normally, but they also in-
dicate that during the first few months of
an infant’s life visual development is ad-
vanced by growth factors which are en-
tirely independent of practice. Normally
reared animals, for example, do not blink
in response to the movement of objects
across the visual field until they have
reached the age of two months; the older
darkroom animals, despite previous lack
of experience, began to show this re-
sponse within about two weeks after
they were transferred to daylight sur-
roundings.

The development and maintenance of
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NORMAL AND ABNORMAL RESPONSE to shocking-

disk was exhibited by animals. At left a normal chim-

7, —

normal visual functions in higher pri-
mates depends on a whole complex of
interrelated factors, hereditary and en-
vironmental, and it can readily be dis-
turbed at any stage of the individual’s
growth. This was shown in an experi-
ment with a chimpanzee named Faik.
Faik was raised in the normal light of
the laboratory’s nursery until the age of
seven months. At that time the standard
series of tests described above showed
that he had excellent use of vision. Then
from the age of eight to 24 months he
was kept in the darkroom. He lived an
active life filled with tactile, auditory,
olfactory, gustatory and kinesthetic stim-
ulation. He invited rough-house play
from his caretakers at feeding times, and
his general state of health remained en-
tirely satisfactory.

When Faik was returned to daylight
living quarters at 24 months, he had lost
all ability to utilize vision in his inter-
play with the environment. He no longer
recognized the feeding bottle, and failed
to look at objects or persons, either sta-
tionary or moving. More than this, he
possessed a strong spontaneous nystag-
mus and was even unable to follow a
moving light in a darkroom until the
fitth day after he was put back into a
lighted environment. His first visual fol-
lowing movements, like those of all the
darkroom-raised subjects, were not
smooth but a series of jerky refixations,
made even more jerky by the pro-
nounced spontaneous nystagmus.

Even in direct sunlight Faik failed to
grimace or close his eyelids; he gave no
indication of the slightest discomfort
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panzee responds violently after one shock. At right ab-
normal chimpanzee fails to avoid disk after many shocks.

when the sun shone in his eyes. (The
chimpanzees raised in the darkroom
from birth did close their lids in intense
light.) Faik showed pallor similar to
that of Snark and Alfalfa in his optic
disks. His recovery of vision has been
slow and is still only partial. Explana-
tion of his case, and that of Snark, re-
mains a challenge to further research.

These chimpanzee studies have es-
tablished several fundamental points.
They show that newborn animals, and
older infants that have been kept in
darkness for a time, exhibit visual re-
flexes when they are first subjected to
light. Some responses that bear a close
resemblance to reflex behavior, such as
blinking at something rapidly approach-
ing the face, become automatic only
after considerable practice. Visual pur-
suit of moving objects, the coordination
of the two eyes and convergent fixation,
and the first recognition of objects come
only after many hours or weeks of ex-
perience in use of the eyes. It takes the
chimpanzee hundreds of hours of active
utilization of the eyes to develop its vi-
sion to the stage where it can adequately
guide locomotion and complex manipu-
lations. The findings in the cases of two
subjects that were kept in darkness for
long periods indicate that the postpone-
ment of light exposure for too long can
result in making the development of
normal visual mechanisms extremely dif-
ficult if not impossible.

—_————

Austin H. Riesen is associate professor
of psychology, University of Chicago.
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The Mystery of Corn

The wild ancestor of the most important plant in America

i1s lost in antiquity. Once it was thought to be the grass

teosinte; now the evidence points to a primitive pop corn

r I \HE most important plant in Amer-

ica is corn. It is grown in every state

and on three fourths of all the farms
of the U. S. Corn is the backbone of our
agriculture. It is the most efficient plant
that we Americans have for trapping the
energy of the sun and converting it into
food. True, we consume only small
amounts of corn directly, but trans-
formed into meat, milk, eggs and other
animal products, it is the basic food plant
of our civilization.

Yet corn is also a mystery—a botanical
mystery as baffling and intriguing as any
in the pages of fiction. The plant has be-
come so highly domesticated that it is no
longer capable of reproducing itself
without man’s intervention. A grass, it
differs from all other grasses, wild or cul-
tivated, in the nature of its seed-bearing
organ: the ear. This is a highly special-
ized inflorescence, or flower cluster, en-
closed in husks, which when mature
bears several hundred or more naked
seeds upon a rigid cob. The pollen-bear-
ing inflorescence, the tassel, occurs sepa-
rately on the same plant. The ear of corn
has no counterpart anywhere else in the
plant kingdom, either in nature or among
other cultivated plants. It is superbly
constructed for producing grain under
man’s protection, but it has a low sur-
vival value in nature, for it lacks a mech-
anism of seed dispersal. When an ear of
corn drops to the ground, scores of seed-
lings emerge, creating such fierce com-
petition among themselves for moisture
and soil nutrients that usually all die and
none reaches the reproductive stage.

What could have been the nature of
the wild or primitive corn from which
this pampered cereal has developed?
Where, when and how was a species,
once so hardy that it could survive in the
wild, converted to a cultivated plant so
specialized and so dependent upon
man’s ministrations that it would soon
become extinct if deprived of man’s
help? These are questions that have
puzzled botanists and anthropologists
for more than a century, Now, as a result
of research in botany, genetics, archae-
ology and history, the answers are a little
nearer. The mystery has not been solved,
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by Paul C. Mangelsdorf

but the web of circumstantial evidence
is drawing tighter and the final solution
is almost in sight.

HERE is no evidence that corn was

known in any part of the Old World
in ancient times. Seeds of wheat and
barley, and fabrics woven of the fibers of
flax and hemp, have been found in an-
cient Near Eastern sites—but never
grains of corn. The Babylonians and
Egyptians pictured and described many
plants, but nowhere in their art or litera-
ture does corn appear. Corn as a plant is
not mentioned in the Bible, although

ZAPOTEC GODDESS of Pre-Colum-

bian Mexico clasps small ears of corn.

some English translations do use the
word as a synonym for grain. The
Greeks, who had a word for almost
everything, had no word for corn. The
extensive ancient Chinese literature and
the Vedas of India also are completely
lacking in any reference to corn. There
is no evidence of any kind—archaeologi-
cal, linguistic, ideographic, pictorial or
historical—of the existence of corn in any
part of the Old World before 1492.

The first reference to corn in recorded
history occurs on November 5, 1492. On
that day two Spaniards, whom Christo-
pher Columbus has delegated to explore
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the interior of Cuba, return with a report
of “a sort of grain they call maiz which
was well tasted, bak’d, dry’d and made
into flour.” Later explorers to the New
World found corn being grown by In-
dians in all parts of America, from Cana-
da to Chile. Corn proved to be as ubiqui-
tous in the New World as it was un-
known in the Old. There was a great
diversity of corn varieties; all of the prin-
cipal types we recognize today—dent
corn, flint corn, flour corn, sweet corn
and pop corn—were already in existence
when America was discovered.

Thus the evidence that corn origi-
nated in America is so overwhelming that
it seems sensible to concentrate, if not to
confine, our search for its wild ancestor
to the Western Hemisphere. In America
corn has obviously had an ancient his-
tory. The seminomadic hunting and fish-
ing Indians in both North and South
Americaaugmented their diet of fish and
game with corn from cultivated fields.
The more advanced Mound Builders of
the Mississippi Valley and the Cliff
Dwellers of the Southwest were corn-
growing and corn-eating peoples. The
highly civilized Mayas of Central Amer-
ica, the warlike and energetic Aztecs of
Mexico and the fabulous Incas of Peru
and Bolivia all looked to corn for their
daily bread. The abundant harvest that
corn yielded gave these ancient peoples
leisure for weaving beautiful fabrics, for
molding exquisite pottery, for building
magnificent highways and towering pyr-
amids, for inventing a system of arith-
metic and for perfecting a calendar
more accurate than the Old World cal-
endar of the same period. Corn was in-
deed “the grain that built a hemisphere.”

This universal reliance of the pre-
Columbian cultures on corn as the basic
food plant, and its great diversity of va-
rieties, greater than that of any other
cereal, bespeak a long period of domesti-
cation. How old is corn as a cultivated
plant? Fortunately this investigation is
no longer wholly a matter of guesswork.
Reasonably reliable estimates can be ob-
tained by the ingenious method devised
by Willard F. Libby, of the University
of Chicago, for determining the age of



ancient vegetal remains. The method is
to measure the radioactive carbon in the
remains; from this one can then deter-
mine how much of the radiocarbon orig-
inally taken by the plant from the at-
mosphere has disappeared, and the
amount of radioactive decay is a measure
of the age of the remains. Libby’s de-
terminations of radiocarbon in archae-
ological remains of corn (not yet pub-
lished but communicated to the author)
tend to bear out previous archaeological
and geological estimates that the oldest
corn yet found in South America goes
back to about 1000 B. C., and the oldest
in North America to not earlier than
2000 B. C. The oldest prehistoric ears in
both North and South America are small
and primitive; they differ decidedly in
several characteristics from the modern
varieties of the Corn Belt. Yet almost
any American farm boy would recognize
them instantly as corn. So some 4,000
years ago corn was already well on the
road to becoming the unique cereal it is
now.
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N WHAT part of America did corn
originate? And what kind of wild
grass was it that gave rise to the multi-
tude of present-day varieties of corn?
One theory has corn originating from
a plant called by the Aztecs teocintle
(now Anglicized to teosinte) . Teosinte is
undoubtedly the closest wild relative of
cultivated corn. Like corn, it has tassels
and ears borne separately, although its
“ears” contain only five or six seeds, each
enclosed in a hard, bony shell-charac-
teristics that make teosinte a most un-
promising food plant. Also like corn, it
has 10 chromosomes, indicating that it is
a closely related species. Teosinte can
readily be crossed with corn to produce
hybrids that are completely fertile or
almost so. If corn came from teosinte, as
many botanists have supposed, it must
have originated in Guatemala or Mexico,
for teosinte is found only in those two
areas.

The second principal theory is that
corn originated in South America from a
peculiar primitive plant called “pod”
corn. Primitive pod corn today has vir-
tually vanished; it is no longer found in
pure form but as an admixture in mod-
ern varieties. As described in early refer-
ences, and as obtained by inbreeding
from present-day mixtures, pod corn has
its kernels enclosed in a pod or chaffy
shell similar to that found in all other
cereals—a condition which almost cer-
tainly was characteristic of wild corn.

Which, if either, of these two theories
is more likely to be correct? Botanists,
in attempting to determine the place of
origin of a cultivated plant, place con-
siderable reliance upon two criteria. One
is the occurrence of wild relatives of the
plant in question; the other is diversity
in the cultivated species itself. It is as- OLDEST EAR OF CORN (left), dated about 2000 B.C., was found in New

sumed that, other things being equal, the ~ Mexico’s Bat Cave in 1948. A specimen of modern dent corn is at the right.
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TEOSINTE is the closest wild relative of corn. Its tiny
ear is on the right side of the stalk beneath the tassel.

region of maximum diversity should co-
incide with the center of origin, since
diversification has progressed longer at
the center than at the periphery of the
plant’s present range. In the case of corn
the two clues point in opposite direc-
tions: the wild-relative clue points to
Guatemala and Mexico, where teosinte,
corn’s closest relative, grows; the diversi-
ty clue points to South America, where,
on the eastern slopes of the Andes, oc-
curs the greatest diversity of corn varie-
ties found anywhere in America in a
region of comparable size.

Some 20 years ago my colleague Rob-
ert G. Reeves and I began working at the
Agricultural Experiment Station of Texas
A. & M. College on a series of genetic
and cytological studies of corn and its
relatives to test these two conflicting
theories. We hybridized corn with teo-
sinte to determine how the genes that
differentiate the two species are inher-
ited and how they are distributed on the
chromosomes. We also hybridized corn
with Tripsacum, a more distant wild
relative of corn, which occurs in both
North and South America. Our hybrids
of corn and teosinte revealed that corn
differs from teosinte not by a relatively
few genes, as might be expected if the
one had been derived from the other as
a result of domestication, but by a large
number of genes inherited in blocks. Our
hybrids of corn and Tripsacum, the first
such hybrids ever to be made, showed
that the chromosomes of Tripsacum, 18
in number, differed greatly from those
of corn. Microscopic studies of the re-
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productive cells of the Tripsacum-corn
hybrids showed little pairing (a criterion
of relationship) between the chromo-
somes of the two species. Nevertheless,
there was some chromosome association
and consequently some opportunity for
exchange of genes. Especially important
was the discovery that some of the plants
that occurred in later generations of the
Tripsacum-corn hybrid resembled teo-
sinte in some of their characteristics.
This discovery led to the conclusion that
teosinte might well be not the ancestor
but a descendant of corn—the product
of the natural hybridization of corn and
Tripsacum. Such a possibility had been
suggested years earlier by Edgar Ander-
son of the Missouri Botanical Garden.

INCE 1937, when we arrived at this
working hypothesis, much addi-
tional research has been done on corn,
pod corn, teosinte and Tripsacum, and
upon their hybrids. There is abundant
circumstantial evidence, but still no con-
clusive proof, that teosinte is the product
of the hybridization of corn and Tripsa-
cum. There is even more evidence to
show that teosinte could scarcely have
been corn’s ancestor. Reeves, who has
made an intensive study of the botanical
characteristics of corn, teosinte and
Tripsacum, has found that teosinte is
intermediate between corn and Tripsa-
cum or is identical with one or the other
of these two species in the 50 or more
features in which they differ.
John S. Rogers, also working at the
Texas Experiment Station, has hybrid-
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TRIPSACUM is a wild grass that can be hybridized

with corn. It is thought to be an ancestor of teosinte.

ized corn with five different varieties of
teosinte obtained from various parts of
Mexico and Guatemala. He has found
that numerous genes, many more than
previously supposed, are involved in
differentiating teosinte from corn. One
of the Guatemalan teosintes, for ex-
ample, differs from corn in certain ear
characteristics controlled by genes borne
on two chromosomes. It differs in its
photoperiodic response through differing
genes on three other chromosomes. (In
contrast to corn, teosinte is a “short-day”
plant, blooming only in seasons when the
days are appreciably shorter than the
nights.) It differs in the number of tillers,
or “suckers,” in genes on four chromo-
somes, one of which is also involved in
the ear characteristics. All together eight
different chromosomes and possibly
numerous genes on each are involved in
just these three of the many differences
between corn and teosinte. The possi-
bility that these considerable genetic
differences could have originated during
a few thousand years of domestication
seems remote indeed.

So the teosinte theory has become in-
creasingly untenable. Meanwhile the
theory that corn originated from pod
corn has become more and more plausi-
ble. When a modern hybrid form of pod
corn is inbred (a process that usually
intensifies inherent traits) the result is
a plant quite different from ordinary
cultivated corn. The ear disappears and
the kernels, now borne on the branches
of the tassel, are enclosed in glumes, or
chaff, as in other cereals. This pure pod



POD CORN is a primitive form of the modern variety.
Each kernel on its slender cob is enclosed in a glume.

corn possesses a means of dispersal, since
its seeds are not on a heavy ear but
on fragile branches. In the proper en-
vironment it could undoubtedly survive
in the wild and reproduce itself. It has
characteristics like those of many wild
grasses; indeed, in its principal botanical
features it is quite similar to its wild
relative Tripsacum. Pure pod corn has
virtually all of the characteristics we
would expect to find in the ancestral
form of corn. Furthermore, it is more
than a relative of corn; it is corn—a form
of corn that differs from cultivated corn
in exactly the way a wild species ought
to differ from its cultivated counterpart.
Finally, all the hereditary differences be-
tween pod corn and cultivated corn are
traceable to just one gene on one chro-
mosome. Thus a single mutation can
change pod corn to the non-podded
form, and it has actually done so in my
cultures.

The aboriginal wild corn that man
began to cultivate undoubtedly had
other primitive characteristics in addi-
tion to those of the ancestral pod corn.
Its kernels, for example, were probably
small, hard and pointed. Kernels of this
kind are found today in varieties of pop
corn. Indeed, the U. S. botanist E. Lewis
Sturtevant, one of corn’s most astute in-
vestigators, concluded more than half a
century ago that primitive corn must
have been both a pod corn and a pop
corn. Evidence is now accumulating to
show that Sturtevant was right.

In the remains of prehistoric civiliza-
tions unearthed in South America, pop

corn predominates over other types. Pot-
tery utensils for popping corn, as well
as actual specimens of the popped grains,
have been found in prehistoric Peruvian
graves. Certainly there is nothing new
about the pop corn which modern Amer-
icans consume so lavishly as part of the
movie-going ritual. Pop corn is an an-
cient food, and it is quite possible that
primitive man first discovered the useful-
ness of corn as a food plant when a wild
corn was accidentally exposed to heat.
This would have exploded the small,
vitreous, glume-covered kernels, and
transformed what to people with no
grinding tools other than their own teeth
was a very unpromising food into tender,
tasty, nutritious morsels.

THERE is an interesting historical
reference which lends support to
Sturtevant’s conclusion that primitive
corn was both a pod corn and a pop
corn. A century and a half ago Félix de
Azara, the Spanish Commissioner to
Paraguay, wrote of a peculiar variety of
corn in Paraguay in which small seeds
enclosed in “envelopes” were borne in
the tassel. When the tassels were heated
in hot oil, the kernels exploded to pro-
duce “a superb bouquet capable of
adorning at night the head of a lady.”
By a very simple experiment in our
breeding plots, we have succeeded in
duplicating exactly the corn Azara de-
scribed. Pod corn was hybridized with
pop corn and was then inbred to produce
an earless plant bearing in the branches
of the tassel small hard seeds enclosed in
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SYNTHETIC WILD CORN is produced by crossing pod
and pop corn. Here kernels have been popped by heat.

glumes. When a tassel of this pod-pop
corn was heated in hot oil, it behaved
exactly like the corn of Azara. The ker-
nels exploded but remained attached to
the tassel to produce the “bouquet” he
described.

These recent findings have quite
naturally given new impetus to the
search for wild corn in South America,
since the most convincing and conclu-
sive proof of the pod-corn theory would
be the discovery of a primitive pod corn
still existing in the wild state. The search
for a wild corn has not so far been suc-
cessful in its primary objective, but it
has been quite fruitful in turning up
new types of corn, especially less ex-
treme forms of pod corn whose kernels
are only partially enclosed in glumes.
Perhaps wild corn will still be discovered
in some remote protected spot in a re-
gion not yet thoroughly explored. The
odds are at least even, however, that
it no longer exists. Corn in the wild may
well have been a plant with low survival
value, restricted in its range, and al-
ready well on the road to eventual ex-
tinction when first used by man.

In the meantime a wholly unexpected
discovery, made within the past two
years, has furnished direct evidence for
the theory that primitive corn was both
a pod corn and a pop corn. During the
summer of 1948 an expedition sponsored
by the Peabody Museum of Harvard
University and led by Herbert W. Dick,
a graduate student in anthropology, un-
covered many cobs and other parts of
corn from the accumulated refuse in an
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BAT CAVE KERNELS show rapid evolution. Kernels

in each row are of the same age; oldest row is at the top.

abandoned rock shelter in New Mexico
known as Bat Cave. This shelter was
occupied from about 2000 B. C. to 1000
A. D. Uninhibited by modern concepts
of sanitation, its successive generations
of occupants allowed refuse and trash to
accumulate in the cave to a depth of
about six feet. Carefully removed and
sifted by the archaeologists, the refuse
yielded 766 specimens of shelled cobs,
125 loose kernels and various fragments
of husks, leaf sheaths and tassels. The
cobs are of particular interest, since they
reveal a distinct evolutionary sequence.
The oldest, at the bottom of the refuse
heap, are the smallest and most primi-
tive. These cobs and loose kernels from
the same level prove that the earliest Bat
Cave people grew a primitive variety of
corn which was both a pop corn and a
form of pod corn. The pod corn, how-
ever, was not as extreme as the earless
synthetic “wild” corn described above.
It probably represents a type already
partly modified by domestication, more
nearly like the weak forms of pod corn
still found in South American varieties.

HE BAT CAVE corn has answered

another of our questions: What is the
relationship of corn to teosinte? The old-
est and most primitive of the Bat Cave
corn shows no evidence whatever of
having stemmed from teosinte. But be-
ginning about midway in the sequence
there is strong evidence of the introduc-
tion of a corn that had become contam-
inated with teosinte. Thus the Bat Cave
cobs suggest that early botanical investi-
gators were not completely wrong in be-
lieving that teosinte played a role in the
evolution of corn. Although teosinte
clearly was not the progenitor of corn,
it contributed its genes to corn’s progress
toward its present form.
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The Bat Cave remains still leave un-
answered the question: Where in Amer-
ica did corn originate? It seems improb-
able that corn could have been a native
of the region where these remains were
found, since corn is a moisture-loving
plant and the region is now and was then
quite dry. Probably it was brought into
the Bat Cave region as a cultivated plant
from Mexico. Whether corn was native
to Mexico or had been introduced there
still earlier from South America is an
open question.

How did the primitive pod-pop corn
that the Bat Cave people grew 4,000
years ago evolve in so short a period, as
evolutionary time is measured, into the
modern ear of the Corn Belt? Some bot-
anists are inclined to endow the Ameri-
can Indian with unusual abilities as a
plant breeder. If the great changes that
have occurred in corn in this relatively
brief period are the product of his skill,
he was indeed remarkably adroit. The
corn from Bat Cave does not, however,
support this view. On the contrary, there
is no evidence that the Bat Cave people
were any more concerned with plant im-
provement than they were with sanita-
tion. If selection was practiced at all, it
was probably an unplanned “negative”
selection—the good ears were consumed
and the leftover nubbins were used for
seed. Nevertheless, thanks probably to
accidental hybridization with teosinte
and with other races of corn, there was
a gradual increase in the average size of
ears and kernels and an enormous in-
crease in total variation during the 3,000
years of the Bat Cave’s history.

The evolutionary sequence in the Bat
Cave indicates that four principal fac-
tors operated in the evolution of corn
during this period: 1) The pressure of
natural selection, one of the most im-
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PERUVIAN EAR, dated about 300 A.D., is larger than
the Bat Cave ear. Bat Cave ear is stripped of kernels.

portant suppressive factors in evolution,
was greatly reduced; 2) mutations from
the more to the less extreme forms of
pod corn occurred; 3) corn was modified
by contamination with teosinte; 4) cross-
ing of varieties and races produced new
combinations of characters and a high
degree of hybridity.

LL of these factors contributed to a
tremendous increase in variation, so

that when man finally did begin to prac-
tice selection in corn, he had a rich di-
versity at his disposal. From this, by ac-
cident or design, he chose a combination
of characteristics that makes corn the
most efficient of all cereals as a producer
of foodstuffs. The ear of modern Corn
Belt corn is a highly functional botanical
structure. The massive cob provides an
extensive surface for grain-bearing. It
encloses an enormous system of vessels
which supply and nourish the grains. The
entire ear, once an aggregate of kernels
individually enclosed in glumes, is now
protected as a single unit by the husks.
The glumes have been reduced to mere
vestiges—no energy is wasted on struc-
tures now useless and obsolete. The ele-
ments of strength necessary to support
this greatly enlarged inflorescence have
come from teosinte, which contributes
genes for hardness and toughness when
it is hybridized with corn. Teosinte is to
the modern ear of corn what steel is to
the modern skyscraper. Indeed, in struc-
ture the skyscraper and the ear of corn
are not too unlike. Both are massive,
strong, efficient, functional and superbly
designed to fit a particular purpose. At
their best both are distinctly beautiful.

Paul C. Mangelsdorf is professor
of botany at Harvard University.
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Scientific Intelligence

SINCE the end of the war groups of
U. S. scientists have been urging that
the State Department form a special sci-
entific branch, with trained attachés
stationed in foreign countries, to pro-
mote the international exchange of sci-
entific information and keep the U. S.
better posted on scientific developments
abroad. The plan has now won the De-
partment’s official approval. It made
public last month a report entitled “Sci-
ence and Foreign Relations,” prepared
after several months of study by the
physicist Lloyd V. Berkner, of the Car-
negie Institution, who had been assigned
by the Secretary of State to examine the
Department’s “responsibilities in inter-
national science.”

Berkner, who had consulted more
than 1,000 eminent persons in his sur-
vey, recommended that the Department
establish a Science Office in Washington,
headed by a “front-rank” scientist and
with a staff of specialists in the physical,
biological and engineering sciences. He
also proposed that staffs of scientists be
attached to 13 of the most important
U. S. diplomatic missions abroad and to
the U. S. administrations in Germany
and Japan. There would be area staffs
in London for Western Europe, in Johan-
nesburg for South Africa, in Rio de
Janeiro for South America and in Syd-
ney or Canberra for Australasia. In addi-
tion local staffs would be stationed in
Paris, Rome, Berne, Stockholm, Ottawa,
Lima, Oslo or Copenhagen, The Hague,
Brussels, Tokyo and Berlin.

The report called attention to the
many obstacles and barriers to the inter-
national flow of scientific information
that had developed from the war. It
urged that the U. S. take “a more positive
and active interest” in promoting the
exchange of unclassified information,
particularly in basic science. The report
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observed that “certain definite benefits
which are highly essential to the welfare
and security of the U. S. . .. stem from
international cooperation and exchange
with respect to scientific matters.”

According to the New York Times,
Berkner and some State Department offi-
cials who commented on the report be-
lieve that the U. S. should send official
delegations of scientists to international
scientific meetings in other countries, in-
cluding the U.S.S.R., and should admit
Russian and “fellow-traveling” scientists
to similar meetings in the U. S.

Spark Machining

UTTING and drilling hard alloys by
machine tools is slow and costly;
even with carbide tools and diamond
powder it may take hours to drill a hole
less than an inch deep. Some extremely
hard materials, such as carbides and
borides, cannot be machined with cut-
ting tools at all.

An ingenious solution to this problem
has been worked out at the Technical
University in Budapest, Hungary. It con-
sists essentially in using an electric spark
to boil away the metal that must be re-
moved. The apparatus has an electric
circuit with a condenser. The “cutting”
tool is an electrode connected with the
negative pole of the current source; the
material to be drilled or cut is attached
to the positive pole and immersed in
petroleum. When the electrode touches
the object, the condenser discharges and
the resulting spark at the point of con-
tact eats away a little of the material.
The spark is immediately quenched by
the petroleum; the success of the process
depends on this quenching operation,
which prevents the formation of an arc
between the object and the electrode.
By an oscillating series of contacts with
the material the electrode drills a hole.

The process, announced in a Hungar-
ian publication last year, has just been
brought to the attention of Western Eu-
rope through a translation in the British
Engineers’ Digest. The Hungarian in-
ventors reported they had found that
spark machining is more costly than con-
ventional methods for cutting soft or
medium-hard materials, but it is “very
advantageous,” from the standpoint both
of cost and quality of the work, for ma-
chining very hard metals, and for the
hardest metals it is the only possible
method apart from diamond grinding.

New “Smyth Report”?
AS this issue went to press, there were

reports in Washington that a major
change in U. S. policy on the release of
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atomic energy information was impend-
ing. The Atomic Energy Commission,
the Joint Congressional Committee on
Atomic Energy, other Government offi-
cials and scientists were said to be dis-
cussing the possibility of declassifying a
large amount of material that can no
longer be considered strictly secret.

The move stems from the two recent
evidences that much of this information
is no longer secret to the U.S.S.R.—the
Soviet atomic explosion and the dis-
closures of the spy Klaus Fuchs. Those
who are pressing for the relaxation of
AEC secrecy argue that information well
known to the Russians is being withheld
from U. S. industry and scientists.

Charles A. Thomas, executive vice
president of the Monsanto Chemical
Company, proposed in a speech last
month that U. S. industry be permitted
to build and operate atomic energy
plants for producing power and plutoni-
um, the uranium to be leased from AEC.

One of the chief areas under consid-
eration for declassification, according to
the reports, is the design and operation
of nuclear reactors. Whether the infor-
mation would be released piecemeal or
in the equivalent of a second “Smyth
Report” is not indicated.

Meanwhile the AEC, which prohib-
ited public discussion by its scientists of
progress on the hydrogen bomb, has
found it necessary to issue a cautionary
word on the project’s prospects. Acting
Chairman Sumner T. Pike told a press
conference that the chances of making
the bomb were “somewhere between
‘probable’ and “possible.” ”

Stories that the Defense Department
and AEC had developed artillery shells
and guided missiles with atomic war-
heads appeared in the press last month.
They were immediately denied by Ad-
ministration spokesmen. The New York
Daily News later reported that Secretary
of Defense Louis A. Johnson was to be
summoned before the Joint Congression-
al Committee on Atomic Energy for
(uestioning as to whether the Defense
Department had inspired the story.

Artificial Seasons

PLANTS use sunlight not only as a
source of energy but also as a calen-
dar of the seasons. Their rate of growth,
time of sprouting and time of blooming
may be regulated by the quality, intensi-
ty and duration of light. Laboratory
workers of the Netherlands engineering
firm N. V. Philips have recently learned
some facts about the light control of
plants that are now being applied by
Dutch nurserymen.

They have found that plants raised



CITIZEN

under blue light are usually shorter, but
stronger, than those raised under white
light. Red light stimulates blooming.
Tulips can be forced to bloom at a pre-
dicted date, and the lighting system can
also control the length of stem, the size
of leat and the brilliance of the flower.
Seed potatoes can be kept from sprout-
ing by storing them in a lighted room.
Plants can be raised in winter in a closed
shed, instead of a greenhouse, by the use
of fluorescent light. This work was de-
scribed in the Industrial Bulletin of Ar-
thur D. Little, Inc.

Self-Correcting Machine

UTOMATIC computers are like hu-
man brains in at least one respect—
they too make mistakes. Designers have
been trying to make them still more hu-
man by endowing them with the ability
to correct their errors. Some of the more
advanced computers can tell when they
have gone wrong, but the most they can
do then is to shut themselves off and
sound an alarm for help from their hu-
man attendants. R. W. Hamming of Bell
Telephone Laboratories has now gone a
step further: he has developed a system
whereby a computer should be able to
locate and correct its own mistakes—
provided it does not make too many.
His system is designed for a digital
computer using a binary code. In this
code any number is represented by a
string of ones and zeros; for example, the
number 53 is expressed as 110101. Ham-
ming points out that it is easy to provide
for automatic detection of an error by
adding a symbol as a check, designed,
say, to fill the requirement that the num-
ber of ones in the transmitted signal
shall always be even. Thus to the signal
110101 a zero would be added, since
there is already an even number of ones
(namely, four); if it had three, a one
would be added instead of a zero. The
transmitted signal for 53, then, is
1101010, the final zero being the so-
called “parity” check. Now if, through
some failure in the computer, the signal
becomes 0101010, the machine can rec-
ognize that this is an error, because the
signal has an odd number of ones.
Hamming reasoned that a computer
could correct its error if it were given a
means of determining which symbol in
the series was incorrect. If the faulty
symbol was a zero, the machine would
automatically change it to a one, or vice
versa; in the case of 0101010, the incor-
rect signal for 53, the error is in the first
symbol, and the machine would change
the zero to a one and correct the signal
to 1101010. Hamming proceeded to
work out a system, using additional
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checking svmbols, which will permit a
computer to locate the erroneous sym-
bol.

Although such a computer has not yet
actually been built, the svstem has been
proved workable in a demonstration
model with some of the necessary cir-
cuits. Hamming observes that it would
not be practical to build a computer
capable of correcting more than one
error at a time; the circuits would have
to be much too elaborate. But the oc-
currence of two or more simultaneous
errors in a computer is rare.

The value of a self-correcting com-
puter is that it could be left unattended
for long periods with reasonable confi-
dence that it would not be stopped by an
error. But Hamming notes that such a
machine would be expensive. As in the
human brain, the ability to correct mis-
takes is gained only at the cost of in-
creased complexity and some loss in ef-
ficiency. A self-correcting machine not
only would need more equipment but,
because of the extra svmbols (inhibi-
tions) it would require for policing itself,
it would operate with less economy of
effort.

Pluto’s Mass

PLUTO. the outermost planet of the
solar system, has a mass 10 times
smaller than hitherto supposed. This has
been determined by the first measure-
ments of the planet’s disk, made by
Gerard P. Kuiper of Yerkes Observatory
with the 200-inch telescope on Palomar
Mountain.

On the basis of deviations in the path
of the planet Neptune, supposedly
caused by Pluto’s gravitational attrac-
tion, it used to be estimated that Pluto’s
mass was approximately equal to that of
the earth. Kuiper, making his observa-
tions visually, was the first human being
to see the planet as anvthing more than
a pinpoint of light, since no measurable
disk can be shown by any telescope less
powerful than the 200-inch. He calcu-
lated that Pluto’s diameter is 3,600
miles, 46 per cent that of the earth, and
its mass is one tenth of the earth’s. The
latter estimate is based on the assump-
tion that Pluto’s density is about the
same as the earth’s.

The new measurement makes Pluto
the second smallest planet, the smallest
being Mercury. It leaves unsolved the
mystery of Neptune’s perturl)ations,
which are too great to be accounted for
by so small a planet as Pluto.

Supersensitive Detector

RADIATION detector so sensitive
that it can locate radioactive de-
posits deep underground from a high-
speed airplane has been invented by
Canadian physicists. The device, known
as a “gamma-ray spectrometer,” is a
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variation of the well-known scintillation
counter.

Unlike Geiger counters, which detect
radiation through ionization in a gas (see
page 40), a scintillation counter records
radiations by means of tiny sparklike
scintillations produced when the radia-
tion strikes a crystal. The gamma-ray
spectrometer uses a sodium iodide crys-
tal activated by thallium iodide. The
amount of light produced by a scintilla-
tion when a gamma ray strikes the crys-
tal is believed to be proportional to the
energy of the secondary electrons cre-
ated by the ray and hence to the energy
of the ray. This makes it possible to iden-
tify the source material from which the
gamma rays are emitted.

The inventors of the device, Robert
W. Pringle, Kenneth I. Roulston and
Harry W. Taylor of the University of
Manitoba, report that it has been used
“with considerable success” in uranium
prospecting in Canada. They add that it
will also be useful for “the rapid investi-
gation of geological formations” from
airplanes. Built with tiny hearing-aid
tubes, the instrument weighs only eight
pounds.

Youngest Embryo

HAT happens in the human em-
bryo during the first few days after
conception? This is obviously a rather
inaccessible subject for investigation.
Arthur T. Hertig of the Harvard Medical
School resorted to a stratagem to make
it more accessible. He enlisted the coop-
eration of a number of married women
patients with ailments that required the
removal of their reproductive organs. He
timed their operations to take place soon
after the optimum time for conception—
14 days before menstruation. In 11 years
at the Free Hospital for Women in
Brookline, Mass., 158 patients were
operated on at this stage, and of these
33 were found to be pregnant. Their
young embryos, removed with the dis-
eased organ, ranged from a few days to
about three weeks in age. The youngest
fertilized ovum was 60 hours old—the
earliest ever available for examination.
Hertig and the embryologist John
Rock of the Carnegie Institution in
Washington made a careful study of
these embryos. They found that at 60
Lours the fertilized ovum has split into
only two cells and is still situated in the
Fallopian tube. By the fourth day the
embryo has reached the uterus and has
from five to 12 cells. On the sixth day it
attaches itself to the lining of the uterus;
it is then less than eight one-hundredths
of an inch in diameter. Two weeks after
conception—the usual time of menstrua-
tion—the embryo is ready to receive an
influx of blood from the mother. A week
later fetal circulation starts, and the em-
bryo is then ready to hegin rapid growth.
Reporting these observations at the



recent International Congress on Obstet-
rics and Gynecology in New York City,
Hertig said that only 60 per cent of the
33 recovered embryos were normal.
Many of the abnormal ones were so de-
fective that they probably would have
aborted even before there was any clini-
cal evidence of a pregnancy.

Smokers’ Cancer

OBACCO has often been suspected

of complicity in the great increase in
lung cancer since 1900. But the evidence
has been fragmentary and conflicting.
Now two well-documented reports in the
Journal of the American Medical Asso-
ciation present what appears to be the
strongest evidence thus far that smoking
may cause cancer.

Ernest L. Wynder and Evarts A.
Graham of the Washington University
School of Medicine found in a national
survey that among 605 men with cancer
of the lung, 96.5 per cent had smoked at
least 10 cigarettes a day for many years,
and half of them had smoked more than
20 a day; whereas in the general male
hospital population without cancer only
73.7 per cent were regular smokers, and
four fifths of these smoked fewer than
20 cigarettes a day.

The other study was by Morton L.
Levin, Hyman Goldstein and Paul R.
Gerhardt of the New York State Depart-
ment of Health. They reported that 84.8
per cent of 1,045 cancer patients in Buf-
falo were smokers; in a group of 605
patients without cancer 77.8 per cent
were smokers. Cigarette smokers ap-
peared to be prone to cancer of the lung,
and pipe smokers to cancer of the lip.

Wynder and Graham suggest that
cigar and pipe smokers are less suscepti-
ble to lung cancer than cigarette smokers
are because they are less likely to inhale
the smoke. Lung cancer is rare, they re-
port, in nonsmokers or persons who
smoke less than the equivalent of five
cigarettes a day. (One cigar or two pipes
is rated as equivalent to five cigarettes.)
They also find that heavy smokers may
develop cancer 10 years or more after
they stop smoking.

These investigators note that, since
nonsmokers do occasionally have cancer
of the lung, and obviously not all heavy
smokers develop it, smoking cannot be
the sole cause of the disease.

“From the evidence presented, how-
ever,” they add, “the temptation is strong
to incriminate excessive smoking, and in
particular cigarette smoking, over a long
period as at least one important factor
in the increase of bronchiogenic carcino-
ma.

Terramycin

OMETHING of a speed record
among antibiotics for the trip from
laboratory to wide clinical use has been

set by the new drug terramycin. Reports
on its clinical performance began to ap-
pear only three months after its develop-
ment was announced by experimenters
of Charles Pfizer and Company in
Brooklyn, N. Y.

A group at the Mayo Clinic headed
by Wallace E. Herrell has found the new
drug effective for pneumonia, blood
poisoning, urinary infections and various
other diseases. Workers at the Food and
Drug Administration and at Freedmen’s
Hospital in Washington, D. C., after
testing it on 30 patients, concluded
that “terramycin appears to be a use-
ful addition to the important class
of antibiotic drugs.” The drug has been
shipped to be used against shingles
epidemics in Chile and Peru, undulant
tever in Argentina, France, Italy
and Portugal, bubonic plague in India,
and yaws and dysentery in the Philip-
pines.

The Mayo group said: “Its activity is
similar but not identical to that of aureo-
mycin. The evidence of nausea and vom-
iting with terramycin is definitely less
than with aureomycin.”

Hoarders

IS avarice a natural tendency or an
acquired habit? Two Harvard psy-
chologists have been investigating this
question with rats. Louise C. Licklider
and J. C. R. Licklider provided six rats
with all the food they could eat and
more. Their food after weaning consisted
of pellets of Purina Laboratory Chow.
Although none of the rats had ever expe-
rienced a food shortage, all immediately
started hoarding pellets. Even after they
had accumulated a hoard and the food-
supply bin was empty, they kept coming
back to hunt for more.

This behavior confirmed what pre-
vious investigators had found. But the
Lickliders refined the experiment to try
to unearth the rats’ motives for hoarding.
They covered half of the pellets with
aluminum foil, thus eliminating their
value as food. The experimenters discov-
ered that four of the six avaricious rats
actually preferred the worthless, inedi-
ble pellets in hoarding.

The rats were'then put on short ra-
tions for six days. After this “deprivation
period” they hoarded even more greed-
ily and showed more interest in the plain
food pellets, but some still hoarded foil-
wrapped pellets and continued to pre-
fer them.

The Lickliders conclude, in a report to
the Journal of Comparative and Clinical
Psychology: “The factors that lead to
hoarding and that determine what is
hoarded are by no means entirely ali-
mentary. The initiation of hoarding
seems to be for the rat, as for the human
being, a complex motivational problem
to which sensory and perceptual factors,
rather than blood chemistry, hold the
key.”
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The loose material of the earth’s surface

is in constant process of evolution. Its

variety deeply influences the life of man

by Charles E. Kellogg

HAT is soil? A farmer would an-
EX/ swer simply: “Something to grow
crops in.” An agricultural chem-
ist would probably answer: “A foothold
from which plants get their water and
most of their nutrients.” A pedologist
(soil scientist), on the other hand, would
have quite a different reaction to the
question. From his point of view the
query itself is awkwardly vague—like
asking what is rock, or mineral, or gas.
His reply would be that there are thou-
sands of kinds of soils, each as individual
in character and properties as a species
of rock, of plant or of animal. Every soil
has its own unique history; like a living
organism it is the creature of a dynamic
process of evolution, and a revealing
subject for scientific study.

All three of these points of view have
contributed to the development of mod-
ern soil science. Over the centuries farm-
ers have learned by trial and error how
to use their soil more efficiently. During
the past 150 years biologists and chem-
ists have determined rather accurately,
through thousands of experiments in
laboratories, greenhouses and field plots,
what nutrients plants need. We now
know that plants require some 15 ele-
ments for growth. From the air and wa-
ter they get carbon, hydrogen and oxy-
gen. From the soil they need phosphorus,
potassium, calcium, magnesium, nitro-
gen, iron, sulfur and trace amounts of
boron, manganese, copper, zinc and
molybdenum. The result of this knowl-
edge has been the development of more
effective methods of fertilization, crop
rotation and so on. But this is far from
the whole story. The physical texture,
structure and chemical relations of a
soil play a vital part in its ability to
store nutrients and supply them to
plants. Hence for the scientific manage-
ment of soil it is necessary to study the
history and fundamental characteristics
of the particular soil concerned.

Broadly speaking, soil is that part of
the outer mantle of the earth that ex-
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tends from the surface down to the limit
of biological forces, i.e., the depth to
which living organisms penetrate. Five
factors shape the evolution of a soil.
They are (1) the parent rock, or heredi-
tary material; (2) relief, or the configu-
ration of the land where the soil lies; (3)
climate and (4) living matter, acting on
the parent materials, and (5) time. The
history of their combined effects is
etched in the profile of the soil. Climate,
plants and soil are so intimately related
that they form predictable patterns: thus
black soil, subhumid climate and tall
grasses usually go together; light-colored
leached soil, cool, moist climate and
evergreen forest form another combina-
tion; deep-red leached soil, hot, moist
climate and rain forest form still another.

Every type of soil in the world has a
unique profile. When the profile is laid
bare, as in a fresh road-cut or in a deep
pit, it can be seen that the soil consists
of a series of differing layers, which the
soil scientist calls “horizons.” The profile
is divided into three general levels
called A, B and C, corresponding loosely
to the surface soil, the subsoil and the
substratum, or weathered material be-
neath the soil proper. Each of these main
horizons may have several subdivisions.
Soils vary greatly in depth, of course;
they tend to become deeper toward the
equator and thinner toward the poles.
In the U. S. farm soils range from about
two to five feet deep, taking the A and
B horizons together.

Components of the Soil

Most soil horizons are mixtures of
sand, silt and clay, along with some or-
ganic matter. Of these constituents, clay
has the greatest influence on the chemi-
cal activity of the soil. This is because
many of the chemical reactions occur at
the surfaces of soil particles, and the clay
particles, being very small (less than
.002 millimeter), are most numerous and
offer the most surface. The clay parti-
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SOILS OF THE WORLD are lo-
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CHESTNUT, SIEROZEMS, PODZOLS, GRAY- LATOSOLS, SOILS OF TUNDRA ALLUVIAL
BROWN DESERT AND WITH MUCH BROWN RED-YELLOW MOUN- SOILS
AND RED DESERT BOG PODZOLS, PODZOLS, TAINS AND

REDDISH- SOILS BROWN ETC. MOUNTAIN

BROWN FOREST VALLEYS

SOILS SOILS

a rough approximation of the soil type of the region, only a few of the most important alluvial areas. Many
many of the patterns include thousands of soil types.  small but important alluvial areas are not shown. The
The symbol A, which stands for alluvial soils, denotes  pattern on the interior of Greenland is its ice cap.
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R Le =

ZONAL
Great groups of soils with well-developed
characteristics, reflecting the dominat-
ing influence of climate and vegetation.

PODZOL SOILS

N\ i e

BROWN PODZOLIC SOILS
07 Brown leached soils of cool-temper-
<z ate, humid forested regions.

GRAY-BROWN PODZOLIC SOILS
rayish-brown leached soils of tem-
erate, humid forested regions.

RED AND YELLOW PODZOLIC SOILS
7] Red or yellow leached soils of warm-
temperate, humid forested regions.

PRAIRIE SOILS
Very dark brown soils of cool and
emperate, relatively humid grass-
lands.

REDDISH PRAIRIE SOILS

ark reddish-brown soils of warm-

% temperate, relatively humid grass-
lands.

CHERNOZEM SOILS

====== Dark-brown to nearly black soils of

g cool and temperate, subhumid grass-
lands.

o L T R R S ORI e

CHESTNUT SOILS
N\ Dark-brown soils of cool and tem-
&\\\\ perate, subhumid to semiarid grass-
lands.
REDDISH CHESTNUT SOILS
| Dark reddish-brown soils of warm-
&\\\\\\ temperate, semiarid regions under
mixed shrub and grass vegetation.
BROWN SOILS
Reddish-brown soils of warm-tem-
erate to hot, semiarid to arid re-

gions, under mixed shrub and grass
vegetation.

BROWN SOILS
=| Brown soils of cool and temperate,
= semiarid grasslands.

CIC BROWN SOILS

Brown or light reddish-brown soils
f warm-temperate, wet-dry, semi-
arid regions, under mixed forest,
shrub, and grass vegetation.

SIEROZEM OR GRAY DESERT SOILS
Gray soils of cool to temperate, arid
regions, under shrub and grass
vegetation.

RED DESERT SOILS

Light reddish-brown sails of warm-
emperate to hot, arid regions, under
shrub vegetation.

INTRAZONAL

Great groups of soils with more or less
well-developed characteristics reflecting

the dominating influence of some local
factor of relief, parent material or age
over the normal effect of climate and
vegetation.

PLANOSOLS

Soils with strongly leached surface
horizons over claypans on nearly
flat land in cool to warm, humid to
subhumid regions, under grass or
forest vegetation.

RENDZINA SOILS

Dark grayish-brown to black soils
developed from soft limy materials
in cool to warm, humid to subhumid
regions, mostly under grass vegeta-
tion.

SOLONCHAK (1) SOLONETZ (2) SOILS
(1) Light-colored soils with high con-
centration of soluble salts, in sub-
humid to arid regions, under salt-
loving plants.

(2) Dark-colored soils with hard
prismatic subsoils, usually strongly
alkaline, in subhumid or semiarid
regions under gtass or shrub vege-
tation.

BOG SOILS
Poorly drained dark peat or muck
soils underlain by peat, mostly in
humid regions, under swamp or
marsh types of vegetation.

BRI SR TSI * ]

BEBATY

WIESENBODEN (1), GROUND WATER
PODZOL (2), AND HALF-BOG SOILS (3)
) Dark-brown to black soils de-
veloped with poor drainage under
grasses in humid and subhumid
regions.

(2) Gray sandy soils with brown
cemented sandy subsoils developed
under forests from nearly level im-
perfectly drained sand in humid
regions.

(3) Poorly drained, shallow, dark
peaty or mucky soils underlain by
gray mineral soil, in humid regions,
under swamp-forests. *

AZONAL

Soils without well-developed soil char-
acteristics.

LITHOSOLS AND SHALLOW SOILS
(ARID-SUBHUMID)
7777 Shallow soils consisting largely of

0 <o

e an imperfectly weathered mass of
(HUMID) rock fragments, largely but not

{ R } exclusively on steep slopes.

SANDS (DRY)
Very sandy soils.

ALLUVIAL SOILS
Soils developing from recently de-
posited alluvium that have had littie
or no modification by processes of
soil formation.

N

SOILS OF THE U. S. are located here in greater detail
than on the map on pages 30 and 31. With the key to
each pattern on this map is the name and a brief descrip-
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tion of each soil type and the climate and vegetation
with which it is associated. Within the area of each
pattern are areas of other soils too small to be shown.
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cles hold on their surface various posi-
tive ions, notably those of hydrogen
(H*), sodium (Na*) and calcium
(Ca™). The acidity or alkalinity of a
soil depends on which of these ions pre-
dominates: a soil dominated by hydro-
gen is acid, and one in which sodium
prevails is highly alkaline. The type of
ions held by a clay affects its transport-
ability through the soil. Clays dominated
by sodium or by hydrogen are more
sticky and more easily suspended in wa-
ter than those bearing calcium. Hence if
the fine clay becomes acid or highly al-
kaline, in the absence of excess salts, it
can be carried in suspension to lower
horizons or even be leached completely
out of the soil by percolating waters.
Calcium clay, on the other hand, tends
to stay where it is.

The proportions of sand, silt and clay
in a soil horizon, which may range from
pure sand through the various loams to
pure clay, determine its texture. Obvi-
ously a soil’s texture affects its permeabil-
ity to water and root penetration. Even
more important is the soil’s structure.
This depends on how the primary par-
ticles in it are clumped. There are four
kinds of structure: granular, blocky
(lumpy), columnar (vertically elon-
gated blocks) and platy. For most plants
a granular structure or mixed granular
and blocky structure is best. A soil’s tex-
ture stays practically constant, but its
structure can be changed drastically, for
better or worse. In soil management the
maintenance of proper soil structure is
as important as the maintenance of plant
nutrients.

Also vital for a good growing soil is
organic matter: it promotes granular
structure, aids in the retention of plant
nutrients, supplies food for microorgan-
isms and small animals that help enrich
the soil, and, when decomposed, itself
furnishes a balanced, slowly available
supply of plant nutrients. The organic
matter of the soil is a complex of things
that includes living roots, microorgan-
isms, a fairly stable brown or black de-
composition product called humus and
a host of intermediate products. The or-
ganic material ultimately breaks down,
of course, to water, ash, carbon dioxide
and a small amount of other gases.

It is the processes of solution, decom-
position, addition and leaching, acting
on the original mixture of minerals, that
account for most of the great differences
in chemical composition among soil hori-
zons and types. These processes cause
losses of some compounds from the par-
ent material and increases of others.

Chemical Activity

In most soils only a very small part
of the material present is soluble in wa-
ter at any one time. If 'this part is
leached out, a bit more comes into solu-
tion. This mechanism for maintaining a

small but replenishable supply of solu-
ble material is essential to plant life.
Most crop plants require soils that have
no more than .5 per cent readily soluble
material, and many have a much lower
tolerance. Only a very few wild plants
will live in soils that contain as much
as 10 per cent of such material.

There is also a self-balancing mecha-
nism that maintains the content of free
ions in a soil. The clay and organic mat-
ter absorb ions from the soil solution
when the ion content is high and re-
lease them when it is low. This buffering
effect causes a soil to resist any perma-
nent change in its degree of acidity or
alkalinity. For example, in an acid soil
the free hydrogen ions can be quickly
neutralized with lime, but then other
hydrogen ions come into solution from
the insoluble clays and humus. Thus to
reduce the acidity permanently one must
keep adding lime until the reserve of
by drogen ions has been used up; or, we
could also say, until the calcium ions
have replaced nearly all the replaceable
hydrogen ions in the humus and clay.
Since it is the clay and organic matter
that hold the reserve of ions, much more
lime is needed to change a heavy clay
soil than a sandy soil low in organic
matter. We say that the clayey soil is
well buffered. Speaking loosely, similar
mechanisms maintain low but stable
concentrations of potassium, phosphate,
magnesium and other ions in the soil.

Every gardener knows that the acidity
of a soil is measured on the so-called pH
scale. A neutral soil has a pH of 7; a
lower pH means that the soil is acid and
a higher one that it is alkaline. Natural
soil horizons range in pH from about 3
(extremely acid) to above 10 (very
strongly alkaline). For most crop plants
the most productive pH value is between
6 and 7. A few plants, notably blue-
berries and cranberries, need an acid
soil with a pH of about 4.5.

Over a long period the cumulative ef-
fects of the cycle of plant feeding,
growth, death and decay greatly influ-
ence the character of the soil in which
the plants grow. The different types of
plants, and even individual species, vary
greatly in the kind and amount of nutri-
ents they take from soil, air and water
and deposit in the soil when they de-
compose. Under desert shrubs the
amount of nutrients deposited in the soil
is very low; under tropical rain forests
it is very high. Even under adjacent
desert shrubs the soils often differ, rang-
ing from slightly alkaline to very strong-
1y alkaline and from very low in soluble
salt to very high, because of the different
feeding habits of unlike species and the
different salts returned to the surface. In
New Zealand, soils under kauri gum
trees have a very thick, exceedingly acid,
white horizon leached of clay and
humus; under adjacent broad-leafed
trees the soil is brown, well charged with
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organic matter and only moderately
leached. In the northern part of the U. S.,
hardwood trees deposit roughly twice as
much calcium, magnesium, potassium
and phosphorus on the soil as do pines
and spruces.

In subhumid, temperate regions, near
the boundary between trees and grass,
the grasses feed heavily on mineral
nutrients, and the soils become dark-
colored. Under the nearby forest more
organic acids are produced, and the re-
sulting soils are lower in nutrients and
organic matter. If, however, we count
the nutrients embodied in the plants and
animals as well as those in the soil, the
forest area has more nutrient material,
acre for acre, than the adjacent prairie.

In the humid tropics, near the bound-
ary between rain forest and savanna
(grassy plain), the soils present another
picture. There during the hot rainy sea-
son everything soluble leaches out of
the soil; the only nutrients retained are
those held by plants in their roots, stems
and leaves. In the forest the trees hold a
large supply of nutrients; the grasses of
the savanna, on the other hand, hold
very little, and of this little some is lost
because the grass usually is burned off
during the dry season and much of the
ash washes away with the first heavy
rains of the wet season, especially
through cracks in the earth.

Thus the fertility of soils varies with
climate in a paradoxical fashion: in a
subhumid region such as the Minnesota-
Dakota boundary more productive soils
develop under wild grasses than under
forest, whereas near the tropical Congo
the reverse is true.

This continual cycle of nutrients out
of the soil into plants and back to the
soil is perhaps the most important fact
of soil dynamics. If the cycle is broken
by the removal of nutrients through the
harvesting of crops, the soil may dete-
riorate rapidly. On the other hand, farm-
ers and gardeners can build up the soil
to a much higher level of nutrients than
its natural condition by adding chemi-
cal fertilizers or organic matter “from
over the hedge.”

Other cycles of change influence the
soil. Rains alternately aerate the soil and
expel air from it, so that gases are con-
tinually exchanged between soil and air.
Dust from deserts and distant volcanoes
also brings important additions to soils:
some highly productive soils, as in Java,
exist in the very shadow of volcanoes.
The periodic overflow of great rivers and
small streams leaves a film of fresh new
minerals on the flooded soil. Perhaps
nearly one third of the world’s popula-
tion gets its food supply from such allu-
vial soils, continually being renewed.

Erosion

What does erosion do to the soil? Con-
trary to a common impression, erosion

33



has beneficial aspects as well as harmful
ones. It is onc of the great natural proc-
esses forming the landscape and soil
materials. As a result of erosion old lands
are continually being removed and new
ones built. Slow, normal soil erosion is
an essential process by which upland
soils maintain their productivity. As the
surface of the upper horizon of a plant-
covered soil is gradually eroded away, at
the rate of perhaps one inch in 100 to
1,000 years, the upper part of the hori-
zon beneath is gradually changed and
becomes part of the top horizon, and so
on in turn down through the soil profile,
until finally new, fresh minerals from the
underlying rock come within reach of
plant roots and are incorporated into the
bottom horizon of the productive soil.

The damage comes when natural ero-
sion is greatly accelerated, as a result of
excessive burning, grazing, forest-cut-
ting or tillage, so that the horizons are
removed faster than they form. The most
serious erosion injuries to soils are not
chemical, not the loss of plant nutrients,
but the changes in structure arising from
the loss of granular surface horizons and
the exposure of massive clay, hardpans
or even rock.

We cannot stop all rapid erosion. In
regions of active uplift and near the
margins of spreading deserts, active ero-
sion is inevitable, even under wild vege-
tation. But we can and should control it
where practicable. The basic method of
control is to maintain a protective cover
of plants. This sounds simple enough,
but in practice it is complicated by the
fact that the cover must be productive
as well as protective.

These, then, are some of the general
principles governing the formation of
soils. They should make clear why many
thousands of soil types exist in the world.
Now let us look at some actual soils in
the field.

The Gray-Brown Podzolic

Suppose we drive out into Marion
County, Iowa, some 30 miles southeast
of Des Moines. Here we see a gray-
brown soil such as can be found in al-
most any county east to the Atlantic
Ocean. This type of soil is known as
Gray-Brown Podzolic, from the Russian
word podzol, meaning ashes. Until 150
years ago the Gray-Brown Podzolic soils
supported the heartland of Western civi-
lization. They have developed under a
humid temperate climate and are gen-
erally associated with hardwood forests
(here in Marion County the trees are
mainly oaks and hickories).

The profile of this soil is not particu-
larly dramatic. At first glance it looks like
just a plain, brown-colored garden soil.
Generally the upper six inches of the A
horizon is very pale brown or light
brownish-gray silt loam, crumbly and
mellow. This surface horizon receives
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the decomposition products of fallen
leaves, and in it the small animals, sur-
face roots and microorganisms are most
active. Directly underneath it the soil is
more leached. This A, horizon, some five
to 10 inches thick, is a yellowish-gray,
floury silt loam. The particles are ori-
ented into thin plates, easy to crumble.
Next comes a transitional zone in which
soil of the B horizon is slowly being
transformed to A. Under this thin transi-
tional layer lies the main B, some eight
to 12 inches thick. It is much richer in
clay, coarser in structure and a darker
brown than the A above. Its silty clay
loam has a blocky structure; the blocks
are the size of filberts or walnuts and
often sharply angular at the corners. Its
coarse, open structure is maintained by
the penetration of growing tree roots and
by the slight movements of the roots as
the wind sways the trees. If it is cleared,
plowed and exposed directly to the sun
and rain, this horizon is likely to become
massive—sticky when wet and hard
when dry. Beneath the main B is another
B subdivision some four to eight inches
thick; this is a dark yellowish-brown,
tough clay, packed into larger blocky
aggregates with sharper angles.

Thus the A and B horizons of this soil
together are some 30 to 36 inches thick.
The C horizon, or parent material from
which the soil is made, is a blocky, light
yellowish-brown and pale olive clay.

Gray-Brown Podzolic soils may de-
velop from limestone, shale, glacial drift
or other rocks. However derived, all of
them have similar profiles, though they
may differ in some details; some are more
sandy, a few richer in clay, some reddish
in color because of the red color of the
parent rocks. The Gray-Brown Podzolic
soils are normally acid—too acid for the
best growth of crops. So liming is essen-
tial. Because these soils need occasional
rotations of alfalfa and other good leg-
ume hays to maintain organic matter
and good structure, the best farming
systems usually keep some livestock on
them.

Perhaps more is known about this
group of soils than about any other. The
soil of the famous Rothamsted Experi-
mental Station in England—the oldest
agricultural experiment station in the
world—is quite a bit like this. After 106
years of continuous culture for a single
crop—wheat—without fertilizers, manure
or legumes, the soil of this station still
yields 10 to 12 bushels of wheat per
acre, a little over the world average! But
of course this is no way for a farmer to
handle such soil. By using lime to cor-
rect acidity, phosphate and potash fer-
tilizers, farm manure from the livestock
and rotation plantings of clover, a farmer
can get 40 to 45 bushels of wheat per
acre from this soil.

The outstanding feature of this type
of soil is the wide range of cereals,
grasses and legumes, root crops, fruits
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and vegetables that grow well in it. If
well managed, it is dependable. But
some farmers are neglecting lime, min-
erals and legumes, and even allowing
the soil to erode. With poor farming, this
soil deteriorates rapidly to low levels of
productivity. Thus on what was origin-
ally the same kind of soil one can find
both very poor fields and excellent fields
that have been made even more produc-
tive than the natural soil.

The Clarion

Suppose now we drive on west to an-
other spot near Des Moines. Here the
original native vegetation was tall grass
rather than forest. The soils are nearly
black. We shall cut our profile pit in a
gently sloping place where the last great
glaciers left a limy mixture of sand and
boulder clay, along with some stones. We
find that the surface A horizon, some
eight to 14 inches thick, is a very dark
brown to brownish-black fine granular
loam. Below this the soil fades gradually
into the other horizons; the boundaries
are not so sharp and the differences are
less prominent than in the Gray-Brown
Podzolic. There is a transitional horizon
some eight to 10 inches thick of a
brownish-gray to dark yellowish-brown
loam, with some streaks of the darker
soil from above. These two upper layers
are only slightly acid, while those be-
neath are neutral or calcareous. The top
B layer under the transitional horizon is a
yellowish-brown loam seven to 11 inches
thick, and below this is another B of
light yellowish-brown heavy loam or
light clay loam about one foot thick. The
A and B horizons together have a depth
of some three feet. Below them lies a
deep, pale yellow, mixed limy glacial
till.

What we have been looking at is the
Clarion soil—a Prairie soil representative
of a group of nearly black soils that are
dominant in the Corn Belt. Curiously,
nowhere else in the world can one find
another large area of soils exactly like
these. The Clarion soil is in a transition
zone between the forests of the more
humid East and the grasses of the drier
West. It has high fertility and nearly as
wide a range of crops as the Gray-Brown
Podzolic. Severe droughts are rare. The
grasses of the region have been heavy
feeders on minerals from the whole soil,
and have concentrated them, along with
abundant amounts of humus, in the A
horizon—a great storehouse of mineral
nutrients and nitrogen. The humus con-
tent of this soil can be maintained only
under continuous grass. Any tillage and
exposure of the soil to the sun is certain
to reduce its humus, and no reasonable
additions of manure or compost can
maintain it at the original level. But a
rotation of corn, small grains and mixed
grasses and legumes can keep the humus
at about 70 per cent of the natural level.



IRATION

TRAN

AT R
IRV L ol
4 - 4 v
.%ﬂmm ‘..Inx.. \\m
ST ALD Y 5
A
NS

7

OFF AND

"= NORMAL EROSION

MATTER AND
URN TO SOIL

.~ RUN

E
.*d

-
=y

-’

£
o

35

CARBON DIOXIDE

)

|

SUNLIGHT

thjg:
[k

¥

N

N

= [

f
\

NITROGEN

s wi..\ :
i

a
, mw\..w &L

N

“&)}.;:;

¥,

~
.
G

. L

. -“ a
M&a

4

4
7
i

2
o7

w
4.
.
4

T

270,
CEoti sy
..... L EH 7S

PHYSICAL AND BIOLOGICAL processes participate bine them with carbon from the air. The various plant

in the life of the soil. In the biological process plants re-
move water and various nutrients from the soil and com-

structures eventually return to the soil and decompose,

releasing nutrients for a new cycle of plant growth.
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FOURIOWA SOIL TYPES are viewed in profile. At the
left is the profile of the Weller silt loam, a Gray-Brown
Podzolic soil. Second from the left is the profile of the
Clarion loam, a dark brown Prairie soil. Third from the
left is the profile of the Edina silt loam, a Planosol char-
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acterized by a gray, leached horizon over a dense clay-
pan. Fourth from the left is the profile of the Webster
silty clay loam, a Wiesenb6den soil characteristic of
regions with poor drainage. All four of these photo-
graphs show the soil to a depth of about four feet.
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The Prairie soils usually need some phos-
phate fertilizers. Most of them also re-
spond to extra nitrogen, especially for
corn. Soil erosion should be controlled,
for the loss of the surface horizons of this
soil means serious depletion of organic
matter, of nitrogen and of phosphorus.
Generally, however, erosion of a Prairie
soil does not expose an intractable B
horizon, so the soil can be built back
rather easily even after a great amount
of erosion, short of deep gullying.

The Chernozem

A bit farther west and north—say west
of Fargo, N. D.—we enter a region of
subhumid grassland with another type
of nearly black soil called Chernozem,
from the Russian for “black earth.” This
soil is found over large areas of central
Eurasia and North America. These great
areas in the interior of continents were
little cultivated before the age of modern
science; not until railroads crossed the
continents did the Chernozem soils be-
come important in world commerce.
Now a large proportion of the bread
grains of the world come from them.

In contrast to the Gray-Brown Pod-
zolic, the Chernozem soils have a limited
number of adapted crops—mostly ce-
reals. Lately breeders have developed
some varieties of corn that also do fairly
well in them. Unlike the Gray-Brown
Podzolic soils, which need to be built up
in productivity, the Chernozem soils
have their maximum fertility when first
plowed. Because there is relatively little
natural leaching, these soils require little
fertilizer unless the land is artificially ir-
rigated; then both phosphorus and nitro-
gen are valuable. It has been found that
under normal conditions soluble phos-
phates give worth-while returns on many
of the Chernozems. These soils need no
lime; one of their characteristics is a
layer of accumulated lime just beneath
the B horizon.

In the next drier belt beyond the
Chernozem toward the Western desert
are the Chestnut soils, somewhat like the
Chernozem soils but lower in organic
matter and even less leached of lime. The
climate is still more uncertain; almost
every year is drier or wetter than the
“average.” The uncertainty of climate
and the rather limited range of crops that
can be grown in the soil make its farming
more hazardous. This has had an effect
on the region’s politics. In the areas of
the Gray-Brown Podzolic soils, which
are dependable and support a very wide
range of crops, farmers developed a pref-
erence for individual effort and laissez
faire. Farmers on the Chernozem-like
soils, on the other hand, are forced to
think more in terms of cooperation. They
think more about controlled railroad
rates, crop insurance, cooperative credit
and the like. Many of the so-called radi-
cal ideas of government—that is, radical

to believers in laissez faire—that have de-
veloped in the U. S. during the past 100
years originated in this area of grassland
soils.

The Podzol

North of the Gray-Brown Podzolic re-
gion in the U. S., and over large areas in
the northern part of the U.S.S.R. and
northern Europe, is another type of soil
known simply as Podzol. It is named for
the ashlike, nearly white leached horizon
that lies just under its organic mat. This
soil is found in humid cool-temperate
regions of coniferous forest or mixed
conifers and broad-leafed trees. The soil
is normally quite acid. In summers it is
commonly fairly dry, for a while at least.
But during part of the time leaching is
severe—more so than in the Prairie or
Chernozem.

In the woods the Podzol has a strik-
ing profile. Decomposition is slow in this
cool climate, so a mat up to one foot
thick of partly decomposed and matted
leaves and twigs lies over the mineral
soil. Beneath the organic mat, the A,
horizon is less than half an inch thick.
Directly under this is the nearly white
A, horizon of maximum leaching; it is
a loamy soil structured in thin fragile
plates. Most of the roots are in the upper
part of this horizon or just under the
organic mat, although a few penetrate
deeper. When the Podzol has been
severely burned by forest fires, however,
the vegetation often changes from the
rather shallower-rooted pines to the
more deeply rooted oaks until a new
layer of organic matter has formed again.
Ordinarily the white A, horizon is only
two or three inches thick, but well-de-
veloped ones average more than a foot,
and the Kauri Podzols of New Zealand
have A, horizons up to 10 feet thick!

Below the white A,, sometimes sep-
arated from it by a very thin transitional
zone, lies a dark brown layer, the main
B horizon. In this layer are accumulated
iron and organic and mineral colloids
leached down from above. When the
soil is largely sandy, the B is cemented
into a continuous but irregular hardpan.
Many Podzols in Britain have a very
thin, solidly cemented hardpan or “iron
stone” just at the top of the B horizon.
But the hardpan of the Podzol is not very
impermeable to water, and strong roots
also can get through it. Good manage-
ment, liming, use of fertilizers and the
growing of legume-grass meadows in
time disintegrates the hardpan. The
whole soil changes to something like a
Prairie soil, only brown instead of
brownish black, gradually lightening in
color down to the C at some 15 to 30
inches.

Most of the Podzols are in geological-
ly young landscapes. Many are stony.
Usually swampy soils are mixed with
them. In the Northern Lake States, for
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example, perhaps half of the land is
swampy, not counting lakes. Only rarely
do we find large areas of stone-free Pod-
zols suitable for farming. The usual thing
is to find relatively small areas of arable
soils intricately mixed with others.

Nevertheless, Podzols are responsive
to management and can be made eco-
nomically productive. They can grow
vegetables, especially potatoes and root
crops, small grains, and good pasture
feed and hays for dairy cattle. After
clearing the land, the first step in the
improvement of the soil is liming, so
that legume-grass mixtures may be
grown. Recent experience in Wisconsin
suggests that liming also helps to release
the native sources of phosphorus. It is
necessary, however, to add phosphate
fertilizers, especially at first, and potash
as well; the native sources of potash in
Podzols are only very slowly released.

Because a number of efforts to culti-
vate the very sandy Podzols in the
Northern Lake States have failed, some
say that this region “should all go back
to forest.” Some of it should. But it is
equally important that the potentially
arable Podzols in the region be used for
farming in order to develop a good
balance among forestry, mining, recrea-
tion and agriculture. With the recent im-
provement in the agricultural arts, farm-
ing on Podzols has a much better out-
look than formerly.

The Tundra

Now let us look at some of the soils of
the “frozen North.” North of the Podzols,
beyond the Brooks Range of Alaska, we
come to a great treeless plain of Tundra
soils. From a plane on a sunny day, the
Tundra looks like a great grassy pasture.
Most of the land is well covered with low
plants—dwarf willow trees some three to
six inches high, little arctic shrubs and
flowering plants, grasslike sedges and
reindeer moss. Little swamps and ponds
dot the plain until near the Arctic Ocean
there is nearly as much water as land.

Though the annual rainfall is light—
no greater than that of the semi-arid
West—the climate is humid, because of
low temperatures and the consequent
low evaporation. North of an average
annual temperature of some three to five
degrees Fahrenheit the subsoil is perma-
nently frozen, except where the sub-
stratum is gravelly and drainage is very
good. The soil lying on this permafrost
has poor drainage in summer. As winter
approaches again, the surface freezes,
leaving a wet, squashy mass of soil be-
tween the two frozen layers. Pressures
develop that force the viscous soil into
mounds and blisters of many sizes,
shapes and forms. Coarse sedges or other
plants growing on the higher spots add
to the mound-building with thick mats
of roots.

It you dig into the Tundra soil near
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Barrow in early July, you will find a
surface layer some three to four inches
thick of acid, brown, loamy soil, filled
with fine roots and rich in humus. Be-
neath this is a grayer, mushy soil, also
rich in humus. At nine to 12 inches you
will strike the permafrost, here a rock-
like, brown and grayish-brown loam,
streaked and mottled with nearly white
ice.
So far little beyond uncertain garden-
ing and extensive grazing has been tried
on the Tundra. No crop plants with the
ability to grow at low temperatures such
as the native plants can tolerate have
been developed. Some day they may be.

Before we leave Alaska, we might take
a quick look at the main productive soil
of the Matanuska Valley. It is south of
the permafrost line and developed un-
der forest. During its formation strong
winds from the northeast blew silt out of
the bed of the Matanuska River—a
glacier-fed stream. This gradual accu-
mulation of fresh, fine mineral, still going
on, gradually covers the soil, bury-
ing the roots, leaves and twigs. The re-
sult is a dark brown, silty soil, fairly rich
in organic matter and some two to six
feet deep. The soil is covered with a mat
of moss, roots and other coarse material
which, when plowed into the surface,
adds to its stock of organic matter. This
soil has good promise for vegetables and
meadows, especially with improvements
in plant varieties and culture practices.

Tropical Soils

It is in the tropics that we find the
greatest variety of soils. Because of se-
vere weathering there and a great di-
versity of seasonal combinations of
rainfall, temperature and humidity,
probably more soil types exist within the
tropics than in all the land outside.

Suppose we look at a red soil a few
miles north of Matadi near the Congo
River in Central Africa. The annual rain-
fall is about 46 inches. Even during the
dry season the sky is often cloudy and
the air quite humid. Some 1,100 feet
above sea level on a long gentle slope
under a dense tropical rain forest we cut
our pit. We do not find a thick mat of
organic matter such as one might expect
under trees. Although the annual fall of
leaves is high, they decompose so rap-
idly that only a very thin litter rests on
the surface at any time. The top inch of
the soil itself is a highly granular, very
dark, reddish-brown clay; below this the
main A horizon to a depth of eight inches
has the same color but a more irregular
nut structure, well permeated with roots
and insect holes. At 20 inches, below
some transitional layers, we come to the
main B horizon: red clay in a firm blocky
structure that crushes easily in the hand.
Below 40 inches this gradually fades in
color and structure through a transitional
horizon to the C at six or seven feet. The
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latter is a mottled mixture of red and
yellowish-red clay with quartz pebbles
and stones. The deep rocks underneath
are chemically basic.

This general type of soil is known as
Red Latosol. It has hundreds of varia-
tions. At varying depths there is often
a heavy band of quartz pebbles and
stones, marking an old stone line once
uncovered by soil erosion and later cov-
ered by wash from higher land. Occa-
sionally there are rocky hardpans,
thought to have been formed in earlier
geological ages under the influence of a
fluctuating water table.

The clay in this soil is less sticky and
more porous than that in the Gray-
Brown Podzolic. Because water enters
the Latosol more readily, it is less sub-
ject to erosion. In the place where we
have dug our pit the lower soil is strongly
acid (pH 5.3) and very low in plant nu-
trients, but the surface soil is neutral and
fairly rich in mineral nutrients and or-
ganic matter released from the rotting
plant remains. With clean cultivation,
the soil rapidly loses its fertility. After it
is abandoned, it first grows a cover of
savanna grasses. Unless carefully pro-
tected, this cover will burn off each year
and the soil will remain poor. But if it is
protected the forest gradually returns
and the soil becomes productive again.

Under cultivation this soil can be kept
productive by the use of chemical fer-
tilizers, shade and organic matter. In-
deed, it can be cropped successfully
even without fertilizers. The forest is
cleared only in part, making space for
rubber, cocoa, coffee, bananas and other
crops that tolerate some shade. Then, as
the crop-bearing trees grow larger, more
forest trees can be removed. For food
crops, the forest is cut in strips or corri-
dors for plantings of mixtures of corn,
bananas, cassava, rice, and so on; after
four or five years the exhausted soil is
allowed to return to forest. In another 10
to 15 years the soil will be ready for
crops again. This corridor system is sim-
ply a scientific substitute for the method
commonly practiced by natives of the
tropics, who clear a patch, farm it until
it is worn out, and move on to clear a
fresh patch.

On these soils the rejuvenating effect
of normal erosion is very important. The
best soils in the tropics are the very
young ones formed from basaltic lava,
those renewed by showers of volcanic
ash, those renewed by silty stream over-
flows and those on steep slopes where
normal erosion removes the leached sur-
face soil but leaves enough for good root
growth and water storage. In these situ-
ations the soil often can be used for crops
without fertilizers and even without ly-
ing fallow in forest, especially if organic
matter is carefully conserved. The trou-
ble is that a great deal of the organic
matter is burned. Fire is the great enemy
of soil productivity in the tropical areas.

© 1950 SCIENTIFIC AMERICAN, INC

While we are in  Africa, we should
inspect a peculiar soil that has a tenden-
cy to harden and form a substance called
laterite, a word that comes from the
Latin for brick. Near Elisabethville, for
example, is a soil of this type that has
developed from schist on an ancient,
high, nearly level plateau. During the
rainy season the water table is within a
foot or two of the surface; in the dry
season it drops to 30 feet or lower. At
two feet or so below the surface there
begins a thick mass of heavy clay which
very gradually merges into the unweath-
ered rock at 30 feet or deeper. When
thoroughly dried from exposure, say in a
ditch or deep pit or after removal of the
upper soil by erosion, the clay hardens
irreversibly. This hard, slaglike laterite is
very resistant to weathering and recon-
version to soil. People sometimes use the
laterite clay to make bricks, building
stones and even statues. It can be carved
when fresh and then allowed to turn into
hard stone. But in the present state of
the agricultural arts, these Ground-
Water Laterite soils are hardly usable as
soil.

Desert Soils

The same is true, of course, of most
desert soils. Most people would not con-
sider the desert to be soil at all, and in
extreme deserts, where almost no living
matter exists, there can be little true soil.
It is only near the margins, where widely
spaced shrubs find a foothold and hold
the soil material in place, that true soils
form. Such soils can be seen in many
parts of the U. S. Southwest. Often the
surface has a pebbly or cobbly pave-
ment, formed as the high winds swept
away the finer materials until a protec-
tive covering accumulated. The surface
soil coat is usually more or less crusted
from beating rains and the hot sun, but
the soil underneath is more loose and
porous. Since there is little leaching,
these soils are limy and often salty.
Some have a concentration of clay in the
B horizon. Deep down, old desert soils
often have a hardpan, cemented with
lime or silica.

In low places in the desert, which
would be swamps in the Podzol region,
the soil accumulates salts. Some of these
salty soils, like the salt flats near Great
Salt Lake, are practically sterile and use-
less. Others can be reclaimed.

It is not easy to make “the desert blos-
som as the rose” through irrigation.
Water is usually scarce and not always
itself free of salts. More often than not
at least some drainage works are neces-
sary. Salts are nearly always a problem;
even if there is not altogether too much
salt, its presence may upset the optimum
balance of the various salts needed for
plant nutrition.

Most true Desert soils are on relatively
high plateaus and old river deltas—too



high to irrigate. But in the same regions
there are likely to be much younger and
lower soils formed from recent alluvial
deposits. These vary from coarse gravel
to heavy clay. It is mainly these alluvial
soils that are irrigated. For successful
irrigation, soils must not be too sandy or
gravelly, so that they may hold water at
least fairly well; yet they must be well
drained so some excess water can leach
away. A soil that is well drained in the
natural desert under four to five inches
of rainfall may be swamped under irri-
gation with 30 to 40 inches. If drainage
is poor, the soil is almost bound to accu-
mulate enough salt to kill any cultivated
plants.

Great successes and dramatic failures
have attended irrigation projects since
the dawn of history. Modern soil science
and engineering now make possible
much better predictions of the outcome
of proposed projects and much better
systems of water use and soil manage-
ment. Yet even now enthusiastic promo-
tion sometimes gets too far ahead of
scientific prediction, to the sorrow of
new settlers.

Prescriptions

We have looked at specimens of nine
or so of a total of some 40 great soil
groups found on our planet. Within each
of these major groups are many local soil
types, varying from one another in ways
that affect their use. To make a detailed
map of local soils for just one average
Midwestern county of 500 square miles,
a map sufficiently detailed so that results
of research on the various soils can be
applied effectively to individual fields,
involves the identification of from 100 to
200 significantly distinct soil types and
phases of soil types.

It is on the basis of these soil types and
phases that detailed recommendations
about crop varieties, fertilizers, rotations,
erosion-control devices and the like are
developed. Of course any single recom-
mendation, such as a specific fertilizer,
may apply to a large group of soil types,
but for each recommendation the soils
have to be grouped differently. A state-
ment covering the essentials for a single
county needs to be much longer than
this article.

Gradually our knowledge about soils
is being eéxpanded and classified into a
system. The system is still very imper-
fect, but ultimately all the local soil types
of the world will be known and under-
stood. Maps will give their location.
Then every farmer, gardener and for-
ester will have the benefit of what soil
science has learned to enable him to use
his own soil most effectively.

e ———
Charles E. Kellogg is Chief of
the Division of Soil Survey in the
U.S. Department of Agriculture.
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GRAY-BROWN PODZOLIC SOILS have heen intensively studied. On the
similar soil of the Rothamsted Experimental Station in England wheat has
been grown without fertilizer for 106 years (/eft). Manured plot is at right.
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TROPICAL SOILS occur in great variety. On this tropical soil near the
Congo River in Africa grow cultivated cassavas and bananas. If left uncul-
tivated after exhaustion, the soil will be invaded by forest and renewed.

DESERT SOILS can sometimes be turned to agriculture by itrigation, but
only with a detailed knowledge of their composition. On this soil in the
Mohave Desert grow Joshua trees, which properiy are not trees but yuccas.
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The devices that detect the ionizing radiations of

the atom were invented some 40 years ago. Now

they have become basic tools of the atomic age

ITH the advent of atomic en-
EXI ergy, many devices of physics
which long labored unostenta-
tiously in laboratories have emerged as
words on the front pages of newspapers.
Among these are Geiger counters. One
is led to believe that they were only re-
cently invented, and that they were first
constructed by scientists working on the
atomic energy program in the U. S. Some
nervous politicos have gone so far as to
suggest that we have given the “secrets”
of the construction of Geiger counters to
other nations.

Actually the first experiment in which
such counters were used was performed
in 1909 at the Cavendish Laboratory of
Cambridge University. The authors of
the report describing them were Ernest
Rutherford and H. Geiger. About 15
years later Geiger and W. Miiller, a col-
league assisting him in his studies of
radioactivity in Germany, had occasion
to make much larger counters than had
been used before. Their designs were
widely copied by other investigators and
became known as Geiger-Miiller coun-
ters. Present-day counters differ only in
trivial details from those models. So the
basic principle of this type of detecting
device is at least 41 years old, and the
instrument has been in general use by
physicists on both sides of the Atlantic
for nearly a quarter of a century.

For brevity’s sake the devices are now
referred to simply as counters. Their
function is to detect and count atomic
particles and radiations, or “rays.” The
word ray is a loosely used term that em-
braces all types of radiations, whether
streams of charged particles, such as
cathode rays and alpha rays, or beams
of electromagnetic energy, such as visi-
ble light and X-rays. A counter does not
record these radiations directly: it is in
effect a track-examining device, like a
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hunting dog, which detects the presence
of the quarry by its spoor.

Almost every type of radiation causes
matter through which it passes to be-
come “ionized,” which means that the
normal balance of positive and negative
charges possessed by the atoms is dis-
turbed. The positively-charged nucleus
loses some of its neutralizing retinue of
negatively-charged electrons and Dbe-
comes a positive ion. The freed electrons
may attach themselves to neutral atoms
and thus produce negative ions. It is the
amount of ionization produced that
serves as the footprint and the measure
of the responsible radiation.

There are several ways of recording
this ionization; for example, a stream of
alpha particles falling on a photographic
plate will leave a developable trace in
the emulsion; or, passing through a cloud
chamber, it will leave enough ioniza-
tion to cause cloud condensation when
the chamber is expanded. In a Geiger
counter the ions are made to initiate an
electrical impulse which is translated
into an easy-to-read visible or audible
signal.

UPPOSE we have a glass tube con-
taining a gas (any gas will do, but
some gases such as argon and neon do
better) and two metallic electrodes by
means of which a voltage can be ap-
plied to the gas. If the voltage is high
enough, there will be a glow discharge
in the gas—a phenomenon that has been
made familiar to everyone by the neon
sign. Now suppose that the voltage ap-
plied to the tube is almost but not quite
high enough to cause a glow discharge.
It an appreciable number of ions is sud-
denly created in the gas, a glow dis-
charge may appear. This is the principle
of the Geiger counter. It is an arrange-
ment of electrodes in a gas, with an
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applied voltage almost sufficient to in-
itiate a self-sustaining discharge in the
gas, and some provision for “quenching”
the discharge caused by ionization once
it starts.

The two electrodes usually are in the
form of (1) a cylinder and (2) a fine
wire running through the center of the
cylinder. The particles to be detected
may be shot in through one end of the
cylinder, through an aperture in the
cylinder wall, or, if they are sufficiently
penetrating (e.g., X-rays), through the
cylinder wall itself. As a particle passes
through the gas inside the cylinder, it
produces ionization. Any positive ion
thus produced starts to drift, under the
attractive force of the electrical field,
toward the cylinder wall. The electron,
or negative ion, similarly starts to drift
toward the central wire. Since the field
is very intense just around the central
wire, the electron experiences a large
acceleration when it reaches this region.
It may gain enough energy to produce
additional ionization by collision with
other gas molecules. Each molecule thus
ionized contributes more electrons, and
each new electron may in turn produce
further ionization. When the built-up
“avalanche” of electrons finally arrives
at the central wire, it produces an elec-
trical impulse. This signal, amplified by
vacuum tubes, is the counter’s record-
ing of the detected particle; it can be
measured, or simply counted, or stored
for a cumulative record.

Meanwhile the positive ions formed
in the discharge of the electrons drift
out to the cylinder, and when they ar-
rive there they are neutralized. The
counter is then ready for the next count.
It is the travel time of the positive ions
that determines the “resolving time” of
the counter, or the fastest rate at which
the counter will count particles passing



through it. In most counters this travel
time is between 100 and 200 micro-
seconds, so that the counter can count
between 5,000 to 10,000 particles per
second.

Each kind of atomic particle has its
own “specific ionization,” i.e., it pro-
duces a certain number of ions per centi-
meter of path in a given gas at a given
pressure. The number of ions produced
also depends on the energy of the parti-
cle. This fortunate circumstance makes
it possible to identify a particle as well
as detect it. For example, a million-volt
alpha particle will produce some 30,000
pairs of positive ions and negative elec-
trons per centimeter of air at normal
pressure; a deuteron of similar energy
produces perhaps 10,000, a proton about
3,000, and an electron only 30 or 40. In
order to distinguish between kinds of
particles, the counter must be operated
at a fairly low voltage. The size of the
electron avalanche, i.e., the size of the
pulse, is then proportional to the number
of ion-pairs produced by the particle,
and the counter in this case is called a
proportional counter. It is easy to de-
sign electronic circuits that will accept
only pulses of a specified range of sizes.
Thus the electronic circuits connected
to a counter can be set to count the num-
ber of pulses produced by particles of
any predetermined kind. A counter can
be connected to two or more such cir-
cuits at once, so one circuit can count
alpha particles while the second simul-
taneously counts beta particles entering
the counter.

HE REASON the counter cannot

differentiate particles at higher volt-
ages is that the voltage produces a satu-
ration of charge inside the counter, and
the discharge pulse is the same whether
it is triggered by one electron or 30,000.
If we are interested only in counting the
number of particles passing through the
counter, without distinguishing the parti-
cles, operation of the counter in this
voltage region serves perfectly well. In
practice most counters are used in this
way, because no pulse-size discriminat-
ing equipment or high-gain amplifier is
required and the electronic circuitry is
therefore simpler.

How does a counter detect X-rays?
These rays do not ionize atoms as parti-
cles do. But we have seen that all that
is needed to start the pulse-producing
process is to set free at least one electron
within the cylinder of the counter. There
are two mechanisms by which X-rays
can produce electrons: they can knock
secondary electrons from the walls of
the cylinder or other solid parts of the
counter, and they can scatter electrons
in the gas by the recoil process known
as the Compton effect. Gamma rays
produce electrons by the same mecha-
nisms, so they too can be detected.
Similarly ultraviolet light ejects elec-

/
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ELEMENTS of a counter in a highly schematic cross section are cylinder
(top) and wire (bottom). A ray passing between them mutilates a gas atom.
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ELECTRON removed from gas atom by ray moves toward positive wire,
colliding with other gas atoms. Result is an avalanche of electrons.
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POSITIVE IONS are left behind as electrons collect in the wire. The positive
ions move more slowly than the electrons because they are more massive.
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ION CLOUD drifts toward the negatively-charged cylinder. Electrons, still
held in place by attraction of positive ions, begin to move along the wire.
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IMPULSE moves along wire as electrons are freed of attraction of positive
ions. The positive ions are neutralized at the negatively-charged cylinder.
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STANDARD COUNTER TUBE is basically a positively-charged wire sur-

rounded by a negatively-charged cylinder. These parts are enclosed in a
gas-filled glass envelope which may be mounted upon a standard tube base.

I

)

THIN-WINDOW COUNTER TUBE has a thin glass window at one end to
admit those particles which cannot penetrate the glass envelope of the stand-
ard tube. Sometimes the radioactive material is placed within the counter.

-

THIN-WALLED COUNTER TUBE is constructed with a needlelike end for
insertion into radioactive liquids or tumors. Here cylinder is replaced by
a thin metal coating that is deposited on the interior of the glass envelope.

42

© 1950 SCIENTIFIC AMERICAN, INC

trons from the cylinder walls or gas
atoms by the photoelectric effect; in this
case the counter becomes a photoelec-
tric cell and records a count each time
a light-quantum produces a photoelec-
tron. A counter can even be made to
record the low-energy radiation of visi-
ble light. Visible light will produce no
photoelectrons in the gas, but if the
counter’s cylinder is coated with a photo-
sensitive substance, the light will knock
photoelectrons from this surface, and
the counter will therefore detect the
light-flux falling upon it.

Designing a counter that will count
neutrons is a little more difficult. Since
neutrons are uncharged, they will not
themselves produce ionization or elec-
trons. Neutrons can, however, produce
ionization indirectly by colliding with
charged particles and causing them to
ionize; in other words, a neutron is de-
tected, loosely speaking, not from its
own footprints but from the track of the
charged particle to which it gives a push.
The simplest situation of this kind occurs
when high-energy neutrons knock elec-
trons or nuclear particles out of the walls
or gas molecules in an ordinary counter.
But this is a very inefficient method of
counting neutrons; at best the counter
registers only one out of 50,000 of the
fast neutrons that pass through it, and
it does not record slow neutrons at all,
for the impact of a neutron with less
than 30 electron volts of energy is gen-
erally insufficient to separate an electron
from its atom. For counting neutrons,
therefore, the counter is modified by
providing a material in which slow neu-
trons can cause a nuclear reaction. The
most effective substance for this purpose
is boron; another good one is lithium.
When a neutron is captured by a boron
atom, the result is the ejection of an
alpha particle, which produces abun-
dant ionization. The event can there-
fore be detected and recognized by a
proportional counter. The probability of
this capture reaction increases as the
neutron energy decreases, so that very
slow neutrons are the most easily
counted. The probability for detection of
neutrons by the boron nuclear reaction
is more than a thousand times greater
than by simple collision and recoil. The
boron in the counter can be provided
either as a lining for the walls or as a
gas. Most neutron counters used today
are simply conventional counters filled
with boron trifluoride gas.

HERE now exist a remarkable vari-

ety of counters, in many sizes and
shapes and for many special purposes.
They range in size from tiny models
about two millimeters in diameter and
a few millimeters long to giant tubes
eight inches in diameter and six feet
long. Some have envelopes of glass,
others of metal. Some have very thin
windows to permit low-energy particles
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PENETRATING cosmic-ray parti-
cles are counted to the exclusion of
showers of particles by a special
“anti-coincidence” arrangement of
counters. Penetrating particle pass-
ing only through counters labeled C
is counted; shower, passing also
through counters labeled A, is not.

or ultraviolet light to enter; others are
built so that the radioactive material to
be counted can be placed inside the
counter itself. For example, radioactive
carbon 14, which gives off very weak
radiation, is usually put inside the
counter, either in the form of a gas such
as methane (CH,) made with the radio-
carbon, or in a rod or plate. Some count-
ers have jackets into which radioactive
liquids can be poured. There are count-
ers in the form of needles that can be
inserted into biological specimens.
Counters can be arranged to give a
great deal of information about radia-
tions besides merely counting the parti-
cles. For example, several counters can
be connected in such a way that a dis-
charge is coun*2d only when all the
counters discharge simultaneously. This
is called “coincidence counting.” One
obvious use for such an arrangement is
to show the direction from which a
stream of radiation is coming: when five
counters are arranged in a straight line,
the direction of any particle that dis-
charges all five is clearly determined.
Another use is to measure the effect of
radiation-absorbing materials. Absorbers
of various thicknesses are placed be-
tween the counters, and the change in
the counting rate indicates the amount
of absorption of the radiation by the
material. In this way we not only can
study the absorbing ability of various
materials at various thicknesses, but
when the properties of the absorber are
known we can identify the kind of radia-
tion or measure the energy of the parti-
cles. Coincidence counters are widely
used, especially in research on high-
energy particles. Very complicated com-

NON-PENETRATING cosmic-ray
particles are counted by another an-
ti-coincidence arrangement. Here the
anti-coincidence counter is placed
beneath the absorbing material. A
particle passing through counters
labeled C is counted; particle pass-
ing through four counters is not.

binations of coincidence and anti-coinci-
dence counters have been employed in
studying cosmic-ray phenomena. An anti-
coincidence counter is operated in such
a manner that a pulse is recorded only
when the counter does not count; if a
particle enters this counter and is de-
tected by it, the circuit is desensitized
and there is no pulse.

To reduce the labor of counting, a
counter can be operated so that it records
only every second pulse, or every tenth;
the actual count is then determined by
multiplying the reading by the scaling
factor. Some counters have electronic
circuits that store the counts and present
the total arriving in a unit of time; such
circuits are called counting-rate meters.
They are frequently used in portable
counters employed for radioactive sur-
vey work, such as geological prospecting
for radioactive ores or exploration of
areas contaminated by accidental spill-
ing of radioactive compounds.

SIDE from their many well-known
uses in the atomic energy program

and in laboratory research, counters are
finding more and more applications in
industry, medicine and other fields. They
have become a remarkably useful tool in
oil prospecting. For this purpose there is
a special cylindrical device that has a
piece of radium at one end and a count-
er at the other, with a lead shield be-
tween. When the device is lowered into
a well, radiation from the radium, pre-
vented by the lead shield from reaching
the counter directly, is scattered back to
the counter by the geological formation.
The nature of this scattering depends on
the kind of formation, and with a little
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DECAYING cosmic-ray particles
such as mesons might be counted by
an arrangement of 12 counters, oneof
them an anti-coincidence counter.
The counters are connected in such
a way that they will count only a
particle that fires the three counters
at the top and one of side counters.

experience in interpreting the record the
prospector can identify the formation
and thereby determine whether it is of a
type likely to contain oil. A variation of
this technique uses a neutron counter
with a source of neutrons (radium and
beryllium) at the other end. Since neu-
trons are preferentially scattered by hy-
drocarbons, this method can readily de-
tect hydrocarbon-bearing formations.

Another commercial use of counters is
as a particularly sensitive thickness-
gauge. A source of radiation is placed
over a table and a Geiger counter below
it. As the material to be measured (e.g.,
a sheet of metal) slides across the table,
the response of the counter, controlled
by the amount of particle absorption in
the sheet, accurately measures its thick-
ness. Other counters are used to monitor
large X-ray machines or radioactive
wastes for safety or to locate lost tubes
of radium. In industrial and medical re-
search counters are now in common use
to follow radioactive tracers. Such
tracers are employed to study the uptake
of chemicals or fertilizers by plants, the
effects of insect sprays, the migration of
particular elements in melts of steel and
a great number of other phenomena. In
each case a Geiger counter is essential to
tell where the radioactive compound has
gone, and how much has gone there.

In an age of increasing interest in
radioactivity, natural and artificial, it is
clear that counters are destined to be-
come one of mankind’s most useful tools.

- ———

Serge A. Korff is pro-
fessor of physics at
New York University.
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GENETICS AND CANCER

The patient inbreeding of mice has done much to support

the view that malignant growth is powerfully influenced

by heredity and other genetic phenomena such as mutation

in physics, in experimental medi-

cine. But above all it is a biological
problem, and it is through biology that
we shall arrive at an understanding of it.
Conceivably by trying hundreds of thou-
sands of drugs—the attack that is being
pressed most aggressively at the present
time—we may some day find an empiri-
cal cure for cancer. Yet it is at least
equally conceivable that this approach
may fail; in any case man cannot hope to
gain complete mastery over the insidious
affliction of cancer until he has unraveled
its fundamental biological nature.

One way to investigate the nature of
cancer is to study the biochemistry of
the cell, and this subject is now engaging
many investigators. There is another way
which has received less attention; that
is, to explore the inherent behavior of
cells as living organisms. This study
might be called the genetics of cancer.
During the past half-century the science
of genetics has revolutionized the whole
of biology; to the specific study of cancer
it has made incalculable contributions.
It is now just 30 years since biologists
began to apply genetics to cancer re-
search by breeding special strains of
mice for experimental studies of the dis-
ease. This seems a good occasion to con-
sider what we have learned from genet-
ics about the thorny cancer problem.

Thirty years ago cancer research was
at a very low ebb. The few investigators
of the problem were discouraged. Most
of the experimental work in cancer up
to that time had consisted in studying
the growth of tumors transplanted from
one mouse or rat into another. These in-
vestigations had produced a confusion
of conflicting evidence; one investigator
could not always confirm the findings of
another—or even his own when he re-
peated an experiment.

To this impasse, as to biology in gen-
eral, the then-infant science of genetics
brought three great, revivitying contri-
butions. One was the discovery of muta-
tion—the sudden changes in genes that
profoundly alter the development and
behavior of cells. The second was the
finding that the genes in the nucleus of a
cell are arranged in certain definite pat-
terns and relations; this discovery pro-

CANCER is a problem in chemistry,
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vided a means for studying the architec-
ture of cells that went far beyond the
range of the microscope. The third was
the application to biology, through ge-
netics, of quantitative methods of investi-
gation such as had theretofore been re-
served to physics, chemistry and the
other so-called exact sciences. Now for
the first time it became possible to
standardize and evaluate the variables
in a biological experiment.

UNDER the influence of the great
Thomas Hunt Morgan at Columbia
University, the author began 30 years
ago to study the genetic aspects of the
cancer problem. His interest was drawn
to cancer by the fact that the disease had
attacked a number of members of his
own family—his grandmother, father and
several cousins.

If quantitative methods were to be
applied to cancer research, clearly the
first step must be to standardize the ex-
perimental animals. This could be done
by inbreeding, a process which, by nar-
rowing the stock of genes through suc-
cessive generations, eliminates many of
the ancestral variations and produces
more and more uniform offspring.

At the laboratory of the Carnegie In-
stitution of Washington in Cold Spring
Harbor, N. Y., the author began to pro-
duce inbred strains of mice by mating
brother to sister. To reduce the possibil-
ity of contaminating the stocks with new
genetic variations that might be intro-
duced by spontaneous mutations, which
are bound to occur in any large popula-
tion, each strain was continued from
only one selected pair of mice in each
generation. From those original matings
have come many of the inbred mice used
in research in various laboratories of the
U. S. and Europe today.

Over the past 30 years a number of
pedigreed strains of remarkable uniform-
ity have been bred. We now have mice
that are biologically as alike as it is pos-
sible to make them. The acme of pedi-
greed inbreeding has been reached in a
variety called the A strain, which has
been continued for more than 100 gener-
ations. In this strain, whose offspring
are extremely alike in all biological char-
acteristics, a very high percentage of the
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females spontaneously develop a certain
type of cancer of the mammary gland.
That this tendency is inherited is abun-
dantly proved by the fact that it has con-
tinued for more than 75 generations.
There are other pedigreed strains that
have a strong tendency to specific spon-
taneous cancers of the lung, the stomach,
the liver and so on. Conversely, inbreed-
ing has developed still other strains that
show a high immunity to cancer.

With these pedigreed animals cancer
investigators were able to proceed to
conduct reproducible experiments under
standard laboratory conditions. The in-
vestigation of the growth of transplanted
tumors in mice was now placed on an
accurate, scientific basis. It ultimately
led to the finding that whether a trans-
planted tumor could be grown success-
fully in a mouse depended on the
mouse’s genetic constitution. Biologists
soon found that inbred mice could be
used for investigating not only heredi-
tary susceptibility to cancer but many
other biological characteristics. The var-
ious inbred strains differ in nutritional
requirements and in their responses to
hormones; they therefore serve as sub-
jects for studying the biological effects
of a great variety of experimental pro-
cedures. It was the use of inbred strains
that made possible such advances in can-
cer research as the discovery of the milk
tactor by John J. Bittner of the Univer-
sity of Minnesota.

Then there sprang into view a hare
that turned the cancer chase in a differ-
ent direction. This was the discovery that
certain chemicals, notably methylcholan-
threne, are powerful cancer-causing
agents. Injected into an animal, they
quickly produce tumors, more malignant
and more varied in type than any that
occur spontaneously. These chemical
carcinogens opened a large new field.
As a research tool they are extraordi-
narily useful: instead of waiting months
for a tumor to develop spontaneously, an
experimenter can induce one in an ani-
mal in a relatively short time, and he can
create unusual types of tumors for study.
More than this, the carcinogens seem-
ingly deflated the role of genetics in can-
cer. If cancer arises from the action of
chemicals, why worry too much about



the genetic influences? Was it not much
more promising to concentrate on hunt-
ing down the agents directly responsible
for producing cancer?

It turned out that the genes could not
be dismissed so easily. We now know
that an animal’s susceptibility to induced
cancer is controlled by its genetic con-
stitution. This has been demonstrated by
many experiments. They have shown
that genes controlling susceptibility to
induced tumors are linked on the same
chromosomes with genes for known
Lereditary characteristics—proof that the
former are also true hereditary genes.

MEANWHILE certain unexpected
and startling results emerged as
by-products of the investigation. During
the experiments several thousand mice
were injected with methylcholanthrene.
We found that many of these mice, al-
though of very homogeneous, pedigreed
stocks, began to produce peculiar off-
spring. Some of their offspring had curly
tails; some were dwarf mice, others
giants; some had hair of a different color
trom their forebears. Clearly the methyl-
cholanthrene treatment had changed
some of the genes of these mice. It had
produced artificial mutations.

To account for this we must consider
some facts about mutation rates. The
spontaneous mutations in nature are
known to be relatively rare. Extensive
investigation of the fruit fly Drosophila
and other animals has determined the
spontaneous mutation rates for some
genes. It has long been known that X-
rays, ultraviolet rays and other types of
radiation can increase mutation rates.
The methylcholanthrene experiments
showed that chemicals can do so also.
This chemical increased the rate from
one mutation in 26,000 mice to one in
550 mice. In some cases it caused muta-
tions in genes that had not been known
te mutate in nature.

Now it is a curious and significant fact
that almost every physical and chemical
agent that can induce mutations can also
induce cancer, and vice versa. This sug-
gests that cancer may arise through
some kind of mutation of normal body
cells. Since in the case of cancer the
change occurs not in germ cells but in
somatic (body) cells, it would be a so-
matic mutation rather than a genetic one.
That a carcinogen such as methylcholan-
threne can produce nonhereditary
changes, aside from cancer, in mouse
cells has been amply proved in our ex-
periments. Some of our mice, for exam-
ple, are born with a mixture of character-
istics: a single mouse may have a coat
of hair that combines both the dominant
and recessive color patterns of its line.
Its offspring do not inherit this mosaic;
they have either one color pattern or the
other. Obviously the change in this
mouse is not the result of any change in
the germ plasm. It may occur through

INBREEDING OF MICE produces a strain of great biological uniformity.
Two mice in each litter (white) are bred, and the rest (gray) are used for
experiment. A mutation (black) is eliminated from the line of descent.

s

TUMORS OF MICE which are studied in genetic experiments are spon-
taneous (left), transplanted (center) and chemically induced (right). All
three types are influenced by the genetic constitution of the mouse.
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SPONTANEOUS TUMORS of the mammary gland appear in nearly all the
females of the author’s A strain. In all these charts the slight difference in
size between male and female mice has been exaggerated to distinguish them.

Lo LD

L LR Le A

L2 L LD

TRANSPLANTED TUMORS also show genetic influence. A susceptible
mouse is crossed with a resistant one. Offspring are susceptible. Next genera-
tion shows that two dominant genes influenced susceptibility of first mouse.
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some kind of alteration of the chromo-
somes or genes in the body cells during
the mouse’s embryonic period. Whatever
the reason, the significant fact is that
such mice or their close relatives almost
invariably develop cancer. This seems to
support the view that cancer, like the
changes in color pattern, arises by so-
matic mutation.

Descendants of mice that have re-
ceived methylcholanthrene injections for
many generations show many other pe-
culiarities: absence of one or both ova-
ries, long tufts of hair on the forehead,
and so on. Experiments in the further
breeding of these animals prove that
these variations are usually not heredi-
tary. Still another support for the
somatic-mutation hypothesis of cancer is
the fact that transplanted tumors in ex-
perimental animals sometimes change
suddenly to other types; in this case the
cancer itself, instead of normal tissue,
undergoes a somatic mutation.

AT first thought this hypothesis may

seem highly depressing. If cancer
really does originate from the mutation
of normal cells due to some natural
cause, how can we ever hope to control
the disease? To protect ourselves against
the possibility of mutations by the action
of ordinary radiations in nature, we
would have to take refuge behind several
feet of lead.

Actually there is no reason for such
pessimism. We know that resistance to
cancer can be developed by breeding.
By selection we have bred strains of mice
so resistant that they do not contract
cancer no matter how great the insult.
Admittedly the human race is not likely
to adopt this basis of selection in its
breeding. But at least, if the mutation
theory proves correct, we are on the road
toward finding out what the actual
mechanism of resistance to cancer is. If
we can determine just how this mecha-
nism operates within the body, we may
find a way to control it.

The application of genetics to this
problem also offers the possibility of
finding other means of preventing can-
cer. For example, we have recently
found in our studies of inbred mice that
their vulnerability to chemically induced
cancer does not depend solely on their
genetic constitution and the nature of
the carcinogen. The order in which they
are born also plays a part. Mice in the
first litter of a given pair of parents are
less susceptible to a certain chemically
induced cancer than those in subsequent
litters. Since all offspring of the same
parents in these strains theoretically have
the same genes, the increased vulnera-
bility of the later litters must be due to
the accumulation of some nongenetic
factor or factors in the mother’s body
and perhaps the father’s as well. On the
other hand, mice in the first litter that do
develop the cancer show a shorter sur-



vival time than victims in later litters;
those in the eighth litter survive two and
a half times as long as those in the first.
In addition, in the mice of the later
litters a smaller proportion of the tumors
invade other tissues; although the mice
are more susceptible to the cancer, their
tumors have less ability to spread. These
findings have opened up a new field of
cancer research—perhaps an approach to
the solution that we have been looking
for. We are here on the threshold of de-
termining a nongenetic cancer mecha-
nism that may prove easy to control.

THE discovery that the same chemi-
cals that induce cancer also induce
mutations is of such basic importance
that it should be further investigated by
a whole group of scientists. Quite aside
from the application of these facts to the
problem of cancer, they raise questions
of wide significance in biology. They
may have a considerable bearing on bio-
Icgical evolution. The evolution of spe-
cies, it is now generally agreed, is
brought about by mutations. Somehow a
gene suddenly changes and produces a
new characteristic which thereafter, if it
proves useful, is handed down from gen-
eration to generation of the organism.
How these so-called spontaneous muta-
tions occur in nature is quite unknown.
It is unlikely that the responsible agent
is X-rays, the favorite mutation-inducing
tool of the laboratory experimenter, be-
cause as far as is known no species has
ever been exposed to X-rays in nature.
But there are many other types of radia-
tion that do exist everywhere around us.
Are mutations, and the consequent urge
of all living things to evolution, gener-
ated by cosmic radiations, or by ultra-
violet rays, or by the radiations from the
radioactive rocks of the earth, or by all
of them together? Each of these alterna-
tives seems highly possible.

Yet the discovery that chemicals can
induce mutations introduces still another
possibility. May it not be that mutations
and evolution have been engineered at
least in part by the process of nutrition
itself—by the food upon which all living
things depend for life? In their diet there
may well be chemical compounds that
are capable of producing not only cancer
but changes in the genes. It is true that
both of these types of change are rela-
tively infrequent, and this is very for-
tunate, for if the cells were more
vulnerable to diet-induced alterations,
the living world might soon eat itself to
death. Be that as it may, these specula-
tions illustrate some of the fascinating
biological questions suggested by the
transformations of our mice.

———————
Leonell C. Strong is profes-

sor of anatomy at the Yale Uni-
versity School of Medicine.
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MOSAIC pattern of a mouse’s coat appears to be the result of a change in a
gene of a body cell during the embryonic period. The phenomenon lends
support to the theory that cancer may be the result of such somatic mutation.

MUTATION may occur in a mouse injected with methylcholanthrene. Here
an offspring of such a mouse has a banded coat. Band is passed along to half
the members of next generation, indicating that mutation is dominant.
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° ® EVENTY years ago, when the sys-

S tem of ideas that we now call

I I I e I 'll I Ilt S “classical physics” had been estab-
lished, most physicists believed that they

had before them an essentially true and

very beautiful picture of the physical

world. To perfect the picture, they

f M thought, it remained only to put in more

O ea Sl l [.e | I l el lt detail and make some minor corrections

: ! of the physical laws. For this it was nec-

essary to increase the accuracy of quan-

titative observations, on the one hand by

y . . . . the construction of more sensitive and

Can the accuracy of observation indefinitely ¢ e measaring mstraments,
. . . . and on the other by a very careful analy-

be lmproved? What Of the flbndamental atomic sis of possible err>(7)rs. T})llus the exper);-

.. . menters of that period became primarily
and molecular uncertainties Of the process? craftsmen in measuring techniques, and
a physicist who succeeded in measuring
a physical “constant” with a new degree
of precision could be sure of making his
by R. Furth waI})/ in academic life. &

Nobody then doubted that the process
of increasing the accuracy of observation
could be continued indefinitely, at least
in principle. Wonderful progress had
been made in the construction of preci-
sion instruments and there seemed no
reason why this steady improvement
should ever come to an end.

The classical physicists realized, of
course, that the process of measuring
necessarily involves a mutual interaction
between the object to be measured and
the measuring device, and that this must
to a certain degree change the measured
object. For instance, when one uses a
wire gauge to measure the thickness of a
wire, the instrument causes a very slight
deformation of the wire; one can avoid
this by measuring the thickness optically
under a microscope, but now the wire
must be illuminated with concentrated
light, which heats it slightly and makes
it expand. Similarly, to measure an elec-
tric current one has to send at least a
fraction of it through the measuring gal-
vanometer, and that alters the original
value of the current. Yet it seemed that
by increasing the sensitivity of the meas-
uring devices one could reduce this in-
teraction below any desired level, and
that in any case corrections for the in-
teraction could be calculated as long as
the interaction was of a regular charac-
ter and subject to known physical laws.

Around the turn of the century this
and other basic problems in measure-
ment began to become a great deal more
involved, partly because of quite unex-
pected developments in experimental
technique and partly as a result of new
insight into the very nature of the laws
of physics.

It is obvious that a physical quantity
can be measured with accuracy only if
it is precisely defined. Consider the
measurement of the properties of a gas.
According to the kinetic theory, the
laws governing the “macroscopic” be-
tomicrograph of oil globules in water. The multiple images are particles that  havior of a gas hold strictly only for
have moved discontinuously under the thermal molecular bombardment. systems consisting of a theoretically infi-
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nite number of molecules. In other
words, macroscopic quantities such as
density, pressure and temperature are
defined as statistical averages over infi-
nitely large numbers of molecular events.
But any device for measuring such a
quantity can only record the outcome of
a finite number of such events; for ex-
ample, a pressure gauge records the net
result of a large but finite number of
molecular impacts on its sensitive sur-
face. Hence even the most perfect in-
strument could not give the true value
of the quantity to be measured, and re-
peated measurements will show irregular
fluctuations, due to the irregular thermal
movement of the molecules, which be-
come more and more apparent with in-
creasing sensitivity of the instrument.

HE CLASSICAL physicists did not

believe that within the foreseeable
future the sensitivity of instruments
could be brought anywhere near the
level where these tiny irregular fluctu-
ations would need to be seriously con-
sidered in measurement. But around
1905 Albert Einstein and the Polish
physicist M. Smoluchowski independent-
ly showed that such fluctuations should
under certain circumstances be observ-
able by methods already available. They
calculated that the fluctuations in the
number of impacts of molecules on the
surface of a small particle suspended in
a fluid should produce an irregular move-
ment of the particle, large enough to be
observable and measurable under an or-
dinary microscope. The particle, in other
words, acts as an extremely sensitive
pressure gauge, and its movements re-
cord the fluctuations of pressure in the
fluid. This phenomenon had actually
been observed by many scientists; it had
first been described by the English bot-
anist Robert Brown in 1827. But it was
rot until almost a century later that
the phenomenon was generally recog-
nized as a manifestation of the thermal
movement of molecules and given the
name “Brownian movement.”

The discovery of this phenomenon
made it clear that there was no point in
trying to increase the accuracy of
measurement of such statistical quanti-
ties beyond the inherent statistical error.
Indeed, when we try to do so, we find
that we encounter another difficulty;
the internal movement of the particles in
the measuring instrument itself produces
an irregular fluctuation of the readings,
which increases with increasing sensitiv-
ity and increasing temperature. Thus it
is useless to try to improve very sensitive
torsion balances or radiometers by fur-
ther increasing their sensitivity, for this
at the same time also increases the fluctu-
ations.

The same limitation applies to electric
devices. In the first place, since electric
charge is always attached to particles of
finite mass (ions and electrons) and an

electric current is always connected with
a flow of such particles, the current,
charge density, voltage and so on must
display irregular fluctuations when meas-
ured with sufficiently sensitive instru-
ments. Secondly, the transfer of electric-
ity through electronic tubes must be
subject to fluctuations due to the
“grainy” structure (i.e., electrons) of the
electric current. This is usually called the
“shot effect,” from a mechanical analo-
gy: if you fill a funnel with small shot
and let it pour out on a wooden plate,
the flow of pellets will be more or less
irregular, producing an irregular drum-
ming noise. In communication systems
using electronic tubes to amplify weak
signals such fluctuations become appar-
ent as background “noise.” Clearly noth-
ing can be gained in the performance of
a receiver by increasing its sensitivity
beyond the level at which the fluctua-
tions, or noise, begin to exceed the
strength of the signals themselves.

In view of these new facts the older
ideas about the action of the measuring
instrument on the measured object also
had to be revised. Because of the
Brownian motion of the measuring de-
vice this reaction has an irregular char-
acter, and therefore it cannot be com-
pletely corrected by compensatory cal-
culations. For example, when a weak
electric current is measured by means of
a very sensitive coil galvanometer, inac-
curacies arise from the inherent irregular
fluctuations of the current itself, from the
mechanical Brownian motion of the in-
strument, and from the motion of the
coil within the magnetic field, which
generates an irregularly varying current
that is superposed on the current to be
measured.

IN 1905 the Austrian physicist E.
Schweidler called attention to an-
other irregularity in nature. It had al-
ready been shown that the spontaneous
decay of radioactive substances fol-
lowed a very simple law: namely, that
the number of atoms decaying per sec-
ond is proportional to the number of
undecayed atoms present. Schweidler
interpreted this to mean that radioactive
decay is a chance process; each atom has
a definite probability for decaying within
the next second, and this probability is
independent of the atom’sage, just as the
probability for throwing a double six
with a pair of dice is always one in 36
regardless of how long the game has
been going on. Schweidler reasoned that
if the decay of atoms does actually occur
at random, the intensity of radioactivity
from a piece of radioactive material
should fluctuate irregularly in time. This
was indeed proved experimentally soon
afterward. It is now well known that
the sequence of nuclear events is ir-
regular in time. This holds not only for
natural radioactive processes but also
for nuclear processes produced arti-
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ficially in the laboratory and for the mys-
terious processes responsible for cosmic
radiation.

Thus it gradually became clear that
nuclear processes were of a statistical
nature and therefore incapable of being
measured with infinite precision. In the
meantime it had been found that the
processes of emission and absorption of
light could not be explained on the basis
of classical physical laws, and quantum
theory was introduced to overcome this
difficulty. According to this theory, the
emission and absorption of light by mat-
ter takes place in the form of finite
quanta of energy or photons. It was Ein-
stein who in 1917 suggested that the
processes of emission and absorption
were governed by probability laws like
those governing radioactive decay,
which implies that optical phenomena
also are statistical in nature and cannot
be measured with unlimited accuracy
because of inherent fluctuations. This
has been directly confirmed by experi-
ment, for we now have devices of such
extreme sensitivity that the statistical
fluctuations of light intensity can be de-
tected and even single light quanta can
be counted.

All this makes one wonder if there are
any physical quantities left which are not
of a statistical nature. And what may
be the origin of this chance character?
To these questions Max Born in 1926
put forth a very radical answer which is
now almost generally accepted. Briefly
expressed, it states that the laws of
quantum theory governing all atomic
processes, and most probably all nuclear
ones, are inherently statistical in charac-
ter. They do not predict the fate of an
individual atom or electron or photon
but only give probabilities for the vari-
ous events that may happen to it. This
leads to the conclusion that all physical
quantities, with the sole exception of the
universal constants, are defined only
statistically. Consequently they must ex-
hibit fluctuations that will prevent pre-
cise measurements being taken beyond a
certain limit.

O FAR our argument on the limits of
measurement has been more or less
intuitive. Now let us analyze the prob-
lem a little more rigorously. It is very
well known that the accuracy of measure-
ment can be considerably improved by
frequent repetitions of the measurement.
Indeed, definite results may be obtained
even from measurements that seem hope-
lessly erratic if only the number of ob-
servations is sufficiently large. The same
result can be achieved by the use of
recording instruments that measure the
observed quantity continuously over a
period of time, and by smoothing the
graph obtained. Or the measuring de-
vice can be designed in such a way that
it will automatically integrate the meas-
urements over a certain time interval and
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INCREASED RESOLUTION of the movement of a
particle under the microscope produces effects shown
in these two pairs of diagrams. In first diagram the hori-
zontal coordinate is time; the vertical coordinate, dis-

so directly give the required time aver-
age. An example of one such procedure
is the measurement of the mean intensity
of a weak light source by long photo-
graphic exposure.

There is a very serious objection, how-
ever, to this kind of scheme: it presup-
poses that the observer already knows
that the quantity to be measured is con-
stant in time. But how is one to know
this except by taking repeated measure-
ments and comparing them to find out
whether the value is maintained or not?
And since the readings or records will
vary in time because of the fluctuations,
one will not be able to decide whether
the quantity has really remained strictly
constant or has varied within the limits
of the recorded fluctuations.

Actually the principal task of the ex-
perimenter is to measure a certain physi-
cal quantity as a function of time. If he
restricts himself to a short time interval,
this becomes equivalent to the problem
of determining, at one and the same
time, a quantity and its rate of change
as precisely as possible. The question to
be answered is then: Is there a natural
limit to this precision, imposed by the
thermal fluctuations and by the statisti-
cal nature of the physical laws?

Let us first consider the effect of the
fluctuations of the measuring instrument
in this new light. Any measuring device
can be characterized by its “relaxation
time,” that is, the time which must elapse
between two successive observations to
make them independent of each other.
In the case of the human eye or ear, this
relaxation time is about a twentieth of a
second. In an ordinary mercury ther-
mometer, it is of the order of several
minutes; at the other extreme, in some
electronic relays and counters, it is of
the order of millionths of a second.
Clearly when we use an instrument with
a very long relaxation time for measur-
ing a quantity, the accuracy of the
measurement will be very great, be-
cause the instrument can integrate to
even out the fluctuations, but no infor-
mation will be obtainable about the rate
of change of the quantity during this
time interval. On the other hand, by
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using an instrument with a very short
relaxation time we can repeat measure-
ments at short intervals and so approxi-
mately measure the rate of change, but
now the fluctuations will make them-
selves very strongly felt.

In 1933 the author showed that if one
multiplies the mean error in the measure-
ment of a quantity by the mean error of
the simultaneous measurement of its rate
of change in time, one obtains a constant,
which is independent of the relaxation
time. Thus an increase in the accuracy
of the value for the quantity automatical-
ly diminishes the accuracy of the rate of
change, and vice versa. Now this error
constant depends on the construction of
the instrument and is proportional to the
absolute temperature. So the only way
to reduce the error arising from the ther-
mal fluctuations of a given type of in-
strument is to lower its temperature.

WE NOW TURN to the question of
the statistical fluctuations of the ob-
served quantity itself. It will suffice to
analyze in this light the most fundamen-
tal type of measurement; namely, the
simultaneous determination of the posi-
tion and the velocity, or rate of change
of position in time, of a small particle in
a fluid. We shall make the measurements
with the help of a measuring microscope.
The particle moves downward in the
fluid as a result of the action of gravity.
If there were no Brownian motion, the
particle would move against the fric-
tional resistance of the fluid with a con-
stant speed, and the record of its posi-
tions over the time interval would be
represented on a coordinate graph as a
straight line. But because of the super-
posed Brownian motion the actual posi-
tion-time record is irregular (see first
diagram at the top of this page). In or-
der to determine the average velocity of
the particle from this diagram one can
construct the velocity diagram (second
diagram). This exhibits the spread of ob-
servational accuracy in the determina-
tion of the mean velocity. If one tries
to increase the precision of measurement
of the particle’s position by using a
microscope of greater magnification, one
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tance. In second the vertical coordinate is velocity. In
third and fourth the magnification of the particle has
been increased five times. Its position is now known
with greater accuracy, but its velocity fluctuates more.

will obtain a curve (third diagram)
which represents the beginning of the
curve in chart A at higher resolving
power. But now when one constructs
the corresponding velocity diagram
(fourth diagram), one realizes at once
that what is gained in the accuracy of
measurement of the particle’s position is
lost by the apparent increase in the
spread of observed velocities from this
average. This reflects the well-known
phenomenon that the path of a Brownian
particle seems to become more and more
complicated the more one increases the
magnification of the observing micro-
scope.

In practice the thermal fluctuations of
both the observed and the observational
systems and their mutual interaction
have to be taken into account. It can be
shown that the uncertainty of the meas-
urement is again given by a relation of
the same type as before; i.e., the product
of the errors in the measurement of a
quantity and of its rate of change in time
is again a constant. The over-all error is
proportional to the average temperature
of the three elements—the object, the
measuring device and the coupling
mechanism. In the simplest case, when
the temperature is uniform throughout
the three parts, they merge into one com-
bined system, and it becomes impossible
to attribute the observed fluctuations to
any particular cause. For example, the
fluctuations exhibited by a supersensitive
galvanometer in measuring a current can
be equally well attributed to its mechani-
cal Brownian movement, to the electrical
fluctuations in the connected circuit or
to the fluctuating interaction between
both.

To increase the accuracy as much as
possible one will try to keep the average
temperature as low as possible. But here
again we soon reach a limit beyond
which we cannot proceed without im-
pairing the sensitivity of the method.
Take again as an example the observa-
tion of the path of a small particle. Here
the light scattered by the particle into
the observing device (the eye or a cam-
era) plays the role of the coupling
mechanism. If we use strong light so we



can see or photograph the particle under
high magnification, we introduce a high-
temperature radiation that increases the
Brownian - fluctuations. On the other
hand, if we use a weaker light to reduce
the temperature, we must go to lower
magnification to see the particle and
there is a loss of sensitivity.

SO FAR the analysis has been con-
ducted along “classical” lines. We
now have to revise it in the light of the
theory of quanta. According to the classi-
cal conception, at the absolute zero point
of temperature the thermal fluctuations
should vanish. Quantum theory, how-
ever, implies that every physical system
must retain a finite “zero-point energy,”
which means that however low the tem-
perature, the system will continue to
fluctuate about an equilibrium position.
Now if the system is bound to the equi-
librium by strong forces, the fluctua-
tions of position will be small, but it
follows from the theory that the fluctua-
tions in velocity will be large. On the
other hand, if the system is bound loose-
ly, the velocity fluctuations will be re-
duced but the fluctuations of position
will inevitably increase. Quantitatively
the product of the uncertainty of posi-
tion and the uncertainty of velocity is
approximately equal to Planck’s univer-
sal constant of “action” (h) divided by
the inertial resistance of the system. This
relation is strikingly analogous to the cor-
responding “classical” relation. It shows
that if the inertia of the measuring in-
strument is reduced sufficiently, then the
inaccuracy of the simultaneous measure-
ment of a quantity and its rate of change
can be made very small, but it can never
be reduced to nothing, even at zero tem-
perature.

It is to be expected that these “zero-
point fluctuations” will affect the be-
havior of the quantity to be measured
as well as that of the measuring instru-
ment. We can again restrict ourselves to
the discussion of the movement of a
particle under the action of some exter-
nal force, say gravity. The classical view
was that in the absence of thermal fluc-
tuations the path of the particle should
be comgpletely determined, and its posi-
tion at any time should be strictly pre-
dictable. But quantum theory holds that
owing to the zero-point fluctuations this
is actually not the case. In the words of
Erwin Schrodinger, we may say that the
particle performs a kind of “wobbling
motion” about its classical path. As a
result the progress of an individual par-
ticle cannot be predicted strictly; we can
only calculate probabilities.

ALL THIS is summed up in Werner
Helsenbergs famous “uncertainty
principle.” Applied to the question of
measurement, this principle can be ex-
pressed as follows: The product of the
uncertainty of the position and the un-
certainty of the velocity of a material

particle at one and the same time is ap-
proximately equal to Planck’s constant,
h, divided by the mass, m, of the parti-
cle. This indeterminacy is inherent in
the very nature of the quantum laws of
motion. Thus no instrument can be de-
signed that would make it possible to
measure the position and speed of a pat-
ticle simultaneously with a greater accu-
racy than h/m.

Plainly the quantum-mechanical un-
certainty relation is of precisely the same
type as the one imposed by thermal fluc-
tuations, except that the former is inde-
pendent of temperature and that no dis-
tinction can be made between zero-
point fluctuations of the measured ob-
ject and measuring device and the un-
predictable interaction between them.
Both processes affect all measurements,
but the actual limit of accuracy in a
particular case is determined by whether
the Brownian movement or the zero-
point fluctuations factor predominates:
in measurements involving particles of
large mass or high temperatures the
limit of accuracy is fixed by the Brown-
ian movement of the particle, while in
those involving fundamental particles of
very small mass, such as electrons, pro-
tons and neutrons, or very low tempera-
tures, the quantum-mechanical limita-
tion will be decisive.

Indeed, in the case of electrons the
quantity h/m is of the order of magni-
tude unity, i.e., about 1. On the other
hand, the diameter of an atom is of the
order of 1078 centimeters, and the veloc-
ities of electrons within the atom are of
the order of 108 centimeters per second,
so their product is also of the order of
magnitude unity. In other words, the er-
ror involved in the simultaneous meas-
urement of the position and velocity of
the electron is of the same order as the
quantity to be measured. It becomes
clear at once that observation of the
movement of the electron within the
atom is out of the question; the observa-
tional method is so crude that it com-
pletely upsets what it endeavors to in-
vestigate. The same is true of the investi-
gation of intranuclear processes by
means of the bombardment of nuclei,
and of the observation of the effects of
this bombardment.

To summarize we may say that the
aim of quantitative observation is the
simultaneous measurement of physical
quantities and their rate of change, and
that the accuracy of this process has a
natural limit. This limit is imposed both
by the chance character of the thermal
agitation within the instrument and the
measured object, and by the statistical
nature of the quantum-mechanical in-
teraction processes among the funda-
mental particles.

e ———

R. Furth is reader in theoretical
physics at Birkbeck College
of the University of London.
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ANIMAL COURTSHIP

An account of some curious preliminaries to

mating among birds, insects and spiders, with

particular reference to the influence of vision

ARRIAGE has been defined by
M cynics as a state of antagonistic
cooperation between two human
beings of opposite sex. But most of us
think of the partnership as something
entered into on a basis of mutual ap-
proval. The choice depends in great part
on those aspects that are subject to visual
inspection; each “likes the looks” of the
other. Not only in the human instance
but throughout the animal kingdom,
courtship is linked closely to the posses-
sion of good eyes. It has been described
scientifically as “an elaborate sexual re-
sponse involving recognition, selection
and pursuit.”

A little reflection will show that it
takes no small powers of discrimination
merely to recognize a potential mate.
First there is the question of kind. Al-
though it is not always easy to distin-
guish one species from another, every
animal learns to make the distinction in-
stantly and at a distance. A robin, for
example, responds very differently to the
approach of a hawk, a pigeon, a cat or
another robin. The hawk may induce a
mad dash for a thicket; the pigeon may
elicit no response beyond a cocking of
the head to center the pigeon’s image on
the fovea of the eye; the cat causes a
jerky flight from one limb to another
while forceful calls spread the excite-
ment and alarm. A robin, on the other
hand, is identified by the robin not only
as such, but also as to sex. If the new-
comer is a male, the first male robin will
streak arrowlike toward the intruder to
drive him away from its invisibly fenced
preserve; any ornithologist can recognize
the angry shrieks and interpret the clash
of feathered wings, even though the ac-
tion may be hidden by a hedge. But a
female entering these sacred boundaries
is no trespasser. Everyone knows the se-
quence: the male struts and plumes him-
self; the female responds to his courtship
with seeming indifference, manifested at
one extreme by gentle avoidance and at
the other by passive cooperation.

How does a robin recognize another
robin’s sex? The female is sometimes
smaller than the male, but not always;
it generally has a less brilliantly colored
breast, but again the distinction is not
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invariable. Does a robin recognize sex by
visible markings or by behavior?

These questions have been studied ex-
perimentally in birds other than robins.
One of the kinds studied is the Maryland
yellowthroat. The male of this warbler
has a black mask of feathers which is
lacking in the female. Male yellow-
throats are just as insistent on territorial
rights as robins. A male will attack and
tear to pieces even a stuffed specimen of
another male, mounted with wire on a
bush. A taxidermy specimen of a female,
on the other hand, receives full courtship
attentions. But let the experimenter
paint a black mask on the stuffed female,
and the little male flies into a fury of
pecking and ripping. Evidently the mask
is his clue to the bird’s sex. The same
type of recognition has been demon-
strated in the flicker. Adult female flick-
ers lack the black mustache marks char-
acteristic of males and juveniles. If mus-
taches are painted on a female flicker,
she becomes a target for battery by every
male around, but for courtship by none.
Clearly appearance rather than behavior
is responsible for the identification of sex
in these species.

THIS dependence on the eyes in
courtship may be awkward when, as
in the insects, vision is not too acute. The
compound eyes of insects form only a
vague, coarse image of objects (“Insect
Vision,” SCIENTIFIC AMERICAN, July,
1948) . The resulting confusion in court-
ship can be observed in the white cab-
bage butterfly. Flitting over a field, the
insect zigzags in a seemingly aimless
fashion until it is within about two yards
of another cabbage butterfly; then it
makes directly for the white object to
investigate. But it is stimulated just as
strongly when it comes near a white
daisy or a dandelion head in the field.
Only at a distance of a foot or less can the
insect distinguish one attraction from
the other. Perhaps it accomplishes this
by smell.

Like human beings, the lower crea-
tures often do their wooing with a flair.
Bird courtship is notably elaborate. Most
of the common birds strut and bow, dis-
playing the bright plumage of the mating
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season. The male strives both to exclude
competitors from his territory and to
attract females into it. The male black-
crowned night heron, a water bird, pre-
sents his chosen female with twigs, one
at a time. Often she not only responds
to these suggestions but also begins
hunting twigs herself and builds a nest
in which the pair can raise a brood of

oung. The male common tern catches a
little fish, holds it crosswise in his beak
and parades with it up and down the
beach. The sex differences in this bird
are too indistinct for human eyes to dis-
tinguish, but when another tern comes
up to him and accepts the fish, bird
watchers recognize that he has found a
female. He bows and scrapes the beach
before her and keeps alert for any signs
of cooperation. If his suit is successful,
he proceeds after mating to prepare a
hole in the sand in which she makes
the nest.

This instinct for gift-making extends
far down into other areas of the animal
kingdom. One example is a small Mi-
cropezid fly, a third of an inch in length,
known from British Guiana to Mexico.
The males swagger around on long legs
on the surface of leaves, displaying their
iridescent blue bodies. They have a dis-
tinctive courtship technique that gives
them an aspect strongly suggestive of
bubble-gum chewing: the male fly alter-
nately extrudes from its mouth and sucks
in again a large, shiny globule. This is
a rich food, and when he regurgitates it
before a female not too coy to respond
to his charms, she hurries over to share
it. The two are soon as busy as a pair
of teenagers strawed to one ice-cream
soda! There ensues a pattern of behavior
not uncommon elsewhere in the animal
kingdom: as long as the food holds out,
the female fly offers no resistance to the
male, but the moment it is gone she
spurns him. Some males make the liquid
supply last longer by depositing minute
droplets on the sides of the female’s
head, which gains time while she re-
trieves the globules with her forefeet. In
this way the male often spreads his mat-
ing over a 15-minute period. The female,
after finishing her meal and casting her
mate aside, may promptly accept an-



other partner—perhaps actuated, accord-
ing to the great entomologist William
Morton Wheeler, “more by hunger than
by lust.”

HE MICROPEZID flies’ courtship

antics are not nearly as complex as
those of certain small Empidid flies. The
latter prey on still tinier insects, sucking
their body juices. Sometimes the male
only paralyzes his prey and flies about
with it basketed in his legs until he
locates a dancing swarm of females of his
own kind. Then he selects a mate and
presents his gift to her. While the female
cats her gift, squeezing it to obtain every
drop of liquid contents, the pair mate on
a plant. When the nourishment gives
out, the female discards the shell and her
partner with a single gesture.

Some varieties of a closely related fly
called Hilara have an even more elabo-
rate courtship ritual. The male, in flight,
spins a fluffy, balloonlike mass of silk.
This he presents to a female, who toys
with it and examines it while she lets
him have his way. Even a second-hand
“balloon” will serve; those that have
been dropped, probably after pairing,
are constantly picked up and used again
by other males.

Construction of these nuptial balloons,
which often are wrapped around morsels
of food, may easily originate in the in-
stinct for self-preservation. Among many
of the predatory insects and arachnids

THE MALE FLICKER (right) recognizes the female of

the species (left) by the absence of a mustachelike

the life of the male is precarious in his
mate’s vicinity, for she may seize and
devour him for dessert. This aspect of
courtship was described in detail by the
patient 19th-century French entomolo-
gist Jean Henri Fabre; he wrote particu-
larly about the praying mantis and the
scorpion. Spiders also are supposed to
eat their mates regularly, though our
foremost student of the group, Alexander
Petrunkevitch of Yale University, insists
that this is far from true. Female spiders,
in any case, are safe playmates only
when fully fed, and even then they occa-
sionally take an extra snack. Obviously
a male spider must use his eyes for
something more than merely identifying
the female. It seems likely, for example,
that the intricate dancing of a jumping
male spider before a potential mate is de-
signed more to elicit information as to
the state of her nutrition than to charm
her into accepting his attentions. If the
female responds to his dance as though
he were a fly, he goes elsewhere. The
male of the variety of spiders known as
orb weavers makes a similarly cautious
approach. He stands at the side of the
female’s web and shakes it gently. If
the female is hungry, she will rush out
to seize the fly she is led to suspect is
caught; if she is satiated, she will remain
quiet and let the male advance. Often
the two sexes live together in the same
web throughout the season. The males
that survive are those that keep out of
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the way when their mates become in-
terested in a meal.

IN SOME of the wolf spiders the mere

odor of a nearby female is sufficient
stimulus to start a male hunting for a
fly as a placating gift. Veteran spider-
watchers report eyewitness cases in
which the female recognized the pres-
ence of the empty-handed male and ate
him; in which the female pounced on
the male before he had wrapped his
captured fly in silk, and took the fly
away; and, more happily, in which the
male had his swaddled fly ready, ten-
dered it to his mate and succeeded both
in pairing with her and escaping after-
ward. There is an authentic story, the
sequel to which unfortunately is not told,
of a male that gave the female the well-
wrapped dried remnants of a fly he him-
self had eaten!

Courtship becomes quite a problem,
of course, for animals with poor vision
or nocturnal habits. Some of the large,
hairy, tarantula-like spiders of our West-
ern deserts see so poorly that even after
a pair meet the male may easily lose
contact with the female. If the leg that
first touches her and tells him of her
presence slips off and they part for even
a fraction of an inch, they may walk
away from each other, or continue
almost parallel only slightly apart, un-
able to find each other again. The males
of these and many related spiders have

~—. @

marking behind the bill. If a mustache is painted on the
female, the male will attack her as he would a rival.
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FEMALE PRAYING MANTIS (lower left) may eat the male (upper left)
during courtship if she is hungry. The cabbage butterfly (right) appears to
have difficulty in distinguishing between a potential mate and clover.

a self-protective habit that seems to be a
regular part of their mating. Early in the
preliminary posturing, when the male is
tacing his prospective mate, he reaches
forward his foremost pair of legs and
fits special horny cups over the closed
tips of her poison fangs, thus disarming
her. He retains this grasp on her all
through mating. As in the case of man
versus alligator, the battle is to keep the
jaws closed. The female spider’s muscles
are chiefly arranged for clamping the
fangs pincerwise on prey; only a relative-
ly feeble mechanism is available for
opening the jaws, and these muscles the
male can successfully oppose. But when
he leaves his mate he must be dexterous
and quick. His plight is like that of the
man with a bear by the tail.

In all the animal kingdom almost the
only species equipped for courting by
sight after dark are the fireflies. The
twinkling lights familiar to everyone are
beacons whereby the sexes find each
other. They speak in code, and each kind
of firefly has its own code language. The
pattern is closely correlated with the
specialized body structure of the par-
ticular variety of firefly. In many kinds
both sexes are essentially alike, with
feathery antennae, luminescent organs
and eyes about equally well developed
in the male and female. Such fireflies
commonly assemble in small clusters and
maintain a steady twinkling, attracting

© 1950 SCIENTIFIC AMERICAN, INC

new recruits about as fast as mated pairs
go off into the night. In other fireflies
the male has relatively enormous eyes,
occupying most of the head. Such males
emit pulses of light at intervals as they
fly. The females of the same type creep
up grass-blades and ready themselves to
respond with flashes of their own.

This behavior is characteristic of our
common Eastern firefly, Photinus pyralis,
whose mating habits have been studied
intensively. The male has a peculiar
flight that looks like a bright check mark
in the dark: he turns on his light at the
beginning of a sharp dip, reaches maxi-
mum brilliance and minimum altitude
simultaneously, ascends on a gently ris-
ing upstroke for a little distance and then
extinguishes the luminescence. This ges-
ture is exciting only to a female firefly of
the same variety. She responds by turn-
ing on her own glow so that it shines out
from the grass-blade on which she is
perched. Her light is less intense than
that of the male, but lasts somewhat
longer at its full brilliance. It also has
another peculiarity that is the essence of
the signaling code between them: she
flashes her signal precisely two seconds
after she sees the male’s. To a properly
timed signal he responds by changing
his course in the dark to face her, and
flashes again. If she replies after two
seconds, he approaches. Ten to 15 such
exchanges ultimately guide him to her



FEMALE TROPICAL SPIDER of the species Nephila (lower left) is much
bigger than the male (upper left). Glowworm (right center) and firefly
(right) are members of same species that can use lights as mating signals.

side. His is a beautiful example of insect
navigation.

NY behavior as mechanical as this
invites experiment, and various in-
vestigators have made tests with arti-
ficial signals. One found that a lighted
match, waved in the check-mark form
and promptly extinguished, induced fe-
male fireflies in the grass to glow in
response. Another investigator placed a
flashlight on the ground and winked it
momentarily just two seconds after a
male flying nearby had flashed his light.
The male flew to the flashlight from a
distance of several yards. The experi-
ment was repeated with various sources
of light, always with the same result.
Even a captured male, induced to glow
by gentle pinching two seconds after the
flash from a flier, brought the free male
to the observer’s hand, where it at-
tempted to mate with the captive.

The experiments showed clearly that
the basic cue is the time interval, not the
kind of light. If the flashed response
comes too early or too late it is ignored.
But so long as it occurs two seconds
(plus or minus a fifth of a second) after
the flying male has sent his visible call,
it is unimportant whether the glow is
from male, female or flashlight, whether
it is a broadly lit area or a pin point of
light, whether it is green, amber, orange,
red or even infrared. (Fireflies are the

only known insects that see in the infra-
red region of the spectrum.)

The glowworm of literature (“Shine,
little glowworm, glimmer-glimmer”) is
the wingless female of Lampyris noc-
tiluca, a member of the firefly family.
The males of this variety have huge eyes
but little or no ability to produce light.
The females are grublike, scarcely dif-
fering in appearance from the larvae
whence they grew. The female climbs to
some grass-blade eminence and turns on
her light; often she keeps the beacon
burning continuously until a male ar-
rives or she becomes exhausted. Here is
a clear example in nature (rare or com-
mon, according to the point of view) of
the female boldly inviting the male,
showing none of the reticence so often
claimed for the sex. It reminds one of
the phalaropes, birds of the far North
seen in the U. S. chiefly during their mi-
grations. The female phalarope, larger
and more brightly colored than the male,
displays before him, badgering him into
pairing with her. The male phalarope,
incidentally, later incubates the eggs
and rears the young, while the mother
disports herself abroad.
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Lorus J. and Margery J. Milne
are respectively associate and as-
sistant professor of zoology at the
University of New Hampshire.
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by James R. Newman

THE ORIGINS OF MODERN SCIENCE, by
Herbert Butterfield. The Macmillan
Company ($2.50).

THE history of science has had a

hard time capturing a seat in the

academic senate. It has been
charged that the animal is a hybrid and
therefore sterile. Some critics have given
currency to the sarcasm that, since his-
torians know as little about science as
scientists know about history, the his-
torian of science can easily keep out of
reach of experts in either camp.

These strictures are essentially unjust.
The subject itself, properly conceived as
the history of the part played by science
and scientific thinking in the evolution
of civilization, is surely of the first im-
portance. Thus conceived, it is neither a
hybrid nor sterile; much less is it a safe
refuge for academic second-raters. Yet
one may concede that much of the mod-
ern writing in this field is neither in-
structive nor entertaining. The dreary
catalogues of minutiae, the chronicles of
events and inventions, the superficial
surveys and meretricious abridgements
are familiar commodities. There are of
course notable exceptions, and this book
on the origins of modern science by Her-
bert Butterfield, professor of modern
history in the University of Cambridge,
is one of them.

The author, whose book is the result
of a series of lectures delivered at the
request of the Cambridge History of
Science Committee, comes to the subject
without bias or pretensions. A skilled
general historian who, by choice and
not as a professional duty, evidently
read his way from top to bottom through
the stacks of classical scientific literature,
Butterfield brings new insights and gives
new meaning and proportion to the great
period of scientific advance from the
14th to the end of the 18th century. His
study differs from more conventional ap-
proaches in concentrating on “lines of
strategic change,” on those nodes in the
evolution of thought whence sprang the
new branches of scientific investigation.
He has sought to discover the “intellec-
tual knots” which had to be untied at a
given time before the fabric of science
could be enlarged. It is the outstanding
merit of his book that it is in the best

56

BOOKS

On the processes of intellectual change
that led to the birth of modern science

sense a history and not a chronicle; that
he has succeeded—not always but often
—in bringing to life the complex process
of intellectual advance without merely
reading the past with the eyes of the
20th century; that he has shown the
causes of the scientific revolution in
terms of the changes that took place “in-
side the minds of the scientists them-
selves.”

In some 200 pages he covers a tre-
mendous epoch, examining from a fresh
vantage point the development of astron-
omy and physics, the founding of mod-
ern physiology and chemistry, the birth
of the idea of evolution, the relation be-
tween the scientific, industrial and agra-
rian revolutions. Everywhere he finds
evidence to support his thesis that prog-
ress in science is determined less by
great discoveries and inventions than by
the gradual process of rearranging ideas,
of “picking up the other end of the stick,”
of looking at familiar things in an un-
familiar way. The 19th-century German
mathematician Karl Jacobi defined a
formula for gaining new insights in
mathematics: “Mann muss immer um-
kehren” (“One must always invert”):
Butterfield suggests a similar key for
advances in the other sciences.

One of his most effective case studies
in the growth of ideas concerns the prob-
lem of motion. This he characterizes as
the most amazing intellectual hurdle
faced and overcome by the human mind
in the last 1,500 years. The prerequisites
of the achievement were at least two
drastic steps: a complete reorientation
of thought as to the working principle of
the physical universe; and the overthrow
of the authority of Aristotle, whose
teachings had reigned absolute for al-
most 20 centuries. The consequences
were “stupendous,” including the emer-
gence of modern science, especially
astronomy and mechanics.

According to Aristotle, all heavy
bodies had a “natural” motion toward
the center of the universe, which for
medieval thinkers was the center of the
earth. All other motion was “violent”
motion, because it required a constant
motive force, and because it contravened
the tendency of bodies to sink to their
natural place. The acceleration of fall-
ing bodies was explained on the theory
that they moved more “jubilantly”—
somewhat like a horse—as they got
nearer home. The planetary spheres,
while exempt from the “natural” tenden-
cy, were kept wheeling in their great
arcs by the labors of a sublime Intelli-
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gence or Prime Mover. As anyone could
see, except for falling bodies things
moved only when and as long as effort
was expended to keep them moving.
They moved fast when the mover
worked hard; their motion was impeded
by friction; they stopped when the
mover stopped. For the motion of terres-
trial objects it is clear that Aristotle had
the example of the horse and cart in
mind; in the celestial regions his me-
chanics left “the door halfway open for
spirits already.”

The clockwork universe in which
marbles and planets rolled about as a
result of the orderly interplay of gravi-
tational forces, in which motion was as
“natural” as rest, and in which God,
once having wound the clock, had no
further duties, was the supreme intel-
lectual creation of the 17th century.
How was the intellectual hurdle of
Aristotle’s teachings overcome, and the
way opened for the “flood of change”
culminating in the high-water mark of
Newton’s system? It was a slow process,
in which the major and the minor think-
ers, the plausible theories and the fan-
tastic, the ideas of the ancients, the me-
dievalists, the experimenters, the mathe-
maticians and the philosophers all found
a place. Among the first seeds of the
subversive movement leading to the
overthrow of accepted doctrines were
the observed inconsistencies between
experimental data and the dictates of
Aristotelian theory. On the whole Aris-
totle’s theory of motion squared pretty
well with common experience; yet there
was the anomaly of the misbehaving ar-
row which according to the horse and
cart theory of motion should have fallen
to earth the instant it lost contact with
the bowstring. Nor was the traditional
explanation of the acceleration of falling
bodies swallowed without protest. In
each case the paradox was met by an
ingenious modification of the accepted
system; yet every such synthesis, how-
ever brilliant, was a source of contro-
versy, and raised suspicions concerning
the validity of all Aristotle’s teachings.

One of the major “generative factors”
in the development of the scientific revo-
lution, and, specifically, in the correct
settlement of the problem of motion, was
the discovery of the fact that Aristotle
had not “reigned unchallenged” in the
ancient days; that there were rival teach-
ers to whose views the more independent
medieval thinker might turn if the mas-
ter seemed to be talking nonsense. To
reject Aristotle was of course a step not



without risk, whether one embraced one
of his contemporaries or, worse still,
spun one’s own thoughts without the
support of other authorities. When Har-
vey made his revolutionary discovery of
the capacity of the heart he well ex-
pressed the dangers of nonconformism:

“What remains to be said upon the
quantity and source of the blood which
thus passes is of a character so novel and
unheard of that I not only fear injury to
myself from the envy of a few but trem-
ble lest I have mankind at large for my
enemies, so much doth wont and custom
become a second nature.”

The theory of impetus was largely de-
veloped in the 14th century at the Uni-
versity of Paris by Jean Buridan and
others. Although it was only a “first
stage” in the history of the scientific
revolution, it proved to be a major factor
in dethroning the Aristotelian doctrine
of motion. It was later picked up by
Leonardo da Vinci, and some of the “re-
markable strokes of modernity” in his
notebooks were nothing more than trans-
criptions from 14th-century Parisian
scholastic writers. This theory held that
a projectile kept moving by virtue of
“something” it had acquired in the
course of getting underway, a thing “in-
side the body itself”; the acceleration of
falling bodies was due to “impetus” con-
tinually being added to the constant fall
produced by the original weight. The
importance of the theory lay in the fact
that men for the first time were pre-
sented with the idea of motion as a lin-
gering aftereffect derived from an initial
impulse. This was a “half-way house” to
the modern view, fairly explicit in Gali-
leo, that a body “continues its motion in
a straightline until something intervenes
to halt or slacken or deflect it.”

What was needed to complete the
journey was an extraordinary transposi-
tion of ideas from the real to an im-
aginary world. Modern mechanics de-
scribes quite well how real bodies be-
have in the real world; its principles and

7

CIRCULATION OF THE BLOOD, in the discovery of
William Harvey, was one of the great turning points in
thought at the beginnings of modern science. Shown

laws are derived, however, from a non-
existent conceptual world of pure, clean,
empty, boundless Euclidean space, in
which perfect geometric bodies execute
perfect geometric figures. Until men—
the great thinkers operating on the
“margin of contemporary thought’—
were able to establish the mathematical
hypotheses of this ideal Platonic world,
and to draw their mathematical conse-
quences, it was impossible for them to
construct arational science of mechanics
applicable to the physical world of expe-
rience. This was the transposition of
mind required—the new look at nature
in order to see what, in fact, there was
to be seen rather than what some classi-
cal writer had said ought to be seen.
Buridan, Nicholas of Oresme and Albert
of Saxony with their theory of impetus;
Galileo with his beautiful systematiza-
tion of everyday mechanical occurrences
and his ability to picture such situations
as the behavior of perfectly spherical
balls moving on perfectly smooth hori-
zontal planes; Tycho Brahe with his im-
mense and valuable observational labors
in astronomy; Copernicus with the De
Revolutionibus Orbium and heliocentric
hypothesis; Kepler with his laws of
planetary motion and his passionate
search for harmony and “sphericity”;
Descartes with his discourse on method,
his determination to have all science as
closely knit as mathematics, his wedding
of algebra to geometry (“the greatest
single step ever made in the progress of
the exact sciences”); Huygens with his
mathematical analysis of circular motion
and centrifugal force; Gilbert with his
terella, his theory of magnetism and
gravitation; Viéte, Stevin and Napier
with their aids to simplicity of mathema-
tical notation and operations: each took
a part in the grand renovation not only
of the physical sciences but of the whole
manner of thinking about the furniture
of the outside world.

In the development of modern physi-
ology there was a similar slow unfolding
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of the presiding issues. The protagonists
were compelled to unlearn false theories,
to shift their angle of view, to sit down
before fact “as a little child,” to advance
simpler and more satisfactory hypothe-
ses, to make bold inductions, to confirm
them, if possible, by sound experiment,
to tinker with their conceptual engine
until its parts of theory and fact fitted
smoothly and the engine ran by itself.
Medieval dissectionists and anatomists
were not seeking fresh discoveries. They
looked dutifully for the things Galen had
told them to look for; they were demon-
strators of established facts, not search-
ers for new truths. Even Vesalius, the
founder of modern anatomy, admitted,
when his findings differed from those of
Galen, that “at first he could not believe
his own eyes.” Butterfield gives an amus-
ing modern example of the same sub-
servience to authority:

“I remember that on one occasion at
school our physics master was giving a
demonstration, and he was doing the
mathematics on the blackboard while a
boy called Booth was supposed to be
watching the actual experiment. Booth,
when called upon to report, said that
nothing was happening, to which the
master, Mr. Jones, replied: “The liquid
is rising in the tube’—but the boy per-
sisted, ‘No, sir, nothing is happening’;
whereupon Mr. Jones grew red in the
face, dashed across the little platform
and boxed his ears. The liquid was cer-
tainly not rising in the tube, but we wor-
ried little. We knew that some Galileo
or Galen had performed the experiment
in the past, and if we could not make
the answer come out correctly we were
well aware that we ourselves were in the
wrong.”

Harvey, who demonstrated the func-
tion of veins and arteries, the true action
of the heart and the circulation of the
blood, had had his training at Padua, by
paradox at once a great center of Aris-
totelian and Galenic learning and a focal
point of the scientific revolution. Under

here is one of the illustrations from Harvey’s anatomical
exercises. If a finger is placed at L, and a second is slid
upward toward N, the vein hetween will remain empty.
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the rule of Venice, the “most successfully
anti-clerical state in Europe,” Padua en-
joyed unusual freedom of thought. This
attracted the ablest men of the time, who
Lelped overthrow Aristotle by sharpen-
ing the process of criticism. Galen had
posited only “a sort of ebb and flow” of
the blood in the veins and arteries inde-
pendently, a direct passage of air from
the lungs to the heart, and a kind of seep-
ing of the blood from the right side into
the left ventricle through the thick di-
viding wall called the septum. As Butter-
field points out, this was a complex doc-
trine of errors, not merely wrong in itself
but a formidable barrier against physio-
logical advance. Nonetheless Vesalius,
da Vinci, Colombo, Cesalpino and Fabri-
cius in their experiments and writings
chipped away at the Galenic doctrines.
Yet all this was “fumbling piecemeal
progress,” compared with Harvey’s
masterly strategic strokes” which trans-
formed the question forever. Harvey’s
work rested, as he said, not on books but
on what he learned from dissection, ob-
servation and experiment. It had an
“extraordinarily modern flavor as a result
of the clearly mechanical nature of much
of his inquiry and his argument; the im-
portance that he gave to purely quanti-
tative considerations; and the final co-
gency that he attributed to a piece of
arithmetic.” He spoke of the heart as “a
piece of machinery in which though one
wheel gives motion to another, yet all the
wheels seem to move simultaneously.”
Here, then, even more than in contempo-
rary progress toward the goal of reduc-
ing the universe to bare matter and mo-
tion, one touches upon “something like
the genuine scientific revolution at last.”
I can do no more than to mention a
few of the other subjects considered by
Butterfield. He discusses the linked roles
of the experimental method and mathe-
matics in furthering the evolution of sci-
entific thought, the establishment of the
theory of gravitation and of the clock-
work universe. The works of Bacon and
Descartes are viewed from a fresh and
enlightening perspective; Bacon, it
seems to me, comes off a little better
than he deserves, though many modern
historians undoubtedly have underesti-
mated his influence. The philosophe
movement, the work of Fontenelle in
popularizing science, the transfer, in the
time of Vauban and Sir William Petty,
of the scientific method to politics, the
proposal of the Abbé Saint-Pierre to es-
tablish a body of “scientific politicians”
for planning purposes, the effects of John
Locke’s secularization of thought, the
publication by Joseph Glanvill of the
Vanity of Dogmatizing, with its insist-
ence on the importance of skepticism in
science and “the system of methodical
doubt”: all are among the topics consid-
ered in two of the most valuable chap-
ters of Butterfield’s excellent book.
In his account of the effect of the sci-
entific revolution on the nonmechanical
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sciences, e.g., chemistry, he concedes
there are difficulties in the way of dis-
covering the actual state of things. One
reason, among others, is that the histo-
rians of alchemy “seem to become tinc-
tured with the kind of lunacy they set
out to describe.” A particularly sensitive
passage concerns the many subtleties
leading to “turns in the current of intel-
lectual fashion.” There are some who
have tried to explain the scientific revo-
lution as a “change in men’s feeling for
matter itself.” The “scientific, the indus-
trial and the agrarian revolutions,” writes
Butterfield, “form such a system of com-
Flex and interrelated changes, that in the
ack of a microscopic examination we
have to heap them all together as as-
pects of a general movement, which by
the last quarter of the 17th century was
palpably altering the face of the earth.
The hazard consists not in putting all
these things together and rolling them
into one great bundle of complex change,
but in thinking that we know how to dis-
entangle them—what we see is the total
intricate network of changes, and it is
difficult to say that any one of these was
the simple result of the scientific revolu-
tion itself.”

There can be no question of the need
for original thinking in this discipline,
in order to furnish some glimpse at least
of the forces at work in the growth of
ideas. “Most people probably imagine,”
the English geneticist C. D. Darlington
recently said, “that science advances like
a steam roller, cracking its problems one
by one with even and inexorable force.

. Science [actually] advances as
though by the pulling out of a drawer
which gives on one side only to jam on
the other.” Butterfield’s admirable book
is the first, to my knowledge, to describe
the peculiar, halting, complex, almost ir-
rational dynamics of the evolution of
rational scientific thought.

COURTSHIP AND MARRIAGE: A STUDY
IN  SociaL RevaTiONsHIPS, by
Francis E. Merrill. William Sloane Asso-
ciates ($3.75). A sociological considera-

. tion of roles in marriage, dating and

courtship. Dr. Merrill wrote his book
primarily for the college student, and,
although it contains no advice for the
lovelorn, it analyzes the various social
functions of courtship and marriage and
stresses some of their consequences for
the individual. Dr. Merrill believes that
romantic love hinders marital adjust-
ment, and the attitude of his book is well
summarized in a remark made by La
Rochefoucauld: “There are happy mar-
riages, but there are no delicious ones.”

HILDREN IN CoNFLICT, by Madeleine

L. Rambert. International Universi-

ties Press, Inc. ($3.25). An unusually in-
teresting and detailed account of child
psychoanalysis: its goals, limitations and
dynamics. Mlle. Rambert explains the
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process of reorganizing a child’s inner
life so that he may live in the compli-
cated world of family, friends and school
without terror and with the self-respect,
spontaneity and satisfaction that is his
birthright. She describes her use of pup-
pets, stories, drawings and dreams in
therapy. She defines the essential differ-
ence between child and adult analysis, -
the meaning of transference to the child,
the role of re-education and the part the
parent plays in the therapy. Her unique
contribution is her therapeutic use of
puppets and masks. Mlle. Rambert’s
realistic point of view, her creativeness,
her sense of humor and her sincerity
shine through the awkwardness of the
translation.

HE LirE or GEORGE BERKELEY,
Bisaop or CLOYNE, by A. A. Luce.
Thomas Nelson and Sons Ltd., Edin-
burgh ($4.00). An interesting and

scholarly biography of the famous Irish
philosopher whose doctrines are perhaps
less well remembered than the attempt

of Samuel Johnson to refute them by
kicking at a stone. The 18th-century
Lord Bishop of Cloyne based his philoso-
phy of immaterialism on the argument
that the “absolute existence” of sensible
things is a meaningless phrase, since the
term existence when applied to sensible
things necessarily implies a relation to
perception. To critics and scoffers he re-
plied: “My aim is truth; my reasons I
have given. Confute them if you can;
but think not to overbear me with either
authorities or harsh words.” Dr. Luce
ably and devotedly describes the full life
of this many-sided, practical and pro-
phetic man: his work as a metaphysician,
social philosopher, scientist and theolo-
gian; his ill-fated project to found a uni-
versity in Bermuda; his two-and-a-half-
year visit to America, during which he
made generous gifts to Harvard and
Yale; his patient maneuvers to find a
patron and to win advancement; his
Continental tours and his adventures
with the London wits; his activities in
Irish politics; his advocacy of tar-water
as a universal medicament; his brilliant



achievements as a critic and essayist. His
only known serious poem contains the
famous line: “Westward the course of
empire takes its way,” often ascribed to
some such modern and militant poet as
Rudyard Kipling.

roM EvucLip To EppINGTON, by Sir

Edmund Whittaker. Cambridge Uni-
versity Press ($3.75). Whatever comes
from the pen of Sir Edmund Whittaker
is distinguished for its clarity and ele-
gance. His 1947 Tarner Lectures do not
disappoint this expectation. He discusses
with a minimum of mathematical para-
phernalia—though he presupposes a
good deal of background on the reader’s
part—various interpretations of the ex-
ternal world, including those of classical
physics, relativity and quantum me-
chanics; he compares modern with ear-
lier attempts to formulate a unified world
view. One of the most absorbing and
broadly accessible lectures is that which
deals with the fascinating contributions
to cosmology made by the late Sir Ar-
thur Eddington. The one shortcoming of
this survey is that Whittaker leaves many
interpretive points undeveloped and fails
to set out the philosophical standpoint
from which his own appraisals have been
made.

AN EconoMic GEOGRAPHY OF GREAT
BritaIN, by Wilfred Smith. E. P.
Dutton and Co. ($7.75). A comprehen-
sive handbook by the Senior Lecturer
m Geography at the University of Liver-
pool, covering the agriculture, industry,
transport and trade of England, Wales
and Scotland. The first part deals with
the transformation of the medieval into
the modern economy; the second carries
only to the beginning of the Second
World War, although a few data from
later years have been added. Useful for
an understanding of the long-term
trends of Britain’s economy.

HENOMENA, ATOMS AND MOLECULES,

by Irving Langmuir. Philosophical
Library ($10.00). Of the 436 pages of
this book, 404 are devoted to 20 of Dr.
Langmuir’s research papers. The rest are
given over to three brief essays of gen-
eral interest, on the philosophy of sci-
ence, on science legislation and on the
international control of atomic energy.
Dr. Langmuir is a noted experimenter,
and beyond that a man of thoughtful
and always independent social and
philosophical opinions. A more repre-
sentative sample of his views in the gen-
eral category would have been particu-
larly welcome; instead this collection of
some of his technical reprints will have
only a limited appeal, further curtailed
by the preposterously high price the
publishers ask.

II\'TRODUCTION TO MATHEMATICS, by
H. R. Cooley, D. Gans, M. Kline and
H. E. Wahlert. Houghton Mifflin Com-

pany ($4.25). This second edition de-
serves notice as a superior freshman col-
lege text, especially in its many-sided
exposition of the relation of mathemati-
cal ideas to other fields of knowledge.
The edition has been entirely rewritten
but the attractive features of the original
have been preserved and extended. Rec-
ommended no less for the common read-
er with a taste for mathematics and
philosophy than for the college student
interested in a one-year general survey
of the subject.

New DicTtioNaRY oF CHEMISTRY,

by Stephen Miall and L. Mackenzie
Miall. Longmans, Green and Company
($12.00). The second edition, with cor-
rections and new materials added, of a
handy reference work that explains
chemical terms, gives clear, brief ac-
counts of many chemical substances, and
biographical notes about leading chem-
ists of the past and present. A useful
book not only for students of chemistry
but for a wider circle of related profes-
sions.

HE GeEOLOGY OF THE BrritTisH Ewm-

PIRE, by F. R. C. Reed. Longmans,
Green and Company ($14.00). The sec-
ond edition of a scholarly survey, based
on notes of the author’s lectures at Cam-
bridge, containing a wealth of geological
information about various parts of the
British Empire, including the Mediter-
ranean area, the Sudan, East, West and
South Africa, the West Indies, Canada,
Burma, Ceylon, India, Australia and
New Zealand (but not including the
geology of the British Isles). Indispensa-
ble for advanced students and others
engaged in economic, paleontological
and petrographic research. Maps, tables
and extensive bibliographies.

CLIMATOLOGY, by W. G. Kendrew.
Oxford University Press ($7.50).
The third edition of the well-known book
Climate. This is a clearly written study
of general purpose, dealing with the im-
portant features of climate, the regional
distribution and the daily variations of
the weather all over the world. Climatol-
ogy differs from meteorology in its em-
phasis on the facts of the earth’s climate
and its effects on plants, animals and
economic development rather than on
the physical processes which go on in
the atmosphere. Illustrated by excellent
photographs.

LANDSCAPE, by C. A. Cotton. John
Wiley & Sons, Inc. ($10.00). A sec-
ond edition, enlarged and rewritten, of
an authoritative work—the first volume
of a trilogy—describing the effects of
normal erosion in shaping the earth’s
contours. A book primarily for specialists
but one that unfolds a remarkable story
which the general reader, if sufficiently
interested, should be able to follow. Nu-
merous photographs and diagrams.
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BECAUSE OF DEVALUATION OF POUND STERLING

The bhook bargain of the year!

FORMERLY $8250

Now only $60 for the

complete set!
DICTIONARY OF

ORGANIC
COMPOUNDS

Edited by 1. M. Heilbron. The foremost authority
on organic compounds, this monumental reference
work is an indispensable tool for daily use in all
laboratories and company libraries. Entries include
structural formula, empirical formula, molecular
weight, occurrence, physical properties, products
formed with common reagents, properties of func-
tional derivatives, literature, etc. feature of
special value to those engaged in research is the
extensive documentation on the preparation and
properties of every compound listed—more than
15,000 in all. The number of sets is limited and
orders will be filled on a ﬁrst -come, first-served
basis. Write today to Dept. OXFORD UNI-
VERSITY PRESS, 114 Flfth Ave New York 11.
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SPEAK NO EVIL

AP

The rumot-
monger is himself an evil,
but only a monkey seals his

lips against reality. And can-
cer is a grim reality. We %

must discuss the facts of can-
cer in order to help educate
and protect our neighbors.
For humanity’s sake—and our
own preservation — we must
support the crusade against
this mortal enemy of man.

GIVE TO
CONQUER CANCER

> AMERICAN
CANCER
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Conducted by Albert G. Ingalls

the opposite page might appear to

have a Springfield mounting, a
type invented by the late Russell W.
Porter and named after his native
Springfield, Vt. A closer inspection of
the illustrations will reveal that the
mounting is a simplification of the
Springfield. To gain portability the
Springfield’s fixed eyepiece with its sec-
ond reflection feature is omitted. The
base casting is also reduced to about
four inches in diameter and made to
overhang the pedestal.

This compromise mounting was de-
vised and built by A. D. Johnson of the
Minneapolis Astronomy Club, who ex-
plains that “the base overhangs the north
side of the pedestal in order to permit
following a star through the zenith with-
out the tube’s encountering the post.
This avoids the wearisome necessity of
shifting it to the other side; it is the old
and familiar bent pier.

“Much of this mounting,” Johnson
continues, “has been copied from the
Springfield, but the declination screw
rides on the tube saddle where it is al-
ways handy. The castings were made in
my basement. With a crucible, a bucket
of molding sand, a little parting sand
from a foundry supplier and a book from
the public library, I went to work on the
adjunct hobby of making patterns and
molds and melting scrap aluminum in
the furnace. Casting parts, rather than
sawing and filing them out of solid stock,
proved to be not only very convenient
but also a lot of fun.”

The technique of molding and casting
telescope parts is described in Amateur
Telescope Making—Advanced and in a
chapter by Roger Hayward, the Pasa-
dena architect, amateur telescope maker
and illustrator of this department, in
Procedures in Experimental Physics, by
John Strong and others.

“The saddle that fits the telescope
tube was cast hollow,” says Johnson,
“with the ends straight across, and these
ends were then cut to fit the tube. The
counterweight arm has seven-inch horns

’. T first glance the telescope shown on
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that were welded to each other and to
their extension by a blacksmith.”

Asked whether his patterns are avail-
able for loan to other amateurs, Johnson
replied that “they are pretty well beat
up, since at least 50 amateurs in and
around the Twin Cities have had cast-
ings made from them.”

AN UNCOATED piece of flat glass
could be used as the diagonal mir-
ror in a telescope, but only five per cent
of the light would reach the eyepiece.
However, in observing one star—the sun
—it becomes necessary to throw out
nearly all of a great excess of light. The
piece of glass would accomplish this pur-
pose, but it would produce a second
image of the sun, not so bright as the
main image and displaced from it due
to back reflection from the inside of the
rear surface of the glass. To solve this
problem the younger Herschel, Sir John,
tilted the rear face about 10 degrees to
throw this back reflection out of the visu-
al field. The result is called the Herschel
wedge.

“My Herschel wedge,” Johnson writes,
“has proved to be a useful instrument for
observing sunspots, the moon (except in
its less dazzling first quarter) and Venus.
The reduced light is easy on the eye, yet
the reduction is accomplished without
masking the outer parts of the mirror and
reducing its resolving power or masking
all except an outer ring and increasing
diffraction. I altered the eyepiece adapt-
er of my telescope to include a lateral
outlet for insertion of the wedge unit
(cutaway drawing on page 62) but
found that on a refractor it was difficult
in some positions to place the eye at the
eyepiece.” A better arrangement proved
to be the one in the drawing on page 63.

Johnson has equipped both diagonals
and wedges with holders having bayonet
fastenings, and states with enthusiasm
that these always go back to perfect ad-
justment when changed.

ROBABLY all amateur telescope

users carry about with them, often for
years, unsolved puzzles in the bottom-
less science of optics. They read articles
and optical books. They ponder, study,
experiment, discuss their problems with
a fellow-sufferer, if they are fortunate
enough to have one available. They read
the same book 20 times. They pin down
its language word by word and compare
it with related fragments in other books.
They wish the books would not merely
state facts but would also point out
which “facts” are false.

Yet persistently from time to time new
insights arrive, often suddenly. Blank
walls fall down, and one day that par-
ticular puzzle is put down as solved.
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Then is the time for the worker to write
about it for the benefit of others—not
years later when he has become expert
and his recollection of the struggle has
blurred. This is what David Rosebrugh
of Waterbury, Conn., past president of
the American Association of Variable
Star Observers, has done by request after
three years of groping with the language
of standard treatises—specifically Louis
Bell’s The Telescope and H. Dennis Tay-
lor’s The Adjustment and Testing of
Telescope Objectives—on the subject of
testing refractor objectives while testing
three such lenses. If what Rosebrugh has
written fails to impress the expert as con-
taining anything not already in these
books, it may be that the expert uncon-
sciously projects what he already knows
into what he reads. Anyway, in com-
menting on his own note Rosebrugh
rightly states that “if I had had it when
I started studying in preparation for test-
ing my objectives I would have found
the whole subject vastly easier than I
did.” The note follows:

“Full instructions for testing a refrac-
tor objective assembled in a telescope
can be found in standard works and, for
those who are used to testing mirrors and
complete reflecting telescopes, the rea-
sons for most of the standard tests made
on refracting telescopes are immediately
apparent. For example, the necessity of
aligning the optical axis of the objective
with the mechanical axis of the telescope
is obvious. Beyond a certain point, how-
ever, the testing of an objective diverges
from that of a mirror. Once the reasons
for this divergence are clear the reflector
man will have no trouble in understand-
ing the testing of an objective. This note
will therefore be devoted to clarifying
the one fundamental difference between
testing a refractor and a reflector.

“A natural question that arises in the
mind of the reflector expert is, “‘Why
cannot one test an objective by means of
the Foucault knife-edge test?” The an-
swer is that one could if one could secure
parallel, monochromatic light (light of
a single hue or wavelength).

“It is easy enough to secure parallel
light, either from a reflector set up to act
as a searchlight, or from a star, or by
autocollimation with an optical flat. But
it is difficult to secure monochromatic
light, whether from a light source or
from high-quality photographic filters.
Light filters pass quite a mixture of light,
as spectroscopic examination will show.

“Moreover, as an objective cannot be
made fully achromatic like a mirror, even
a test of an objective with parallel mono-
chromaticlight will not tell the full story,
as it would with a paraboloidal mirror.
In practice, for visual use, objectives are
designed to focus the greenish-yellow
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7 x 50

BINOGULARS

Precision Optics

BRAND NEW
*30°

Highest optical performance. Over twice
the light transmitting power of any 8x40,
10x50, 7x35 or 6x30, three times that of
any 8x30, and eight times that of any
6x15 binocular. Fully corrected, needle
sharp achromatic optics with wide angle
of view. Lifetime aluminum alloy construc-
tion, leather covered. Outperforms binoc-
ulars costing over $100. Individual eye
focusing. These magnificent 7x50 prism
binoculars are being sold for a limited
time at a small fraction of the regular
cost. Each binocular is carefully checked
both optically and mechanically by our
experts and carries our money back guar-
antee in writing. Unquestionably the

greatest binocular value ever offered,
only $30.

*20% Fed. Tax @

Te50—330
ustrated

Mt 7 in,
Wi 38 oz

WE PAY POSTAGE

Dept. 7K, 24 W. 45th St., New York 19, N. Y.

e CALCULATIONS

of all kinds can be easily
solved on the

BINARY CIRCULAR
SLIDE RULE

This rule will quickly solve the

Ty simplest as well as the more
difficult problems involving
1 calculations in _ Arithmetic,

Algebra and Trigonometry.
Any number of factors can be
handled in long and difficult
= ——==wsmsme—————— calculations. The G scale of

the Binary is 25 inches long
with graduations 259% further apart than those of a
20-inch slide rule. The CI, A, K, & Log scales
are divided as closely as a 20-in. slide rule. Log-TLog
scale extends from 1.0015 to 1,000,000. Gives Trig.
functions from 0 to 90 degrees on back. Engine-di-
vided scales yellow and black on white coated aluminum.
Permanently accurate. Dia. 81%”. Price $7.25 in case,
with instructions. Approved at leading Univ. Used by
many large firms in the U. S

MIDGET
CIRCULAR SLIDE RULE

Similar to Binary, has C, CI, A, LI and Binary scales.
C scale is 127 long. Tr)g funcnnns on back. Approved

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

Facilitate easy reading. All rules have 2 Hair line
Indicators on front and 1 on back. Steel center bushing.

We have many thousands of unsolicited letters on
these {ulels Descriptive circulars free. Satisfaction
guaranteed

GILSON SLIDE RULE CO.
Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1915
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WAR SURPLUS BARGAINS
ASSEMBLE YOUR OWN BINOCULARS
Save More Than 2 Regular Cost

GOV’'TS 7 x 50
BINOCULARS

Complete Optics, com-
plete Metal Parts. New
and ready for assembly.
We supply full instruc-
tions.

METAL PARTS—Set in-
cludes all Metal Parts—
completely finished for
assembly of 7 x 50 Bin-
Seutars.” No ' machining
required. A sturdy Bin-
ocular Carrying Case is

OPTICS—Set includes all
Lenses and Prisms you
need for assembling 7 x 50 Binoculars. These are in excel-
lent condition—perfect or near-perfect—and have new low
reflection coating,

Stock #5102 S—'l x 50 Opti $25.00

(These are standard American-made parts, not Jap—nmse»
NOTICE! If you buy both Binocular Optics and Binocular
Metal Parts, add 2000 Federal Excise Tax to above prices.

SPECIAL! SPECIAL!
RONCHI RULINGS

___  Black LineGrating |
Plate glass with etched parallel black lines—space between
each line is same as thickness of the ruled line itself.
Number of lines per inch range from 65 to 133 as shown
below. Used for testing astronomical mirrors, testing
microscope objectives and magnifiers, used in pairs to see
diffraction pattern.

1in. x 1 in. 2 in. x 2 in.
Stock Lines . Stock” ' Lines .
No. er In Price 0. Per In Price
2122-S 65 . 2133-S 65 $1.50
2126-S 85 7 2134-S 85 1.50
2127-S 110 1.00 2136-S 110 2.00
2128-S 120 1.00 2137 S 120 2.00
2129-S 133 1.00 2138-8 133 2.00
All above sent Postpaid.
SIMPLE KITS!—-THE LENS CRAFTERS

LENS DE-
LIGHT! Fun for adults! Iun for children! Kits include
plainly written, illustrated booklet showing how you can
build lots of optlcal items. Use these lenses in photography
for COPYIHL. ULTRA CLOSE-UP SHOTS, Microphotography,
'or  ““‘Dummy Camera’’, Kmlachrnl“e Viewer, Detachableé
Reﬁ(‘x View Finder for 3 . cameras, Stereoscopic
Viewer, ground glass and enlargm; focusing aids. A
for dozens of other uses in experimental optics, building
TELESCOPES, low power Microscopes, etc
Stock 1#2-S—10 lenses.. ..$1.00 Postpaid
Stock #5-S—45 lenses.... ..$5.00 Postpaid
Stock #10-S—80 lenses.. $10.00 Postpaid

We have Literally Millions of WAR SURPLUS LENSES
AND PRISMS FOR SALE AT BARGAIN PRICES
Write for Catalog ''S''—SENT FREE!

EDMUND SALVAGE CO.

BARRINGTON, NEW JERSEY

:\‘ mateur
~ Telescope Making
@ 500 pages,

|I 316 illustrations
I $5.00 postpaid, domestic;
$5.35 foreign

| mateur
“ Telescope Making
‘ Advanced

@ 650 pages,
361 illustrations
$6.00 postpaid, domestic;
$6.35 foreign
Send a postal card for detailed
information on these two books

SCIENTIFIC AMERICAN
24 West 40th Street, N. Y. 18
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light of about 5,500-6,000 Angstroms,
which is what the eye sees best, but to
throw away the red and blue rays, to
which the eye is less sensitive, and which
in any case cannot be focused if the
greenish-yellow light is in focus.

“The method of throwing away the
red and blue rays is to have them come
to a focus farther away from the objec-
tive than the greenish-yellow rays. Thus
if the telescope is correctly focused for
greenish-yellow rays, the red and blue
rays are thrown into the discard by be-
ing out of focus. In a well-designed /15
refractor they will not come to a focus
until the eyepiece is moved away from
the objective a distance usually about
1/2,000 the focal length of the objective.
At this point the greenish-yellow rays in
turn are entirely out of focus.

“If the blue light is thrown away to
the same distance as the red light, the
objective is considered fully corrected.
However, the skilled makers have found
that it is better to overcorrect an objec-
tive, which means focusing the blue
light at a point even farther than the
red light.

“The fact that a mirror brings rays of
all colors to the same focus, i.e., is achro-
matic, while a visual objective brings
only the greenish-yellow light to a usable
focus, is the key to the one fundamental
divergence between testing a mirror and
an objective.

“In practice it is hardly worth while
for the amateur to attempt to use the
knife-edge test on an objective lens,
though if a yellow-green filter is placed
near the focus and Jupiter or a yellowish-
white star is used as a source of parallel
rays, one can make a knife-edge test on
an objective which will show fairly well
whether it dims equally all over, like a
spherical mirror at center of curvature or
a paraboloidal mirror when tested with
parallel light. If the objective dims
equally all over it is reasonably free from
zones and has good spherical correction;
that is, the rays that pass through its
center focus at the same point as those
that pass through the outer zone.

“However, a better test for zones and
spherical correction is to look at a suit-
able star such as Polaris and use a high-
power eyepiece covered with a yellow-
green filter. Simply throw the image out
of focus in both directions, and examine
the resulting concentric rings by eye for
irregularities that might indicate zones
or spherical aberration. The interpreta-
tion is fully covered in standard works.

“This method of testing appears to be
about as delicate as the knife-edge test
is for a mirror, and on an objective it is
more delicate because of the mixture of
colors of varying focal length passed by
even the best yellow-green photographic
filter.

“This simple test still leaves the prob-
lem of whether the objective is properly
corrected for color. The test for color cor-
rection can be made in the same manner

© 1950 SCIENTIFIC AMERICAN, INC

as for spherical correction and zones, but
omitting the filter. Focus on the star and
then rack the eyepiece away from the
objective, that is, outside the greenish-
yellow focus. As the eyepiece is moved
outward it is possible to detect the point
at which the red rays come to a focus.
This appears as a little red spot in the
center of the out-of-focus image of Po-
laris. With less certainty the point still
tarther outside the yellow-green focus at
which the blue rays come to a focus may
be detected. If it is not detectable its
location can be deduced from the ap-
pearance of the blended blue and red
light in the middle zone of the star’s out-
of-focus image.

“The nature of these tests and the in-
terpretation of what is seen are given in
standard works, but the reasons why the
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out-of-focus eyepiece tests are better in
general than any attempt to make knife-
edge tests on an objective are as stated
above.

“The tests suggested in standard
works for detecting striae and possible
internal strains in the glass of an objec-
tive are easily understood and require no
elaboration here.”

The comprehensive testing of an ob-
jective lens would require tests for
spherical aberration, both axial and
lateral, axial and lateral achromatism,
astigmatism, coma and perfection of
workmanship, and would best be done
on an optical bench. Statement of criteria
would be included, and the tester would
need enough experience to judge what
he sees in comparison with a nearly per-
fect objective. However, in the preced-
ing note by Rosebrugh the practical aim
has been to help the average isolated
worker to make a fairly good test, using
the resources that he has. It is also aimed
at destroying the widespread belief that



a flat, shadowless cutoff in the autocol-
limation test is sufficient to attach a seal
of quality to an objective lens, since this
criterion applies to spherical aberration
alone.

EW faults of a telescope mirror are so

injurious to image definition as the
one called turned-down edge. Somehow
during grinding or polishing a ring-
shaped zone extending inward from the
edge for a distance between a hair-width
and almost an inch acquires a longer
radius of curvature than the rest of the
mirror. Enough has been written about
detecting turned-down edge, or “TDE,”
but not enough about different methods
of dealing with it.

An isolated amateur who appealed to
this department for help in dealing with
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a compound case of TDE and over-
deepened center was told that both ills
might disappear if a hard lap were sub-
stituted for pitch that was possibly too
soft. The appeal was then passed along
to Albert H. Johns of Larchmont, N. Y.,
an advanced amateur and part-time pro-
fessional, who added the following com-
ments to the reply:

“Over a period of years I've seen hun-
dreds of mirrors ultimately become first-
class jobs simply through trial and er-
ror. There are so many variables that it
is impossible to evaluate them one by
one. For example, you can not precisely
describe the quality of your lap under
the exact conditions of operation. Your
trouble most probably is too soft a lap,
but maybe we couldn’t be more wrong.
The best I can do is to give you an out-
line of the way I would go about cor-
recting your troubles.

“The most important factor is the
hardness of the lap. Remember that the
correct hardness for one day may be way

off on a colder or hotter day. I do not use
fancy mixtures of pitch with oil, wax and
turpentine but only reasonably soft pitch
mixed with rosin to bring it to the desired
hardness for a 70- to 75-degree tempera-
ture, two parts pitch to one part rosin.
Extra rosin gives greater hardness. Use
rouge or cerium sparingly.

“Always keep the lap beveled to %- to
%-inch less diameter than the mirror. In
any rare instances when turned-up edge
appears, allow the pitch to flow out to
full diameter—but watch out lest the
edge become turned down. Avoid short
strokes such as you describe.

“All the above is for polishing. To
correct the TDE lay waxed paper around
the edges of the lap. Press for a few
minutes in width slightly less than the
TDE with mirror plus weights, remove
the paper and calmly proceed to apply
one-third strokes. Under no circum-
stances dunk or wash the mirror or tool
after pressing and before working.

“Instead of using paper strips for de-
pressing the edge of the lap one might
scarify the edge with scratches, but these
are too permanent and may cause
turned-up edge through not filling in
soon enough.

“Another way to arrange the paper
for depressing the lap temporarily is to
cut out a ring having the same internal
diameter as the turned-down edge zone
and serrate its inner edge with broad
notches that leave teeth projecting from
the mirror’s edge into and just across the
turned-down zone. Do not try to make
these teeth uniform, since repetition may
cause zones. Press this notched ring into
the lap as described, remove it and go
to work.

“The overdeepened center may be
brought up with a paper star pressed
into the center of the lap. In fact, the
two zones, edge and center, may be
treated as above simultaneously. After
the zones have been raised, press for a
longer period to eliminate the depres-
sions in the pitch before resuming work.

“The most powerful method I have
found for mirror correction in general
is the zigzag stroke described for grind-
ing by Everest in Amateur Telescope
Making—Advanced, page 35, figure 30.
This stroke blends out zones like nothing
else on earth. By suitable distribution of
the zigzag stroke one may continue right
on up to full paraboloid, move the crest
in or out as desired, and never be both-
ered with rings.”

The editor of this department once
learned a point by getting mad. After
working interminably with tiny, fussy
strokes to eliminate a hyperbola plus a
TDE, a long deep scratch occurred.
Since precision work would now not
matter for many hours, the mirror was
given an angry spell of longer-than-one-
third strokes to teach it a lesson for get-
ting itself scratched. Lo, the TDE and
hyperbola both vanished. (P.S. The
scratch didn’t.)
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For the first time an instrument capable of
serious astronomical research is available
for less than $200.00! The Saturn 3 Inch
Portable Refractors are precision made by
the West's largest makers of observatory
instruments; objective lenses are highest
grade precision ground, achromatic f-15
crown and flint glass, all moving parts are
precision machined.

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

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

Write for literature giving full information
on the Saturn Refractors.

2528 Grove Street
Berkeley, California

ACHROMATIC TELESCOPE OBJECTIVES—Pertfect
Magnesium Fluoride Coated and cemented Gov't
Surplus lenses made of finest Crown and Flint op-
tical glass. They are fully corrected and have tre-
mendous resolving power and can be readily used
with 14" F.L. eyepieces. Guaranteed well suited for
Astronomical Telescopes, Spotting Scopes, etc.
Original Gov’t cost approximately $100.00 each.

Diameter I"gcal Tength Each
54m/m (2%”) 600m/m (23%")........$12,50
T6m/m (3") 381m/m (15") ...$21.00
81m/m (34”) 622m/m (24%").. ...$22.50
83m/m (3%”)  876m/m (34%”) .. .$28.00
83m/m (3%”) 1016m/m (40”) $30.00

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

%” B.F.L. (20X) Lens Set 13m/m Dia... $4.50
%” E.F.L. (13X) Lens Set 18m/m Dia.....3.50

BRAND NEW BINOCULARS!!!

8 Power 25m/m Objective... . ... $23.30*
8 Power 30m/m Objective... .. ... $29.50%
7 DPower 50m/m Objective.. .$32.00*

7 Power 50m/m Coated Optics.......... $33.75*
“Plus 200 Excise Tax

Beautiful imported binoculars, precision made,

at a low low price within the reach of every

man’s pocketbook. Complete with carrying case

and straps.

LENS CLEANING TISSUE—Here 1s a Wonderful
Gov’t Surplus Buy of Perfect Paper which was
made to the highest Gov’t standards and speci-
fications. 500 sheets, SI oo
§iz8 715" X 117eieisvcesseereseersssssssresesesss D 1o

First Surface Mirror 12” X 15” %" thick.....8.75
First Surface Mirror 8” x 10” %4” thick. .4.25
First Surface Mirror 4” x 4”7 %" thick...1.25

Iirst Surface Mirror 114" x 114" 1" thick....,‘..-zs
“FREE CATALOGUE"

Sensational Optical Margaing
MILLIONS of LENSES

WE PAY THE POSTAGE

93-08A 95th Ave.
A. JAEGERS (;0NE PARK 16, N. Y.

¥
¥
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POWER
PRISM

Offers Outdoor Enthusiasts

POWER . . . RANGE . . . WEIGHT . . . SIZE . . .
CONSTRUCTION . . . PERFORMANCE . . . COATED
DYNA\MI(‘ in power and range. At 1000 yards has sharp. clear field of 370

feet ! Military type. Moisture-proofed. Dust-proofed! Achromatic lenses.
All metal CHROME construction. Individual eye focussing. Adjustable all
eye widths! A compact, durable, all purpose prism binocular. NOT a field
glass. Coated! Bears the UNITED seal of merit. Economy priced at fraction
of what similar glasses sell at retail!
PROOF! OF THEIR SUPERB VALUE
AMERICAN RIFLEMAN, official organ of Nat. Rifle Ass. ‘‘Neat, attractive. stoutly made. Gives good,
Jan. 1950 DOPE BAG. after testing our 6 Power glass wrote clear image. Good glass for the money, etc.”
Complete with leather case and straps, only $19.50. Cash orders sent postpaid. C.0.D.’s include $2.00 deposit. Add Fed.
tax. Guaranteed! Try 20 days at our risk
UNITED BINOCULAR CO., 7941 S. HALSTED, Dept. ARF-827, Chicago 20.

Serving Sportsmen Since 1937 Dealers Wanted

A

LIBRARY
BINDER
FOR

THIS
MAGAZINE

Keep your copies of ScCIENTIFIC
AMERICAN in a handsome and durable
library binder

Bound in dark green library fabric
and stamped in gold leaf, it holds 12
issues

Copics mounted in binder open flat
and may be inserted or removed sep-
arately

To secure complete 1950 collection,
order binder now. Index published in
December

A ddress your order, enclosing check
or money order for $2.50, to:

Department B

SCIENTIFIC AMERICAN
24 West 40th Street
New York 18, N.Y.
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BUSINESS IN MOTION
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An important part of Revere’s contribution to
American industry is rendered by the Technical
Advisory Service. This is a body of capable engi-
neers and technicians, located in all parts of the
country, who collaborate with customers and pros-
pects and in so doing provide liaison with Revere
Research. Their work includes not only advice on
the selection and specification of the Revere Metals
for specific applications, but quite often involves
the solution of manufacturing
problems. The Technical Advisor,

copper was very much better; the ease of forming
and brazing saved a great deal of time, more than
making up for the extra cost of the alloy.
® The manufacturer of a clothes dryer reported
difficulty in drilling aluminum tube and aluminum
extruded shapes, due to burrs around the holes. The
drills used were found to be unsuitable for the pur-
pose, so the T.A. obtained a high-spiral drill, ground
it to the right rake and point angles in the Revere
machine shop, and tried it out on

or “T.A.” as we call him, has an
extremely interesting job. One call
may be upon a great shipyard, the
next upon a jeweler, and the fol-
lowing one on a hardware manu-
facturer. Each T.A. tends to spe-
cialize to a certain extent along
the natural lines laid down by his
education and experience. Since
the group is highly diversified, it is
always possible to call into serv-

samples from the customer’s or-
der. Clean holes were produced
with almost no burring. Elimina-
tion of a de-burring operation re-
duced manufacturing costs.

® A large hardware manufacturer
was buying and stocking too many
types of materials, many of them
differing only slightly. The T.A.
Service collaborated with the engi-
neering and production depart-
ments, and recommended simplified

ice the man or men most familiar
with a given industry or prob-
lem. Here are several instances of the work done
by Revere T.As.

® A shipyard was using electrolytic copper to make
large-diameter pipes to carry cooling water to the
condensers. The copper was purchased in sheets,
formed into shapes of varying degrees of complex-
ity, and brazed. The T.A. suggested that while elec-
trolytic copper can be brazed, phosphor-deoxidized
copper is far superior. He recommended that a trial
be made of a few sheets. During a subsequent call
on another matter the T.A. asked what the results
had been. He was told that the phosphor-deoxidized

specifications for 2235 items out of
360. Result: purchase of larger
quantities in the most economical sizes, with reduc-
tion of inventories, and lessening of clerical work.
The first year showed a saving of about $25,000.

In reporting these three examples Revere gives
itself no special credit, since work of this kind is
undertaken by suppliers in all industries, paper and
glass, chemicals and plastics, felts, rubber, and so
on. The point we stress is that you can obtain not
only materials, but also the know-how and knowl-
edge back of them, if you but allow your suppliers
to work closely with you. Why not try it? The re-
sults may amaze you.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
¥ % ¢ w
Executive Offices:
230 Park Avenue, New York 17, N. Y.
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B N T SR S A s e T T

you cAN BE SURE..iF ur’s%stinghouse

An awful lot of people seem to want to get
to Brooklyn. Getting there is lots easier,
lots more comfortable, now that the new
Battery-to-Brooklyn Tunnel under the East
River has been completed.

Better, specifically, because this tunnel
has the very last word in engineered ven-
tilation . . . the smells-good, tastes-good,
feels-good kind.

If this sounds slightly partial to our Stur-
tevant Division, who did the job, we hasten
to record the revealing fact that Sturtevant

WESTINGHOUSE ELECTRIC

4 WAY DOWN HERE THE AIR’S WONDERFUL

also furnished the equipment to ventilate the
Holland, Lincoln and Queens-Midtown Tunnels.

One good tunnel deserves another!

For those interested in figures, 666,000,000
cubic feet of fresh air is pumped into this
tunnel every hour.

For those interested in meanings, this job is
evidence of the kind of confidence engineers have
learned to place in all Westinghouse products.
In elevators, for instance, or in as widely dif-
ferent but equally critical application as the
lighting of airports . . . or electric blankets!

CORPORATIONGS ® ¢« ¢« PITTSBURGHS PA,

© 1950 SCIENTIFIC AMERICAN, INC



