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Learn to
recognize... |

If you detect any of the following symptoms, see your doctor

at once. It may not mean cancer, but if it should, remember
that most cases can be cured if treated in time.

Any sore that does not heal

s —particularly about the

tongue, mouth or lips. Do

not pass it off as “nothing at all.”
Go to the doctor.

A painless lump or thicken-

= ing, especially in the breast,

lip, or tongue. Do not wait

“to see what happens.” Go to
the doctor.

3 Irregular bleeding or dis-
=« charge from any natural

body opening. Do not wait
for pain. Go to the doctor.

Persistent indigestion. Do
=« not wait for loss of weight.
Go to the doctor.

Progressive change in the

= color or size of a wart, mole
or birthmark. Don’t try salves

or ointments. Go to the doctor.

Persistent hoarseness, unex-

» plained cough, or difficulty

in swallowing. Do not as-

sume that it is due to smoking or

some other form of irritation

which will clear up. Go to the
doctor.

Any change in the normal
= bowel habits. Do not at-
tempt to diagnose yourself.

Go to the doctor.
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SEND COUPON FOR
FREE BOOKLET THAT
TELLS THE FACTS ABOUT CANCER

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

Send free booklet by medical
authorities.




Sirs:

The lack of interest displayed by many
social scientists in the type of mathe-
matical regularity which has built phys-
ical science is underlined by two letters
in your July issue. Each letter advocates
that social problems be approached ex-
clusively in such anthropomorphic and
purely verbal terms as “frustration.”
“misery,” “aggression,” and “minority
groups.” Your readers need not be re-
minded that millions of dollars are spent
every month in support of research and
instruction limited to such terms. It is sig-
nificant of the primitive state of their
science that your two correspondents
evince emotional opposition to even a lit-
tle investigation of a different sort.

Although with my article, “Concerning
‘Social Physics,”” references were given
directly and indirectly to a number of re-
lated scholarly papers, both letters seem
to have been written without examination
of them. Mr. Eaton “pointedly” suggests
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ETTERS

“that the editors of the Scientific Ameri-
can, when preparing future articles on
social science topics, first secure the views
of social scientists,” but this is a for-
mality which he himself ignores.

For example, the place which the prin-
ciple of demographic gravitation now
holds in investigations of marketing is
shown by a comprehensive study of the
United States: “Market Areas for Shop-
ping Lines,” published in 1947 by the
Curtis Publishing Company. It was pre-
pared by their Research Department with
the aid of Professor P. D. Converse. Much
thought and labor have been required to
apply Newton’s laws of mechanics to de-
tailed problems of mechanical engineer-
ing. No doubt a variety of obstacles must
be overcome before Reilly’s law of retail
gravitation is fully utilized in the field of
marketing, but a good beginning has been
made.

Mr. Eaton advocates that we “approach
the data of social behavior at their own
level and in the terms which they them-
selves suggest.” With this prescription we
all can be in complete agreement. The
terms which suggest themselves to an in-
vestigator familiar with physics may well
differ from the conventional ones, and the
level he selects for initial treatment will
be that of large groups of people rather
than of individuals.

Professor Henry objects to population
potential as “mysterious.” Actually the
concept sums up, in a single powerful ab-
straction, an extensive complex of human
processes which when examined sepa-
rately have nothing mysterious about
them. Physicists have learned the useful-
ness of this sort of abstraction and “mys-
tery.” Generalities in natural science are
tested by their agreement with the course
of phenomena, rather than by prejudg-
ments which spring from philosophical
dogmas and whatnot.

Mr. Eaton’s statement is devoted wholly
to the expression of his own prejudgments.
Professor Henry makes only one specific
criticism which relates to observed phe-
nomena: his point is well taken that in the
formula population divided by distance,
an average inhabitant of India or China
exhibits a weight much less than that of
an average inhabitant of the United
States. He is not justified in dismissing the
formula on that account. When enough
social data are available the “molecular
weights” can be determined from the ob-
servations.

Because of limitations of space my
article had to be confined almost exclu-
sively to conditions in the United States,
although even here a refined study un-
covers evidence which suggests that Ne-
groes in the Deep South have lower weight
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than average while people in the eleven
Rocky Mountain and West Coast states
have higher weight. To find the reasons for
these differences will be important.

Sociologists, even demographers, have
not attempted to make a systematic study
of distance, and number of people. as
social factors. Professor Henry wants to
dismiss these factors as “mechanistic,”
and he asserts that their study “distracts
attention from the real problems of social
living.” He is quite right in (uncon-
sciously) implying that much sociological
discussion (of the problems he considers
“real”) treats human beings as disem-
bodied spirits. He is right also in declaring
that thinking which is purely mechanistic
about human relations may associate it-
self with tyranny, and I had indicated as
much in my own concluding paragraph.
But the world has known tyrants for thou-
sands of years; they have used to bolster
their positions not exact mechanistic
thinking but often irrational slogans pur-
porting to possess spiritual connotations.

For the immediate future I can foresee
no serious threat of tyranny in the propo-
sition that economic, social. and cultural
welfare are maximized when the total
number of effective relations among all
individuals is maximized, subject to the
inescapable restrictions which space and
time and number exert statistically on
men. Industrial plant, utilizable natural
resources, and monetary funds must be
looked upon not as things which operate
automatically of themselves, but as a con-
tinual re-creation out of human relations.

Detailed statistical support for this
point of view is included in a longer paper
in the journal Sociometry for May. It is
hoped that continued study will serve to
improve the definition of some such con-
trolling concept as “the public interest”
by bringing to bear upon.it the principles
of social physics. From the vigor of their
communications it is evident that both
Professor Henry and Mr. Eaton can make
contributions of another nature to an im-
proved definition. provided they realize
that existing conclusions and methods of
sociology—and of physics—are incapable
of providing all the answers.

With respect to the first use of the name
“social physics”, this opportunity is taken
to record a remark which the eminent
historian of science, Professor George
Sarton of Harvard, kindly made in a let-
ter from Switzerland after he read the
May issue: namely, that it was introduced
before Comte by Quételet, who in 1835
wrote a book with that title.

JOHN Q. STEWART

Randolph, N. H.



can Association for the Advance-

ment of Science celebrates the
fiftieth anniversary of its existence. In
1847 the American Association of Biol-
ogists and Naturalists, which had been
formed in 1840 as the Association of
American Biologists, met for its annual
meeting in Boston. It was then determined
to enlarge its scope and broaden its work.
This year the Association turns to the
place of its birth and meets again in the
hospitable precincts of Boston.”

!UGUST 1898. “This week the Ameri-

“Within a week we have had the syn-
thetic production of albumin demon-
strated before a learned body, and within
a month ‘coronium’, which has been sup-
posed to exist only in the sun. has heen
detected in volcanic gases, and the Ital-
ian scientists gravely observe ‘that there
are probably other new elements in these
gases.” In June last. Prof. Ramsay an-
nounced the discovery of ‘krypton’. a new
gaseous element existing in the air. and
close on its heels come two other elements,
also obtained from the atmosphere. which
have been named ‘neon’ and ‘metargon.’ ”’

“There is only one thing that can match
the splendid heroism of our soldiers at
Santiago, and that is the criminal incom-
petence of the Subsistence and Medical
Departments to which the feeding and
nursing of these brave fellows was in-
trusted. There are times when silence is a
sin, and we feel that to remain quiet in
the presence of a shameful and fatal mal-
administration that has added to the
natural horrors of war others that might
easily have been avoided, is to do a posi-
tive wrong to the heroes of Guantanamo,
El Caney and San Juan.”

“It is well known that the production
of intoxication by the drinking of ether
is a vice especially prevalent among the
north and northwest portions of Ireland,
that it obtains in some degree in the
western counties of England, and also
that it sometimes finds its way into the
boudoirs of titled and aristocratic dames;
but until recently it was held to be strict-
ly confined to the United Kingdom. The
medical officer of health for the district of
Heydekrug in Lithuanian Prussia draws
attention to the fact that ether tippling
is excessively prevalent and constantly
increasing. The startling, increased and
general consumption of substitutes for
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alcoholic beverages raises again the per-
tinent question whether the restriction
placed upon the sale of absolutely pure
products does not work harm rather than
good.”

“The official report on the production
of iron made by the American Iron and
Steel Association shows conclusively our
pre-eminence in this branch of industry.
In the first half of 1898 our output was
the largest known, either in the United
States or any other country for the same
period, and more than half a million tons
greater than in any other half year of our
existence. Production has increased so as
to reach 984,950 tons a month, and the
apparent consumption has risen even
more, reaching 991,391 tons.”

“Excessive loading of the central span
of the Brooklyn Bridge, due to a blockage
on the roadway, assisted possibly by ex-
treme expansion due to the heat, caused.
on the evening of July 29, a buckling of
the bottom chords of the four inside
stiffening trusses.”

gave an interesting account, to the

Royal Dublin Academy, of Lord
Rosse’s telescope. Unfavorable weather
had prevented much being done with the
telescope, but in one good night Dr.
Robinson observed in the moon the large
flat bottom of the crater covered with
fragments, and became satisfied that one
of the bright stripes so often discussed
had no visible elevation above the general
surface. The nebula of Orion, even with
the imperfect mirror and in bad nights,
was seen to be composed of stars in that
part which presents the strange flocculent
appearance described by Sir John
Herschel. The most remarkable nebular
arrangement which the instrument has re-
vealed is that where the stars are grouped
in spirals, one of which Lord Rosse de-
scribed in 1845.”

!UGUST 1848. “Dr. Robinson lately

“On one of the southern spurs of the
Rocky Mountains, there is a valley full
of geological wonders and curiosities, and
is at present surrounded with a romantic
interest, as being the place where that
strange people, the Mormons, have taken
up their residence. A portion of them have
settled in a valley of California, in which
there is a lake of salt water, so salty that
it is impossible for a man to sink himself
in it above his arm-pits, and after bathing
there awhile and drying himself he will
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YEARS AGO

be encrusted over. There are also hot
springs, boiling hot continually, thus in-
dicating subterranean fires which will one
day banish the Mormon from that land
by a far fiercer tempest than that enmity
which drove them from our midst.”

“The foot-way of the Suspension Bridge
which spans the gulf of Niagara for a
thousand feet, is now completed. Foot
passengers now walk across from the
dominions of Uncle Sam to the dominions
of Aunt Victoria for 25 cents. This is a
great work, not only physically but mor-
ally. It will promote intercourse and good
will among the republicans and royal-
ists. Difference of opinion regarding gov-
ernments, should never make men
enemies.”

“Without oxygen animal life would
cease to exist. It is the principal supporter
of combustion and therefore without it we
neither could light a candle nor kindle a
fire. The gas is invisible and inodorous.
and yet for all this. it is of the most
importance and by its various uses. it
fulfills the divine allusion to the simple
laws of nature ‘he has chosen the weal:
things of this world to confound the
mighty.””

“The celebrated Norwegian violinist
Ole Bull is now working as a journeyman
in the Manufactory of M. Vuillaume. a
Parisian musical instrument maker. in
the hope of being enabled to make a violin
that shall equal the tones of those made
by the celebrated Stradivarius, of Cre-
mona; and for this purpose he has
brought from Norway wood more than
200 years old.”

“It is an established fact that a light-
ning conductor in order to fully accom-
plish the purpose for which it is designed.
must have its lower extremity in perfect
communication with the earth. The reason
is that the electric fluid in passing from
one body to another will select for its
course that line which will afford it the
most direct and perfect communication.
Hence a lightning conductor to be effec-
tual must give a free and uninterrupted
passage of the fluid to the earth, which
cannot in any manner be so well done as
by having it terminate in water; that
being also a good conductor.”

“Professor Morse, the inventor of the
electric telegraph, was married on the
10th inst. at Utica, N. Y. to Miss S. Gris-
wold of New Orleans.”



As dial systems have been improved, so also
have the means of keeping them at top effi-
ciency. Even before trouble appears, test
frames, developed in Bell Telephone Labora-
tories, are constantly at work sending trial
calls along the telephone highways. Flashing
lamps report anything that has gone wrong,

and the fault is quickly located and cleared.

If trouble prevents one of the highways
from completing your call, another is selected

BELL TELEPHONE LABORATORIES

New York Telephone Company
men watch as a crossbar dial sys-
tem reports to its test frames at
exchange ““Watkins 9, New York.

A Dial System Speaks for [tself

at once so that your call can go through with-
out delay. Then on the test frames lights flash
up telling which highway was defective and on
what section of that highway the trouble
occurred.

Whenever Bell Laboratories designs a new
telephone system, plans are made for its main-
tenance, test equipment is designed, and key
personnel trained. Thus foresight keeps your
Bell telephone system in apple-pie order.

EXPLORING AND INVENTING, DEVISING

AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE
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Everyone has heard about this bizarre fish! Now, mounted in Ward's Bio-Plastic, it makes
an ideal paperweight or ornament for desk or coffee table. Specimens range from 2 to 22"
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You have read about Ward's Bio-Plastic serving the scientific fields: the unusual things

that can be done with it! Now, you can purchase a kit for home hobby use!

Ward's Nature Bio-Plastic Kits contain the liquid plastic material and nature specimens
necessary to make clear or brilliantly colored nature mounts. There is plastic enough in *he
kits to embed many objects of your own choosing; a prized photograph, a lucky coin or other
treasured objects. You will enjoy the fascinating experience that comes from working with

Ward's Bio-Plastic . . . it's so easy to use.

There is a Senior Kit at 4.55, containing piastic materials in the Deluxe Kit, plus eight
nature specimens, but without tints or colors. A Junior Kit at 3.95, contains the same amount

of plastic with four nature specimens. All prices postpaid.

Send for your Ward's Bio-Plastic Home Hobby Kit today! Enclose check or money order

to Dept. 5. An illustrated pamphlet and kit information are available upon request.

WARD’S NATURAL SCIENCE ESTABLISHMENT, INC.
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THE COVER

The painting on the cover. showing a
group of tropical plants, illustrates
the lush biological product of photo-
synthesis (page 24). This process is
constantly performed by green trees
and microscopic diatoms, but it is im-
perfectly understood by man. In land
plants the essential pigment is green
chlorophyll. The brilliant red leaves at
center and left are the familiar Cal-
adium, or ace of hearts; the green
at upper right is Philodendron hasta-
tum ; the small cluster of leaves at bot-
tom center is Episcia coccinea ; the saw-
tooth leaf to the right is Neoregelia
spectabilis (fingernail plant); small
leaves in lower right-hand corner are
Ficus repens (creeping rubber plant).
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THE LAND BLOWS from the farm of Mrs. Addie

Gregory near Causey, N. M. Drifted soil lies in a road-

THE DUST STORMS
OF 1948

The drifting soil of marginal lands in New Mexico

side ditch. Excessive farming of sandy soils, not lack of
rain, is the primary cause of dust storms in this area.

and west Texas is an ominous reminder of the 1930s

west, the dust is blowing again.

Over wide stretches of New Mexico
and west Texas the ominous signs are
plainly written. Drifts of soil lie banked
across the roads, and yellow clouds have
begun to rise from the naked land. The
specter of a new dust bowl haunts the
Great Plains. It has developed rapidly,
but not unexpectedly, within the past few
months. Three years ago the black cycle of
wind erosion that began in the 1930s was
finally ended; in the whole plains country
that year there was only one major dust
storm. Last year three big dust storms
sprang up in the cotton, sorghum and bean

ON THE GRAY prairies of the South-

by H. H. Finnell

area of Texas and New Mexico. This year,
in the blow season from January to May,
there were 17. Of the 3.5 million acres of
farming land darkened by the storms,
more than a fifth was heavily damaged.

The reason for the new menace is as
plain as are the signposts of coming trou-
ble. The dust bowl is developing on the
arid western plains, west of the land of
the Okies. Its cause is not primarily
drought, although below-average rainfall
(as measured at Amarillo. Tex.) during
the past three years may accelerate the
disaster. The major cause is the great war-
time plow-up of marginal soils. Much of
the land that has now begun to blow has
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been broken out since 1941. Under war-
time and postwar pressure for food and
fiber, many hundreds of thousands of acres
too thin or too sandy to stand up under cul-
tivation have been forced to crop and are
still being forced. Texas boosted its wheat
crop, for instance, from 32 million bushels
in 1940 to 124 million in 1947, and New
Mexico from 2 million to over 9 million.
While the bloom of the new land was
wearing off, the marginal soils performed
beautifully. But past experience has shown
that farmers have rarely been able to stay
on top of such soils very long. After two
or three crops the soil begins to break
down. This year’s outbreak of dust storms

7
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WINDBREAKS OF FTREES have heen planted on the farm of J. H. Mac-
Dougal near the Texas-Oklahoma bhorder. Trees were planted in 1939 under
supervision of the Forest Service. Conservation of fields may he estimated
by comparison with bleak expanse of unprotected land in background.
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along the Texas-New Mexico line was the
harvest of the quick decline of stability in
the sandy soils.

Will a new cycle of dust be permitted
to blow itself out? It need not. We have
learned from the dust storms of the past
that with scientific controls they can be
stopped. It took the lessons of the ’30s
to drive home the truth that dust storms
are less an act of nature than a product
of ruthless farming.

The devilish, nagging winds of the Great
Plains are said to have made lonely pio-
neer women in dugouts go crazy. The same
relentless, moisture-sucking winds more
recently have seemed to make dry-land
farming go crazy. Due to the resourceful-
ness of the plainsmen, agriculture did
succeed on the plains, and marvelously—
up to a certain point. It is this certain
point that most concerns the farmers and
ranchers of the wide open spaces, and the
conservationists.

During the 1930s the dust storm area in
the southern plains that was called the
Dust Bowl grew to the size of a big mid-
western state. It swelled and shrank and
bobbed around on the map for a decade.
Farmers groped through the dust for an
explanation of the unprecedented scourge.
The things that were blamed for it ranged
all the way from plows to drought, from
people to sun spots, from gas wells to
sin. The suggested remedies were of an
equally fantastic variety. They included
such ideas as coating the soil surface
with plaster of Paris, junking all one-way
disk plows. depopulating the plains, dam-
ming a pond on every farm, mulching the
land with crushed limestone. planting mul-
berry trees, irrigating all the cultivated
land from wells!

The disaster mounted. There were 40
dust storms in 1935; 68 in 1936; 72 in
1937. The storms were fearful to behold.
They gave casual observers the impression
that the whole face of the earth was blow-
ing away. Yet this was and still remains
a popular misconception. Surveys by the
Soil Conservation Service proved that
those frightful black blizzards were built
up out of dust arising from less than a
twentieth of the total Dust Bowl area,
and, more astonishing still, from only
a seventh of the plowed acreage.

HE ANSWER to the blizzards of dust

was eventually found in that vast
acreage of farmed land that stayed put in
spite of the winds. It was not strong winds
alone that caused the storms, for even
high velocity winds in the open plains
cannot raise dust without soil exposure.
Nor was it plowing alone. Experiment and
field experience demonstrated that land
could be kept safely in cultivation even
in the high-hazard areas of wind erosion—
provided only that a cover of vegetation
was maintained continuously on the soil.
The ideal way is to use the residues of
productive crops. leaving a stubble mulch



of stalks and straw to tide over the soil
from one crop to another. It is surprising
to observe how small a quantity of the
right kind of litter it takes to protect the
soil against a 60-mile-per-hour wind. And
the straw from one good wheat crop will
hold the soil through the blow season for
two years, if it is well managed.

Few farmers on the southern plains had
fully realized what a revolution in their
soil management problems had been
wrought by the advent of winter wheat. In
the early days when corn, millet. oats,
barley and sorghum were the only crops,
wintering the land with stubble standing
was the natural and easy thing to do. Dur-
ing the 1920s, when wheat-farming swept
over the plains like a prairie fire. three
new conditions were injected: 1) soil
preparation for this new crop came at the
end of the wet season instead of at the
beginning; 2) wheat lent itself well to
large-scale mechanized production and
prompted a huge increase in cultivated
acreage; 3) this in turn induced the plow-
ing of considerable areas of low-grade
soils. All this, combined with the lack of a
stubble residue and with successive years
of drought. set the stage for catastrophe.
At their height the dust storms became
not a local but a national calamity. Fran-
tic emergency aid programs were under-
taken to beat down the dust. Progressive
farmers. state institutions and federal
agencies began a long, slow fight to cover
the soil.

HE stubble mulch, called “trashy”
farming, proved to be the most uni-
versally practical method. The semi-arid
climate of the southern plains is favorable
to slow rotting of crop residues, and fields
were stabilized by successive additions of
trash in all stages of decay mixed into the
topsoil. Farmers were persuaded to grow
crops affording a good supply of durable
stalks or straw as cover. Contour tillage
was introduced to save water runoff, in-
crease yields and overcome crop failures.
Curved rows and stubble-mulched fields
had never been considered entirely re-
spectable before. They needed any en-
couragement that science could give. So
tests were made of crop yields, and new
implements were devised to till the soil in
such ways as to leave the straw and stub-
ble of crops on the surface for protection.
Although rainfall remained below aver-
age through 1940, the tide was turned
against the dust in 1938. That year there
were 61 major dust storms, 11 fewer than
the year before; in 1939 they fell to 30;
in 1940 to 17; and by 1945, with increased
rains, the cycle dropped to the low point
of a single dust-bearing storm.

In the end, a recapitulation of the dam-
age to our soil resources told an eloquent
story. All in all. 6.541.000 acres in the
southern plains had been put out of culti-
vation by wind erosion. But 25.500,000
acres of good soils came through un-

RECLAMATION of Dallam County, Texas, field that has gone into dunes
is begun by planting grasses which hold soil and trap dust. This field is
classic example of evil of farming poor land. It was put into cultivation in
1931 and farmed for three years. It went into dunes when it was left idle.

MODEL FARM in Grayson County, Texas, uses several methods to con-
serve water and prevent erosion. Fields are terraced and cultivated along
the contours of the land. Different crops are also planted in long strips.
Smaller field near the farmhouse is to provide vegetables for the home.

9
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scathed. Of the top-grade wheat lands,
only four fifths of one per cent was lost.
On medium-grade soils, the loss was 26.5
per cent. Far and away the greatest dam-
age was to the 3,890.000 acres of low-
quality soils which had been in cultivation
(and were just about played out anyway
when the storms and low prices struck in
twin fury). Of this poor land, 90 per cent
was damaged beyond repair; it could
never be restored for cultivation, and even
as grazing land its capacity was per-
manently lowered.

Thus 59 per cent of the storm dust of

vent their complete destruction. the more
difficult the problem will become. for the
pressure to use these lands will increase.

The Great Plains. because its acreages
and productive potential are vast. is the
crucial area to us as a nation. The great
weakness of our position in the plains is
along the western fringe of dry farming—
the area of less than 17 or 18 inches of
annual rainfall. This marginal zone of
major risk, scene of this year’s dust
storms. lies beyond the former Dust Bowl
areas. The difference is symbolized in the
altered color of the dust storms; the black

NEBRASKA
25"

KANSAS

MARGINAL LANDS (outlined in blue) adjoin the established dry farming

or irrigated farming areas of seven western states. Three white contour lines
indicate inches of average annual rainfall. Farmed during the war, these
lands were less able to withstand wind erosion than established areas.

the 1930s came from poor land, the kind
which cannot long be maintained under
cultivation. The moral is clear: we could
avoid more than half of our dust trouble
before it starts by recognizing the limita-
tions of soils and refraining from over-
cultivation of poor land.

But the problem is not simple. The fact
that farmers broke into inferior soils is
a symptom of national and world-wide
poverty of land resources. It means that
good virgin soils have become very hard
to find. And the desperate nature of this
pinch will become more and more clearly
apparent as the vears go by. Ironically,
the more urgent becomes the need to
lighten the pressure on poor soils to pre-

10

dust of the ’30s that arose from the richer
loam of Okie territory was less ominous
than the yellow storms now rising from
the more vulnerable lands of Texas and
New Mexico.

This is where semi-arid climate breaks
off into arid climate, where the deep soils
of the high plains give way to the medium-
depth soils and the shallow, where the
sandy loams merge into shifty, loose
sands. The better lands in this area can
be handled safely by stubble-mulch farm-
ing, but most of the land should be kept
in grass. On the low-capability soils, once
taken out of sod. wind-erosion control is a
physical impossibility.

It is on this critical soil that the cur-
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rent battle with dust is being fought. Un-
der war’s pressure. cotton and feed-crop
cultivation in Texas expanded westward.
too far beyond that certain point of safety.
Farther north. wheat-growing has spread
over the shallow clay and silty soils of
Colorado. Oklahoma and Kansas—soils
that may last a little longer than the sands
but that are destined for inevitable break-
down and abandonment. This is the ter-
ritory of the big land companies and the
“suitcase farmer,” who leases a tract for a
short period, mines it to exhaustion. and
moves on.

At the south end of the plains. we are
already facing the unpleasant conse-
quences of submarginal cultivation and
failure to protect the soil. At the start of
the present planting season, 2.8 million
acres were not sufficiently protected by
cover crops or residues. To date, plant-
ings have failed on about one third of this
unprotected area. To head off continued
soil-blowing which is in prospect for next
year would require a miracle of favorable
fall crop conditions. To insure against a
long period of trouble we need prompt and
drastic action: the immediate converting of
the recently plowed poor lands to pasture.
which may take several years to accom-
plish. If events run true to form, however,
the operators of these marginal soils will
hang on to the bitter end, resisting pleas
to save the soil before its final breakdown.

T HE PERMANENT residents left be-
hind who will have to contend with
the dust, the encroachment of creeping
drifts of soil and the long and tedious task
of stabilizing blown-out fields, are for the
most part members of the Soil Conserva-
tion Districts. These districts are legal
subdivisions of the states under enabling
legislation. Organized and controlled by
the member farmers and ranchers, they
receive technical assistance from the U.S.
Department of Agriculture. Nearly 400
Soil Conservation Districts have been or-
ganized in the Great Plains area and
new ones are formed from time to time.
They have authority to deal with serious
erosion emergencies in several ways. One
that was widely used in the late 1930s was
to accept free leases from distressed or
absentee land owners for the purpose of
planting cover crops.

But standing by to pick up the pieces
is not enough. The land cannot endure
one emergency after another. Real and
thorough precautions to prevent emer-
gencies from developing are what we need.
Maintaining suitable control measures on
legitimate crop land is a vital part of that
program. Beyond that, we cannot escape
the conclusion that it is equally important
to keep crops out of arid territory and off
the thin and sandy soils of border areas.

——————_
H. H. Finnell is research specialist

for the Soil Conservation Service of
the U.S. Department of Agriculture.
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DRIFTS OF SOIL rippled among the buildings of the
Karnstrum farm in the 1930s (above). Abandoned dur-
ing the drought and dust storms, the farm was later
rehabilitated by planting it with Sudan grass, a tough

species which requires little water. In the picture helow
the surface of the barnyard has been stabilized by a
heavy growth of grass. In the fields of the farm, the
grass has yielded a crop of 8 to 10 tons to the acre.
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PRIME FOCUS of 200-inch telescope (see diagram on
opposite page) is in a cylinder suspended at upper end
of the tube. Here camera looks down toward the mirror.
About prime focus cylinder is a plywood screen which

ACTUAL CURVATURE of the mighty 200-inch mir-
ror is less than the common conception but more than
any other mirror of comparable size. The 200-inch mir-
ror is f 3.3, bringing the light it collects to a focus at a

is perforated for special mirror tests. The man in the cyl-
inder has his left hand on the prime focus photographic
plate-holder. In his right hand are buttons for limited
control of the telescope from the prime focus station.

point 3.3 times the mirror’s diameter away from its sur-
face. This required that the spherical surface be ground
down 33/ inches at the center. Making the sphere para-
bolic called for grinding the center .05 inch deeper.
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NIGHT ON PALOMAR

Now that the mirror has been through the early

tests, where do we go from here? An account of

present problems and future astronomical plans

« OULD YOU be interested,” Rus-

;x/ sell Porter inquired, “in an after-

noon, an evening and a morning

at Palomar Observatory with the run of

the 200-inch telescope and perhaps a

squint or two through it, as a guest of
the Hundred-to-One-Shot Club?”

The Hundred-to-One-Shot Club is a
group of ten middle-aged amateur as-
tronomers, mainly physicists, who during
a dozen years have met for camping trips
in the desert and mountains. There they
relax and have discussions about the phi-
losophy of science, in which the chance of
reaching a conclusion runs about a hun-
dred to one.

From Pasadena—where the official own-
er of the 200-inch telescope, the California
Institute of Technology, is located—to
Palomar Mountain (not Mount Palomar)
is 130 miles by road. Thus Palomar is not
“just outside Los Angeles.” The final 11
miles of the three-hour drive to Palomar
includes a seven-mile ascent of the moun-
tain over a fine road that winds in con-
tinuous curves up to a broad, rolling pla-
teau. Four miles back on the plateau the
silvery silhouette of the 137-foot observa-
tory dome leaps into view. Its observation
floor is 5,598 feet above the Pacific.

Arranged around the great dome at
thousand-foot distances are the domes of
the 18-inch and 48-inch Schmidt cameras.
Tucked in a quiet cove under oak trees is
the “Monastery,” where the astronomers
live while actually on the mountain using
the telescope. Between times they return
to Pasadena to work up their data. The
Monastery is an unpretentious modified
dwelling run by a steward and stewardess.
In it are eight daylight sleeping cells,
small soundproof rooms off quiet corridors
with special window shutters tight enough
to exclude the California sun so the noc-
turnal astronomer can sleep.

A quarter of a mile from the big dome is
the observatory’s private picnic ground.
Here, while it was still light, we arranged
our blankets on the dry ground deep in

by Albert G. Ingalls

tall ferns to fend off night breezes. Some-
one called for an ax and came back
dangling a beheaded rattlesnake. Someone
else mentioned casually that hundreds of
rattlers had been killed there, so theoreti-
cally they were “mostly” gone. The antici-
pation of seeing the 200-inch pushed such
thoughts into the background. The mem-

&

THREE FOCI of the big mirror give
it flexibility for differing problems.
They are the prime focus (1), Cas-
segrainian (2) and the coudé (3).

bers of the Hundred-to-One-Shot Club sat
down before dark under mistletoe-mottled
oaks to eat steaks almost a foot square.
Soon it was dim enough to use the tele-
scope.

NSIDE the dome of the 200-inch the
night assistant perches before a con-
trol desk having a satisfying array of
dials, indicators and buttons. Here he exe-
cutes orders given him through a talk box
by the astronomers in any of three work-
ing positions on the telescope: the prime
focus atop the tube, where most of the
star photography will be done; the longer
Cassegrain focus just under the tube,
where the photography of stars or of spec-
tra will sometimes be carried on; and
the coudé focus a little below main floor
level where stellar spectra will be photo-
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graphed in a constant-temperature room.

Bruce Rule, engineer in charge of the
telescope’s vast complex of electrical
equipment. much of which he designed.
ran the control board. The million-pound
mounting obeys the command of a finger.
If you wish to point the tube at a given
star you look up its declination (celestial
latitude) in the astronomer’s Ephemeris,
turn a little hand crank to that declination.
press an ‘“exec” button and the tube
swings north or south within its support-
ing yoke. Then you wind another little
crank to the star’s right ascension (celes-
tial longitude), press an “exec” button
and a three-horsepower “slewing” motor
swings the yoke and tube across the skies
at 45 degrees a minute. A one-twelfth
horsepower driving motor then takes hold
and keeps the star in the field as the earth
turns. The actual power needed is theo-
retically only 1/165,000 horsepower.

Officially, there is no way to use the
200-inch telescope as a visual instrument.
It is a huge camera. However, a crude eye-
piece in the form of an eight-power hand
telescope had been attached temporarily
near the coudé focus at the observatory
floor level. This, in combination with the
200-inch, gave a magnification of 800
diameters.

With a prolonged carpet-sweeper whine
from the slewing motor and worm gears,
Rule swung the tube down nearly to hori-
zontal and brought the image of the planet
Saturn into the eyepiece. Alas, Saturn was
so indistinct that not even Cassini’s divi-
sion between two of the rings could be
seen. Otherwise the image was large (one
inch apparent diameter) and was bril-
liantly illuminated by the light collected
in the 200-inch mirror. Each person had a
look at Saturn, and then Rule swung the
tube to Mars. Of all the Martian markings
the polar cap alone could be distinguished
and that only vaguely.

The members of the Hundred-to-One-
Shot Club made little comment about these
poor images because they understood the



ALUMINIZED SURFACE of the main mirror, photographed from the upper
end of the tube, confuses the anatomy of the telescope. The surface of
the mirror is near the flange about the 40-inch tube in the center. Behind
the flange are reflections of the tube, the prime focus cage and photographers.
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SUPPORTING CELL of the mirror is revealed in a view of the lower end
of the telescope tube. Through the perforations in the cell are visible
the 36 lever mechanisms (see opposite page) that support mirror in all
positions. Friction in these supports is a temporarily unsolved problem,
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reasons for them. Light from objects too
near the horizon passes through many
added miles of atmosphere whose varying
density causes irregular refraction. In any
case, all understood that the visual use of
the 200-inch was no more than a stunt.
They knew also that a six-inch telescope
might at times provide a better show, ex-
cept for the brilliant images made possible
by the big mirror. They knew, too, that
they had been privileged to play with the
200-inch only because it was not yet ready
for serious work.

Now the telescope was tried on Messier
13, a globular cluster of 50,000 stars
36,000 light-years distant. It easily re-
solved the cluster. We could look through
it and out into the blackness of space be-
yond. The secret of the suddenly improved
seeing was that M 13 was near the zenith
and the rays from it had passed through
a minimum of atmosphere.

Dr. John Anderson. who with his super-
intendent Marcus Brown made the mirrors
of the 200-inch. exclaimed, “This image
is wonderful. It could be photographed.”
Later at Pasadena he handed me the only
six plates thus far made with the telescope
and a magnifier for examining their im-
ages. They looked excellent. These six
plates, however, had been taken only to
locate the optical axis of the mirror.

To have supposed that the telescope
would be ready to start working as soon as
the 200-inch mirror was added to the wait-
ing mounting would have been naive.
You can set up a Sears. Roebuck windmill
with the wrench in the bottom of the box
and use it at once, but a 200-inch telescope
is not a windmill and many fine adjust-
ments must be made.

We left the rigged-up eyepiece and wan-
dered for hours among electrical mazes in
the rooms beneath the observation floor.
Much of the electrical equipment consists
of interlocking controls to prevent absent-
minded observers from using in damaging
sequence the 60 control motors that op-
erate parts of the telescope. We saw the
vibrating-string time standards that are
accurate within less than a tenth of a sec-
ond a day, the pumps that force oil at 210
to 385 pounds per square inch under the
hearings of the mounting so that the whole
million-pound telescope floats on a film of
oil. We poked our heads into the kitchen
where the astronomer may get a refill after
a chill night aloft, and into the lounge
where he may study, read or loaf between
jobs.

The optical essence of the two-million-
pound telescope weighs less than a quarter
ounce. Light from the stars reaches a
paraboloidally curved aluminum mirror
200 inches in diameter and 1,/200.000-inch
thick—an amount of metal approximately
the bulk of a nickel—which reflects it to
a light-sensitized sheet of photographic
emulsion a thousandth of an inch thick.
The remainder of the telescope consists of
accessories: the glass plate that supports
the emulsion; the glass disk, commonly
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called the mirror. that supports the alu-
minum; the 36 levers with counterweights
that support the glass disk and the plat-
form or cell that supports both; the tube
that carries the cell; the yoke that carries
the tube; the base frame that carries the
yoke and the big steel balls that carry the
base frame and rest on plates set in
Palomar’s gray granite. The function of
all these accessories is to support the mir-
ror and emulsion in correct geometrical
relation and to move them precisely and
controllably.

Of all these mighty bones and vital or-
gans only one, the lever support system
beneath the main mirror, still keeps the
200-inch telescope a little under the doc-
tor’s care.

If the mirror disk were made of solid
glass two feet thick, two specific effects
would be so pronounced as to forbid its
use in a telescope as large as 200 inches
in diameter. The first is that when the mir-
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48 hours to a very workable 80 minutes.

The ribbed structure also afforded two
other gains: 1) the weight was reduced
from 25 to 14%% tons; 2) the ribs per-
mitted the installation of a balancing
mechanism. At their intersections, 36 deep
round pockets were cored out and into
these pockets lever mechanisms were in-
serted to support the mirror over its entire
area. These levers balance the weight of
each of the 36 local areas surrounding
them, and pass the weight to a steel cell
beneath the mirror. They are effective in
all positions of the mirror between hori-
zontal and vertical because they combine
two lever principles. These are worth
studying in the accompanying drawings.
In both cases shown, horizontal and ver-
tical, the fulcrum is indicated by arrows.
In all positions between the two extremes
the same lever automatically and at one
time acts on both principles in proportion
to the tilt of the mirror. So fine are these

SUPPORTING MECHANISM of the mirror is made up of 36 relatively
simple arrangements of weights. When the mirror is horizontal (left), each
pair of weights pushes upward against its surface. When the mirror is
vertical (right) the supports operate against ribs on back of the mirror.

ror was tipped up at an angle it would
slump appreciably of its own weight. The
second is that because of changing air
temperatures around the disk it would
never cease bending. It is true that in a
constant-temperature room it would reach
one temperature throughout after about
two days and thereafter its outer and inner
layers would cease to contract and ex-
pand unequally. But in a telescope, even
within a dome that is insulated against
daytime heat by aluminum foil equal in
value to 24 inches of cork, the night-time
changes of temperature would chase one
another continually through its mass. And
so poor is glass as a conductor of heat that
the optical surface would never cease flex-
ing from the unequal expansion.

To defeat this bogey the Corning Glass
Works suggested a cellular disk consisting
of a face four inches thick and, cast as
part of it, rear ribs four inches thick. In
such a disk, no part of the glass would be
more than two inches from the air. By this
one trick the temperature-equalization
time was reduced from the inadmissible

supports that even if the mirror were as
thin as paper it would theoretically still be
supported in all positions without flexure.
Actually—and here comes a headache—
the adjustment of the balancing weights
each along its lever is an endless game
because change of one support effects
areas of the disk beyond its allotted ter-
ritory.

The supports have recently been the
optical sore thumb of the telescope. Re-
fined as they are, each with 1,100 parts
(the drawing is greatly simplified) . there
has remained within them residual fric-
tion amounting to about 1.3 per cent.of
the weight supported. This caused enough
lag in response as the mirror took new
angles of tilt to prevent it from remaining
within the required 1/200,000 inch of a
true paraboloid.

Just how important the “trifling’
amounts involved can become in a large
mirror is heavily underlined in the fol-
lowing data supplied by Anderson. If no
local support system were provided under
the 60-inch mirror at Mount Wilson—if it

s
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were supported only at the edge—the sag
in wavelengths of light (each approxi-
mately 1/50.000 inch) would be 4; in the
100-inch mirror it would be 12; in the
200-inch mirror it would be 125. The
amount of sag that can be tolerated is
only one-fourth wavelength. The 200-inch
would therefore sag to the extent of 500
times the allowable amount!

Newly designed supports are expected
to reduce the friction lag from 1.3 per cent
to only 0.05 per cent. If they are success-
ful, and they probably will be, they will
be installed and adjusted in September.
After their first adjustment the mirror
probably will perform satisfactorily at
once. If it does not, a long series of ad-
justments may be necessary. These would
not be so simple as adjusting a nut with
a monkey wrench. The procedure would
be to make trial adjustments and to ob-
serve the effect on the mirror. The observa-
tion would consist of making a Hartmann
test photographically. For each such test
a week would waste away.

During this period wild rumors may
spread by grapevine. Those responsible
for the success of the telescope are en-
titled to a generous period of time for
making their adjustments. Cautious read-
ers should judge rumors with reservation.
Three decades ago it took a year and a
half to adjust the 100-inch telescope and
even then the support system contained a
heavy friction lag for the first 10 years.
until ball-bearing supports were installed.
The supports of the 200-inch are also ball-
bearing.

HREE DECADES of technical ad-

vances have been utilized to the ut-
most in the 200-inch. This is most notably
true of its many remote-control mechan-
isms. Push buttons and small motors ac-
complish what formerly was done more
slowly by hand. There are 60 small motors
and 68 Selsyn units in the installation. An
example of the value of remote controls
which permit the telescope to be used to
its greatest advantage was given me by Dr.
Edwin Hubble.

The astronomer is working at the prime
focus at the top of the tube but the air is
unsteady and tremulous and he cannot get
high resolution. Suddenly it settles down.
He wants to get large-scale spectra of the
components of a certain double star, so he
pushes buttons that start motors that move
auxiliary mirrors into place, and descends
quickly to the coudé focus to carry on
with his program. Elapsed time: 15 min-
utes.

Again, the astronomer is at work with a
photocell at the prime focus. Along come
intermittent clouds that destroy his bright-
ness measurements. Leaving his photocell.
he puts on the coudé focus and spectro-
graph—time 15 minutes—and works
there. The only effect of passing clouds
here is to delay the progress by lengthen-
ing the exposure. Later the clouds pass
over and he easily changes back to his
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brightness measurements at the prime
focus.

With the 100-inch at Mount Wilson
there has been no such flexibility. The best
the astronomer could do was to have two
or three different programs at hand and
choose the one best suited to the night.
But, once started on it, he couldn’t well
change to another, since the change from
prime to Cassegrain or coudé focus took
more than an hour. Even then conditions
might shift while he was changing over.

The 200-inch has been named the Hale
Telescope in honor of George Ellery Hale
(1868-1938) whose vision and leadership
made it a reality. Hale. the founder of the
Yerkes and Mount Wilson Observatories,
obtained $6.550.000 from the Rockefeller
Foundation General Education Board for
the California Institute of Technology to
build the telescope, which Caltech owns.
Now that it is built, the astrophysical staffs
of Mount Wilson and Caltech have been
merged under the direction of Dr. Ira S.
Bowen, formerly of Mount Wilson.

At the offices of Mount Wilson Observa-
tory, which are in Pasadena and not on
the mountain (10 air, 25 highway miles
away), I asked several astronomers to
name typical research problems—not
necessarily their own—to be carried out
by the 200-inch.

The problems stated by Dr. Paul W.
Merrill, spectroscopist: 1) Astronomical
check on the spectroscopic theory of the
iron atom. 2) Analysis of stellar atmos-
pheres to determine motions and accelera-
tions in them. 3) Spectroscopic analysis,
as detailed as the new telescope can make
it, of the atmospheres of variable stars. 4)
Study of long-period variable stars that
have been too faint at their minima for
further work with the 100-inch. The most
interesting problems arise, in fact, when
these stars are at their minima.

The problems enumerated by Dr. Wal-
ter Baade. cosmologist: 1) Use of the 200-
inch to double our sampling of individual
stars in the local galaxies. The basis upon
which we have begun to explore the uni-
verse has been the detailed study of the
“local group” or cluster of 14 galaxies
within a million light-years. In these we
have found Cepheid variable stars which
make possible the determination of galac-
tic distances. With the 200-inch we may
find Cepheids in more distant galaxies. 2)
Study of Type II stars in elliptical nebu-
lae of the local group such as the two com-
panions of the Andromeda Nebula. 3)
Extension of our photometric (magni-
tude) scale to the limit of the 200-inch, to
stars of magnitude 22.5. The limit with the
100-inch is about magnitude 21. 4) In
the Andromeda Nebula, which is so good
a model of our own galaxy that it serves as
an excellent guide for its investigation,
there are globular clusters similar to the
100 to 200 globular clusters in ours. Pho-
tographed by the 100-inch these show only
as little round patches not resolved into
individual stars. The 200-inch should re-
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solve them and prove that their tentative
identification as globular clusters is cor-
rect.

DWIN HUBBLE lists these problems:

1) Determining the relative abun-
dance of the chemical elements in differ-
ent kinds of stars. These data will have
direct bearing on the source of stellar
energy and the origin of chemical ele-
ments. 2) General problems of cosmolog
—the structure and behavior of the uni-
verse as a whole. Is the region of space ob-

—
SLECTION

1o0,000 light years

STRUCTURE of our galaxy limits
the view of the 200-inch, as it does
that of any other earth-bound tele-
scope. Solar system’s view of outer
space is obscured by dark clouds
toward edge and center of galaxy.

servable with the 100-inch, the contents
of which are found to be quite similar
throughout, a fair sample of the universe?
The 200-inch, by penetrating twice as far
into space as the 100-inch, will multiply
our sample by 2% or 8. Again, is the uni-
verse actually expanding or is the red shift
evidence of ‘'some new law of nature?
3) Hubble describes the question of the
canals of Mars as an opportunity for the
200-inch, since for the first time it may be
possible to photograph by snapshot with
that great light-gatherer all that the eye
can see with a telescope of moderate size.

Many astronomers react as unfavorably
to the mention of Mars as they do to the
common use of the word “lens” for mirror
and “big eye” for the 200-inch mirror
(it isn’t an eye but a camera). Thoughtful
laymen agree with them that cosmology
vastly outranks nearby Mars in signifi-
cance. But even thoughtful people some-
times take interest in what the next-door
neighbors are doing.

Hubble divides Martian observers into
two categories: those who claim to see the
hairlike canals (adjacent to major mark-
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ings that have been photographed) and
those who don’t. If you have seen them,
as I have, you will swear they are as real
as your hand, but one can feel the same
way about optical illusions.

If, however, we could photograph the
Martian canals, the dispute would be set-
tled. Mars isn’t bright enough for a snap-
shot with the 100-inch and during the
necessary time exposure (a second or so)
the fine detail of the supposed canals is
smeared over the plate by our atmos-
phere’s evil behavior. (The eye. however,
can hold an image, as after a flash of light-
ning. This is largely how we see the canals
and explains why, for once, the eye excels
the plate.)

The 200-inch collects just enough light
to allow snapshots of Mars. These may be
made by having movie film ready to run
off during a few minutes of “gocd seeing”
afforded by the atmosphere when Mars is
closest to the earth. A few lucky exposures
may thus result. The canals of Mars al-
most never look like the neat maps pub-
lished in books, which often embody the
integrated momentary visions of months
or years. Mars will be relatively close to
the earth in March, 1950, and May, 1952.
Astronomers may then find time to expose
movie films.

The 200-inch, the astronomers say, is the
last big telescope, “absolutely the final
limit in size.” Not technological but mete-
orological obstacles are what set this limit.
Just as the 100-inch has been squeezed to
its limit so the 200-inch will be. Some fu-
ture type of instrument, possibly using
microwaves, may, however, carry out ex-
plorations into new realms of space.

Of equal importance with the 200-inch,
or even greaterimportance during the next
few years, will be the 48-inch Schmidt
camera at Palomar; yet so religiously
do we worship magnitude that the 200-
inch has stolen the show thus far. The
Schmidt, though its bright dome is con-
spicuous from the entrance porch of the
200-inch, has not yet caught the publiceye.

This big Schmidt camera is firmly wed-
ded to the 200-inch. The importance of the
Schmidt is due to the fact that it will pho-
tograph the whole sky. Has the sky not
been photographed? Not as the Schmidt
will do it, not so distantly into space and
at the same time so thoroughly.

Ordinary telescopes reach great dis-
tances, grasp faint detail, but only in tiny
areas. They bore deep but narrow shafts
into space. The whole visible hemisphere
of the heavens contains about 20,000
square degrees. To cover a single square
degree would require about 25 photo-
graphs with the 200-inch. It would require
an impossible half million photographs by
the 200-inch to photograph the entire
hemisphere.

The impression is widespread that be-
cause the 100-inch has been pushed to the
limit it has photographed everything in
the sky out to 500 million light-years. On
the desk of the cosmologist Hubble is



a chart of the heavens, dog-eared and
dingy from years of handling, that shows
the area photographed by the 100-inch
over three decades. The unphotographed
areas exceed the photographed areas by
more than a hundred to one. What has
been done can be considered no more than
sample, though it is a sample that has been
systematically distributed.

By about next June the 48-inch
Schmidt will begin a program of systemat-
ically photographing the whole sky on
1,000 pairs of 14-by-14-inch plates, one
red-sensitive, one blue-sensitive. Each will
picture an area seven degrees square, with
the light-gathering power (distance) of
a 60-inch telescope of more orthodox de-
sign. Each plate will cover 1.225 times
the area of good star images covered by
a single plate taken at the prime focus
of the 200-inch. And each plate will reveal
stars only two magnitudes brighter than
the dimmest picked up by the 200-inch
(20th magnitude as against 22nd or 22.5).

Thus the 48-inch Schmidt will recon-
noiter for the deep penetrations of the 200-
inch. With it astronomers can seek out
likely spots to hunt for significant objects,
on which the 200-inch will then be trained.
Without the Schmidt the 200-inch, handi-
capped by its tunnel vision, would be vir-
tually blind.

After a disappointing night without
rattlesnake bedfellows, the antivenin pro-
vided thus being wasted, the members of
the Hundred-to-One-Shot Club washed
their faces, omitted to shave, and went to
look at the Schmidt. Its optical parts were
found in boxes ready for installation.

Porter’s cutaway drawing shows more
of this 20-foot “mortar” than could be
seen at the site. The primary mirror, 72
inches in diameter, has a focal ratio of
2.5. The correcting plate has 49-inch clear
aperture. The two identical 10-inch guid-
ing telescopes permit control in any posi-
tion of the tube.

HE 48-INCH Schmidt, like the 200-

inch, is a push-button telescope. Dial
the coordinates of the desired area, push
the buttons and the tube turns to it and
stops, ready for work. To insert a plate
or remove one, push another button. The
camera dutifully nods to horizontal posi-
tion, facilitating the change. The plate-
handling and developing rooms below the
observation floor would turn an amateur
photographer green.

The Schmidt is off bounds to visitors
and so is everything at Palomar except
the public parking area, the small museum
of Porter drawings and astronomical
transparencies, and the glassed-in visitors’
gallery on the floor almost beneath the
200-inch. This affords an excellent view.
Visitors may here enter freely any day be-
fore five and look their fill. With 100,000
of them already arriving annually, the ob-
servatory authorities must have some
ground rules for visiting if the telescope
is to accomplish its work.

VIEW of the 200-inch is a sphere two billion light-years in diameter set
in the depths of space. Projected on the surface of the sphere in this drawing
by Russell W. Porter are the actual areas obscured by dark clouds within
our galaxy. The gap in the lower part of this projection is the area that
never rises above the horizon at Palomar Mountain. Within the large sphere
is a smaller one representing space penetrated by the 100-inch telescope.

i

THE BIG SCHMIDT camera will be the handmaiden of the 200-inch in
its exploration of space. The precious observing time of the 200-inch can-
not be wasted in searching the heavens with its tiny field of view. The wide-
field Schmidt, however, can explore freely, revealing areas for the 200-inch
to probe. Principle of the Schmidt is that primary mirror at the bottom of
the tube is optically corrected by a thin, delicately curved plate at the top.

17
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PROPOSE in this article to describe
I the amazing experiments of Karl von

Frisch on the ways in which bees con-
vey information to their fellows, but first
I should like to tell a little about the man
himself. Von Frisch is an Austrian who
for many years held a zoology professor-
ship at Munich. He was in danger of being
thrown out by the Nazis, but his work with
the bees was considered so important by
the food supply ministry that his dismiss-
al was “postponed” until after the war.
During the war the zoological laboratory
where von Frisch worked was severely
damaged by bombing and his private
house, with the library he had moved
there for safety, was completely destroyed.
He is now working at the Austrian city of
Graz. Most of his investigation of bees is
carried on in a small private laboratory
at Brunnwink] in the Austrian Alps.

The studies to be described here were
almost all made after the war. Most of
them are as yet unpublished; some I know
from a manuscript submitted to me before
publication and the latest from corre-
spondence between von Frisch and myself.

Von Frisch began his work about 40
years ago by showing that bees are not
totally color-blind, as was then believed by
many on very inadequate evidence. By
means of experiments which he originated,
he proved that bees have a very definite
color sense and can easily be trained to
seek food on the background of a specific
color which they distinguish from other
colors. They are, however, blind to the red
end of the spectrum. From this beginning,
von Frisch went on to a lifelong study of
the other senses of bees and of many lower
animals, especially fishes.

His early experiments showed that bees
must possess some means of communica-
tion, because when a rich source of food
(he used concentrated sugar solution) is
found by one bee, the food is soon visited
by numerous other bees from the same
hive. To find out how they communicated
with one another, von Frisch constructed
special hives containing only one honey-
comb, which could be exposed to view
through a glass plate. Watching through
the glass, he discovered that bees return-
ing from a rich source of food perform
special movements, which he called danc-
ing, on the vertical surface of the honey-
comb. Von Frisch early distinguished be-
tween two types of dance: the circling
dance (Rundtanz) and the wagging dance
(Schwdnzeltanz). In the latter a bee runs
a certain distance in a straight line, wag-
ging its abdomen very swiftly from side

’ = ' to side, and then makes a turn. Von Frisch
SWARM OF BEES, going forth to establish a new colony, is covered with  concluded from his early experiments that
a teeming layer of workers. Bees sometimes perform their dance on the sur- the circling dance meant nectar and the
face of a branch, but here communication is less certain than in the hive. wagging dance pollen, but this turned out
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LANGUAGE OF THE BEES

A lone Austrian researcher has deciphered

the ritual used by the industrious insect

to direct its fellows to pollen and nectar

by August Krogh

to be an erroneous translation, as will
presently appear.

In any case. the dance excites the bees.
Some of them follow the dancer closely.
imitating the movements, and then go out
in search of the food indicated. They know
what kind of food to seek from the odor of
the nectar or pollen, some of which sticks
to the body of the bee. By means of some
ingenious experiments, von Frisch de-
termined that the odor of the nectar col-
lected by bees, as well as that adhering
to their bodies, is important. He designed
an arrangement for feeding bees odorifer-
ous nectar so that their body surfaces were
kept from contact with it. This kind of

chrysum among 700 species of flowering
plants.

HE VIGOR of the dance which guides

the bees is determined by the ease with
which the nectar is obtained. When the
supply of nectar in a certain kind of flower
begins to give out, the bees visiting it slow
down or stop their dance. The result of
this precisely regulated system of com-
munication is that the bees form groups
just large enough to keep up with the sup-
ply of food furnished by a given kind of
flower. Von Frisch proved this by marking
with a colored stain a group of bees fre-
quenting a certain feeding place. The

b
!

v

RUNDTANZ AND SCHWANZELTANZ (circling dance and wagging dance)
are bee’s principal means of communication. In Rundtanz (left) bee circles.
In Schwanzeltanz (right) it moves forward, wagging its abdomen, and turns.

feeding was perfectly adequate to guide
the other bees. In another experiment.
nectar having the odor of phlox was fed
to bees as they sat on cyclamen flowers.
When the bees had only a short distance
to fly back to the hive, some of their fel-
lows would go for cyclamen, but in a long
flight the cyclamen odor usually was lost
completely, and the bees were guided only
by the phlox odor. The odor gives very pre-
cise information about the flowers for
which to search. In one experiment in a
botanic garden, flowers of the perennial
Helichrysum, which produces no nectar,
were soaked in the sugar solution fed to
the bees. and in a very short time their
fellows sought out the tiny plot of Heli-

group was fed a sugar solution impreg-
nated with a specific odor. When the sup-
ply of food at this place gave out, the
members of the group sat idle in the hive.
At intervals one of them investigated the
feeding place, and if a fresh supply was
provided, it would fill itself, dance on re-
turning and rouse the group. Continued
energetic dancing roused other bees sit-
ting idle and associated them to the group.

But what was the meaning of the cir-
cling and wagging dances? Von Frisch
eventually conceived the idea that the type
of dance did not signify the kind of food,
as he had first thought. but had something
to do with the distance of the feeding
place. This hypothesis led to the follow-

© 1948 SCIENTIFIC AMERICAN, INC

ing crucial experiment. He trained two
groups of bees from the same hive to feed
at separate places. One group, marked
with a blue stain, was taught to visit a
feeding place only a few meters from the
hive; the other, marked red, was fed at a
distance of 300 meters. To the experi-
menter’s delight, it developed that all the
blue bees made circling dances; the red,
wagging dances. Then. in a series of steps,
von Frisch moved the nearer feeding place
farther and farther from the hive. At a
distance between 50 and 100 meters away,
the blue bees switched from a circling
dance to wagging. Conversely, the red
bees, when brought gradually closer to the
hive, changed from wagging to circling in
the 50-to-100-meter interval.

Thus it was clear that the dance at least
told the bees whether the distance ex-
ceeded a certain value. It appeared unlike-
ly, however, that the information conveyed
was actually quite so vague, for bees often
feed at distances up to two miles and pre-
sumably need more precise guidance. The
wagging dance was therefore studied more
closely. The rate of wagging is probably
significant, but it is too rapid to follow. It
was found, however, that the frequency of
turns would give a fairly good indication
of the distance. When the feeding place
was 100 meters away, the bee made about
10 short turns in 15 seconds. To indicate
a distance of 3.000 meters, it made only
three long ones in the same time. A curve
plotted from the average of performances
by a number of bees shows that the num-
ber of turns varies regularly with the
distance, although the correspondence is
not very precise in individual cases.

How accurately do the bees respond to
what is told them? This general problem
can be studied by putting out, at various
distances and directions from the hive,
plates which are similar to the one carry-
ing food but are charged only with the
corresponding odor. An observer watches
each plate and notes the number of bees
visiting it during a suitable period. Von
Frisch found in a typical experiment of
this sort that the plates in the same gen-
eral direction as the feeding place and at
a considerable distance were visited by a
large number of bees. One placed close to
the hive was visited by very few and those
in the opposite direction by practically
none at all. It was evident that the dance
must give information not only about dis-
tance, but also about direction. This was
made abundantly clear by another experi-
ment. The feeding table was placed in a
certain direction and at four different dis-
tances in four trials of the experiment.
Plates with the same odor were also laid
out in the three other directions and in
each case at nearly the same distance as
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the feeding place. At short distances
(about 10 meters) the bees searched al-
most equally in all directions. But begin-
ning at about 25 meters they evidently
had some indication of the right direc-
tion, for the plate with food was visited
by much larger numbers than the plates
at the other points of the compass.

The indication of direction is often sev-
eral (at least up to 10) degrees wrong,
and the uncertainty regarding the distance
also is appreciable. The searching bees
are helped to find the right place by the
odoriferous glands of their successful fel-
lows, who send out into the air at the
feeding place the odor which may be
specific for each hive. (This odor may also
serve as a kind of passport for the bees
returning home. All bees having a foreign
odor are attacked by the bees on watch at
the entrance.)

How did the returning bees indicate to
the other bees in the hive the direction of
the feeding place? A key to the answer
was given by the known fact that bees use
the sun for orientation during flight. A
bee caught far from the hive and liberated
after a few minutes will fly straight back.
But if it is kept in a dark box for a period,
say an hour, it will go astray, because it
continues to fly at the same angle to the
sun’s direction as when it was caught. Von
Frisch deduced that the bee dance must
signal direction in relation to the position
of the sun. Obviously it is impossible to
indicate a horizontal direction on a verti-
cal surface like that of a honeycomb. By
watching the dance, von Frisch discov-
ered that the bees make a transposition
to a gravity system and adopt the vertical
as representing the horizontal direction
toward the sun. When the sun, as seen
from the beehive, is just above the feeding
place, the straight part of the dance is
vertical with the head up. When the feed-
ing place is in the opposite direction, the
straight part again is vertical, but with
the head down. And when the food is not
in line with the sun, the bee shows the
horizontal angle between the sun and the
feeding place by pointing at the same
angle from the vertical on the honeycomb.

This indication of direction changes
continuously throughout the day with the
changing position of the sun, which is al-
ways represented on the vertical. The
dance is normally performed in complete
darkness within the hive, yet the bees,
roused by, following and imitating the
dancer, correctly interpret the signals to
an accuracy within a few degrees. It can
be observed without disturbing the bees
in photographic red light, which is invisi-
ble to them.

In the special hive by which von Frisch
first made these observations, curious de-
viations from the right direction were often
shown by all the bees simultaneously. Re-
cently von Frisch has found it possible to
analyze these and attribute them to pertur-
bations caused by light from the sky.
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It is a very curious fact, for which no
explanation has been found so far, that
the position of the sun in the heavens is
correctly used by the bees even when it is
hidden behind an unbroken layer of
clouds, and when in addition the hive is
placed in surroundings totally unknown
to the bees. This precaution is necessary
because in territory that the bees know
well they are experts in using landmarks.
It appears possible that infrared rays
from the sun, penetrating the clouds, may
guide the bees. Experiments have shown
that bees are not stimulated by heat rays
as such. but the possibility cannot be ex-

hive. In one such experiment he became
curious to see what would happen if the
honeycomb was put in a horizontal posi-
tion instead of the vertical. To his surprise
the bees responded by indicating the di-
rection straight to the feeding place, and
they kept on doing this even when the
honeycomb was slowly rotated like a turn-
table. It looked as if the bees had a mag-
net in them and responded like a compass
needle, but experiments showed them to
be not the least affected by magnetic force.
This method of pointing also takes place
under natural conditions, the bees often
performing horizontal dances in front of

BEE FED NECTAR without bodily contact (left) directs fellows to same
scent, proving body surface is not only bearer of odors. Bee fed phlox nectar
while sitting on cyclamen flowers (right) loses cyclamen odor on long flight.

cluded that the eyes of bees could be sensi-
tive to near infrared although insensitive
to visible red. This point has not so far
been investigated for lack of a suitable
light filter.

ON FRISCH has also undertaken

some experiments to determine how
the bees would cope with the problem of
a mountain ridge or tall building which
forced them to make a detour. He found
that they would indicate the air-line direc-
tion from the hive to the feeding place,
but would give the distance that they actu-
ally had to fly. One of the experiments of
this type is interesting because the bees
reacted in an unexpected way. The bees
were carefully led by stages around a
ridge about three hours’ climb from von
Frisch’s house. The bees, however, soon
found that they could save some distance
(50 meters) by flying over the ridge in-
stead of around it.

Von Frisch tells me that he himself con-
sidered some of these results so fantastic
that he had to make sure that ordinary
bees which had not been experimentally
trained could also do the tricks. They
could, and moreover he could see them
work on honeycombs removed from the

© 1948 SCIENTIFIC AMERICAN, INC

the entrance to the hive. It is known that
bees in a swarm gathered in a clump on a
branch sometimes perform dances on the
surface, but it is not known whether this
performance is intended to guide them to
a suitable new residence.

On the other hand, experiments showed
that on the underside of a horizontal sur-
face the bees were unable to indicate any
direction, and it turned out that their sig-
nals could also be easily disturbed in the
shade. Von Frisch therefore decided to
test directly their power of indicating di-
rection on a horizontal surface in the dark.
A movable chamber was built to enclose
the observer and the observation hive. By
photographic red light or even by diffuse
white light in a tent, the bees proved un-
able to indicate any direction on a hori-
zontal surface (although they can work
with precisiont in the dark on a vertical
one). They continually changed the direc-
tion indicated, but they were not re-
strained from dancing, and the stimulated
bees, thoroughly confused, searched for
food equally in all directions. The sun can
be replaced in these experiments by any
artificial light source of sufficient strength.
But only if such a light is placed in the
right direction, corresponding to that of



the sun at the time, are the bees led to-
ward the feeding place. Placed in any
other position, the light will lead them
astray.

Since the bees had proved able to give
a correct indication of direction in several
cases when the sun was not directly visi-
ble, the experiment was made of removing
the north wall of the observation chamber,
which allowed the bees to see only the
sunless sky. In clear weather this proved
sufficient to give them the correct orienta-
tion. Indeed, it was eventually found that
when light from a blue sky came into the
chamber through a tube 40 centimeters
long and only 15 centimeters in diameter,
this bare glimpse of the sky sufficed to
orient the bees toward the sun’s position.
Light from a cloud, however, was without
effect when seen through the tube. and
sky light reflected by a mirror was mis-
leading. The most probable explanation is
that the bees are able to observe the direc-
tion of the polarized light from the sky and
thereby infer the sun’s position. This hy-
pothesis has not so far been put to the
test, as polarizing sheets were not avail-
able in Austria.

SERIES of experiments made on in-

clined honeycombs showed a com-
bined action of direct light and gravity,
the result of which was, of course, a de-
viation from the true direction. Analysis
of earlier experiments, in which light from
the sky complicated the gravity reactions
of bees on a vertical honeycomb, showed
that the perturbations could all be quan-
titatively explained on the same basis.

I have tried to give a very condensed
account of the principal results which von
Frisch has so far obtained. This series of
experiments constitutes a most beautiful
example of what the human mind can ac-
complish by tireless effort on a very high
level of intelligence. But I would ask you
to give some thought also to the mind of
the bees. I have no doubt that some will
attempt to “explain” the performances of
the bees as the result of reflexes and in-
stincts. Such attempts will certainly con-
tribute to our understanding, but for my
part I find it difficult to assume that such
perfection and flexibility in behavior can
be reached without some kind of mental
processes going on in the small heads of
the bees.

Such processes may be, and probably
are, very different from those taking place
in the human brain. I would not venture
to proclaim them as “thoughts” in the
sense in which we use the word, but I do
think that something is going on in the
brain of the bee as well as in my own
which cannot be reduced to the terms of
matter and movement.

——————e.
August Krogh, winner of the Nobel
Prize for Physiology and Medicine in
1920, is professor emeritus of zoophy-
siology at the University of Copenhagen.

LONE BEE ALIGHTS on a rose to gather pollen and nectar to take back to

the hive. Bees sometimes forage as much as two miles away from the hive,
yet they are still able to direct other bees accurately to the same flowers.

BEES CLUSTER on the vertical comb surfaces of the hive. It is here that
they perform their dance. The movements which convey the direction of
pollen and nectar are transposed from the horizontal to a vertical system.

© 1948 SCIENTIFIC AMERICAN, INC

21



A.A.A.S. Centennial

N September 13, some 7,000 scientists

will gather in Washington for a four-
day meeting to observe the centennial of
the No. 1 American scientific organization,
the American Association for the Ad-
vancement of Science. At its first meeting
in 1848, officers reported that the A.A.A.S.
had 461 members; now it has 50,000 and
is growing at the rate of several thou-
sand a year.

The “Triple-A.S.” will mark its 100th
birthday with an unusual kind of meeting.
Ordinarily scientific gatherings are built
around the presentation of papers report-
ing individual researches. As the number
of participating scientists and the volume
of research have grown, meetings have
become more and more unwieldy; the
A.A.A.S. assembly in Chicago last Christ-
mas was a grueling marathon of hundreds
of papers. For its centennial, the asso-
ciation is inaugurating what it hopes will
become a new pattern for scientific meet-
ings. Instead of technical reports, its mem-
bers will hear outstanding scientists from
different fields bring their specialties to
bear on common scientific problems in
carefully planned symposia and prepared
addresses. The 15 symposia and 12 pre-
pared addresses scheduled for its birth-
day party will, it is hoped, start the
A.A.AS. into its second century with a
well-balanced report from key outposts
on the endless frontier of science.

Selective Service
CIENTISTS, advanced science stu-

dents and doctors are practically ex-
empt from military service under the new
peacetime draft law. Although Selective
Service headquarters, at the time of going
to press, had not yet spelled out how the
relevant provisions are to be applied, de-
ferment is clearly indicated for most of
the advanced science students and pro-
fessional researchers who fall within the
draft ages (19 to 25). Moreover. a section
which would have permitted the drafting
of doctors up to the age of 45 was dropped
from the bill as it made its final trip
through Congress.
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In addition to a strong statement in the
preamble on the importance of research
to the national safety and welfare, the
draft law contains this provision: “The
President is authorized, under such rules
and regulations as he may prescribe, to
provide for the deferment from training
and service . . . in the armed forces of the
United States of any or all categories of
persons . . . whose activity in study, re-
search, or medical, scientific, or other
endeavor is found to be necessary to the
maintenance of the national health, safety,
or interest; provided, that no person with-
in any such category shall be deferred
except upon the basis of his individual
status.” In another section, advanced sci-
ence students are exempt from the provi-
sion permitting deferment of college and
university students only to the end of the
academic year.

When the new Selective Service meas-
ure was first introduced into Congress,
doctors up to 45 years of age were in-
cluded at the request of the Army. The
Army has been short of medical personnel
since demobilization and feared that it
would not be able to meet the medical
needs of the larger army to be recruited
through Selective Service. The rejection
of the medical draft will compel the Army
to step up its appeal for doctor-volun-
teers and to recall more of the young doc-
tors who were trained at Army expense
during the war and who, in return, were
required to accept reserve commissions.

AEC Compromise

IAS the result of a last-minute Congres-
sional compromise, the present mem-
bers of the Atomic Energy Commission
will continue in office urtil June 30, 1950.
Early this spring, President Truman
nominated AEC Chairman David Lilien-
thal and his colleagues, whose terms were
to expire August 1, to new terms varying
in length from one to five years, as speci-
fied in the Atomic Energy Act of 1946. The
resolutions confirming the appointments
were buried by the Senate. Instead, in the
last hours before adjournment Congress
passed a compromise resolution extending
the old terms of the AEC’s members for
two years. On July 3 President Truman
signed the resolution because the present
commissioners would otherwise have had
only temporary status after August 1 and
“because the nation’s vital interest in
atomic energy requires even the limited
continuity of leadership which this meas-
ure will allow.”

In the case of another amendment to the
Atomic Energy Act, the President was
successful in registering his objection.
During its final weeks, Congress passed
and sent to the White House a resolution
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permitting Senate members of the Joint
Congressional Atomic Energy Committee
to obtain FBI reports on nominees to the
Commission. The President claimed that
the resolution was unconstitutional and
vetoed it. His veto was sustained.

Owing to a budget cut initiated by the
House. the AEC will have some $10 to $20
million less than was anticipated for basic
research during the current fiscal year. In
his original budget message. the President
had asked for $550 million for the Com-
mission, including $90 million for re-
search and development. This was reduced
to $512 million by Congress. About $10
to $20 million of the reduction, by Con-
gressional recommendation. is to be taken
from research and development. but not
from research on weapons. or on biology
and medicine. Thus the cut will fall large-
ly on basic research projects.

WHO

HE World Health Organization, which

has just wound up a five-week World
Health Assembly in Geneva. has provided
a rare gesture of Soviet deference to the
U.S.

In ratifying the charter of the WHO,
Congress made several reservations, one
of which—the right to withdraw on a
year’s notice—raised a question as to
American eligibility for WHO member-
ship. Nonetheless, the U.S. was unani-
mously voted in last month by the As-
sembly on a motion by the chief Soviet
delegate. Dr. N. A. Vinogradov.

Both the U.S. and the U.S.S.R. were
elected by the Assembly to the 18-nation
WHO executive board. As WHO presi-
dent, the Assembly unanimously chose
Dr. Andrija Stampar of Yugoslavia, rector
and professor of public health and social
medicine at the University of Zagreb. who
had served as head of the Interim Com-
mission that paved the way for the new
international health agency.

WHO’s permanent headquarters will
be in Geneva. Regional offices will be
established in five areas particularly in
need of international health assistance—
the eastern Mediterranean. western
Pacific, southeast Asia. and Africa. Latin
America will be integrated into the WHO
regional organization by afliliation of the
Pan American Sanitary Bureau.

Graded Hospitals

IN order to provide modern specialized
hospital services to residents of smaller
cities and rural areas—one of the most
urgent of the world’s current medical
problems—the hospitals of Sweden 15
years ago were organized into a graded
system around metropolitan medical cen-
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ters. The State of Maine four years later
instituted a similar plan. The system has
been so successful in both Sweden and
Maine that it has now been adopted by
New York State. This fall New York be-
gins construction of facilities for 54,000
new hospital beds under a five-year, $750
million program to be financed by Fed-
eral. state, local and private funds. As
they are finished, the new facilities will
band together with existing public and
private hospitals capable of meeting
modern medical standards in seven re-
gional groups. The base of each group will
be a score or more of 50-bed community
hospitals—at least one within 15 miles of
any resident of the state—able to give
certain types of care; over the com-
munity hospitals will be more completely
equipped 100-bed district hospitals; and
over them, metropolitan medical centers
equipped for the most elaborate diagnostic
procedures and care, and also able to
serve as teaching hospitals. The plan,
which was drawn up by the state’s Joint
Hospital Survey and Planning Commis-
sion, has the backing of every branch of
medicine in the state.

Underground Gasification

ATE this fall. the U. S. Bureau of Mines

and the Alabama Power Company

will conduct another experiment in the

underground gasification of coal. a process

that holds the alluring promise of pro-

ducing power from coal without min-
ing it.

Three generations ago, Sir William
Siemens suggested that coal need not he
mined to produce power. Siemens thought
that the combustion processes whereby
illuminating gas is made could be carried
out underground. Nothing came of
Siemens’ proposal until the 1930s, when
several underground gasification units
were built in Russia. Similar experiments
have also just been started in England
and Belgium.

The first American underground gasifi-
cation test was conducted last year by the
Bureau of Mines and the Alabama Power
Company in a small, isolated seam of coal
near Gorgas, Ala. The test was generally
successful, though the use of too small a
seam held down the heating value of the
product gas. This year, a larger, deeper
seam is to be employed, with the hope of
producing a “synthesis gas” suitable for
synthetic gasoline manufacture, as well as
a heating gas that compares favorably
with industrial fuel gas.

Commercial exploitation of under-
ground gasification is still some years
away. Effective development of the proc-
ess, however, might ultimately have a
revolutionary effect on the world economy.

Besides lowering the cost of synthesis and
industrial fuel gases, it might make pos-
sible the use of coal deposits too poor to be
worked by conventional methods and,
most important, free several million men
from the hard, dangerous task of digging
coal.

Foreign Students

ORE than 20.000 foreign students, a

L record number, attended U.S. col-
leges and universities during the 1947-
48 academic year. An even larger num-
ber is expected to register when the fall
semester begins next month.

The rise in foreign attendance at
American schools has come about despite
the shortage of dollars abroad and despite
the fact that only one of the three U.S.
Government programs for assisting for-
eign students is actually in operation.
Since 1943, Congress has enacted: 1) a
law providing for exchanges with Latin
America; 2) the Fulbright Act, under
which exchanges are to be financed by
the sale of American war surplus abroad;
3) the Smith-Mundt Act, which author-
izes exchanges as part of the “Voice of
America” program for promoting the
U.S. abroad. So far. only the Latin Ameri-
can program, which is limited to a few
hundred students a year. has made a real
start. The Fulbright program has been
delayed by the necessity for complex pre-
liminary international negotiations and

the Smith-Mundt program by Congress’ |

failure to appropriate funds.

As a result virtually all foreign students
now here are being financed with foreign-
owned dollars. Since the latter are scarce,
their studies represent a genuine sacrifice
on the part of their nations—and a tribute
to American education, particularly in the
sciences and professions, which, it is hard-
ly necessary to point out, are the visitors’
main concern. The largest number of
students, over 5,000, come from Asia.
Latin Americans are in second place.

Meetings in September

MERICAN Chemical Society, 114th
National Meeting. Eastern session,
Washington, D.C., August 30-September
3; Midwest session, St. Louis, Mo., Sep-
tember 6-10; Western session, Portland.
Ore., September 13-17.

American Institute of Biological Sci-
ences (the new federation embracing the
American Society of Zoologists and other
biological societies). National meeting.
Washington, D.C., September 10-13.

American Association for the Advance-
ment of Science. Centennial meeting (see
above) . Washington, D.C., September 13-
17.
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PHOTOSYNTHESIS

Life’s essential process, performed by stately trees

and microscopic algae, is imperfectly understood. But

the problem is slowly yielding to a concerted attack

AN is monarch of the animal king-
M dom, in aggregate bulk outweigh-

ing all other animals except fishes,
yet even man is less self-sufficient than the
poorest weed in the field. Physiologically
speaking, all the animals on land and in
the sea, including man, are but a small
brood of parasites living off the great body
of the plant kingdom. If plants could ex-
press themselves. they would probably
have the same low opinion of animals as
we have of fleas and tapeworms—organ-
isms that must lazily depend on others for
survival.

We cannot conceive of life existing on
the earth or any other planet without
plants; our main reason for suspecting that
there is life on Mars is the alleged green
coloration of certain parts of that planet.
So far as we know, green plants alone are
able to produce the stuff of life—proteins,
sugars, fats—from stable inorganic mate-
rials with no other help but the abundantly
flowing light of the sun. This is the process
called photosynthesis. Scientists have not
been able to imitate it in the laboratory,
even on a microscopic scale. But stately
green trees and microscopic diatoms alike
achieve it every day on a gigantic scale.
Each year the plants of the earth combine
about 150 billion tons of carbon with 25
billion tons of hydrogen, and set free 400
billion tons of oxygen. Few are aware, in-
cidentally, that perhaps as much as 90
per cent of this giant chemical industry
is carried on under the surface of the
ocean by microscopic algae. Only 10 per
cent of it is conducted on land by our
familiar green plants.

A tiny fraction of the organic material
synthesized by plants is later utilized as
food by animals. A much larger amount is
used in the respiration and other life ac-
tivities of the plants themselves. The great-
est part, however, is decomposed into
water. carbon dioxide and mineral salts by
the decay of leaves and dead plants on
land and in the sea. Under certain geo-
logic or climatic conditions the decay is

CHLORELLA, the common green
alga, is a favorite study of photosyn-
thesis researchers. Here it is grown
in flasks at University of Illinois.

by Eugene 1. Rabinowitch

halted. Huge masses of half-decayed plant
material then accumulate for millions of
years under a protective layer of rock or
silt, eventually to become peat or coal.

In endlessly repeated cycles the atoms
of carbon. oxygen, and hydrogen come
from the atmosphere and the hydrosphere
(the world sea) into the biosphere (the
thin layer of living things on the earth
surface and in the upper part of the
ocean). After a tour of duty which may
last seconds or millions of years in the
unstable organic world. they return to the
stable equilibrium of inorganic nature.

The organizations of atoms in the bio-
sphere are distinguished from those of the
inorganic world by two characteristics:
chemical complexity and high energy con-
tent. In the inorganic state they are sim-
ple molecules of carbon dioxide (CO.),
water (H.O). carbonic acid (H.CO.),
carbonate and bicarbonate ions (CO;— —
and HCO,—). In striking contrast is the
complexity of even the simplest organic
compounds, such as glucose (C;H..0¢) —
not to speak o f the enormous and intricate
structures which are the molecules of pro-
teins. It is this complexity that permits the
almost infinite variability of organic mat-
ter. One thing. however, all the multi-
farious organic molecules have in com-
mon: they are all combustible, i.e., they
have an affinity for oxygen. When oxi-
dized, they release an average of about
100 kilocalories of heat for each 10 grams
of carbon they contain. Thus all organic
matter contains a considerable amount of
“free” energy, available for conversion in-
to mechanical motion, heat, electricity or
light by gradual or sudden combination
with oxygen. Such oxidations are the
mainspring of life; without them. no heart
could beat, no plant could grow upward
defying gravity, no amoeba could swim,
no sensation could speed along a nerve,
no thought could flash in the human brain.
Certain lower organisms can exist using
sources of chemical energy not involving
free oxygen. such as fermentation, but
these are “exceptions that prove the rule.”

Photosynthesis by plants is the process
by which matter is brought up from the
simplicity and inertness of the inorganic
world to the complexity and reactivity
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that are the essence of life. The process is
not only a marvel of synthetic chemical
skill. but also a tour de force of power en-
gineering. When plant physiologists and
organic chemists study photosynthesis.
they are struck most of all by the feat of
manufacturing sugar from carbon dioxide
and water. When physicists or photo-
chemists contemplate the same phenome-
non, they are awed and intrigued by the
conversion of stable. chemically inert
matter into unstable. energy-rich forms
by means of visible light.

Not only are scientists unable to dupli-
cate photosynthesis outside the living plant
cell; they do not know of any halfway
efficient method of converting light energy
into chemical energy. If we knew the
chemical secret of photosynthesis. we
could perhaps by-pass plants as food pro-
ducers and make sugar directly from car-
bonates and water. If we knew its physi-
cal secret. we could perhaps by-pass the
“storage-battery” function of plants and
produce chemical or electrical energy
directly from sunlight. We might decom-
pose water, for example, into an explosive
mixture of hydrogen and oxygen that
could be used as a source of heat or power.

Historical Beginnings

The story of the little we know about
photosynthesis begins with Joseph Priest-
ley, who announced in 1772:

“I have been so happy as by accident to
hit upon a method of restoring air which
has been injured by the burning of can-
dles and to have discovered at least one
of the restoratives which Nature employs
for this purpose. It is vegetation. One
might have imagined that since common
air is necessary to vegetable as well as to
animal life, both plants and animals had
affected it in the same manner; and I own
that | had that expectation when I first
put a sprig of mint into a glass jar stand-
ing inverted in a vessel of water; but
when it had continued growing there for
some months, | found that the air would
neither extinguish a candle, nor was it at
all inconvenient to a mouse which I put
into it.”

In these words Priestley, religious re-
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ENDLESS CYCLE of the element carbon in photosynthesis is really two
meshed eyeles. Perhaps 90 per cent of all photosynthesis is carried out in
the sea by algae, which utilize atmospheric carbon dioxide (CO.) dissolved
in water as carbonate ions (HCO;-). Algae return carbon dioxide to the at-
mosphere by respiration and decay. In respiration, plants reverse photosyn-
thesis, absorbing oxygen and releasing carbon dioxide. All fishes live basi-
caily on algae. Some fishes are eaten by man, who returns their carbon to the
atmosphere by exhaling carbon dioxide. Land plants take in carbon dioxide
and release it largely in decay and respiration. Animals, eating plants and
other animals, also return plant carbon to the atmosphere. Industrial com-
bustion releases carbon dioxide by burning coal and oil, which contain plant
or animal carbon that has been stored in the earth from geologic past.

former, philosopher and spare-time natu-
ralist of the Age of Enlightenment. de-
scribed one of the most momentous obser-
vations in the history of experimental bi-
ology: the discovery of the capacity of
plants to produce free oxygen.

Seven years later Jan Ingen-Housz,
Dutch physician to the Austrian Empress
Maria Theresa, noticed another aspect of
the same phenomenon. Ingen-Housz wrote
in 1779:

“I observed that plants not only have a
faculty to correct bad air in six or ten
days by growing in it, as the experiments
of Dr. Priestley indicate, but that they
perform this important office in a complete
manner in a few hours; that this wonder-
ful operation is by no means owing to the
vegetation of the plant, but to the influ-
ence of the light of the sun upon the plant.
.. . I found that this operation of the
plants is more or less brisk in proportion
to the clearness of the day and the expo-
sition of the plants; diminishes towards
the close of the day, and ceases entirely at
sunset ; that this office is not performed by
the wchole plant, but only by the leaves and
the green stalks. . ..”

Thus was discovered the necessity to
photosynthesis of light and of the green
pigment chlorophyll. In 1782 a Geneva
pastor named Jean Senebier added an-
other important requirement: “fixed air”
(carbon dioxide). Only three cubic centi-
meters of carbon dioxide is present in 10
liters of air, but take this small amount
away and all oxygen production in light
will stop.

The old and persistent theory of “humus
nutrition” of plants (even now many still
believe that “good, black earth” provides
plants with organic nutrients, though in
truth it supplies only inorganic minerals)
had been shaken a hundred years earlier
when the Flemish physician and chemist
Jan van Helmont grew a large tree in a
bucket of earth. The weight of the earth
was not lessened by an ounce. The theory
was now ripe for a final overturn. The dis-
coveries of Priestley, Ingen-Housz and
Senebier, interpreted in the new chemi-
cal language of Antoine Lavoisier, in-
dicated that green plants exposed to light
absorbed carbon dioxide and liberated
oxvuen. An inevitable question arose:
what did they do with the other constituent
of carbon dioxide—carbon? In 1796
Inzen-Housz supplied the correct answer:
the carbon. he said. is the basis of plant
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nutrition; in other words, photosynthesis
is not merely “epuration of air” for the
benefit of animals and man. but first of
all carbon assimilation for the benefit of
the plants themselves.

N important ingredient in the chemis-
try of photosynthesis was still miss-
ing; the omission was corrected in 1804 by
another citizen of the learned city of
Geneva, Nicolas Theodore de Saussure.
He found that in addition to carbon diox-
ide, water also enters into the photosyn-
thetic production of organic matter:

green plants

water - -
light

organic matter -~ oxygen.

Carbon dioxide -

In the absence of light. or in parts of
the plant that are not green. the process
is reversed: respiration of the plant pro-
duces water and carbon dioxide from or-
ganic matter and oxygen.

Thus by about 1800 a general chemical
definition of photosynthesis was estab-
lished except for one detail—the recogni-
tion that the organic matter manufactured
in photosynthesis is a carbohydrate. This
class of compounds is made up of carbon
combined with hydrogen and oxygen in
the same ratio as in water. In the chemist’s
shorthand, carbohydrates may he written
Ci (H:0).. All sugars, as well as starch
and cellulose, are carbohydrates. The con-
clusion that a compound of this type must
be the first product of photosynthesis was
reached by plant physiologists in about
1850, on the basis of quantitative deter-
minations of the amounts of carbon diox-
ide and oxygen exchanged in photosyn-
thesis and of qualitative observations of
the formation of starch in illuminated
leaves.

It was Julius Robert von Mayer, the
German discoverer of the principle of con-
servation of energy, who first remarked
the fundamental physical function of pho-
tosynthesis-—the conversion of light ener-
gy into chemical energy. He wrote in 1845:

“Nature set herself the task to catch
in flight the light streaming towards the
earth, and to store this, the most evasive
of all forces, by converting it into an im-
mobile form. To achieve this, she has cov-
ered the earth’s crust with organisms,
which while living take up the sunlight
and use its force to add continuously to a
sum of chemical difference.
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“These organisms uare the plants: the
plant world forms a reservoir in which the
volatile sun rays are fixed and ingeniously
laid down for later use; a providential
economic measure, to which the very
physical existence of the human race is
inexorably bound.”

With this perception it became clear
that photosynthesis by green plants, in
addition to being the only ultimate source
of food on earth, also is the only source
of animal energy. And indirectly. through
the use of wood, coal and peat, photosyn-
thesis is the source of most of our indus-
trial power, heat and light; indeed of all
the energy requirements of modern civili-
zation except those met by water power
and nuclear disintegrations.

The Challenge Today

Since the discoveries of Priestley. In-
gen-Housz, Senebier and Mayer. hundreds
of botanists. chemists and physicists have
studied photosynthesis. Thousands of pa-
pers have heen published on its different
aspects. And yet we still do not under-
stand photosynthesis as it occurs in the
plant—a vexing situation and a continu-
ing challenge.

The biochemist feels that he “under-
stands” a chemical process in the living
cell if he knows its successive stages, the
intermediate compounds that are formed
and the enzymes (biological catalysts)
that make the individual stages possible.
This knowledge he achieves by taking the
biochemical apparatus apart and putting
it together again. His ultimate aim is to
imitate a biochemical process. such as
respiration or conversion of carbohydrates
to fats. in the laboratory and to describe
each step in detail by chemical equations.
Our knowledge of metabolic reactions is
rarely so complete. but often we know at
least the main stages and can repeat them
outside the living cell. We know. for ex-
ample. the first steps in the breakdown of
¢lucose by animal respiration. They are
the formation of a molecule of glucose
diphosphate which is then split into two
molecules of a triose monophosphate: we
know the enzymes involved and can repeat
these reactions outside the living cell. It is
true that we do not really understand the
mechanism by “which enzymes produce
their characteristic effects. but this is a
more advanced problem. the study of
which comes after the elucidation of the
reaction steps and identification of their
enzymes.

In the case of photosynthesis. we know
very little about the individual reaction
steps and even less about the catalysts
which make them possible. We can pre-
pare extracts from plant cells containing
chlorophyll or other pigments that are
present wherever photosynthesis goes on.
But not only are these extracts incapable
of photosynthesis (here simply utilizing
carbon dioxide and producing oxvgen in
light) . but also we cannot find in them any
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catalytic or photochemical properties
clearly related to the probable steps in
photosynthesis. We may then decide that
chemical methods of fractionating the
plant-cell contents are too drastic. and at-
tempt to take the cell apart mechanically.
We take a giant green cell. such as that of
some algae. and prick it with a needle in
an attempt to reach its interior. Imme-
diately photosynthesis ceases. The cell
still respires. it is alive. but oxygen libera-
tion and carbon dioxide absorption have
stopped.

Thus we find ourselves in the position
of being asked to find out how an auto-
mobile motor operates without being per-
mitted to lift the hood. We see that the
engine consumes carbon dioxide and wa-
ter and produces an exhaust gas and

-7y
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PRIESTLEY grew mint in a tube
and piped air from tube to a mouse.
When mouse lived., he had proved
plants have power to “restore” air.

chemical energy. We can look at the in-
strument board and note how the rate of
the motor’s revolution depends on the sup-
ply of fuel. the temperature of the coolant
and other external factors. hut there is not
much hope that we shall ever find out from
such circumstantial evidence how the mo-
tor is constructed and what chemical re-
actions take place in the cylinders.

This was the situation in the study of
photosynthesis until quite recently. There
was no known possibility of dismantling
the biochemical apparatus and studying
its parts separately. It was an “all or
nothing” situation: at one moment we had
a living cell engaged in complete photo-
synthesis; at the next it was an agglomera-
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tion of broken parts or isolated chemical
components, with no indications of what
role, if any, they had played in photosyn-
thesis while the cell was whole and alive.

Within the last few years the situation
has changed. The problem looks less for-
bidding. Some progress has come from an
improved general understanding of the
mechanism of chemical, in particular pho-
tochemical, reactions. Some has come
from the improvement of old experimental
methods and the development of new
ones: exact analysis by electrochemical
and pressure-measuring devices, the use of
radioactive tracers. quantitative spectro-
photometry. None of these methods, not
even the glamorous radioactive  tracers.
provides an immediate solution to the
secrets of photosynthesis, but all of them
together promise progress toward the un-
derstanding of photosynthesis in vivo and
its imitation in vitro. Beyond these two
achievements there heckon grandiose tech-
nological goals: synthetic production of
organic materials and the unlimited sup-
ply of useful energy from sunlight without
the help of plants.

Light and Dark Reactions

From measurements of the rate of pho-
tosynthesis under different conditions. the
English plant physiologist F. F. Blackman
concluded as early as 1905 that photo-
synthesis is not a single photochemical
reaction. but must include at least one
“dark” reaction (one which is not affected
by light). As the intensity of illumination
is increased. the rate of photosynthesis (as
measured. for example, by the volume of
oxygen produced each minute) does not
increase indefinitely but approaches a
saturation state in which a further increase
of light intensity has no effect. This sug-
gests a two-stage process in which only one
stage can be accelerated by light. The rea-
soning may be illustrated by the following
analogy. If a million men are to be trans-
ported overseas in two stages—first by
train to the harbor and then by ship to
their destination—the provision of more
and faster trains will accelerate the trans-
portation only up to the point where all
available ships are used to capacity.
Thereafter the further improvement of
rail transportation merely jams up the
harbor. Conversely. it will serve no useful
purposge to provide more ships than can
be filled by the arriving trainloads. In pho-
tosynthesis there is a stage or stages ac-
celerated by light (corresponding to the
railroad journey). and another stage or
stages independent of light (the ship voy-
age). The rate of the latter may depend
on how many enzyme molecules—equiva-
lent to ships—are available in the plant
cell. It is useless to accelerate the light
reaction beyond the capacity of dark re-
actions to transform the products of the
light reaction.

The division of photosynthesis into a
photochemical stage and a dark one is



brought out clearly by experiments with
flashing light. After a plant is exposed to a
brief light flash lasting, say, for .0001
second. the liberation of oxygen continues
in the dark for about .02 second; more
exactly. a dark interval of about .02 sec-
ond is necessary to obtain the maximum
oxygen production per flash. The experi-
ment measures directly the time required
for the completion of the slowest dark re-
action in photosynthesis. It is equivalent
to the time our ships need to complete the
ocean crossing and return to the harbor.
It has also been found that there is a limit
to the amount of photosynthesis that can
be brought about by a single light flash:
the maximum yield is about one molecule
of oxygen for 2.000 molecules of chloro-
phyll present in the cell. This is surpris-
ing. One would expect that during a short
flash each chlorophyll mdélecule would
have a chance to perform its function
once, producing one molecule of an inter-
mediate product. Consequently the maxi-
mum production would be one molecule of
oxygen for each chlorophyll molecule. or
for a small number of them. James Franck
of the University of Chicago suggested an
explanation of the paradox: the maximum
yield per flash depends not on the number
of chlorophyll molecules but on the num-
ber of molecules of the enzyme involved in
the second stage (i.e.. on the number of
ship berths, rather than train berths). In
other words, the flash can produce as
many intermediate molecules as there are
chlorophyll molecules, but comparatively
few of them will succeed in completing
the subsequent dark stage to produce
oxygen.

But why cannot the intermediates wait
at the harbor while ships (the catalytic
enzymes) ferry some to the other shore
and return for a second. third or fourth
load? Franck’s explanation is that the
intermediate photoproducts are unstable.
Unless they are immediately processed by
a “finishing” catalyst, they disappear by
“back reactions” before the catalyst is
ready for a second load (as if the soldiers.
unwilling to wait. all went AWOL and
drifted back to their home towns).

Thus we have the following outline of
photosynthesis. It consists of a light stage
and a dark stage. The light stage produces
unstable intermediates; the dark stage
stabilizes them by conversion into the
final products, oxygen and carbohydrate.
The rate of photosynthesis is limited by
the bottleneck of a dark reaction which
can process only one molecule. or at most
a small number of molecules. of inter-
mediates per 2.000 molecules of chloro-
phyll each .02 second.

The Use of Light Energy

From our general knowledge of the na-
ture of chemical reactions, particularly
those involved in metabolic processes. we
can make a guess as to the probable na-
ture of the light stage in photosynthesis.

Plant respiration, the reverse of photo-
synthesis, involves two types of reactions:
those which break the carbon chains in
the large organic molecules, and those
which remove hydrogen atoms from asso-
ciation with carbon and, with the catalytic
help of enzymes, transfer them to oxygen,
thus forming water. In photosynthesis the
same two types of processes must be in-
volved, but running in the opposite direc-
tion—the transfer of hydrogen from water
to carbon dioxide, and the building of
carbon chains. Of these two types of re-
actions, the transfer of hydrogen is the
one that liberates energy in respiration,
hence this must be the one that stores
energy in photosynthesis. The energy that
is stored comes from light. Consequently
the light reaction in photosynthesis in all

e

i
U

LT

VAN HELMONT, by growing a tree
in a bucket, showed that plants take
little of their substance from carth.
Weight of the earth was unchanged.

probability is a hydrogen transfer from
oxygen to carbon “against the gradient of
chemical potential,” meaning from a more
stable to a less stable form. To use a
mechanical picture, in respiration the hy-
drogen atoms run downhill; in photosyn-
thesis, the impact of light quanta (discrete
“atoms” of light), absorbed by chloro-
phyll, sends them uphill.

Let us illustrate this reversible process
by mixing a solution of the dyestuff thio-
nine with a solution of ferrous sulfate. In
intense light, the color of the dye dis-
appears in a second or less; in the dark,
the color immediately returns. This is an
example of how an oxidation-reduction
reaction can run in one direction in the
dark and in the opposite direction in light.
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In light, ferrous iron reduces the dye to a
colorless form and is itself oxidized to
ferric iron; in the dark, ferric iron oxi-
dizes the dye back to the colored form and
is reduced to ferrous iron. A reaction of
this type must be involved as the primary
light reaction in photosynthesis, the funda-
mental difference being that the plant is
provided with an enzymatic mechanism
which efficiently prevents any back re-
action in the dark—as long as the unstable
light products are not supplied too fast.

The energy content of the final products
of photosynthesis—sugar and oxygen—is
well known; it is represented by the
amount of heat produced when sugar is
burned to carbon dioxide and water. The
energy is 112 kilocalories per gram atom
(one gram multiplied by an element’s
atomic weight) of carbon. This, then, is
the minimum energy that has to be sup-
plied by light in photosynthesis. To reduce
(hydrogenate) a molecule of carbon di-
oxide to the “reduction level” of sugar,
four hydrogen atoms must be transferred
to the molecule:

CO., - 4H————>C(H.0).

To move these hydrogen atoms “uphill”
from water to carbon dioxide, each of the
four atoms must receive a push equivalent
to at least one fourth of 112 kilocalories,
or 27 kilocalories per gram atom of hydro-
gen. These pushes must be supplied by
light.

Niels Bohr and Albert Einstein showed
in 1913 that light is absorbed by atoms or
molecules in the form of quanta of definite
energy content. which is proportional to
the wavelength of the light. Red light,
which is strongly absorbed by chlorophyll,
has quanta with an energy content such
that it provides about 40 kilocalories per
gram atom of the absorbing atoms. Ob-
viously one such quantum is not enough to
transfer four hydrogen atoms (requiring
112 kilocalories). Could it be done with
four quanta—one quantum for each hy-
drogen atom? Even this would be a mar-
velous achievement : the plants would have
absorbed 160 kilocalories of light energy
and stored 112 kilocalories as chemical
energy—an efficiency of 70 per cent.

N 1923 Otto Warburg, the German cell

biologist, first attempted to measure
the “quantum yield” of photosynthesis—
the number of quanta required to reduce
one molecule of carbon dioxide. This im-
plied measuring exactly the light energy
absorbed and the volume of oxygen pro-
duced. In order to obtain the maximum
possible yield, it was advisable to work in
very weak light to avoid saturation effects.
The measurements therefore were very
delicate. The results were striking: War-
burg found an absorption of four quanta
per molecule of oxygen! This correspond-
ed with the minimum value theoretically
plausible, and implied an extraordinary
efficiency of plants as energy converters.

Warburg’s result, however, did not re-
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main unchallenged. Other groups of re-
searchers were unable to confirm War-
burg’s observations. Instead they found
yields of about 10 quanta per oxygen
molecule; some values were as low as
eight, but none was lower. The question is
still unsettled; the weight of evidence
favors the higher value: eight or more
quanta per molecule of oxygen. Even at
this value, however, the 35 per cent yield
in energy conversion by plants is very re-
spectable—considering that we do not
know of any reaction produced by visible
light outside the plant cell which would
convert as much as 10 per cent of absorbed
light into chemical energy. If some eco-
nomical means could be found to capture
and convert even 10 per cent of light en-
ergy, the discovery conceivably could pro-
duce a greater revoluton in our power
economy than can be expected at present
from the much-publicized discovery of
atomic energy.

One plausible picture of how chloro-
phyll may use eight light quanta to move
four hydrogen atoms from water to carbon
dioxide is this: A chlorophyll molecule
absorbs a quantum and is raised to an
“excited,” energy-rich state. It is then
able to pull a hydrogen atom away from
water (or from a product derived from
water by a dark, enzymatic reaction). In
this reduced form, chlorophyll takes up
another light quantum and uses its energy
to force the same hydrogen atom on a
reluctant “acceptor,” such as carbon
dioxide or a compound derived from car-
bon dioxide by a dark reaction. It is as if
a workman, suspended halfway on the
face of a building, fortified himself with
a drink, hauled a construction piece up
from the ground, and then, fortified with a
second drink, threw this piece up to the
roof.

Chlorophyll and Other Pigments

It has long been assumed that chloro-
phyll is the only agent that can perform
this trick. It has been well known that
all green plants also contain yellow or
orange pigments (carotenoids, identical
or similar to the pigments of carrots and
egg yolk), and that many algae contain
red or purple pigments. But all plants
capable of photosynthesis were found
to contain chlorophyll, and chlorophyll
alone among the plant pigments absorbs
red light. Since photosynthesis proceeds
satisfactorily in pure red light, light ab-
sorption by chlorophyll must be sufficient
to bring about photosynthesis, and from
that experimental fact there is only a short
step to the assumption that it is the neces-
sary prerequisite.

Recently, however, the position of
chlorophyll has been challenged. First,
indications were found that the light
energy absorbed by the yellow pigments
also is utilized in photosynthesis. Then at
the meeting of the American Association
for the Advancement of Science in Chi-
cago last December, L. R. Blinks of Stan-

30

ford University presented evidence that
in some red algae the light absorbed by
red pigments is more effective in photo-
synthesis than the light absorbed by
chlorophyll. If this is confirmed, the red
pigments must be assumed to participate
in photosynthesis directly, and not merely
as handmaidens of chlorophyll. To appre-
ciate the importance of this observation,
you must remember it is estimated that
90 per cent of photosynthesis on earth is
carried out, not by green land plants, but
by the multicolored sea algae.

by its dehydrogenation in light, and then
the enzymatic conversion of the residue
into free oxygen, perhaps through the
intermediate formation of a peroxide,
similar to but apparently not identical
with hydrogen peroxide.

The Uses of Isotopes

Some of these reactions are now being
studied with the help of isotopic tracers.
We are concerned with the fate of three
kinds of atoms—hydrogen, carbon,

CHLOROPHYLL

LIGHT

PHOTOSYNTHESIS IS OUTLINED in diagram shaped like the letter H.

On verticalleg at right, water gives up hydrogen, releasing oxygen. Hydrogen
is then transferred to carbon dioxide by agency of light and chlorophyll. Re-
duction (hydrogenation) of carbon dioxide produces carbohydrate (bottom
of left leg) . Intermediate steps and compounds (bracketed) are unresolved.

So we are beginning to get a somewhat
clearer idea of the events in the light
stages of photosynthesis, and recently we
have also gained a little information about
the dark stages. The total process, as we
have noted, proceeds in two separate se-
quences: 1) the oxidation of water, which
releases free oxygen, while hydrogen be-
comes attached to some intermediate “ac-
ceptor”; 2) the hydrogenation of carbon
dioxide to produce carbohydrates. Each
sequence of reactions apparently has a
separate catalytic system. The two se-
quences and their relation to each other
are pictured in an accompanying diagram,
which shows the separate sequences as
two legs, with chlorophyll as the bridge
between them. One sequence (the left
leg) begins with molecules of gaseous car-
bon dioxide. These are first bound or fixed
in a form suitable for reduction, perhaps
by enzymatic formation of an organic acid.
The bound carbon dioxide is then reduced
by hydrogen atoms supplied in light by
chlorophyll, which has recovered the hy-
drogen from water in the other sequence.
The reduction, in turn, is followed by
other enzymatic transformations which
lead to a carbohydrate molecule.

In the right leg we first have a similar
binding of the water molecule, followed
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oxygen. The heavy non-radioactive hydro-
gen, deuterium, (H?), has been available
since before the war; the weakly radio-
active tritium (H?) is not yet generally
available. Three isotopes of carbon are
usable: the short-lived C'*; the long-lived
C'; and the stable, non-radioactive C3,
C', which the atomic pile at Oak Ridge
has made widely available, is by far the
most useful. To our great sorrow no radio-
active isotope of oxygen is known; the
stable isotope 08 offers the only means of
studying the fate of this important ele-
ment. Tracer carbon is an appropriate tool
to study the reduction of carbon dioxide
to carbohydrate. Tracer oxygen could be
equally useful for the study of the oxida-
tion of water to oxygen. Tracer hydrogen
could help to trace the processes in the
bridge between these sequences, includ-
ing the primary photochemical process.

Let us consider first the reduction of
carbon dioxide. The process consists of
a preparatory dark fixation stage, then
a direct or indirect photochemieal reduc-
tion, and finally the finishing enzymatic
transformation, possibly taking place in
a series of steps. The two phases where
radioactive carbon might be used are ob-
vious: it can be applied in the dark, with
the intention of identifying the product



of preliminary dark fixation, or in light,
with the intention of identifying the inter-
mediate products formed in light. Depend-
ing on the duration of exposure to light,
we can expect to find the radioactive car-
bon distributed variously among the dif-
ferent intermediates and the final prod-
ucts  of photosynthesis—sugar, starch,
proteins, etc.

The first study seemed to be simpler
and to provide a natural entering wedge
for the tracer analysis of photosynthesis.
‘t'wo groups of researchers connected with
the Radiation Laboratory at the University
of California have attempted it. Samuel
Ruben (who died in a research accident
during the war) and his co-workers used
the short-lived C'*; more recently, Melvin
Calvin and co-workers used the long-lived
C'". The results appeared promising. It
was found that radioactive CO, was taken
up by plants in the dark. At first it seemed
as if this uptake consisted in the addition
of carbon dioxide without reduction to a
large organic molecule, leading to the
formation of an organic acid, as was sug-
gested above. In more recent experi-
ments. however, radioactive carbon has
been found in many different fractions,
including partly or completely reduced
ones, such as proteins or sugars. Since
the amount taken up was much greater
when the plants were illuminated before
being exposed to radioactive carbon di-
oxide in the dark, Calvin suggested that
the whole red uction sequence is a dark re-
action; in other words, that in light chlo-
rophyll forms some powerful, unknown
reducing agent, which then reduces car-
bon dioxide all the way to carbohydrate
without the help of light.

This hypothesis conflicts with some
well-established facts. It has been ob-
served, for example, that manometric
(pressure) measurements can detect no
significant carbon dioxide uptake or
oxygen liberation by plants after they are
deprived of light. Moreover, another pos-
sible explanation of Calvin’s results has
developed recently: it has been discovered
that many metabolic processes in animal
tissues as well as in plants involve ab-
sorption of carbon dioxide. At the Decem-
ber A.A.A.S. meeting in Chicago, many
critics of the Calvin hypothesis suggested
that the phenomena observed at Berkeley
belonged in this class, and had nothing to
do with photosynthesis.

A group of workers at the University
of Chicago—Hans Gaffron, A. H. Brown
and E. W. Fager—have used a second ap-
proach, tracing the products formed in
light, and obtained less controversial re-
sults. They studied the distribution of C*4
in the plant after a period of illumination,
and found that the shorter this period, the
more pronounced was the concentration
of radioactive carbon in a certain chemi-
cal fraction of the plant material—the
fraction characterized by solubility in
water and lack of solubility in alcohol.
The striking thing about the unknown
radioactive compound concentrated in this

- ¥ . - .’-_"_
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HYDROGEN AND OXYGEN, like carbon, traverse endless cycles in photo-
synthesis. Plants (left) take up water to obtain hydrogen, release water
vapor. Animals (right) consume plant compounds (bottom arrow) and give
off water. In diagram below, plants release oxygen in photosynthesis, take
it up in respiration and decay. Animals use oxygen, release carbon dioxide.
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TRACER EXPERIMENT in the laboratory of Melvin Calvin and Andrew
Benson at the University of California begins with the culture of alga Scene-
desmus in glass flasks. Moving table shakes the flasks above a light source.

ALGAE IN FLASK are supplied by pipette with radioactive carbon in the
form of sodium carbonate. Algae grow briefly, using radioactive carbon
dioxide released in water. Lights are then shut off and the algae killed.

fraction was that it did not budge from the
fraction even after hours of dark metabol-
ism; on the other hand, the radioactive
carbon passed rapidly into other fractions
if light was again thrown on the plants.
Here, then, was a true CO.-reduction in-
termediate, the first such compound defi-
nitely pinned down in a laboratory. The
next task is to isolate and identify the new
compound. All researchers interested in
photosynthesis are looking forward with
great anticipation to the result of this
tedious but very important analytical in-
vestigation.

The isotope O' was employed in a
study of photosyuthesis by Samuel Ruben
and Martin Kamen before the war, and
a very significant result was obtained.
Using CO. and H.O containing heavy
oxygen, they showed that all the oxygen
liberated in photosynthesis originated in
water; none came from carbon dioxide.
(This is a fine example of information that
only isotopic tracers can provide!) Their
finding was consistent with the hypothesis
that photosynthesis is fundamentally a
transfer of hydrogen atoms from water to
carbon dioxide. with the oxygen left be-
hind.

The Mechanism Is Taken Apart

Of all our recent glimpses into the
mysterious mechanism of photosynthesis,
none appears more promising than the one
which was made possible by a discovery
made in 1937 by R. Hill of Cambridge
University. It had been known for a long
time that dried and powdered leaves,
when suspended in water and illuminated,
sometimes release a small amount of
oxygen. although of course they produce
no carbohydrates. Hill found that the
oxygen production could be increased and
sustained for an hour or more if the sus-
pension was provided with a supply of
ferric oxalate or some other ferric salt.
Later studies hy others showed that ferric
salts could be replaced by quinone or by
certain dyes. All these compounds have
one thing in common: they are all rather
strong oxidants. They accept hydrogen
atoms much more readily than carbon
dioxide does. The most plausible inter-
pretation of the results is that when leaves
are dried and powdered. a product is ob-
tained which still contains the chloro-
phyll bridge and the enzymatic system
required to produce free oxygen (the
right leg in our schematic diagram). but
which has lost the left leg’s enzymatic
system. The suspension therefore can
oxidize water and liberate oxygen in light.
but it cannot reduce carbon dioxide and
produce carbohydrate. Without the aid of
enzymes, the carbon dioxide is unable to
perform its job of “accepting” hydrogen,
but the reaction is kept going by substi-
tuting a more willing acceptor (e.g., ferric
iron) for carbon dioxide.

Thus we have, in effect, photosynthesis
without  carbon  dioxide! Microscopic
studies vield further pertinent evidence.



FILTRATE of dead algae is fractionated by passage
through ion-exchange tube. Tiny amounts of each frac-
tion are thus available for an analysis of radioactivity.

GEIGER-MULLER COUNTER is used to ascertain the
relative radioactivity of various aluminum-plate resi-
dues. The counter tube is housed within the lead cylin-

FRACTIONATED PRODUCT of photosynthesis is
placed on aluminum plate and evaporated by electric
heater. Residue now remains for examination in counter.

der at the left to shield tube from incidental radiation.
Aluminum plates are placed in tray and pushed into
cvlinder. Counts are recorded by a device at the right.




The photosynthesizing cells of almost all
plants contain chlorophyll (and accom-
panying pigments) in microscopic bodies
called chloroplasts. Closer observations
have revealed that the pigments are fur-
ther concentrated within the chloroplasts
in tiny “grana,” almost too small to be
seen under ordinary microscopes but

beautifully revealed under the electron
microscope. Analysis of the Hill suspen-

unique and indivisible process. We have
lifted the hood and taken out the motor
and it still runs, even though it has to be
supplied with a fuel other than the usual
gasolinef

It has not yet been possible to perform
the converse of this feat: i.e., to eliminate
the right leg of the photosynthetic ap-
paratus and keep the left leg functioning.
However, something closely related to this

EFFICIENCY of Chlorella in using light is measured by Robert Emerson and
Shimpe Nishimura at the University of Illinois. Monochromatic light sep-
arated by slit from spectrum at right is beamed on a vessel containing the
alga. Researchers then jointly measure its oxygen output with manometer.

sion shows that its particles are whole or
broken chloroplasts or isolated grana. The
grana, then, are the “bricks” in the cataly-
tic structure of photosynthesis which per-
mit the liberation of oxygen from water
in light but do not contain the enzymes
needed to take up and reduce carbon
dioxide. The essential independence of the
two enzymatic systems thus receives strik-
ing confirmation.

The “Hill reaction” is perhaps the
widest crack that has yet appeared in the
former picture of photosynthesis as a
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has been found to occur in nature: or-
ganisms capable of reducing carbon di-
oxide in light, but unable to use water as a
reductant. As substitutes, these organisms
use hydrogen sulfide, thiosulfate, or even
free molecular hydrogen.

Certain species of bacteria, purple or
green in color, contain a pigment called
bacteriochlorophyll which is closely re-
lated to the chlorophyll of green plants.
They thrive in sulfur waters or other
media containing reducing agents. Cor-
nelius B. van Niel, the Dutch microbiolo-
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gist now at Hopkins Marine Laboratory in
California, has shown that they can build
their organic matter from inorganic ma-
terials in light. He suggests the following
general chemical equation for their photo-
synthesis:

2RH,-CO,

bacteriochlorophyll
light .

[C(H0) ].+2R.

This equation is similar to the one usu-
ally given for photosynthesis of green
plants, but it is more general, since R can
stand for many different radicals, consist-
ing of a single atom or a chemically un-
saturated group of atoms. If R is taken
as representing an oxygen atom, we have
plant photosynthesis; if it is taken to rep-
resent an atom of sulfur, we have the pho-
tosynthesis of “sulfur bacteria,” and so on.

With one stroke van Niel’s interpreta-
tion of the chemical activity of purple
bacteria has removed photosynthesis by
green plants from its entirely unique
position in biological chemistry and
placed it alongside other types of
“photosynthetic” processes. Does this dis-
covery indicate that the purple and green
bacteria are predecessors of green plants,
relics of a time when life was restricted
to those places on earth where inorganic
reductants were present? A time, perhaps,
when the earth’s crust was less well sta-
bilized chemically than it is now, and hy-
drogen sulfide, sulfur, or perhaps even
free hydrogen were available in much
more abundance?

URTHER exciting vistas are opened

by the similarity of the photosynthetic
purple bacteria to some colorless bacteria
which are capable of reducing carbon
dioxide by means of the same or similar
reductants but without the help of light.
They use instead the chemical energy
liberated by enzymatic oxidation of these
reductants by the oxygen of the air. This
phenomenon is called bacterial chemo-
synthesis; it, too, may be a relic of the
more primitive forms of life. Hans Gaf-
fron found in 1939 that if certain uni-
cellular green algae are deprived of oxy-
gen. they cease to be capable of ordinary
photosynthesis but become capable of re-
ducing carbon dioxide in light if hydrogen
is provided as a substitute reductant to
replace water! It looks as if lack of air
causes these algae to simulate purple
bacteria, which also can use hydrogen as
reductant.

In photosynthesis, we are like travellers
in an unknown country around whom the
early morning fog slowly begins to rise.
vaguely revealing the outlines of the land-
scape. It will be thrilling to see it in bright
daylight!

e —————

Eugene I. Rabinowitch, author
of the textbook Photosynthesis,
is research professor of botany
at the University of Illinois.
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“GRANA” OF PLANT CELL, tiny disks containing times are loosely grouped in chloroplasts. In picture at
chlorophyll, are revealed in electron microscope photo-  right, grana shadowed with gold film and magnified
graph made by S. Granick and K. R. Porter of Rocke- 16,300 times appear as white wafers. Experiments show
feller Institute. In picture at left, grana magnified 6,300  that release of oxygen from water goes on in grana.
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IN DEFENSE OF
BENJAMIN FRANKLIN

The homely Philadelphian, often treated by historians

as a politician with a spare-time interest in gadgets,

was actually one of the ereat experimental scientists

SLTHOUCH almost every aspect of

Benjamin Franklin’s career has

been subjected to the microscopic
xamination of critical scholarship, his
place in the history of science. as de-
scribed in books on American history,
remains curiously distorted. In his own
lifetime, Franklin was generally acknowl-
edged by contemporary scientists to be
one of the truly great scientific luminaries
of the age. Joseph Priestley declared that
Franklin’s book on electricity bade fair
“to be handed down to posterity as ex-
pressive of the true principles of elec-
tricity; just as the Newtonian philosophy
is of the true system of nature in gen-
eral” Franklin was awarded every sci-
entific honor that his contemporaries had
the power to bestow. One review of his
book, comparing Franklin’s writings with
Newton’s famous Principia Mathematica,
averred that “the experiments and obser-
vations of Dr. Franklin constitute the
principia of electricity, and form the
basis of a system equally simple and
profound.”

Most writers today, however, either
stress Franklin’s practical inventions or
deny altogether his claim to a place
among the great founders of pure science.
Typical of the latter point of view is an
article that appeared a year ago in the
journal Science, wherein the author de-
clared that the only reason Franklin is
sometimes said to be a great scientist and
is occasionally listed in the company of
the truly great. such as J. Willard Gibbs
and A. A. Michelson, is that he was im-
portant in American political history!

All too many discussions of Franklin’s
scientific career center upon the one con-
tribution that almost everyone knows
about: his proof, by the experiment of
flying a kite during a storm, of the theory
that lightning is electrical in nature.
Some, indeed, would deny him even this
distinction. The author of an article in a
learned journal some months ago argued
that the story of the lightning kite had
been made out of whole cloth by spinners
of legends—despite the fact that Franklin
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by I. Bernard Cohen

published an account of that experiment,
which other scientists then repeated, in
the leading scientific journal of the day.

But let us forget the kite. It was a com-
paratively unimportant episode in Frank-
lin’s career. It was not the first experi-
ment he designed to test the hypothesis
of the electrical nature of the lightning
discharge. Neither was it the first experi-
ment that proved this hypothesis, nor was
this particular hypothesis original with
Franklin. Benjamin Franklin’s place in
the history of science rests on surer foun-
dations, among them the vast accumula-

FRANKLIN SEAL was affixed to a
letter he wrote in 1750. It bears the
legend “Je les unis.” (I unite them.)

tion of new facts of nature that he un-
covered by his extraordinary skill in de-
signing and executing experiments, plus
his genius in constructing the first satis-
factory unitary theory of electrical action.
Furthermore. his consummate success
gave the art of experimentation itself a
new dignity that was wanting in the 18th
century. The principles of electricity that
he expounded in his book, Experiments
and Observations on Electricity Made at
Philadelphia in America, are part of the
very fiber of electrical theory today. We
constantly pay Benjamin Franklin an
honor of which we are probably not even

© 1948 SCIENTIFIC AMERICAN, INC

aware when we use the words “plus” and
“positive,” or “minus” and “negative,”
“electrical battery,” and a host of other
terms that Franklin was the first to ap-
ply to electrical phenomena.

Franklin’s treatise on electricity was
one of the most widely reprinted scientific
books of the mid-18th century. There were
five editions printed in English. three in
French, one in Italian. one in German.
So great was Franklin’s scientific repu-
tation that he was elected a Fellow of the
Royal Society and awarded its Copley
Medal for his experiments in electricity,
and in 1773 he was elected one of the
eight “foreign associates” of the Royal
Academy of Science in Paris. In an age
in which scientific accomplishment was
esteemed perhaps even more than in our
own, Franklin’s book was widely studied
and his name was on every tongue.

(RANKLIN first became acquainted
with the subject of electrical science
sometime around 1744. Between 1747 and
1751 he made his major discoveries and
began to win scientific acclaim. Contrary
to the supposed general rule that the great
discoveries in physics are made by men
in their twenties and thirties, Franklin
began his scientific work at about the age
of 40; he had previously heen too busy
earning a living to devote much time to
scientific pursuits. Having been success-
ful in the world of affairs and now find-
ing the pursuit of truth congenial to his
tastes and gifts. he decided, as he tells
us in his autobiography, to give up his
business and to spend his time making
experiments. No sooner had he retired
from business. however. than a great na-
tional crisis arose and he put aside his
scientific research in order to participate
in the defense of Philadelphia. From then
on until he died. he pursued his research
only in his spare time. His city, colony
and nation never ceased to require his
services. At 81 years of age, when his
work at Paris was finished and he was
ready to come home to America, Franklin
wrote to his most intimate scientific cor-
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PORTRAIT OF FRANKLIN was engraved from a  of the American Revolution, Franklin was known in

painting made in France, where he was a noted public France as a scientist and philosopher. In 1773 he had
fizure. Even before he arrived in 1776 to plead the cause  leen made an associate of the Royal Academy of Science.
37

© 1948 SCIENTIFIC AMERICAN, INC



respondent, the Dutch physician Jan
Ingen-Housz, that he was once more a
free man “after fifty years in public af-
fairs.” He hoped that his friend would
come with him to America, where “in the
little remainder of my life . . . we will
make plenty of experiments together.”
Alas, even this was to be denied him, for
ahead there lay not days of joyful interro-
gation of nature but the trying and tedious
work of the Constitutional Convention.
Long before, Franklin had been forced to
choose between the role of a quiet philos-
opher and a “public man.” He had de-
cided the issue without hesitation, saying:
“Had Newton been pilot of but a single
common ship, the finest of his discoveries
would scarce have excused, or atoned
for his abandoning the helm one hour in
time of danger; how much less if she car-
ried the fate of the Commonwealth.”

As we read these lines today, we can-
not help thinking of our own scientists
who, during the late war, gave up their
own individual research to serve their
nation. But there is a fundamental differ-
ence between their problem and Frank-
lin’s. In Franklin’s day the one outstand-
ing American scientist, the only one with
a world-wide reputation, found that he
could serve his country best by going
abroad to plead its cause, rather than by
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with Sir Isaac Newton’s Principia.

applying his scientific skills to devising
new instruments of destruction. Yet such
was Franklin’s stature in science—and he
was the Newton of his age—that some
suspected the man who dared to tame the
lightning bolts of Jove had turned his
talents to the perfection of a new and
terrible weapon. “The natural philoso-
phers in power,” wrote Horace Walpole in
1777, “believe that Dr. Franklin has in-
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vented a machine of the size of a tooth-
pick case, and materials that would re-
duce St. Paul’s to a handful of ashes.”
Benjamin Franklin made scientific con-
tributions in many fields,including pioneer
studies of heat conduction, the origins of
storms, and so on, but his most significant
work was done in electricity. He worked
in electrostatics—the science of electricity
at rest or in sudden swift surges. Before

“SENTRY BOX” experiment was
devised by Franklin to test his theory
that lightning was electrical in na-
ture. It was first performed in France.

Franklin, the known facts of this subject
were meager and their explanation was
inadequate. When he left the field, a
whole new set of observed data had been
entered in the record and the Franklinian
theory of electrical action had unified all
the known facts, preparing the way for
the progress of the future.

FRANKLIN’S theory of electrical ac-
tion is simple and straightforward. It
is based on the fundamental idea that
there is “common matter,” of which the
bulk of bodies is composed, and “electri-
cal matter,” or, to use other 18th-century
terms, “electrical fluid” or “electrical
fire.” In its normal state, every body con-
tains a fixed amount of the electrical
fluid. But a body may, under certain con-
ditions, gain an excess of the electrical
fluid or lose some of its normal comple-
ment of it. In such a state a body is
“electrified” or “charged”; in the first
case, when there is an excess of the fluid,
said Franklin, let us call the charge “posi-
tive” or “plus,” indicating that something
has been added to it; in the second case,
let us call it “minus” or “negative,” indi-
cating that something has been lost.
When we rub a piece of glass with a silk
rag, the glass acquires an excess of the
electrical fluid and becomes charged plus.
Franklin insisted that electricity was not
“created” by friction, as many of his con-
temporaries believed, but rather was re-
distributed by the act of rubbing. If the
glass gains an excess of fluid, the silk
must have lost the very same amount,
thereby gaining a negative charge of the
same magnitude. Today we call this prin-
ciple the law of conservation of charge.
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Franklin illustrated his theory by the
following experiment. He placed two ex-
perimenters on insulated glass stools, one
charged plus and the other minus. When
the two experimenters touched hands,
both lost their charge because the excess
of one supplied the deficiency of the oth-
er. If a third uncharged experimenter
touched either of the charged ones, he
drew a spark or got a shock, because he
had relatively more electric fluid than
the man charged minus, and less than the
man charged plus.

This was a simple, dramatic demon-
stration of Franklin’s contention that elec-
tricity was a single fluid. The chief rival
theory held that there were two electrical
fluids, which sometimes moved in “eflux”
and at other times in “afflux,” and which
operated by some mysterious rules that
were never made clear. A French con-
temporary pointed out that the beauty of
Franklin’s theory over its rival was that
“Franklin says: do that and this is what
must happen; change that circumstance
and this will be the result. In this way
you can take advantage of a certain thing;
in that way you will suffer an inconven-
ience.” The late J. J. Thomson, discoverer
of the fundamental properties of moving
electrons, wrote only a few years ago:
“The service which Franklin’s one-fluid
theory has rendered to the science of elec-
tricity by suggesting and coordinating re-

EXPERIMENT with bent wire (a),
linen thread (b) and “electrized phi-
al” (¢) noted that thread was attract-
ed to phial when latter was touched.

searches can hardly be overestimated.”

T o understand the application of Frank-
lin’s theory, let us follow him through two
series of significant experiments. The first
begins with one of the many facts first
discovered by Franklin and now part of
the basic data of the science—the
“wonderful effect of pointed bodies, both
drawing off and throwing off the electrical
fire.” Franklin found that if a pointed con-
ductor such as a needle is brought into
the neighborhood of a charged insulated
body. the needle will draw off the charge;
but it will do so only if it is grounded,
that is, in contact with the hand or a
grounded wire. If the needle is inserted
in wax, a non-conductor or insulator, it



will not draw off the charge. He also
found that if you try to charge a metal
object with a jagged edge or point, the
object will “throw off the charge” as fast
as you put it on. He discovered further
that a charged object could be discharged
by sifting fine sand on it. by breathing on
it, by bringing a burning candle near it,
or by surrounding it with smoke.

OR AT LEAST 50 years before

Franklin’s research people had specu-
lated that lightning was probably electri-
cal. But what distinguished Franklin from
his predecessors was the fact that he was
able to design an experiment to test this
hypothesis. He made a small model
showing how a discharge might take place
hetween two electrified clouds or between

THEORY of why electric charge
tends to jump from the pointed parts
of a charged object was set forth by
Franklin in drawing from his book.

a cloud and the earth. He then pointed
out that since a small pointed conductor
could draw off the charge from an in-
sulated charged body in his laboratory, a
large pointed conductor erected in the
ground might very well draw the elec-
tricity from passing clouds. This sug-
gested to his active mind that “the knowl-
edge of this power of points might be of
use to mankind, in preserving houses,
churches, ships, &c., from the stroke of
lightning, by directing us to fix on the
dighest parts of those edifices, upright
‘ods of iron made sharp as a needle, and
silt to prevent rusting, and from the foot
of those rods a wire down the outside of
the building into the ground, or down
around one of the shrouds of a ship, and
down her side till it reaches the water.”

The experiment which Franklin pro-
posed to test his hypothesis was described
by him in these words: “On the top of
some high tower or steeple, place a kind
of sentry-box . . . big enough to contain a
man and an electrical stand. From the
middle of the stand let an iron rod rise
and pass bending out of the door, and
then upright 20 or 30 feet, pointed very
sharp at the end. If the electrical stand
be kept clean and dry, a man standing on
it when such clouds are passing low,
might be electrified and afford sparks, the
rod drawing [electrical] fire to him from
a cloud. If any danger to the man should
be apprehended (though I think there
would be none) let him stand on the floor
of his box, and now and then bring to the
rod the loop of a wire that has one end
fastened to the leads, he holding it by

a wax handle: so the sparks, if the rod
is electrified, will strike from the rod to
the wire. and not affect him.”

This famous “sentry-box experiment”
was first performed in France on May 10,
1752 by a man named Dalibard, who had
translated Franklin’s book into French
at the request of the great naturalist
Georges de Buffon. (King Louis XV was
so fascinated by Franklin’s book that he
ordered some of the experiments it de-
scribed to be performed in his presence.)
The experiment was soon repeated in Eng-
land. Glowing testimonials to the Phil-
adelphia scientist speedily increased in
number. An enterprising British manu-
facturer advertised for sale a ready-made
machine “for making the Experiment by
which Franklin’s new theory of Thunder
is demonstrated.” Franklin did not make
the experiment himself because he
thought that a very high building would
be necessary and he was waiting for the
completion of the high spire on Christ
Church in Philadelphia. After the book
was published, but before he had heard
from Europe of Dalibard’s successful
execution of the experiment, the kite proj-
ect occurred to him as a good substitute
and he carried it through instead.

RANKLIN devised other experiments

and instruments to test the charge of
clouds, of which one of the most interest-
ing was a pair of bells located in his study.
One of the bells was grounded by a rod
going into the earth and the other was
connected with a rod ending in a point on
the roof. A little ball hung between them.

“ELECTRICAL FIRE” of the Ley-
den jar was made visible when it was
allowed to flash along the gold em-
bossing of one of Franklin’s hooks.

Whenever an electrified cloud passed over-
head. the ball was set in motion and rang
the bells. Franklin’s careful studies soon
showed him that clouds may be charged
either plus or minus, and he concluded,
therefore, that lightning probably goes
from the earth to a cloud at least as often
as from a cloud to the earth—an idea
which has been confirmed only in our
own time by such research as that of
B. J. F. Schonland and his associates in
South Africa.

Franklin’s studies of lightning and his
invention of the lightning rod brought
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him universal fame, but the scientists of
his day were perhaps even more im-
pressed by his analysis of the electrical
condenser, which set the seal to his sci-
entific reputation.

In the form that the 18th century knew
it. the condenser was a glass jar coated
on the outside with metal foil and filled
with either metal shot or water. It was
fitted with a wooden cover into which a
rod ending in a knob was inserted. From
the lower end of the rod a metal chain
depended, going down into the water or
shot. This device, invented in the late
1740s, was known as a “Leyden jar,”
because one of its several independent dis-
coverers, Pieter van Musschenbroek, was

LEYDEN JAR discharge was inves-
ticated by hanging cork between
poles. Cork oscillated during dis-
charge, a useful fact in condensers.

a professor in Leyden. The essential feat-
ure of a condenser is the placement of an
insulator or dielectric (e.g., air, glass,
wax or paper) between two conducting
surfaces in close contact with it. In the
first Leyden jar the inner conductor was
water, the dielectric was the glass and the
outer conductor was a man’s_hand.
Musschenbroek developed his version of
it while carrying out some experiments
with an electrical machine which charged
a whirling glass globe by rubbing it
against an experimenter’s hands. The
charge was transferred to a gun barrel,
from the end of which hung a wire that
was partly immersed in a round glass
vessel filled with water. When Musschen-
broek held the vessel in his right hand and
attempted to draw a spark from the gun
barrel with his left hand, he “was struck
with such violence that my whole body
was shaken as by a thunderbolt ... .in a
word, I thought it was all up with me.”
The condenser was a wonderful instru-
ment. By making it bigger and bigger,
the shocks it could give were made strong-
er and stronger. Apparently, somehow or
other electricity accumulated in it, and
through some little-understood aspect of
its construction, it could hold more elec-
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LETTER Franklin wrote to a friend
in 1753 tells of his pleasure at re-
ceiving the notice of the French
court and the Royal Academy of
Science. In it Franklin mentions his
friend Thomas Collinson, who first
sent him from England the wonder-
ful Leyden jar invented by Pie-
ter van Musschenbroek (opposite
page). Franklin was elected to the
French Academy some 20 years later.

Philadelphia
April 12, 1753

Dear Sir
The Tatler tells us of a girl who was
observed to grow suddenly proud, and
none could guess the Reason. till it came
to be known. that she had got on a
new Pair of Garters. Lest you should be
puzzled to guess the Cause, when you ob-
serve any Thing of the kind in me, I think
I will not hide my new Garters under my
Petticoats, but take the Freedom to shew
them to you, in a Paragraph of our Friend
Collinson’s Letter. viz—But I ought to
mortify, and not indulge this Vanity;—
I will not transcribe the Paragraph—yet
I cant forbear.—“If any of thy Friends
(says Peter) should take Notice that thy
Head is held a little higher up, than for-
maly, let them know; when the Grand
Monarch of France strictly commands the
Abbé Mazeas, to write a Letter in the
politest Terms to the Royal Society. to re-
turn the Kings Thanks and Compliments
in an express Manner to Mr. Franklin of
Pennsylvania (Pensilvania) for the useful
Discoveries in Electricity, and Applica-
tion of the pointed Rods to prevent the
terrible Effects of Thunderstorms. I say,
after all this, is not some Allowance to
be made. if the Crest is a little elevated.
There are four Letters containing very cu-
rious Experiments on thy Doctrine of
Points. and its Verification, which will be
printed in the New Transactions. I think
now I have stuck a Feather in thy Cap, I
may be allowed to conclude in wishing
thee long to wear it. Thine P. Collinson.”—
On reconsidering this Paragraph I fear I
have not so much Reason to be proud as
the Girl had; for a Feather in the Cap is
not so useful a Thing, or so serviceable to
the Wearer, as a Pair of good silk Gar-
ters.—The Pride of Man is very different-
ly gratify’d. and had scarce have been so
proud of it as I am of your Esteem. and
of subscribing myself with Sincerity, Dr.

Sir.

Your affectionate Friend &

humble Servant
B. Franklin

The remaining lines of the letter,
a postscript, are not transcribed.



tricity than anything else of its size. The
electric fluid or fluids must, it was thought,
be condensed in it. Musschenbroek wrote
a letter describing this experiment which
was published in the Mémoires of the
French Academy of Sciences. It ended
with the famous statement that he would
never again receive such a shock, even
if he were to be offered the Kingdom of
France! For such ignoble sentiments he
was publicly rebuked by Priestley, who
called him a “cowardly professor” and
contrasted him with the “magnanimous
Mr. Boze, who with a truly philosophic
heroism worthy of the renowned Empedo-
cles, said he might die by the electric
shock, that the account of his death might
furnish an article for the memoirs of
the French Academy of Sciences.” Then,
referring to one Richman, who had just
been killed while performing a variation
of Franklin’s sentry-box experiment,
Priestley concluded, “But it is not given
to every electrician to die the death of
the justly envied Richman.”

Ale THE electricians of Europe won-
dered what made the Leyden jar
work. “Everybody,” wrote Priestley, “was
eager to see, and, notwithstanding the
terrible account that was reported, to feel
the experiment.” In France the new de-
vice provided a means of satisfying si-
multaneously the court’s love of spectacles
and the great interest in science. One
hundred and eighty soldiers of the guard
were made to jump into the air with a
greater precision than soldiers of the
guard displayed in any other maneuvers.
Seven hundred monks from the Couvent
de Paris, joined hand to hand, had a
Leyden jar discharged through them all.
They flew up into the air with finer timing
than could be achieved by the most
gifted corps of ballet dancers. From one
end of the world to the other, traveling
demonstrators of electrical phenomena
made fortunes.

Franklin’s step-by-step analysis of the
vexing problem of the condenser showed
him to be a great master of the technique
of scientific experimentation. He found
that the inside conductor was always
charged in the opposite sign to the outer
conductor and that the amount of charge
given to both was the same. In other
words, after charging of the jar, one of
the two conductors gained the exact quan-
tity of “electrical fluid” that the other

had lost. “There is really no more elec-

trical fire in the [Leyden] phial after
what is called its charging, than before,
nor less after its discharging,” Franklin
wrote. To prove it, he affixed a wire to
the lead coating of a Leyden jar and
placed it so that it was near the knob
leading to the water inside the jar, hut
not near enough to produce a spark
when the jar was charged. He than placed
the jar on an insulating stand, a block
of wax, and suspended a small cork on
a string between the wire and the knob.

The cork, he noted, “will play incessantly
from one to the other, ’till the bottle is
no longer electrized.” In other words, the
cork carried the charge from the plus
conductor to the minus until equilibrium
was restored.

Most important of all, Franklin showed
that “the whole force of the bottle, and
power of giving a shock, is in the GLASS
ITSELF.” How would you, reader, go
about finding “wherein its strength lay”?
Every student knows today that the
only way to proceed is to test the instru-
ment one element at a time, and to find
the role played by each. But this appar-
ently simple rule was not taken for grant-
ed in the time of Franklin, as can readily
be seen in the fact that his contemporaries
failed to make the kind of analysis that

f
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tial element was glass, the insulator be-
tween the two conductors. But it remained
to be demonstrated whether “glass had
this property merely as glass, or whether
the form [of the jar] contributed any-
thing to it.”

The next part of the experiment in-
volved the invention of the parallel plate
condenser. Franklin sandwiched a large
piece of glass between two square plates
of lead, equal to each other in size but
slightly smaller than the glass. When this
condenser was charged, he removed the
lead plates, which had but little charge,
and noted that a small spark could be
taken from the glass at almost any point
that it was touched. When the two com-
pletely uncharged plates were put back
in place, one on each side of the glass,

—
Y

“ELECTRICAL MACHINE?” devised by van Musschenbroek consisted of a
zlass sphere charged when a man held his hands against it. Charge was then
carried along a beam to a Leyden jar. When van Musschenbrock attempted
to discharge the jar by touching beam, he was shaken “as by a thunderbolt.”

Franklin now proceeded to carry out.

He charged a Leyden jar that stood on
glass and carefully drew out the cork
with its wire that hung down into the
water. Then he took the bottle in one
hand, and brought the other hand near its
mouth. “A strong spark came from the
water, and the shock was as violent as
if the wire had remained in it, which
shewed that the force did not lie in the
wire.” If it was not in the wire, then
perhaps it was in the water itself. Frank-
lin recharged the Leyden jar, drew out
the cork and wire as before, and carefully
poured the water into an empty Leyden
jar which likewise stood on a glass in-
sulator. The second jar did not become
charged in this process. “We judged
then,” Franklin wrote. “that [the charge,
or force] must either be lost in decanting,
or remain in the first bottle. The latter
we found to be true; for that bottle on
trial gave the shock, though filled up as
it stood with fresh unelectrified water
from a tea-pot.” Apparently the essen-

© 1948 SCIENTIFIC AMERICAN, INC

and a circuit made between them, then
“a violent shock ensued.” When we dem-
onstrate this phenomenon to students to-
day, we call it the experiment of the dis-
sectible condenser. We explain it by stat-
ing that the dielectric, or glass, has been
polarized during charging, i.e., it has be-
come an electret. There are certain types
of wax that can be polarized in this way
simply by being heated and then cooled.
Such an electret will give off little or no
charge by itself, but if we put a conductor
on two sides of it, we have a charged con-
denser which can be then discharged
like any other. Another fact about such
condensers that we teach students today
was also discovered by Franklin: the
amount of charge is greater when the di-
electric separating the two conductors is
very thin than when it is thick.
Franklin’s experiment of the cork that
traveled back and forth between the two
conductors contained, by the way, the
germ of an important idea, although he
did not realize it. We know today that
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a condenser never discharges in one com-
plete stroke, but rather in a series of os-
cillations—a fact of great importance in
radio and modern electronics.

Franklin’s extraordinary experiments
and his splendid theory marked the begin-
ning of a new era in the subject of elec-
tricity. His theory showed its usefulness
in many ways. Franklin discovered what is
known today as the Faraday effect, name-
ly that the charge on a hollow cylindrical
condenser (or a hollow sphere) is on the
outside surface only. At first he could
not explain this. Later the answer came
to him: the “electrical fluid” is self-repel-
lent and the symmetry of the conductor
causes it to distribute itself on the out-
side. From this explanation, Franklin’s
friend Joseph Priestley deduced that the
law of electrical action must be an in-
verse square law similar to the law of
gravitation. This deduction, although pub-
lished, was overlooked and had to await
gediscovery decades later by Charles Cou-
lomb, when it became known as Coulomb’s
law.

Yet another advantage of Franklin’s
theory was the ease with which it lent it-
self to the making of measurements, by
concentrating attention on the amount of
“electrical fluid” or charge which a body
gained or lost. When working with two
bodies, it did not matter which one was
used. because Franklin’s law of conserva-
tion of charge meant that the quantity
gained by one was exactly the quantity
that the other lost. The first electricians to
make quantitative measurements—such
men as Volta, Bennet. Canton. Cavendish
and Henley—built upon the convenient
one-fluid theory of Benjamin Franklin.
and the law of conservation of charge
which followed from it.

T IS OFTEN said that Franklin was

typically American in his approach to
science—a utilitarian interested in science
chiefly, if not solely, because of its prac-
tical applications. It is true that when he
had discovered the action of pointed
grounded conductors and proved that
clouds are electrified, he applied these
discoveries to the invention of the light-
ning rod. But he did not make these dis-
coveries in order to invent a lightning
rod! Franklin’s inventions were of two
kinds. One type was pure gadgetry; in
this class were his inventions of bifocal
glasses, which required no recondite
knowledge of optical principles, and of a
device for taking books down from the
shelf without getting up from one’s chair.
The lightning rod, on the other hand, de-
veloped from pure scientific research. If
Franklin’s approach to science had been
strictly utilitarian, it is doubtful that he
would ever have studied the subject of
electricity at all. In the 18th century
there was only one practical application
of electricity. and that was the giving of
electric shocks for therapeutic purposes,
chiefly to cure paralysis. (Although
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Franklin on occasion participated in such
therapy, he did not believe that the shock
itself ever cured a case of paralysis. With
shrewd psychological insight, he guessed
that the reported cures arose from the de-
sire of the patient to be cured rather than
from the passage of electric fluid.)
Franklin studied nature because he
wanted to discover her innermost se-
crets, and he chose electrostatics because
chance brought him the instruments with
which to study this subject, and because
he quickly found out that this was a sub-
ject well fitted to his particular talents. In
a spirit which might well be emulated by
all men engaged in research, he wrote
humbly at the end of one of his communi-
cations: “These thoughts, my dear friend,
are many of them crude and hasty; and if
I were merely ambitious of acquiring some
reputation in philosophy [i.e.. natural
philosophy, or science]. I ought to keep
them by me, ’till corrected and improved
by time, and farther experience. But since

even short hints and imperfect experi-
ments in any new branch of science, be-
ing communicated, have oftentimes a good
effect, in exciting the attention of the in-
genious to the subject . . . you are at liber-
ty to communicate this paper to whom you
please; it being of more importance that
knowledge should increase, than that your
friend should be thought an accurate
philosopher.”

With the discovery of electrons, protons
and neutrons, many modern writers have
argued about whether Franklin’s one-fluid
theory was or was not closer to the mod-
ern conception than the two-fluid theory
of his rivals. To my mind, such debates are
wholly without value. The value of Frank-
lin’s contribution to electricity does not
lie in the degree to which it resembles our
modern theory. but rather in the effect his
researches had in getting us along on the
road to our modern theory.

At the time that Franklin under-
took his studies, the world of science

HEAT OF ELECTRICAL FIRE was proved by this apparatus illustrated
in Franklin’s book. When charge of Leyden jar at left was allowed to
jump between wires F and G in tube, heat was recorded by thermometer.
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lay under the spell of Isaac Newton, whose
great Principia had shown that the mo-
tions of the universe could be explained
by simple mathematical laws. Newton
convinced almost everyone that mathe-
matics and mathematical laws were the
only key to the understanding of nature.
What many people forgot, however, was
that Newton’s success in applying mathe-
matical analysis to celestial and terrestial
mechanics was possible only because the
facts had been accumulated and classi-
fied, and were in a state where his great
genius could make the first great syn-
thesis of the modern scientific era. But
when it came to optics, Newton made no
synthesis such as he did for mechanics,
nor was he able to reduce his quantitative
and qualitative discoveries to the form of
general mathematical law. In the field of
optics, Newton was but one of the giants
upon whose shoulders some later synthe-
sizer was to stand. In contrast with the
austere Principia, whose motto was Hy-

LITTLE-KNOWN WORK of Franklin was the chart-

ing of the Gulf Stream. When he was deputy postmaster-
general of the colonies, he noted that Rhode Island ship

potheses non fingo (“I frame no hy-
potheses™). his Opticks contained a long
set of “queries” in which Newton discussed
the possible explanations that might be
given to his observed facts. These resem-
ble Franklin’s speculations concerning
electrical phenomena. In Franklin’s time.
as with optics in Newton’s time, the state
of electrical science did not yet permit a
full mathematical synthesis. What was re-
quired were “giants” to uncover the facts
of charge, of induction. of grounding and
insulation. of the effect of shapes of con-
ductors and so on. giants to build a work-
able manipulative theory to unify these
facts and to draw attention to essential
elements that might be measured. Frank-
lin’s success paved the way for the mathe-
matical theorists of the 19th century.
But, even more, his mastery of the tech-
nique of experimentation, his successful
and consistent explanations in terms of a
simple physical conceptual scheme, and
the many new and curious facts of nature

he revealed, gave experimental science a
new dignity in the eves of his 18th-century
contemporaries. The French philosopher
Diderot wrote. in his essav on the inter-
pretation of nature. that Franklin’s book
on electricity, like the works of the chem-
ists. would teach a man the nature of the
experimental art and the way to use the
principles of experimental research to
draw back the veil of nature without mul-
tiplying its mysteries.

This was the sense. then, in which
Franklin’s contemporaries believed him to
be the new Newton, and this was the first
great contribution made by America to the
mind of science. In this light, there can
be no doubt of Franklin’s stature in
science, nor that he deserves to stand as
the first American scientist.

e ———
I. Bernard Cohen is instructor in the
history of science at Harvard and author
of Science, Servant of Man, to be pub-
lished this month by Little, Brown.

captains shortened their passage from England by cut-
ting across a certain current instead of sailing against it.
Franklin extended their knowledge to chart the stream.

— -3
N
C&‘-A\J_—LI A

. \(,,L,"n:/{.u N

I J

CARODL I NA

e o e . T

LAND OF THE

¥
L
H i
. _|.b o
: = v e “v
: P 1 Pine
; - \.l",
g o orp
"\ CTISEW
N ll.\ib SHINE
! Y & 4
ﬂng&.'u-uu <
! | | ki b e (ol
o X
' = e i Neammoint
1 PENKAYLYANTA® gl T “REEE -n“ =
) 1 G
_‘{m el freet)
1 I

I V1 ok 6t N 1 s,
| s ) - : 1
' * ‘,:“- \ MY fheoe 27

praen s

ESKIMAUXS or LABRADOR

[
GELY of ¥

fTLATRER I

E ML WS Em g e o GES
s

ef HAx

: ‘
- .
a
b « Mot L]
-

"y

SEWF USNEAXD

!
I
| J\\Fr.'r FLORIDA ‘
L s, | < CHART \ ]
| g | ( sy )\ 1
i i wl” The | l
A% yvy e TR Y
:P,lkf‘ OF THE o CULPH NTREAM \
J A —— i
.;uri.r..t MEXICO i
L..—. — e s e = e e N T W s e W RN e s WS R YRR WG s . Men S el e L i 4_]
43

© 1948 SCIENTIFIC AMERICAN, INC



HiGH BrLoob PRESSURE

The cause of a fatal constellation of heart

and blood-vessel disorders, hypertension is

one of man’s most critical medical problems

3 MONG physicians and thoughtful lay-

men there is a growing concern

over human vulnerability to high
blood pressure and hardening of the arter-
ies. Death certificates show that these
associated conditions kill some 600.000
people in this country annually; by 1960,
the insurance companies estimate. blood
vessel disorders and related diseases of
the heart will kill 1,200,000.

To put it another way. 50 of every 100
children born today will die of these dis-
eases. That is three and one half times as
many deaths as from cancer. ten times as
many as from tuberculosis, and a thou-
sand as many as from infantile paralysis.

High blood pressure (hypertension)
and hardening of the arteries (arterioscle-
rosis) are not, as commonly supposed,
merely the concomitants of growing old.
Hypertension is by no means limited to
middle-aged and elderly people. It is, for
example. fast becoming the greatest killer
of pregnant women. and. through them, of
unborn children. It is estimated that 2,000
mothers and 16.000 unborn infants die of
this cause each year. And of the mothers
who survive the hypertension originating
in pregnancy, 50,000 come to an earlier
death as a result.

The statistics alone are sufficiently ap-
palling, and they do not begin to convey
the associated human suffering. Yet the
public. strangely, seems far fr‘om ap-
palled; either it is unaware of this dread
mortality or accepts it fatalistically. Hy-
pertension and arteriosclerosis are not
glamorous diseases. They work quietly,
progressively. and show themselves only
late in their course. Their incapacitating
effects are most often clearly perceived
during the later years of life—the years
of wisdom and maturity, lacking which
society is the poorer.

Since the 18th century, life expectancy
in the U. S. has increased from 39 to 57
years, largely because of the conquest of
diseases such as smallpox. typhoid fever.
tuberculosis, plague, infantile dysentery,
diphtheria and. more recently. pneumonia
and streptococcic infections. The reduc-
tion of these infectious diseases has per-
mitted people to live to the age when hy-
pertension and arteriosclerosis take their
greatest toll. No strict proof exists that the
blood vessel diseases are increasing for
any other reason than the population’s in-
creasing age. I say “no strict proof” ad-
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visedly, for it is possible that the faster
tempo and increasing frustrations of con-
temporary living may indeed foreshadow
a greater incidence of hypertension inde-
pendent of age.

Before discussing what hypertension is,
it is essential to make clear that the vari-
ous blood vessel and heart diseases are all
parts of a closely interrelated complex,
although many people. including many
physicians, think of them as separate en-
tities. Actually high blood pressure is very
often the cause of hardening of the arter-
ies, and arteriosclerosis in turn may lead

x

CAPILLARIES, magnified 160 diam-
eters through the skin at the hase
of the fingernail, form fine loops.

to any one of three types of overt break-
down, depending on the vital area that it
damages: 1) apoplexy, or stroke in the
brain; 2) coronary thrombosis, or circula-
tory obstruction and failure of the heart;
and 3) failure of the kidneys with re-
sultant uremia. Broadly speaking, all of
these conditions must be grouped to-
gether as “cardio-vascular-renal” (mean-
ing heart-blood vessel-kidney) diseases,
but their connection is generally over-
looked. Thus apoplexy is often listed as
the cause of death. although the underly-
ing disease which caused the apoplexy
may be hypertension or arteriosclerosis or
both. Similarly, “failure of the heart” or
“failure of the kidneys” may be but a
manifestation of the real cause—the de-
structive effects of abnormally high blood
pressure. In other words, a large propor-
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tion. perhaps a majority, of failures of the
vital circulation of the heart and other
organs derives from high blood pressure
and hardening of the arteries as the basic
causes.

Blood pressure in the human body is
regulated by an extraordinarily complex
and sensitive mechanism. Blood pumped
from the heart flows through ever-narrow-
ing channels (arteries and arterioles) into
the smallest blood vessels—the capillaries.
Great pressure is needed to pump the
blood through the arterial system. But to
avoid injury to the delicate capillary bed.
the function of which is to provide for the
chemical needs of tissue cells. the pressure
must be sharply reduced. This job is per-
formed by the small. muscular arterioles,
which strongly resist blood flow and, like
a series of dam gates, reduce the flow into
the capillaries to a gentle trickle. The
channels that lead from the capillaries
back to the heart broaden as they join and
form veins. Little pressure is required to
lead blood back to the heart. “Blood pres-
sure,” as conventionally measured, is
taken as the level of pressure in the
larger arteries.

HEN modern methods of measure-

ment came into use some 45 years
ago, arterial pressure in normal adults
was found to average 120 millimeters of
mercury at the height of the ejection of
blood from the heart and about 70 mm.
of mercury in the interval between beats.
The former is called the systolic and the
later the diastolic pressure. and the two
are recorded as 120/70 mm. Hg (mercu-
ry’s chemical symbol).

It is important to remember that per-
fectly normal people may show wide va-
riations from this average. But establish-
ment of normal values led to the observa-
tion that arterial pressure in some people
is persistently and abnormally increased.
This condition is called arterial hyperten-
sion. Any value persistently above 150/90
mm. Hg may be considered abnormal. In
some patients the pressure may be as high
as 260 to 300 mm. Hg systolic and 140 to
170 mm. Hg diastolic, but the average for
well-established hypertension is 220/126
mm. Hg.

Except in a very general way, the height
of the blood pressure is not a direct meas-
ure of the severity of the disease nor of
the outlook for the patient. The outlook is



often far more dependent on the quality
of blood vessels with which the patient is
born, for it is the wear and tear on blood
vessels that usually causes death of the
patient. Thus the blood pressure reading
alone, without other measurements of the
condition of the blood vessels and heart,
is an unreliable guide.

Since many things may cause persist-
ently high blood pressure, it is necessary
to inquire with great care into the origin
and the mechanism of the elevation in
each case. It is found that some cases are
due to disease of the kidneys, such as
Bright’s disease; some to disease of the
adrenal glands, such as tumors; some to
diseases of the brain, and so on. But most
are due to a cause that is still unidentified.
It is this multiplicity of causes and mech-
anisms which makes for widely different
prognoses in individual patients.

The arterioles of patients who have long
suffered from arterial hypertension are
often thickened, narrowed and fibrous.
Some physicians early took the view that
this hardening, or sclerosis, was the cause
of the increased pressure. They reasoned
that the thickening of the vessels impeded
the flow of blood, which in turn forced the
body to raise arterial pressure lest the
tissues receive insufficient blood to nour-
ish them. But other investigators have
come to the conclusion that the hardening
of arterioles is not the cause but the re-
sult of increased arterial pressure. The
two diametrically opposed views have re-
sulted in differing approaches to the study
of the disease, to treatment and to estima-
tion of the outlook for the patient.

Hardening of the arterioles is believed
to be largely irreversible; and so it is, as
our present remedies go. The early belief
that damage to the blood vessels preceded
the rise in blood pressure had gloomy im-
plications, for it suggested that there was
little to do but tell the patient that the
damage was done, that it would inexorably
increase, and, for want of anything better
to say, that he had better take it easy.
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HEALTHY ARTERIOLE, magnified 50 times, has a
cross section of even, muscular walls. Contraction of
muscles regulates blood pressure in the capillaries.
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But the bulk of evidence is now in favor
of the second view: that vessel damage is
due to the strain of increased pressure. It
appears that the beginning of the process
is a contraction of the muscles of the arte-
rioles, which narrows the vessels so that
the heart must beat harder and pressure
must rise to maintain the circulation. This
explanation unfortunately does not indi-
cate the basic cause of the contractions.
For lack of a better name, the process is
called “essential hypertension,” meaning
that the first abnormality that is discov-
ered is the increase in arterial pressure.
Nonetheless this newer view, now well
established, is a great deal more hearten-
ing than its predecessor, for the contrac-
tion of muscles, unlike their hardening, is
at least theoretically reversible. It endows
the problem of dealing with arterial hyper-
tension with two specific objectives, the
first being the removal of the causes of in-
creased pressure and the other the arrest
and prevention of vessel damage.

The chain of damaging events proceeds
in this wise: The increased force of the
heartbeat, in combination with the nar-
rowing of the arterial tree, leads to eleva-
tion of the blood pressure. The increase
in the power of the heartbeat is accom-
plished only by dint of increased work.
This in turn leads to enlargement of the
heart muscle, just as any muscle increases
in size when persistently given more work
to do. But the time must come when the
heart can no longer keep up with the de-
mand made on it, and it fails. Even before
that, elevated blood pressure may have
done widespread and various damage. If
the blood vessels are unable to withstand
the increased pressure, they rupture. If
they rupture in the brain, a stroke results.
Sometimes the blood vessels in the kidneys
fail, and uremia results. The kidneys are
peculiarly vulnerable because they are
composed in large part of blood vessels.

Hypertension can be produced in ani-
mals by changing the character of the
pulsing stream of blood to the kidneys. Is
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some similar mechanism at work in the
kidneys of man? As yet there is no proof
that this is so, but it has provided an im-
portant approach for investigation of the
problem of the origin of hypertension.

In animals, hypertension may be arti-
ficially caused by one of two methods.
The first consists of constricting the main
artery to the kidneys by means of an ad-
justable clamp. The second is to envelop
the kidneys in a sheet of cellophane or
silk. The foreign material acts as a strong
irritant, and, in the attempt to wall off
the irritation, the body grows a stiff hull
around the kidneys which holds them
firmly and prevents their normal pulsa-
tion. When this occurs, the blood pressure
rises.

From work on animals with experimen-
tal hypertension of kidney origin has
come the view that an enzyme called
renin, which is contained within the kid-
ney, is liberated into the blood stream. It
acts on a protein in the blood to produce
a substance called angiotonin, or some-
thing very much like it. This angiotonin-
like substance seems to be the villain that
raises blood pressure. Probably the most
important evidence in favor of this view
is that the physiological mechanism which
seems to operate in the experimental ele-
vation of blood pressure is almost identi-
cal with that in patients having essential
hypertension.

HE FORMATION of angiotonin is a
matter of much interest. It is the first
example in which an enzyme seems to be
acting as an internal secretion. Possibly
other internal secretions will prove to have
similar mechanisms. Since the protein on
which renin from the kidneys acts is pro-
duced by the liver, it is easy to see that
the bodily mechanisms for the control of
blood pressure are widespread, involving
many organs and substances.
The chemical mechanisms which con-
trol the expansion and contraction of
blood vessels and the amount of blood

SCLEROTIC ARTERIOLE has hardened and fibrous
walls. Progressive sclerosis of the walls narrows the
channel for blood flow and contributes to high pressure.
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flowing to tissue are exceedingly complex;
naturally so. since they have a complex
job to do. Each new discovery of a sub-
stance which either raises or lowers blood
pressure tends to overemphasize the actual
importance of that substance, and to lead
to disappointment. Thus at one time adren-
alin, the internal secretion of the inner
portion of the adrenal glands, was be-
lieved to be the cause of hypertension.
When it was found that this was not true,
a nihilistic wave set in which all but left
adrenalin without function in the body.
Only recently has a truer light been shed
on its function.

As an illustration of the complex inter-
play of the pressure-elevating substances,
consider the effect of feeding meat or salt
to animals which are given injections of
one of the hormones of the adrenal cortex.
If salt in particular is withdrawn from the
diet, the hormone does not raise blood
pressure and seems to produce little injury
to the blood vessels. But feed a bit more
than the usual amount of salt and the in-
jections now cause a marked rise in blood
pressure and severe injury to the blood
vessels. It would be easy to assume, of
course, that the same is true of patients
with hypertension, and to draw the con-
clusion that salt or meat is the cause of
hypertension. There is just enough truth
in this view to make it tantalizing. A very
low salt diet lowers blood pressure in
some patients, but by no means in all.
Furthermore. no one has yet proved that
the adrenal hormone employed experi-
mentally in animals is present in human
adrenal glands, except in minute amounts.
Clearly there is much that is highly sug-
gestive in these observations, but the ker-
nel of the problem has not been reached.

Some years ago the research group with
which I have been associated was treated
to an amusing demonstration of how easy
it is to be misled in this field of investiga-
tion. We observed that a substance ex-
tracted from the urine of supposedly nor-
mal physicians working in the hospital
greatly raised blood pressure when in-
jected into animals. But this substance
could not be found in the urine of our
hypertensive patients. An interesting pos-
sibility at once suggested itself: the sub-
stance might be a blood pressure-elevating
agent which normal people got rid of in
the urine but which the patients retained.
Their inability to get rid of it might be the
cause of their high blood pressure. The
substance was carefully isolated, crystal-
lized and identified. It turned out to be
pure nicotine! The patients had been kept
figuratively under lock and key by a strict
head nurse who did not believe in the vir-
tue of the minor vices. Smoking was
banned for the patients, but not for the
physicians. So the mystery was solved, but
little was added to knowledge of essential
hypertension. There was, however, one in-
cidental addition to our general informa-
tion. Up to that time, it had been generally
believed that nicotine was largely de-
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stroyed by the liver; our observation
showed clearly that much of it is elimi-
nated in the urine.

ECENTLY an interesting substance

has been found in the blood of ani-
mals when they are in shock or after crude
extracts of kidneys have been injected ints
their bloodstream. When the substance is
injected into normal animals, it produces
only a transient rise in blood pressure. But
if the kidneys of the animal have been re-
moved a day or two before, then the blood
pressure rises greatly and stays elevated
for several hours. The substance seems to
have its origin in the kidneys and its ef-
fect seems to be controlled by the presence
of kidneys. But is it concerned in the
mechanism of the elevation of blood pres-
sure in man? No one yet knows the an-
swer, but all would admit the challenge of
the problem.

A substance such as angiotonin must
have blood vessels to act on to produce
hypertension. The vessels’ response is nor-
mally controlled by a variety of factors,
among them being the endocrine glands,

CONSTRICTED

NORMAL SCLEROTIC

DIAMETERS of healthy and sclerot-
ic blood vessels show root of hyper-
tension and arteriosclerosis. Constant
constriction often leads to sclerosis.

the liver and the nervous system. The in-
terplay of these various factors influences
to a great extent the height of the blood
pressure when the organism is acted on by
angiotonin. The precise unraveling of the
complicated skein is one of the urgent
medical problems now being investigated.
It would seem reasonable to suppose that
as the degree of participation by the vari-
ous organs in the mechanism elevating
blood pressure becomes measurable, a
much broader range of methods will be
found to modify the level of the arterial
pressure.

A great deal of evidence derived from
bedside examination of patients suggests
further that the kidneys play an important
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part in hypertension. For example, eleva-
tion of arterial pressure is the common
accompaniment of Bright’s disease and
pyelonephritis. both diseases of the kid-
neys. Presumably the kidneys in such
cases initiate the rise in blood pressure.
But most patients with essential hyper-
tension do not begin with manifest kidney
disease. It is believed by many that
heightened activity of the nervous system
caused by repeated narrowing of the ves-
sels of the kidneys is the trigger that starts
the liberation of substances that elevate
blood pressure. Indeed, Josep Trueta of
London has suggested that nervous stimu-
lation shunts blood away from the cortex
of the kidneys, leaving it bloodless, and
that this bloodlessness sets in motion re-
actions, otherwise not occurring, which
produce blood pressure-elevating sub-
stances. But there seems to be little
evidence to support such a concept of the
origin of essential hypertension.

The impression should not be created
that the kidney theories are the only views
currently held by investigators of the ori-
¢in of hypertension. They are perhaps the
most commonly held. Others believe that
essential hypertension begins as a result
of stress and strain acting on the pituitary
¢gland. They suggest that the pituitary acts
on the adrenal glands to stimulate the ex-
cretion into the blood stream of a sub-
stance noxious to the blood vessels of the
kidneys, thus initiating a chain of events
which culminates in the appearance of a
chemical substance like angiotonin in the
blood. This substance in turn is responsi-
ble for the narrowing of the arteriolar
bed and the stimulation of the force of the
heart beat which eventuates in persistent
hypertension.

Some believe that hypertension is of
purely nervous origin, that the “set” of the
mechanism in the brain which regulates
blood pressure is altered in an upward
direction to cause hypertension.

There is great interest among physi-
cians at present in the view that hyper-
tension is a disease of psychogenic origin,
or one of failure of the mechanism of
adaptation to respond properly to the un-
favorable environment in which most men
find themselves. So far no proof has been
found that emotional factors are ever the
direct cause of essential hypertension. But
the fact that hypertensive people com-
monly show unusual emotional patterns
suggests a close if not causal relationship.
One thing is certain: the acquisition of
equanimity is usually associated with a
marked reduction of the level of blood
pressure and betterment of the patient’s
condition. As Plato observed more than
2,000 years ago: “He who is of a calm and
happy nature will hardly feel the pressure
of age.”

Whether there is such a thing as a
hypertensive personality in whom hyper-
tension almost inevitably develops seems
doubtful. Certainly the layman’s picture
of the hypertensive as an overactive, ebul-



lient, expansive. aggressive individual is
not correct. Most observers agree on only
a few common characteristics: emotional
instability, anxiety and resentment often
associated with failure to achieve a lofty
ambition. Since many hypertensive people
have emotional problems, proper care of
them always includes intelligent educa-
tion and guidance, and, in a few, more
penetrating psychotherapy such as psy-
choanalysis.

There is no specific treatment for hyper-
tension, but there are many treatments
which can greatly reduce blood pressure
and prolong life. Partial or even complete
removal of the sympathetic nervous system
has been a useful treatment in some pa-
tients. Drugs such as potassium thiocyan-
ate are valuable when properly used in the
control of intractable headache, and they
lower blood pressure as well in some pa-
tients. Dihydroergocornine is currently
under study and seems to be useful in a
limited group of patients. Low salt diets,
rice and fruit juice diets are now being
actively investigated with. so far, encour-
aging results. They must be considered.
however, as no more than clinical experi-
ments and not established cures.

UCH HAS been made recently of the

possibility that hypertension and
vascular disease may be caused by an im-
proper adaptation to the frustrations and
stresses of civilization. It has been noted
that Chinese peasants seem to be relative-
ly free of this disorder. Many years aco
George Crile called hypertension a disease
of civilization. This view has much to sup-
port it, though the final objective proof
has yet to be produced. Hans Selye of
Toronto has done much to crystallize re-
search which may well lead to an under-
standing of the way in which the nervous
system participates in the genesis and
maintenance of high blood pressure. If
hypertension and arteriosclerosis are the
price we must pay for being civilized, we
must find cures for them, or determine
what part of civilization exacts such a
price. We cannot and will not give up civi-
lization.

The hypertension problem is in a
healthy competitive state among its in-
vestigators. Further, it has begun at long
last to fire the imagination of young re-
searchers and intelligent laymen. The
weight of ancient authority is dropping
away and in its place critical investiga-
tion is appearing, much of it of very high
caliber. With continued or, one hopes,
much accelerated research. the outlook
should be much improved within a rela-
tively short time. Hypertension is a disease
which man should be able to conquer. In
doing so, he will rid himself of his most
lethal enemy.

L ——

Irvine H. Page is director of the
research division at the Cleveland
Clinic and author of medical works.

THE CIRCULATORY SYSTEM and its various organs are outlined in this
much simplified diagram. The fine networks of capillaries at the top and
hottom represent all those which carry blood to the hody’s multifarious cells.
The branches between the arteries and capillaries are the musculararterioles.
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MEASUREMENT BY MERCURY

The length of a light wave has been our most accurate

yardstick. Now the light of a rare isotope transmuted

artificially from gold provides the ultimate standard

OW LONG is an inch? As long as
che end joint of a man’s index finger,

in common lore. The schoolboy
and the carpenter define it somewhat more
precisely as the distance between two lines
on a common wooden ruler. That will do
for rough measurement, but we are still
far from an exact definition. Rulers are
not uniform; they are subject to swelling
and shrinking; the coarse lines with
which they are marked add a further
margin for error. In a fine-structured
civilization whose tolerances are measured
in millionths of an inch, obviously the inch
must be more accurately defined. We need
an inch (or a more cosmopolitan measure,
the meter, from which the inch may be
derived) that is the same everywhere on
earth, that remains invariable regardless
of time, temperature or other circum-
~tances, and that can be reproduced at will
from some fixed, universal standard.

Let us take the most inflexible of metals,
cast it in the shape of an end-gauge or
calipers and calibrate it to the exact
dimensions of our unit. Very good, but our
problem has only just begun. Where shall
we find the ultimate measure upon which
to gauge our instrument? We arrive,
finally, at the International Bureau of
Weights and Measures near Paris. There
in a guarded vault lies a platinum-iridium
bar. On it are two fine ruled lines,
six to eight microns wide and a certain
distance apart. By world agreement, the
distance between the centers of the two
lines is exactly one meter when the bar is
at the temperature of melting ice.

WAVELENGTHS of various spec-
tral lines of mercury 198 are meas-
ured by comparing them in the Bu-
reau of Standards laboratory with the
lines of cadmium, the best previous
standard. Mercury light, produced
by the lamp at the left, is made to
produce interference fringes by in-
terferometer in right center, Cadmi-
um light, produced by lamp in left
center, also passes through interfer-
ometer. Fringes are separated by
prism (out of picture to the right)
and compared. Here a small prism
has been placed behind interferom-
cter so observer Meggers can make ad-
justments needed to produce fringes.

by William F. Meggers

That bar near Paris has been a constant
worry to the world. The meter. as everyone
interested in scientific measurement
knows, was designed in the 1790s to rep-
resent one ten-millionth of the earth’s
quadrant (the distance from the North
Pole to the Equator). As early as 1827, a
eroup of natural philosophers meeting in
Paris was struck by a disquieting thought:
Suppose a comet collided with the earth
and changed its size or shape. The stand-
ard meter, on which all earthly measure-
ments depended, could not be reproduced
from its definition. Before the century’s
end, earth surveys of greater accuracy
showed that the original meter was not ex-
actly one ten-millionth of the quadrant but
was one part in 5.000 too short. So in 1889
the meter’s definition in terms of the earth
was abandoned and it was arbitrarily de-
fined as a certain distance on the plati-
num-iridium bar almost identical with the
original prototype meter. Since then the
world’s standard of measurement has de-
pended on that frail piece of metal, which
has remained the master standard though
copies have been distributed to other
countries. During World War I there was
great fear that a bomb might destroy the
master bar. Many scientists agreed that a
new standard was urgently required.

Sir Humphry Davy. the 17th and 18th
century chemist-poet. had been the first to
propose such a change. He suggested as a
natural standard of length the diameter of
a capillary tube ol glass in which water
would rise by surface tension to a height
exactly equal to the tube’s diameter.
Jacques Babinet. a French natural philos-
opher. suggested that a wavelength of light
in a vacuum would be a better one. In
1887. the American physicists A. A.
Michelson and E. W. Morley translated
this suggestion into a practical method.
They showed how to measure length by
means of the instrument called the inter-
ferometer, which they had devised for
their celebrated experiments on the mo-
tion of the earth through the “ether.”

The interferometer is an essentially
simple instrument designed to make waves
of light overlap and interfere with one
another. The simplest interferometer,
known as the Fabry-Perot type, consists
of two optically flat glass or quartz plates
separated by a certain distance and ad-
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justed accurately parallel to each other.
The sides of the plates that face each
other are coated with thin films of silver
or other metal to reflect most of the light
but to let part of it through. When a beam
of monochromatic light is directed through
the instrument, the light that filters
through the first plate is trapped between
the two plates and begins to bounce back
and forth. With each bounce, some light
passes on through the second plate to a
viewing apparatus. The waves that bounce
back combine with following waves. At
the viewing end the combined waves form
a series of concentric “interference
fringes,” each fringe representing a wave-
length. Bright rings occur where the
waves reinforce each other and dark ones
where they cancel each other.

HE DIFFERENCE between the diam-

eters of the fringes depends on the
double distance (to and fro) between the
two interferometer plates, in other words,
on the length of each bounce. By varying
the distance between the plates, one may
alter the pattern of fringes. When the cen-
ter of the pattern shows maximum bright-
ness, it means that the number of light
waves in the double distance between the
plates is a whole number, because the suc-
cessive components are all in phase to
interfere constructively. If the center is
dark, it means that the number of waves
is an integer plus a fraction; at maximum
darkness this fraction is 14, that is, the
waves are Y5 wavelength out of phase
and the crest of one wave coincides with
the trough of another.

Here, then, is a means of establishing
an absolute. invariable standard of length.
[t rests upon a wavelength of light—an
immutable constant of nature under re-
producible conditions. Count the first
circular fringes, determine the extent to
which the waves are out of phase at the
center of the circle, and the result is the
number of waves, plus the fraction of a
wave, that spans the double distance be-
tween the two plates. From the known
wavelength of the light that is used, it is
easy to compute the exact distance be-
tween the plates. With monochromatic
waves the fraction representing the dis-
tance by which the waves are out of phase
can be determined to 1/1,000 of a wave-
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HOW INTERFEROMETER can translate the length
of light waves into units of practical size is shown in this
demonstration prepared by the Bausch and Lomb Op-
tical Company. The interferometer here is not the type
used in measuring the wavelength of light from mercury

50

198, nor has mercury 198 been used in this kind of meas-
urement. The demonstration is nonetheless a remark-
ably clear exposition of the interferometer and its use.
As clarified in the diagram at the right, light from the
lamp at the top of the photograph is split into two
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length. and therein lies the unique ad-
vantage of measuring lengths with light
waves: we are using a scale division 10.-
000 times finer than the lines ruled on a
meter bar.

But the problem is less simple than
Michelson and Morley at first supposed.
We cannot use just any wavelength of
light. To attain real accuracy we must
employ a homogeneous or monochromatic
wave that gives a single sharp spectral
line. A complex light source produces
fringes that are much too fuzzy. Sixtyyears
ago it was generally assumed that all spec-
tral lines were monochromatic and invari-
able. Michelson and Morley began by using
the wavelength of yellow light emitted by
sodium; then they shifted to the green
light of mercury, which they suggested
would in all probability prove to be the
best ultimate standard. Michelson soon
discovered, however, that atomic radia-
tions in general were far from monochro-
matic; the light from each element was
made up of a multiplicity of components
(now known to be due to the varying nuc-
lear spin of atoms and to the mixture of
isotopes that make up almost every
natural element). In particular, he found
that the green mercury line was one of the
most complex in nature. He therefore
settled upon the red light of cadmium,
which was the most nearly monochro-
matic among the elements that he studied.

HENEXT STEP obviously was to mea-

sure the cadmium wavelength against
the platinum-iridium meter bar. In 1892
Michelson went to the International
Bureau of Weights and Measures and
made the first such measurement. This ex-
periment has been repeated eight times
since then. The average value obtained for
the cadmium red wavelength from these
nine measurements is 6438.4696 angstroms

(one angstrom=1/100,000,000 cm.).
The deviations are within the limits of
accuracy of the measurements, which
would seem to indicate that in half a cen-
tury the meter bar has changed amazingly
little if at all. Yet metal end-gauges, with
which it is possible to measure wave-
lengths more accurately than with a ruled
bar, have been found generally to change
with time, so there is no @ priori reason to
believe that the international meter bar is
strictly immutable. A wavelength of mono-
chromatic light, on the other hand, can
reasonably be assumed to be of unchang-
ing length under standard conditions.
Yet the red line of cadmium is a rela-
tively crude measure. It lacks the sharp-
ness required for maximum accuracy.
And the counting of fringes demanded by
Michelson’s method is a labor of fantastic
tediousness; there are 1,553,164 red cad-
mium wavelengths or fringes in a meter!
Since 1931 research has been focused
anew on the green line of mercury, which
Michelson once considered and rejected.
And now at long last we have found the
answer in an artificial isotope of mercury
obtained by transmuting gold—a reversal
of the alchemist’s age-old goal. This
isotope, Hg'", emits a sharp green line
free from complex structure. This wave-
length is not only the best standard that
has been found but the hest that can be
found. In mercury 198 we have finally dis-
covered the ultimate standard of length.
Natural mercury consists of a mixture
of seven isotopes with the mass numbers
196, 198. 199, 200, 201, 202 and 204 (rela-
tive to oxygen 16). Green light from
natural mercury consists of 16 components
ranging over half an angstrom, that is,
more than 100 times the width of a single
component. Since isotopes of even mass
number have no detectable nuclear spin
(one factor which complicates the struc-

S—
beams by a half-silvered mirror in center. The two 1o produce circular interference fringes. When the mir-
beams, bouncing back from the two mirrors at left, then  ror is moved farther, the fringes pass across aperture of
unite before entering photocell at right. When the lower  photocell and are recorded by device at upper left. Ob-
of these two mirrors is moved by fine screw adjustment  server at microscope helow can then relate the number
at left. light waves in the two heams are set out of phase  of fringes to marked scale on movable mirror carriage.
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ture of spectral lines). the problem was
to isolate an even-numbered isotope that
would emit a single, distinct line. Mercury
198, which does not exist in a pure state in
nature, was first obtained from gold in
1934 by Enrico Fermi and others. When
gold (Au') is bombarded with neutrons,
it yields a radioactive isotope of gold that
decays rapidly and becomes stable Hg'®.
In 1940 Luis W. Alvarez of the University
of California demonstrated that neutron
bombardment from a cyclotron trans-
muted sufficient gold into mercury to
be detected with a spectroscope. The
National Bureau of Standards thereupon
purchased 40 ounces of proof gold and re-
quested the University of California to
bombard it with neutrons for one or more
years. World War II interfered with this
project, but near the end of the war there

mium in the interferometer—a method 10
times more accurate than measuring it
from the meter bar. Comparison of wave-
lengths in an interferometer is one of the
most beautiful experiments in physical op-
tics; in simplicity and precision it is out-
standing among physical measurements.
Light from mercury 198 and from cad-
mium is beamed simultaneously into the
interferometer. At the viewing end their
interference patterns are shown not as
circular fringes but. by projection through
a prism and lens, as slit images of dia-
metral sections of fringes without over-
lapping. The green wavelength of Hg"™ is
easily computed from the red wavelength
of cadmium by a method that depends on
a comparison of the number of waves of
the respective emissions in the double
distance between the plates. The green

CLOSEUP of interferometer on pages 50 and 51 shows initial beam at top
being split in two by half-silvered mirror. Beam returning from the left then
passes through mirror. Beam returning from bottom is reflected from mirror
back. Picture shows top view of fringes similar to those on opposite page.

arose rumors of a secret source of neu-
trons thousands of times more effective
than the largest cyclotron. In 1945 the
Bureau of Standards gold was transferred
to an atomic pile at Oak Ridge, and there,
within a year, was produced more than
60 milligrams of highly pure mercury 198.

With this mercury several lamps were
made, each using about five milligrams.
The simplest is a sealed glass vacuum tube
of the size of a cigarette, in which mercury
vapor is excited to emit light by high-
frequency radio waves. By this method in-
tense light emission can be obtained at
extremely low vapor density and tempera-
ture, which are necessary conditions for
sharp lines. It was at once found that the
green light from Hg'® produced incom-
parably sharper fringes than natural mer-
cury.

To use the Hg'* fringes for length meas-
urements, the wavelength of the light it-
self had to be accurately measured. This
was done by comparing the Hg'* wave-
length with that of the red light of cad-
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wavelength of Hg'® was thus determined
to be 5460.752 angstroms, or about 21.5
millionths of an inch. It can be measured
by this method with an accuracy of one
part in 100 million. And theoretically any
length of 10 inches or more can be meas-
ured by Hg"* and an interferometer with
this accuracy.

But how can one be sure that mercury
198 is the ultimate standard? The reasons
are clear and conclusive. The green line
of Hg'", the brightest in mercury’s spec-
trum, coincides almost exactly with the
wavelength to which the human eye is
most sensitive; it is, for example. 70 times
as intense to the eye as the red line of
cadmium—a great advantage for the visu-
al adjustment of an interferometer. The
weight of mercury is an additional advan-
tage. At low pressures and moderate elec-
trical excitation the monochromaticity of
atomic radiations varies as the square
root of the atomic mass divided by the
absolute temperature. The random mo-
tions of radiating particles tend to make
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spectral lines fuzzy. Naturally these
atomic motions are least for heavy parti-
cles at low temperatures. Since mercury
atoms are nearly twice as heavy as cad-
mium atoms and radiate strongly at less
than half the absolute temperature, mer-
cury waves will be less than half as fuzzy
as cadmium waves, other things being
equal.

Moreover, to obtain enough cadmium
vapor to produce a spectrum, the element
must be heated to between 300 and 320
degrees C. This high temperature adds
fuzziness to the waves. Mercury, in con-
trast, has sufficient vapor pressure even at
its freezing point (-39 degrees C.) toyield
a spectrum through excitation by a high-
frequency electric field. Indeed, mercury
is unique among all elements in radiating.
at low pressure and temperature, a rela-
tively simple spectrum of intense and ex-
ceedingly sharp lines, provided that its
isotopic structure is eliminated. Further-
more, mercury has another extremely con-
venient property: by the use of a pair of
yellow mercury lines that produces inter-
ference coincidences at intervals of 275
waves, the order of interference in the
interferometer can be determined without
counting the fringes.

HUS THE GREEN line of mercury

now stands alone as the most nearly
ideal standard wavelength that can ever
be obtained from any atoms, natural or
artificial. Its unique properties force the
conclusion that a progressive scientific
world will soon adopt the wavelength of
green radiation from Hg™ (5461 ang-
stroms) as the ultimate standard of
length.

The writer wishes to emphasize that he
is not trying to abolish the meter or the
metric system. On the contrary, he is
anxious to perpetuate both by giving the
meter a scientific definition that will make
it more accurately reproducible. The
meter is here to stay. It remains a very
convenient and useful instrument for
calibrating ruled scales, with which most
length measurements are made. Nonethe-
less. it is highly arbitrary and unscientific
to define the primary standard of length
as a distance between two relatively
coarse, irregular lines on a metal-alloy
bar.

Light waves as a measuring tool can be
produced any time, anywhere. They have
set new standards of accuracy in measure-
ment. The last possible improvements in
this direction can now be made by recog-
nizing the Hg'™ wavelength as the ulti-
mate standard and by perpetuating a con-
stant and more accurately reproducible
meter through its definition in terms of
that standard.

William F. Meggers is chief of
the spectroscopy section of the
National Bureau of Standards.



INTERFERENCE FRINGES produced by the green mercury are broad and complex. Fringes of mercury

light of natural mercury (left half of picture) and of 198 are narrow and sharp. Sharper fringes of mercury
mercury 198 (right half) are compared to show the fun- 198 make possible more precise interferometric meas-
damental advantage of the latter. The fringes of natural urement and greater flexibility in interferometer’s use.
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MATHEMATICAL
CREATION

An essay written early in this century by the great

mathematician Henri Poincare is still a remarkable

insight into the creative processes of the intellect

Edited by James R. Newman

How is mathematics made? What sort of brain is it that can
compose the propositions and systems of mathematics? How do
the mental processes of the geometer or algebraist compare
with those of the musician, the poet. the painter. the chess play-
er? In mathematical creation which are the key elements?
Intuition? An exquisite sense of space and time? The precision
of a calculating machine? A powerful memory? Formidable
skill in following complex logical sequences? A supreme capac-
ity for concentration?

The essay below, delivered in the first years of this century

as a lecture before the Psychological Society in Paris, is the
most celebrated of the attempts to describe what goes on in the
mathematician’s brain. Its author, Henri Poincaré, cousin of
Raymond, the politician, was peculiarly fitted to undertake the
task. One of the foremost mathematicians of all time, unrivalled
as an analyst and mathematical physicist, Poincaré was known
also as a brilliantly lucid expositor of the philosophy of science.
These writings are of the first importance as professional trea-
tises for scientists and are at the same time accessible, in large
part, to the understanding of the thoughtful layman.

- e —— e e C——————

tion is a problem which should in-

tensely interest the psychologist. It
is the activity in which the human mind
seems to take least from the outside
world, in which it acts or seems to act
only of itself and on itself, so that in study-
ing the procedure of geometric thought
we may hope to reach what is most essen-
tial in man’s mind. . ..

A first fact should surprise us, or rather
would surprise us if we were not so used
to it. How does it happen there are people
who do not understand mathematics? If
mathematics invokes only the rules of
logic, such as are accepted by all normal
minds; if its evidence is based on prin-
ciples common to all men, and that none
could deny without being mad. how does
it come about that so many persons are
here refractory?

That not every one can invent is nowise
mysterious. That not every one can retain
a demonstration once learned may also
pass. But that not every one can under-
stand mathematical reasoning when ex-
plained appears very surprising when we
think of it. And yet those who can follow
this reasoning only with difficulty are in

THE GENESIS of mathematical crea-
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the majority; that is undeniable. and will
surely not be gainsaid by the experience
of secondary-school teachers.

And further: how is error possible in
mathematics? A sane mind should not be
guilty of a logical fallacy, and yet there
are very fine minds who do not trip in
brief reasoning such as occurs in the ordi-
nary doings of life. and who are incapa-
ble of following or repeating without
error the mathematical demonstrations
which are longer, but which after all are
only an accumulation of brief reasonings
wholly analogous to those they make so
easily. Need we add that mathematicians
themselves are not infallible? . ..

As for myself, I must confess, I am ab-
solutely incapable even of adding without
mistakes. . . . My memory is not bad, but
it would be insufficient to make me a good
chess-player. Why then does it not fail me
in a difficult piece of mathematical reason-
ing where most chess-players would lose
themselves? Evidently because it is guided
by the general march of the reasoning. A
mathematical demonstration is not a sim-
ple juxtaposition of syllogisms, it is syl-
logisms placed in a certain order, and the
order in which these elements are placed
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is much more important than the elements
themselves. If I have the feeling, the in-
tuition, so to speak, of this order, so as to
perceive at a glance the reasoning as a
whole, I need no longer fear lest I forget
one of the elements, for each of them will
take its allotted place in the array, and
that without any effort of memory on my
part.

We know that this feeling, this intuition
of mathematical order, that makes us di-
vine hidden harmonies and relations, can-
not be possessed by every one. Some will
not have either this delicate feeling so dif-
ficult to define, or a strength of memory
and attention beyond the ordinary, and
then they will be absolutely incapable of
understanding higher mathematics. Such
are the majority. Others will have this
feeling only in a slight degree, but they
will be gifted with an uncommon memory
and a great power of attention. They will
learn by heart the details one after an-
other; they can understand mathematics
and sometimes make applications, but
they cannot create. Others, finally, will
possess in a less or greater degree the
special intuition referred to, and then not
only can they understand mathematics



HENRI POINCARE was horn in 1854, the son of a civil its application to physics and astronomy, Author of sev-

servant and meteorologist. During his fruitful profes- eral hooks in these fields, he is also known for his writ-
sional life he devoted himself to pure mathematics and ings in the philosophy of science. Poincaré died in 1912.
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even if their memory is nothing extraor-
dinary, but they may become creators and
try to invent with more or less success ac-
cording as this intuition is more or less
developed in them.

N FACT, what is mathematical crea-
tion? It does not consist in making

new combinations with mathematical en-
tities already known. Anyone could do
that, but the combinations so made would
be infinite in number and most of them
absolutely without interest. To create con-
sists precisely in not making useless com-
binations and in making those which are
useful and which are only a small minor-
ity. Invention is discernment, choice.

It is time to penetrate deeper and to see
what goes on in the very soul of the mathe-
matician. For this, I believe, I can do best
by recalling memories of my own. But I
shall limit myself to telling how I wrote
my first memoir on Fuchsian functions. I
beg the reader’s pardon; I am about to
use some technical expressions. but they
need not frighten him, for he is not
obliged to understand them. I shall say,
for example. that I have found the demon-
stration of such a theorem under such cir-
cumstances. This theorem will have a bar-
barous name, unfamiliar to many, but that
is unimportant; what is of interest for the
psychologist is not the theorem but the
circumstances.

For fifteen days I strove to prove that
there could not be any functions like those
I have since called Fuchsian functions. I
was then very ignorant; every day I
seated myself at my work table, stayed an
hour or two, tried a great number of com-
binations and reached no results. One
evening, contrary to my custom, I drank
black coffee and could not sleep. Ideas
rose in crowds; I felt them collide until
pairs interlocked. so to speak, making a
stable combination. By the next morning
I had established the existence of a class
of Fuchsian functions. those which come
from the hypergeometric series; I had
only to write out the results, which took
but a few hours.

Then I wanted to represent these func-
tions by the quotient of two series; this
idea was perfectly conscious and delib-
erate, the analogy with elliptic functions
guided me. I asked myself what properties
these series must have if they existed, and
I succeeded without difficulty in forming
the series I have called theta-Fuchsian.

Just at this time I left Caen, where I
was then living, to go on a geologic ex-
cursion under the auspices of the school
of mines. The changes of travel made me
forget my mathematical work. Having
reached Coutances, we entered an omni-
bus to go some place or other. At the mo-
ment when I put my foot on the step the
idea came to me, without anything in my
former thoughts seeming to have paved
the way for it, that the transformations I
had used to define the Fuchsian functions
were identical with those of non-Euclidean
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geometry. I did not verify the idea; I
should not have had time, as, upon taking
my seat in the omnibus, I went on with a
conversation already commenced. but I
felt a perfect certainty. On my return to
Caen, for conscience’ sake I verified the
result at my leisure.

HEN I turned my attention to the

study of some arithmetical questions
apparently without much success and
without a suspicion of any connection with
my preceding researches. Disgusted with
my failure, I went to spend a few days at
the seaside, and thought of something else.
One morning, walking on the bluff, the

ample; it is useless to multiply them. ...

Most striking at first is this appearance
of sudden illumination. a manifest sign of
long. unconscious prior work. The role of
this unconscious work in mathematical in-
vention appears to me incontestable, and
traces of it would be found in other cases
where it is less evident. Often when one
works at a hard question, nothing good is
accomplished at the first attack. Then one
takes a rest, longer or shorter, and sits
down anew to the work. During the first
half-hour, as before, nothing is found, and
then all of a sudden the decisive idea pre-
sents itself to the mind. . ..

There is another remark to be made

CREATIVE PROCESS, described by Poincaré, may go on in the subcon-

scious hetween periods of conscious work. At work on a problem (first draw-

idea came to me, with just the same char-
acteristics of brevity, suddenness and
immediate certainty that the arithmetic
transformations of indeterminate ternary
quadratic forms were identical with those
of non-Euclidean geometry.

Returned to Caen, I meditated on this
result and deduced the consequences. The
example of quadratic forms showed me
that there were Fuchsian groups other
than those corresponding to the hyper-
geometric series; I saw that I could apply
to them the theory of theta-Fuchsian se-
ries and that consequently there existed
Fuchsian functions other than those from
the hypergeometric series, the ones I then
knew. Naturally I set myself to form all
these functions. I made a systematic at-
tack upon them and carried all the out-
works, one after another. There was one,
however, that still held out, whose fall
would involve that of the whole place. But
all my efforts only served at first the better
to show me the difficulty, which indeed
was something. All this work was per-
fectly conscious.

Thereupon I left for Mont-Valérien,
where I was to go through my military
service; so I was very differently occupied.
One day, going along the street, the solu-
tion of the difficulty which had stopped me
suddenly appeared to me. I did not try to
go deep into it immediately, and only after
my service did I again take up the ques-
tion. I had all the elements and had only
to arrange them and put them together.
So I wrote out my final memoir at a single
stroke and without difficulty.

I shall limit myself to this single ex-
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about the conditions of this unconscious
work; it is possible, and of a certainty it
is only fruitful. if it is on the one hand
preceded and on the other hand followed
by a period of conscious work. These sud-
den inspirations (and the examples al-
ready cited prove this) never happen ex-
cept after some days of voluntary effort
which has appeared absolutely fruitless
and whence nothing good seems to have
come, where the way taken seems totally
astray. These efforts then have not been as
sterile as one thinks; they have set agoing
the unconscious machine and without
them it would not have moved and would
have produced nothing. . ..

Such are the realities; now for the
thoughts they force upon us. The uncon-
scious, or, as we say, the subliminal self
plays an important role in mathematical
creation; this follows from what we have
said. But usually the subliminal self is
considered as purely automatic. Now we
have seen that mathematical work is not
simply mechanical, that it could not be
done by a machine, however perfect. It is
not merely a question of applying rules,
of making the most combinations possible
according to certain fixed laws. The com-
binations so obtained would be exceed-
ingly numerous. useless and cumbersome.
The true work of the inventor consists in
choosing among these combinations so as
to eliminate the useless ones or rather to
avoid the trouble of making them, and the
rules which must guide this choice are ex-
tremely fine and delicate. It is almost im-
possible to state them precisely; they are
felt rather than formulated. Under these



conditions, how imagine a sieve capable
of applying them mechanically?

A first hypothesis now presents itself;
the subliminal self is in no way inferior to
the conscious self; it is not purely auto-
matic; it is capable of discernment; it has
tact, delicacy; it knows how to choose, to
divine. What do I say? It knows better
how to divine than the conscious self, since
it succeeds where that has failed. In a
word, is not the subliminal self superior to
the conscious self? You recognize the full
importance of this question. . ..

Is this affirmative answer forced upon
us by the facts I have just given? I con-
fess that, for my part, I should hate to

can interest only the intellect. This would
be to forget the feeling of mathematical
beauty, of the harmony of numbers and
forms, of geometric elegance. This is a
true esthetic feeling that all real mathe-
maticians know, and surely it belongs to
emotional sensibility.

Now, what are the mathematic entities
to which we attribute this character of
beauty and elegance, and which are capa-
ble of developing in us a sort of esthetic
emotion? They are those whose elements
are harmoniously disposed so that the
mind without effort can embrace their to-
tality while realizing the details. This har-
is at once a satisfaction of our

mony

ing), Poincaré went on a geology expedition (second drawing). The solution
came to him as he stepped into omnibus (third drawcing) , was written later.

accept it. Reexamine the facts then and
see if they are not compatible with another
explanation.

It is certain that the combinations
which present themselves to the mind in a
sort of sudden illumination. after an un-
conscious working somewhat prolonged,
are generally useful and fertile combina-
tions, which seem the result of a first im-
pression. Does it follow that the subliminal
self, having divined by a delicate intuition
that these combinations would be useful,
has formed only these, or has it rather
formed many others which were lacking
in interest and have remained uncon-
scious?

In this second way of looking at it, all
the combinations would be formed in con-
sequence of the automatism of the sub-
liminal self, but only the interesting ones
would break into the domain of conscious-
ness. And this is still very mysterious.
What is the cause that, among the thou-
sand products of our unconscious activity,
some are called to pass the threshold,
while others remain below? Is it a simple
chance which confers this privilege? Evi-
dently not; among all the stimuli of our
senses, for example, only the most intense
fix our attention, unless it has been drawn
to them by other causes. More generally
the privileged unconscious phenomena,
those susceptible of becoming conscious,
are those which, directly or indirectly, af-
fect most profoundly our emotional sensi-
bility.

It may be surprising to see emotional
sensibility invoked a propos of mathemat-
ical demonstrations which. it would seem,

esthetic needs and an aid to the mind,
sustaining and guiding. And at the same
time, in putting under our eyes a well-
ordered whole, it makes us foresee a
mathematical law. . . . Thus it is this spe-
cial esthetic sensibility which plays the
role of the delicate sieve of which I spoke,
and that sufficiently explains why the one
lacking it will never be a real creator.

Yet all the difficulties have not disap-
peared. The conscious self is narrowly
limited, and as for the subliminal self we
know not its limitations, and this is why
we are not too reluctant in supposing that
it has been able in a short time to make
more different combinations than the
whole life of a conscious being could en-
compass. Yet these limitations exist. Is it
likely that it is able to form all the pos-
sible combinations, whose number would
frighten the imagination? Nevertheless
that would seem necessary, because if it
produces only a small part of these com-
binations, and if it makes them at random,
there would be small chance that the good,
the one we should choose, would be found
among them.

Perhaps we ought to seek the explana-
tion in that preliminary period of con-
scious work which always precedes all
fruitful unconscious labor. Permit me a
rough comparison. Figure the future ele-
ments of our combinations as something
like the hooked atoms of Epicurus. During
the complete repose of the mind, these
atoms are motionless, they are, so to speak,
hooked to the wall. . ..

On the other hand, during a period of
apparent rest and unconscious work, cer-
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tain of them are detached from the wall
and put in motion. They flash in every
direction through the space (I was about
to say the room) where they are enclosed,
as would, for example, a swarm of gnats
or, if vou prefer a more learned compari-
son, like the molecules of gas in the kine-
matic theory of gases. Then their mutual
impacts may produce new combinations.

HAT IS the role of the preliminary

conscious work? It is evidently to
mobilize certain of these atoms, to unhook
them from the wall and put them in swing.
We think we have done no good, because
we have moved these elements a thousand
different ways in seeking to assemble them,
and have found no satisfactory aggregate.
But. after this shaking up imposed upon
them by our will, these atoms do not re-
turn to their primitive rest. They freely
continue their dance.

Now, our will did not choose them at
random; it pursued a perfectly deter-
mined aim. The mobilized atoms are there-
fore not any atoms whatsoever; they are
those from which we might reasonably ex-
pect the desired solution. Then the mo-
bilized atoms undergo impacts which
make them enter into combinations among
themselves or with other atoms at rest
which they struck against in their course.
Again I beg pardon, my comparison is
very rough, but I scarcely know how other-
wise to make my thought understood.

However it may be, the only combina-
tions that have a chance of forming are
those where at least one of the elements is
one of those atoms freely chosen by our
will. Now, it is evidently among these that
is found what I called the good combina-
tion. Perhaps this is a way of lessening the
paradoxical in the original hypothesis. . . .

I shall make a last remark: when above
I made certain personal observations, I
spoke of a night of excitement when I
worked in spite of myself. Such cases are
frequent. and it is not necessary that the
abnormal cerebral activity be caused by a
physical excitant as in that I mentioned.
It seems, in such cases, that one is present
at his own unconscious work, made par-
tially perceptible to the over-excited con-
sciousness, yet without having changed its
nature. Then we vaguely comprehend
what distinguishes the two mechanisms or,
if you wish, the working methods of the
two egos. And the psychologic observa-
tions I have been able thus to make seem
to me to confirm in their general outlines
the views I have given.

Surely they have need of [confirma-
tion], for they are and remain in spite of
all very hypothetical: the interest of the
questions is so great that I do not repent
of having submitted them to the reader.

—_————
lames R. Newman is an attorney and

co-author (with Edward Kasner) of
Mathematics and the Imagination.
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by Abram Kardiner

HE strange popularity of Arnold
TToynbee, now much inflated. has re-

ceived a fresh boost from his newly
.published “Civilization on Trial” (Oxford
University Press). It is a popularity that
needs to be explained. It cannot be due
only to the attention Henry R. Luce has
given him in the magazines Time and
Life, nor to the timeliness and importance
of the message conveyed by his book. It is
more likely due to the desperate public
need to get some bearings along the un-
charted course of contemporary civiliza-
tion from anyone who appears qualified to
supply them. The Toynbee fad is not
world-wide. His native England has not
participated in it; only two of the thirteen
essays in “Civilization on Trial” were de-
livered there. It is in the U. S. that Toyn-
bee has become a prophet. His exertions
appear to have been called forth largely
by the anxiety of Americans.

This being the provocation, it cannot be
said of Toynbee that he rose to the occa-
sion. His message, for all its saccharine
piety, has neither originality, conviction
nor dignity. Perhaps the situation caught
him off guard. Perhaps he had difficulty in
adjusting his perspective from the tele-
scopic view of history to the microscopic
view of our troubled world.

In any event Toynbee has little to say
that the responsible student of human so-
cial adjustment can take seriously. In this
book. as in his vast histories, he remains
singularly uninfluenced by the recent ad-
vances in anthropology, psychology and
sociology. We must hold him accountable
for this ignorance. Were he acquainted
with these disciplines, Toynbee could not
in good conscience avoid using them for
the particular subject matter we call “his-
tory.” Nor could he with good grace argue
the timeworn issue of whether our basic
intellectual orientation should be scienti-
fic or theological.

What then do we find in Toynbee’s ap-
proach to history? About this Toynbee
here is all too candid—much more so than
he is in his larger works. He freely tells
us of his prejudices and predilections.
And with little self-consciousness he tells
us how he arrived at the master plan for
his conception of history. It came about as
a result of his education in the Bible and
in the history and literature of Greece and
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Rome. Toynbee was also influenced some-
what by Oswald Spengler, but dismissed
his conclusions because he provided no
explanation for the rise, development and
decline of civilizations. Spengler. says
Toynbee, was too arbitrary and explained
nothing. Toynbee rejects the German «
priori method and offers English empiri-
cism instead.

Toynbee set this empiricism to work on
the principal keys of the 19th-century his-
torians: race and environment, neither of
which “unlocks the fast closed door of
history.” Then he turned to mythology,
which somewhat embarrasses him. “Had
I been acquainted with the works of C. J.
Jung [a choice Mr. Toynbee does not ex-
plain], they would have given me the clue.
I actually found it in Goethe’s Faust. . . .
Because God’s works are perfect. the
Creator left himself no further scope for
His creative powers. and there might have

been no way out of this impasse if Mephi-
stopheles—created for this very purpose—
had not challenged God to give him a free
hand. to spoil, if he can. one of the Cre-
ator’s chief works. God accepts the chal-
lenge and thereby wins an opportunity to
carry His work of creation forward.”

Toynbee’s first “challenge and response™
is thus a wager between God and the
Devil, the latter being a creation of God
so that He may be kept busy at the job
of creating something new. In order to
keep the game going “we are bound to as-
sume that the Devil does not always lose.”
This is how Toynbee’s challenge and re-
sponse, the famous formula that sup-
posedly explains the evolution of civiliza-
tions, came into being.

Toynbee feels that there are two ways
of looking at history. One is the cyclic
repetition of birth and death, accepted by
the Greeks and Hindus. The second is the
Jewish-Zoroastrian belief that history is a
masterful and progressive execution of
a divine plan that transcends compre-
hension. Toynbee settles for a happy fu-
sion of both ideas. There are cycles and a
divine plan. Man learns through suffering.
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This master plan is a better conception
for a literary epic than for an empirical
study of history. It is a conception which
insists that Toynbee be an unreliable ob-
server and a prejudiced interpreter of
facts. The most shocking aspect of Toyn-
bee’s master plan is that it takes man’s
fate out of his own hands. making history
a mere sideshow of a divine game in which
the motive forces are not concerned di-
rectly with man and hence are incompre-
hensible to him. It is a struggle between
Ormuzd and Ahriman (the Zoroastrian
spirits of Good and Evil) and is of no
more interest than the fate of an anthill.

MAN, STATES Toynbee. may not dis-
cover the successes and failures of
society by empirical research into the past
and present, by examining the success or
failure of different types of social organi-
zation. Nor may he study the role that psy-
chological conflict and motivation play in
social stability and social disintegration.
Man must surrender all such grandiose
presumptions and yield to a dogma, to the
article of faith that God knows best.

In attempting to answer the question of
where we now stand in history. after re-
counting the difficulties of deciding the
relative merits of Russian and Western
culture, Toynbee says: “Our cue may still
be given by the message of Christianity
and the other higher religions.” If history
merely repeats itself, we are doomed both
by Toynbee and Spengler. We may, of
course. try such stopgaps as world gov-
ernment. or vary free enterprise with so-
cialism. This is all but incidental. Let us.
advises Toynbee. put the secular super-
structure of society back on a religious
foundation. The technological scaffolding
of Western society will fall away first be-
cause it was initiated in the 17th century
as a reaction against 100 years of religious
wars. This. says Toynbee, was a mistake.
Society threw the baby out with the bath.
In trying to free itself of wars it discarded
religion.

It would be a great injustice to Toynbee
if we did not examine the reasons that
lead him to endorse this doctrine of hope-
lessness. He claims that there are five
civilizations left in the world, each of
which regards itself as the chosen order.
Toynbee rejects a world confederacy. He
finds a world state impossible without an
exhausting war of conquest and a new pax
Romana. The giants, the U. S. and Russia.
are antagonistic to each other. Toynbee
suggests a third power, essentially liberal
and not committed to fighting socialism:



a Central Europe without Germany.

Toynbee is net altogether sure that this
will work out well, because the world of the
air age—transcending oceans, rivers and
mountain ranges—may find a new center
of gravity. This center will be determined
by “human geography,” i.e., human num-
bers, energy, ability, skill and character.
The rousing of the world’s “neolithic
peasantry” is only partly accomplished. It
has yet to be effected among 1,500 million
unawakened peasants, whose gravitational
pull may set the center of the world back
again in the vicinity of Babylon. This
event will be heralded by a new religion.

It is to religion that Toynbee assigns the
job of unifying the world. There appears
to be little real conviction in this belief,
however. because his view of religion is
not consistent. Religion is at once the only
serious occupation of man, and “a transi-
tional thing which bridges the gap be-
tween one civilization and another.” Toyn-
bee finds himself in a dilemma. He says
“religion is subsidiary to the reproduction
of secular civilization or . . . successive
rises and falls of civilizations may be sub-
sidiary to the growth of religion.” He
leans toward the latter.

OYNBEE has thus made his position
very clear, both in regard to the man-
ner in which his histories are compiled,
and in regard to his message for our trou-
bled times. His histories are an arbitrary
selection of historical patterns to prove a
poetic conception of man’s fate on this
planet. He knew the master plan first and
teaches his doctrine by historical parable.
In “Civilization on Trial” Toynbee pro-
claims his emotional bankruptcy. He ridi-
cules all efforts to make man an object of
scientific study, declares all efforts at po-
litical liberalism to be vain endeavors,
condemns science as the pastime of fools.
In place of all this he asks us to assume a
faith he does not himself fully embrace,
and asks us to put our trust in a course of
action of whose outcome he is extremely
uncertain. Toynbee has rationalized him-
self into the theological position by ma-
nipulating the hen-and-egg question of
whether civilizations exist in order to give
birth to “higher” religions or vice versa.
His final decision is made on the basis of
a personal bias. There is no logic in his
facts because Toynbee doesn’t know what
factors determine the sequence of social
events; nor does he ask any questions
about the sequence. Having left himself
ignorant of the noteworthy advances in
anthropology and psychology, Toynbee
argues his few facts with dated pedantry.
To Toynbee religion is not a social phe-
nomenon that must be studied with de-
tachment but a phenomenon that must be
given extraterritorial rights. This is not a
view to which anyvone acquainted with the
comparative study of religion can sub-
scribe. The study of the religions of all
peoples. primitive and civilized. shows

that there is no such thing as a lower or a
higher religion. The belief in a superior
being who creates the world and man is
universal to all religions. What is peculiar
to each religion is the means of soliciting
the aid of the deity or incurring its dis-
pleasure. And this is contingent upon the
particular mores and customs that it is the
business of religion to maintain. Hence as
the mores vary, the religion varies. The
so-called higher religions are not the
products of what Toynbee calls “deeper
religious insights’—whatever that may
mean—but are always subservient to so-
cial necessities.

A case in point is the religion of Egypt.
The political unification of Egypt was oc-
casioned by the necessity to control the
water supply of the Nile for purposes of
irrigation. Bloody wars were fought for
this unification. When the conquest was
completed the local gods of the original
42 districts were merged into a hierarchy,
but all of these original deities were in-
cluded in the larger family of the gods.
In other words the religion and its dog-
mas were subject to a synthetic elabora-
tion. When the economic resources of
Egypt were preémpted by a small feudal
aristocracy and used to build pyramids—
each with its temple, priesthood and per-

petual endowment—the Egyptian econo-
my crumbled. The result was a religious
revolution and the elevation of Osiris, the
god of suffering, to the status of chief
deity. Osiris was the champion of the suf-
fering masses. And with his elevation
came the democratization of post-mortem
rights, heretofore the privilege of the elite.
So the masses won their illusion—the
right to happiness after death.

This was indeed a religion created by
a recalcitrant proletariat; this time an
internal proletariat, to use Toynbee’s
classification. But there is no evidence
that the Osirian revolution brought any
social reforms. The rise of Christianity
was likewise a movement of oppressed
masses within the framework of the Ro-
man Empire. No social reforms were possi-
ble; the masses had to be satisfied with
post-mortem progress.

Even the “higher” religions change.
From Job to Calvin we see a steady evolu-
tion within a fixed ideological framework.
And religions always change in accord-
ance with certain social pressures and
needs which they express. For religion
indeed has the very important function of
stabilizing the social order.
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If we adopt this point of view of the
social function of religion, it is easy to
deduce what it was that displaced its
authority. It was not depravity and wanton
irreligiosity, but the fact that, for a time
at least, human anxiety was diminished
sufficiently for the secular state to take
over some of the functions once delegated
to the church. Salvation was replaced by
the ability of social organization to satis-
fy human needs.

Now that this brief interlude in human
affairs appears to be drawing to a close,
Toynbee wishes us to recreate social sta-
bility by the fantasies of 2,000 years ago,
of which only the shadow lives today.
This reviewer submits that it is not alto-
gether ethical for our time to recommend
that social stability be maintained by fear
of the supernatural, while exonerating
human society from its share in the crea-
tion of suffering.

IF I JUDGE the temper of the time cor-
rectly, I do not think that Arnold
Toynbee’s exhortations are presently in
order, or that the illusive satisfactions
promised after death will get much of a
following. Temporal success, a higher
standard of living and freedom from ma-
terial anxiety are the only currency for
social remedies today. To this challenge
Toynbee replies by denying the problem.
by inviting us to retreat from reason and
to surrender to supernatural power. He
claims that the ultimate ends of human
life are beyond the reach of human judg-
ment. John Dewey, in his “Problems of
Men,” answers this thesis adequately. “In
a time as troubled as the present, a philos-
ophy which denies the existence of any
natural and human means of determining
judgments as to what is good and evil.
will work to the benefit of those who hold
that they have in their possession super-
human and supernatural means for in-
fallible ascertainment of ultimate ends,
especially as they also claim to possess
the practical agencies for ensuring the
attainment of final good by men who ac-
cept the truths they declare.”

And so we come away from Arnold
Toynbee’s book much disillusioned, but
a little grateful that he has so completely
revealed himself. Who would have
thought that if you scratched Toynbee you
would find an epic poet and a missionary?
About his explanation of the rise and fall
of cultures, the reviewer feels much as he
did as a child when his father taught him
nursery rhymes at bedtime. The one that
baffled him most ran: “The King of France
with forty thousand men marched up the
hill and then marched down again.” The
child insisted on knowing why the king
marched up the hill and down again. To
which his father always said, “Go to
sleep.”

e —
Abram Kardiner is associate professor of
clinical psychology, Columbia University.
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ASTRONOMICAL
TELESCOPE
REFLECTOR

5” Diameter,
67" Focal Length
Now you can make
a large-size, high
owered reflect-
R ing telescope of
o great light gath-
) ering power for
very little money—all the hard tedious work elim-
inated.

A lens of this type never before has been success-
fully produced by machinery. Two years of in-
tensive research revealed the secret of MA-
CHINE GRINDING a reflector to a perfection
impossible to attain by hand, regardless of time
consumed.

This reflector lens is absolutely optically cen-
tered. The surface is accurate to better than !/,
wavelength as indicated by test against a master
plate, aluminized with hard Aluminum coating
of high reflectivity and long life, guaranteed one
year against peeling or blistering. Glass is an-
nealed cast crown, strain-free. Price $15.00

Available Accessories

|. EYEPIECE: Achromatic triplet, flat field,
sharp to edge, I” E.F.L., completely mounted,
ready for use 14" O.D. $7.50
2. EYEPIECE HOLDER: with built in diagonal
support, 14" 1.D. Brass throughout. 33.50
2a. Extension tube for above 14" 1.D. $1.50
2b. Glass diagonal for above with Aluminized
front surface .50

3. PRISMS (unsilvered) Ix| face $3.00
4. DIAGONAL, 4-arm, using above Ixl sprisms
10.00

Combination Price

. .‘i REefFlecwé
” E.F.L. Eyepiece
. Eyepiece Holding and 523.00

Focusing Device .
d. Diagonal Mirror Y Post paid

ALIDADE and TROUGH-BOX COMPASS

(o]

In steel case. U. S.
Engineers used these.
Alidade is 10” long,
marked off in /50" divi-
sions, along beveled
edge. Includes bubble
level and leveling screw.
Trough-box compass
needle is 4” long, coun-
ter-weighted, with jew-
eled pivot and needle
arrest. Folding sights
erect to 6" with slit sight and peep holes
looking on to scale marked in mills with
indicator target moving over this scale. Ex-
cellent condition. Complete $12.00

TRANSMISSION MIRROR

These aluminized mir-
rors reflect as well as
transmit light about
half and half. Opti-
cal glass flat to Y
wavelength, size 24"
x4"” about /)" thick.
Mounted in metal frame with window in
back. Excellent if you wish to "see without
being seen" as through a peep hole. $5.00

LARGE PRISM

Large optical glass
prism ground to 2 or
3 bands flatness 45-
90-45 degrees. Back
aluminized and cop-
per plated. Protected in metal and plastic
mounting. Size 62" by 2” on the face. Ab-
solutely perfect. Each $8.00

Include Postage—Remit with Order
Send 50c for Up-to-minute Catalog

HARRY ROSS

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

MAKING a telescope eyepiece lens
of the simple, old-fashioned Cod-
dington type is “an interesting
and instructive experiment,” writes John
M. Holeman of Richland, Wash., “which
is so unusual it should be worth trying. I
have just finished trying it. I had some
fun and the oculars made are not nearly
so bad as anticipated.” Invited to describe
his adventure, Holeman wrote the follow-
ing:

First of all, a piece of optical glass is
cut down by sawing, chipping. or grinding
to an approximate sphere perhaps 7/s-
inch in diameter. The source of glass may
be an old lens or prism or a chunk of rolled
optical glass—borosilicate crown. (War
surplus prism blanks sell for a few cents.)

If handy, a wet glazier’s abrasive belt
sander will make quick work of it. Or the
chunk may be rubbed to a rough ball on
another piece of glass or metal with coarse
abrasive grains and water.

THE AMATEUR

The ball is now ground to a perfect
sphere by the method which has been used
in China for thousands of years to make
quartz gazing crystals. The method is still
used by German lapidaries to make agate
marbles. The rough sphere is ground be-
tween two brass tubes charged with Carbo.
The tubes should have walls from about
1/16-inch to 1/s2-inch thick and have a
diameter two thirds that of the rough
sphere of glass. One tube is fastened to a
vertical spindle and rotated at moderate
speed by a motor. The ball is placed on
top of this tube. The other tube is of the
same size and is held on top of the sphere
at an angle of about 15 degrees. The
sphere is charged by means of a paint-
brush dipped in coarse Carbo and water.
Carbo embeds itself in the soft brass and
cuts the glass on a curve. The ball then
rotates and is cut on all surfaces by the
two tubes. This is the principle of the lens
generator, the modern machine which
makes spherical surfaces, and of the cen-
terless grinder.

The more the ball rolls the smaller and
rounder it becomes. If you did a poor job
of shaping the original rough sphere and

Steps in making a Coddington lens
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tried to work a jagged chunk having sharp
corners and deep fissures you may take
solace in the original Chinese treatise on
gazing balls which, translated, states:
“The going may be a little rough at first
but it will soon settle down.”

To those who may ask whether the ball
gets smaller faster than it gets rounder I
can offer the accompanying table of fig-
ures on one I made. Grinding was started
at 9:30 o’clock and proceeded with inter-
ruptions for changing abrasive and mak-
ing measurements as shown. “Max. diam.”
was the diameter in inches across the long-
est axis and “Min. diam.” the shortest.
“Difference” is the difference hetween the
two measurements and shows how nearly
round the sphere was. The table shows
that while the sphere loses size it gets

Max. Min. Differ-
Time diam. diam. ence Abrasive
10:00 .820 .797 .023 No. 100
10:05 .813 .793  .020 No. 250
10:12 809 .790 .019 Same
10:20 .802 .788 .014 Same
10:32 .798 .786 .012 Same
10:37 .792 .7835 .0085 Same
10:43 .788 .781  .007 Same
10:48 .7845 .779  .0055 Same
11:00 .7785 .776  .0025 Same
11:07 .7740 .7730 .0010 No. 500
11:10 .7735 .7724 .0009 Same
11:13 .7226 .7220 .0006 Fine Emery
11:15 7217 7215 .0002 Same
11:30 .7213 .7212 .0001 Same
11:45 .7211 .7211 .0000 Rouge

rounder much faster than it gets smaller.
By continuing the process a reasonable
length of time the shape should become
perfect so far as can be measured. The
table also shows the approximate length
of time needed to grind a sphere */4-inch
in diameter.

Polishing was done as follows. The low-
er tube was cleaned and heated with a
flame until pitch would melt on it, then a
thick rim of ho: pitch was built up around
the edge. While the pitch was still soft a
washer of felt, cut out of an old hat, was
pressed down on the rim and held in shape
by the ground sphere. The top tube was
later treated the same way, so ‘that both
tools now had a rim of felt attached to
their working surfaces. To polish, the felt
was charged with rouge and water, and
polishing went as with grinding, but more
smoothly. Ten minutes gives a good polish.

Now we have a perfect glass sphere
which could be used “as is,” especially if
it is a smaller size. But for larger sizes
(and I suggest trying these first) it had
better be made into a Coddington lens.
The right cylinder diameter for a Cod-

7 x50
BINOCULARS

Brand New

‘44

With
COATED
Lenses & Prisms

'54

These magnificent 7x50 prism binoculars were
obtained through the Supreme Commander
of the Allied Powers. They have the bril-
liant luminosity, preuse clarity, and wide,
undistorted field of view obtainable only
with a good large glass. Because 7x50 glasses
give the highest performance obtainable they
are now the official choice of the Army,
Navy and Marine Corps. This is your oppor-
tunity to purchase a brand new 7x50 AT
/3 OF THE USUAL COST. Lifetime construc-
tion. Lightweight aluminum body. Ultra-pre-
cise optics, sealed against moisture and dust.
Unsurpassed by any other binoculars, re-
gardless of price. Sold with a guarantee of
complete satisfaction or money refunded.
Supply limited so don't delay.
Price Price With

Without Case Richly Finished Case & Straps

x50 Uncoated 7x50 Coated 7x50 Uncoated 7x50 Coated

$44*  $54* $48*  $58*

Actual
Photograph

*Plus 20% Federal Tax
IMMEDIATE DELIVERY

WE PAY THE SHIPPING COST

Dept. 8K, 24 West 45th St., New York 19, N. Y.

Our newly developed

HARD BER-AL COATINGS

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

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

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

HARD BER-AL COATINGS will with-
stand the heat in high wattage incandes-
cent and high intensity arc projector lamp
housings.

Prices for coating telescope mirrors, 6”
diam.—$2.50, 8“—$3.50, 10"—$5.00
and 12Y2"—$8.00, f.o.b. Chicago.

LEROY M. E. CLAUSING

4544 N. Western Ave. Chicago, IIl.

TELESCOPE MAKERS

Quality materials of the RIGHT Kkind.
6" Kit:—Glass, abrasives, pitch rouge and instrue-
tions ceen $6.00
HOBBYGRAFS-INFORMATION- INSPECTION
EYEPIECES..... .....1” for $5.00; 4" for $7.50
We offer you the nefit of our 2 s of ex-
perience at this hobby. Free price h .
John M. Pierce, Il Harvard St., Springfield, Vt.
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WAR SURPLUS

BRAND NEW 7X50

U. S. NAVY
PRISM
BINOCULARS

Coated Lenses

.95

AMERICAN MADE BINOCULARS. Complete with
‘arrying Case and \lmp' You save 40‘¢. Regular
$162.00. *Our Price $95.00 Plus 20¢, Federal
se Tax. Postpaid.

ACHROMATIC TELESCOPE OBJECTIVES- Perfect
;,munmuu‘suu)lu, lenses. These cemented lrlmmnh
re made and Flint op i glass;

T e tremendous re ng 1
aranteed well ~uxtod for Astronomical Tele-
scopes, Spotting Scopes, ete.
4

8 mm Dia. 600 mm F

48 mm Dia. 600 mm F

78 mm Dia. 381 mm F

78 mm Dia. 381 mm F

81 mm Dia. 622 mm F.

81 mm Dia. 622 mm F.L. Coated....
ASTRONOMERS ATTENTION! ARMY .TRI’LIb
smooth working worm and gear mechanism with fast

motion clutch. Has a 234" calibrated circle. Can be
adapted for slow motions on e« prial mounting. Con-
dition slightly used but mechanically perfect.
Postpaid $5.00
SPOTTING SCOPE or MONOCULAR Icns
sists of Achromatie objective, 2 prisms, e)
lens and diagram. All lenses are cemented. [lu\ 2 sets
to construct a High Power Binocular.
6 Power Set....ea. $5.00 11 Power Set .. ca. $6.00
8 Power Set...ca. 5.25 13 Power Set... ca. 7.75
27 Power Set.....ea. $11.85

KELLNER
EYEPIECE
ACHROMATIC

Mounted eyepiece has 2
pertfect magnesium-fluo-
ride coated achromatie
lenses 29m/m in dia. De-
signed in nu]c to give
gocd eye relief, 114"
E.F.L. (8X). (iu.\ulc d\.l. of cell 10m, m .$4.00
Cell to fit 114" tube (illustrated)... .. 4.50

"GIANT"
WIDE ANGLE
EYEPIECE

All coated optics, mount-
ed in focusing cell, 27
clear aperture, 11"
E.F.L. 3 Achro. lenses.
$125.00 Perfect
$9.50

ACHROMATIC LENSES, cemented

SO mm FLo ca. $ .50
69 mm F.L. 3
102 mm F.L.
162 mm F.L.
184 mm F.L.
122 mm F.L.

12 mm Dia.

mm 171(1.
25 mm Dia

26 mm Dia. 104 mm F.L.
29 mm 1 Shmm FUL
30 mm 1 60 mm F

31 mm Dia. 121 mm F.L.

31 mm Dia. 172 mm F.L.

32 mm Dia. 132 mm F.L.

34 mm Dia. 65 mm F.L. coat
38 mm Dia. 130 mm F.L. ..
33 mm Dia. 240 mm F.L.

14 mm Dia. 189 mm F.L.
52 mm Dia. 221 mm F.L.
DOVE PRISM 49m/m long....
115° AMICI PRISM 10m/m Face
GIANT RIGHT ANGLE PRISM 41m/m X

57Tm/m Face (flint glass).................. ea. 3.00
GIANT PORRO PRISM (grooved) 41m/m
Aperture ....ea. 3.25

RIGHT ANGLE PRISMS, for direct positive
Photography or astronomical telescopes.

gmm Face...ea. $ .75 38mm Face..ea. $1.75
23mm Face...ea. 1.25 47mm Face..ea. 3.00

30mm Face...ea. .75

PENTA PRISM 19m/m Face. ea. 1.00
PENTA PRISM 10m/m Fac
90° AMICI PRISM 21m/m Fac

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

A. JAEGERS
123-26A Rockaway Blvd.

““WE HAVE THEM”

jooamosSOUTH OZONE PARK 20, N, Y soamoal
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REFRACTORS

LIGHTWEIGHT—PORTABLE

Moderate price . . . and the finest perfect lenses make
these instruments ideal for the amateur astronomer.
First quality coated lenses, star diagonal, finder,
and choice of three eyepieces

are standard equipment. 3 INCH
3 EYE- $325
PIECES 4 INCH

3 inch—22, 45, 90,
or 180 Power
4 inch—30, 60, 120,

g A\ $435

ALL SATURN Telescopes may now be purchased under our TIME PAYMENT PLAN. Ask

for complete details and folder PR-34.
REFLECTORS

For utmost economy and exacting precision the
SATURN Newtonian and Cassegrainian Equatori-
ally Mounted Reflectors are unsurpassed. (Port-

able units also available)

Send for further information on the Club Purchase
Plan, specifications, and prices.

Mirrors and West’s Largest
lenses up to manufacturers
50 inch dia.

|2528 GROVE STREET BERKELEY 4 CALIFORNIA

KITS OUR SPECIALTY TTWCALCULATIONS

of all kinds can be easily

e solved on the

47 kit .§ 425 Pyrex . § 5.50 ! BINARY CIRCULAR

6” kit . 5.75 Pyrex 7.95 SLIDE RULE

8” kit .. 10.95 Pyrex 13.95 v 1 T @ seale s 25 inches Tong. Tas
1 CL A. K. Log. LLL. LL2,

107 kit 17.50 Pyrex 24.95

LL3, L4, Binary, Add &

” o1 Subtract Scales. Gives Trig.
12 klt .. 23.95 Pyrex 42.50 WV\QTVW[‘T”T—”"T”'I functions from 0 to 90 degrees
Engine-Divided

— rrre— . t0 1 Minute.

KITS CONTAIN_: 1. Two specially selected well Exast €ize Scales are on white coated
annealed glass discs. 2. EIGHT GRADES OF aluminum. Permanently accu-
GENUINE CARBOLON (Silicon Carbide) abra- . T _ rate. Dia. BJ4”. Price $7.25
sive. Due to its fast cutting and scratchless qualities in case with instructions. Write for illustrated cir-
CAf{BOLON was selected to grind the 200-Inch (-\vll‘('xr. ,\_I(_nwy back guarantee. Approved at leading
Mirror for the world’s largest telescope. 3. Tem- Universities.

pered Pitch with CERIUM OXIDE or BARNESITE
for polishing. 4. Free copy of our “Beginners In- GILSON Sl:IDE RULE CO., BOX 993, Stuart, Fla.
structions”—an eight page pamphlet. Slide Rule Makers since 1915

Money-back guarantee that
THESE KITS ARE SECOND TO NONE
REGARDLESS OF PRICE

CERIUM OXIDE.. 4oz tin.. ... EVERYTHING for the AMATEUR
BARNESITE ... ... 4 oz. tin

Telescope Maker

PRECISION WORKMANSHIP, QUALITY
SUPPLIES, MONEY BACK GUARANTEE
KITS - OUR SPECIALTY
COMPLETE 6” KIT . . . . . . . . $5.50
PYREX KIT, 6”7 . . . . . . . . . $7.50
Other Sizes, Proportionately Low
Pyrex Made to orfler, correctly
Mirror figured, polished, parab-
I'TOYs  olized and aluminized.
ALUMINIZING
We guarantee a Superior Reflecting Surface.
Optically Correct Finish. Will not peel or
blister. Low prices.

MIRRORS TESTED FREE
PRISMS-EYEPIECES-ACCESSORIES
FREE CATALOG

Precision Optical Supply Co.

1001 East 163rd St., New York 59, N. Y.

WE DO POLISHING, PARABOLIZING, AND
ALUMINIZING

M. CHALFIN OPTICAL COMPANY

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

VEEDER-ROOT
Counters

For Mechanical
Electrical and
Manual Operatian
VEEDER-ROOT INC.
Hartford 2, Conn.

62

© 1948 SCIENTIFIC AMERICAN, INC

dington #/4+-inch long is about #/s inch. To
make this, a piece of wooden dowel 3/s-
inch in diameter was concaved on one end
to fit the sphere and the sphere was ce-
mented to it with hard pitch. Now a
“cookie cutter” charged with medium
Carbo was brought down on it in a drill
press and a cylinder was cut out of the
sphere.

HE FINAL operation, after removing

the waste from the sphere, is cutting
the Coddington field stop. Leaving the
cylinder of glass still cemented to the
dowel, the glass is rotated against a thin
edge of metal or other sheeting armed
with abrasive and a thin groove is cut
around the cylinder to a constant depth.
stopping when the groove begins to in-
fringe on the field. This groove, when
blackened with India ink or paint, acts as
an aperture stop, giving a sharp edge to
the field and removing the poorly lighted
and poorly defined marginal rays.

It is interesting to see how small an
ocular can be made by this method. If
anyone completes one less than 4 mm. in
diameter I hope he will let me know and
I will send him the straitjacket I am now
wearing.

I found that long-focus Coddingtons.
which are easier to make, were poor. The
one made from a */+inch sphere had a
field of about 40 degrees of which only
about 20 degrees was good. There was
much aberration and color at the edges.
Eyerelief was satisfactoryat about /2 inch
and seeing in the center was fine. The be i
one I made has an effective focal length of
.31 inch. an angular field of 40 degrees, an
eye relief of .2 inch and is usable with
eyeglasses. The definition is good, there i-
no color, and it is grooved down to about
a .3-inch waist. It is the best short-focus
ocular I have used. The shortest I have
completed is .22-inch focus but it didn’t
turn out well. though it is usable provided
vou really want an ocular of that short
focal length. If we now go a step further
and regard the solid ocular as the “trip-
let” field lens of an orthoscopic ocular
and add a plano-convex lens, flat side to-
ward the eye, we have a fairly good imita-
tion orthoscopic design with a larger
usable field and more eye relief. For ex-
ample, if the solid ocular made from the
#/s-inch sphere mentioned above is used
in conjunction with a plano-convex len«
of about 1'/2-inch focal length and with a
spacing of about /.4 inch between the two,
a considerable improvement will be noted
in the marginal definition. The resulting
eyepiece will be no world beater, but
usable.

End of Holeman’s contribution.

If the Coddington is approached with
great expectations. the probable reaction.
unless the worker is objective in his est-
mate, will be that it is no good at all.
But if no miracle is expected the result
may equal or surpass the expectation. The
project was undertaken by Holeman as a
kind of sporting adventure to see whether



the very old-fashioned ocular might not
have more merit than might be thought,
and so it proved. Bell, in The Telescope,
rates the Coddington as somewhat better
than a simple lens.

NOTHER adventure in the unusual is
the modern attempt to duplicate some

of the tiny high-power eyepiece lenses
made by the great Sir William Herschel
(1738-1822). These were described in the
Transactions of the Optical Society (Lon-
don), Volume 26, by W. H. Steavenson.
F.R.A.S., a prominent member of the

-Q1  INCH.
—

In comparison a pinhead is huge

mainly amateur British Astronomical As-
sociation. Steavenson has kindly furnished
two of the photographs originally pub-
lished in that periodical. He visited the
old Herschel home, examined and care-
fully tested many of Herschel’s mirrors
and flats, also the famous ‘“seven-foot”
reflector (7 feet, 2%/4-inch focal length,
6.2-inch aperture) so often ruentioned in
Herschel’s writings. In the Transactions
Steavenson writes:

“Herschel’s claims to have used powers
hetween 1,000 and 6.000 on his seven-foot
telescopes have been the subject of some

ONE INCH,

Herschel's highest-powered eyepiece

controversy and not a little incredulity in
the past. It therefore seemed to be of par-
ticular interest to find out whether he
really possessed eyepieces which would
yield such powers as these. Quite a short
search sufficed to lay any doubts at rest
by revealing no less than nine of these
eyepieces. whose focal lengths and pow-
ers (on the telescope used by Herschel)
were found by careful measurement to be
as given in the table.

“All these are well-formed bi-convex
lenses, with the exception of D., [identify-
ing notation—Ed.]. which is a simple

sphere. Two or three of them, including
the smallest, were found to be somewhat
astigmatic, and in some cases there were
signs of devitrification of the surfaces;
but in general they gave sharp images in
the micro-focometer used and their focal
lengths were quite readily measured.

“All were tested on celestial objects
with a six-inch Wray refractor and were
found to form recognizable (though of
course dim and dlffuse) images of stars
and planets. Even D., despite astigma-
tism and excessive power (about 10,000
diameters) showed the spurious disk of
Vega. with portions of the first diffraction
ring. and also exhibited the general out-
lines of the planet Saturn. The field of
view was. however, only about 20 seconds
of arc in diameter, and the image could
hardly have been examined, or even held
in view, without the help of a good clock
drive. And yet Herschel, in his experi-
ments on high powers, had nothing better
than an altazimuth stand with hand-driven
slow motions!

“We are told nothing of the methods
employed in making these tiny lenses, the
smallest of which is only */s5-inch in di-
ameter. Compared with this, the front
lens of a modern 2 mm. oil-immersion ob-
jective is a large and clumsy object. It
would be interesting to know exactly how
a present-day optician would proceed, if
required to make a duplicate of the most
powerful of Herschel’s eyepieces, fash-
ioned in the 18th Century.”

In the illustration of the eyepiece, what
may look like the lens is the eye end of the
eyepiece shell. On that shell is a raised
nipple. On the tip of the nipple is a tiny
dot, just visible. This dot is the wee lens
shown in the other illustration, its diam-
eter one third that of a pinhead.

Herschel’s trick eyepieces may have
been made by him partly as a stunt. So
thinks his granddaughter, Constance A.
Lubbock, editor of The Herschel Chron-
icle. Herschel was ever a case of “once an
amateur always an amateur,” which car-
ries with it an incurable interest in stunts
done purely for the fun of it. He probably
wanted to see just how small a lens he
could make, and probably as he made
those described he chuckled, “I’ll give em
160 years to beat me on these.”

If Herschel came to life today, where
would you expect to find him after he had
explored our optical world? Among pro-
fessionals (the few remaining who didn’t
start as amateurs), or down in some ama-
teur telescope maker’s cellar shop having
fun? New York’s Amateur Astronomers
Association recently asked this depart-
ment whether Russell Porter, as one who
has associated with astronomers for the
better part of his life, might not quite ap-
prove the award to him of its Amateurs
Medal for meritorious service to the sci-
ence of astronomy. The answer was,
“Never has Porter thought of himself as
anything else than an amateur.” The
amateur’s cellar shop in which to look for
Herschel would be Porter’s.
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WAR SURPLUS
BARGAINS

ASSEMBLE YOUR OWN BINOCULARS

Complete Optics! Complete Metal Parts!
Save More Than !/2 Regular Cost

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

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

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

Stock # 5102-S.......7 x 30 Optics.......... $25.00 Postpaid

NOTICE! Add 209% TI'ederal Excise Tax to above prices if
you order both Binoct.2f Optics and Binocular Metal Parts.

ARMY'S 6 x 30 BINOCULARS

COMPLETE OPTICS & METAL PARTS—Model M-I13A1,
Waterproof Model, 6 x 30 Binoculars. Everything you ueed
—ready for asseml)l) When finished will look like a regular
factory job costing $102 to $120. The Optics are new, in
perfect or near-perfect condition. Have new low reflection
coating. Metal parts are new and perfect, all completely
finished. No machining required. Bodies factory hinged and
covered. Complete assembly instructions included.

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

8 POWER ELBOW TELESCOPE

Gov’t Cost $200.00! Our Price $17.50!

Ihg 2”7 diameter ﬂhjeul\e All lenses Achromatic. Amici
prism erects the image. 4 huilt-in filters—clear, amber,
neutral and red. Slightly used condition but all guaranteed
for perfect working order. \Weight 5 lbs. Can be carried hut
a trifle bulky. Excellent for finder on Astronomical Tele-
scope.

Stock # 943-S..

.$17.50 Postpaid

POLARIZING OPTICAL RING SIGHT

(Unmounted) Used in gun sights—especially for shot-
guns. As you look through, you see a secries of rings that
you superimpose on your target. No front sight required.
Increases degree of accuracy.

Stock # 2067-S... e $4.00 Postpaid

BUBBLE SEXTANT, BRAND NEW and with Automatic
Electric Averaging Device and Illuminated Averaging Disc
for night-time use. Govt. cost $217. We have checked
Bubble and collimation and guarantee perfect working order.

Stock # 933-S $22.50 Postpaid

CONDENSING LENSES—Seconds, but suitable for En-
largers and Spotlights.

Stock # 1061-S......6'2" dia., 9” F.L .$2.50 Postpaid
5” dia., 7”7 F.L. .$1.00 Postpaid

Lenses—seconds
—ranging from 4%” to 81%” in dia. with various focal
lengths. Send for Free Bulletin titled “MISCELLANEOUS
CONDENSING LENSES—S"

$200.00 DRIFT METER for $5.60

These were used for determina-
tion of drift and true air speed.
You can adapt to other uses or
take apart to get 2 mounted
Achromatic Lenses—Mirrors
—Field Lens—Pantograph—
Engraved Scales—Sponge Rub-
ber Dises—metal parts and
other components. Instrument
weighs 4 Ibs.

Stock # 942-S..ivniii $5.60 Postpaid

6 POWER GALILEAN TELESCOPE—(Commercial Sur-
plus) 28mm dia. Achromatic Objective Lens. Sturdily con-
structed of Aluminum. 7” long, extends to 9”. Complete
with carrying case.

Stock # 941-S

$3.00 Postpaid

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

Order by Stock No. «

EDMUND SALVAGE CO.

P. O. AUDUBON, NEW JERSEY

Satisfaction Guaranteed
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ARMY AUCTION BARGAINS

Antique oil cup
Krag rear sight, new..
Shot gun nipples... ..
Mauser "98 book

Krag Rifle, 30/40 used .. .
Prices do not include postage. Articles shown in special
circular for 3¢ stamp. 19 catalog, 308 pages, over 2000
illustrations of guns, ,» sabers, helmets, medals, but-
tons, ete., mailed in U.S. for one dollar.

FRANCIS BANNERMAN SONS
501 Broadway New York 12, N. Y.

RAMSDEN EYEPIECES
Ya"147-15".1" E.F.L. standard 1%,” O.D.
each $5.10——immediate delivery

EQUATORIAL MOUNTINGS 6” $130
Combination Eyepiece and Prism Holder

Plain Sliding Adjustment $10
Mirror cell with ring for tube 6”—$20
Prisms highest quality
Price List on request,

C. C. YOUNG

25 Richard Road East Hartford 8, Conn.

AMATEUR

(500 pages, 316 illustrations)

AMATEUR

(650 pages, 361 illustrations)

24 West 40th Street
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Make Your Own

TELESCOPE

XTENSIVE, practical instructions for making ex-

cellent telescopes capable of serious astronomical
work, including the glass mirrors and at a cost of less
than $25 for materials, are presented in

TELESCOPE

MAKING

$5.00 postpaid, domestic; foreign $5.35

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

TELESCOPE
MAKING—ADVANCED

$6.00 postpaid, domestic; foreign $6.35

Ask for detailed information on these two practical books on

an important scientific hobby. A postal card will do.

SCIENTIFIC AMERICAN

New York 18, N. Y.
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MamaHanson is the central character of a book,
a play, and a recent movie starring Irene Dunne.

The wonderful thing about the Hanson family
was the way they faced the future with confi-
dence. That confidence was all due to Mama. “If
anything goes wrong,” she’d say, “there’s always
my Bank Account to pull us through.”

Things worked out fine for the Hansons. And
they never realized that Mama’s Bank Account
was Mama’s own myth.

‘ Remember Mama*/ proves something. It
proves that, with a reserve fund in the present,
you face the future with a confidence and faith
that helps you get results.

But the average family can’t be fooled with a

myth. The average family needs to know that
there are real savings, real security protecting
them, good times and bad.

That’s why so many families have begun to
save the automatic, worryless way —with U. S.
Savings Bonds.

Savings Bonds are government-guaranteed to
pay back four dollars for every three, and in just
ten years. It’s an investment that’s safe —it’s an
investment that grows.

And to make it simpler still, your government
offers you two fine plans for their purchase: (1)
The Payroll Savings Plan at your firm. (2) For
those not on a payroll, the Bond-A-Month Plan
at your bank.

Contributed by this magazine in co-operation with the Magazine Publishers of America as a public service.
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AUTOMATIC SAVING IS SURE SAVING - U.S. SAVINGS BONDS

SECURITY
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