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SAVE A CHILD-SAVE THE FUTURE 

You can help-you must help! 
YOUR GIFT TO THE CRUSADE FOR CHIL

DREN WILL BE PART OF A UNITED EFFORT TO 

Raise $60,000,000 for relief 

As you read this, millions of 
children are starving. Dozens 

will die before you finish. 

To keep as many as possible alive 
and to help them to normal growth 
and normal thought, members of 
the United Nations are making a 
unified appeal for your help. Every 
country is doing what it can. • 

In the U. S. A. this appeal is 
called the Crusade for Children and 

twenty·six established relief agen
cies are represented. These agencies 
are making a single request for aid, 
and they will share your contribu
tion. 

Sixty million dollars are n,eeded 
- now. There is' no time to lose. 

When you save a child, you save 
the future. So give what you can, 
and give now! 

CRUSADE FOR CHILDREN 

Photo by Roman Vishniac 

AMERICAN OVERSEAS AID - UNITED NATIONS APPEAL FOR CHILDREN 
National Headquarters • 39 Broadway • New Yo r k 6 # N. Y • 
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LETTERS 
Sirs: 

I should like. if I 
may, to express my 

gratitude for the long and detailed review 
which Professor Linton has given to my 
book, The American People, and for the 
confirmatory evidence he provides for a 
couple of the hypotheses therein. I am 
gratified that an anthropologist of Pro· 
fessor Linton's eminence should pay the 
book so much detailed attention. 

He does however include a couple of 
criticisms which I should appreciate the 
chance ('If discussing. The more important 
point is the question of the validity of 
this type of analysis; but Professor Linton 
also devotes quite a lot of space to de
ducing, doubtless by the most scientific 
principles, the contacts I have had in the 
United States. He writes: "It appears 
that Gorer's American contacts have been 
almost exclusively with the members of 
two groups: middle· aged clubwomen ... 
and the semi-Bohemian intelligentsia of 
New York and vicinity." As a matter of 
fact, Professor Linton has had a number 
of opportunities of exercising his scien· 
tific observation of my contacts at meet
ings of the American Anthropological 
Association, and smaller anthropological 
meetings in New York and New Haven; 
and I confess I am curious to know under 
which of these two categories he includes 
our professional colleagues. More seri
ously, I somewhat resent the slur on the 
generosity and hospitality of hundreds of 
Americans in every walk of life and every 
part of the United States who have enter
tained me and made me feel welcome; and 
I should not have thought it needed very 
abstruse calculations to understand why 
I did not fill several pages with the names 
and addresses of my hosts. 

On the more technical level, Professor 
Linton makes his chief objection on the 
ground that "no statistical methods were 
employed at any stage in the study." It 
is true that I made no studies of distri
bution myself; but I did make fairly con
sistent use of the available statistical 
studies, as a background to my conclu
sions, and have referred to most of them 
in the preface or the footnotes. Because 
I was writing in the first place for an 
unspecialized British audience, I only in
cluded the most essential figures in my 
text, for such an audience is repelled by 
rows of figures and statistical tables. 
Interested specialists can easily discover 
the confirmatory figures by consulting the 
sources I quote, from Statistical Abstracts 
through such important sociological 
studies as Gunnar Myrdal's American 
Dilemma or the Yankee City series of Pro
fessor Lloyd Warner and his associates. 
to the ten years of the F,ortune public 
opinion poll. In his reproofs, Professor 
Linton does not cite any authorities whom 
I should have consulted, and did not. 

On a great number of the subjects with 
which I attempted to deal, statistical in
formation is unfortunately not yet avail
able. In the case of American childhood 
training, for example, I know of no 
studies of distribution; such excellent 
studies of child training and development 
in the contemporary United States as 
those of Drs. Gesell and Ilg present a 
wealth of detail from which a pattern can 
be abstracted, but no statistical evidence 
of the distribution of the customs they 
describe_ I agree with Professor Linton 
that ideally all such statements should be 
backed by statistics; but the man who 
has reconstituted (from what slender 
sources!) the culture of the Comanche 
three centuries ago. and described the 
culture of the Marquesans on the basis 
of casual observations made nearly two 
decades earlier when he was devoting his 
attention to artifacts and a fter the society 
he was describing had almost completely 
disintegrated-such a man must surely 
acknowledge that the scientific ideals of 
anthropology cannot always be attained 
even in the primitive field, not even by 
one of the most distinguished and most 
lucid of living anthropologists. Admitted
ly, American culture is infinitely more 
complex than Comanche or Marquesan; 
but if the same criteria are applied to all 
three studies, where exactly are Professor 
Linton's statistics? 

Rather than indulge in this type of 
mutual recrimination, I should prefer to 
associate myself as emphatically as pos
sible with Professor Linton's conclusion, 
in which he urges the "non-technical 
reader " to "think rather than believe." 
That would be, for me, the ideal result 
of my book. I present a series of inter
related hypotheses, nearly all of which 
are susceptible to statistical proof, dis
proof or modification; if the book suc
ceeds in provoking researches, I shall feel 
that I have been justified in rushing in 
where professors fear to tread. 

London GEOFFREY GORER 

Sirs: 
I have read the new SCIENTIFIC AMERI

CAN from cover to cover, and congratulate 
you most heartily upon it. The articles 
are on a high level-reached elsewhere, 
I think. only by the English magazine 
Endeavour. Keep this up and you will 
fill a badly needed place in this country. 
The only minor criticism that I have is 
that some of the illustrations in Professor 
Whipple's paper are a bit modernistic. 

HENRY NORRIS RUSSELL 

Princeton, N. J. 

• The Board of Editors extends Its 
thanks to Henry Norris Russell, 
whose articles on astronomy for 
many years enhanced the pages of 
the old SCIENTIFIC AMERICAN, and to 
other readers who have expressed 
their good wishes to the new SCIEN
TIFIC AMERICAN. 

A fascinating book 

about the world of gems 

POPULAR 
�1, GEMOLOGY Ly lV - oj , 

\;', :� \ By Richard M. Pearl 

\\ "� \ ----------
J\J) 

Written in an interesting, easy
to-read style, this book presents the 
most recent accurate knowledge of 
gems. The author discusses the sci
entific and industrial uses of gems, 
both natural and artificiaL He gives 
current information about their local
ity and production, as well as the re
cent developments in commerce 
brought about by the war. 

POPULAR GEMOLOGY contains a 
separate chapter on the important 
subject of fltiorescence; also a special 
chapter on qtlaftz and the other silica 
gems. 

Over 100 photographs 
and drawings 

1948 312 pages $4.00 

Copies obtainable on approval 

JOHN WILEY & SONS. INC. 
440 Fourth Ave .• New York 16. N. Y. 

If books vanished 
in the night 

ivy- covered universities 
would stand as empt'y 
as the Colosseu m, 

the doors of i ndustrial 
Ameri ca w oul d be 
padlocked 

and the shelves of the 
libraries covered with 
cobwebs. 

HAVE YOU BOUGHT A 
GOOD BOOK LATELY? 
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Norwood, Mass. 
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J
UNE 1898. "Prof. Dewar has recent· 

ly liquefied hydrogen. which is an 
unprecedented feat. This invention 

was announced by cable to The New York 
Sun on May 11, and now fuller accounts 
of his experiments have been published. 
There is already controversy as to where 
the credit belongs for first bringing this 
element into control. The Polish scientist 
Olszewski forestalled the discovery a year 
or two ago by accurately determining the 
critical temperature and boiling point of 
hydrogen, but he did not succeed in reo 
ducing the gas to a liquid form in a really 
practical way. so that it could be ex· 
amined and its properties tested." 

"Undoubtedly the chief center of in· 
terest in the Spanish.American war lies 
just at present in the harbor of Santiago 
de Cuba, and. judging from present indio 
cations. this is likely to be the seat of the 
most active and important operations for 
some time to come. The rumors of last 
week. to the effect that Admiral Cervera's 
Aeet was "bouled up"-to use the pet 
phrase of the day-by our fleet were con· 
firmed by an official dispatch from Com· 
modore Schley. The Aeet was identified on 
Sunday, May 29, by the unprotected cruis· 
er "Marblehead," which. acting under the 
orders of Commodore Schley. ran in close 
to the Morro Castle. and steamed past the 
entrance to the harbor in a westerly direc· 
tion. Her officers had a g:ood view of the in· 
terior of the harbor as far as Punta Gorda." 

"The Governor of Massachusetts has 
signed a bill which substitutes electricity 
for hanging as the method to be followed 
by that State hereafter in putting to death 
condemned criminals:' 

"One of the questions periodically 
brought forth for discussion is the advis· 
ability of establishing a Department of 
Science, in which all of the scientific work 
of the general government shall be con· 
centrated under one chief. It is said that 
each of our larger bureaus now prosecut· 
ing scientific inquiries has a director with 
an executive corps consisting of a chief 
clerk. private secretary and disbursing 
officer; that many have a special library, 
with a librarian and assistants; that not 
a few sustain laboratories with similar 
names if not identical functions, and that 
each is deprived of the support of the 
others. while all lack the strength that 
union alone can give. The corrective sug· 
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50 AND 100 YEARS AGO 

gested for avoiding duplication of direc· 
tors, chief clerks, librarians, etc., and the 
remedy for the dispersion of energy now 
volatilizing in so many workshops is to 
consolidate, to have one great Department 
of Science; in short, to centralize." 

"A method of centrifugal casting has 
been recently introduced and described by 
which castings similar to the ordinary 
chilled castings can be produced in the 
following way: The mould is made to 
rotate, when a hard steel is poured in, 
which flies to the sides; soft steel is then 
poured into the hollow center, with the 
result that the casting produced has a soft 
core and a hard face"· 

"It has been observed in several in· 
stances that X rays have a peculiar action 
on the skin. causing it to get red and 
,ometimes black. and also causing the 
hair to fall ouL·' 

"It is always the unexpected that hap. 
pens. In November. 1896. a Spanish peri· 
odical, La Ilustracion Espanola y Ameri· 
cana, in an article about the capital of 
the Philippines, made the following state· 
ment: 'Even the strongest army would fail 
to capture Manila from the land, but the 
city has no protection of any im portance 
against modern men-of.war.' The Span. 
iards did not consider until quite recently 
the possibility of an attack by a hostile 
Aeet, and the hasty preparations made 
when such a contingency arose were not 
sufficient to remedv the inferiority of 
these fortifications'" 

J
UNE 1848. "The America, the new 

steamer of the Cunard line, arrived 
at Boston on Tuesday evening last 

from Liverpool, making the passage in 10 
days and 8 hours. She made the passage to 
Halifax in 8 days and 20 hours and to 
Boston in 10 days. having been detained 8 
hours in the fog. This is the quickest pas· 
sage that ever has been made to America." 

"Miss Maria j'l'Iitchell, of Nantucket, 
discoverer of the Comet which bears her 
name, was unanimously elected an honor· 
ary member of the American Academy of 
Arts and Sciences, at their last general 
meeting. We believe that this is the first 
time such an honor has been conferred 
all any lady in this country." 

"Two am putations were performed last 
week at the Bellevue Hospital of this City, 
the one that of an arm by Dr. Cox. one 

of the Assistant physicians; and the other, 
that of part of the foot, by Dr. Childs 
one of the visiting Surgeons. In both cases 
the patients were first rendered insensible 
to pain by the use of Chloroform diluted 
with four times its bulk of suI ph uric ether. 
with which a sponge was moistened and 
beld to the nostrils by a Resident Phy. 
sician, Dr. Reese, who has had extensive 
experience in the use of both chloroform 
and ether, although this was the first time 
these agents had been used here in com· 
bination." 

"The Electro Magnetic are separator is 
a machine invented by Ransom Cook, Esq. 
late Superintendent of the Clinton Coun· 
t y State Prison in this State, and employed 
for the separation of the magnetic are at 
the mines in that place. The principle of 
this invention consists in charging succes· 
sively by a battery different rows of mag· 
nets on a revolving cylinder. so that the 
magnets will lift magnetic are from an end· 
less web as it passes under the cylinder.'· 

"The garden of the Empress of Russia 
on the island of Yelaguine has conserva· 
tories of glass which are upwards of two 
thousand feet in length. Eighteen columns 
support the roof; it is nearly eighty feet 
high, and upwards of one hundred ill 
width"· 

"The stupendous project of uniting the 
waters of the broad Pacific with those of 
the Atlantic by a Railroad to the Bay of 
San Francisco, California, is one of great 
magnitude, but it is one which will, and 
Illust yet be carried into execution. A 
railroad will yet connect New York with 
San Francisco, and a line of steam vessels 
will cross the Pacific regularly, keeping 
up a continual communication with China 
and the United States:' 

"A remarkable telegraph race occurred 
in this city last week, when the Whig 
National Convention was in session in 
Philadelphia. The Jersey City wires were 
monopolized by the Whig Press, and our 
other papers had to bite their thumbs for 
news. But science was not to be baffled 
for news by a monopoly, so they dis· 
patched a message via Albany and away 
round by Buffalo, Cleaveland. Cincinnati 
and Pittsburg, to Philadelphia. In fifo 
teen minutes. over the same route, an an· 
swer was returned announcing the result 
of the second balloting for candidates for 
tbe Presidency. It is just as easy to stop 
the lightning as the enterprise of some of 
our pa pers'" 
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"Sound 

AFTER Bell Laboratories 
engineers have designed a new talk
ing circuit, they measure its charac
teristics by oscilloscopes and meters. 

But a talker and a listener are part 
of every telephone call, and to satisfy 
them is the primary Bell System aim. 

So, before the circuit is put into 

These "sound iurors" record their preferences as they listen over test circuits. 

The engineer in the foreground talks over the fest circuits 

which the other engineer sets up on a "circuit simulator." 

operation, a" sound jury" listens in. 
An actual performance test is set up 

with the trained ears of the jurors to 
supplement the meters. 

As syllables, words, and sentences 
come in over the telephones, pencils 
are busy over score sheets, recording 
the judgment of the listeners on 

behalf of you and millions of other 
telephone users. 

Targets of the transmission engi
neer are: your easy understanding of 
the talker, the naturalness of his 
voice, and your all-around satisfac
tion. To score high is one of the 
feats of Bell System engineering. 

BELL , TELEPHONE LABORATORIES 
Exploring and inventing, devising and perfecting for continued improvements and economies in telephone service 

3 

© 1948 SCIENTIFIC AMERICAN, INC



YOU'LL Never Forget KEITH'S 

Kodachrome WILD FLOWERS 

Wild Flower 
Studies That 
Are Photo
graphed In All 
Of Their 
Natural Color 
And Beauty! 

A Perfect Set 
For The Garden 
Club, Flower 
Group And 
Flower Lover! 
Each Set Com
plete With Script 

Other Koda
chrome Slide 
Sets That Are 
Exclusive With 
Ward's! Write 
For Full Infor
mation. 

An opportunity for flower 100'ers! W'lfd's offers a 

series of 220 beautiful wild flower kodachromes 
by T. Llyle Keith. The most colorful selection of 
wild flowers of the field, meadow, swamp, wood 
and pond. Spring, summer and fall studies are 
captured by Keith's camera. The subjects are shown 
in detail in natural kodachrome beauty on 2" x 2" 
slides, One of seven Keith sets: 
WILD FLOWERS OF SUMMER, 30 slides, with 
script , , , , , 22. 5 0 postpaid 
Send Check or Money Order to Ward's, Dept. 5 

A pleasure to read; scripts prepared by Marion S. 
Keith arc delightfully informal and highly de
scriptive. Garden groups and clubs can accom
pany the Keiths on their many j aunts to the coun
tryside. Yes, garden groups, professionals or 
amateurs will undoubtedly enjoy Keith'/i Wild 
Flower Series. Write for full information and 
complete set listings. 

Ward's color slides wiI! appeal to all interested in 
Natural Science. The selection is extensive . . . 
beautiful color slides of butterflies, insects, birds, 
marine life, minerals, tree flowers ... these, and 
many other sets are available now. Color slide cat
alogs mailed upon request. 

WARD'S NATURAL S CIENCE E STABLISHMENT, INC. 
, :J7ewu'l{I Ute JVa�u/tal 9'cien� 

P. O. BOX 24, BEECHWOOD STATION, ROCHESTER 9, NEW YORK 
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The painting on the cover shows the 

fragments of baked clay that remain 

of the law code of Lipit.lshtar (page 
44), a Sumerian king who reigned in 

the nineteenth century R.C. Around 

the fragments are implements used in 

their translation by the archaeologist. 
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THE NATIONAL 

SCIENCE FOUNDATION 
Its monlentous responsibility will be 
to assist the fundamental research 
which is essential to human progre�s 

O
N MAY 5 the Senate passed, by a 

unanimous voice vote, the long
awaited legislation in behalf of 

basic science. By the time this article ap
pears in print the House may have acted 
and the President may have signed the 
bill. If so, there will be set up in Wash
ington a National Science Foundation 
with unique responsibilities and powers. 
Almost everyone concerned will be happy 
about the outcome of a long. irksome de
bate, and reasonably satisfied with tbe 
compromises reached on the many issues 
that had to be resolved to bring the Foun
dation into being. 

The Foundation will do its job mainly 
by making research grants and loans to 
non-profit institutions and by giving schol
arships and fellowships to individuals. It 
will support research for the armed servo 
ices after consulting with the Secretary 
of Defense. It may set up commissions for 
special jobs and may establish divisions 
for dealing permanently with particular 
branches of science. The chief emphasis 
is on the natural sciences, but "other sci
ences" also may be assisted, which is as 
near as the present legislation comes to 
including the social sciences. Here, almost 
surely, is a realm for ardent future dis
cussion within the Foundation. 

The spacious powers given to the Foun· 
dation are to be further defined and exer
cised by a 24-man board of persons "emi
nent in the fields of the basic sciences. 
medical science, engineeri�g, education. 
or public affairs," serving part-time and 
appointed by the President. To execute 

by Alfred Winslow Jones 

Calendar No. 1186 
""�'l'",�!E" S. 2385 

[Report No. 1151] 

IN TIlE SENATE OF 'nm UNITED S'fATES 

A .. ", W (I<,,;.j>l;,,' J.y, M .. """ �), lHS 
}l'I>o,t,,) "i.lb·, �""-'" "",10 "'''''�':I'''''' 

A BILL 
To) )JrQmOl� the (lrogre,� of sd<"",ej to IIJ"�"ce the Mli"nal 

he •. IlL, pro,pcrity, 3!Jd wdfar<Jj to secure the Mlional de-

fCUSCj &."d for other purl'oscs. 

B, it efladed by/he Senate and /fauSt! of P.eprf�llla. 

2 livt.! 0/1114 Uniud Statu of ,1I1Uric:a in ConfJrfM �w, 

3 Thllt this Act ma.y be dtt'd u the "Natiooal Srienre F<l'''l' 

, dation Aet of 1948", 

:; E8TABLlSlntE�T (IF !i'ATWS'AL SCII;::<CB F(lUS'DATIO!' 

SEC, 2. 'Ihere is 1ercby established iu tbe ueeuthtl 

7 bTlUleh of the Government all independeut ngtney V) be 

SENATE BILL, embodying changes 
which caused 1947 veto, passed May 5. 

the policies and decisions of the board, the 
Foundation will have a full-time $15,000-
a-year director, also appointed by the 
President. According to the present bud
get figures, the Foundation will have $20 
million to spend during its first year. As 
it learns how to spend money, its appro
priations should grow from year to year, 
reaching a figure that Presidential ad
viser John R. Steelman projects as $100 
million after 10 years. 

U. S. scientists are almost unanimous 
about the need for large-scale Federal aid 
to basic research. Without it American 
scientific work would move more and 
more toward the periphery of application, 
leaving a less and less adequate ratio of 
basic work going on at the center-except, 
for a time, under military auspices. The 
ultimate result might be a hollow shell of 
mere technology, followed by the decline 
of technology itself. 

The reasons are familiar enough. The 
practical Yankee genius has always 
tended toward the making of tools and 
the mass production of goods, at the ex
pense of the essentially speculative enter
prise of basic or pure science. The main 
sponsors of American science have been 
industry, the government, the universities 
and the foundations. Industry, by and 
large, wants practical results for the 
money it spends. The people in charge of 
government agencies and the legislators 
who make the appropriations have fol
lowed the bent of industry. All of the 
agencies listed on the next page have spon
sored chiefly applied science. This leaves 
the universities and foundations as the 
main traditional promoters of basic re
search. They have done the best they 
could, but their funds have been limited 
and the pull upon them by industry for 
applied studies has been strong. 

As a consequence we have been notori
ously dependent on European science for 
basic findings and even for development 
work, since Europeans, supported by their 
governments. have been by far the more 
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GOVERNMENT AGENCIES AND LABORATORIES IN SCIENCE 

Department of Agriculture 

Office of Experiment Stations 
Bureau of A nima] Industry 
Bureau of Dairy Industry 
Bureau of Plant Tndustry, Soils and 

Agricultura1 Engineering 
Bureau of Entomology and Plant 

Quarantine 
Bureau of Human Nutrition and 

Home Economics 

Bureau of Agriculi ural and Indus
trial Chemistry 

_\gricultural Research Center, 
Beltsville, Mel. 

Forest Service 
Soil Conservation Service 
Production and Marketing Adminis

tration 
Farm Credit Administration 

Department of Commerce 

National Bureau of Standards 
Civil Aeronaut ics Administration 

Weather Bureau 
Coast and Geodel ic Survey 

Department of the Interior 

Geological Survey 
Bureau of Mine' 

Office of Naval Research 
Planning Division 
Naval Research Laboratory 
Special Devices Cen ter. 

Bureau of Aeronautics 
Bureau of Yards and Docks 
Bureau of Medicine & Surgery 

.\rmy Technical Services 
Quartermaster 
Signal Corps 
Ordnance 

WriITht Field 
Patl�rson Field 
Cambridge Field Station 
Ladd Field 
Muroc Army Air Base 

Fish and Wildlife Service 
Bureau of Reclamation 

Navy 

Burea u of Sh ips 
David W. Taylor )lodel Basin 
Navy Electronics Laboratory 

Bureau of Ordnance 
. 

Army 

Air Force 

Naval Ordnance Laboratory 
Naval Ordnance Test Station 

Chemical 
Engineers 
.\'ledical 
Transportation 

Watson Laboratories 
Alamogordo Army Air Field 
Boca Raton Army Air Field 
Eglin Field 
Olmsted Field 

Federal Security Agency 

National Institute of Health 
U. S. Pu blic Health Service 

Food and Drug Administration 

National Advisory Committee for Aeronautics 

Langley Memorial Aeronau tical 
Laboratory 

_\mes ,\eronautical Laboratory 

Flight Propulsion Research 
Laboratory 

The Smithsonian Institution 

Research Division 

Atomic Energy Commission 

Federal Works Agency 

Public Roads Administration 

Federal Communications Commission 

Engineering Departmenl 

Federal Power Commission 

Bureau of Power 

Veterans Administration 

Medical Research Division 

Treasury Department 

Bureau of Print.ing and Engraving 
Bureau of the Mint 

Coast Guard 

Federal Loan Agency 

Office of Rubber Reserve 

adyenturous pioneers at the frontier of 
knowledge. To cite one of many illustra
tions: Of the 149 Nobel prize winners in 
physics, chemistry and medicine since 
1901. 123 were born alld received all their 
early training in Europe, and only 22 were 
U. S.-born and trained. (Two awards went 
t.) Canada. and one each to India and 
Aq!:entina. ) As between Europe and the 
U. S., this is out of all proportion to 
national wealth and the application of 
<'cientific findings_ 

The war has obviously left Europe un
able to maintain its old contributions to 
the international fund of pure science_ If 
private American efforts could fill the gap. 
there would be no problem, but actually 
they are failing to maintain even the 
traditional insecure position of pure sci
ence in this country. In 1929 the funds laid 
"ut for scientific research by universities 
and foundations (the most accurate meas
ure we have for the support of basic re
search) amounted to only 15 per cent of 
a national research budget of about $170 
million_ By 1939 the ratio had shrunk to 
10 per cent and, although the dollar total 
of university and foundation research 
funds had increased tu $35 million, a 
substantial part of this outlay included 
income from research contracts with in
dustrial concerns, which represented a 
diversion from pure to applied science. 

More l'ecently universities and founda
tions have suffered from lower yields on 
their investments and from higher costs 
uf research, and the universities have had 
more students and hence greater deficits. 
During the war the nation's proportion of 
development expenditures, other than 
those of industry and the Federal govern
ment, shrank to 4 per cent; it now stands 
at about 8 per cent. Of the $2_5 million 
which Columbia University, for example, 
had this year for physical research, only 
S16.000 was from University funds, the 
rest coming from the government, most of 
it from the Atomic Enel'gy Commission. 

J
UST AS critical is the man power short
age. Curtailment of education during 

the war cut the maturation of new sci
entists by half_ The grievous loss may be 
t'>timated as some 20,000 graduates, in
cluding 3,000 doctors of science. Those 
who have been graduated are under an 
almost irresistible pull from industry_ If 
it were not for a new interest in basic 
�cience on the part of the armed services, 
the plight of fundamental research would 
be cause for even greater alarm_ 

The war itself brought an almost total 
inhibition of basic research in the U. S. 
Virtually to a man, the scientists of the 
U. S_ were brigaded under the command 
of the Office of Scientific Research and 
Development for the most massive cam
paign of applied research ever organized. 
The more than 2,000 projects to which 
they were assigned spent $300 million 
directly and guided the spending of 
hundreds of millions more. Two of the 
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SENATE BILL was introduced by 
Senator H. Alexander Smith of New 
Jersey, who also was its 1947 sponsor. 

projects, the atomic bomb and radar, be· 
gan as hopes and developed into billion· 
dollar enterprises by the end of the war. 

The stupendous achievements of the 
OSRD shortened the war and saved 
countless lives, but its aftereffects must 
1I0W be reckoned with. During the war 
the armed services received from the sci· 
entists imaginative and efficient new de· 
vices and techniques useful in almost 
every branch of operations. The war, 
therefore, endeared science to the military 
mind and even won it over to the need 
for basic research. The military is now 
determined that there shall be no postwar 

HOUSE BILL for the Foundation 
was sponsored by Representative 
Charles A. Wolverton, of New Jersey. 

divorce. Under military auspices, science 
in general, and even some branches of 
pure science, are now being maintained 
in a style to which they have never before 
been accustomed. 

The best measure of the government's 
and the military's present involvement in 
scientific work is the Federal budget esti· 
mate for research for the fiscal year begin. 
ning July 1. The grand total is likely to be 
about $825 million. an increase of almost 
25 per cent over this year and 15 times as 
much as was spent in any year before the 
war. Of this staggering sum. over $650 
million is for the Army. Navy. Air Force 
and for the military work of the Atomic 
Energy Commission and the National Ad· 
visory Committee for Aeronautics. 

A rough indication of the proportion of 
government funds which is being allo· 
cated to pure and applied research, reo 
spectively, was given in the so·called 
Steelman report. issued by the President's 
Scientific Research Board, John R. Steel
man, chairman. Analyzing research ex· 
penditures in the fiscal year that ended in 
mid-1947, the report estimated that some 
$570 million out of a total of $625 million 
went for applied and developmental 
studies. For the armed services the figures 
were $465 million out of $500 million. Of 
the $100 million spent by the four civil· 
ian agencies with the largest research 
budgets-Agriculture. Commerce, In
terior and the NACA-about $85 million 
was spent on nonbasic work, chiefly back
ground research, that is. fact-gathering, 
compiling, surveying and the like. 

Since the end of the war scientists have 
been actively debating the role of the 
military in the scientific affairs of the 
country. Some are contented enough, and 
see no serious threat to the integrity of 
their work. Others are extremely unhappy 
-alarmed about the fatal blight of se· 
crecy, about dismissals on mere suspicion 
of unreliability, about the inevitably 
limited objectives of the Army and Navy. 
They are afraid of the intrusion of others 
into their work and afraid that military
sponsored basic science will be cut off in 
favor of applied efforts when the now 
copious funds may be curtailed-at a time 
when the universities will have become 
dependent on military contracts. 

Most scientists are grateful for the stop
gap aid they have had. but many are now 
eager for other sponsorship. The body of 
scientific opinion appears to be opposed 
to an entire new department with a Sec
retary of Science (as was once proposed) 
but in favor of a civilian, independent 
agency. Specifically, through the National 
Science Foundation they look for a good, 
solid compromise between the old days of 
freedom and poverty and the wartime binge 
of regimentation and inexhaustible funds. 

The new agency has been at least three 
years in the making. The New Deal. the 
war and the work of the OSRD under 
Vannevar Bush provided the impulse. 
Then developed a serious struggle over 

important details. In July of 1945, the 
creation of a "National Research Founda· 
tion" was urged by Bush in his report, 
"Science, the Endless Frontier," written 
in answer to the request of Franklin 
Roosevelt. The following October, Senate 
committee hearings began on three bills. 
One of the two important ones, the Mag. 
nusson bill. followed faithfully the recom· 
mendations of the Bush report and put 
control of the Foundation in the hands of 
a part-time board appointed by the Presi
dent. The Kilgore bill incorporated addi· 
tional ideas by providing for strict patent 
controls in the interest of the government 
and in giving control and responsibility 
to a presidentially appointed director, ad
vised by a board of scientists. This matter 
of administration became the most hotly 
contested point in the subsequent debate. 
In July of 1946, a compromise Kilgore. 
Magnusson bill (S. 1850) passed the 
Senate, but was killed in the House. The 
compromise, which seemed to represent a 
majority view among scientists, leaned too 
far toward the Kilgore position to be 
acceptable to the Bush people. 

Last year Senator H. Alexander Smith 
of New Jersey introduced S. 526, which 
passed both the Senate and the House. 
This bill leaned just as far toward the 
Bush position, but was supported by many 
scientists who had come to feel that it was 
about the best they could get. The Smith 
bill was regretfully vetoed by the Presi· 
dent on the ground that it set up an im
practical type of administration with the 
power in the hands of a board rather than 
a single director. 

The 1948 Smith bill (S. 2385), which 
will pass in the closing days of the 80th 
Congress-or, failing that, the similar bill 
that clearly should be made a law in 
1949-is a reasonable enough compro
mise, though it is still administratively 
not what the President hoped to get. The 
chief executive officer of the National 
Science Foundation will be appointed by 
the President, to be sure, but he will be 
fully governed and guided by the Founda
tion's legislative body, its 24·man board 
of eminent scientists and others. To this 
board is left the final decision on most 
of the controversial matters that have 
been fought over for the last three years. 

T
HE FOUNDATION will decide just 
how wide a geographical distribution 

to give its grants and contracts. It will de
cide to what extent it can hold as public 
property patents resulting from work in 
which it takes part, and how far it will 
have to go in allowing patent rights to 
those with whom it makes contracts. It 
will decide whether or not to set up its 
own executive committee. It will prescribe 
its own rules and regulations. It may ac
quire real and personal property. It may 
receive funds donated by others. It may 
publish freely in the field of science. 

The Foundation must clear security 
matters with the Secretary of Defense, and 
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it may not go into atomic research with· 
nut the permi��ion of the Atomic Eneq!y 
Commission. It is authorized to cooperate 
in international scientific research but 
any such activity "shall be exercised in 
such a manner as is consistent with the 
foreign policy objectives of the United 
States as determined by the Secretary 
of State. after consultation with the 
Director." 

The greatest of the Foundation's con· 
siderable powers is that of deciding just 
what jobs to tackle. Certain obvious di· 
v i"ions-l) Medical Research. 2) Mathe· 
n.aticaL PhysicaL and Engineering Sci· 
ence". 3) Biological Sciences, and 4) 
Scientific Personnel and Education-are 
suggested by Congress. but even these are 
not insisted upon. 

With the probable passage of this le�is. 
lation. the scene shifts. The Foundation 
itself now becomes the focus of arguments 
a, to what it should do and how it should 
do it. The most vital and difficult single 
issue will be whether or not the Founda· 
t ion shall undertake work in the field of 
soci al sci en ceo 

Such a venture is admittedly fraught 
with difficulties. The social sciences differ 
from the physical and biological sciences 
more than the latter differ from each oth· 
er. By the accepted standards of scien· 
tific work. the social sciences are less 
mature. Experimentation in them is usu· 
ally impossible. Those who operate with 
social data are forced into more complex 
and higher abstractions and into many 
areas where measurement is impossible. 
Social science has ill·defined limits. At the 
end of its spectrum farthest from the bio· 
logical sciences, its lines tend to blur into 
an area (from the scientific point of view) 
of mere heat-the warm, disorderly, 
ethically supercharged humanities. 

A more serious difficulty stems from 
the deep and stubborn cleavage between 
pure and applied effort in social science. 
A. James Bryant Conant has pointed out. 
there was a time when such a condition 
did not constitute a detriment to any 
branch of science. Until perhaps 100 years 
ago. "cience was almost entirely pure, 
and technology was in another realm. 
Bllt now. the sphere of science has be· 
clime so completely integrated that a sci· 
entific effort which remains endlessly 
pure. with no eventual application, is not 
thouo-ht of as science at all but as some 
,on �f recondite, priestly discourse. 

T
o A DEGREE, this is what has hap. 
pened to social science. Frightened 

away from the periphery of application by 
the 

·
fierce heat of controversy that is en· 

�endered there by conflict of interests, 
�"me "social scientists" take refuge in 
"pure" effort that is not. nor ever will be. 
called into practical play. Many an able 
�ncial scientist spends his, time endlessly 
"atheril'" facts which are not really gath. 
�red to I�e used. because their use would 
get the user into trouble. 
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ORGANIZATION of the Foundation 
is depicted on the hasis of the Senatc 
bill introduced by Senator Smith. Its 
power is principally in the hands of 
the 24·111an hoard, although the Pres
ident appoints the director. :Many of 
the organizational detaih have heen 
left to the discretion of the Board. 

Pure and applied social science can 
serve special interests admirably, but the 
National Science Foundation is being set 
up to serve the general interest. Can it 
do so in the field of social science? 
The difficulties will loom so large that 
it will take a board of 24 (or at least a 
majority of 13) brave men to make the 
effort. 

Yet none of this is to deny the scien· 
tific and human potential of social science. 
nor its great and urgent need. True. the 
direction of effort in the social sciences 
must differ sharply from that taken in the 
natural sciences. In the latter. the em· 
phasis will rightly be on pure or basic 
work, since the spontaneous drift is awav 
from it. In the social sciences. more atten· 
tion will have to be given to practical 
problem.solving. 

Some things the Foundation can do 
easily. It can help develop the tools of so· 
cial science, such as statistics and seman· 
tics. It can go into certain fields that seem 
relatively factual and remote from the 
battle, such as anthropology and demogra. 
phy. It could look at such problems as 
labor mobility, which would have to be 
gone into simultaneously in all parts of 
the country and would cost some $800,000. 
It could study the adjustment of indio 
viduals to handicaps and illness. It could 
look at the procedures of that big and 
influential industry, public opinion poll. 
ing-its sampling methods. panel studies, 
interviewer bias, and the like. 

Since none of this promises to solve 
basic social and economic problems. the 
Foundation could, once its formula is 
worked out and once it has the necessary 
experience, go after the things that rea II v 

matter. 
Science is increasingly becoming a part 

of our culture, and general Federal aid 
is hardly more than a recognition of that 
fact. Science has given us much of what 
we have of material wealth, and is cer· 
tain to give us more. But it is now gen· 
erally recognized that material progress 
brings the exaggeration of social and 
economic problems, while at the same 
time it makes their solution possible. Will 
the coming National Science Foundation 
try to realize that potential, or will it be 
satisfied to act merely as one more vitally 
needed agency for still more material 
.progress? Here the President, who ap· 
points the board of the Foundation, and 
the board itself will face a major decision. 

-

Alfred Winslow Jones is 
rt lui! er on social science. 

SENATE 

(Confirms President's AppOintments) 

EXECUTIVE COMMITTEE 

(Elected from Foundation, if needed) 

© 1948 SCIENTIFIC AMERICAN, INC



THE PRESIDENT DIRECTOR': 
(Appointed by the President) 

I 
.:::::::�I 

--- -� 
DIVISIONAL COMMITTEES (Five or More Members Each. AppOinted by Foundation) 

SPECIAL COMMITTEES (11 Members Each, Appointed by Foundation, if needed) 

DEPUTY DIRECTOR 

(Can be AppOinted by Director. 
�f needed) 

CHAIRMAN 

(Elected from 
Foundation) 

VICE CHAIRMAN 

(Elected from Foundation) 

II 

© 1948 SCIENTIFIC AMERICAN, INC



12 

LUNG LESIONS revealed in this X-ray photograph 
may have been produced either by tuberculosis or by 
histoplasmosis. Tuberculin test and histoplasmin skin 
test, however, may also be called into play. Symptoms 
of '·acute", or non-fatal, form of histoplasmosis are 
rather similar to those of grippe, but sometimes the 
disease passes without manifestation worthy of notice. 
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HISTOPLASMOSIS: 

THE UNI(NOWN INFECTION 

The mild form of a fatal fungus disease appears 

to be spreading in the U. S. Its lesions are much 

like those of tuberculosis, complicating diagnosis 

I
N 1944 a five·month·old infant was ad· 
mitted to the pediatric hospital of Van· 
derbilt University in Nashville, Tenn., 

with a puzzling illness. Its symptoms, 
which included fever, loss of appetite, and 
anemia, were those of many common 
childhood ailments; yet it was evident that 
this child was uncommonly sick. Dr. Amos 
Christie of the University staff suspected 
that its ailment was an obscure fungus 
disease called histoplasmosis. A skin test, 
and later the discovery of the fungus in 
the infant's blood, proved his diagnosis 
correct. No treatment is known for this 
disease, and the child died. 

Up to that time, the medical literature 
had recorded only 80 cases of histoplas· 
mosis, all of them fatal. The disease was 
thought to be extremely rare; even its 
name was unknown to most physicians. 
Dr. Christie, a pediatrician interested in 
the study of fungus infections, availed 
himself of the opportunity to investigate 
this little· known disorder. The skin test 
for histoplasmosis, which had only recent· 
ly been developed, offered a handy meth· 
od. He gave the test to the parents of the 
afflicted child. Although apparently 
healthy, both parents exhibited positive reo 
actions to the test, indicating that they 
were infected with the fungus or had been 
at some time in the past. The scientist 
went on to apply the same test to several 
groups of children and found that a sur· 
prisingly large percentage of them were 
similarly infected, although many showed 
no symptoms of illness. Dr. Christie con· 
cluded that there must be a benign form 
of the disease of which doctors had been 
unaware, and that histoplasmosis was 
probably more widespread than anyone 
had suspected. 

His suspicion was soon confirmed. 
Early in 1945 he received a visit from Dr. 
Carroll E. Palmer of the U. S. Public 
Health Service. Dr. Palmer examined 
closely some X.ray pictures that Dr. 
Christie had made of his suspected histo· 
plasmosis patients. They showed calcifica· 
tions of the lungs like those in tubercu· 

by Martin Gumpert 

losis. But the patients did not have tuber· 
culosis; they had reacted negatively to 
tuberculin tests. Startled by the resem· 
blance of these lesions to those of tuber· 
culosis, Dr. Palmer decided to make a 
large.scale national survey. He gave the 
histoplasmin skin test to thousands of 
student nurses in 65 nursing schools dis· 
tributed in various sections of the U. S. 
The results were astonishing: almost one 
fourth of all the students reacted positive· 
ly to the test. The incidence of the disease 
varied by geographic areas. It appeared to 
b(' highest in the East Central states. In 
Kansas City, Mo., for example, 62 per 
cent of the persons examined had positive 
reactions. 

Since it seemed reasonable to assume 
that a positive reaction to the test was 
good evidence of previous infection with 
the histoplasmosis fungus or a closely reo 
lated organism, Dr. Palmer decided that 
this disease, formerly thought so rare, 
must be fairly common. Later studies have 
supported his view. As is often the case 
when a disease becomes more widely 
recognized, there has been a sudden in· 
crease in the number of reported cases of 
histoplasmosis. It is now thought that 
millions 0 £ Americans are afflicted with 
this infection. And there is good reason to 
believe that a very high proportion of 
patients who have been diagnosed as 
tubercular because of lung calcifications 
may have histoplasmosis instead. 

The high rate of mortality in diagnosed 
cases of histoplasmosis indicates the dan· 
gerous potentialities of this disease. It 
appears to exist in two forms: a so·called 
"acute" type, which is the mild form dis· 
covered by Dr. Christie, and a "chronic" 
type, which is highly fatal. The "acute" 
infection passes quickly and in most cases 
is unrecognized, since it either shows 
generalized symptoms like those of acute 
grippe or goes through a subclinical 
course that is not noticed at all, as in many 
of Dr. Christie's cases. The "chronic" type 
-the classical form of the disease-has 
been recognized only since the beginning 

of this century. It is sometimes known as 
Darling's Disease, after the American 
physician Dr. Samuel T. Darling, who 
discovered it. It is still difficult to diag. 
nose, as mentioned earlier, because its 
symptoms do not distinguish it sufficiently 
from other diseases. The most common 
symptoms are fever, anemia, enlargement 
of the liver and spleen, swelling of lymph 
glands, loss of appetite and weight, ulcera· 
tions of the mucous membrane of the 
mouth, especially of the tongue, and a 
diminution in the number of white blood 
cells. 

T
HE history of this baffling infection 
demonstrates the flexibility of mind de· 

manded by scientific investigation and the 
necessarily tentative nature of all conclu
sions in science. Histoplasmosis confused 
medical scientists from the beginning 
because it was so much like other diseases. 
In 1906 Dr. Darling, then head of the 
Ancon Hospital in the Panama Canal 
Zone, observed among his patients a few 
cases of what seemed to be kala·azar, the 
"black disease" or "dumdum fever," 
which was then ravaging India. This 
Asiatic disease, which is caused by a para· 
sitic protozoon of the Leishmania group, 
had not previously been seen in the 
Western hemisphere. But Dr. Darling's 
patients had two characteristic symptoms 
of kala.azar-enlargement of the spleen 
and a decrease of the white blood cells. 
The patients died, and in autopsies Dr. 
Darling found in their organs an organ· 
ism resembling the Leishmania of kala· 
azar. He called this parasite, which he 
believed to be a protozoon, Histoplasma 
capsulatum. 

By 1912 further study had led to the 
conclusion that the histoplasma organism 
was not a protozoon but a fungus. It was 
not until 1934, however, that a pure cuI· 
ture of Histoplasma capsulatum was 
obtained, by Dr. W. A. De Monbreun of 
Vanderbilt University. Now able to pro· 
duce the disease experimentally in ani· 
mals, he established that its agent was a 
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ORGANISM which causes histoplasmosis is the fungus Histoplasmn 
capsulatwn. \Vhen it invades the body it grows in thc reticulo-endothelial 
system, which includcs organs snch as the spleen and liver. Thcrc its 
colonies become encapsulatcd much as those of the tuberculosis bacillus. 

GROWING IN AIR, on a culture dish, H. capsulatum sends out tendrils 
hearing spores. The route by which the disease spreads is not known but 
investigators think it may be borne through the air in droplets. This 
theory is enhanced by the fact that the disease often attacks the lungs. 
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fungus which is classified as belonging to 
the genus Histoplasma of the family Coco 
cidioides. 

This was a discovery of far.reaching 
significance. It gave proof of what was es· 
sentially an unknown type of disease. 
Fungus infections of the skin. such as 
ringworm and athlete's foot, were well 
known, but little attention had been given 
previously to systemic fungus infections, 
which are generally dangerous and often 
fatal. Studies which followed left no doubt 
that general fungus infections are much 
more frequent than had been supposed. 

A 
DISEASE closely related to histo· 
pla,mosis has been known for some 

years. It is coccidioidomycosis, also known 
as San Joaquin Valley Fever or Desert 
Fever. It is endemic in certaill districts of 
California and Arizona. Its agent is a fun· 
gus of the same family as Histoplasma. 
Like histoplasmosis, this disease has a 
relatively harmless "acute" form and a 
fatal "chronic" one. Also like histoplas. 
mosis, it sometimes produces lung lesions 
resembling those of tuberculosis. 

The discovery by Drs. Christie and Pal· 
mer, and by others who made the same 
finding independently, that fungus infec· 
tions may cause lung calcifications has 
brought to light and helped to clear up a 
number of studies that had puzzled medi· 
cal investigators. The tuberculin skin tcst 
for tu berculosis is believed to be almost 
infallible. Yet for a number of years physi. 
cians makinrr mass X.ray examinations of 
children hav� reported that many children 
with apparently tuberculous lung lesions 
reacted negatively to the tuberculin test. 
In one mass examination in the South in 
1938, an investigator found that thcre 
were almost as many chest lesions among 
patients who reacted negatively to the 
tuberculin test as among those who reo 
acted positivcly. More than 48 per cent of 
the negative reactors had these lesions. In 
a considerable number of cases, even 
tuberculosis specialists pronounced these 
patients tuberculous beyond any doubt. 
For lack of any other explanation, all 
lung calcifications had long been classi· 
fied almost automatically as evidence of 
tuberculosis. 

But in 1938 Dr. Palmer, after examin· 
ing 7,000 school children in Hagerstown, 
Md., decided that a large proportion had 
lung calcifications which could not be ex· 
plained as tuberculous. Soon afterward, 
a f!:roup of investigators who examined 
Indian children in the Southwest estab· 
lished by means of a skin test that many of 
their lung lesions were caused by cocci· 
dioidomycosis. In Xenia. Ohio, however, 
an examination of 500 orphanage children 
showed that lung lesions found among 
them could not be attributed either to 
tuberculosis or to coccidioidomycosis. The 
examiners suspected that the cause must 
be some other fungus. Dr. Christie's 1944 
histoplasmin skin test in :\' as!1\'ille finally 
identified what seems to be the major cuI· 
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prit: the fungus Histoplasma capsulatum. 
Little is known about this ominous 

fungus. It appears in nature in two varie· 
ties, one harmless, the other parasitic 
and responsible for causing histoplas· 
mosis in man. The parasitic type is be· 
lieved to be insect-borne. But the method 
by which the disease is spread is unknown; 
present medical opinion is that it is prob
ably a droplet infection that attacks man 
through the respiratory system. The first 
significant symptoms of the acute infec· 
tion are usually found in the respiratory 
organs. The fungus shows an affinity for 
cells of the reticulo·endothelial system 
(i.e., chiefly the spleen and liver). The 

histoplasmin skin test to detect the fungus 
employs an antigen made from a culture 
of Histoplasma capsulatum. Dr. Chester 
Emmons of the National Institute of 
Health has questioned whether the test is 
specific for histoplasmosis alone; in ani· 
mal tests he has found that coccidioidomv· 
cosis and another fungus disease gi�e 
positive reactions to the same test. Presum· 
ably standardization of the test will elimi· 
nate these cross· reactions. 

The disease seems to be more prevalent 
among adults than among children. A 
study in Kansas City, Mo., showed that the 
highest incidence of positive reactions to 
the test (88 per cent) occurred in the 
group of men aged 35 to 40; among wom· 
en the highest incidence (67 per cent) 
was in the age group from 20 to 24. The 
principal histoplasmosis centers are Mis· 
souri, Kansas, Ohio, Indiana, Illinois, 
Tennessee, Arkansas and Louisiana. 

T
HE role of fungi in human patbology 
has been too long overlooked. Our in

terest in the mysterious biological rela· 
tionship between fungus and man has 
been greatly stimulated in the last few 
years by the discovery and use of penicil. 
lin, a fungus which is employed in thera
py. But even penicillin may invade 
tissues and produce severe complications, 
as we are now coming to realize. 

The new and dramatic history of histo· 
plasmosis may have something to contrib· 
ute to the basic medical problem of the 
threshold between health and disease. We 
have supposed that, thanks to new synthet· 
ic and antibiotic drugs, we are becoming 
more and more independent of our bacte· 
rial invaders and symbiotic parasites. 
Now suddenly a new threat springs out 
of the biological underworld, perhaps 
even stimulated in this case by our recent 
use of fungus species such as penicillin 
and streptomycin for curing man's ancient 
diseases. Nevertheless, one may venture 
to look on the bright side of the matter 
and hope that the study of histoplasmosis 
will open an entirely new field of attack 
and defense in the battle for health. 

• 

IVl artin Gum perl is a prac· 
tLCUlg physician and a 
writer on medical subjects. 

CUL TURE of the histoplasmosis organism is a white, fluffy growth rather 
similar to that of many other fungi, making identification difficult. Some
times diagnosis is assisted by culturing specimens of blood and other 
infected material from a patient suspected of having contracted disease. 
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TABLE OF ORGANIZATION of an army ant colony 
is fixed by specialization in structure and function of 
its individual members, here shown 2.5 times life-size. 
Winged male (its appearance suggests the evolutionary 
link of ants to wasps) lives only long enough to mate 
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a queen. Organization and behavior of the colony are 
polarized around queen (2) and her reproductive func
tion. Workers, graded in size from major (3) down to 
minim (6) tend to specialize according to their size 
in defense, food-gathering or in musing of offspring_ 
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THE ARMY ANT 

This explanation of how the creature 
conducts its complicated social life 
clearly distinguishes ants from men 

117 her ever they pass, all the rest of the 
animal world is thrown into a state of 
alarm. They stream along the ground and 
climb to the summit of all the lower trees 
searching every leaf to its apex. 117 here 
booty is plentiful, they concentrate all 
their forces upon it, the dense phalanx 
of shining and quickly moving bodies, as 
it spreads over the surface, looking like a 
flood of dark· red liquid. All soft·bodied 
and inactive insects fall an easy prey to 
them, and they tear their victims in pieces 
jor facility in carriage. Then, gathering to· 
gether again in marching order, onward 
they move, the margins of the phalanx 
spread out at times like a cloud of skir· 
mishers from the flanks of an army. 

T
HAT is how Henry Walter Bates, a 
Victorian naturalist, described the 
characteristic field maneuvers of a 

tribe of army ants. His language is 
charged with martial metaphor, but it 
presents with restraint a spectacle which 
other eyewitnesses have compared to the 
predatory expeditions of Genghis Khan 
and Attila the Hun. 

Army ants abound in the troFical rain 
forests of Hispanic America, Africa and 
Asia. They are classified taxonomically 
into more than 200 species and distin· 
guished as a group chiefly by their pecu· 
liar mode of operation. Organized in 
colonies 100,000 to 150,000 strong, they 
live off their environment by systematic 
plunder and pillage. They are true 
nomads, having no fixed abode. Their nest 
is a seething cylindrical cluster of them· 
selves, ant hooked to ant, with queen and 
brood sequestered in a labyrinth of cor· 
ridors and chambers within the ant mass. 
From these bivouacs they stream forth at 
dawn in tightly organized columns and 
swarms to raid the surrounding terrain. 
Their columns often advance as much as 
35 meters an hour and may finally reach 
out 300 meters or more in an unbroken 
stream. For days at a timt:, they may keep 
their bivouacs fixed in a hollow tree or 

some other equally protected shelter. 
Then, for a restless period, they move on 

by T. C. Schneirla and Gerard Piel 

with every dusk. They swarm forth in a 
solemn, plodding procession. each ant 
holding to its place in line. its forward· 
directed antennae beating a hypnotic 
rhythm. At the rear come throngs of 
larvae-carriers and. at the very last, the 
big, wingless queen, buried under a melee 
of frenzied workers. Late at night they 
hang their new bivouac under a low-hang
ing branch or vine. 

The army ant, observers are agreed, 
presents the most complex instance of or· 

WORKER MAJOR is equipped with 
a wasplike sting in its tail as well 
as with hig mandibles. Its aggres
sive response to extra·colony stimuli 
makes it the "soldier" of army ants. 

ganized mass behavior occurring regular. 
ly outside the homesite in any insect or, 
for that matter, in any subhuman animal. 
As such, it offers the student of animal 
psychology a subject rich in interest for 
itself. But it also provides an opportunity 
for original attack on some basic problems 
of psychology in general. The study here 
reported, covering the behavior of two of 
the Eciton species of army ants, was con· 
ducted by Schneirla over a 16·year period 
with extended field trips to the Biological 
Reservation on Barro Colorado Island in 
the Panama Canal Zone and to other ant 

haunts in Central America. In undertak. 
ing it, he had certain questions in mind. 
The central question, of course, was how 
such an essentially primitive creature as 
the ant manages such a highly organized 
and complex social existence. This bears 
on the more general consideration of or· 
ganized group behavior as an adaptive 
device in natural selection. There was, 
finally, the neglected question of the 
nature of social organization. This is pri. 
marily a psychological problem because 
it concerns the contribution of individual 
behavior and relationships between indio 
viduals to the pattern of the group as a 

whole. It was expected that reliable data 
on these questions in the instance of the 
army ant might throw light on similar 
questions about human societies. 

The ant commends itself to study by 
man. Measured by the dispassionate 
standard of survival, it stands as one of the 
most successful of nature's inventions. It 
is the most numerous of all land animals 
both in number of individuals and number 
of species (more than 3,500 at present 
count) . It has occupied the whole surface 
of the globe between the margins of eter· 
nal frost. Its teeming cities are to be found 
even on isolated atolls in mid·Pacific. The 
oldest of living orders, the ant dates back 
60 million years to the early Jurassic 
period. More significant, the societies of 
ants probably evolved to their present 
state of perfection no less than 50 million 
years ago. Man, by contrast, is a dubious 
experiment in evolution that has barely 
got under way. 

I
N the esteem of political philosophers, 

from Solomon to Winston Churchill, 
ants have shared honors with the two other 
classes of social insects, the bee and the 
termite. Of the three, the ant is by far the 
most various and interesting. Bees live in 
hives; termites burrow almost exclusively 
in wood. Ants are not so easily pigeon. 
holed. Lord Avebury. a British formi· 
cologist, marveled at "the habits of ants, 
their large communities and elaborate 
habitations, their roadways, possession of 
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dumestic animals and. even. in ,ome case�. 
()f slaves!" He might have added that ants 
also cultivate agricultural crops and carry 
parasols. It is the social institutions of 
ants. howe,·er. that engender the greatest 
enthmiasm. The late Henry Christopher 
McCook. in his Ant Communities and How 
They arc Governed, A Study in Natural 
Cil:ics, credited the ant with achieving the 
ultimate in democratic social order. The 
sight of an army ant bivouac put the 
British naturalist Thomas Belt in mind of 
Sir Thomas More's Utopia. The Swiss 
naturalist Auguste Forel urged the League 
of ::\' ations to adopt the ant polity as the 
model for the world community. 

The marvels of ant Ii fe have led some 
thinkers into giddy speculation on the 
nature of ant intelligence. Few have put 
themselves so quaintly on record as Lord 
Avebury, who declared : "The mental 
powers of ants differ from those of men 
not so much in kind as in degree." He 
ran ked them ahead of the anthropoid 
apes. Maurice Maeterlinck, author of The 
Lije 0/ the A nt, hedged: "After all, we 
have not been present at the deliberations 
of the workers and we know hardly any· 
thing of what happens in the depths of the 
formicary." Others have categorically ex· 
plained ant behavior as if the creatures 
could reason. exchange information. take 
purposeful action and feel tender emotion. 
Describing a tribe of army ants on the 
march in his book lnsect Behavior, the 
American naturalist Paul Griswold Howes 
has "lieutenants keeping order or search· 
ing out the ground to be hunted or trav· 
eled next" and the privates in the line 
"obeying commands" and evincing "

a 

wonderful sense of duty." Belt noted, as 
a matter of course, that "light·colored 
officers" keep the "common dark·colored 
workers" in line. R. C. Wroughton con· 
cluded from the precision of ant armies' 
maneuvers that "they are either the result 
of preconceived arrangement or are car· 
ried uut by word of command." 

Obviously anthropomorphism can ex· 
plain little about ants, and it has largely 
disappeared from the current serious lit
erature about ant behavior. Its place has 
been taken, however, by errors of a more 
sophisticated sort. One such is the con
cept of the "su perorganism." This derives 
from a notion entertained by Plato ano 
Aquinas that a social organization ex
hibits the attributes of a superior type of 
indi,'iduaL Extended by certain modern 
hiolol!:ists. the concept assumes that the 
biological organism. a society of cells, is 
the model for social organizations, wheth
er ant or human. Plausible analogies are 
drawn between organisms and societies : 
division of function, internal communica
tion, rhythmic periodicity of life processes 
and the common cycle of birth, growth, 
senescence and death. Pursuit of these 
analogies, according to' the protagonists 
(Jf the superorganism, will disclose that 
the same forces of natural selection have 
shaped the evolution of both organism and 
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superorganism. and that the same funda
mental laws govern their present exist
ence. 

This is of course a thoroughly attrac
tive idea. It is representative_ in the 
field of psychology, of current efforts 
in other fields of science to unify all 
observed facts by a single theory. But 
it possesses a weakness common to all 
Platonistic thinking. It erects a vague 
concept, "organisnl" or "organization," as 
an ultimate reality which defies explana
tion. The danger inherent in this arbitrary 
procedure is the bias which it imposes 
upon the investigator's approach to his 
problem. It reduces the gathering of 
evidence to the selection of appropriate 
illustrations and examples. This is a 
pitfall of which the investigator must 
be especially wary in the study of social 
behavior. Too often in this field theories 
and conclusions are composed of nine 
parts of rationalization to one part of 
evidence. The investigator in social sci
ence must be ruthless in discarding his 
preconceived notions, taking care to re
tain only the bare conceptual framework 
that is inductively supported by the al
ready established evidence on his subject. 
In the gathering of new evidence he must 
impose on his work the same rules of rep
etition and control which prevail in the 
experimental sciences. Wherever possible 
he should subject his observations to ex
perimental tests in the field and laborato
ry. In the area we are discussing this kind 
of work may at times seem more like a 
study 0 f ants than an investigation of 
problems. But it yields more dependable 
data, 

O
NE of the most helpful sources of 

evidence concerning the ant is the 
study of the ant in its "more than royal 
tomb" of amber. This is the paleontolo
gist's ant, trapped eons ago in the sticky 
gum of a conifer and thereby preserved 
intact for examination by scientists today. 
They find that the fossil ant is in all major 
respects identical with its twentieth-cen· 
tury descendants. From this evidence bi
ologists reason that since the social be· 
havior of the ant is primarily a function 
uf its biological make-up, ant societies 
must be as ancient as the ant. This con
clusion is supported by studies of ant be
havior. The contemporary ant, as will be 
shown, exhibits a comparatively limited 
capacity for learning. On the other hand, 
there is little that it needs to learn when 
it crawls out of the cocoon, By far the 
greater part of its behavior pattern is al· 
ready written in its genes and represents 
the "learning" of its race, acquired many 
generations ago in the hard school of 
natural selection. 

The individual ant, as a matter of fact, 
is ill-equipped for advanced learning. By 
cumparison with the sensitive perceptions 
of a human being, it is deaf and blind. 
Its hearing consists primarily in the per· 
ception of vibrations physically trans-

mitted to it through the ground. In JIlost 
species, its vision is limited to the dis· 
crimination of light and shadow. These 
deficiencies are partially compensated by 
the chemotactual perceptions of the ant, 
centered in its flitting antennae. Chiefly 
by means of its antennae. the ant tells 
friend from foe. locates its booty. and, 
thanks to its habit of signing its trail with 
droplets from its anal gland, finds its 
way home to the nest. 

In an investigation of ant learning, 
Schneirla found that individual ants are 
capable of significant feats of progress 
in a given situation. but that on the whole 
ant learning is by rote. His subject in 
this study was the common garden For
mica ant, which is known to forage freely 
within a radius up to 75 meters around 
its nest. The learning situation was pre· 
sented by a maze, interposed between the 
laboratory nest and feeding box. with 
maze passages open on the return rou,.te to 
the nest. Each individual ant was identi· 
fied and followed by means of a number 
pasted on its gaster (abdomen). The ants 
betrayed no evidence of purposive be· 
havior. Compared to the rat, which in the 
same maze pattern may acquire a pro
nounced "goal set" and make straight for 
the other end of the maze after relatively 
few runs, the ants were at first quite 
haphazard in their behavior. It required 
almost a dozen runs before they ceased 
crawling aimlessly on the floors and walls 
of the first alley in the maze. Their learn· 
ing curves then ascended steeply to a flat 
plateau; thereafter, they made as many 
wrong turns at the last choice points in 
the maze as they did at the first. 

Control of clues provided in the maze 
by ant chemicals and variations in light. 
ing revealed that the Formica ant pos
sesses considerable learning capacity ;n 
its kinesthetic or "muscle" sense. ,'\lever
theless, this study shows that the ant 
acquires merely a generalized maze habit, 
not an understanding of mazes. This con· 
c1usion is reinforced by another com pari
son with the rat. Confronted with abrupt 
changes in the maze layout, the rat will 
often exhibit plain evidence of emotional 
conflict, represented by an over·all de
terioration of its learning progress. Ants. 
in the same situation, merely blunder 
ahead. 

How the essentially uncomplicated 
repertory of the individual ant contrives. 
when ants act in concert. to yield the 
exceedingly complex behavior of the tribe 
is one of the most intricate paradoxes in 
nature. This riddle has been fruitfully 
explored during the past generation 
under the guidance of the concept of 
"trophallaxis," originated by the late 
William Morton Wheeler of Harvard 
University, who ranks as the greatest of 
U,S. formicologists. Trophallaxis (from 
the Greek trophe, meaning food, and 
allaxis, exchange) is based upon the 
familiar observation that ants live in bio· 
logical thrall to their nestmates. Their 
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powerful mutual attraction can be seen in 
the constant turning of one ant toward 
another, the endless antennal caresses, 
the licking and nuzzling. In these ex
changes they can be seen trading intimate 
substances-regurgitated food and glan
dular secretions. Most ants are dependent 
for their lives upon this biosocial inter
course wi th their fellows. There is strong 
evidence that, as between larvae, workers 
and queen in a given tribe, there is an 
interchange of co-enzymes necessary to 
the existence of all. Army ant queens un
failingly sicken and die after a few days 
when isolated in captivity. 

Trophallaxis, or "the spirit of the 
formicary," as Maeterlinck was pleased 
to call it, is therefore essentially chemical 
in nature. As can be seen by the mutual 
attractions and repulsions of ants for one 
another, their social chemicals are not 
only specific to species but also specific 
to colonies. Schneirla's most acute memo
ry of his 16-year association with army 
ants is the characteristic Eciton odor 
which emanates from their columns, an 
odor reminiscent of potato blossoms. It  
is obscured near their bivouacs by the 
fetid smells which emanate from the de
caying fragments of booty clinging to 
individual ants. The army ant queen, less 
exposed to offal, is distinguished by a deli
cate, indefinable odor. All this suggests 
that biochemists may here find a field for 
studies which should yield more effective 
ant repellents and poisons, as well as shed 
new light on animal behavior. 

THE well-established concept of troph
allaxis naturally suggests that clues 

to the complex behavior of the ant aI"mies 
should be sought in the relationships 
among individuals within the tribe. Most 
investigators have looked elsewhere, with 
invariably mistaken results. In attempting 
to explain, for example, why an ant army 
alternates between periods of fixed bivouac 
and nomadic wandering, a half·dozen repu
table scientists have jumped to the simplest 
and most disarmingly logical conclusion: 
food supply. The ants, they declared, stay 
in one place until they exhaust the local 
larder and then move on to new hunting 
grounds. Schneirla has shown, however, 
that the true explanation is quite differ· 
ent. 

The migratory habits of the ant armies 
follow a rhythmically punctual cycle. The 
Eciton Hamatum. species, for example, 
wanders nomadicall y for a period of 17 
days, then spends 19 or 20 days in fixed 
bivouac. This cycle coincides precisely 
with the reproductive cycle of the tribe. 
The army goes into bivouac when the 
larvae, hatched from the last clutch of 
eggs, have gone into the pupal state in 
.their cocoons. At the end of the first week, 
the queen, with her gaster swollen to more 
than five times its normal volume, goes 
into a stupendous five- to seven-day labor 
in which she delivers 20.000 to 30.000 
eggs. The daily foraging raids. which 
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re synchronized by viscer I punctuality of the queen. 
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by maturing of the larvae.' When larvae spin cocoons, colony 

hack into fixcd hivouac, in hollow tree' or similarly secluded recess. 
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BIVOUAC is a morc or less cylindrical hollow cluster 
of the members of a colony. It builds from above down
ward as strings and filaments of ants, hooked together 
leg to leg, descend from log or vine. This is a typical 
nomadic period bivouac, hanging exposed in the open. 

CLOSE·UP of bivouac suggests "fur of some terrible 
animal." Outer "tissue" of structure, as shown here, 
is made of workers major and intermediatcs. Minims 
concentrate around queen within. When pouchlike 
bivouac is poked with stick, larvae and cocoons pour out. 

meanwhile have dwindled to a minimum, 
pick up again as the eggs hatch into a 
great mass of larvae. Then, on about the 
20th day, the cocoons yield a new genera
tion of callow workers, and the army sets 
off once more on its evening marches. 

In determining this pattern of external 
social events Schneirla logged a dozen 
ant armies through one or more complete 
cycles, and upwards of 100 through partial 
cycles. Observations were set down in 
shorthand in the field. The coinciding 
pattern of internal biolugical events was 
documented by brood samples taken from 
many different colonies at various stages 
in the reproductive cycle. In the course 
of the last field trip, from November 
1947 to March 1948, broods of more than 
80 colonies were sampled. most of them 
repeatedly at intervals of a few days. In 
addition, detailed examinations were 
made of 62 queens in various phases of 
their physiological history and many of 
these were preserved for further study. 

A 
SENTIMENTALIST considering this 
new picture of the army ant's domes

tic habits may find an explanation for its 
behavior more affecting than the food 
theory: the ants stay in fixed bivouac to 
protect the queen and her hel pless young 
through the time when ,they are mo�t nil
nerable. Doubtless this is the adaptive sig
nificance of the proce". But the motiya
tion which carries 100,000 to 150.000 in-
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dividual ants through this precisely timed 
cycle of grou p behavior is not familial love 
and duty but the trophallactic relation
ship among the members of the tribe. A 
cocooned and slumberous pupa, for ex
ample, exerts a quieting influence upon 
the worker that clutches it in its mandi
ble-somewhat as a thumb in the mouth 
pacifies an infant. But as it approaches 
maturity and quickens within its cocoon, 
the pupa produces precisely the reverse 
effect. Its stirring and twitching excite 
the workers to pick up the cocoon and 
snatch it from one another. As an inci
dental result, this manhandling effects the 
delivery of the cocoon's occupant. (Co
coons in which the pupae were killed by 
needle excited no such interest among the 
workers and remained unopened.) 

The stimulus of the emerging brood is 
evident in a rising crescendo of excite
ment that seizes the whole community. 
Raiding operations increase in tempo as 
the hyperactive, newly delivered workers 
swarm out into the marching columns. 
After a day or two, the colony stages an 
exceptionally vigorous raid which ends in 
a night march. The bivouac site is left 
littered with empty cocoons. Later in the 
nomadic period, as the stimulus of the 
callow workers wanes, the larvae of 
the next generation become the source of 
colony "drive." Fat and squirming, as big 
as an average worker, they establish an 
active trophallactic relationship with the 

rest of the tribe. Workers constantly 
stroke them with their antennae, lick them 
with their mouth parts and carry them 
bodily from place to place. Since the 
larvae at this stage are usually well dis
tributed throughout the corridors and the 
chambers of the overnight bivouac, their 
stimulus reaches directly a large number 
of the workers. This is reflected in the 
sustained vigor of the daily raids, which 
continue until the larvae spin their co
coons. 

T
HESE observations are supported by a 
variety of experimental findings in the 

field and laboratory. The role of the callow 
workers in initiating the movement to 
break bivouac was confirmed by depriving 
a number of colonies of their callow 
broods. Invariably, the raiding operations 
of the colony failed to recover from the 
lethargic state characteristic of the statary 
periods. Some tribes even extended their 
stay in fixed bivouac until the larvae grew 
large and active enough to excite the 
necessary pitch of activity. To test the role 
of the larval brood, captured tribes were 
divided into part-colonies of comparable 
size. The group with larvae showed much 
greater activity than those that had no 
larvae or that had cocoons in the early 
pupal state. 

The interrelationships among members 
of the colony thus provide a complete ex
planation for the behavior cycle of the 
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QUEEN in lahor has already delivered several thousand 
eggs, still has upwards of 20,000 to go. Exoskeletal 
1)lates of her enormously swollen gaster are widely sepa
rated, exposing the distended memhrane_ Workers at
tend lahor excitedly, snatch up eggs when they emerge. 

COLUMN of army ants on a hivouac-shift march is an 
inch wide, may stretch upwards of 300 meters in length. 
In this picture, the queen appears just above center, 
buried under excited workers. Attraction of queen is 
indicated also by a reversal in travel of workers ahead_ 

<trmy ant. It should be observed. in con
dusion, that the whole complex process 
is carried out by individuals which do not 
themselves originate the basic motivations 
()f their behavior. 

Long before the intricacies of its duo 
mestic existence were suspected. the army 
.ant's reputation as a social animal was 
firmly established by its martial conduct 
in external affairs. It does not require 
.an overactive imagination to perceive the 
.cJassic doctrines of offensive warfare 
spelled out by the action of an ant army 
in the field. It carries through the maneu
vers of wheeling. flanking and envelop· 
ment with a ruthless precision. But to find 
its motivations and explain its mechanics, 
()ne must consult the ant, not von 
'Clausewitz. 

Army ant raids fall into one of two 
major patterns. They are organized either 
in dense swarms which form at the head 
()f the column or jn a delicate tracery of 
<:apillary columns branching out at the 
forward end of the main raiding column. 
Both types of raiding are found in sub
genera of each of the common species of 
Central American army ant. The Eciton 
eciton species was selected for this stndy 
because it leads its life entirely on the 
surface of the jungle floor and is thus ac
cessible to continuous observation. Wheth
er the army ants raid in swarm or column, 
however, the essential mechanics of 
their behavior are substantially the same. 

The bivouac awakes in the early dawn. 
The stir of activity begins when the light 
(as measured by photometer) reaches 

.05 foot candles, and it mounts steadily as 
the light increases. In strands and clus
ters, the workers tumble out of the bivouac 
into a churning throng on the ground. A 
crowding pressure builds up within this 
throng until, channeled by the path of 
least resistance, a raiding column sudden
ly bursts forth. The ants in the column are 
oriented rigidly along the line of travel 
blazed by the chemical trail of the leaders. 
The minims and medium-sized workers 
move in tight files in the center. The 
"workers major," displaced by the un
stable footing afforded by the backs of 
their smaller fellows, travel along each 
side. This arrangement no doubt lends 
suggestive support to the major's legend
ary role of command. It has an adaptive 
significance in that it places the biggest 
and most formidable of the workers on 
the flanks. Unless disturbed, however, the 
majors hug the column as slavishly as 
the rest. The critical role of the tribal 
chemical in creating this drill sergeant's 
picture of order may be demonstrated by 
a simple field experiment. Removal of 
the chemically saturated litter from the 
trail brings the column ,to an abrupt halt. 
A traffic jam of ants piles up on the biv
ouac side of the break and is not relieved 
untIl enough ants have been pushed for
ward to re-establish the chemical trail. 

A ppearances are less ordered at the 
front of the column, where the "scouts" 
and "skirmishers" are most frequently 
observed. The timid individual behavior 
of the forward ants scarcely justifies 
such titles. Compared with the Formica, 
the Eciton is a far less enterprising forag
er. It never ventures more than a few 
inches into the chemically-free area ahead_ 
Even this modest venturing is stimulated 
principally by physical impact from the 
rear. At the end of its brief pioneering 
sally, the Eciton rebounds quickly into the 
column. It is here that the critical differ
ence between column and swarm raiding 
arises. The column-raiding ants are some
what freer in their pioneering behavior 
and so open new pathways more readily. 
In the swarm raiders the comparatively re
luctant progress of the forward elements. 
creates a counterpressure against the 
progress of the column. This forces the 
head of the column into a broad elliptical 
swarm which arrays itself at right angles 
to the line of march. With ants pouring in 
from behind, the swarm grows steadily in 
size as it moves forward, often achieving a 

width of more than 15 meters. 

T
HE PATH of an ant army, whether in 
swarms or columns, shows no evidence 

of leadership. On the contrary, each indi
vidual makes substantially the same con
tribution to the group behavior pattern. 
The army's course is directed by such 
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wholly chance factors as the stimulus of 
booty and the character of the terrain. On 
close inspection, therefore, it appears that 
the field operations of ant armies approxi. 
mate the principles of hydraulics even more 
closely than those of military tactics. This 
impression is confirmed by analysis of the 
flanking maneuver as executed by the 
,warm raiders. A shimmering pattern of 
whirls, eddies and momentarily milling 
vortices of ants. the swarm advances with 
a peculiar rocking motion. First one and 
then the other end of the elli ptical swarm 
surges forward. This action results in the 
"utflanking of quarry. which is swiftly 
engulfed in the overriding horde of ants. 
It arises primarily. however, from an inter· 
play of forces within the swarm. One of 
these forces is generated by the inrush of 
ants from the rear. Opposed by the hesi
tant progress of the swarm, the new ar· 
rivals are deflected laterally to the wing 
which offers least resistance. This wing 
moves forward in a wheeling motion until 
pressure from the slow advance of its 
frontal margins counterbalances the pres· 
;;ure from the rear. Pressure on the op· 
posite wing has meanwhile been relieved 
by drainage of the ants into the flanking 
action. The cycle is therewith reversed. 
and a new flanking action gets under way 
from the other end. External factors. too, 
play a role in this cycle. The stimulus of 
booty will accelerate the advance of a 
flank. The capture of booty will halt it 
and bring ants stampeding in for a large. 
,;cale mopping. up party. But raiding 
activity as such is only incidental to the 
process. Its essential character is deter· 
mined by the stereotyped behavior of the 
individual ant with its limited repertory 
,,( responses to external stimuli. 

T
HE profoundly simple nature of the 
beast is betrayed by an ironic catas· 

trophe which occasionally overtakes a 

troop of army ants. It can happen only 
under certain very special conditions. But. 
when these are present, army ants are 
literally fated to organize themselves in 
a circular column and march themselves 
to death. Post· mortem evidence of this 
phenomenon has been found in nature; 
it may be arranged at will in the labora· 
tory. Schneirla has had the good fortune 
to observe one such spectacle in nature 
almost from its inception to the bitter end. 

The ants, numbering about 1,000. were 
discovered at 7 :30 a.m. on a broad con· 
crete sidewalk on the grounds of the 
Barro Colorado laboratories. They had 
apparently been caught by a cloudburst 
which washed away all traces of their 
colony trail. When first observed. most 
of the ants were gathered in a central 
cluster. with only a company or two plod· 
ding, counterclockwise. in a circle around 
the periphery. By noon all of the ants had 
joined the mill. which, had now attainf'd 
the diameter of a phonograph record and 
was rotating somewhat eccentrically at 
fair speed. At 10 :00 p.m. the mill was 

22 

found divided into two smaller counter
clockwise spinning discs. At dawn the 
next day the scene of action was strewn 
with dead and dying Ecitons. A scant 
three dozen survivors were still trekking 
in a ragged circle. By 7 :30. 24 hours after 
the mill was first observed. the various 
;;mall myremicine and dolichoderine ants 
of the neighborhood were busy carting 
away the corpses. 

This peculiarly Eciton calamity may be 
described as tragic in the classic meaning 
of the Greek drama. It arises. like 
Nemesis. out of the very aspects of the 
ant"s nature which most plainly character
ize its otherwise successful behavior. The 
general mechanics of the mill are fairly 
obvious. The circular track represents the 
vector of the individual ant's centrifugal 

) 

IN LABORATORY, circular-column 
milling by army ants is spontaneous 
and common event. Mill may be start
ed by a few ants circling a dish or 
short-cutting square corners of ncst. 

impulse to resume the march and the 
centripetal force of trophallaxis which 
binds it to its group. Where no obstruc· 
tions disturb the geometry of these forces, 
as in the artificial environment of the 
laboratory nest or of a sidewalk. the 
organization of a suicide mill is almost 
inevitable. Fortunately for the army ant. 
it is rare in the heterogeneous environment 
of nature. In the diversity of its natural 
habitat, the stereotyped army ant is pre· 
sented with innumerable possibilities for 
variation in its activity. The jungle ter· 
rain, with its random layout of roots and 
vines. leaves and stones. liberates the ant 
from its propensity to destroy itself and 
diverts it into highly adaptive patterns of 
behavior. 

The army ant suicide milJ provides an 
excellent occasion for considering the 
com parative nature of social behavior and 
organization at the various levels from 
ants to men. Other animals occasionally 
give themselves over to analogous types 
of mass action. Circular mills are common 
among schools of herring. Stampeding 
cattle. sheep jumping fences blindly in 
column and other instances of pell.mell 
surging by a horde of animals are 
familiar phenomena. Experience tells us 
that men. too, can act as a mob. These 
analogies are the stock·in·trade of the 

"herd instinct" schools of sociology and 
politics. They are cited by those who hold 
that emotionalized, individually degraded. 
regimented patterns are the rule in grou p 
behavior of mankind. 

We are required, however. to look be
yond the analogy and study the relation· 
shi p of the pattern to other factors of 
individual and group behavior in the same 
�pecies. In the case of the army ant, of 
course. the circular column really typifies 
the animal. Among mammals, such sim
plified mass behavior occupies a clearly 
subordinate role. Their group activity 
patterns are chiefly characterized by great 
plasticity and capacity to adjust to new 
situations. This observation applies with 
special force to the social potentialities 
of man. When human societies begin to 
march in circular columns. the cause is 
to be found in the strait-jacket influence 
of the man·made social institutions which 
loster such behavior. The phenomenon of 
milJing, it turns out, has entirely different 
causes and functions at different levels 
of social o�ganization. The differences. 
furthermore, so far outweigh the similari· 
ties that they strip the "herd instinct" cf 
meaning. 

The same reservations apply to tIle 
analogies cited to support the super· 
organism theory. Consider. for example, 
the analogy of "communication." Among 
ants it is limited to the stimulus of physi. 
cal contact. One excited ant can stir a 
swarm into equal excitement. But this 
behavior resembles the action of a row of 
dominoes more than it does the communi· 
cation of information from man to man. 
The difference in the two kinds of "com· 
munication" requires two entirely differ· 
ent conceptual schemes and preferably 
two different words. 

As for "specialization of functions," 
that is determined in insect societies by 
specialization in the biological make· up 
of individuals. Mankind, in contrast, is 
biologically uniform and homogeneous. 
Class and caste distinctions among men 
are drawn on a psychological basis. They 
break down constantly before the energies 
and talents of particular individuals. 

Finally, the concept of "organization" 
itself, as it is used by the superorganism 
theorists, obscures a critical distinction 
between the societies of ants and men. 
The social organizations of insects are 
fixed and transmitted by heredity. But 
members of each generation of men may, 
by exercise of the cerebral cortex, in· 
crease, change and even displace given 
aspects of their social heritage. This is a 
distinction which has high ethical value 
for men when they are moved to examine 
the conditions of their existence. 

• 

T. C. Schneirla is Cll rator, depart
ment of animal behavior, American 
Museum of Natural History. Gerard 
Piel is chairman of the board of 
editors of SCIENTIFIC A:VTERTCAN. 
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CIRCULAR COLUMN described in text on opposite 
page is shown here in drawing traced from photograph. 
Tendency to form such columns betrays essential me
chanics of army ant behavior. This mill developed from 
cluster of ants that had been isolated accidentally on 

a sidewalk. Stereotyped ants slavishly followed chem
ical trail laid by first few individuals that ventured 
out of cluster. As heat of day speeded travel of ants, 
the resulting centrifugal force increased the size of 
the mill to an outside diametel' of about seven inches. 
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Atomic Energy Abroad 

A FEW weeks ago Dr. L. Kowarski, 
the distinguished nuclear physicist 

who is scientific director of the French 
Atomic Energy Commission, paid a flying 
visit to the U.S. At Brookhaven National 
Laboratory he gave a talk on the progress 
of atomic energy research in western 
Europe. The gist of his report: 

Both in terms of manpower and funds, 
Britain's atomic energy effort is about 
one tenth the American, and the French 
is one tenth the British. Next in magni. 
tude is the Swedish program. 

As is well known, an experimental 
low.energy pile is already in operation 
at Harwell, the main British atomic 
energy research station. This establish· 
ment is about the size of Brookhaven or 
the Argonne National Laboratory in 
Chicago. In France, a low.energy pile 
will be completed late this year or early 
in 1949. The Swedish pile project is not 
scheduled to be finished until some time 
later. 

In Kowarski's opinion, no other coun· 
try in western Europe has the resources to 
develop a pile of its cwn. In fact, he 
thinks that Sweden may find it impos. 
sible to carry her project through to com
pletion. Norway also has a pile project, 
based on her large heavy water plants, 
but Kowarski is pessimistic concerning 
its outcome. Nor can Switzerland, despite 
her high.quality technical resources, de
velop a pile. In the Netherlands, several 
major nuclear research projects are un
der way, but construction of a pile is not 
contemplated. 

Social Research 

DURING the late war British scientists 
became enthusiastic champions of 

"operational research"-a system of ap
plied team study by men in different sci· 
ences which was brilliantly successful in 
solving many specific military problems, 
especially in aerial and submarine war
fare. Now a group of outstanding British 
men of science from various fields have 
joined in proposing a plan to apply oper
ational research to Britain's pressing eco
nomic problems. 

The proposal is to establish a Social 
Sciences llesearch Council, to operate in 
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SUIENUE AND THE 
the social sciences in Great Britain in 
somewhat the same fashion as the Na
tional Science Foundation is intended to 
operate in the natural sciences in the 
U.S. The report which outlines the plan, 
drafted by a committee of the British As
sociation of Scientific Workers, has be
come a best seller in England. Its chief 
thesis is that Britain's recovery must be 
guided by greater use of the social sci
ences. 

It points out that Great Britain, recog· 
nizing that her economic future depends 
on better and more efficient production, 
has already raised her expenditures for 
technological research. In a very few 
fields, these have been matched by in
creased expenditures for related social 
research; in the field of housing, for 
example, scientific teams are studying 
not only how to build better houses, but 
what kind of houses ought to be built. 
This approach, it is argued. should be 
done on a larger scale and in many more 
fields. So far, the report declares, Britain 
has made little use-less than the U.s.
even of such comparatively simple social 
science techniques as vocational aptitude 
testing. 

The report proposes that the Social 
Sciences Research Council should sponsor 
and conduct research, survey the work 
being done in various fields, and organize 
operational research teams to tackle out
standing public problems. It also urges 
e�·tablishment of social research units in 
government departments and the expan
sion of university social science faculties. 

Code for Scientists 

A UNIQUE "Charter for Scientists" 
has been drawn up by the World 

Federation of Scientific Workers, an or
ganization initiated two years ago by the 
powerful British Association of Scientific 
Workers. The Charter is eventually to be 
adopted by the Federation's 19 affiliates 
in 15 countries as a part of their bylaws. 
It provides a kind of Hippocratic oath 
for scientists. Its preamble points out 
that the profession of science. being of 
cC'mparatively recent origin, lacks a code 
such as governs older professions like 
medicine and the law. The Charter seeks 
to fill this gap. 

The Charter states explicitly that the 
scientist is obligated to "maintain the 
international character of science, to aid 
agencies seeking to prevent war and to 
resist the diversion of scientific effort to 
war aims." It lays down conditions of 
work for scientists, from adequate sal
aries and facilities to the free right of 
publication and the abolition of secrecy. 
It further demands that scientists be per· 
mitted to participate in the management 
of agencies, whether government or 

private, that conduct research. It Crill
cizes sharply, as destructive of scientific 
progress, the widespread tendency to sub· 
ordinate scientists to non·scientists in reo 
search organizations. 

The Charter also urges a manifold ex
tension of science education in all coun
tries. Two things are asked: free educa
tion for student scientists, and the in
clusion of science in all school curricula 
so as to make science, like music and art, 
an accepted part of every individual's 
cultural background. 

BCG 

WITH $2 million from the Interna
tional Children's Emergency Fund, 

the largest BCG vaccination program ever 
undertaken is under way in 11 European 
countries. Its object is to save European 
children from tuberculosis. 

As a result of semistarvation. two thirds 
of the children in the 11 countries (AI· 
bania, Austria, Bulgaria, Czechoslovakia, 
Finland, Greece, Hungary, Italy. Poland, 
Rumania and Yugoslavia) already have 
or have had tuberculosis. The other third 
can be saved only by an immediate in· 
crease in food rations or immunization 
measures. Since the former is out of the 
question, the latter is being taken up. 
About 15 million children altogether-all 
those susceptible to tuberculosis as deter
mined by mass tuberculin testing-will be 
treated with BCG, a vaccine prepared 
from a weakened strain of tuberculosis 
bacteria. The campaign, which is under 
the direction of Dr. Johannes Holm. tech
nical director of the Danish Red Cross, 
is a cooperative undertaking of the World 
Health Organization, the several Scandi· 
navian Red Cross organizations and the 
11 governments. 

AEC Progress 

THE Atomic Energy Commission has 
just reported several new develop

ments in its program of medical and 
economic applications of atomic energy. 
One of them is the use of radi.oactive co
balt as a supplement to radium in the 
treatment of cancer. Radiocobalt tubes 
and needles are prepared by treatment 
in the atomic pile after fabrication from 
ordinary cobalt. They are inserted into 
tumors in much the same way as the usual 
gold "seeds" filled with the radioactive 
gas radon, and will accomplish no more 
and no less than the latter. They will not 
eliminate radon, for radiocobalt has a 
much longer radioactive half·life than 
radon and, though less expensive, involves 
greater hazards. Clinical trials of the new 
tubes and needles will soon be made. 

About 200 agricultural studies are un
der way in which AEC.supplied radio-
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UITIZEN 
isotopes are employed as tracers. In a new 

project, for which the Commission is pro

viding funds as well as material, isotopes 

are to be utilized not as tracers, but to 

determine the effects of radioactivity on 

plant growth. Almost since the discovery 

of radioactivity in 1896, a considerable 

body of European scientific opinion has 

contended that small doses of radiation 

stimulate the growth of crops. Actual ex· 

perimental work both here and abroad 

has been inconclusive; results have some· 

times been good and sometimes bad, and 

where good, may have been due to rare 

minerals present in the radioactive mate· 

rials. Now the matter is to be put to the 

test, with the help of the AEC, by the De· 

partment of Agriculture and a number 

of cooperating state agricultural experi

ment stations. 
In the area of basic research, the Com

mission announced the finding of evi

dence for the "exchange current" theory 

of nuclear binding forces (see article be· 
ginning on next page) by Drs. Herbert L. 
Anderson and Aaron Novick at the Ar

gonne National Laboratory. Anderson 

and Novick measured the magnetic forces 

in hydrogen 3 and helium 3. Their data, 

they report, demonstrate that nuclei are 

held together by a flow of current within 

the nucleus as electric charges shift from 

one nuclear particle to another. 

UNAEC Suspends 

Two YEARS of effort to frame an 

agreement on control of atomic en

ergy through the United Nations have 

ended in failure, at least for the time be

ing. On May 7, the American, British and 

French delegates to the UN Atomic En

ergy Commission proposed that the Com

mission suspend further discussion and 

report its inability to agree to the Secur
ity Council and General Assembly. The 

resolution's acceptance by the Commis

sion seemed a foregone conclusion; the 

only members opposed were Russia and 

the Ukraine. 
In support of their proposal, the Ameri

can, British and French delegates pre

pared a report in which Russian intran

sigence and the general deterioration of 

relations between Russia and the West 

were blamed for the failure. 

Meetings for July 

FIRST International Poliomyelitis Con
ference. New York, July 12-17. 

American Society of Civil Engineers. 

General meeting. Seattle, Wash., July 21-

23. 

International Union of Crystallogra. 

phy. Cambridge, Mass., July 28-August 3. 
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THE ULTIMATE 

PARTICLES 
Presenting a comprehensive review of what is known 

thus far about the fundanlental units of Inatter and 

the forces that play among them in the atoIn's core 

And yet so poor is nal ure /ViI h all her 
craft, that, from Ihe beginning to the end 
of the universe, she has but one sluff ... 
to serve up aLL her dream-like variety. 
Compound il how she will-star, sand, 
fire, water, I ree, man-il is still olle stuff 
and betrays the same properties_ 

-Ral ph Waldo Emerson. 
Essay on Nature 

S
CIEN CE today is concerned with a 
multitude of problems. many of them 
of  a fundamental character. but none 

is more basic than th e search for the ult i 
mate units o f  matter and energy. Thales 
of Miletus posed the question 25 centuries 
ago when he asked : "Of what and how is  
the  world made?-' It is s t i l l  the supreme 
enigma. The world includes man, and the 
elucidation of  its nature cannot but re
veal something o f  the hidden nature o f  l i fe 
and of man. 

Our qu estion. therefore, is not alien to 
tlur h umanity. The ultimate particles 
which enter into combination to make 
hydrogen and iron also enter into the 
construction o f  bone and muscle, blood 
and nerve and brain. In studying the 
constitution of atoms we are studying the 
fundamental stuff of  the universe-of suns 
and mountains and seas, the black carbon 
of coal,  the green chlorophyll of grass,  the 
red hemoglobin of blood. 

The forces which energize the elemen
tary particles to cause nuclear cohesion_ 
or under other conditions to cause n uclear 
fission_ are not to be set apart as members 
of a remote, inhuman realm known as 
physics_ These mighty forces are within 
LIS: they are ourselves_ the very founda
tillns of that matter and energy whose in-

CLOUD CHAMBER reveals p ower
ful beam of alp h a  p articles fired by 
the 184-inch cyclotron at the Univer
sity of C alifornia. Beam is curved by 
a magnetic field about the chamher. 

by George W. Gray 

terplay constitutes all that we experience 
of  the physical universe. Indeed. nature 
knows no such specializations as physics_ 
chemistry, biology and the other cate
gories into which we fit our fragments of 
kn owledge. She knows only the particles 
and their incessant interactions as ex
pressed in phenomena such as magnetism, 
radiat ion.  life.  death. 

I. Particles 

A biologist probing the minute archi
tecture of  protoplasm must wield his dis
secting needle with extreme delicacy_ else 
he may destroy the thing he is  trying to 
explore. But  the physicist ,  wishing to un
veil the still  more minute architecture of 
the at om. resorts to artillery. His  method 
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is that of  banging one particle against an
other. and the harder the blow, the more 
revealing is  the debris resulting from the 
violence. 

The value of the bombardment 
technique was shown a hal f century ago 
when Wilhelm Konrad Rontgen, experi
menting at the University of  Wiirzbur![ 
with cathode rays, discovered a mysteri
ous radiation coming from that p art of  
the glass tube against which the stream 
of cathode rays (electrons) impinged. 
The discovery of  these X-rays in 1 895, of 
radioactivity in 1896. of  the electron in 
1897 and o f  radium in 1 898-those four 
golden years which ushered in the heroic 
age of physics!-brought not only revolu
ti onary knowledge_ but also new and pow
erful research tools. 

A few weeks after Rontgen's discovery, 
J. .T. Thomson used X.rays t o  bombard air 
and other gases and found that the rays 
knocked out negatively-charged fragments 
which eventually were identified as elec
trons. The discovery of radioactivity later 
led to the finding of  alpha p articles. It 
was by using the alpha particles which 
s pontaneously shoot out of  radium and 
other radioactive elements that Ernest 
R uther ford in 191 1 bombarded gold into 
betrayal o f  its nucleus. S ubsequent batter
ings showed that aU atoms have this cen
tral, massive, positively-charged core 
around which the electrons revolve as 
negatively-charged satellites. Alpha par
ticles themselves were found to be helium 
nuclei. In 1919 the alpha-particle barrage 
turned up another fundamental of struc
ture when Rutherford bombarded nitro
gen and found positively-charged protolls 
bouncing out of the nitrogen nucleus. 
Thirteen years later the same artillery 
helped James Chadwick to blast out a 
still more elusive nuclear constituent, the 
neutron. 

Britain was the scene of the Thomson_ 
Ruth erford,  and Chadwick discoveries, 
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THE FUNDAMENTAL PARTICLES 
(AS OF MAY 1948) 

This chart lists the particles which arc currently accepte d by the 
majority of physicists. It lists only elementary p a rticles; it docs 
not include compound p articles such as the deuteron and the alpha 
p article. Nor does it include the "nucleon." This is covere d by 
n eutron and proton, for which nucleon i s  the more general tenn. 

PARTICLE 

ELECTHON 

PHOTON 

NEUTHON 

POSITHON 

MESON MU 

MESON MU 

ME::;ON PI 

MESON PI 

NEUTRAL 
MESON 

PHOTON 

MASS PARTICLES 

I CHARGE MASS DISCOVERED 

BY THOMSON. 1897 

--- ---

+ 1836 BY RUTHERFORD. 1919 

0 1836 BY CHADWICK. 1932 

--- ---

+ BY ANDERSON AND 

NEDDERMEYER. 1932 

--- ---

200 
BY ANDERSON AND. 

--- --- INDEPENDENTLY, STREET 

AND STEVENSON. 1936 
+ 200 

--- ---

320 

--- ---
BY POWELL, OCCHIALINI 

AND LATTES, 1947 

+ 320 

--- --

0 88 SUGGESTED 

ENERGY PARTICLES 

o 0 
SUGGESTED BY EINSTEIN, 

ELABORATING ON PLANCK, 

1905 
1-----1--- --· 1----------1 

NEUTRINO o O? 
SUGGESTED BY PAULI 

AND FERMI, 1931 

TRACK 

but it was America's turn next. Carl D.  
Anderson and Seth H. Neddermeyer at 
th e Cali fornia Institute of Technology 
were photographing the tracks which 
cosmic rays make darting throu gh a Wil 
son cloud chamber, of which more later, 
when suddenly they espied a strange new 
track. It was similar in density and angle 
of curvature to paths previously made by 
electrons smashed out of atoms, but under 
the pull of magnetism it  curved to the 
left whereas the paths of electrons curved 
to the right. This showed that the new 
particle had a positive charge. Thus. by 
the chance hit of a cosmic ray_ the posi
tively-charged electron was discovered. 
A nderson named it positron. 

Nor was this all that the cosmic rays 
had in store. Four years later the same 
mysterious bombardment from outside 
the earth's atmosphere, accidentally 
smashing an atom in this same Californi a 
laboratory, gave the track of another kind 
of particle. The density o f  its path. its 
angle and direction of curvature. indio 
cated a negatively-charged mass which 
Anderson described as "larger than that 
of a normal free electron and much small
er than that o f  a proton." The same dis· 
covery was being made simultaneously by 
J. C. Street and E. C. Stevenson at H al" 
vard. They determined the mass of the 
particle as about 130 times the weight of  
the  electron.  Later determinations have 
fixed the 

.
we��ht more c�

,
osely as 200. Be· 

cause of Its JI1·between mass, Anderson 
named the particle m esotron, from the 
Greek meaning "intermediate." In usage 
the word has been shortened to 111 cso'n, 
and both names are used interchangeably 
at present. 

I
N 1 947 other particles of mass inter· 

mediate between those of electron and 
proton were discovered by C. F. Powell, 
G. P. S. Occhialini, and C. M. G. Latles 
at  the University of Bristol, in England. 
Studying a group of photographic plates 
which had been exposed to cosmic rays in 
the B olivian Andes ( cosmic rays are more 
abundant at high altitude s ) .  they found 
the tracks of obj ects whose masses ap· 
peared to be about 320 times the electron 
mass. Some had positive charges. some 
negative. For convenience, heavyweights 
are called pi mesons. The previously dis
covered lightweights of  200 mass are 
called mu mesons. There is  also evidence 
for a neutral meson of about 88 mass. 
Thus there are now known to be at least 
five kinds of  mesons-positive and nega
tive pi, positive and negative mu, and one 
neutral. Mesons of  other masses, both 
lighter and heavier, have been inferred 
from a few cosmic.ray photographs, but 
the evidence is sketchy and they remain 
question marks. 

In  addition to  the particles of  matter 
j ust  described, a bombarded atom may 
yield up radiant energy. And since the�e 
radiations behave as chunks when they 
strike our detectors, the energy units also, 
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must be listed among the particles. They 
are called photons, and they come out 
of the atom in an almost infinite variety of  
sizes-as visible light, X.rays, gamma rays 
and other forms of electromagnetic radia
tion. 

Besides photons. another kind of energy 
particle is believed to exist. The first hint 
of it came from beta particles, which are 
electrons that certain radioactive nuclei 
discharge spontaneously. In the case of 
radium E, for example, the nucleus ejects 
an electron and becomes polonium, and 
later the polonium nucleus discharges an 
alpha particle and becomes lead. A curi
ous fact about the radium E emission is  
that the electrons emerge with various 
velocities. One atom will shoot out its 
electron with an energy of half a million 
electron volts, another with that of a mil
l ion volts, others with still higher veloci
ties. As a result o f  these subtractions of 
varying amounts of  energy from radium 
E nuclei, we should expect the resulting 
polonium atoms to have different energies 
and therefore discharge their alpha par
ticles at different velocities. But no, the 
alpha particles all come off with a uni
form energy corresponding to 5.5 million 
volts. It is  as though several guns were 
loaded with different amounts of gun
powder, some having one pound, some 
two, others three pounds, and despite 
these differences in charge each gun fired 
proj ectiles o f  the same weight at the 
same velocity. Such a situation is  un
thinkable. I t  violates the law of  conserva
tion of energy. There is also in the radium 
E transformation a discrepancy in the 
property of the nucleus known as angular 
momentum. This angular momentum is  
called "spin," and it  i s  measured in terms 
of a special unit of physics. An electron 
has a spin one-half this unit, whereas the 
change from radium E to polonium re
quires a subtraction of  one full unit or 
some other whole number. 

It was to  resolve this scandalous situa
tion that Wolfgang Pauli postulated the 
existence of the neutrino. H e  assumed 
that the neutrino is of extremely small 
mass, probably zero; that it has a spin 
of one-half; that i t  can carry energy of 
different degrees of magnitude, and that 
it  m oves at the speed of light. As radium 
E atoms break down to form polonium 
they discharge the excess energy in two 
fractions: one as the electron, the other as 
the neutrino, and the sum of the two is 
always the same. Thus a proper balance is 
preserved, and the residual nuclei are 
each left with the same endowment of 
energy. With its spin of one-half added to 
the electron's one-half, the neutrino hy
pothesis also conserves angular momen
tum. Attempts have been made to detect 
the presence of  neutrinos by trapping 
their energy, but with no success. Never
theless, many other atomic phenomena 
argue for the neutrino's eiXistence. Several 
years ago K. T. Bainbridge and E. B. J or
dan, working with the powerful mass-

spectrograph at Harvard, discovered cer
tain atoms of indium which had the same 
weight as certain atoms of cadmium. 
These atoms, which have the same weight 
but different chemical properties, are 
called isobars. Since they differ in total 

ELECTROSTATIC generator o per
ates by building up charge and hurl
ing its p articles in one great b olt. 

charge and hence in potential energy, one 
isobar would be expected to be unstable 
and to decay into the other by radioactive 
loss of  energy. But both the indium and 
cadmium isobars are completely stable. 
The presence of neutrinos is believed to 
account for this stability. 

Thus, in 1948, theory and experiment 
are offering, as the elementary units whose 
interactions account for the behavior of  
the physical world, at  least nine particles 
of matter ( protons, neutrons, electrons, 
positrons, five or more kinds of mesons) 
and two particles o f  energy ( photons and 
neutrinos ) . 

Can nature really be so complicated? 
May it  not be that some, at least, of  these 
particles are corn pounds of even more 
elementary building blocks ? And, i f  so, 
what are the elementary ones ? Do we al-

RADIO FREOUENCY GENERATOR 

TARGET 

RADIO FREOUENCY GENERATOR 

LINEAR accelerator impels p arti
cles by .giving them several "kicks" 
a s  they p ass down a series of tubes.  

ready have them among the 1 1, or are 
there still finer and m ore elusive struc
tural members beyond the reach of our 
instruments ?  

These are questions one overhears in 
the laboratories. They are questions for 
whose answers the cosmic rays are being 
intercepted and searched. Because of 
them more powerful accelerators are 
being built. m ore sensitive detectors, more 
accurate recorders. 

II. Atomic Artillery 

The alpha particles and other dis
charges from radioactive atoms, and the 
cosmic rays which continually bombard 
the earth from interstellar space, have 

been highly useful as research tools, but  
both are beyond the control o f  man. It  
was the desire to command the condi
tions of  his experiments that led the 
physicist to devise his own artillery. He 
wanted to be able to choose the kind of 
projectile, to put more projectiles into a 
given barrage, and to regulate the velocity 
with which the projectiles struck their 
target. 

Twenty years of inventive effort have 
been devoted to the problem, and several 
types of apparatus are now available. 
Each has its distinctive feature, but most 
of them may be grouped in two broad 
classes: the direct-voltage accelerators 
and the resonance accelerators. 

In the direct-voltage machines, the pro
j ectiles move in straight paths through a 

long vacuum tube, impelled by the maxi
mum voltage of  the discharge. Examples 
are the voltage multiplier used by J. D. 
Cockcroft and E. T .  S. Walton at the 
Cavendish Laboratory, and the electro
static generator developed by Robert J .  
Van de Graaff at the  Massachusetts In
stitute of Technology. Machines of this 
type are literally artillery pieces: barrels 
through which invisible bullets are fired 
at high velocity. 

The resonance accelerators operate on 
a different principle. In them, proj ectiles 
are started at relatively low speeds and 
by the repeated push of periodic pulses 
of voltage are brought up to the energy 
required for the bombardment. Most of 
the resonance machines accelerate their 
proj ectiles in a whirling stream, swinging 
them around and around in circular or 
constantly enlarging spiral paths. Ex
am pIes of these electrical slingshots are 
th e cyclotron, the invention of  E. O. 
Lawrence of  the University of  California; 
the b etatron, developed by D. W. Kerst 
of the University of Illinois; and the 
synchrotron, first suggested in this coun
try by E. M. McMillan of Cali fornia and 
independently by V. Veksler of  Russia. 

There is also a resonance machine, the 
linear accelerator, which makes no use of 
the whirling principle, but sends its pro
j ectiles in straight lines through a tube, 
starting them slowly and building up to 
high speed by pulses of voltage added to 
the stream at equal intervals of time as it 
moves through the long barrel. E. O. 
Lawrence and D. H. Sloan developed the 
first linear accelerator about 14 years ago. 

The energy of bombardment is rated 
in electron volts, a unit adopted to express 
the energy of the particles ej ected by the 
radioactive atoms. The highest-energy 
projectiles obtained from spontaneous 
radioactivity are the alpha particles of 
10.54 million electron volts (which here
after shall be noted, in the physicist's 
shorthand, as "mev") discharged by 
thorium C'. This is  a respectable energy, 
m ore than any accelerator was able to de
liver until about the mid-1930's; but the 
bombardiers early realized that the search 
for the ultimate particles would require 
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many times this power. By the famous 
equation of Albert Einstein, E=mc", the 
binding forces which hold nuclei together 
could easily be calculated. These com· 
putations showed that to break the oxy· 
gen nucleus, for example, into its elemen· 
tary parts 127 million electron volts would 
be required. It would take 487 mev to 
,mash the iron nucleus. and 1 .580 mev to  
disru pt  lead. 

T
HE first to project a machine in the 
class of  more than 100 mev was E. O.  

Lawrence. After building several cyclo
t rons of progressively larger size and high. 
er power. the inventor and his group de· 
'igned one with a maf!:net having a pole 
d iameter of 184 inches, and work on this 
'1,.OOO·ton apparatus began at the Univer
'ity of Cali fornia in 194,0. The war inter· 
rupted its construction, and when build
ing operations were resumed in 1945 the 
design was modified to apply a newly
recognized principle of frequency modu· 
lation. This change was introduced to 
make a correction hI' the relativity effect 
which makes particles increase rapidly in 
mass as their velocity approaches that of 
light. By varying the frequency of the 
pulsations of added voltage to correspond 
with the lagging rate of  the more massive 
particles, the cyclotron was changed into 
a s),nchro.c),cLotron. Since its comple. 
tion in the fall of 1946. the synchro.cyclo
tron bas abundantly proved its superiority 
to the unmodified cyclotron. Designed 

originally to operate at about 100 mev. the 
modified machin e has accelerated deu· 
terons to 200 and alpha particles to 400 
mev. Bombardments with these projectiles 
have d emonstrated the strange transfor· 
mation of neutrons into protons, and have 
even manufactured mesons, as will appear 
later in this article. 

This 184·inch synchro·cyclotron at 
California is the most powerful accelera· 
tor now in use, but larger giants are com· 
ing. Most of  them are proton·synchro. 
trons, an apparatus which accelerates 
protons through hundreds of thousand s  
o f  small impulses. Whereas synchro·cyclo· 
trons appear to have an upper limit some· 
where around 750 mev, the synchrotron is 
able to build up voltages in the billions 
without disturbing the stability of the 
paths traveled by the particles or impair. 
ing the intensity of the beam. A 1 ,300·mev 
proton. synchrotron is under construction 
at the University of Birmingham, Eng. 
land; in the U.  S. one of 3,000 mev is pro· 
jected by the Brookhaven National 
Laboratory on Long Island,  and one of 
6,000 mev by the University of California. 
These accelerators will provide projec· 
tiles comparable to those produced by 
cosmic rays. It is believed they may enable 
experimenters to create protons and neu· 
trons . 

III. Detectors 

The targets of the gigantic artillery 

pieces of modern physics are unimagin. 
ably small. There are several method s of 
determining the sizes of nuclei, and they 
are in reasonable agreement in indicat· 
ing that the atomic 'core is a gl obular or 
oblate structure whose volume varies ap· 
proximately with its mass. The diameter 
of the hydrogen nucleus. the lightest. is 

15 
f '  I '1 1007)00.000.000.000 

0 a centJmeter. w 11 e 

at the other extreme, the uranium nucleus 

has a diameter 
200 

of a 
100,000.000.000.000 

centim eter. Thus the largest nucleus 
found in  nature, although 238 times as 
massive, has a diameter only 13 to 14 
tim es that of the smallest. 

These dimensions are most difficult to 
visualize. If i t  were possible to enlarge 
tbe uranium atom until its nucleus became 
just visible. the nearest of its satellite 
electrons would be revolving in an orbit 
about six feet from that center; and be· 
yond this orbit would be another, an d then 
aJlother-a total of 92 en circling el ectrons 
distributed among seven orbits. Imagine 
a solar system with 92 planets traveling 
around its sun, and yet one so small that it  
would take many billions to form a spot 
as large as the period at the end of this 
sen tence. 

Light has no wavelength small enough 
tf) form an image of these infinitesimals, 
and all that the physicist knows of their 
structure he gathers by inference from 
circumstantial evid ence-the fingerprints, 

CYCLOTRON accelerates p articles by whirling t h em 
in the field of a powerful magnet. Each particle is 
pulled from one side· of its orbit to the other by rap
idly a lternating the charge on the -'dees." This ma
chine is used to accelerate positively-charged particles. 

SYNCHRO-CYCLOTRON extends the principle of t h c  
simple cyclotron t o  produce p articles of  higher cn
ergy_ It s design, which embodies one dee instead of 
two, compensates for the fact that particles increase 
in mass as they are pushed closer to the bpeed of light. 
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footprints and other clues which the in· 
visible p articles leave behind. Many years 
ago he  found that  when the proj ectiles 
shot out o f  radium happen to collide with 
matter under certain conditions, the 
effects become visible. Since then the 
physicist has shown great ingenuity in 
inventing ways to trap matter under the 
conditions that show up these collision 
effects. Two arrangements are the Geiger. 
Miiller counter and the Wilson cloud 
chamber.  

The cloud chamber operates by a sim· 
pIe scheme in which the moisture·laden 
air within it is suddenly cooled by the 
withdrawal of a piston that expands the 
volume of the chamber. If a ch arged par· 
ticle darts through the chamber at the 
moment of this exp ansion. droplets of 
the supersaturated vapor attach them· 
selves to the air molecules which h ave 
been mutilated by collision with the p ar· 
ticle, and thus the course of the speeding 
p article is  revealed as a track of cloud. It 
is as though some invisible

' 
demon should 

plunge through a crowd and the police 
were to observe its p ath and estimate its 
force by the position and number of  peo· 
pIe knocked to the ground. The physicist 
i s  able to get additional information by 
placing the cloud chamber between the 
poles of a magnet. N egatively·charged 
p articles then swerve in one direction, 
positively.charged in the opposite. and the 
radius of the curvature tells something of 
the mass of the p article. By installing 

plates of lead or other dense metals across 
the chamber. as barriers to slow the p ar· 
ticles passing through them. it is  possible 
to measure the p articles' energies. The 
cloud chamber thus is an instrument of 
un usual versatility, 

T
H E  Geiger.Miiller counter-an inven· 
tion of two German physicists-reo 

veals the invisible presence by another 
procedure, although its action also is  
based on the fact  that a charged particle 
mutilates or ionizes the air molecules 
with which i t  collides. If these ionized 
molecules are positively charged, they will 
move to a negatively.charged electrode ; if 
negatively charged, to the op posite. The 
counter is a trap to catch such occur· 
rences. The minute electric current gen· 
erated by the mutilations is amplified, 
and can be made to cause a click in a 
loudspeaker.  Or the tiny current may op· 
erate a mechanical recorder.  or cause a 
visible pulse on the screen of a cathode· 
ray tube. There are also other particle. 
detecting devices-fluoroscopes.  electro ·  
scopes, speci ally prepared photographic 
plates with thick coatings of emulsiun. It 
is by various means that physics has ar· 
rived at its present view of the nucleus. 

IV. The S ulToun ding Vacuum 

The microcosm of the atom presents a 
strange spectacle for the imagination.  Be· 
tween the nucleus and the orbit of the 

nearest encircling electron is  a ga p vaster 
in proportion to the sizes of these bodies 
than the sp ace separating the sun from 
the orbit of the earth.  This abyss within 
the atom is  a perfect vacuum. 

Occasionally, if the atom is  of uranium, 
plutonium or some other radioactive 
species, a readj ustment occurs within the 
nucleus and there is  ej ected an alpha 
particle, beta  p article or the photon of  a 
gamma ray. When that happens,  the 
vacuum is  of course momentarily crossed 
by the speeding particle, but these tran· 
sits are rare and are so instantaneous as 
to be measured in billionths of a second.  

Even a s table  atom may occasionally 
suffer the accidental impact of a cosmic 
ray.  If the hit is  only a glancing one, it 
may provoke the nucleus to ej ect a par· 
ticle; but if the blow is head on,  the 
energy transfer may be so great as to 
smash the structure into fragments. Nu· 
merous photographs of such explosions 
have been t aken in the course of cosmic· 
ray research. and more recently in cyclo. 
tron research at the University of Cali· 
fnrnia. These pictures show a burst of 
several tracks originating at a common 
center and radiating in many directions 
like the points of a star. "St ars" o f  20 
tracks and more have been photographed, 
and each marks the path of a s peeding 
nuclear fragment of some atom in the 
photographic emulsion that was blasted 
by the imp act of a cosmic ray. Each frag· 
ment, as it moves away from the place nf 

BETATRON was developed to accelerate electrons rath· 
er than p ositively-ch arged p articles. Whirled in a dough
nut-shaped tube, the electrons are impelled b y  a chang
ing m agnetic field. They may then be used as p rimary 
bomb arding p articles or to generate high-energy X.rays. 

SYNCHROTRON is also designed to accelerate elec
trons, although in the future it will also be used to ac
celerate protons. Like the betatron, it whirls its particles 
in a tube. Its fundament al design also enables higher 
p article energies than does the simple b etatron design. 
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the explosion, is helieved to function as 

a new nucleus, attracting to itself wan
dering electrons which become its satel
lites. Thus an exploded silver atom may 
become several nuclei of smaller m ass and 
lower charge, each with its surrounding 
vacuum and attendant electrons. 

The vacuum is  a theater for the ex
change and transformation of energy. Be
Ci!use of its proximity to the central pow
erhouse of the nucleus, tremendous elec
tromagnetic forces play across this space, 
and amazing events can transpire there. If 
a high-energy photon, that of a gamma 
ray, chances to dart into the vacuum, the 
interaction of the photon with the elec· 
tromagnetic field may create two particles, 
an electron and a positron. Cloud-cham
ber photographs have been taken of the 
tl'acks made by these pairs, both originat
ing at a common point, with the path of 
the positron curving in  one direction. and 
that of the electron in the opposite. This 
positron-electron pair is an example of 
the creation of matter out of energy. The 
nucleus gives up none of its mass; it 
serves only as a catalyst to provide a field 
of electromagnetism for the gamma ray 
t.o work on; the ray then surrenders its 
energy, which instantly reappears in the 
form of the two material particles. 

There is,  however,  an even deeper un
derlying reality. Our account of the crea
tion of positron.electron pairs is a rough
hewn portrayal of what is elegantly ex· 
pressed in the laconic mathematics of 

P. A. M. Dirac's theory. This theory is  
concerned with the various states of  
energy which may be occupied by an elec
tron. The number of such states is  in· 
finite. Plotted on a chart they stretch from 
zero upward, but the chart also points to 
an equal number of energy states below 
the zero line. It  may strain common sense 
to speak of the energy of motion as less 
than nothing, but negative quantities have 
proved useful in m athematics and the 
concept must be ·admitted. The levels of 
less-than-zero are negative-energy states, 
but for simplicity ( to avoid confusion with 
the negative electrical charge on the 
electron) let us call them minus-energy 
states, and those above zero, plus-energy 
states. The point is  that a negatively
charged electron, any electron, can oc
cupy either a state of minus-energy or 
one of plus-energy_ 

But electrons are lazy. Their tendency 
is to drop into conditions of lower energy, 
and this would seem to mean a general 
movement to levels below the zero line. 
However, there is  a law, the Pauli "exclu
sion principle," which forbids more than 
one electron to occupy a given energy 
state; and consequently, after all the 
minus-energy states were taken, perhaps 
in some mad cosmic scramble at the be
ginning of time, there was nothing left for 
the losers but to accept the lowest avail
able plus-energy states. 

It is  these electrons in plus·energy 
states that whirl in the orbits around nuclei, 
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that flow through wires and other con· 
ductors to form electric current. that 
dance in the candle flame to generate light. 
Indeed, all the electrons that make up the 
perceptible universe are those which were 
forced by the exclusion principle into plus. 
energy states. The others, which presum· 
ably are more numerous, are comfortably 
at rest in their berths of minus energy
withdrawn from the dynamic world ,  
buried in t h e  vacuum. 

But not completely unobservable, de· 
clared Professor Dirac. Theory told him 
that the chance blow of a gamma ray 
might knock an electron out of its minus· 
energy state. In that case, the hole left in 
the substratum should appear as a part
icle, a particle having the same mass as 
the electron but of opposite charge-in 
other words, a positively.charged electron. 
This speculation was published in Eng. 
l and almost a year before the discovery of 
the positron. Since then hundreds of 
tracks of positron·electron pairs have been 
photographed. The tracks soon end, be· 
traying the early disappearance of both 
positron and electron as free bodies. This 
is to be expected. For the electron is  usu· 
ally captured by some nucleus looking for 
another satellite; and as for the "hole," 
almost as soon as it  appears the nearest 
electron leaps into it. Then both hole and 
electron disappear into the vacuum, and 
their energy d arts off as radi ation. 

Such a picture is  difficult to reconcile 
with ordinary logic. The region surround· 
ing the nucleus was described earlier as a 
void. Now the same region is portrayed as 
the repository of innumerable electrons 
at rest in states of negative energy. Which 
is  right? Can space be both empty and 
occupied? Apparently the two pictures 
represent different aspects of the same 
thing. Nature requires a perfect vacuum 
to serve as the sea of negative�energy 
states-and where all the negative.energy 
states are occupied, there is a perfect 
vacuum. 

V. The Forces Within 

Some of the nucleus itself may be 
vacuum. I f  the particles which join to form 
it  maintain their individuality as separate 
units, as seems probable, it is  necessary 
to assume that there is  space between 
them. Whatever its structure, the nuclear 
material is the quintessence of mass. Most 
of the world's weight is concentrated in  
these tiny cores. A cubic centimeter of  
platinum with i ts  electrons weighs about 
three quarters of an ounce; but when the 
encircling electrons are peeled off and 
each atom is  stripped down to its n aked 
nucleus, we arrive at something that when 
packed together averages 130 million tons 
per cubic centimeter. And the same is true 
of all atoms, for nuclear material whatever 
its origin is "one stuff and betrays the 
same properties." The whole of Mount 
Everest might thus be packed into a cig. 
arette case, W. D. H arkins has calculated 

that if  all the matter making up the earth 
were collapsed down to its nuclear m a teri
al, the diameter of our planet would shrink 
from its present 8,000 miles to about 1.080 
feet-with no shrinkage in its weight. 

Every p article known to the cloud cham
ber has been detected coming out of 
nuclei .  Photons come out as gamma rays, 
electrons in the form of beta particles 
come out, and so do alpha p articles, posi
trons,  neutrons, protons, and mesons. In 
addition there is the hypothetical neutrino 
which the physicists assume must come 
out. Does this mean that the nucleus is  a 
mixture of all these various particles ? 

The physicists don't think so. In the 
case of photons,  .for example, no one has 
ever seriously suggested that they are 
constituent particles. Gamma rays are 
created by the internal forces; when the 
forces reach such a state of imbalance 
that the nucleus must change to a lower 
energy, the shift is  made and the surplus 
energy is  ej ected as a photon of. gamma 
radiation. In the same way, it is now be
lieved, electrons, positrons and mesons 
do not exist as components, but under 
certain stresses are created by the conver
sion of energy into mass. In this view,. 
which is the prevalent one today, nuclei 
are composed of protons and neutrons
and nothing else. Protons and neutrons 
therefore are in a different class from the 
other particles: they are the nuclear build
ing blocks, and because of this are c alled 
nucleons. All the other particles are by
products created by the interactions of 
nucleons. 

I
NTERACTIONS are not likely to occur 
in the case of simple hydrogen, for its 

nucleus is  a solitary proton. The first step 
toward complexity is  the double-weight 
hydrogen atom whose nucleus, known as 
the deuteron, consists of one proton joined 
to one neutron. Helium is the next. Its 
nucleus is m ade up of two protons and two 
neutrons, and therefore represents the. 
union of two deuterons. But the helium 
core is  something r adically different from 
the sum of two deuterons. Measurements 
show that the binding force which holds 
this heavier nucleus together exerts the 
power of 28.20 million electron volts, 
whereas the binding force of the deuteron. 
is only 2.19 mev. 

A reason for the higher binding force 
of the heavier nucleus has been suggested 
by Eugene P. Wigner of Princeton. In 
brief: the more nucleons there are, the 

-.1---0 

greater is the number of bonds holding 
them together. The accompanying dia
grams, depicting the deuteron and the 
helium nucleus according to the number 
of particles, illustrate how this works. 

The nucleons of the deuteron, since 
there is  only one bond between them, 
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PROTON, starting at upper left and ending at lower 
right, is deflected from three nuclei in special photo. 
graphic emulsion employed in the study of p articles. 

COLLISION of one proton with another is indicated 
by forked t rack at hottom. B omb arding proton is deflect. 
ed at an angle; the other leaves a track in recoiling. 

HEAVY NUCLEUS in the photographic emulsion ex
plodes in a shower of heavy and light fragments when 
it is struck by a cosmic-ray p article of huge energy. 

"STARS" of emitted particles are produced in emul· 
sion when it is impregnated with radioactive thorium. 
Long track beginning at bottom is a recoiling proton_ 
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CLOUD CHAMBER lISed with Berk
eley cyclotron is lighte d in quick 
flashes to permit track photograph s. 

CAMERA is put in place to make 
photograph s of t racks in cloud cham
her h etween poles of a magnet h elow. 

CONTROL PANEL from which the 
Berkeley cyclotron is operated is oh
served h y  Physicist Luis W. Alvarez. 
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average one·half bond per p article ; 
whereas, with six bonds j oining its four 
nucleons, helium averages one and one· 
half per p article. The effect is  to make 
helium a more tightly knit structure. Its 
nucleons draw closer to one another, and 
its mass becomes slightly less than the 
sum of the masses of two deuterons. This 
"mass defect," which one finds in all 
nuclei made of two or more p articles, i s  
highly significant. for it represents the 
amount of m atter that  has been converted 
into energy to provide the binding force.  

The nature and mechanism of this bind· 
ing force is  one of the great mysteries .  In·  
deed, the quest for the ultimate p articles 
depends. in large measure,  on understand· 
ing the binding force. 

Gravi tational attraction operates be·  
tween particles j ust as i t  does between 
stars and planets.  It is  possible to calcu·  
late the magnitude of this force between 
two protons by applying Newton's law 
that gravity varies inversely as the square 
o f  the distance.  In the close qu arters of 
the nucleus this gravitational attraction 
of nearby p articles for one another i s  con· 
siderabl e. But it i s  not  nearly great 
enough to account for the tremendous 
binding forces of nuclei,  ranging from 
28.20 mev for helium to 1 ,780 mev for 
uranium. 

Moreover,  there i s  present in all these 
nuclei. from helium to uranium and be·  
yond. a disruptive agency more powerful 
than gravitation.  It is the force of rep ul.  
s ion which exists between bodies carrying 
the same kind of electrical charge. The 
mutual repulsion of proton for proton i s  
so great that ,  according t o  Frederick 
Soddy's calculation, if a gram of protons 
could be concentrated at one point on the 
earth's  surface and another gram at the 
opposite point  on the other s ide o f  the 
globe. the repulsion of these two tiny 
positive charges for one another would be 
equivalent to a pressure of 28 tons.  This 
is at a distance of 8,000 miles ! And yet 
within the confines of the nucleus protons 
dwell in such close communion that mil·  
lions of volts are required to blast them 
apart.  

It was this paradox that led physicists 
to assume the existence of a force of at· 
traction which is  able to overrule the 
electrical force of repulsion. They call i t  
the nuclear jorce, since i t  i s  able to operate 
only over distances of very small magni. 
tude, such as those within the atomic  
nucleus. Exact measurements of  this  force 
were made by, among others , Merle A. 
Tuve and a group at the Carnegie Institu· 
tion of Washington, using the 1.2 million· 
volt electrostatic generator of the Depart· 
ment of Terrestrial Magnetism. They fired 
protons at hydrogen nuclei, and gradually 
increased the voltage until a speed was 
reached at which the momentum drove the 
proj ectile so close to the nucleus that it 
was attracted rather than repelled. This 
marked a boundary-the distance at 
which the nuclear force of attraction be· 

gan to operate. By ap plying the principles 
of wave mechanics. a mathematical analy
sis of the experimental results was made 
by Gregory Breit .  assisted by E. U. Condon 
and R. D. Present. and their calculation 
gave these findings : 

1 .  The electrical force of repulsion 
ceased to control when the proj ectile pro
ton got within about 1/12.000,000,000.000 
of an inch of the target proton. 

2 .  The nuclear force of attraction which 
suddenly took control at that distance was 
approximately 103G times greater than the 
gravitational force between the two pro· 
tons. 

Experiment has shown that the nuclear 
force of attraction operates also between 
neutrons. and between protons and neu
trons. 

The nucleus, according to this testi
mony. is  a powerhouse of opposing forces 
--an electromagnetic field and a nuclear
force field.  One evidence that electromag
netic force operates within the nucleus i s  
the emission o f  photons o f  gamma radia
tion.  These photons are quanta of the 
electromagnetic field. But  if the electro
magnetic field is thus quantized in  the 
form of a p article, may it  not be that the 
nuclear-force field also h as its p article ? 
It was this question that led the J apanese 
physicist Hideki Yukawa to s peculate on 
the existence of the meson S l ime months 
before it was discovered in a cloud cham· 
ber.  

VI. Mesons 

Mesons are the most baffling and un pre
dictable obj ects thus far glimpsed among 
the debris of bombardments. Not only 
were they d iscovered by means of cosmic 
rays. but they appear to constitute about 
three fourths of all the cosmic rays reach· 

B EAM OF 3 80  MEV  ALPHA PARTICLES 
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MESONS were pro d uced and record
e d  in Berkeley cyclotron h y  h om
barding carhon with alpha particles .  

ing sea leveL the other fourth being elec
trons. They are not the primary cosmic 
rays that reach our atmosphere from outer 
space. but are secondaries knocked out of  
air atoms by the incoming primaries. In
struments sent to high altitudes in balloons 
indicate that most of the primary rays are 
protons. They travel with such prodigious 
energy that they are able to penetrate 
many miles into the atmosphere, mutilat
ing atom after atom in a series of col
lisions. Meanwhile, the mesons and 
electrons knocked out of atoms by these 
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runaway protons may receive energies 
almost as great as those of the primaries 
themselves. There is  evidence that some 
mesons reaching sea level plow into the 
earth with 100 million mev, for they h ave 
been detected in mines at depths of  one 
mile. As  they move at speeds close to the 
velocity of  light, these high·speed mesons 
smash other p articles out of  atoms. One 
o f  them passing near an atomic nucleus 
and deviated by its electromagnetic field 
i s  thereby accelerated and caused to give 
off high.energy radiation in the form of 
a gamma·ray photon. This photon, by i ts 
in teraction with atoms, may initiate a 
shower of electrons and photons, thus 
launching hundreds of  particles as addi· 
t ional cosmic rays. Mesons appear singly , 
in pairs and in showers ; and, as it has 
been stated earlier,  some are negatively 
charged, some positively and some are 
neutral.  

Until 1948 no one had been able to 
obtain mesons experimentally. But with 
t h e  completion of California's 1 84·inch 
cyclotron an apparatus was at hand by 
which atoms might b e  battered into giving 
off these nuclear oddities. Early in  1948, 
Eugene Gardner and C.  M. G. Lattes set 
up an experiment to see if this could be 
done. Lattes, formerly of  the University 
of Bristol grou p ,  only a few weeks before 
t h i s  had j oined the C alifornia staff, com· 
ing on a Rockefeller Found ation fellow· 
ship .  

For the  bombardment they used alpha 
p arti cles.  As the alpha p articles emerged 
from the cyclotron at energies of 380 
million electron volts, they encountered n 

thin sheet of carbon in the form o f  
graphite.  This was the target from which 
Gardner and Lattes hoped to hammer 
mesons. I f  any came out,  the magnetic 
field of the cyclotron would bend their 
courses into curving p aths that were cal· 
cul ated from their masses.  This made i t  
possible t o  p u t  a stack of photographic 
plates across the expected paths.  Mesons 
kn ocked out o f  the carbon should pene· 
n'ate the emulsion of  the plates and, by 
i onizing granules with which they collided, 
the mesons might photograph their own 
tracks. This was the logic of  the experi. 
ment. 

The photographic plates were exposed . 
Then,  because of their thick emulsions. 
they were given 30 minutes in the develop.  
i n g  fluid .  And behold,  the meson tracks 
became visible ! There were hundreds of 
them. Indeed, 30 seconds' bombardment 
with the cyclotron gave 100 times as many 
mesons as Dr. Lattes had been able to 
photograph in 47 days of  cosmic·ray 
observations in the B olivian Andes last  
year. To be sure,  the laboratory mesons 
were not as energetic as those produced 
by cosmic rays ; their speed was that of  a 

mere four mev. But  under the controlled 
conditions o f  the l aboratory it was possi·  
bl e to measure their masses quite exactly. 
The fact that the particles can be pro· 
d uced at will,  and in sLlch large numbers,  

TARGET HEAD of the Berkcley cyclotron was especially rigged for the 
production of artificial mesons ( see drawing on opposite page ) . Here packet 
of photogr aphic plates is placed in slot. Carbon target is at tip of rig. 

LONG PROBE is designed to facilit ate the removal of radioactive t argets 
after t h ey have been bombarded in cyclotron. Targets are removed from 
the end of  the probe and placed in lea d-shielded carts by remote control. 
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INSIDE THE CYCLOTRON ' at B erkeley are the es
sentially simple p arts that manipulate its various b orn-

b arding particles. Ab ove and b elow are the 184-inch 
poles of its great magnet. J ust b elow the upper pole, 

makes this recent achievement in Cali· 
fornia the beginning of a new chapter 
in m eson research. As larger and more 
powerful accelerators are built, we can 
look forward to mesons of hundreds and 
even thousands of mev energy. 

P
RACTICALLY all the mesons knocked 
out of carbon ( and later out of beryl. 

lium, copper and uranium ) by the cyclo
tron bombardment weighed about 313 
times the electron mass. This cor res ponds 
rather closely to the mass of 320 reported 
by the University of Bristol group for the 
heavyweight mesons discovered last year 
in its cosmic.ray photographs ; and per
haps the 313 mass measured in the labora
tory is a more exact determination than 
that estimated from the photographs taken 
on the mountain top. It is assumed, there
fore, that these p articles of 313 mass 
which were knocked out of carbon by the 
cyclotron bombardment are the pi mesons 
discovered by the Bristol group in 1947. 

The photographs show that the heavy
weight particle, the pi meson, has a re
markably short life-less than two 
millionths of a second-and what happens 
at the end of its existence depends on the 
electric charge of the particle. I f  the pi 
meson is positively charged, it travels a 

distance determined by its speed and 
then disintegrates into a positive mu 

meson, with the emission of a neutral 
meson of a mass of about 88. 

If  on the other hand, the pi meson is 
negatively charged, the positive charge 
of some atomic nucleus eventually attracts 
it, and the meson disappears into the nuc
leus which subsequently explodes in the 
familiar "star" effect. 

What happens to the lightweight, the 
m u  meson of 200 m ass ? Again, the end re
sult depends on the electrical character 
of  the particle. If  it  is  positively charged, 
the mu meson decays into a positron, and 
the photographs provide data which sug· 
gest that a neutral meson and a neutrino 

are also released in the disintegration. If 
the mu meson is negatively charged, it  is 
of course subj ect to the attraction of the 
positive charge of nuclei, and consequent
ly the p article is ca ptured by the first atom 
it encounters. The meson then begins to 
revolve around the atom's nucleus. Ac
cording to studies by John A. Wheeler of 
Princeton University, the new satellite 
draws progressively closer and closer to 
the nucleus, cutting deeper and deeper 
into its interior, until suddenly the meson 
disappears. In the case of atoms lighter 
than aluminum this disappearance is 
heralded by the emission of an electron,  
with the release at the  same t ime of a neu
tral meson and, presumably, a neutrino. 
In the heavier atoms, the meson simply 
vanishes with no perceptible emission or 
disintegration fragments-but it i s  as· 
sumed that a neutral meson is discharged, 
or a neutrino, or possibly both. 

O f  the state of  mesons within the nu
cleus physicists know almost nothing, but 

ARTIFICIAL MESON produced in the B erkeley cyclo
tron wrote its track in a pile of photographic plates 

which were then assemb led in a mosaic. The meson 
enters the picture at upper left, d arts through the emul-
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obscured by copper facings, is the cyclotron's single 
dee. At right one of Berkeley experimentcrs cxamines 

the end of the t arget prohe. When the cyclotron is in 
operation, all this app aratus is  scaled in vacuum t ank. 

an idea widely discussed portrays the par
ticles as existing in the force fields of 
t he constituent nucleons. According to this 
theory, the field of  a neutron is  continu
ally interacting with the corresponding 
field of an adj acent proton and in these 
fields the electric charge is  perpetually 
being exchanged, shuttling back and forth 
between proton and neutron in an eternal 
game of tennis in which the electric charge 
is the ball. The proton biffs its charge to 
the neutron, and thus detached from its 
charge becomes itself a neutron, while 
the neutron which receives the charge be· 
comes a proton. But the recipient hardly 
gets the charge before it volleys it  back to 
its former owner. Thus we have a picture 
of the atomic nucleus as a place where 
protons are continually becoming neu
trons, and neutrons protons, with the 
charges in transit most of the time. 

Several studies with the 184-inch cyclo
tron have demonstrated that an exchange 
of charge does take place. The experiment 

most directly proving this was conducted 
by Wilson Powell and Walter H artsough 
at the University of California laboratory 
in 1 947. They used 100·mev neutrons as 
proj ectiles, and fired them into a cloud 
chamber filled with hydrogen gas. Since 
the nuclei of the gas were all protons, 
whatever interactions occurred could be 
interpreted only as neutron-proton inter
actions. The momentum with which these 
1 00·mev neutrons struck was gigantic. 
When a neutron makes a head-on collision 
with a proton in the cloud chamber. the 
force of  the blow can be as high as 3.4 
tons. This force, i f  it were exerted as an 
even pressure over one square inch of 
area, would equal the weight of 39,000 
earths. While the neutron is being 
pushed by this force, its acceleration is 
5 x 1 027 times that of gravity. Thus pro· 
pelled, the neutron approached so close 
to  the proton that the distance separating 
the two p articles was of the same order 
as  that which prevails within nuclei. The 

results of the collision were interpreted 
from the subsequent behavior of the par
ticles, and this indicated that in a large 
number of instances the charge was ex· 
changed. At the moment when proj ectile 
and tarl!et were in close contact, the posi. 
tive charge of the proton passed over to 
the neutron. and the latter d arted off as a 
proton, while the former moved in a new 
path as a neutron. 

While the cyclotron experiments show 
that the exchange does indeed take place, 
they reveal nothing of the mechanism by 
which the transfer is  made. Whether or 

not the meson takes p art in these inter· 
changes, and carries the charge back and 
forth between the particles as Yukawa 
suggested, remains in the realm of specu
lation. The only obj ective evidence we 
have of mesons is their appearance as 
free particles shot out of nuclei as a result 
of high-energy collisions. These dis
charges are accompanied by changes in 
the status of the bombarded nucleus. Pre-

sion for ahout an inch and a h alf and is captured hy a 
nucleus. This then explodes, sending one fragment hack 

along thc p ath of the meson. Capturc of the meson by 
a positivc nucleus indicates that it has negative charge. 
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MESON SONG 
We have mesons pi and mesons mu, 
And mesons that serve as nuclear glue. 
We h ave mesons large and mesons small, 
Plus charge or minus, or no charge at all. 

Choru s : What ! No charge at all ? 
No ! No charge at all.  
A very small rest mass, 
And no charge at all. 

Vector or scalar or halfway between, 
Sometimes the convergence can scarcely b e  seen. 
Two hundred, four hundred, nine hundred mass,  
All sorts of charges in  

'
every weight class.  

Choru s :  

The forces exchange when a t  distances small ; 
There's the depth of the well and the height of the wall ; 
The quadripole moment a tensor demands 
What very strange forces we have on our hands ! 

Chorus : 

Oh Bose ! Oh Fermi ! Perhaps Einstein, too, 
Send a unified theory for both pi and mu ; 
With spin and statistics, adj ustable range, 
N uclear structure is  yours to arrange. 

Choru s :  What ! No sense at all ? 
N o ! N o  sense at all. 
A very small rest mass, 
And no sense at all .  

sumably the emergence of  a posItive 
meson means that a proton has lost its 
charge, that the nucleus now has one more 
neutron than it  had before ; while the 
emergence o f  a negative meson signals 
the transformation of a neutron into a 
proton. 

Current attempts to explain meson be' 
havior can only be described as groping 
a p proximations. There is  a song going 
the rounds of  the l aboratories which ex· 
presses some of  the bewilderment that 
confronts those who experiment with and 
meditate on the new· found particles. It 
was composed by a group of  physicists and 
wives at a social gathering following a 

seminar on mesons led by George E .  Valley 
at the University of  Rochester last J anu· 
ary. The "Meson Song" ( see box ) ends 
with the refrain : 

What ! No sense at all ? 
N o !  No sense at all. 
A very sm all rest mass, 
A nd no sense at all. 

Perhaps many readers would agree that 
mesons make no sense at all. And yet 
these p articles cannot be dismissed. Their 
evidence is  all about us ; they write their 
wriggly paths in our cloud chambers and 
photographs ; they bombard us from all 
directions. While you have been reading 
this article. several thousand mesons 
driven bv cosmic rays have plunged 
through );our body. 

VII. Theol'ies 

Many physicists are frankly dissatisfied 
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with the complexity of nuclear theory. 
Some are testing daring new ideas in  the 
search for a simpler and more unified 
p attern to describe the microcosmic archi· 
tecture. At Princeton, for example. Dr.  
Wheeler and his group are considering the 
possibility that mesons, protons and neu· 
trons may all be built u p  from electrons, 
positrons and neutrinos. It is  a highly 
speculative su ggestion which physicists 
view with cautious skepticism, as they do 
all new attem pts at simplification. Dr.  
Wheeler himself poi nts out that the idea 
must remain a question until there is  fuller 
examination of electromagnetic and elec
tron-positron pair theories. But he and 
h is  associates are definitely exploring the 
im plications of a world built of electrons 
and positrons as the m aterial units, with 
neutrinos as the energy units.  

The electron-positron pair i s  the key 
to the concept. We know that when elec
tron meets positron both are annihilated, 
with a release of  gamma radiation. It  has 
also been proved that the action of  a 
gamma ray on the electromagnetic field 
can call a pair into existence. Imagine, 
then. a condition in which pairs of  plus 
and minus electrons are con tinually being ' 
created and destroyed. Imagine these new
born and dying positives and negatives 
perpetually weaving back and forth with
in the nucleus. describing a network of 
paths. and by these movements generating 
the binding forces. 

"It would be  a gain i f  we could get 
away from the postulate o f  a special 
nuclear force," said Dr.  Wheeler. " and 

account for the binding energy in terms 
of  something we already know. Chemists 
used to imagine a 'chemical force' t o  ac
count for the affinity of  certain atoms and 
molecules for one another but  as knowl
ed"e o f  the electrical structure of  atoms 
ad�anced, the chemists came to see that 
affinity was simply a m anifestation of  
electromagnetism. So we think it  m ay 
turn out to be in the case of the nuclear 
force ." 

C
OSMIC-RAY research provides statis
tics that may have a bearing on this 

question. Counting devices indicate that 
among secondary cosmic rays the positivc 
mesons outnumber the negatives about 
five to four. There are indirect indications 
that the primary rays which produce 
mesons in the upper atmosphere relea;,e 
about nine in a single collision. I f  we as
sume that a proton breaks u p  into ninc 
mesons. the most likely order of  frag
mentation would be five positive mesons 
and four negative ones. the extra positive 
being the proton's charge.  

The neutrino also may enter into somt! 
o f  the material p articles. For example, a 
neutron, of mass 1 ,836 times that of the 
electron or positron. m ay embody 918 
electron-positron pairs,  but since each 
electron's spin of  one-half unit  would 
cancel out each positron's opposite spin 
o f  one-half, this would leave the neutron 
with no  spin.  By assuming that a neutrino 
enters into the structure, the neutron's 
actual spin of  one-half i s  explained. 

It would seem a great simplification In 

reduce the world to three elementary par
ticles-two o f  matter and one o f  energy
with their interactions accounting for all 
the forces. But  for the present the idea i 6  
only a conj ecture, and whether or not i t  
c a n  fertilize definitive experiments rc
mains to be seen. O f  course, there is  al
ways the possibility that what Leibnitz 
called "the pre-established h armony" is  
beyond the reach of  instruments, even be
yond the reach o[ nur imaginations.  
J .  B.  S .  H aldane has given i t  as his opinion 
that "the universe is  not only queerer than 
we suppose, but queerer than we call 

suppose." It isn't l ikely that. many nuclear 
physicists will accept t.his doctrine of  de
featism. They will  continue their bom
bardments,  their trapping of  cosmic rays, 
their examination o f  tbe debris.  Th" 
theorists will continue to follow u p  these 
experiments with their fascinating analy
ses,  their rationalization of  the results,  
sometimes with predictions of  results to 
come. And eventually the strange assort
ment of  protons, neutrons, mesons, 
el ectrons and p osi trons'. with their accom
p anying photons and neutrinos, will take 
their places i n  a completely consistent 
picture. Such is the hope and the faith of 
science. 

• 

George W. Gray is a writ
er on scientific subjects. 
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VACUUM TANK of the Berkeley cycl o tron surrounds 
the app aratus shown on p ages 36 and 37. Sometimes a 
beam of p articles is b rought through t h e  s ide of the 
tank.  Neutrons arc hrought out  t h rough the h ole in 

the plate a t  right  center. They are then formed into a 
collim ated beam by a hole in the concrete b lock in the 
foreground. Usu ally the cyclotron is surroun ded by con
crete sh ielding .  Here part of the roof h as been lifted. 
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SELF-PORTRAIT OF LEONARDO, who lived before medical knowl
edge had appreciably succeeded in the postponement of death, powerfully 
expresses man's sad acceptance of its inevitability. Leonardo died at 67. 
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THE 

N
OTHING in life seems more in

evitable than old age and death. 
But this anthropomorphic fatalism 

springs from ignorance of the durability 
of living substances_ Death is by no means 
a universal law of nature. The biologist 
observes that, while "all men are mortal." 
the same principle does not apply to all 
living things. Enough exceptions exist to 
encourage the hope that science may learn 
how to lengthen human life. 

Consider fishes, for exam pIe. Fishes are 
not immortal. Their life span is limited by 
primitive dangers that are no less preva
lent in the deep than in the jungle. Some 
fish die of mysterious poisons, such as 
the "red tide" that plagued the Florida 
coast last year. Some succumb to para
sites that invade their internal organs, 
and some to the rasp-mouthed hagfish that 
bores into a flank and gradually devours 
the living host. Most fishes no doubt end 
their days in the jaws of their larger and 
swifter relatives. But there is one malady 
that fishes do not die of-old age. 

Fishes do not die of old age because 
they do not grow old. Indeed, no animal 
"grows" old in a physiological sense. A 
growing organism is young. Only when the 
body reaches its adult size, and growth 
ceases, do the changes that we think of as 
signs of age begin to make their appear
ance. 

But most fishes have no adult size. The 
tiny larval fish newly hatched from its 
egg capsule does not enter upon a fixed 
period of rapid growth up to mature size 
and strength. Its parents could not, if 
they had the minds to do -so, anticipate a 
day of maturity when their offspring would 
be a fish among fish, ready to face the 
terrors of its watery world. Rather, the 
young fish continues to grow bigger and 
stronger as long as it manages to survive. 
�h

.
e fact t��at

. 
fishermen always catch the 

bIg ones 111 the remotest lakes and 
streams, with no one around to see, is not 
necessarily a reflection on the veracity of 
the human race. Where fish are least dis
tUl'bed by predators, including the human 
variety, they have time to grow big. 

Although the age of many fishes can 
be read from annual rings formed in the 
scales, locating the oldest members of the 
fish population for study is obviously not 
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BIOLOGY OF OLD AGE 

Senescence and death, which to man 
unavoidable, are not the rule 

all specIes of living things 
seem 
among 

by Florence Moog 

an easy job. So it is not surprising that 
we cannot say with certainty how long 
fishes live. Our best evidence indicates a 
life span of nearly a century for a few 
relatively well·known fresh-water species 
-pike, carp, catfish. Of the ages attained 
by deep-sea fishes, almost nothing is 
known. 

For the purpose of determining how 
close living things can approach to immor
tality, plants, thanks to their habit of re
maining in one place, make better material 
than animals. Some plants, of course, lose 
th!!ir young growing tissue after a period 

BALD CYPRESS of Tula, in Mex
ico, is 52 fcet through and probably 
the oldest living thing in the world. 

of development and soon die. But others 
continue to grow by annually producing 
fresh buds and shoots, and such plants 
apparently live until disease or want of 
food or cold or drought or storm put an 
end to them. Many trees survive for cen
turies and some for thousands of years. 
Perhaps the oldest living thing is a great 
bald cypress which is still growing near 
the town of Tula in central Mexico. With 
a trunk 52 feet in diameter, this tree may 
have been 1,000 years old on the date 
when Jehovah is reported to have created 
heaven and earth. 

The only true immortals. however, are 
the microscopic, one-celled organisms
algae, fungi, protozoa. These tiny organ· 
isms grow to a maximum size. then divide 
to produce two identical individuals 
which share the parent's protopla:;m be· 
tween them. The daught'ir units. if con· 
ditions are favorable. grow and divide and 
grow and divide. again and again. With 
no limits set on their growth, many of 

these creatures do not experience "natu· 
ral" .death. An isolated amoeba was ob
served to undergo 200 successive divisions 
and was still multiplying merrily when 
the experiment was terminated after 13 
months. A culture of green algae was re
ported to be in good condition after hav
ing produced 1,300 generations in five 
years. In 1943 a protozoan culture raised 
by L. L. Woodruff of Yale completed its 
37th year of continued growth. In that 
time it had passed through 20,000 gen
erations. Of course not all the individuals 
produced were allowed to survive; if they 
had been. the entire surface of the earth 
would have been much too small to accom· 
modate them! 

Given conditions under which growth 
can go on, even living material that ordi
narily ages and dies will remain young 
far beyond its normal term. At the Rocke
feller Institute in 1912 Alexis Carrel re
moved a bit of heart tissue from a chick 
embryo and immersed it in a nutrient 
solution of foodstuffs extracted from em
bryos. Trimmed at intervals and provided 
regularly with fresh nutriment, this tissue 
lived and grew until the experiment was 
deliberately ended in 1946. A chicken 
hatched in 1912 would have died 20 years 
ago, yet there is no reason to suppose that 
this snippet of heart need ever have died. 

The young.old rats that C. M. McCay 
raised at Cornell a few years ago provide 
a no less striking, if not so durable, ex· 
ample of the age.resisting power of 
i!fowth. Ordinarily a rat reaches full 
growth and maturity in four months. At 
two years he is elderly, and, unless he is 
a very exceptional rat, he dies before the 
age of three. McCay found that by feed
ing a diet sufficient in vitamins and min
erals. but deficient in calories, he could 
stretch the growth period from four 
months to as long as 1,000 days. In one 
experiment the last withered survivor of 
a normally.grown group died at 965 days; 
at that age the retarded animals were 
bright young adolescents. When the slow
growing rats at last came close to the 
normal adult size, however, growth ceased. 
A:re then proceeded to overtake the grou p. 
the last retarded animals dying at about 
four years. So the degenerative changes of 
age, it seems, can be staved off only so 

long as the achievement of maximum size 
can be held in abeyance. 

Having a determined maximum size 
seems to be the condition of mortality 
among living things. Land animals can
not escape this condition, since on dry 
land the strength which living material 
can attain puts an outside limit on size. 
A whale may reach a weight of 140 tons; 
beside such a mass a five· ton African ele
phant is a pigmy. Yet the bulk of the 
elephant probably comes close to making 
the greatest demands that living bone and 
connective tissue can sat.isfy, for our rich 
fossil record discloses but one t.rue land 
animal that was bigger than the modern 
elephant. An animal that grows to a 
"whale of a size" has to reside in a denser 
medium than air. In air, the bones of a 
whale·sized behemoth could not support 
its weight. 

THE inexorable mathematics of dimen· 
sional change also contributes to mak

ing unlimited size a luxury beyond the 
means of land-living forms. An increase in 
size, particularly among mammals, entails 
a change in shape. A leggy foal does not 
become a full· grown horse merely by en· 
larging, nor does a baby simply elongate 
into a man. Form needs to change during 
growth because as the linear dimensions 
increase, the weight goes up at a much 
faster rate. Doubling the length, width 
and thickness of a two, pound book, for 
example, would produce a book weighing 
not four pounds but 16. If an 18-inch, 
seven.pound infant became a six· foot man 
by uniform enlargement in all directions, 
he would weigh 448 pounds! So it is not 
surprising that nature has resorted to the 
device of continually altering form to 
keep a growing body within manageable 
proportions. 

If shape is to vary as the organism in
creases in size, the skeleton, and particu· 
larly the joints. must remain alterable as 
long as growth continues. But plasticity 
and strength do not go hand in hand. A 
young, developing joint is not so strong 
as a mature one that no longer grows. This 
is apparently one reason why, among the 
more active and venturesome types, evo
lution has favored those which grow rap
idly to a fixed adult size. If such forms 
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ONE-CELLED ORGANISMS, which reproduce by di
viding, are the only true immortals. Because they con
stantly grow and divide, technically an individual never 
dies. The example is Chlorella, the common green alga. 

FISHES appear not to age in the same sense as land 
animals. They die from violence or disease. Above is a 
scale from the sand flounder Lophopsetta aquosa. Its 
age, measured by intervals in scale rings, is four years. 

can maintain their mature strength long 
enough to reproduce themselves ade
quately, from nature's point of view they 
are "made." In the struggle for existence 
it does not matter how soon after the 
reproductive period death occurs. 

One-celled forms escape the penalty of 
maximum size by halving themselves 
whenever they reach it. Trees evade the 
penalty because. not needing to support 
and move masses of soft tissue, they can 
keep on growing. And fishes are similarly 
exempt. Since the support of weight is 
no problem in the sea, all that fishes need 
i3 a reasonably firm backbone to enable 
the body to cut through the resisting 
water. They can grow steadily by simple 
enlargement, and so they do not grow up 
and they do not grow old. But animals 
that have learned to lead an active lifc in 
a medium of thin air have all foregone 
the advantages of unending growth. 

A limited size thus seems to be the price 
we pay for the privilege of living on land. 
But is aging an inevitable part of that 
price? Must senescence and senility 
always follow the attainment of mature 
size? Biologists and non-biologists alike 
have speculated on these questions since 
the time of Aristotle. Numhers of theories, 
of more or less pragmatic value, have been 
invented to account for senescence. The 
exhaustion of a "life ferment," the "starva· 
tion" or "wearing out" of tissues, have 
been suggested, though it is difficult to 
find an exact meaning for these terms. 
The disappearance of germ cells has also 
been offered as a cause of age, though 
there appears to be no necessary correIa· 
tion between presence of germ cells and 
aging. The gradual "poisoning" of body 
tissues by putative toxins emanating from 
the colon is a perennial favorite among 
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hypotheses. Its adherents have advocated 
a' preventives of aging everything from 
the drinking of sour milk to the removal 
of the large intestine. 

THE antithesis between growth and 
age has not proved easy to under· 

stand. When cells divide, as they do in 
growing tissues, the nuclei. in which the 
controlling agents or genes of the cells 
are located, break down, and nuclear mao 
terials flow into the general cellular sub· 
stance. When divisions cease, this sort of 
interchange ceases too. Is this lack of 
nuclear.cytoplasmic mingling, then, the 
cause of aging? That it is a contributing 
factor is generally believed. But if it is 
a factor, it is not a hopeful one. The ex· 
tent to which any tissue will divide and 
grow is determined by heredity and is 
not subject to alteration. And even if it 
were possible to make growth go on with· 
out limit, the effect would hardly be de· 
sirable. 

Cessation of growth, however, does not 
now seem to he as calamitous as it seemed 
in the days when it was taken to mean that 
tissues become static. Ten years ago the 
body was still often described as an in
ternal combustion engine that takes in 
fuel but not substance. But in the middle 
1930's Rudolf Schoenheimer and a group 
of co· workers at Columbia University's 
College of Physicians and Surgeons 
launched a radioactive· tracer study of the 
traffic that goes on among body con· 
stituents. By determining the fate of 
"labeled" substances which were fed to 
experimental animals, Schoenheimer was 
soon able to demonstrate that long after 
growth has stopped the structural mao 
terials of the organism are in an end· 
lessly unsettled state. If a labeled protein 

building stone is fed to a rat on Tuesqay. 
it will by Thursday be found incorporated 
into proteins all over the body, even in 
such apparently inactive structures as 
tendons and ligaments. Fats are just as 
unstable; in tissue fats and in fat deposits 
alike there is a restless fitting in and 
throwing out of molecules. Not even bone 
appears to be satisfied with its structure. 
If radioactive phosphorus is fed, the 
largest part of it finds its way into the 
bone salts of the skeleton, and. within a 
month, finds its way out again. 

So the body is just as much in process 
of construction when size increase has 
stopped as when it is proceeding. That 
fact takes care of the old fear that mature 
organs must inevitably "wear out" or ex· 
haust their "vital reserves." Yet the body 
does become old. With the passage of 
time, tissues become drier and infiltrated 
with fat, blood vessels harden, muscles 
weaken, bones grow brittle, eyes and ears 
gradually fail. Apparently the processes 
or self-renewal fall ever shorter of main· 
taining the efficiency of youth. 

The pressing-and promising-prob. 
lem for the immediate future is to deter· 
mine the factors underlying the gradual 
decline of self·renewal. Two possibilities, 
which are not mutually exclusive, exist: 
1) the failure may he in the biochemical 
apparatus that is designed to synthesize 
the material out of which the body is 
constantly remade; 2) it may lie in the ap· 
paratus for burning materials and obtain· 
ing energy from them. In the former case, 
the body cells would in time become 
"worn"; in the latter they might become 
choked with abnormal waste products of 
incomplete metabolism. In either case the 
real failure would involve the indispen. 
sable biochemical agents called enzymes. 
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TREES, like fishes, do not die of old age because they 
are constantly growing. The bald cypress of Tula (page 
41) may be several millennia old. Shown above are the 
rings of a commonplace specimen of the Douglas fir. 

MAN, like other land animals, degenerates independ
ently of violence and disease. His skin wrinkles, his 
arteries harden, his joints stiffen. These processes lead 
to the ultimate physiological failure that causes death. 

Enzymes are complex chemical mole
cules which, though present in the minut
est quantities, take our inert foodstuffs 
in hand and manufacture living tissue 
out of them. Without enzymes no vital 
process could con tin ue_ Their depletion 
could readily explain the phenomena of 
senescence. So far interest in biochem
istry has centered on what enzymes are 
present in various parts of the body and 
how they operate, not on how they change 
with age. The few pieces of work which 
have been done, however, do indicate that 
in mammalian tissues the passage of time 
brings about a lowering of enzymatic effi
ciency. Thus the body decays in much the 
same way that a mansion falls into dis
repair because of a want of servants. 

From both a theoretical and practical 
point of view, evidence of a lowering of 
enzymatic efficiency after the close of the 
growth period is important. Theoretically 
i[ promises to help us toward complete 
understanding and ultimate control of age 
deterioration_ Practically it suggests a 
means right at hand whereby the rate of 
aging may be held to a minimum. This 
means is nutrition. Since the days of 
H orace_ writers have praised the value of 
a temperate diet for continued health. 
Not even starvation has wanted its advo
cates. The sixteenth-century Venetian 
nobleman Luigi Cornaro, in poor health 
when young, adopted a diet of less than 
12 ounces of solid food per day, and at 91 
wrote a book recommending his regimen. 

Now that we understand something of 
the biochemical machinery that runs 

the body, we can appreciate why it is wise 
to refrain from overburdening this ma
chinery with more food than it is equipped 
to handle. Too many calories in the first 

half of life may be a major cause of pre
mature impairment of sensitive areas
joints, kidneys, heart and blood vessels. 
Obviously we shall never apply to human 
beings the technique of greatly prolong
ing growth through underfeeding that 
McCay used in rats. But the day may come 
when mothers will be persuaded that mak
ing junior expand at the fastest possible 
rate is not quite the highest achievement 
of motherhood. 

More important than calories in the 
diet are vitamins and minerals. Only a 
decade ago the importance of these acces
sory food factors was obscure, and not 
always taken seriously. Now we know that 
they are building stones of enzymes. With
out an adequate supply of vitamins and 
minerals, enzymes cannot renew them
selves, and they fall behind in their jobs. 
If deficiencies are severe, characteristic 
symptoms soon develop-nervous dis
orders, eye inflammations, bleeding joints, 
rickets. If deficiencies are slight but long
continued, do the effects accumulate into 
the disabilities of premature age? No 
research on this problem has yet been 
undertaken, unfortunately, but the possi
bility seems likely. Pending further in
formation, a varied diet, well supplied 
with foods naturally rich in vitamins, re
mains the best kind of long-life insurance 
on the market. 

Within the last 10 years scientific in
terest in the problems of aging has been 
gaining momentum rapidly. This interest 
comes barely in the nick of time, for the 
disorders of premature and pathological 
age-arthritis, nephritis, cardiovascular 
disease-have become a tremendous prob
lem. Currently these disorders kill 800,000 
Americans every year and reduce hun
dreds of thousands more to invalidism. If 

those who are now young are to be saved 
from swelling these ranks, some means of 
preventing abnormalities of the aging 
process must be found. 

As medicine has learned to cope more 
effectively with the diseases of childhood 
and early maturity, the percentage of our 
population in the older. age grou ps has 
been mounting steadily. Today close to 30 
per cent of Americans are over 45; in 
1980, according to estimates, the per
centage will have risen to 40. So the sec
ond aim of age research must be to defer 
tbe age of senility. Already modern living 
conditions have brought about some 
progress in this direction. Surely few peo
ple nowadays would consider it necessary 
to "resolve," as did the lady in Dryden's 
play, to "look young till 40." 

HOW far deterioration and natural 
death can be pushed back is still a 

matter of debate. Most conservative physi
ologists would grant that health and vigor 
can last to the age of 100. The enthusiastic 
Russians, who have recently been prob
ing the secrets of age with great energy, 
would set the limit above 150. Verdi com
posing F alstafJ at 80, Edison taking out 
his 1,033rd patent at 81, Oliver Wendell 
Holmes in service on the Supreme Court 
bench at 90, Titian painting Christ 
Crowned with Thorns at 95 are only a few 
of many authenticated examples that 
show that years alone need not dull the 
highest powers of the human organism. 
What nature can do for some, science can 
learn to do for all. 

-

Florence Moog is assistant pro
fessor of zoology in Wash
ington University at St. Louis. 
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��IF A SLAVE 

GIRL FLED • • • 

Being an account of how the law code of Lipit-Ishtar, 

a SUlnerian king who ruled 19 centuries before Christ, 

was found to antedate t�e code of the great Hammurabi 

X1ERICANS are often described as 
megalomaniacs whose chief desire is 
to construct or own the fastest vehi

cle, the tallest building, the most expen
sive painting or the fattest bank account. 
Perhaps this description contains a par
ticle of truth. If so, it is ironical that for 
almost half a centnry America has been 
the possessor of a superlative treasure of 
which it has not even been aware. This 
prize, only recently discovered in a dusty 
archaeological storeroom, consists of a 

hand ful of ancient Babylonian clay frag
ments that were originally unearthed 
nearly 50 years ago at the site of ancient 
Nippur. Now deciphered, these priceless 
tablets turn out to be one of the world's 
two oldest law codes. (The other. just re
ported from Iraq. is said to be a genera
tion or two older.) The tablets show that 
history's first great law codifier was not 
Hammurabi, as long supposed. An earlier 
Babylonian king named Lipit.lshtar wrote 
a law code which preceded Hammurabi's 
by a century and a half. 

News of this possession. though hardly 
likely to evoke a general celebration, is 
nonetheless of considerable interest to 
others besides archaeologists. The average 
man understandably lacks a highly de
veloped appreciation of such an exotic 
thing as a law code. His interest is 
awakened only on such occasions as he is 
accused of an infraction of the local 
Motor Vehicle Code and finds it necessary 
to pay for his experience, or when he is 
forced to grapple with the intricacies of 
a tax or price code. By and large he is 
content to leave the law to barristers. Yet 
the history of law is the history of society, 
and everyone interested in that history 
is familiar, at least by name. with the 
works of a few of the greatest lawgivers: 
the Corpus Juris of Justinian. compiled 

THE LAW CODE of Lipit-Ishtar 
was written in cuneiform on a tablet 
11 inches high and nine wide. Of it 
four slllall fragments rcmain, two of 
which are glued togeth

'
er. Herc the 

fragments are arranged in the posi
tions they occupied in thc original. 

by Francis R. Steele 

in 529 A.D.; the Hebrew laws of Moses, 
laid down in the second millennium B.c., 
and the celebrated code of King Ham-

. murabi, inscribed in Babylonian cunei
form at the beginning of the seventeenth 
century B.C. Discovery of the law code of 
Lipit-Ishtar, to which Hammurabi was in
debted for parts of his code, now sheds 
new light on the origins of human law. 

Our knowledge of the history of early 
Near Eastern civilization depends in large 
measure upon the inscribed records un
earthed by the modern excavator's spade. 
These records stretch back to the close of 
the fourth millennium B.c., when the 
Sumerians invented a simple pictographic 
system of writing. This simple script was 
soon modified and developed into the com
plex yet more flexible syllabic cuneiform 
script in which the writings of the great 
Babylonian and Assyrian Empires were 
cast. The earliest documents reveal to us 
a highly intricate society with detailed 
regulations for family relations, com
merce and government. The picture is by 
no means complete, since only a small 
fraction of the original material has been 
recovered. Our knowledge grows as each 
new piece of information is added. 

The reconstruction of the Lipit.lshtar 
code rests chiefly on four small pieces of 
an ancient clay tablet. These four pieces 
were among more than 30,000 tablets and 
fragments dug up at the turn of the centu
ry in the famous Nippur excavations by a 
University of Pennsylvania group which 
made the first full.fledged archaeological 
expedition to the Near East from Ameri
can shores. The curious fact is that the 
Lipit-Ishtar fragments were actually 
brought to this country at least two years 
before the Hammurabi code was un
earthed, but their story remained undis
covered for many years after the 
Hammurabi stele (pillar) was accepted 
as containing the oldest law code. 

The four fragments lay unnoticed 
among thousands of others from the Nip
pur expedition in the University of Penn
sylvania Museum until the Museum 
decided several years ago to sort and 
catalog all the unclassified inscriptional 

material in its Babylonian collection. 
Similarity in script, composition and con
tent suggested that the four pieces be
longed together. They were evidently 
parts of a single original tablet. They 
appeared to deal with Sumerian law, but 
this in itself was not remarkable, since 
Sumerian laws had been found on pre
viously discovered tablets. The signifi. 
cance of this particular tablet emerged 
only after a careful study and translation 
of the fragments. 

One of the first hints that the tablet 
represented something more than a ran· 
dom collection of laws was the discovery 
that part of the text was in a style differ· 
ent from the rest. In the left· hand columns 
of two fragments, short literary phrases 
were recognized. Further examination reo 
vealed the names of the Sumerian gods 
Utu (the sun god) and Enlil (the chief 
god of Sumer and tutelary deity of Nip
pur) . Then, in the next to last column of 
one fragment, an entire sentence was 
translated: 

"Verily, in accordance with the true 
word of Utu, I caused Sumer and Akkad 
to hold to true justice. Verily, in accord
ance with the pronouncement of Enlil, I, 
Lipit.lshtar, the son of Enlil, abolished 
enmity and rebellion." 

. 

The name of the king, Lipit·lshtar, 
would not be expected in the text of a law. 
It was at once clear that this section must 
be the official epilogue of a complete law 
code. Later, part of Lipit-Ishtar's name 
was discovered in the first column of the 
reverse side of one of the fragments. It 
appeared to be part of a prologue. Con· 
firmation of this hypothesis was soon 
forthcoming. Thorkild Jacobsen, director 
of the Oriental Institute of the University 
of Chicago, called my attention to a tablet 
in the Louvre Museum in Paris which had 
been published some years before by de 
Genouillac as A Hym.n to Lipit-/shtar. 
Jacobsen suggested that the Louvre tablet 
actually contained the prologue to our 
law code. This indeed proved to be the 
case; the text of the Louvre tablet fitted 
into our broken text. It had in all likeli· 
hood been copied from our complete tablet. 
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Thus it was established beyond ques· 
tion that we had a formal law code, 
which, like the later one of Hammurabi. 
began with a prologue and ended with an 
epilogue. 

Its date in relation to Hammurabi's 
code can be fixed, with reasonable assur· 
ance, within a few years. Lipit.lshtar's 
reign ended 129 years before Hammurabi 
became king of Babylon. Hammurabi 
erected his famous code stele no earlier 
than the 35th year of his reign. Hence 

Sumerian style and legal terminology. I 
discovered that more than half of the pre· 
viously known Sumerian laws came from 
three tablets, also in the possession of the 
University of Pennsylvania, which the 
Assyriologist Henry F. Lutz had pub. 
lished nearly 30 years ago. Since both the 
Lutz tablets and our code fragments had 
been dug from Nippur and appeared to 
date from approximately the same period, 
there was a presumption at least of some 
connection between them. Further study 

FRAGMENTS ARE ASSEMBLED in tablet reconstruction. About 400 lines 
of the original text have been recovered. Of this about half is written on 
thesc picces, the rest on the copics madc by studcnts practicing cuneiform. 

Lipit.lshtar's code is at least 164 years 
older than Hammurabi's and may be as 
much as 175 years older, since we do not 
know in which year of his 11.year reign 
Lipit.lshtar compiled his code. Its abso· 
lute date can only be approximated, for 
we do not have exact dates for the kings 
of Babylon. Within the past few years 
new evidence has lopped several hundred 
years from the dates previously assigned 
to them; the accession year of Hammu· 
rabi, which in 1900 was reckoned as 2342 
B.C., is now estimated as 1728 B.C. So 
from the current evidence we may roughly 
date Hammurabi's code in 1690 B.C. and 
Lipit.lshtar's in 1865 B.c. 

To prepare for the task of deciphering 
and translating the four ppit·lshtar frag. 
ments, it was necessary to study all the 
previously published examples of Sume· 
rian law and become familiar with 
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showed that a very intimate connection 
did indeed exist. When I began to copy 
and transliterate the texts of the new 
fragments, I soon discovered that they 
paralleled the Lutz texts verbatim at 
several points. Six points of contact where 
the two sets of texts overlapped each 
other were established. I found that by 
means of these clues all four of the code 
fragments could be placed almost exactlv 
in the positions they had occupied in the 
original unbroken tablet. Thus the tablet 
was reconstructed, as the illustration 
shows, with gaps left for the missing text. 

The size of the tablet was determined 
from the shapes of the fragments and 
comparison of the overlapping texts. It 
was found, for example, that there were 
53 lines of text in the Lutz tablet between 
a given line in one column and the adja. 
cent line in the next column of one of the 

code fragments, indicating that each 
column in the code tablet was 53 lines 
high. The curvature of the largest piece 
in the Lipit.lshtar code (made up of two 
fragments that had been glued together) 
indicated that the midpoint of the com· 
plete tablet lay between the fifth and sixth 
columns from the left· hand side. It was 
therefore clear that the original tablet 
was 10 columns wide and had a total of 
20 columns of text on both sides. Measure· 
ment of the average number of lines per 
inch and the average width of columns on 
the code tablet showed that the complete 
tablet was 11 inches high by nine inches 
wide. 

T
HE Lutz tablets, while they paralleled 
sections of the code, were evidently not 

complete texts. How can they be ac· 
counted for? People do not ordinarily 
amuse themselves by copying sections of 
a law code. There is, however, an entirely 
plausible explanation. The city of Nippur, 
as we know from countless other records, 
was one of the chief cultural centers of 
Babylonia throughout its history. It had 
a large library of literary and historical 
records and a thriving scribal school in 
close association with this library. Hun· 
dreds of literary and historical texts have 
been excavated from Nippur. With these 
have been found hundreds of so· called 
school texts, in which we find sign lists 
and exercises written by pupils in the 
scribal school who were learning the 
cuneiform characters of the Sumerian and 
Babylonian languages by copying docu· 
ments. 

Since Nippur, as one of the chief cuI· 
tural centers, must have possessed an 
official copy of the law code of Lipit. 
Ishtar, it is likely that students were as· 

signed sections of the code to copy as 
exercises in cuneiform writing. If we may 
assume this much, we can surmise that tbe 
Louvre tablet represents a school exer· 
cise by a pupil who copied on the small 
tablet he was using only the code pro· 
logue, and that the Lutz tablets were writ· 
ten by students copying sections of the 
code as advanced lessons in writing 
Sumerian law. Fortunately for us, both 
the school copies and the code fragments 
were recovered, for otherwise we would 
have no idea of the size of the complete 
code tablet nor of the arrangemen t of the 
legal material within it. On the other 
hand. the scientific value of the school 
texts is materially enhanced by their asso· 
ciation with the code fragments for, as a 

result, the laws they contain are shown tn 

be part of a specific code from a definite 
period in history rather than an arbitrary 
selection of Sumerian laws at random. 

The law code of Lipit.lshtar probably 
consisted of some 100 laws, running to an 
estimated 1.200 lines of text. This is abont 
a third the length of the Hammurabi code, 
which runs well over 3.600 lines and con· 
tains about 300 laws, of which 250 have 
been preserved. (The others' were erased, 
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presumably to make way for an inscrip
tion, by the Elamite conquerors of Baby
lon_) 

We have recovered about 400 decipher
able lines of the Lipit-Ishtar code_ 
approximately a third of the complete 
documenL This includes 80 lines of in
telligible prologue, 60 lines of epilogue 
and the texts of 35 laws. About half of 
our available text is supplied by the four 
code fragments, the rest by the Lutz and 
Louvre tablets. 

The translation of the Sumerian code 
has not been completed and the full mean
ing of many of its passages is still far 
from clear. But some preliminary com
ments can already be made on likenesses 
between the code of Hammurabi and that 
of Lipit-Ishtar. The structure and general 
character of the Babylonian paragraphs, 
as well as the fact that both codes have 
prologues and epilogues, give us good rea
"on to suspect that the Hammurabi code 
was framed upon the Lipit-Ishtar pattern. 
Both royal codifiers cited the same gods, 
Enlil and An (the heaven god) as their 
sponsors in the giving of law. Both kings 
ascribed to the sun god (Utu in Sumerian, 
Sham ash in Babylonian) the ultimate 
authorship of law and justice. The epi
logues of both codes bear similar passages 
which promise blessing to the man who 
will respect the legislation. and invoke 
curses from the gods upon that man who 
ignures the law. alters the inscription or 
damages the monumenL In sum, the law 
code of Lipit-Ishtar displays a precedent 
of form and structure that was more or 
less closely followed by later lawgivers, 
including Hammurabi. 

The two codes were alike not only in 
form but in the substance of their laws. 
To be sure, few instances have been found 
in which they exactly duplicate each 
other, but most of the laws in the frag
mentary Sumerian code have either close 
parallels or at least analogues in the 
Babylonian code. In some case, the two 
codes are almost identical: 

LIPIT-ISHTAR 
"If a man cut down 
a tree in [another] 
man's garden, he 
shall pay one half 
mina of silver:' 

HAMMUB.ABI 
"If a man cut down 
a tree in [another] 
man's garden with
out [the knowledge] 
of the owner of the 
garden. he shall pay 
one haH mina of 
�ilver.'· 

"If a man rented an "If a man rented an 
f,X and destroyed its ox and destroyed its 
eye, he shall pay eye, money [equal 
one half the price:' to] half of its price 

he shall pay to the 
owner of the ox." 

Where parallels between the two codes 
exist, there are differences in wording. 
some slight. some considerable, but the 
substance of the law usually remains the 
same. On the other hand. some of Lipit
Ishtar's laws have no counterpart in the 

TRANSLATION of the text IS 

matched against the corresponding 
passages in the original cuneiform. 

Hammurabi code. Two examples are: 

"If a man entered the garden of 
[another] man and was seized there for 
theft, he shall pay ten shekels of silver." 

"If the slave-girl or slave of a man fled 
into the heart of the city and dwelt in the 
house of [another] man for one month 
and it is confirmed, slave for slave shall 
be given. If he has no slave, he shall pay 
fifteen shekels of silver." 

As to why these laws disappeared in the 
interval between Lipit-Ishtar and Ham
murabi. or why the latter failed to include 
them in his code. we do not know: The 
Lipit-Ishtar fragments are still in process 
of translation. Wben tbis is completed, 
we shall have additional data regarding 
the differences between Sumerian leO"al 
concepts and those of the Babylonian; a 

century and a half later. 

F
OB. nearly balf

.
a century the n�od�rn 

world has credIted Hanunurabl WIth 
the institution of codified law. Now, with 
the discovery of the Sumerian law code, we 
Hre able to push the history of codified 
law back nearly two centuries. No one 
doubted that laws existed before Hammu
rabi, for legal clauses bad been found in 

business documents written several centu
ries before his time. In fact, it is quite like
ly that earlier codes were even compiled. 
The importance of the new discovery of 
the law code of Lipit-Ishtar, however, may 
well lie in the light it throws upon the 
"ocial development of lower Mesopotamia 
in the first haH of the second millennium 
B.C. It gives us further information about 
Sumerian culture and the role of this 
people in man's early history. It appears 
that we should now add tbe codification of 
law to the long list of known Sumerian 
achievements. 

There is a passage in the Lipit-Ishtar 
prologue tbat furtber whets our interest. 
The king, describing a possible mutilator 
of the code text against whom he invokes 
tbe curses of the gods. says, " ... he enters 
the storehouse_ cuts down its pedestal. 
erases its inscription and writes his own 
name thereon ... " This suggests that the 
Lipit-Ishtar code. like Hammurabi's. was 
inscribed upon a permanent monument. It 
is not at all unlikely. therefore. that buried 
somewhere in southern Mesopotamia, 
perhaps in the capital city of Isin, the 
original monument or stele containing 
the Sumerian code of Lipit-Ishtar lies 
awaiting the excavator's spade. 

• 

Francis R. Steele is Assistant Cura
tor of the University of Pennsylva
nia Mlls/'ll/n's Babylonian Sec/ion. 

"If a son-in-law has entered 
the house of his [prospective] 
father-in-law and has made 
his betrothal-�ift and after
wards they made him go out 
[of the house] and gave his 

wife to his companion; they 
shall present to him the be
trothal-�ift which he In'ought 
and that wife may not marry 
his com panion." 

"1£ a man rented an ox anrl 
damaged its eye, he shall pay 
one half the price." 
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lVHITE PINE 
Once king of the prinleval forests from Maine 

to noble conifer has exerted Minnesota, the 

powerful influence a In Anlerican history 

by Donald Culross Peattie 

F
OR three hundred years, until well 
after the turn of the present century, 
White Pine was unrivaled as a 

timber· producing tree. I will also venture 
to say that no other tree in the world has 
had so momentous a career. Certainly no 
other has played so great a role in the 
life and history of the American people. 
Fleets were built to its great stands, and 
railroads bent to them. It created mush· 
room fortunes, mushroom cities. Earlier, 
it was a torch in the hands of American 
liberty. Though now it has fallen dra· 
matically from its high estate to a modest 
place among the other conifers, its saga 
is worth recalling. 

As a botanist, let me then formally in· 
troduce the hero of this saga. You may 
distinguish it at a glance, almost as far as 
it can be seen, by its pagoda.like outline 
and habit of growth. The whorled 
branches grow in well.separated tiers, 
like successive platforms of a tower. This 
structure is as clearly marked in very 
young specimens as in the oldest, though 
it is less obvious in dense groves where 
the older, lower branches have died and 
the congested crowns are deprived of full 
development. The persistent smoothness 
of the smoke· gray or dark slate·colored 
bark is also a unique trail. No other of 
our pines has such tardy formation of 
heavy bark; it finally appears in furrows 
at the bases of old trees, with rough 
ridges between the furrows, the ridges 
built up of purplish scales. 

Unlike all our other pines, the White 
Pine has five needles in a bundle (or 
sometimes four, in the southern Ap. 
palachians). This enables one to recog· 
nize at a glance even a detached twig. The 
needles have a silky feel in the fingers
slim, smooth, sofL They are distinctive 
with their white bands of stomata which 
give a slightly glaucous cast to their deep 
blue· green color. 

The cones, too, flexible and often sinu
ous, are unlike all others in our region. 

VIRGIN FOREST of White Pine 
near Wan-en, Pa., is one of the very 
few stands that escaped devastation. 

They are unique in being pendant on 
short stalks, in their length and slender. 
ness, and in the leathery thinness of their 
unarmed rounded scales of a pale brown 
hue. The male catkins, of a bright pale 
yellow, are clustered at the ends of the 
twigs. The female conelet appears pink. 
ish, with purplish scales. In one season 
the conelet ripens into the cone, which by 
October is mature and sheds its seeds on 
the winds. The foliage, however, persists 
two years, finally turning yellow and fall· 
ing when pushed off by the new growth. 

The White Pine is· a northern species. 
ranging from Newfoundland to Manitoba 
an d south to Iowa. northern Illinois. cen· 
tral Indiana, east�rn Ohio and Pennsyl. 
vania. Thence it nllls south on the Ap· 
palachians to Georgia. In North Carolina, 
where it is found chiefly on the BIue 
Ridge, it grows up to an altitude of 3.800 
feet. It is at its best above 2,800 feet, in 
the high cool coves. 

In the aboriginal American forest, 
White Pine was perhaps the most abund· 
ant species throughout its range in :\lew 
England, New York, Pennsylvania. Michi· 
gan, Wisconsin, Minnesota. and many 
parts of New Brunswick and Quebec. Over 
vast areas it formed pure or nearly pure 
slands, or it had only red pine for an 
intimate associate, according to the testi· 
mony of early "land lookers" (or timber 
cruisers, as we would say now) . The fact 
that today in those same localities it is 
intermixed with spruce, balsam, aspen, 
hemlock, canoe birch, gray pine, and 
many other North Woods species. only 
means that the kingdom which White Pine 
once held as its own has been invaded, 
since the days of the sawmills. by an in· 
flux of trees that once were its humble 
subjects. Much of Pennsylvania and 
almost all of New York outside the Adi· 
rondacks-so it has been asserted-was 
one vast White Pine forest. Pioneers used 
Lo say that a squirrel could travel a squir. 
reI's lifetime without ever coming down 
out of the White Pines; and save for the 
intersection of rivers this may have been 
but slight hyperbole. When the Illale 
flowers bloomed in these illimitable pin. 
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THE ORIGINAL FOREST of White Pine covered what 
is now the U.S. from Maine west to Minnesota and south 
to Georgia and Alabama. Colonial woodsmen worked 

principally in the forests-o£ southern New England. The 
great mills of the nineteenth century moved north to 
Maine and west to Michigan and, finally, to the soulh. 

eries, thousands of miles of forest aisle 
were swept with the golden smoke of 
their reckless fertility. Great storms of 
pollen were swept from the primeval 
shores far out to sea and to the supersti
tious sailor seemed to be "raining brim
stone" on the deck. 

Nor can one easily conceive, from the 
second growth that is almost all that is 
left to us, of the toppling height of the 
virgin White Pines. Trees 150 feet tall 
astounded the first settlers and explorers; 
80 feet or more of the trunk of such a 
specimen might be free of branches and 
marvelously straight and thick. On the 
present site of Dartmouth College a speci
men 240 feet in height was measured. 
This would surpass anything in the east
ern United States and would do credit to 
the Douglas fir of the West, and even the 
redwood. Similar heights were recorded 
from Maine, Quebec, New Hampshire and 
both eastern and western New York in 
pioneering times. How many others were 
felled. unmeasured or unrecorded_ we 
cannot know. It was possible for the old 
land lookers to climb some lofty spruce 
and from its top sight these mighty groves 
miles away on the horizon-"clumps," 
they called them, or "veins of pine" run
ning like sighing rivers through the 
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primeval forest. A branch was thrown 
down on the ground to point the direction 
of the groves, and the way was then 
found through the trackless wilderness 
by compass. 

T
HE first account in English of this 
tree appeared in John Josselyn's Ac

count of Two Voyages to New England 
(1674): "The Pine-Tree . . .  is a large 

Tree, very tall, and sometimes two or three 
fad om about; of the body the English 
make large Canows of 20 foot long, and 
two foot and a half over, hollowing of them 
with an Adds and shaping of the outside 
like a boat." But White Pine had un
doubtedly been carried to Europe by the 
earliest navigators in Canadian waters. 
Before the middle of the sixteenth cen
tury it was growing at Fontainebleau, and 
was mentioned then by the French natu
ralist Belon. 

In 1605 Captain George Weymouth of 
the British Royal Navy sailed his vessels 
up one of the Maine rivers and, perhaps 
first of the Englishmen, he got more than 
a coasting sailor's look at the White Pine. 
He took away with him specimen logs of 
mastwood, and seeds or young trees. These 
were planted at Longleat. estate of Thom
as, Viscount Weymouth, second Marquis 

of Bath, since when the English have 
called our tree the Weymouth Pine. But 
it has never proved adaptable to the Eng
lish climate. Only in its own country was 
White Pine destined to a great role. 

Certainly it was the first gold struck by 
the New England settlers. The exploita
tion began immediately and was so in
tensive that it was soon necessary to pass 
our first forest conservation laws. Not 
that anyone then could have envisaged the 
day when the virgin stands would all be 
gone, so vast and dense was White Pine's 
empire; but the wastefulness in the mills 
began with the first one (built about 1623, 
at York, Maine) and was never to cease 
while the virgin timber lasted. 

It was not the wood requirements of the 
puny colonies that threatened this great 
resource, but the fact that, aside from fish 
an d furs, timber. was the only great ex
port of early New England. Within 30 
years she was selling her White Pine not 
only to England but to Portugal, Spain. 
Africa. the West Indies and ultimately 
even to densely forested Madagascar. 

How one could sell trees to jungle 
countries can only be explained by re
calling that most tropical timbers are 
heavy and hard; they lack the qualities 
of lightness and softness in which the 
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White Pine excels. Weighing only 25 
pounds to the cubic foot, dry weight, it 
is the lightest of all the pines of eastern 
America, yet in proportion to its weight 
it is strong. It could be had in solid 
"sticks" of prodigious lengths for the 
masts of sailing ships. 

Certainly no wood light enough and 
-lrong enough for masting was grown in 
Europe in such lengths. And England, 
mistress of the seas and forever at war 
with the other navies of the world, had 
no mastwood at all. She pieced together 
her proudest masts out of Riga fir (also 
Scots pine or Pinus sylvestris). But Prus· 
,ia. Russia, and Sweden held monopolies 
in it upon which England was dependent, 
to her own great discomfort. The Danes 
had only to close the Baltic Sea to cut 
off her supply entirely. So the arrival of 
the first White Pine masts created a sensa· 
tion in the Navy Board. Contracts were 
let at once to American agents like the 
Wentworth family of New Hampshire 
and, with great mast sticks selling at 
flOO apiece, it is no wonder that the 
'iVentworths grew rich and occupied a 
position of political power commensurate 
with their wealth. 

I
N the meantime other colonists also 

were growing rich. A great three· 
cornered trade was set up when, in all· 
pine ships of their own construction, the 
New England merchants exported White 
Pine to the Guinea coast of Africa. 
shipped on a load of slaves. sold them 
into bondage in the West Indies, loaded 
up with sugar and rum, and finally raised 
sail for Portsmouth, Boston, Newburyport 
or Salem. Of White Pine boards, and of 
the wealth that carne from this trade, were 
built the quiet mansions of the seaport 
cities, the dignified doors, the exquisite 
fanlights. As tastes grew more sumptuous, 
exchanges were made direct with the West 
Indies: light, utilitarian pine was ex· 
changed directly for heavy Santo Do· 
mingo mahogany that was made into the 
most elegant  of early American furniture. 

More and more the New England sail· 
ing ships came to be decorated by the 
famous American wood carvers with fig. 
ureheads of a very special sort of White 
Pine, so smooth and soft of grain that it 
could be cut with almost equal ease in 
any direction. The woodsmen called it 
"pumpkin pine," contrasting it with the 
coarser· grained "sapling pine." To the 
lumberman, as to the wood carver, the dis· 
tinction was profound. They asserted that 
sapling pine had more sapwood and that 
its trunk tapered more from base to crown, 
while the pumpkin grew on uplands and 
"held its contour better." Botanists and 
foresters today believe that the difference 
was a matter of age; they point out that 
in our day of second·growth pine, pump
kin is almost unobtainable; it was a 
product of centuries of undisturbed virgin 
timber growth. 

Few historians mention it, but White 

Pine was one of the chief economic and 
psychological factors in the gathering 
storm of the American Revolution, at least 
in New Hampshire and Maine. It is also of 
more than historical interest. for the con
test of Great Britain and her American 
colonies for pine masts engaged forces 
that are still locked in struggle over the 
trees of America, however much the 
values and shibboleths may have changed. 
These are the forces of conservation and 
of exploitation, each with its rights and 
its com pulsions. 

The trouble began in the reign of Wil
liam and Mary, when by decree those mono 
archs began to reserve the grandest speci
mens for the use of the Royal Navy. In 
her desperate timber shortage, and her 
endless wars to rule the seas. the mother 
country naturally looked on aghast when 
pioneers, advancing far beyond the land 
grants into the "crown lan·ds" or public 
domain, chopped down or even burned 
down the finest trees along with the least, 
simply to farm the land. It seemed to the 
British that they were fighting the Em
pire's battles for the colonists as well as 
the home country; they could n ot under
stand what looked to them like the greed 
and shortsightedness and refractory spirit 
of the American pioneers. 

To the colonists the same facts looked 
entirely otherwise. What the Crown called 
crown lands, reserved to His Britannic 
Majesty perhaps for sale to London land 
speculators, appeared to the Americans 
then as the wilderness was to appear for 
centuries-as Indian country, theirs for 
the taking. Unexploited, it was at once an 
impregnable fortress for cruel savages and 
the repository of vast wealth desperately 
needed by a struggling people. The man 
who could find his way into the primeval 
forest 50 miles beyond the nearest settle
ment, cut down gigantic pines, "swamp" 
them with boom and tackle to the river, 
ride and pole them down the whirlpools 
an d falls to a secret market in another 
colony was, whatever else you called him. 
a man indeed. And as for masts for the 
wars of the English, the colonists had their 
own wars with the Indians. and felt capa
ble of winning them if not called on to 
help fight Spain and Holland and France. 

So one law, proclamation, or royal in
struction after another was passed to re
strain the colonists from what on one side 
of the Atlantic was called timber-stealing 
and on the other was considered practical
I y the Lord's work. John Wentworth, baron 
of the New Hampshire pineries, later to 
become the last royal governor of that 
colony, was made Inspector General of 
His Majesty's Woods in America, possess
ing authority to mark for the Navy Board 
every great pine in America with a blaze 
known as the King's Broad Arrow. Tact
fuL cultivated. genial, he was a conscien
tious servant of his king. But though he 
was personally liked by his fellow Ameri
cans, the King's Broad Arrow infuriated 
the pioneel-, as the Stamp and Townshend 

NEEDLES of White Pine, unlike 
those of other pine species, hang 
five, and sometimes four, in a bunch. 

CONE of White Pine is flexible and 
sinllous, hanging from a short stem. 
Its scales are thin and pale brown. 
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acts infuriated the merchant, as the tax on 
tea infuriated the city dweller. Not for this 
did the woodsman fight his way into the 
wilderness to make himself a home-only 
to find that his trees, as he thought of 
them, had been branded with that hateful 
symbol of royal privilege. No wonder that 
he chopped them down, obliterated the 
blaze, sawed the giants into smaller 
lengths and floated them down the Con· 
necticut River to New London or some 
other Sound port for sale and export, per· 
haps to England's enemies. 

The Crown retaliated. In 1761, it in· 
structed the royal governor that in all 
future land grants a clause was "to be 
inserted to reserve all white or other Sort 
of Pine Trees fit for Masts, of the growth 
of 24 Inches Diameter and upwards at 12 
inches from the Earth, to Us our Heirs & 
Successors, for the Masting of our Royal 
Navy, and that no such Trees shall be cut 
-without our Licence-on Penalty of the 
Forfeiture of such Grant. & of the Land 
so granted reverting to the Crown; & all 
other Pains and Penalties as are or shall 
be enjoined or inflicted by any Act or Acts 
of Parliament passed in the Kingdom of 
Great Britain." 

To make matters worse, a spy system 
was set up against those who cut trees in 
violation of these instructions, the spy to 
receive the land grant of the lawbreaker. 
In retaliation, the pioneers disguised them· 
selves as Indians and did their cutting at 
night. A law decreeing that all using such 
disguises to cut trees should be flogged 
had no known deterrent effects. American 
officers would not arrest other American;: 
for breaking British forest laws made in 
Britain for the sake of Britons. nor would 
juries convict them, nor judges impose 
sentences. British agents drove the loggers 
from their homes and burned their saw· 
mills, but the loggers had their own laws 
-"swamp law" they called it-and the 
territory was not healthy for agents un· 
accompanied by troops. 

W
HEN the storm of the Revolution 

broke. the Americans foresaw that 
their own White Pines might come back to 
them as the masts of armed ships, bring. 
ing armed men. In 1774, Congress stopped 
the export of everything, mastwood in· 
c1uded, to Britain. In April 1775, after 
Lexington had been fought, the lumber
men were patriots to a man. A British 
agent and his mastwrights were captured 
on the Kennebec River with several masts. 
When the armed ship Canceau sailed into 
Falmouth, Maine, to protect a Tory rigging 
and fitting of the mastship Minerva, Maine 
men drove her off. Putting to sea, the men 
of Machias overtook the armed ship Mar
garetta, boarded and captured her and 
fitted her out as a privateer. In revenge, 
the British flattened Falmouth to earth 
with shot. Down at Portsm6uth the patriots 
seized the great masting pools on Straw
berry Bank. The last cargo of American 
White Pine reached England shortly after 

52 

Bunker Hill. From then on, the British 
fought on sea with heavy, jointed masts 
of Riga fir, while coasting within sight of 
pines that would have enabled their ships 
to fight on equal terms. 

The first flag of our Revolutionary 
forces bore for its emblem a White Pine 
tree. But out of Portsmouth on Novem· 
ber 1, 1777, sailed the Ranger of Captain 
John Paul Jones, fitted with three of the 
tallest White Pine masts that ever went 
to sea, and from the mainmast fluttered 
the Stars and Stripes. 

The Revolution won, the New England
ers turned to their pineries as the richest 
natural resource they had. This is not the 
place to tell the story of White Pine 
lumbering, the greatest chapter in the 
history of any nation's forests. There is 
an extensive literature of the American 
lumberj ack, the old-style lumber baron, 

"RANGER" of John Paul Jones car
ried the three tallest White Pine 
masts when she put to sea in 1777. 

the whirlwind exploitation, romanticized 
in such classics as John S. Springer's 
Forest Life and Forest Trees (1851) ; be
moaned by Thoreau in our most beautiful 
forest idyll. The Maine Tf7 oods; detailed 
jn some 1,200 pages in Defebaugh's un
finished monument, The History of the 
Lumber Industry in America; recounted 
with gusto for the Rabelaisian details in 
Stewart Holbrook's Holy Old Mackinaw; 
keened as a wake in his Burning an Em
pire; and exposed in all its grime of ruth
less waste. greedy exploitation. bribery. 
corruption. labor wars and timber thefts 
in The Great Forest by Richard G. Lillard. 
To sum up a mighty epic in a few lines: 
it was under the boughs of the White 
Pine that there evolved the greatest woods
man the world has ever seen, the American 
lumberjack (though much of the time he 
was a Finn. Dane, Swede, Norwegian, or 
Russian by birth) . He was an embodiment 
of the Paul Bunyan legend, a hero of 
courage and skill amidst toppling giants 
and river jams_ a demon of accelerating 
destruction. The industry built fortune 
after fortune. acquired by ruthless ex
ploitation and spent, in many a case, with 
the highest benevolence. It evolved ever 

new methods, ever higher efficiency, in· 
c1uding efficiency at waste and at lobbying 
and holding the forces of conservation at 
bay until the end of the northern pineries 
was reached. 

I
N the days of its greatest utility and 

exploitation, White Pine gained its im· 
portance from factors partly environ
mental. partly inherent in the special 
properties of its wood. Most of the White 
Pines grew in a region of heavy snowfall. 
so the logs could be inexpensively sledded 
with oxen power to the river. The profu
sion of rivers made transportation to the 
mill easy. Add to this the extreme light
ness of White Pine that greatly aids it 
in flotation. Heavy logs like white oak or 
black locust can be floated with much 
less success. The great abundance of the 
forest and the continuity of its stands 
made it possible to develop a concentrated 
industry, with mass production and mas� 
marketing and correspondingly cheap 
rates to the consumer. Then, too, the old
time lumberman was able to operate. in 
successive localities, on virgin timber. 
This yielded a much finer grade of wood
longer, smoother, free of defect and knot. 
and more easily worked than any second 
growth can ever be. 

In the 300 years of its exploitation 
White Pine. more than any other tree_ 
built this nation, literally and figuratively. 
It would be impossible here even to list all 
the uses of White Pine, the most generally 
useful wood our country has ever pos
sessed. They range from the paneling of 
fine old colonial interiors to the famed 
bobsleds of New England. from hobby 
horses to the annual 72 million board feet 
of this now precious wood which was still 
being split into matches in the year 1912. 
(Westem White Pine has now taken over 
the burden of matchwood.) According to 
Fran�ois Michaux, by 1805 half a million 
American homes were built of White Pine. 
These were the frame houses that are our 
most typical form of dwelling, save in 
great cities. from Maine to Florida and 
west as far as White Pine was ever 
shipped on the treeless plains-houses 
viewed with amazement by foreigners, ac
cepted complacently by natives. No other 
wood served so well for window sash ma
terial; it could be moved a t a touch of the 
hand, yet it did not warp. No other fur
nished such great clear boards for doors 
and interior finish. In every sort of mill
work White Pine reigned supreme while 
it lasted. It was the favorite material for 
heddles of looms, since the weaver had to 
lift or lower the heddle for every thread 
that went into the woof. Because it is so 
light, smooth, easily planed and polished, 
untold amounts of cheap furniture have 
been made of it. It takes paint and gilt 
better than almost any rival. 

The number of shingles made of White 
Pine for the roofs of American homes is 
beyond calculation. In one 24-year period, 
Michigan, Wisconsin and Minnesota pro-
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duced 85 billion. For two centuries they 
were hand-rived with a drawing knife. An 
expert (and he was an artist at his pro
fession) could rive 500 a day and earn 
a dollar doing it. He professed to know 
when a given specimen in the forest would 
rive well, but if he had any doubt he 
whacked out a big block from the standing 
tree to test its splitting qualities. If these 
were unsatisfactory, he simply permitted 
the tree to bleed its rosin from the cut, 
leaving thereby a wick that would ignite 
the tree to its crown in the next forest 
fire. "The pioneer custom in Kentucky of 
killing buffaloes for their tongues was 
little more wasteful than the primitive 
white pine shingle maker's procedure," 
say William Hall and Hu Maxwell in a 
1911 government bulletin on the uses of 
commercial woods. "He used only the 
choicest parts of pine trees. The sa pwood, 
the knots, much of the heart, and practi
cally the whole trunk above the first 20 
feet were left in the woods to rot. It was 
not unusual to sacrifice a 3,000-foot tree 
to get 1,000 shingles-throwing away 
about fourteen-fifteenths and using one
fifteenth. The introduction of shingle
making machinery put a stop to that enor
mous waste, for the saws could make 
shingles of knots, slabs, tops, cross grains, 
and all else, from stump to crown. The 
old-style method of shingle-making died 
hard, for the shavers opposed the intro
duction of machines, and declared the 
ruination of the country would follow so 
radical a revolution in a widespread in
dustry." 

T
HE famed covered bridges of America 
were built of White Pine in preference 

to almost any other wood because of its 
long-lasting qualities and its lightness in 
proportion to its strength. Of this wood 
was built the bridge over the Charles 
River, connecting Boston and Cambridge, 
the same on which John Marshall deliver
ed his momentous decision in the Charles 
River Bridge case, dealing a blow at mo
nopoly. The Delaware River bridge at 
Trenton (where Washington had crossed 
through ice floes) and the aqueduct for 
the State Canal over the Allegheny River 
at Pittsburgh were White Pine structures. 
This aqueduct, considered a miracle of its 
day, was 16 feet wide and 1,020 feet long, 
with seven spans. It carried one water
course, and the commerce borne upon it, 
over another. 

"Many of the bridges in the interior 
of Pennsylvania and West Virginia, by 
which the old pikes crossed the numerous 
streams, were built of white pine," say 
Hall and Maxwell, "and it is said of some 
of them that no man had lived long enough 
to witness their building and their failure 
through decay. Some of these structures 
were marvels of efficiency. Extra large 
timbers were unnecessary. Though slight 
in appearance, they carried every load 
that came during periods often exceeding 
half a century. They were roofed-usually 

with white pine shingles-and were weath
erboarded with white pine or yellow pop
lar, and though painted only once or twice 
in a generation they stood almost immune 
from decay." 

In each state the White Pine brought 
sudden wealth; all the great rivers of 
northeastern America, except the Hudson 
with its alternating tides, were choked 
at one time or another with tremendous 
rafts of logs, each bearing its owner's 
mark or brand, like cattle going to mar
ket. The longest haul was from the piner
ies of Pennsylvania, 200 miles above Pitts
burgh, to New Orleans, 2,000 miles distant 
by the windings of the streams. One raft 
that passed Cincinnati covered three acres 
and contained a million and a half board 
feet of pine, valued at five dollars a thou
sand in Pittsburgh, at $40 a thousand in 

FIGUREHEAD of sailing ships was 
generally carved from "pumpkin" 
pine, wood of especially fine grain. 

the Creole capital. When the timber was 
gone, the farmer came in at a temporal 
distance of about 25 years. 

That is to say, the most rosy accounts 
pictured him as doing so. Actually 
much of the land could never be profit
ably farmed. Between the millions of 
stumps it was acid or rocky; in place of 
the forest giants of yesterday sprang up 
the aspen and spruce, the stunted, knotty 
gray pine, the brambles and the fireweed. 
Too often the end came in fire and smoke. 
Forest fires in northern Michigan in the 
1890's sent palls of smoke 200 miles down 
Lake Michigan to Chicago. The Peshtigo 
fire in Wisconsin killed more people than 
the great fire of Chicago that began on 
the same day. The story of what happened 
to Hinckley, Minn., is an almost unbear
able record of human agony. The end 
was miles of ashes, like a landscape of 
hell. 

By 1900 there was nowhere to turn for 
virgin White Pine except the southern 
Appalachians. And certainly there were 
some dense stands of White Pine in the 
high coves. Trees 150 feet tall were then 
known there. At Shady Valley, Va .. the 

yield reached an all-time record, for the 
South, of 100,000 board feet of White 
Pine to the acre. So here the industry 
turned for a last skid to the mills. Not 
that many of the old-time lumberjacks of 
Maine or Michigan came this way; they 
followed the lumber barons and the saws 
to the "big sticks" of Oregon. In the A p
palachians, the industry developed with 
local resident labor; no great lumber 
camps ever evolved. Everything that had 
given lumbering in the North Woods its 
characteristics was lacking in North Caro
lina; there was no snow, there were no 
rivers capable of carrying big logs, no 
great central mills. Instead, steep inclines, 
narrow-gauge railroads, migratory mills 
and stationary labor created a pattern 
far less picturesque, though not lacking 
in effectiveness. 

The wood also was different. Appala
chian White Pine is heavier and coarser 
tllan the northern grades, with a some
what reddish color. In consequence it has 
never commanded the high price of the 
best northern pine. The southern "boom" 
in White Pines lasted from 1900 to 1915. 

"No large region of virgin timber re
mains," said Hall and Maxwell in 1911. 
"It is not to be expected that this coun
try will ever again see the quality of this 
lumber it has seen in the past. The large, 
clear timber, such as once came from the 
northern pine regions, will never come 
from there again, because it was sawed or 
hewed from trees centuries old. It is too 
much to expect that forests of second 
growth will be permitted to attain that 
age or that the owners of trees will wait 
for them to attain a height of 150 and a 
diameter of 4 feet." 

T
ODAY the stand of White Pine is in 
the neighborhood of 14 billion board 

feet in the u.s. and 8,700 million feet 
in Canada. Maine, which was one of the 
first states to lose its paramount position 
in White Pine production, is once again 
the leading region in the U.S. This is 
because. the second growth has, after 
nearly a century, reached maturity. 

The glory and tragedy of the White 
Pine epic had its lessons and its lasting 
results. The "boom" was, in the nature of 
historical factors and economic and social 
pressures, inevitable. The "bust," by dra· 
matizing the situation as in the case of no 
other American tree, roused public opin
ion to the support of the conservationists, 
who had fought for years without allies. 
Though public opinion came too late to 
save the virgin White Pine, it made itself 
felt just in time to save a part of the great 
forests of the western states, to back 
Theodore Roosevelt and the Forest Ser
vice and National Parks in their battle 
with Congress and the lumber interests. 

• 

Donald Culross Peattie is a bota
nist and a writer on botanical 
and other scientific sub jects. 
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SRINIVASA RAMANUJAN 
The "profound and invincible originality" of the obscure 

Hindu mathenlatician who died in 1920 made possible one 

of the most prodigious feats in the history of human thought 

by James R. Newman 

I 
HAVE here set down. from the scanty materials available, 
a brief account of the poor Indian boy who became, as one 
eminent authority has written, "quite the most extraordinary 

mathematician of our time." Srinivasa Ramanujan died in 
India of tuberculosis on April 26, 1920, at the age of 33. Except 
among mathematicians, his name is almost unknown. He was a 
mathematician's mathematician, and as such. did not attract 
wide attention outside his field. But his work has left a memu
rable imprint on mathematical thought. 

There are two points which will provide the background for 
this sketch. The first is that, despite a very limited formal educa
tion, Ramanujan was already a brilliant mathematician when 
he came to England to study in 1914. On the foundation of a 
volume known as Carr's Synopsis of Pure Mathematics, the 
only book on higher mathematics to which he had access, he had 
built "an astounding edifice of analytical knowledge and dis· 
covery." The nature of Ramanujan's achievement is made clear 
on examining this one text at his disposal. While a work of real 
merit and scholarshi p, it was in fact no more than a synopsis of 
some 6,000 theorems of algebra, trigonometry, calculus and 
analytical geometry, with proofs "which are often little more 
than cross-references." In general the mathematical knowledge 
contained in Carr's book went no further than the 1860's. Yet 
in areas that interested him, Ramanujan arrived in England 
abreast, and often ahead of contemporary mathematical knowl· 
edge. Thus in a lone, mighty sweep he had succeeded in recreat· 
ing in his field, through his own unaided powers. a rich half 
century of European mathematics. One may doubt that so prodi
gious a feat had ever before been accomplished in the history of 
thought. 

The second noteworthy point is that Ramanujan was a 
particular kind of mathematician. He was not as versatile as 

Karl Friedrich Gauss or Henri Poincare. He was not a geome
ter; he cared nothing for mathematical physics, let alone the 
possible "usefulness" of his mathematical work in other disci· 
plines. Instead, Ramanujan's intuition was most at ease in the 
bewildering interstices uf the number system. Numbers, as will 
appear, were his friends; in the simplest array of digits he de
tected wunderful properties and relationships which escaped 
the notice of even the most gifted mathematicians. The modern 
theory of numbers is at once one of the richest, most elusive ann 
most difficult branches of mathematics. Some of its principal 
theorems, while self-evident and childishly simple in statement, 
defy the most strenuous efforts to prove them. A good example 
is Goldbach's Theorem, which states that every even number is 
the sum of two prime numbers. Any fool, as one noted mathe
matician remarked, might have thought of it; it is altogether 
obvious and, indeed, no even number has ever been found which 
does not obey it. Yet no proof which demonstrates its applica
tion to every even number has ever been adduced. It was in deal· 
ing with such problems as this that Ramanujan showed his 
greatest gifts. 

The late G. H. Hardy of Cambridge, a leading mathematician 
of his time. was professionally and personally closest to Ra
manujan during his fruitful five years in England. I have 
taken from Hardy's well·known obituary of Ramanujan 
and from his notable course of Ramanujan lectures at Harvard 
the bulk of the material to be fuund here; the rest comes from a 
brief biographical sketch by P. V. Seshu Aiyar and R. Rama· 
chandra Rao to be found in Ramanujan's Collected JI7 arks. Some 
of the material is understandable only to the professional mathe· 
matician. There is enough. I think, of general interest to justify 
bringing before the interested layman even this inadequate 
notice of a true genius' life and work. 

S
RINIVASA Ramanujan Aiyangar. 

according to his biographer Seshu 
Aiyar, was a member of a Brahman 

family in somewhat poor circumstances in 
the Tanjore district of the Madras presi. 
dency. His father was an accountant to a 
cloth merchant at Kumbakonam, while 
his mother, a woman of "strong common 
sense," was the daughter of a Brahman 
petty official in the MunsifI's (or legal 
judge's) Court at Erode. For some time 
after her marriage she had no children, 
"but her father prayed to the famous god
dess Namagiri, in the neighboring town 
of N amakkal, to bless his daughter with 
offspring. Shortly aftenvards, her eldest 
child, the mathematician Ramanujan, 
was born on 22nd December 1887." 

transferred before he was seven to the 
Town High School at Kumbakonam, 
where he held a scholarship. His extraor· 
dinary powers appear to have been 
recognized almost immediately. He was 
quiet and meditative and had an extraor· 
dinary memory. He delighted in enter· 
taining his friends with theorems and 
formulae, with the recitation of complete 
lists of Sanskrit roots and with repeating: 
the values of pi and the square root of 
two to any number of decimal places. 

a wakened his genius. He set himself at 
once to establishing its formulae. As he 
was without the aid of other books, each 
solution was for him a piece of original 
research. He first devised methods for 
constructing magic squares. Then he 
branched off to geometry, where he took 
up the squaring of the circle and went so 
far as to get a result for the length of the 
equatorial circumference of the earth 
which differed from the true length by 
only a few feet. Finding the scope of 
geometry limited, he turned his attention 
to algebra. Ramanujan used to say that 
the goddess of Namakkal inspired him 
with the formulae in dreams. It is are· 
markable fact that, on rising from bed, 
he would frequently note down results and 
verify them, though he was not always He first went to school at five and was 
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When he was 15 and in the sixth form 
at school, a friend of his secured for him 
the loan of Carr's Synopsis of Pure Mathe· 
matics from the library of the local 
Government College. Through the new 
world thus opened to him Ramanujan 
ranged with delight. It was this book that 
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RAMANUJAN, wrote a friend, was "a short uncouth 
figure ... with one conspicuous feature-shining eyes ... " 

able to supply a rigorous proof. This pat. 
lun repeated itself throughout his life. 

He passed his matriculation examina· 
tion to the Government College at Kum· 
bakonam at 16, and secured the "Junior 
Subrahmanyam Scholarship." Owing to 
weakness in English-for he gave no 
thought to anything but mathematics-he 
f ailed in his next examination and lost his 
scholarship. He then left Kumbakonam, 
first for Vizagapatam and then for Madras. 
Here he presented himself for the " First 
Examination in Arts" in December 1906, 
but failed and never tried again. For the 
next few years he continued his indepen. 
dent work in mathematics: In 1909 he was 
married and it became necessary for him 
to find some permanent employment. In the 
course of his ,earch for work he was giv�n 

a letter of recommendation to a true lover 
uf mathematics, Diwan Bahadur R. Rama· 
chandra Rao, who was then Collector at 
.'J elore, a small town 80 miles north of 
Madras. Ramachandra Rao had already 
seen one of the two fat notebooks kept by 
Ramanuj an into which he crammed his 
wonderful ideas. His first interview with 
Ramanujan is best described in his own 
words. 

"Several years ago, a nephew of 
mine perfectly innocent of mathematical 
knowledge said to me, 'Uncle, I have a 
visitor who talks of mathematics; I do not 
understand him; can you see if there is 
anything in his talk?' And in the pleni. 
tude of my mathematical wisdom. I con· 
descended to permit Ramanujan to walk 
into my presence. A short uncouth 

fi O"ure. stout, unshaved, not overclean, 
with 

'
one conspicuous feature-,hining 

eyes-walked in with a frayed notebook 
under his arm. He was miserably poor. He 
had run away from Kumbakonam to get 
leisure in Madras to pursue his studies. 
He never craved for any distinction. He 
wanted leisure; in other words. that sim
ple food should be provided for him with
uut exertion on his part and that he should 
he allowed to dream on. 

"He opened his book and began to ex
plain some of his discoveries. I saw quite 
at once that there was something out of 
the way; but my knowledge did not permit 
me to judge whether he talked sense or 
nonsense. Suspending judgment, I asked 
him to come over again, and he did. And 
then he had gauged my ignorance and 
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THEOREMS of Ramanujan's letter 
(here copied from original) as

tOlmded the mathematician Hardy. 
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showed me some of his simpler results. 
These transcended existing books and I 
had no doubt that he was a remarkable 
man. Then, step by step, he led me to el· 
liptic integrals and hypergeometric series 
and at last his theory of divergent series 
not yet announced to the world converted 
me. I asked him what he wanted. He said 
he wanted a pittance to live on so that he 
might pursue his researches." 

RAMACHANDRA RAO undertook to 
pay Ramanujan's expenses for a time. 

After a while, other attempts to obtain a 
scholarship having failed and Ramanujan 
being unwilling to be supported by anyone 
for any length of time, he accepted a small 
appointment in the office of the Madras 
Port Trust. 

But he never slackened his work in 
mathematics. His earliest contribution 
was published in the Journal of the Indian 
Mathem.atical Society in 1911, when 
Ramanujan was 23. His first long article 
was on "Some Properties of Bernoulli's 
Numbers " and was published in the same 
year. In 1912 he contributed two more 
notes to the same journal and also several 
questions for solution. 

By this time Ramachandra Rao had 
induced a Mr. Griffith of the Madras 
Engineering College to take an interest 
in Ramanujan, and Griffith spoke to Sir 
Francis Spring, the chairman of the 
Madras Port Trust, where Ramanujan was 
employed. From that time on it became 
easy to secure recognition of his work. 
Upon the suggestion of Seshu Aiyar and 
others, Ramanujan began a correspond
ence with G. H. Hardy, then Fellow of 
Trinity College, Cambridge. His first 
letter to Hardy, dated January 16, 1913, 
which his friends helped him put in 
English, follows: 

"Dear Sir, 
"I beg to introduce myself to you as a 

clerk in the Accounts Department of the 
Port Trust Office at Madras on a salary 
of only £20 per annum. I am now about 23 
years of age. [He was actually 25-Ed.] 
I have had no University education but I 
have undergone the ordinary school course. 
After leaving school I have been employ
ing the spare time at my disposal to work at 
Mathematics. I have not trodden through 
the conventional regular course which is 
followed in a University course, but I am 
striking out a new path for myself. I have 
made a special investigation of divergent 
series in general and the results I get are 
termed by the local mathematicians as 
'startling' .... 

"I would request you to go through the 
enclosed papers. Being poor, if you are 
convinced that there is anything of value 
I would like to have my theorems pub
lished. I have not given the actual investi· 
gations nor the expressions that I get but 
I have indicated the lines on which I pro
ceed. Being inexperienced I would very 
highly value any advice you give me. Re-

questing to be excused for the troublc I 
give you. 

I remain, Dear Sir, Yours truly, 
S. Ramanujan." 

To the letter were attached about 120 
theorems, of which the 13 here presented 
(see box) were part of a group selected 
by Hardy as "fairly representative." 
Hardy commented on these: 

"I should like you to begin by trying to 
reconstruct the immediate reactions of an 
ordinary professional mathematician who 
receives a letter like this from an unknown 
Hindu clerk. 

"The first question was whether I could 
recognise anything. I had proved things 
rather like (1.7) myself, and seemed 
vaguely familiar with (1.8). Actually 
(1.8) is classical; it is a formula of La

place first proved properly by Jacobi; 
and (1.9) occurs in a paper published by 
Rogers in 1907. I thought that, as an ex· 
pert in definite integrals, I could probably 
prove (1.5) and (1.6), and did so, though 
with a good deal more trouble than I had 
expected .... 

"The series formulae (1.1)-(1.4) 
found much more intriguing, and it soon 
became obvious that Ramanujan must 
possess much more general theorems and 
was keeping a great deal up his sleeve. 
The second is a formula of Bauer well 
known in the theory of Legendre series. 
but the others are much harder than they 
look .... 

"The form ulae (1.10) -(1.13) are on a 
different level and obviously both difficult 
and deep. An expert in elliptic functions 
can see at once that (1.13) is derived 
somehow from the theory of 'complex 
multi plication,' but (1.10) - (1.12) de
feated me com pIe tel y; I had never seen 
anything in the least like them before. A 
single look at them is enough to show 
that they could only be written down by 
a mathematician of the highest class. They 
must be true because, if they were not 
true, no one would have had the imagina
tion to invent them. Finally . . .  the writer 
must be completely honest, because great 
mathematicians are commoner than 
thieves or humbugs of such incredible 
skill. ... 

"While Ramanujan had numerous 
brilliant successes, his work on prime 
numbers and on all the allied problems 
of the theory was definitely wrong. This 
may be said to have been his one great 
failure. And yet I am not sure that, in some 
ways, his failure was not more wonderful 
than any of his triumphs . . . .  " 

Ramanujan's notation of one mathe
matical term in this area, wrote Hardy. 
"was first obtained by Landau in 1908. 
Ramanujan had none of Landau's 
weapons at his command; he had never 
seen a French or German book; his knowl
edge even of English was insufficient to 
qualify for a degree. It is sufficiently mar
vellous that he should have even dreamt of 
problems such as these, problems which 
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it has taken the finest mathematicians in 
Europe a hundred years to solve, and of 
which the solution is incomplete to the 
present day." 

A
T last. in May of 1913, as the result 

_ of the help of many friends, Ramanu
jan was relieved of his clerical post in the 
Yladras Port Trust and given a special 
,cholarship. Hardy had made efforts from 
Ihe first to bring Ramanujan to Cam
bridge. The way seemed to be open_ but 
l1amanujan refused at first to go because 
of caste prejudice and lack of his mother's 
consent. 

"This consent," wrote Hardy, "was at 
last got very easily in an unexpected 
inanner. For one morning his mother an
nounced that she had had a dream on the 
previous night, in which she saw her son 
,eated in a big hall amidst a group of 
Europeans, and that the goddess Namagiri 
had commanded her not to stand in the 
way of her son fulfilling his life's pur
pose_" 

When Ramanujan finally came. he had 
a !'cholarship from Madras of £250, of 
which £50 was allotted to the support of 
h if; family in India, and an allowance of 
,[60 from Trinity_ 

"There was one great puzzle," Hardy 
observes of Ramanujan. "What was to be 
done in the way of teaching him modern 
mathematics? The limitations of his 
knowledge were as startling as its pro
fundity. Here was a man who could work 
out modular equations, and theorems of 
complex multiplication, to orders unheard 
of, whose mastery of continued fractions 
was, on the formal side at any rate, be· 
yond that of any mathematician in the 
world, who had found for himself the 
runctional equation of the Zeta-function 
and the dominant terms of many of the 
most famous problems in the analytic 
Iheory of numbers; and he had never 
heard of a doubly periodic function or of 
Cauchy's theorem, and had indeed but the 
vaguest idea of what a function of a com· 
plex variable was. His ideas as to what 
constituted a mathematical proof were 
(If the most shadowy description. All his 
results, new or old, right or wrong, had 
been arrived at by a process of mingled 
argument, intuition. and induction, of 
which he was entirely unable to give any 
coherent account. 

"It was impossible to ask such a man to 
submit to systematic instruction, to try 
10 learn mathematics from the beginning 
once more. I was afraid too that, if I in· 
"isted unduly on matters which Ramanu
jan found irksome, I might destroy his 
confidence or break the spell of his in
spiration. On the other hand there were 
things of which it was impossible that he 
should remain in ignorance_ Some of his 
results were wrong, and in particular those 
which concerned the distribution of 
primes, to which he attached the greatest 
importance. It was impossible to allow 
him to go through life supposing that all 

the zeros of the Zeta-function were reaL 
So I had to try to teach him, and in 'q 
measure I succeeded, though obviously I 
learnt from him much more than he learnt 
from me., ., 

"I should add a word here about Ra
manujan's interests outside mathematics. 
Like his mathematics, they shewed the 
strangest contrasts. He had very little in
terest, I should say, in literature as such, 
or in art, though he could tell good litera
ture from bad, On the other hand, he was 
a keen philosopher, of what appeared, 
to followers of the modern Cambridge 
school, a rather nebulous kind, and an 
ardent politician, of a pacifist and ultra
radical type, He adhered. with a severity 
most unusual in Indians resident in Eng
land, to the religious observances of his 
caste; but his religion was a matter of 
observance and not of intellectual convic
tion, and I remember well his telling me 
(much to my surprise) that all religions 
seemed to him more or less equally true, 
Alike in literature, philosophy, and 
mathematics_ he had a passion for what 
was unexpected, strange, and odd; he 
had quite a small library of books by 
circle-squarers and other cranks" . He 
was a vegetarian in the strictest sense
this proved a terrible difficulty later when 
he fell ill-and all the time he was in 
Cambridge he cooked all his food himself, 
and never cooked it without first changing 
into pyjamas .. , , 

"It was in the spring of 1917 that Rama· 
nujan first appeared to be unwell. He 
went to a Nursing Home at Cambridge in 
the early summer, and was never out of 
bed for any length of time again, He was 
in sanatoria at Wells, at Matlock. and in 
London, and it was not until the autumn of 
1918 that he shewed any decided symptom 
of improvement. He had then resumed 
active work, stimulated perhaps by his 
election to the Royal Society, and some 
of his most beautiful theorems were dis· 
covered about this time. His election to a 
Trinity Fellowship was a further en· 
couragement; and each of those famous 
societies may well congratulate themselves 
that they recognized his claims before il. 
was too late." 

Early in 1919 Ramanujan went home to 
India. where he died in the following year. 

F
OR an evaluation of Ramanujan's 
method and work in mathematics we 

must again quote from Hardy, "I have 
often been asked whether Ramanujan had 
any special secret; whether his methods 
differed in kind from those of other 
mathematicians; whether there was any· 
thing really abnormal in his mode of 
thought. I cannot answer these questions 
with any confidence or conviction; but I 
clo not believe it. My belief is that all 
mathematicians think, at bottom, in the 
same kind of way, and that Ramanujan 
was no exception. He had, of course, an 
extraordinary memory. He could remem
ber the idiosyncrasies of numbers in an 

almost uncanny way, It was Mr. Little
wood (I believe) who remarked that 
'every positive integer was one of his per
sonal friends.' I remember once going to 
see him when he was lying ill at Putney. 
I had ridden in taxi-cab No. 1729, and re
marked that the number seemed to me 
rather a dull one, and that I hoped it was 
not an unfavourable omen_ 'No,' he re
plied, 'it is a very interesting number; it 
is the smallest number expressible as a 
sum of two cubes in two different ways.' 
I asked him, naturally, whether he knew 
the answer to the corresponding problem 
for fourth powers; and he replied, after :.t 
moment's thought, that he could see no 
obvious example, and thought that the first 
such number must be very large. His 
memory, and his powers of calculation. 
were very unusual, but they could not 
reasonably he called 'abnormal.' If he had 
to multiply two large numbers, he multi
plied them in the ordinary way; he could 
do it with unusual rapidity and accuracy, 
but not more rapidly or more accurately 
than any mathematician who is naturally 
quick and has the habit of computation_ 

"It was his insight into algebraical for· 
mulae, transformations of infinite series, 
and so forth. that was most amazing. On 
this side most certainly I have never met 
his equal, and I can compare him only 
with Euler or JacobI. He worked, far more 
than the majority of modern mathema
ticians, by induction from numerical ex
amples; all of his congruence properties 
of partitions, for example, were discovered 
in this way. But with his memory, his 
patience, and his power of calculation_ 
he combined a power of generalisation. a 
feeling for form, and a capacity for rapid 
modification of his hypotheses, that were 
often really startling, and made him, in 
his own field, without a rival in his day. 

"It is often said that it is much more 
difficult now for a mathematician to be 
original than it was in the great days 
when the foundations of modern analysis 
were laid; and no doubt in a measure it 
is true. Opinions may differ as to the 
importance of Ramanujan's work. the 
kind of standard by which it should be 
judged, and the influence which it is likely 
to have on the mathematics of the future. 
It has not the simplicity and the inevi
tableness of the very greatest work; it 
would be greater if it were less strange. 
One gift it has which no one can deny
profound and invincible originality. He 
would probably have been a greater 
mathematician if he had been caught and 
tamed a little in his youth; he would have 
discovered more that was new, and that, 
no doubt, of greater importance, On the 
other hand he would have been less of a 
Ramanujan, and more of a European pro
fessor and the lo,ss

" 
might have been 

greater than the gam. 
-

James R. Newman is co-author 
(with Edward Kasner) of Math· 
ematics and the Imagination. 

57 

© 1948 SCIENTIFIC AMERICAN, INC



LIFE-ITS NATURE 

AND ORIGIN 

A new and challenging explanation of 
the evolutionary process, describing a 
specific physical mechanism that 'can 
account for the origin, development 
and maintenance of biological life, is 
offered in this book. 

Written by one of America's foremost 
scientists, this volume, packed with 
tangible evidence, will prove a land
mark in scientific writing. With all the 
complex threads of nature disen
tangled and interrelated, as far as 
possible, the result is an explanation of 
evolution which becomes a noteworthy 
contribution to the modern scientific 
outlook. 

300 Pages. Illustrated 
$5.00 

REINHOLD PUBLISHING CORPORATION 

Room 1227,330 W. 42 Street, New York 18, N. Y. 

I enclose $ ............ for . . . . . ... _. _ copies of "Life-
Its Nature and Origin," by J. Alexander. D Bill 
me instead. (Postage prepaid if cash deCOm· 
panies order.) 

Name 

Address. 

City & St.te 

TR.ANSLATIO NS OF 

GERMAN DOCUME N TS A S  

LIS TED IN THE REPORTS OF 

58 

TECHNICAL OIL 

(T.O.M.l AND OFFICE 

MISSION 

OF 

T E CHNIC A L  S E RVIC E S 

(O.T.S.l INC LUDI NG CER

TAIN P. B. AND I. G. FARBEN 

REPORTS 

Available immediately 

0) 79 Documents on various subjects. 

b) Volume on "EXPLOSIVE DECOM

POSITION OF ACETYLENE" com
prising 16 chapters. 

cl First volume of "FISCHER TROPSCH 
PROCESS" Ruhrchemie Aktienge-
sellschaf!. 
74 chapters covering 74 patent ap
plications of Ruhrchemie dating 
from 1941 through 1944. 

Write to Dept. AC for our current list 
of publications and abstracts as well 
as more detailed information regarding 
the above mentioned four volumes. " 
will be our pleasure to serve you. 

CHARLES A. MEYER & 
CO., INC., 

New York Office: 

Grand Central Terminal Bldg. 

25 Vanderbilt 'Ave. 

New York 17, N. Y. 

by Abram Kardiner 

T
HE name of the late Bronislaw 
Malinowski has rightly been asso
ciated with the transition of anthro· 

pology, once a mere handmaiden of the 
theory of evolution, to a basic discipline 
in the study of man. The posthumous col· 
lection of five of Malinowski's essays en
titled "Magic, Science and Religion" 
(Beacon Press and Free Press) cu ts a 

swath across the development of his 
thought. These essays afford an oppor
tunity to appraise Malinowski's place in 
the social sciences, the current ferment 
of which he helped set in motion. 

The science of man is basically con
tingent on the degree of insight the social 
scientist has into the nature of man's mind 
and emotional life. Such knowledge has 
been accumulating at a very slow pace 
indeed. This story of man's growing in
sight into himself is one still in the mak
i ng, its greatest chapters yet to come. It 
is a story in which Bronislaw Malinowski 
played a significant role. 

Malinowski, who died in 1942, was a 
transitional figure standing squarely 
astride two important anthropological 
movements, one impelled by the evolu
tionary point of view and the other by the 
psychodynamic. Each of these viewpoints 
supplied a program specifying the data 
to be sought and the information to be 
drawn from them. The evolutionists in
vestigated cultural institutions in the 
quest for origins and progress in human 
social organization. The psychodynam ic 
point of view restores man himself as the 
prime object of investigation; it attempts 
10 describe institutions as implements of 
adaptation which are predicated on man's 
hasic drives, needs, wishes and anxieties. 

The most powerful influence that shook 
the authority of the early theological as
sumptions about man and society was 
Darwin's theory of evolution. This theory 
gave rise to many new types of investiga
tion, and among its many offspring was 
the discipline of anthropology. The study 
of "primitive" man held out high hopes 
that it would supply valuable informa
tion about man's cultural evolution. In a 
measure-a small one-this hope was 
satisfied. But when a new area of investi
gation is the by-product of a parent 
hypothesis. it is natural that its first ef
forts will be directed to sustaining its 
progenitor. 

The study of primitive man was there
fore biased at its inception. The great 
names of Edward B. Tylor, James 
Frazer, Lucien Levy-Bruhl, and Emile 
Durkheim were associated with these 

BOOKS 
Posthumous essays by 
Bronislaw Malinowski 

early efforts. They were determined to 
show cultural evolution by demonstrating 
that archaic. simple forms of thought and 
social organization changed into more 
complex and integrated forms. 

The fallacy of this early approach was 
not only that it colored the conclusions 
from observed data, but also that it dic
tated what data should be considered 
relevant. This is where the theory of cul
tural evolution did its greatest damage. 
For these evolutionists were not studying 
the adaptation of primitive man to his 
environment. They hopped, skipped and 
jumped from one culture to another. 
picked what they wanted from each, and 
fitted it into their master plan. 

This was the scientific atmosphere sur
rounding Malinowski's introduction to 
anthropology when he was a student in 
Cracow. He was determined to follow in 
the path of Frazer, and would have done 
so had it not been for an accident. This 
accident was that during the first World 
War he was interned by the British in the 
Trobriand Islands. Here, perforce. he 
lived for a time with the native�. Thus 
Malinowski became more than a student 
of the culture; he acquired almost the 
status of a participant. From this vantage 
point Malinowski uncovered new data and 
developed a new style of interpreting it. 

H
E WAS not alone in his project. 
William H. R. Rivers of Cambridge 

and Franz Boas of Columbia University 
had also charted out new fields. But 
Malinowski showed that the methods of 
the evolutionists were faulty. He stated 
that societies should not be studied as 
events in a historical scheme but as en
tities in themselves. Their institutions, he 
argued. had to be interpreted in the light 
of the role they played in the adaptation 
of the community to its natural and hu
man environment. Institutions were not 
merely gratuitous hang-overs from the 
past, however they were modified. They 
had an immediate adaptive function; they 
aided man in his struggle for survival. 
Malinowski's new school of thought was 
called functionalism. 

The essays reprinted in "Magic, Science 
and Religion" are all illustrative of 
Malinowski's techniques for making sense 
fl'Om the data of primitive society. He 
takes \I p topics such as magic, science. 
religion. myth, death. language and war 
and subjects them to a brilliant func
tional analysis. 

Malinowski's field work was remark
able for its precision and meticulousness. 
In contrast with other ethnographers, 
he found his primitive men both reason-
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able and logical. if one knew thei I' as· 
sumptions and frames of reference. Not· 
withstanding these merits. his account 
of the Trobrianders does not quite satisfy 
Ihe specifications for a completely inte· 
�rated account of a primitive society. His 
explanations sound very thin today. 

The essay in this book which best 
d"monstrates both the strength and weak· 
ness of functionalism is entitled Baloma
The Spirits 0/ the Dead. Here Malinowski 
makes a long inventory of the functions 
of the departed soul after death. and the 
role it plays among the living Trobrian· 
deI'S. The departed soul has a benevolent 
and mischievous aspect. No fear is created 
hy either of these in the living. There is. 
however, great fear of the evil sorceresses 
who attack the dead. These latter ghoulish 
figures are not explained anywhere. The 
functions of the Baloma, or soul, are 
(among others) to uphold morality and 

to play some mysterious role in impreg. 
nating women. The Trobrianders seem to 
b·� ignorant of the relation between coitus 
and impregnation. Malinowski attempts 
many explanations of this ignorance. The 
one which he finally accepts, with some 
reservation. is that. since the natives usu· 
ally do not become pregnant before mar· 
riage in spite of the fact that they begin 
intercourse as soon as they can, they as· 
slime that this particular act cannot be 
the decisive factor in creating the child 
alter marriage. Accidents do occasionally 
h&ppen, i.e., children are born out of 
wedlock. This discrepancy the natives can 
calmly tolerate without losing their basic 
belief that impregnation is affected by the 
Baloma. 

One can accept without contest Mali· 
nowski's further explanation that the 
Baloma helps to sustain morality. But 
one also feels obliged to ask how the na· 
tives procure the cooperation of the 
Baloma, and what is the origin of this 
particular kind of behavior. Why do the 
Trobrianders not fear the departed dead 
as men do in other primitive societies? To 
answer this question one must know some· 
I hing about the role that all fantasy life 
plays in adaptation, and why fantasies 
differ as one varies the conditions which 
make fantasy necessary. These questions 
Malinowski neither raises nor answers. 
However satisfying Malinowski's explana. 
tions may have seemed earlier, today they 
can rate only as partial answers. 

This poverty of specific explanation. in 
'pite of a plausible over· all program, 
points to a deficiency in Malinowski's 
lechnical equipment. He was not prepared 
for new demands which the science of 
anthropology was beginning to make. 
Anthropology had outgrown its original 
charter. It was now undertaking to un· 
derstand the entire field of human adap· 
tation under a wide variety of conditions. 
Such understanding could not be achieved 
:,imply by applying a relentless rational· 
ism to the circumstances o'f a given case. 
One weakness of Malinowski's method 
,,·as that it projected upon totally foreign 

situations the particular brand of rational· 
i.om more or le"s peculiar to We"tern man. 

T
HIS IS the crucial problem not only 
of the whole functionalist approach, 

but of the social sciences in generaL Any 
truly scientific study of man and his in· 
stitutions requires a technique t.hat takcs 
account of the fact. t.hat man's implements 
of adaptation vary according to the con· 
text of conditions in which they develop, 
and at the same time reco'rnizes the com· 
mon elements in the mot.i�ations and be· 
havior of all men. One must. explain. for 
example, why the fantasy life of the 
Trobriander is very different from that. of 
the Marquesan. Without a technique that 
can reduce the fantasy life of bot.h 
?I1:arquesan and Trobriander to a common 
denominator. there can be no such ex· 
planation. 

In Malinowski's working years neit.h"r 
anthropology nor any other ,ocial science 
had such a technique at its dispo,aL So 
this deficiency cannot be laid at Malinow· 
ski's doorstep. The clues for the develop. 
ment of such a technique had to-and 
did-come from another discipline. Thc 
discipline was the psychodynamics origi· 
nated by Sigmund Freud. who defined I he 
laws which

· 
govern the integrative prol"· 

esses in man and the general laws which 
determine the consequences of the ,al i,,· 
faction or frustration of basic drives. 
He also described the manner in which the 
functions of personality are constructed. 
With these implements the functionalist 
program could in part. at least. be realized. 
When these psychodynamic tools are 
put to work on the raw data of the 
ethnographer, we can answer some of the 
questions which Malinowski could not. 
We can get a vel'y complete picture of t.he 
general personality traits of the Tro· 
brianders and demonstrate the institu· 
tional sources of these traits. 

Having no such tools. Malinowski 
got lost in the formal aspects of analyzing 
and classifying ethnographic data. He 
lived long enough to see the fruitful ap· 
plication of psychodynamics to the pro· 
gram he had so brilliantly formulated. 
To this effort he first gave his hearty sup· 
port, but later. for reasons unknown to 
the reviewer, his enthusiasm cooled. 

The volume here reviewed is probably 
the last of several posthumous works 
gathered by Malinowski's literary execu· 
tors. It is a book everyone interested in 
the history of the science of man should 
read. To the reviewer it was the occasion 
for a fresh tribute to a great scientist 
whose influence is very much alive in the 
minds and activities of all those who to· 
day are trying to make an accurate and 
authoritative discipline out of our still 
fragmentary knowledge of human rela· 
tions. 

-

Abram Kardiner is co·aathor 
(with Ralph Linton) of The Psy· 
chological Frontiers of Society. 
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by Albert G. Ingalls USUALLY the domed part of an 
astronomical observatory rotates on 
top of a fixed cylindrical dome ring, 

or round wall, but E. K. White of Chap
man Camp, British Columbia, has built 
the two as a single unit which he is 
easily able to turn by hand on rollers at 
ground level. 

White's North Star Observatory, high. 
est in Canada (3,600 feet elevation), is 
set on a round concrete slab 18 feet in dia
meter. To this slab eight five-inch wheels 
(adapted from V-belt drive pulleys) and 

their bearings are bolted. An angle iron 
track is attached to the dome unit and 
thus rests on the wheels. 

The observatory walls are made of 
quarter.inch, three.ply, resin·bonded fir 
veneer that is screw·nailed to a base ring 
made from two layers of overlapping 
spruce segments and 32 light cedar studs. 
There is also an upper spruce ring like 
the first. The dome is made of quarter
inch veneer gores screw-nailed to ribs 
three inches deep. The ribs, like the rings, 
are built of overlapped segments. 

White's double shutters open and close 
on eight three· inch roller· bearing tackle 
block sheaves, using Scanlon's method of 
endless cable described in Amateur 
Telescope Maki ng-Advanced. Unlike 
most others, White's shutters open a full 
quarter the diameter of the dome, as 
recommended by Scanlon, and they extend 
to the zenith and 10 inches beyond. Pros· 
pective observatory builders who discount 
the importance of a wide slit opening and 
a large observatory diameter (White's is 
15 feet) to accommodate whatever tele
scope they might want to install in the 
future, might well consider making their 
first observatory a poor job. This will ef
fect an ultimate saving when, after enough 
cussing, they finally tear it down and reo 
build it right. 

B ECAUSE polishing is a far slower 
method of removing glass than fine 

grinding, amateur telescope makers have 
long stressed the importance of avoiding 
half a lifetime's needless work by bring
ing their concave mirrors to a truly spheri. 
cal surface before departing from the 
grinding stages. In 1935 the recommenda· 
tion "Get a Sphere Before Beginning to 
Polish" was inserted in Amateur Tele
scope Making and in an earlier edition 
(1928) another in j unction appeared: 
"Getting Contact Before Polishing." 
Amateurs have long tested for sphericity 

THE AMATEUR 
before polishing by the pencil mark test 
or by the safer mel hod of putting a quick 
su perficial polish on their mirrors with a 
temporary pitch lap. The latter permits 
making a Foucault test for checking the 
sphere. 

The Bausch and Lomb Optical Com· 
pany now furnish details of their recent 
adoption of this principle and of a pro
duction method of accomplishing it with 
waxed surfaces and test plates which 
produce Newton's rings. 

"The use of wax to test ground glasses 
started," they state, "in our development 
laboratory where a check on the flatness 
of optical surfaces was required. The fine
ground surface is covered with a hard wax. 
We have used shoe polish, soft red pencils, 
Johnson's Floor Wax and different types 
ot liquid wax. The only requirement is 
that the wax be fast-drying and hard. 

"After the surface has been coated with 
a liberal amount of wax it is allowed to 
dry. Then a hard cloth such as canvas or 
sheeting is used to wi pe up the excess 
wax and shine the wax that remains be· 
tween the grindings of the glass. Once one 
spot of the cloth is used we do not change. 
for the wax on the cloth tends to fill in 
any holes not completely filled previously. 

The North Star Observatory 

"After the piece is completely shined 
with wax, the test glass is used much the 
same as on a polished surface. To get a 
brilliant pattern of interference fringes 
a good monochromatic light source is 
needed, since the reflection from the wax 
is much lower than from polished glass. 
The pattern seen will be fuzzy but will 

© 1948 SCIENTIFIC AMERICAN, INC



ASTRONOMER 
give a very good indication of the over· 
all curvature of the lens or flat. We grind 
and polish until we have a grind fairly 
close to the test glass and free from 
zones, and then we clean the wax from the 
lens and polish. 

"By this test we found we could save 
many hours of polishing by starting with 
a zone· free grinding job. The practice 
has spread to our production department, 
where we are checking grinding on both 
planes and weak spheres. This method is 
good in testing spheres of more than 100 
mm radius of curvature but it is difficult 
to check lenses having a shorter radius." 

Amateurs who make several identical 
mirrors or lenses, as is often the case, 
may find this use of wax and test plates 
valuable during fine grinding. It can also 
be used on single jobs when grinding 
flats. 

. 

One flat which could not be tested 
against a test plate at any stage was the 
120·inch surface made at the California 
Institute of Technology optical shop some 
years ago as an accessory for testing the 
200·inch mirror at the focus. (Since other 
tests were applied instead, this, the 
world's biggest flat, never has been used.) 
The flat was tested during grinding, Rus· 
sell W. Porter says, by stretching a piano 
wire above it, calculating the wire's 
catenary sag, and measuring the vertical 
distances from flat to wire. It worked! 

Next, after enough fine grinding to give 
specular reflection at grazing incidence, 
as shown in the accompanying drawing, 
a test silnilar in principle to the one in 
Amateur Telescope Making, page 242, 
was used. This was Ritchey's test. 

Louis J. Rick of 685 North Ridge Road 
East, Lorain, Ohio, reports a valuable 
kink he accidentally stumbled upon while 
fine· grinding his first mirror. "I obtained a 
very soft drawing penciL a 6B, with 
which I drew a broad 3/16·inch stripe 
across the horizontal diameter of the 
mirror. Under the Foucault test the stripe 
was a better reflector than a wet un· 
polished mirror and showed enough of 
the horizontal section of the Foucault 
:ihadow to permit determining the curve.'· 

PROVIDENCE, in the state whose full 
and official name is Rhode Island and 

Providence Plantations, has for years been 
the center of an active group of amateur 
telescope makers. In wartime, the Provi· 
dence group helped to train more than 50 
persons in the technique of grinding and 
polishing glass and then made glass mas· 
ter gauges, optical flats and colored glass 
filters (thin plane. parallels ) for bomb· 
sights and sextants. One of tbis group is 
Professor C. H. Smiley, head of the De· 
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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 wil1 with
stand the heat in high wattage incandes
cent and high intensity arc projector lamp 
housings. 

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

LEROY M. E. CLAUSING 
4544 N. Western Ave. Chicago, III. 

WAR SURPLUS 
BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 

Complete Optics! Complete Metal Parts! 
Save More Than 112 Regular Cost 

M E T A L  P A RTS-Set 
includcs all ::\Ietal Parts 
-completely finishcd

for asscmbly of 7 x. ;)0 

Binoculars, �o machin· 

ing rCQuired. Bodics 

hal'c becn factory hingcd 
and cm·ered. A sturdy 

Binocular Carrying Case 

is optional with each set 
of ::\Letal Parts. 

Stock ;; 842·S .... $39.40 

Postllaid plus $4.80 for 
Case-Total $44.20. 

OPTICS-ScL il1dlllles all Lcnses amI Prisms .rou need for 
a��l'llIbling 7 x ;)() Binoculars. '.rhese Optics arc in excellcnt 
(·(Judit ion-perfcct or near perfcct-and hal'e new low reo 
flect ion coating. 

Stock ;= 5102-S ........... 7 x 50 Optics ... .... .. $25.00 Postuaid 

:NOTICE! Add 20'70 Feueral Excise 'I.·ax to above prices if 
yOU ordcl' hOlh n inocular OPtics ano IHnocular :.\Jetal Pans. 

ARMY'S 6 X 30 BINOCULARS 
COMPLETE OPTICS & METAL PARTS-Model M·13A' 
Waterllroof Modcl, 6 x 30 Binoculars. Ercl"rthing yoU need 
-ready for assembly. Whcll filli.shed will look like a regular 
factory job costing $102 to $1 :W. Thc Opt ics are ncw, in 
perfcct or near·perfcct condition. Ilal'e Ilell low reflection 
e(lating-. -:'I[etal parts are ncw allo pcrfcet. all completely 
tinisilccl. So maehining rcquired. Bodies fa('lOry hinged and 
(,OI·cred. COlllpl{·te assembly instructions incithled. 

Stock :: 830·S .. ... .... $40.00 Postllaid 
!lIlts $8.00 tax-Total $48.00. 

8 POWER ELBOW TELESCOPE 

Gov't Cost $200.001 Our Price 817.50! 
Big :!" diameter ol)jectil·e. All ICllSe.-; .... \ehromatie. Amici 
prism crct'ls the image . .J. bllilt·in filters-clear, amher. 
neutral allli red. Slightly lI�e(\ condition hut all guaranteed 
ror perfcct lI"orking ordcr. \Yeight :; Ibs. ('an be earricd but 
a trifle lJu!ky. Excellent for tinder on Astronomical Tele· 
scope, 
Stock :t: 943·S...... . ................ ................. $17.50 Postl)aid 

POLARIZING OPTICAL RING SIGHT 
(Unmounted) ,'f'cd in gun sights-cspccially for shot· 

gun�. As you look through, rOll scc a series of rings that 
you HHPcrilliposc Oil your targct. 1\'0 front sight reqvircd. 
] 1H'1·('u"ei' degrce of accur:l.CY. 

Stoek it 2067·S ................................................... $4.00 Postpaid 

BUBBLE SEXTANT. BRAND NEW and with Automatir' 
Elc('tl'ie ... hcragillg De dec ami I1lulllinated Averaging Disc 
for nighl·tilllC lL�e. GOH. eost $217. \\'e ha,e checked 
BlIbhlc and collilllatinn and guarantee llerfect working order. 

Stoek it 933-S ........................... .. ............... ..... $22.50 Postllaid 

CONDENSING LENSES-:":c.:'oml�. hut suitable for En· 
11Irg-crs and SpotliglllS. 
Stoek it 1061-S ....... 6'h .... dia .. 9" F .L. ..... $2.50 Postllaid 
Stock :r 1080·S ..... 5" dia., 7" F.L. ... $1.50 Postpaid 
We have a Limited Quantity of Condensing Lenses-scconds 
-rllnging from <P,�" to 8%'" in dill. with \'arious fo(·al 
l('ngth.�. :-';clld for F'r('c Ru lletin titled "MISCELLANEOUS 
CONDENSING LENSES-S". 

$200.00 DRIFT METER for $5.60 
Thcse wcre used for detcrmina· 

tion of dl'ift and truc air spced. 
You I·llll adallt 10 (Jtilcl· tL�CS or 
take apart to gel 2 lIloumed 
.Adll"omatic LCllses-:\[irrors 

-Field Lens-I'antograph- < '  
Engrand Scales-SIJOnge Rub· 

bcr ])i�es-metal parts and 
othcr (:omponents. Instrumcnt 
wcighs .J. Ibs. 

Stoek ;= 942-S.... . . .............. ............. $5.60 Postpaid 

6 POWER GALILEAN TELESCOP E- (Commercial Sur
pit,s) 28mlll dla. Aehromatic OlJjccti\'(� Lells. Sturdlly con· 
slrUl'tcd of L\lumimllll. 7" long, cxtcnds to n". Complete 
willi carrying ('asc. 

S{ock ;: 941·S... .. ....................................... $3.00 Postuaid 

WE HAVE LITERALLY MILLIONS OF WAR SUR. 

PLUS LENSES AND PRISMS FOR SALE AT BAR. 

GAIN PRICES. WRITE FOR CATALOG "S" _ 
SENT FREE. 

Order by Stock No. Satisfaction Guaranteed 

EDMUND SALVAGE co. 
P. O. AUDUBON, NEW JERSEY 
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MAKE THIS AMAZING 
ASTRONOMICAL OR 

TERRESTRIAL TElESCOPE 
FOR AS LITTLE AS $6.00 
Now you too can afford the 

luxury of a REAL telescope. 
See the mounta i ns of the 
moon, Saturn's rings, nebulae, 
clusters and other heavenly 
wonders. 

Now for $6.00 you can 
make a 3 inch Newtonian re-
flecting telescope. We sell 

you the optical units. Other parts are usually 
found in any home or purchasable for a few 
cents. 

We furnish a 3 inch reflecting mirror ac
curately ground, polished and hard alumi
nized, a "flat" mirror and 3 eyepiece lenses 
(40 and 50 power). You are assured hard 
sharp images without fuzziness or rainbow 
effeds. 

Thousands of amateurs have built these 
scopes. So can you. The high precision 
quality of the optical parts furnished is 
guaranteed by our international reputation 
for fine scientific apparatus. 

Send $6.00 and receive the parts de
scribed with full simple directions and a 
reprint of an article from a recent issue of a 
well known scientific magazine telling how 
this telescope is built in four hours. Reprint 
alone 6¢. 

FilTER WHEEL 
Holds f o u r  

g l a s s  f i l t e r s  
e a c h  I "  (25 
mm.) diameter 
mounted with 
special clips in 

magnesium wheel of 23,4" diameter. Each unit 
contains 3 filters of light blue, light orange
red and clear glass, all fluoride coated. One 
open space for your own filter. Can be 
mounted on movie camera, telescope, micro
scope or binoculars, etc. Each, including 
filters @ $1.00. 

GLASS RETICLE 

IN MOUNT 

Optically flat, en
graved for sighting. 
B r o nze and br a ss 
mount, 1112" diam,
ter. Each $1.00. 

PLUMB BOB 

Illuminated for 
mine or tunnel 
sighting. An ex
ceptionally beau
tiful job. Brass and 
bronze through
out. Bob is sus

pended by chain and gimbal. Kerosene well 
with wick in bob. Complete in case with 
strap. $7.50. 

MICROSCOPES 
Used. GJaran:ced in excellelJt 

optical and mechanical condition. 
Ready to use. Standard size Bausch 
& Lomb, Spencer, Le:tz, etc.: 

2 Objectives, 2 Oculars, pbwers 
60x, 100x, 270x and 450x @ $65.00 
net. Above plus oil·immersion lens 
giving added 600x and rooox and 
also including Abbe condenser @ 
$125.00 net. Express Collect. 

Include Postage-Remit with Order 

62 

Send 30c for Up-to.minute Catalog 

HARRY ROSS 
MICROSCOPES 

Scientific and Laboratory Apparatus 
70 West Broadway. New York 7, N. Y. 

EVEHYTHLNG for the A.\IATEUH 

Telescope Maker 
Precision Workmanship. Quality 

SUPlllif'$, Money Back Guarantee 

KITS - OUR SPECIALTY 
COMPLETE 6" KIT S5.50 

S7.50 PYHEX KIT. 6" 
Other Sizes, l'roJlortionately Low 

Pyrex 
Mirrors 

)lacle to order, correctly 

fll!u rcd, ]lolished. pal'ab· 

olized and aluminized. 

ALUMINIZING 
\\'C j!lIaranlce a Superior Heflcdillj! SlIda .. e, 
Opli('�llIy Corrcct Finis.h. Will not peel 01' 

bli�lcr. Low prices. 

MIRRORS TESTED FREE 
Prisms· Eyepieces· Accessories 

FH EE CATALOG 

Precision Optical Supply (0. 
1001 East 1631'11 51. 

MAGNIFIED. 
Folding, Doublet, lOx 

A QUALITY in· 
strument at low 
cost. 

DOUBLE·CONVEX lenses, care· 
fully mounted in 
aluminum hous
ing, giving un
distorted maxi
mum field. Ex· 
cellent magnifier for laboratory and field work. 

No. 1874 MAGNIFIER, lOX ......... 4.00 

EST. � 1919 

New York Scientific Supply Co. 
General Supplies for Chemistry and Biology 
28A West 30th Street New York I, N. Y. 

THE BINARY SLIDE RULE 

Cfllllds a 20 111(,11 Ktralght. 
Rl ide Utile in nrcdsion. 
Has C. CT. A. K. Log. 
LT.!. LL2. LL:l. LTA. Bin
ary. Add and �l1htract 
R(·all's. Gires 'l'ri�. ]i'UllC
I iOlls fro1ll n to !)O d{'�rees 
<lnd rl'ad" to 1 )1 inlllt'. 
'I'll(' Engine-dirided R,'alcs 
arc on white cnalnei('d 
metal. l'erlllallt'lltly aC:'\I
,·(\!P. nill. XI�". Large fi�
url'� and gradu:ll iOlls clilll· 
ina!l' i.'y('strain. I�x('{'ption-
111 \'a!tw antllll ililY. ]'ric·c. 
\\'il11 ('a�{' and In�ll'lH'tion�. 

$7.2.i. ('in'1I1ars frcc. Your lIloncy back if ,YOU llrc lIot 
enl irpl.\· �at isfird. 

Gilson Slide Rule Co., Box 993, Stuart, Fla. 
Slide Rille .\la''-(I'.� Rillre f!J.l.;. 

aMM, ORTHOSCOPIC OCULAR 
We can deliver immediately Our new ammo 
orthoscopic ocular. This ocular is of the same 
high quality as Our 16 and 32mm. ortho
scopic oculars, All glass air surfaces coated. 
Money refunded if not completely satisfied, 
Price $9.85 prepaid in U. S. A. 

BRANDON SCIENTIFIC DEVELOPMENT CORPORATION 
P. O. Box 85 Malverne, New York 

TELESCOPE--�M-A"'KIIIIE�RS� 
t.Hlality materials of lhe HIClI'l' kind. 

(j" ,.;: it:-Class. ubrasiH's. ])iteh rouge and instrtJ(·· 
liollS ...... .... . . $6.00 

HO BBYG RA FS-I N FO R MA TiO N-I NSP ECTIO N 
1·;yEl·lECES .... . . ... .... ..... . 1" for *.).00; 1,4" for $i.!iO 
\'"c ofl'cr you the benefit of our 26 years of ex· 
])rrir[we at this hobby. Free price list. 

John M. Pierce. II Harvard St .. Springfield. Vt. 

partment of Astronomy at Brown Univer
sity, who as an amateur telescope maker 
contributes the following practical aid 
to the amateur "glass pusher." 

"Two of the problems which beset the 
.new hand at telescope making are deter
mining whether tool and mirror are mak· 
ing good contact at a given stage of grind· 
ing, and estimating the quality of a given 
fine grind. especially the last one before 
polishing. If mirror and tool suddenly 
seize, it probably will be because of poor 
contact combined with inadequate lubri
cation. (If you do have such a seizure, be 
very careful to wash both mirror and tool 
after separation before going on. because 
in such an event some glass is almost 
always removed from one of the disks. 
usually at an edge. and bad scratches 
often result.) 

"Hulll's of polishing may be saved by a 
·little extra time and care spent on the 
last fine grind before polishing, It is pro· 
posed here to outline a method by which 
one can determine whether contact is 
being made and by which one can meas
ure approximately the quality of a given 
fine grind. 

"If you hold a mirror on your hand 
almost horizontally at arm's length in 
front of you. even in the coarser grades of 
grit you will be able to get a reflection 
of an electric light down the hall or 
diagonally across the room. The light 
ought to be the only bright light in that 
direction and there should be relatively 
little light coming in from the sides. An 
old·fashioned clear glass bulb with the 
filament showing is perhaps best for this 
purpose although a good bright frosted 
bulb will work almost as well. With thc 
mirror well out in front of you. rock it 
back and forth in such a way that the 
reflected image of the light moves alter· 
nately toward you and away from you. 
Slowly lower the mirror. As this is done 
the reflected image grows reddish and 
dim, eventually is lost. Just before it goes, 
rock tbe mirror baek and forth very slow
ly, watching to see whether the image 
grows dim at one spot more than at an· 
other. A dull gray area with poor reflec· 
tion indicates a zone on tbe mirror which 
is not in good contact with the tool; you 
can j Lldge hetter on the portion of the 
mirror away from you than on the nearer 
part. This is particularly true as the hand 
drops lower and lower with the finer 
grades. As a check on your judgment, rock 
the mirror sidewise a bit and see whether 
the gray areas seem to come in the same 
zones as when the image is rocked to· 
ward and away from you. 

"This test does not, however, tell you 
whether the given grade of abrasive has 
been used long enough. One still needs 
a magnifying glass to see whether the pits 
that remain are essentially of uniform 
size. 

"Now, as the fine grinding proceeds, 
(!ne finds that the hand may be dropped 
lower and lower before the reflected 
image is lost. Also the region in which a 
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red image is seen increases in size so that 
there is a generous warning before the 
image is lost entirely. 

"If now the angle from the light down 
to the position of the mirror at which the 
image is lost is measured, the quality of 
the fine grind can be judged fairly well. 
A simple and rapid method by which the 
free hand may be used as a caliper to 
measure this angle is as follows. 

"Suppose the reflected image has finally 
been lost when the mirror, held in the 
left hand, is seen in line with a particular 
crack in the floor or opposite a particular 
pattern in the carpet. The right arm is 
now' extended in front, full length, 
parallel with the left. Its fingers and 
thumb are opened as widely as possible, 

,sPHERICAL MIRROR 

FLAT lJ N D E.R 

faint swish renlll1lSCent of silk. This 'reo 
peated dilution of the final wet' resembles 
the 'Fer son technique' of drying up the 
final wets, adding only a very little water, 
and working the emery out to the finest 
possible state. The latter is described in 
detail by Ferson in Amateur Telescope 
Making-Advanced. [In printings subse· 
quent to June 1944.-Ed.] 

"When you get down to four or five 
hands you should take care that no oil 
or grease is applied to the mirror as you 
wipe the last bit of moisture from it. Only 
a small amount of grease is enough to 
mislead one seriously as to the quality of 
the fine grind. Just rubbing the hand 
over a mirror several times appears to 
provide the grease which misleads. 

P'NHOU: &. KNIFE. EDGE. 

� -_\ � 

The testing of the biggest flat in the world 

a., in thumbing your nose. The wrist is 
rotated so that the thumb is straight down, 
the little finger straight up. With the little 
finger in line with the light, the point at 
which the tip of the thumb lines up with 
the floor is now noted, and the arm is 
lowered until the little finger on top lines 
up with the same .point. Only one eye is 
used and the head is, of course, held 
steady. This spacing off process is reo 
peated on down to a point level with the 
center of the mirror and the number of 
'hands' is counted. 

"One then estimates that the mirror is 
good for about one, three, or so many 
hands down, as the case ·may be. Frac· 
tional hands may be counted but it is 
hardly worth while to estimate nearer than 
a half hand. In general, the nnmher of 
hands measured by one person will agree 
fairly well with the number found by an
other person of radically different dimen
sions. 

"Our experience has been that a good 
grind with 500 Carbo or Aloxite should 
show about three hands down; 303 
emery will give four hands, and 303% 
emery should give five and a half or six 
hands, but the average beginner usually 
wants to quit at five hands down and 
start polishing. In terms of time and 
energy this is a very expensive procedure. 
He should go back to 303% for a final wet, 
adding only a little water from time to 
time and slowly working out the abrasive. 
The pressure of the hands should be les
sened in the later stages of fine grinding 
until, in this final step, it should be just 
the weight of the mirror applying the 
pressure. If you hold your ear down close 
to the mirror as you move it back and 
forth in this final stage you will hear a 

"Although this note is not meant to 
cover polishing, one of the commonest 
troubles encountered in polishing is the 
'Mexican Hat.' Under the Foucault test. 
with the mirror in an intermediate posi
tion, there appears to be a turned-up edge 
(the brim of the hat) and a hill in the 
middle (the crown of the hat). As long u, 
the hat is a fairly flat one, in comparison 
with its diameter, this is not a serious 
matter. Care taken in pressing the mirror 
on the lap each time before startin)!: 
polishing, and in using a very short 
stroke, will usually prevent the a ppear
ance of a Mexican Hat and many time.
will remove one after it has appeared. II 
seems likely that the hat is a result of the 
natural curvature of a pitch lap near it" 
edges due to surface tension." 

EVERY year in their Science Talent 
Search the Science Clubs of America 

boil down several thousands of the na
tion's keenest high scbool seniors to award 
the Westingbouse Science Scholarshi ps. 
A part of the boiling-down process is a 
written report on a science project se· 
lected by the candidate. Of tbe 40 finalists 
in the Science Talent Searcb this year, five 
chose telescope making as their project. 
rougbly tbe same percentage as in the six 
previous annual talent searches. An ex
amination of some of the essays which 
were written by the finalists reveals that 
the best of the contestants have mature. 
adult minds--keen and scientifically 
sophisticated. 

-

Albert C. IngaLLs is alLthar of Ama
teur Telescope Making and Ama
teur Telescope Making-Advanced. 

3 inch portable 
REFRACTOR 
45,90, and 180x 
eyepieces 
$325 

rst qu ality 
coated lenses, 

corre cted for 
spherical a n d  
chromatic aber
rations. Star di. 
ago n al or pris
matic inverter. 
Rock and pinion 
focusing. Alum
inum tube 5 ft. 
hard maple tri
pod. Folder on 
request. larger 
instruments on 
order. 

te e d perfect 
lenses an d precision· 
w o rkm an s h i p m ak � , 

t h e s e instrUments 
d· in vallie 

outS tan lUg . . 
d· performance. 

an i n 

T�'�E�l�lel 8 E R K . •  _�_'&.�_"m.'= 

20 power ·scour· 
6 coated lenses; 

44 mm. achromatic 
obiective. Draw tube 

and spiral focus. $25 

8 Power 60. 
MM Objective. 
Easily made into 
power with no additional 
lenses. Instructions furnished. 

Excellent condition-$22.50 Postpaid_ 

A. COTTONE & COMPANY 

338 Canal St. New York City 13, N. Y. 

RAMSDEN EYEPIECES 
Y4"·3/s"-Yz"-1" E.F.L. standard 11/4" 0.0. 

each $5.10-immediate delivery 

E9UATORIAL MOUNTINGS 
Combination Eyepiece and 

Prism Holder 
Mirror ceUs with ring for tube 

Prisms highest quality 

Price List Folder on request. 

C. C. YOUNG 
25 Richard Road East Hartford 8, Conn. 

ARMY AUCTION BARGAINS 
��!�qUr�a�jlsf�l�t;";"cw""""""'''''''''''''''' ........... $ l:�g e��h 

Sho[ gUll nip;.1les...................... .25 .. 
Rev. hol!;ter, black cal. 38... .45 II 
Mauser '98 book................. .45 " 
Angu[ar Bayonet cal. 45... ... ................ .90 II 
Lead [a::lle, 61/2 inch........... 1.80 " 
Flint pistol barrel, 6 illch......... .75 .. 
Sharps carbine b.o.rro:!l 50/70......... 4.00 .. 
Sprin9fieid I';arbine barrel 45/70... .60 II 
F"lints. assorted. doo:en. . 1.00 II 
Krag Rifle. 30/40, lIsed.. . 37.50 .. 

Prices (fa not include postage. ..\ rtic/cs 

sllrJwn in special circular for 3c strnllp. 

FRANCIS BANNERMAN SONS 
501 Broadway New York 12, N. Y. 
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Counters 
For Mechanical 
Electrical and 
Manuel vpe,c",o"_,,, 

VEEDER·ROOT INC. 
Hartford 2, Conn. 

EYE PIECE BARGAINS 
Send for Free List 

F. W. BALLANTYNE 
P. O. Box 382 

Point Pleasant New York 

HAVE YOU A CAMERA? 
Improve your hobby of photogra phy and 
learn how to make better pictures. "'rite 
today for our latest book catalog, and 
s<lmpie copy of American Photogmphy, 
containing articles and pictures by the 
\vorId's fO],l!lllost writers and Ilhotograph· 
el's. CameI'll House, 604, 353 Newbury St., 
Boston 13. lUass. 

MECHANICS • HOME STUDY 
��ge�P����a

O
D'i� ��:d,:�t�O

r:t�\� ��fC�r�:l
oiJ�?(\� �r�i�fc 

Information in handy form. Fully Illustrated. Easy to 
Understand. Highly Endorsed, Check book you waut for 
7 days' Free Examination. Send DO MODPY, Nothing to 
P3Y postman. DCarpentry S6 • DAutoS4. DOilBurners$J 
DSheet Metal SI • DWclding SI • DReirigeration 54 
OPium bing S6 • O:'vJasonry S6. DPainting $ 2 .  DRadio S·l 
OElectriclty S4. Dl'vlathematics 82. DStcam Engineers 54 
OMachinistS4. DBlueprintS2. ODiesei$2. DDrawlngS2. 

It satisfied you pay only 81 a month until price Is paid. 
AUDEL, Publishers, 49 W. 23 St., New York 10, N. Y. 
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Make Your Own 

TELESCOPE 

E
XTENSIVE, practical instructions 

for makin g excellent telescopes 

capable of serious astronomical 

work, including tbe glass mirrors 

and at a cost of less than $25 for 

materials, are presented in 

AMATEUR TELESCOPE 
MAKING 

(500 pages, 316 illustrations) 

$5.00 postpaid, domestic; foreign $5.35 

A FTER you have made your tele· 

ft scope, there will be other optical 

apparatus that you will want to 

make. Then the hook you will 

need is 

AMATEUR TELESCOPE 
MAKING--ADVANCED 

(650 pages, 361 illustrations' 

$6.00 postpaid, domestic; foreign $6.35 

Ask for detailed information on 

these two practical books on an im· 

portant scientific hobby. A postal 

card will do. 

SCIENTI FIC �M ERICAN 
24 West 40th Street, N. Y. 18, N. Y. 

BIBLIOGRAPHY New Wavto Own 
Readers interested in further reading 

on the subjects covered by articles in 
this issue may find the lists below help. 
Jul. The lists are not intended as bibli· 
ographies 0/ source material for the arti· 
cles. The references selected will provide 
supplementary information. 

NATIONAL SCIENCE FOUNDATION 
A NATIONAL SCIENCE FOUNDATION. 

William C. Foster, Undersecretary of 
Commerce. Science, March 21. 1947. 

SCIENCE AND PUBLIC POLICY. Report to 
the President by John R. Steelman. U. S. 
Government Printing Office. 1947. 

HISTOPLASMOSIS 
HISTOPLASMOSIS. A. C. Curtis and J. N.  

Grekin in Journal of  the American Medi· 
cal Association, August 9. 1947. 

Br:NIGN HISTOPLASMOSIS. Physicians' 
Bulletin, March.April, 1948. 

THE ARMY ANT 
MASS ORGANIZATION I N  THE SWARM · 

RAIDER. T. C. Schneirla in Journal of Com· 
parative Psychology. Vol. 29, pages 4,01· 
60, 1940. 

PROBLEMS IN THE BIOPSYCHOLOGY OF 

SOCIAL ORGANIZATION. T. C. Schneirla in 
Journal oj Abnormal and Social Psychol. 
ogy, Vol. 41, pages 385·402, 1946. 

THE ULTIMATE PARTICLES 
WHY SMASH ATOMS ? A. K. Solomon. 

Harvard University Press, 1945. 
PARTICLES OF MODERN PHYSICS by 1. D. 

Stranathan. Blakiston, 1945. 

BIOLOGY OF OLD AGE 
PROBLEMS OF AGING. E. V. Cowdry. 

Williams and Wilkins, 1942. 
GERIATRIC MEDICINE. E. J. Stieglitz. 

Saunders, 1943. 

"IF A SLAVE GIRL FLED 
THE SUMERIAN LAW CODE COMPARED 

WITH THE CODE OF HAMMURABI. S. Lang. 
don in Journal of the Royal Asiatic So
ciety, pages 489-515, 1920. 

THE LIPIT·IsHTAR LAW CODE. Francis 
R. Steele in American Journal of Archae· 
ology. Vol. LI, No . 2, 1947. 

WHITE PINE 
THE GREAT FOREST. Richard Lillard. 

Knopf. 1947. 
HISTORY OF THE LUMBER I NDUSTRY IN 

AMERICA. James E. Defebaugh. American 
Lumberman, 1908. 

SRINIVASA RAMANUJAN 
RAMANUJAN. G. H.  Hardy. Cambridge 

University Press, 1940. 
COLLECTED PAPERS OF SRINIVASA RA· 

MANUJAN. Edited by G. H. Hardy, P. V. 
Seshu Aiyar and B. M. Wilson. Cam· 
bridge University Press, 1947. 
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New Hearing Aid! 

• Comes To You By Mail 
• Satisfaction Guaranteed 

Or Your Money Back 
• Just Clip Coupon Below 

So Good We Can Offer You This 

MONEY-BACK TRIAL! 

Wear the Zenith "75" at home, at work, 
anywhere. If it isn', better than you ever 
dreamed ANY hearing aid could be, re
tu,n it within 10 days of receipt and 
Zenith will refund your money in full. 

Have you often wished you could try a 
superb hearing aid without going through 
embarrassing "fittings" or exposing your
self to high-pressure salesmen? The new 
single-unit Zenith "75" offers you this 
golden opportunity, and you do not risk 
a penny! 

Saves you aver $100, too I Because the new 
Zenith "75" needs no "fitting" -comes 
to you by mail-it also saves you over 
$100 cash money. If its price had to in
clude "fitting," middlemen's profits and 
high sales commissions, this top quality 
hearing aid would have to sell for $195 
instead of $75! So do as tens of thousands 
have already done. Find new happiness 
and success by mailing the coupon below 
-right now! 
BY THE MAKERS OF WORLD·FAMDUS ZENITH RADIOS 

• 

Look only to your doctor 
for advice on your 

ears and hearing 

- "r--MAIL THIS COUPON TODAY---. 
". / Zenith Radio Corporation 
I Hearing Aid Division, Dept. SC68 

5801 Dickens A venue, Chicago 39, ILL 
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I am completely satisfied and find the Zenith 
"75" superior to any other hearing aid, I 
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of receipt 

*Plus tax of $1.50 in Illinois or New York 
City; $1.88 in California, except Los Angeles, 
$2.25. 

D Please send me free descriptive literature. 

Name 

Address. ___ ............ _ 

City ........ ___ .. _._ .. ___ . __ . ____ .. _ .... State .... _____ . _  .. _____ ... _ .. 
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Mr. Micawber was only half-right! 

M
R. MICAWBER'S financial advice 
to young David Copperfield is 

justly famous. 

Translated into United States 
currency, it runs something like this: 

"Annual income, two thousand 
dollars; annual expenditure, 

nineteen hundred and ninety

nine dollars; result, happiness. 

Annual income, two thousand 

dollars; annual expenditure, 

two thousand and one dollars; 

result, misery." 

Mr. Micawber was only half-right! 

Simply n9t spending more than you 
make isn't enough. Every family 
must have a cushion of savings to 
fall back on . . . and to provide for 
their future security. 

U. S. Savings Bonds offer one of 
. 

the best ways imaginable to build 
savings. 

Two convenient, automatic plans 
make the systematic purchase of 
Sa vings Bonds both sure and 
trouble-free: 

I. If you work for wages or salary, 
join Payroll Savings-the only, 

installment-buying plan. 

2. If y o u'r e in business, or a 

farmer, or in a profession, and the 
Payroll Savings Plan is not avail
able to you, then sign up at your 
bank for the Bond-A-Month Plan. 

Each helps you build a nest egg 
of absolutely safe, 100% govern

ment-backed U. S. Savings Bonds. 
And these bonds make more money 
for you while you save. For after 
only ten years, they pay you back 
$400 for every $300 you put in them. 

Join the Plan you're eligible for 
today! As Mr. Micawber would say: 
"Result, security!" 

AUTOMATIC SAVING IS SURE SAVING-U.S. SAVINGS BONDS 

� Contributed by this magazine in co-operation \t;;;;I with the Magazine Publishers of America as a public service. 
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