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The Mercedes--Benz 450SE. 
Will the others ever catch up? 

Mercedes-Benz has always ·en
gineered automobiles which are 
ahead of their time. Many of the 
concepts that put these automo
biles ahead were pioneered by 
Mercedes-Benz over 20 years 
ago. They are still not found in 
any American sedan. 

The 4 50SEhas moved Mercedes
Benz even farther ahead. It has de
veloped the basic systems of the 
automobile to greater heights than 
any other sedan in Mercedes-Benz 
history. Will the other manufactur
ers ever catch up? Read the follow
ing. Then decide for yourself. 

Shape and size of the future 

The 450SE looks as if it were de
signed in a wind tunnel, not a styl
ing center. It was. Its aerodynamic 
design harnesses airflow instead of 
fighting it. 

On the outside, the450SESedan 
is not as big as a full-sized Ameri
can car. The only thing big about 
this Mercedes-Benz is the amount 
of room inside. The 450SE is a five
passenger sedan with fully 20 cubic 
feet of trunk space. And its 25.4-
gallon gas tank can give you about 
400 miles of cruising range. 

The engine of tomorrow 

The engine in the 450SE is a sensible 
276-cubic inch V-B. An overhead cam
shaft design featuring computerized, 
electronic fuel injection, this clean 
burning engine delivers good mileage 
without paying a performance penalty. 
An engine others will strive for tomor
row-available in the 450SE today. 

The best handling 
Mercedes-Benz Sedan ever 

It's almost unfair to compare a 
450SE's handling with a domestic 
sedan's. Each wheel on a 450SE is 
suspended separately. So, unlike all 
domestic sedans which continue to 
have the same basic wagon-type 
rear axle they have had for decades, 
the suspension of a 450SE is fully 
independent. 

Mercedes-Benz goes to great ex
pense and effort to initiate new sus
pension developments. They can 

spell the difference between acci
dent and incident. Ahead of their 
time? Unfortunately, for other sedan 
owners, years ahead. Owners of the 
450SE, however, can call on these 
developments right now, and every 
time they take the wheel. 

Safety first 
The structure of the 450SE is the 
latest in a series of Mercedes-Benz 
developments of the patented rigid 
passenger cell/deformable extrem
ity construction. It is designed so 
that the front and rear extremities 
absorb force in the event of an 
impact, to help the passenger cell 
remain intact. 

One final thought. Today, when 
more than ever everyone is search
ing for lasting value, a Mercedes
Benz 450SE makes good sense. 
After all, an automobile which is 
years ahead of the rest today is far 
more likely to hold its 

® value while the others 
are trying to catch up 
tomorrow. 

Mercedes ... Benz 
Engineered like no other car 

in the world. 
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THIS IS BRITISH COLUMBIA, 
More than just another country, 

it's another world. 
See it this Fall. 

b. Children near Pavillion Lake, British Columbia. 

c. Canada's major \lkst Coast city, Vancouver. 

d. A sidewalk cafe in Vancouver's Gastown. 
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WINETALK 
by Austin. Nichols 

M. de Rausan thought so highly of 
this wine that he dumped it in 
the Thames. 

Rather than sell his claret to London 
merchants at a price he considered 
unworthy, one 18th-century proprie
tor of Chateau Rausan began throw
ing it overboard, cask by precious 
cask. Finally, with four barrels bobbing 
in the river, the wine merchants 
relented. 

Today, we at Austin, Nichols find 
that M. de Rausan's pride was fully 
justified. For the wine from his vine
yard -now known as Chateau Rausan
Segla -is one of the great red wines in 
the world. Among the wines of Mar
gaux-famous for their bouquet-it is 
regarded as exceptionally full and 
fragrant. 

Of Rausan, the wine expert Benja
min Franklin once said, 'This wine I 
import for myself." And of Rausan
Segla, the experts at Austin, Nichols 
say, "This wine we import for y ou." 

THE COVER 

The photograph on the cover symbolizes the theme of the 11 principal arti
cles in this issue of SCIENTIFIC AMERICAN: the human population. Here a 
very small fraction of the four billion individuals in that population is seen 
from directly overhead, as it might be viewed through a very powerful 
telescope by a being on another world. The people in the picture are walk
ing at 48th Street and Fifth Avenue on a summer afternoon in New York. 
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As your introduction to membership in the BOOK-OF-THE-MONTH CLUB® 

The lTIost cOlTIplete 
scholarly dictionary 
of the English 
language 
for only $15::�t7s 

THE SUGGESTED TRIAL: You simply agree 
to buy four Club choices within a year at substantial 

savings on most books you choose 

T
HE OXFORD ENGLISH DICTIONARY is generally 
regarded as the final arbiter of the meaning, 

origin, history and usage of words in the English 
language. Until now, it has been available only as 
a thirteen-volume set, p r iced at $350. Now, 
through the combination of an ingenious method 
of micrographic reproduction and a fine Bausch & 
Lomb optical lens, every single one of its 16,569 
pages, fifty million words and close to two million 
illustrative quotations appears, in easily readable 
form, in the two volumes of The Compact Edition. 

The New York Times book critic Christopher 
Lehmann-Haupt has said of this edition: "It is 
something of a miracle . . . .  The Compact 
Edition is easier to work with than the original 
with its 13 separate volumes .... Even at $75, 
the set is an extraordinary bargain." 

Even more extraordinary, as a trial member of the 
Book-of-the-Month Club you may obtain The 
Compact Edition of the Oxford English Dictionary 
for only $ 15. And as long as you remain a mem
ber, you will receive the Book-of-the-Month Club 
N ews,_ a literary magazine announcing the coming 
Selection and describing other important books, 
most of which are available at substantial dis
counts - up to 40% on more expensive volumes. 
All of these books are identical to the publishers' 
editions in content, format, size and quality. 

If you continue after your trial membership, you 
will earn at least one Book-Dividend® Credit for 
every Selection or· Alternate you buy. These 
Credits entitle you to obtain a Wide variety of 
books, called Book-Dividends, at astonishing sav
ings - at least 70% of publishers' list prices. Under 
this unique system, more than 100 Book-Divi
dends will be available to choose from every year, 
enabling you to acquire a well-rounded library at 
a small fraction of what you would otherwise 
have to pay. 

FACTS ABOUT MEMBERSHIP 

• You will receive the Book-of-the-Month Club 
News, a literary magazine published by the 
Club fifteen times a year. The News describes 
the coming Selection and scores of Alternates, 
and will be sent to you approximately every 
three and a half weeks. 
• If you wish to purchase the Selection, do 
nothing and it will be shipped to you automati
cally. 
• If you do not want the Selection - or you 
would like one of the Alternates, or no book at 
all - simply indicate your decision on the reply 
form always enclosed with the News and mail it 
so we receive it by the date specified. 

• If, because of late mail delivery of the News, 
you should receive a Selection without having 
had 10 days to decide whether you want it, that 
Selection may be returned at Club expense. 

BOOK-OF-THE-MONTH·ClUB. INC. 
280 Pari< Avo., New York, N.Y. 10017 

Please enroll me as a member of the Book
of·the-Month Club and send me The Compact 
Edition of the Oxford English Dictionary. biIJ
ing me $15 (in Canada $17.50 - publisher's 
price $82.50). I agree to buy at least four Se
lections or Alternates during the first year I 
am a member. paying in most cases special 
members' prices. My membership is cancel
able any time after I buy these four books. A 
shipping charge is added to all shipments. 

• Boxed set of two volumes, 
9¥1" x 13\.-2" each 

• All 16,569 pages of 13-vol
ume original included in the 
4,134 pages of The Compact 
Edition through a photo-re
duction process which per
mits printing of four pages 
of original on one page of 
new edition 

• Paper i.s 30-pound Special 
Dictionary White 

• Binding is library buckram 
- r e i n f o r c e d  a n d  gold
stamped 

• Bausch & Lomb magnify
ing glass included in special 
drawer of slipcase. 2" x 3V .. ' 
lens scientifically designed 
to make reduced print easily 
readable 

S� f ........
.
... 

· 
.. .... ·(·pi�;.;;�·p�i;;t·pi�j;;iy)· .. 

4-A170·' 

Address................ . ................................................... 54 

City.................... .. ... .............. ........................... ......... .. 

S,are ....................... .................................. Zip ................... . 
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You don't have to be afraid of a computer 
thatk smaller than you are. 
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That little thing next to the mouse is a computer. 
And it doesn't bite. 

It costs a lot less than a big computer. So 
instead of putting it up on a pedestal, you can 
afford to put it to work. 

You can move it to where the work is. 
On the production line. In the lab. Classrooms. 
Offices. 

It's tough enough to work where it's too 
cold for people to work .  Or too hot . 

And it can tolerate double the voltage 
reduction of a big computer. So it's less likely to 
blowout in case of a brownout . 

This computer is one of many made by 
Data General. T he fastest growing maker of 
small computers in the world today. 

W rite for our brochure: "The Sensible 
Way To Look At Computers�' 

It may be just the thing you need to scare 
you into buying one of ours. 

DataGeneral 
The computer company you can understand. 

Data General Corporation, Dept. C, Southboro, Massachusetts 01772, (617) 485-9100_ 
Data Gen of Canada Ltd_, Hull, Quebec, J8Y3S6, Data General Europe, 116 Rue de la Tour, Paris 75016 France

Data General Australia, Melbourne (03) 82-1361/Sydney (02) 908-1366_ 
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Naildown 
your ideas 
in less tiIne 

Command concentration. Communicate 
visually and orally to make ideas stick. 
Cut meeting time. Reduce listener ten
sion. Stimulate idea interaction. List 
best ideas for understanding and agree
ment. Utilize executive techniques. 
Quality easel folds for desk top or carry
ing case. Call for fast action -- 813/ 
822-4549 -- or send coupon now. 
Immediate shipment. 

OradSiial 
Company, Inc. / Subsidiary of Sh,.w_Ba,1nn 

FREE 
44-page idea book shows 
175 color pictures, helps 
improve presentations 

LETTERS 
Sirs: 

The conclusions drawn by Lester 
Grinspoon and Susan B. Singer in their 
review "Amphetamines in the Treatment 
of Hyperkinetic Children" were recently 
summarized in your department "Sci
ence and the Citizen" [SCIENTIFIC 

AMERICAN, July]. As your review im
plied, Grinspoon and Singer take it for 
granted that "behavioral" disorders 
should not be treated with chemicals; 
only cases of "brain damage or proven 
neurohormonal insufficiencies" should be 
so treated. And, as you say, "they ques
tion whether behavior that may stem 
from many different causes can be treat
ed rationally by one type of drug." On 
what basis they made these assumptions 
is not stated, either by you or in the origi
nal article. 

If these principles of treatment were 
adhered to, we would not be treating 
schizophrenia with phenothiazines, de
pression with antidepressant drugs, ma-

Scientific American, September, 1974; Vol. 231, 
No.3, Published monthly by Scientific American, 
Inco, 415 Madison Avenue, New York, N.Y. 10017; 
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller. Jr., vice-president 
and secretary; George S. Conn, treasurer; Arlene 
Wright, assistant treasurer. 

Editorial correspondence should be addressed lo 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
Avenue, New York, N.Y. 10017. Manuscripts arc 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Harry T. Morris, Advertising Director, SCIEN
TIFIC AMERICAN. 415 Madison Avenue, New York, 
N.Y. 10017. 

Offprint correspondence and orders sbould he 
addressed to W. H. Freeman and Company, 660 
Market Street, San Francisco, Calif. 94104. For 
each offprint ordered please enclose 30 cents. 

Change of address (or other subscription cor· 
respondence) should be addressed to Circulation 
Manager, SCIENTIFIC AMERICAN. 415 Madison 
Avenue. New York, N.Y. 10017. Please notify us 
four weeks in advance of change. If possible, 
kindly furnish an address imprint from a recent 
issue. Send both old and new addresses or com· 
plete and mail Post Office Form 3578_ 

o Please enter change of address. 

o Please enter subscription. 
U.S. and Canada: 

r;v=:m=c., Dept. , 

I �:Jl�i�;;:;;�I;;�::�:�;:;�:�:�;:akers' I 
01 year, SI2 02 years, S22 

All other countries: 
01 year, SIS 02 years, S27 

o 3 years, $30 

o 3 years, 837 

NAME 

NEW ADDRESS lecterns 0 Wall mounted conference center 

I 
with pads, movie screen, chalkboard I I o Ruled pads for planning, scheduling and . 
control �------------------------� 

I 
Name 11I1e'______ L _______________ -.-! 

Company 

I OLD ADDRESS 

City I---------------� 
Street 

I r-------�
t
;.... ...... � ..... � L __________________________ � 
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nia with lithium, psychomotor epilep
sy with anticonvulsants, insomnia with 
barbiturates. The list could go on and 
on. ,SpeCifically, it has not yet been dem
onstrated that schizophrenia has only 
one cause, and in spite of years of inten
sive research an organic or biochemical 
basis of schizophrenia has not yet been 
demonstrated. Nevertheless, Grinspoon 
himself is an ardent advocate of the use 
of phenothiazines in schizophrenia ("Psy
chotherapy and Pharmacotherapy in 
Chronic Schizophrenia," by Lester 
Grinspoon, J. R. Ewalt and R. Shader; 
American Journal of Psychiatry, Volume 
124, pages 67-74, 1968). It is puzzling 
that he considers chemical treatment 
legitimate for schizophrenia but not for 
hyperactivity. The efficacy data are cer
tainly as good for stimulants in hyperac
tivity as for phenothiazines in schizo
phrenia. Perhaps the difference in atti
tude is due to the fact that Grinspoon 
has actually done some original research· 
in the treatment of schizophrenia with 
phenothiazines. 

The search for a biochemical basis of 
schizophrenia goes on in spite of all past 
failures. In the face of this fact, what 
magic gives Grinspoon and Singer the 
power to know that a behavioral condi
tion they admit (in their original paper) 
is "real enough" is not due to, say, a 
neurohormonal deficiency? 

Perhaps what may be considered the 
organic basis for schizophrenia and hy
peractivity will one day be discovered. 
In the meantime, with the present de
ficient state of knowledge about these 
prevalent and distressing illnesses, treat
ment must be based on whether it works 
and is safe, not on whether the condition 
appears to be "organic" or "behavioral." 

ESTHER K. SLEATOR, M.D. 

Children's Research Center 
University of Illinois 
Urbana-Champaign 

Sirs: 
We should like to say from the outset 

that we take Dr. Sleator's concerns quite 
seriously. We too believe that if a treat
ment for such "prevalent and distress
ing illnesses . . .  works and is safe," and if 
there is no other effective treatment, then 
it should be used. The available data 
leave us, however, with grave doubts 
about whether the amphetamines as a 
treatment for hyperactive children really 
work in any sense other than to do away 
with symptoms that are troublesome to 
people who have to deal with these chil
dren. Does the hyperkinetic child treat-
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Helping you do business is our 
business ... another reason more 
executives fty to the Orient on JAL. 
When in Japan, 
keep up-to-date on 
business with free 
copies of the 
English-language 
Japan Economic 
Journa l . 

Definitive business 
and pleasure guides 
to the Orient. 
Both for $1 (see 
coupon below). 

Have you ever 
seen your name 
written in 
Japanese? We'll 
print your business 
cards in both 
English and 
Japanese for only 
$5a1OO(see 
coupon below). 

Need a bilingual 
stenographer? JAL 
will find you the 
best secretarial 

Have a toothache 
in Tokyo? Dial JAL 
(747-3191). We'll 
help you find an 

Want to change a Tokyo, Osaka, 
flight? Request a Kyoto, Manila, 
special meal? Seoul, Hong Kong. 
Make a hotel We have Hospital-

Visit our new Executive Service Lounge 
in Tokyo's Imperial Hotel. 
Use it as your office aw.ay from the office. 

r---------------
Japan Air Lines, P.O. Box 1160, New York, N. Y. 10019 
Att: Ex ecu tiv e Service Department 
Japanese/English business cards (Allow 2 full weeks 
for processing. Sorry, delivery in Japan only.) 

help and lish- speaking reservation? Book a ity Desks all over 
whole new itinerary? the Orient to 
JALCOM 1\ answer questions, 
can do it in a matter book tours, and 
of make hotel 

Fly to the ~ with the airline 
born in the Orient. � 

�AJRI.JNES ------- - --- - ------ , 
o JAL Downtown Passenger Service Center 

Osaka Royal Hotel 0 P1aza Hotel 
KYOTO: 0 Downtown Passenger Service Center 

o Kyoto Grand Hotel 0 Kyoto International Hotel 
o I am going to Japan and will need hundred I Guide Books 
English/Japanese business cards. Attached is my present business card 
for the information you will need. Enclosed is $ ___ ($5 for 100 cards}. 
T he phonetic spelling of my name is ___________ _ 
My departure date is and the airline and 
flight number are . I will pick up 
my cards on (date) at the JAL counter 
at the following Tokyo, Osaka or Kyoto location: (check one). 
TOKYO: 0 JAL Downtown Passenger Service Center 
o Imperial Hotel 0 Tokyo Hilton Hotel 0 Palace Hotel 
o Hotel New Japan 0 Hotel Okura 0 Hotel New Otani 
o AkasakaTokyu Hotel 0 Hotel Keio Plaza 0 Pacific Hotel 
o Tokyo Prince Hotel 0 Grand Palace Hotel 0 Ginza Daiichi Hotel 

o I enclose $1. P1ease send me both the Businessman's Guide to Japan 
and the After Hours Guide to Japan. 
o Send free Executive Service folder. 
(P1ease print below or attach your business card to coupon.) 

Name ______________________________ ______ _ 

COmpany _________________________________ _ 

Address _______________________ Jel. _________ _ 

Cily __________ State ______ Zip -__ 

My travel agent is ______________ _ SG-0974. 
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May 24, 1844: Samuel Morse, having won Congressional 
approval to build an experimental telegraphic line, taps out the 
first message over a 40-mile wire from Washington to Baltimore. 

W hen Samuel Morse transmitted the first 
telegraphic message in 1844, he set in motion a 
series of events that revolutionized the world's 
social and economic life. 

W ith telegraphy, man had finally con
quered the barriers of time and distance. Per
haps awed by the implications of his invention, 
Morse chose this biblical expression of wonder 
for his first message, "W hat hath God 
wrought!" (Numbers 23:23.) 

Western Union relays 
its first message via space. 

On July 15, R.W. McFall, Chairman and 
President of Western Union Corporation, 

July 15, 1974: Western Union's R. W. McFall transmits the same 
message from New York to Los Angeles via Western Union 
satellite, first using the original Morse key (on loan from the 
Smithsonian Institution) and then a modern electronic terminal. 
At left is The Hon. Abraham D. Beame, Mayor of New York, 
who spoke via satellite with the Mayor of Los Angeles. 

transmitted the same message from New York 
to Los Angeles via Western Union's Westar, 
America's first domestic communications 
satellite. This second transmission of "W hat 
hath God wrought!" will also have great 
implications for our nation's social and economic 
life. In some cases, satellite transmission will 
cost less than half that of present land lines. 

We star will be joined this month by our 
second messenger in orbit, Westar II. The two 
satellites will vastly increase Western Union's 
information-moving capacity in all forms: 
video, voice, data and graphic communication. 

(Each Westar satellite, for example, can 
reiay more than 8 million words per second.) 

Coming soon: 
the age ofllspace mail:' 

One of the first of Western Union's 
information networks to utilize satellites was 
Mai1gram� 

Mailgrams are written messages that are 
transmitted electronically to U. S. Post Offices 
for delivery by regular letter carrier with the 
next business day's mail. They arrive in a 
distinctive blue and white envelope and have 
the impact of a Telegram at a fraction of the cost. 

This month, We star brought mail service 
into the space age, as the first Mailgrams were 
sent via outer space. 

1844: Telegraphy. 
1974: Information networks. 

Morse's first message, transmitted almost 
130 years before the launch of Westar I, opened 
the way for such breakthroughs as the tele
phone, radio, television and microwave. Satellite 
transmission will open the way for improved 
communications services for business, govern
ment and the public. Services we call 
information networks. 

We' ve prepared a 20-page brochure that 
describes how these networks can help you 
better manage your business. 

You can order copies instantly by Telex 
#12452 (answerback: WU CORP). Or call 
800-325-6400* toll-free and ask Operator 25 for 
the booklet on "Information Networks�' You 
can also write to Boyd Humphrey at Western 
Union Corporation, 85 McKee Drive, Mahwah, 
New Jersey 07430. 

'In Missouri, 800-342-6600. " ' ... 
western union 

These days, 
the way to reach people instantly in writing 
is an information network by Western Union. 
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Tbe IuIIy-ecpdpped Land-Rover. 
$4599; Mystique aDd all. 

The 4wd Land-Rover has been 
climbing mountains, fording rivers, 
crossing deserts, exploring jun
gles-and starring in movies-for 
more than 25 years. 

That's why Land-Rover is con
sidered indispensable equipment 
for every kind of exploration. 
From a camp-out on the Cape to a 
summer safari across the Sahara. 

The base price of a Land-Rover 
is $4599. And at $4599, it's fully
equipped. Not stripped-down. 

Land-Rover has standard equip
ment that some others provide 
as extra-cost options, if at all. Like 
4-speed transmission, power
assisted brakes, corrosion resist
ant all-aluminum body, hard-top, 
rear door, 3 power take-off pOints, 
all-purpose tires and a deluxe 
interior with fully upholstered 
seats for 7. 

Go test price a Land-Rover 
today. You'll discover more basics 
than you bargained for. 

For the name of your nearest 
dealer call: 800-447-4700. 
In Illinois call: 800-322-4400. 

-Manufacturer's suggested retail price. P.O.E. 
Does not Include Inland transportation, local 
taxes or preparation charges. 

Land.Rover .R�.H 
British Leyland Motors Inc. ED 
Leonia, New Jersey 07605 ...vLAND 

STANDARD EQUIPMENT: On the new Series 
III Land-Rover we offer an all synchromesh 
gearbox (4 forward speeds and reverse, plus a 
2-speed transfer box, equals 8 forward, 2 reo 
verse); alternator; larger capacity heater; im· 
proved power brakes plus new facia and other 
styling advances. 
As always: Four wheel drive. Full length metal 
top. Body of corrosion resistant aluminum alloy 
with sliding side windows. Side-hinged rear 
door. Seats for seven. Windshield ventilators 
with built in fly screens. Dual braking system. 
Windshield washers. Back-up lights. Fresh air 
heater and defrosters. 
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ed with amphetamines mature into a 
better adult than those treated by other 
approaches? The scant follow-up evi
dence is not compelling. Nor is it by any 
means clear that this class of drugs is as 
safe as was once thought. In addition 
to the various toxic effects that ampheta
mines may impose on adults there is 
some evidence that they may retard 
physical growth in children. The two 
questions, the one of amphetamine tox
icity and the other of its therapeutic util
ity, actually blend into the one problem 
of balancing therapeutic utility against 
the potential for harm. As we described 
it in our original paper (Harvard Educa
tional Review, Volume 43, pages 515-
551, 1973), even if our goal is simply the 
reduction of disturbing symptoms, alter
native nonchemical means or safer drugs 
combined with the risks of amphetamine 
use seem to weight the scales against the 
use of amphetamines. 

Dr. Sleator is incorrect in asserting 
that one of the authors (L. G.) is "an ar
dent advocate of the use of phenothia
zines in schizophrenia"; the data report
ed in the paper she cites may have 
aroused her ardor but it did not arouse 
his. Furthermore, her comparison with 
chronic schizophrenia and phenothia
zines is not instructive. Because pheno
thiazines help to make disordered 
thought processes more rational, chronic 
schizophrenics often function better but 
too often on a very minimal level; many 
of them can do little more than care for 
themselves outside an institution. The 
chronic schizophrenics Sleator refers to 
were older patients who were selected 
precisely because they had, during the 
course of their long hospitalization, 

ERRATA 

In the article "A Family of Pro
tein-cutting Proteins," by Robert 
M. Stroud (SCIENTIFIC AMERICAN, 

July), it is stated that John H. Rich
ards and his colleagues showed 
that histidine 57 in trypsin is neu
tral. The work was done not with 
trypsin but with the bacterial en
zyme alpha-lytic protease. 

In the illustration on page 75 of 
the same article it is stated that the 
dotted lines represent hydrogen 
bonds. The dotted lines from serine 
195 to the substrate and from histi
dine 57 to the substrate can only 
be described as close contacts be
tween atoms in the enzyme-sub
strate complex. 

failed to improve significantly on ade
quate trials of every major treatment 
modality; they were established treat
ment failures. We think that with chil
dren we can hope for more than to sim
ply make them function better. Here the 
mere reduction of symptomatology can
not be a sufficient goal; what is more, 
symptom reduction runs the risk of ob
scuring in many of these children serious 
underlying problems that must be dealt 
with but will not be if we continue to de
fine the problem and the treatment in 
such limited terms as reducing symp
tomatology. 

LESTER GRINSPOON, M.D. 

SUSAN B. SINGER 

Department of Psychiatry 
Harvard Medical School 
Boston 

Sirs: 
I was glad to see your note on the 

controversy over giving stimulant drugs 
to hyperactive children. Since you pub
lished my article on hyperactivity ["Hy
peractive Children," by Mark A. Stew
art; SCIENTIFIC AMERICAN, April, 1970] 
I have become as skeptical about drug 
treatment as Grinspoon and Singer; in 
fact, Alan Sroufe and I have published a 
review similar to theirs ("Treating Prob
lem Children with Stimulant Drugs," by 
L. Alan Sroufe and Mark A. Stewart; 
The New England Journal of Medicine, 
Volume 289, pages 407-413, 1973). 

Available data support the idea that 
"hyperactivity" is a common form of 
temperament that makes a child harder 
to raise and harder to handle in the con
ventional classroom but that may be an 
asset in adult life. The appropriate man
agement is to help parents and teachers 
learn how to understand such children 
and to cope with them. My colleagues 
and I are doing a prospective study to 
compare the results of managing hyper
active children through parent and 
teacher counseling and the results of 
treatment with stimulant drugs. Several 
other investigators are working along the 
same lines, and in a few years we shall 
have the data to answer the question. 
Meanwhile our experience tells us that 
educating parents and teachers in child 
management is an effective way to help 
hyperactive children. 

MARKA. STEWART, M.D. 

University of Iowa 
Iowa City 
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In 30 days, 
you'll be a montli older. 

Why-notbe 
a month smarter? 

,,\ / --- /' 

How much more are you 
going to know a month from 
now? How much new infor� 
mation will you have about 
business in general, or about 
your business? How much 
smarter will you be? 

It would be nice
wouldn't it? -if the older you 
got, the smarter you got. 

The Wall Street Journal may be able to 
help. 

The Wall Street Journal is a national 
daily business publication (the only national 
daily business publication) written and edited 
to help its readers to know more, to have 
more relevant information, to be smarter. 
Every business day, it reports news of just about 
anything happening anywhere in the world 
that can be of interest to anyone who works 
for a living. Not just stocks and finance, 
but all kinds of news, trends, developments 
that can affect business-your business. 
All kinds of information, every day, that can 

----

help you make the business 
decisions you have to make 
every day. 

Try The Journal on our 
special introductory offer. 
Just 73¢*a week will get it de� 
livered to your home or office. 
Fill out and mail in the 
attached card. If someone has 
already used the card, write 

The Wall Street Journal, 200 Burnett Road, 
Chicopee, Mass. 01021, and tell us you want to 
take up our 73t�a�week offer, for any period 
from 13 weeks to a year. 30 days after you re� 
ceive the first 
issue, you'll be a The month smarter. 

Wall Street 
Journal 

'Price good in United States and possessions and Canada. 
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7lbs.8oz. 

Except for the paper diapers, almost everything on 
paper about this baby will be recorded, copied, transmitted, 
fued and stored for future reference. 

And when you stop to think that a baby is born in the 
u.s. every 10 seconds, the amount of paperwork that's 
involved is mind-boggling. 

It's growing every year, too. W hich is why Xerox, 
year after year, looks for new ways to make this paperwork 
more manageable. 

We've developed machines that copy on both sides of a 
sheet of paper, others that transmit copies over ordinary 
telephone lines. We even make computers that store and 
retrieve data in a form that's easy to manage. 

Nobody ever said having a baby was easy. But at least 
Xerox can relieve some of the labor pains. 

XEROX 

XERom is a trademark of XEROX CORPORATION. 
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A reputation 
for vision. 

Zeiss binoculars are the best in the world. 
They complement the most valued of opti
cal systems: the human eye. 

Each and every pair of Zeiss binocu
lars made today is a scientific instrument 
... one of the few wholly designed to bring 
pleasure. 

Every one is tested with spectro
photometers and interferometers to guar
antee optical perfection. Every one is filled 
with compressed air and tested for perfect 
sealing against dust and moisture. Every 
one is brutally jolted on test machines to 
make sure lenses and prisms stay aligned 
under the most extraordinary conditions. 

At the Zeiss workshops in West 
Germany the twin traditions of research 
and craftsmanship persist, devoted to the 
extension of man's vision. That's why Zeiss 
can give a lifetime guarantee, one backed 
in the United States with service personnel 
trained in the craftsmanship of the old 
country. All this adds up to the world's 
broadest line of binoculars-ranging from 
6 x 20 minis to the powerful 15 x 60 night 
glasses. 

Send for our 
brochure "What to 
look for when buy
ing binoculars ". 
It's all fact and no 
advertising. It will 
help you make an 
i n f o r m e d  p u r 
chase. 
Write Dept. SA-1 
Carl Zeiss , Inc., 
444 Fifth Avenue, 
N.Y., N.Y. 10018. 
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50 AND tOO 

YEARS AGO 

SEPTEMBER, 1924: "Not so long ago 
an orator had to exert himself to the ut
most to have his voice reach one or two 
thousand persons in a large auditorium. 
Today that same orator, without raising 
his voice above a conversational tone, 
can make his voice heard by tens of thou
sands of people indoors or outdoors. This 
is achieved by putting kilowatts of elec
trical energy into the speaker's voice and 
having numerous loudspeakers face the 
listeners. In both the Republican and the 
Democratic national conventions com
ment was frequently made on the careful 
attention paid to the speakers. The rea
son, not always appreciated, was that the 
entire audience, even in the farthest 
seats, could hear plainly. Moreover, 
voice amplification more or less levels off 
the speakers' ability to shout, and hence 
indirectly puts a premium on what is 
said rather than on how loudly it is said." 

"Food chemists have known about the 
several vitamins for quite a few years, 
but Doctors Eddy, Kerr and Williams of 
Columbia University are the first to have 
isolated one of them. Vitamin D, the 
member of the vitamin family without 
which you are in danger of having rick
ets, is the one they have isolated and 
analyzed. It is a crystalline, white sub
stance that on analysis shows an approxi
mate empirical formula of C5Hu02N2. 
Such a piece of knowledge as that gained 
by isolating vitamin D is sure to be useful 
in providing a complete explanation of 
foods and how life is supported. The 
physiological chemists hope to be able to 
show someday that life is simply a chem
ical process." 

"The price of radium has declined sud
denly from more than $100 per milli
gram to $70 per milligram following the 
discovery of ore of unusual richness in 
the Belgian Congo. Two deposits have 
been found, and 75-ton lots of ore from 
them have averaged as high as 85 per
cent uranium oxide. This means that the 
ore runs approximately 41f tons per gram 
of radium. The Belgian plants commonly 
produce a gram of radium for each nine 

tons of ore treated. When this is com
pared with the approXimately 250 tons 
of ore per gram of radium produced 
in the Government works near Denver, 
some conception of the influence on the 
radium market can be derived. It is es
timated that with the African ore the 
cost of producing radium does not ex
ceed $5 per milligram. The $70 per milli
gram price was calculated to stop the 
operations of American companies, and 
has succeeded in doing so." 

"New methods of identifying paint
ings have been perfected by French 
chemists. They employ red, blue, green, 
white or ultraviolet light to illuminate 
the picture, and they examine it with the 
spectrometer. Various colors of light put 
in relief the retouchings, scrapings and 
changed signatures that constitute a 
fraudulent canvas. The ultraviolet ray 
makes zinc white and certain varnishes 
stand out by fluorescence. Finally, by 
scraping off small amounts of paint for 
spectrographic analysis, they have been 
able to detect, for example, in a false 
Renoir cadmium yellow when Renoir 
used only chrome yellow." 

"u ntil five years ago the burning of 
fuel oil was unknown in New York; to
day the practice is so extensive and gain
ing so steadily in favor that it is impossi
ble to enumerate examples in satisfactory 
detail. It has been adopted by the large 
hotels, the department stores and the 
modern skyscraper office buildings." 

SEPTEMBER, 1874: "The population 
of the United States was discussed by 
Professor E. B. Elliott in a paper present
ed to the American Association for the 
Advancement of Science at its conven
tion in Hartford, Conn. Had there been 
no civil war, the population in 1870 
would have been 41,718,000 instead of 
35,558,000, according to Professor Elli
ott's interpretation of the census figures. 
In 1880 the population would be 54,-
017,000 if the war had not occurred, but 
by making the same allowance he esti
mates now that it will be but 50,858,000. 
The population in the present year, 1874, 
is placed at 43,167,000." 

"Professor Huxley recently addressed 
the British Association on 'The Hypoth
esis that the Animals Are Automata, and 
Its History: The address is an explana
tion of the biological propositions of 
Descartes, and comparison therewith of 
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At Zeiss the art of making lenses became a science 
. . . and remains an art. 

Over 100 years ago, Dr. Ernst Abbe of Carl Zeiss for
mulated the laws that put the design of microscope optics on 
a scientific basis. And, to this day, Zeiss is the leader in the 
subtle science of transforming glass into lenses of optical 
excellence ... into the world's broadest line of optical prod
ucts from small magnifiers to the most complex lens systems 
that render images of unequaled quality. 

But science alone is not enough. 
The most exact of formulae would remain only ob

jects of intellectual accomplishment without the hard-learned 
craftsmanship, the artistry, required to fashion earth's in-

tractable elements to their demands. 
At Zeiss the twin traditions of research and crafts· 

manship persist. That's why Zeiss continues as the Great Name 
in Optics. Send for our free 100-page book "Optical Systems 
for the Microscope." Next to using a Zeiss microscope, it's the 
most convindng proof of what we claim here. 

Write Carl Zeiss, Inc., 444 Fifth Avenue, New York, 
N. Y. 10018. Or phone (212) 736-6070. 

In Canada: 45 Valleybrook Drive, Don Mills, Ontario, 
M3B 2S6. Or phone (416) 449-4660. 

Nationwide service 

BRANCH OFFICES: BOSTON, CHICAGO, COLUMBUS, HOUSTON, LOS ANGELES, SAN FRANCISCO, WASHINGTON, D. C. 
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MEASUREMENTJlCOMPUTATION: changing things for the better--------

Heart Attack: a new test 
may help prevent it. 

In June 1972, a jet aircraft crashed during take
off for no apparent reason. An autopsy of the 51-
year-old pilot revealed the cause: he had suffered 
a heart attack due to atherosclerosis "so severe 
that it must have been developing for 30 years 
or more," according to the examining patholo
gist. Yet the pilot's annual cardiograms showed 
no evidence of cardiovascular disease. 

This dramatic case is not exceptional: accord
ing to the American Heart Association, about 
60 percent of adults with severe cardiovascular 
disease have normal "at rest" cardiograms. 

The problem is not that the conventional elec
trocardiogram is wrong: the ECG is and has been 
for years an important test of the heart's condi-

tion in a resting state. The problem is that the 
conventional ECG cannot show early signs of 
coronary heart disease-constriction of the coro
nary arteries-that can become a serious hazard 
when heart and blood vessels are stressed and 
demands for oxygen-laden blood rise sharply. 

What is needed, the majority of cardiologists 
now agree, is an accurate measure of cardiac per
formance and circulatory response both at rest 
and during exercise. There is also a growing con
sensus that the ECG is most informative when 
taken during an exercise routine that calls for 
maximal effort by the patient. 

During a typical stress ECG, the physician con
tinuously monitors heart action while you work 
out on a treadmill. He gradually increases your 
workload on a schedule that is precisely tailored 
to your age and condition. 

By examining your stress ECG, the cardiologist 
can determine the condition of your coronary 
arteries. If he detects a depression in a critical 
segment of the cardiogram, he knows your 
coronary arteries are not supplying enough oxy
gen to support your heart muscle during stress; 
the amount of the depression gives him a sen
sitive measure of the degree of impairment in 
the arteries. 

Many cardiologists agree that, properly admin
istered, the stress ECG can detect early coronary 
disease and even latent stroke dangers. And 
stress testing is being used by an increasing num
ber of cardiologists to prescribe specific exercise 
therapy for cardiac patients. 

Aware of the increasing documentation of the 
diagnostic and prognostic value of ECG stress 
testing, our medical instrumentation specialists 
have designed a complete, mobile Exercise ECG 
System to facilitate and optimize the procedure 
in offices and hospital exercise laboratories. The 
new HP 1525A system includes an automatic 
3-channel cardiograph that can record a com
plete 12-lead ECG in 10 seconds while the patient 
is exercising on a treadmill. 

This system also incorporates a large, non
fading scope for continuous monitoring. Its 
flexible controls allow the cardiologist to keep a 

waveform on the scope for as long as 40 seconds; 
to observe PVC and other transient changes and 
permanently record them, just by flipping a 
switch; and to display a prestress ECG trace 
while continuously comparing it with a current 
stress ECG. The system also includes a heart 
rate meter and a number of valuable optional 
features: defibrillator, heart sound/pulse wave 
amplifier for noninvasive systolic time interval 
studies, and pushbutton selection of Frank leads 
or any three of the 12 classical leads for simul
taneous display and recording. 
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HP pocket-sized calculators 
give you answers you can trust. 
(Why we chose to be different.) 

Most pocket-sized calculators have an = key, 
and you can pick up one you've never seen be
fore and solve a simple equation by entering 
values the way they're written and pressing = to 
see your answer. 

Pick up one of our pocket-sized machines and 
you'll hunt in vain for the = key. Instead you'll 
see one that says ENTER and you'll wonder what 
to do with it. 

To find out, you'll have to look in the Operating 
Manual. When you do, you may think, "Why 
did they go this route when they- could have kept 
it simple?" 

But as you work the examples in the manual 
and practice with your own problems, you'll 
find yourself thinking, "This is very easy, and 
I'm getting answers I can really trust." 

Easy because you always enter your data the 
same way-from left to right, the way you read 
an equation, but without having to keep track 
of parentheses and brackets. 

Trust because you see the result of each inter
mediate calculation displayed as you perform it, 
and you can check your progress and correct 
errors as you go. You can also go back and review 
stored numbers at any time. 

When we started out to design a small, power
ful scientific calculator several years ago, we 
assumed it would have an = key. It did, in the 
breadboard stage. 

But along the way from breadboard to proto
type, our designers realized that there was a bet
ter method which got around some of the severe 
limitations inherent in the" algebraic" approach. 

These limitations start showing up as problems 
get more complicated and you have to spend a lot 

HEWLETT ij PACKARD 

Sales and service from 172 offices In 65 countnes 
Palo Alia California 94304 

of time figuring out how to put them into an al
gebraic calculator. "A plus B times C minus D 
divided by E equals" won't do it. 

You find you must write down intermediate 
answers to re-enter later. You may work your 
way through a long equation and see an answer 
you know is wrong. Where did you goof? 

Or you may get a wrong answer and think it's 
right. Disaster. 

Our non-algebraic approach not only makes it 
unnecessary for you to write and re-enter inter
mediate results, but gives you the continuous 
feedback you need to avoid ending up with a 
wrong answer. 

It's an approach we first adapted and applied 
some years ago, using an unambiguous, paren
theses-free language developed by the Polish 
mathematician Jan Lukasiewicz. 

Before you invest in a pocket-sized calculator, 
you should look beyond its ability to solve simple 
problems in the most obvious way. To under
stand more fully the difference between our 
approach and the algebraic one, return the cou
pon for a copy of the booklet ENTER VS. =. You owe 
it to yourself to read it. We will also send you 
information on our pocket-sized calculators: 
the HP-35 electronic slide rule ($225*), the HP-45 
advanced scientific calculator ($325*), the HP-65 
programmable computer calculator ($795*), the 
HP-70 business calculator ($275*), and the HP-80 
financial calculator ($395*). 

For more information on these products write 
to us. Hewlett-Packard, 1504 Page Mill Road, 
Palo Alto, California 94304. 

'Domestic USA prices only 00433 

: 

. ............................................ . Mail to: Hewlett-Packard, 1504 Page Mill Road. Palo Alto, CA 94304 

Please send me information on: 

I ) HP 1525A Exercise ECG System 

I ) Ptease send me ENTER VS. - booklet. 

Name _________ Tltle _____ _ 

Company _______________ _ 

Address _______________ _ 

C'ly ________ S,ate ___ Z'p, ___ _ 

. .. . . . .. . . . . . . . . . . . . . .. . . . . . . . . ... .. . ... . .. ' 

. 

: . . 
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Plenco versatility. 
Whatever the 

molding method. 

Nuts, bobbins, 
threaded caps. 

Plenco 548, 369, 308. 

. 
� 
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Iron handles. 

Plenco 480. 

Compression, transfer or 
screw injection, there's 
many a Plenco thermoset 
compound that lends itself 
to all. 
You would do well to make the 
versatility of such Plenco com
pounds a factor in your plans. 
Compounds long established in 
compression and transfer mold
ing, also available in flow grades 
for the screw injection process. 

A wide range is offered of these 
and other Plenco general and 
special-purpose, ready-made and 
custom-formulated phenolic, 
melamine and alkyd thermosets. 
They are specified in virtually 
every industry, and from this 
selection you can choose ma
terials that meet a world of 
demanding requirements: Heat, 
impact, and corrosion resistance. 
Flame retardancy. Electrical 
resistance. Wet/dry conditions. 
Close tolerances and dimensional 
stability. Whatever the results 
desired, chances are Plenco can 

provide important help. Plenco 
research. Plenco compound s. 
Plenco service. 

PLENCC> 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wis. 53081 

Terminal boards. 
Plenco 512. 

Pump diffusers. 
Plenco 527. 

Brush holders. 
Plenco 466. 

modern ideas. Descartes's hypothesis 
was that animals are absolutely ma
chines. Professor Huxley fails to concur 
wholly with Descartes. He says: 'Taking 
into account the incontrovertible fact 
that the lower animals which possess 
brains at all possess (at any rate, in rudi
ments) a part of a brain, which we have 
every reason to believe is the organ of 
consciousness in ourselves, then it seems 
vastly more probable that the lower ani
mals, although they may not possess 
that sort of consciousness which we have 
ourselves, yet have it in a form propor
tional to the comparative development 
of the organ of that consciousness, and 
foreshadow, more or less dimly, those 
feelings which we possess ourselves.' In 
other words, an animal is a sensitive, 
conscious automaton; it is a conscious 
machine." 

"The idea of returning lost blood to 
an animal by transfusion from the veins 
of another animal was known to the an
cients. Toward the middle of the 17th 
century the idea seems to have enlisted 
the attention of French physicians and 
philosophers and in 1667 experiments 
that had previously been practiced on 
the lower animals were for the first time 
tried on man. Eight ounces of the ar
terial blood of a lamb were injected into 
the veins of a child. Subsequently the 
operation was again and again repeated. 
.In the course of a few months failures 
became the rule and cures the excep
tion; the people grew alarmed, and in 
1668 the Parliament of Paris proscribed 
the practice. For a century the subject 
was abandoned, to be taken up again by 
Harwood, who showed that blood could 
not be transfused from one kind of ani
mal to another without killing the re
cipient in a few days. Modern experi
ments, especially those of Prevost and 
Dumas, have proved that the blood of 
calves or sheep injected into the veins of 
a cat or rabbit is fatal." 

"The French National Assembly has 
offered a prize equivalent to $60,000 to 
the inventor of a method for the destruc
tion of Phylloxera, a genus of plant lice 
that attacks grape vines. The Phylloxera 
attack on the vines of France began to 
attract serious attention soon after the 
close of our civil war, the roots of the 
plants affected becoming swollen and 
bloated and finally wasting away. Pro
fessor Planchon, in 1868, recognized the 
injury as caused by the punctures made 
by a minute insect. The disease has con
tinued to spread, especially in France, 
and has now also appeared in Portuga�: 
Austria, Germany and even in England. 
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Discover for yourself 
why this Karl Balim recordil12 
has won three major awards!' 

Enjoy MOZART'S SIX GREATEST SYMPHONIES 
in your home for 10 days free. All three 

Deutsche Grammophon recordings yours for less than the price of I! 

Mozart - music's 
greatest natural genius! 

Wolfgang Amadeus Mozart -
divinely gifted beyond any other 
musician who ever lived! And 
into his six greatest symphonies 
he poured a multitude of his 
most astonishingly beautiful, 
incredibly moving inspirations! 
Symphony No. 41, "Jupiter' 
Symphony No. 40 in G-minor 
Symphony No. 39 in E-flat 
Symphony No. 38, "Prague" 
Symphony No. 36, "Unz" 
Symphony No. 35, "Haffner" 
Extra! Symphony No. 32 

Now you are invited to hear 
these miraculous works in their 
finest recording ... interpreted 
with extraordinalY empathy by 
Karl BOhm . .  played to perfec
tion by the Berlin Philharmonic 
Orchestra ... captured in unsur

Special half-price bonus 
offer saves you money! 

introductory set of Mozart's Six 
Greatest Symphol1ies comes to 
you 011 approval. Audition it free 
for ten days, then either return 
it-or keep it for only $6,98 for 
all three records, (plus a small 
postage/handling charge and 
sales tax where required). 

Here at last is the ideal way to 
acquire, in easy stages, a con
noisseur's record libraJY without 
wasting a penny on disappoint
ing purchases. You listen at 
home to every award-winning 
selection before deciding wheth
er to buy it! Please act today! 
Begin your money-saving, no
obligation membership in the 
Great Awards Collection by 
mailing the attached coupon for 
your free trial, with 3 for less thall 
the price of 1 purchase option of 
Mozart's Six Greatest Sympho-
nies-a recording for the ages! 

Seven ways the Great Awards Collection 
helps you enjoy fine music more than ever! 

l. Greatest music by the immortal composers, 

passed stereo realism by Deutsche Gram
mophon. So outstanding is this recording 
that it has won Ihree of the music world's 
most eagerly sought honors: the Grand 
l"'ix Intemational du Disque, Edison 
Award and Deutsche Schall platten Prize' ' 

In addition to great music, you'll enjoy 
great savings with our half-price plan. 
For every record you buy you may choose 
another one from a list of award-winners 
and other critically acclaimed LP's and 
pay just half the regular members' price! 
An economical way to build your libraJY 
of superb classical recordings. 

2. A major, award-winning recording each month. 

Now enjoy and keep these 3 superb albums 
for less than the price you'd pay for I! 

Because Mozart's Six Greatest Sympho
nies by Karl BOhm has met with almost 
unprecedented acclaim, it has been cho
sen to introduce you to the Great Awards 
Collection, a totally new concept in home 
listening. You may enjoy all six master
pieces, on three superb-quality, imported 
records, for 10 days absolutely free. TIlen 
keep all three if you wish, for only $6.98 
IIlwt's less Ihall Ihe price you'd pay for jus I 
aliI' record)! Sill/ply /lwillhe attached COUpOIl 

.Ioday. 

Collect the world's greatest music
only in award-winning albums! 

As a member of the Great Awards Collec
tion you will receive only the finest 
recordings of prize-winning concert per
f0ll11anCeS by top orchestras, conductors 
and soloists. Distinguished jurors each 
year select, from the htmdreds of classical 
releases, the "golden few" that will be 
offered to members of the Great Awards 
Collection. Every month you'll enjoy h'ee 
10-day audition privileges on each award
winning single LP. Of course, you have 
the option of keeping or returning each 
one so you'll never waste a penny on dis
appointing purchases' 

3. Superior imported LP's - silent surfaces, 

4. Free ten-day trials of all selections. 
5. Big savings through Half-Price Bonus Plall. 

How mallY records are you committing 
yourself to buy when you return the 
attached coupon? NOlie al all! Even your 

6. No obligation to buy -no minimum purcl1ase. 
7. Money-saving introductory offer. 

Send no money now - Mail coupon TODAY! 

Listen for 10 days free. 
Keep all 3 for less than the price of I! 
Great Awards Collection 
175 Community Drive 
Great Neck, N.Y. 11025 NAME (pir·.l'-t'pnllt) 

Please send for nw free ,ludition the triple award-winning 
recording of /V1o:::mFs �I.r l,r('atest S.I/llIpll/mirs by Karl 
B6hm. I mdY retum it dfler ten d.1YS and owe nothing, or 
h.eep it ,1Ild pclV only S6 4S lor elll thrl't' I )ellt�-h(' 
Gramn10phon rerurds (plus il Slllelll postdge/h<1ndling 
chilrge and 5,11es t,lX where reqlJimj). 

ADDRESS 

CIl), 

STATE ZIP 

058 

19123/058 

I will also receive a free tell ti,l\' illiditinn e,llh I11Pllth of 
,mother award-winmng fc(nrdlllg of �rt',lt mtl�i( 1"01' 
eve,y one of these record� ! bllv ,11 VI1W memller-,' pri(e 
«11wclYS belll\-, suggt;....,ted fet,ll!) lllhlV ,11so dlPllSe one 
record dt heM Ih,lt pn(E" trom VtllIl "ro� l.l11i .... t. I d111 not 
obligated to btlv an\ mill 1IHunl nlIIHl�'! III rE\:ords. 1 m,lY 
c,llKel my mel1lber,.,hl�-' .It ,111.\ Illtlt'. 

Offer lilllited to the U.S. and its possessions. Offer expires 1/31/75 
UIIIi!: One membership pPr household -onl\ new members eligible 
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it tastes 
. expenSIve 

... andis. 

Made from on original old style 
sour masn recipe by Bill Samuels, 

fourth generation Kentucky Distiller. 

Maker's Mark Distillery, Loretto, Ky .• 

Ninety Proof-Fully Matured. 

PHOTOGRAPH 
THE SUN 
"A Professional Guide 

to Photographing the Sun" 

A comprehensive illustrated 

handbook by leading solar photo

graphers describing techniques 

for obtaining white light, hydro

gen-alpha and eclipse photo

graphs. A must for the profes

sional or serious amateur. 

Today - Send $2.00 plus 25c for 

handling and postage to: 

Mr. Bill Reed 

Carson Astronomical 

Instruments, Inc. 

P.O. Box 5566 

ValenCia, Ca. 91355 

Los Angeles. New York. Chicago. Monterrey 

22 

THE AUTHORS 
RONALD FREEDMAN and BER

NARD BERELSON ("The Human Pop
ulation") are respectively at the Univer
sity of Michigan and the Population 
Council; Freedman is professor of soci
ology and associate director of the Pop
ulation Studies Center and Berelson is 
president of the Population Council. 
Freedman was born in Canada and was 
brought to the U.S. as a child. He re
ceived his bachelor's and master's de
grees at the University of Michigan in 
1939 and 1940 respectively and his 
Ph.D. from the University of Chicago in 
1947. He has been a member of the 
Michigan faculty since 1946. Berelson 
was graduated from Whitman College in 
1934, obtaining his master's degree at 
the University of Washington in 1937 
and his Ph.D. from the University of 
Chicago in 1941. He was on the ChicagO" 
faculty for a number of years, serving as 
professor of library science and of the so
cial sciences and (from 1947 to 1951) as 
dean of the Graduate Library School. 
From 1951 to 1957 he was director of 
the behavioral sciences program for the 
Ford Foundation. He joined the Popula
tion Council in 1962 after two more 
years at Chicago and one year at Colum
bia University. 

ANSLEY J. COALE ("The History of 
the Human Population") is director of 
the Office of Population Research at 
Princeton University and also William 
Church Osborn Professor of Public Af
fairs. All his degrees are from Princeton: 
his bachelor's degree in 1939, master's 
degree in 1941 and Ph.D. in 1947. For 
many years starting in 1947 he was on 
the economics faculty at Princeton, be
ing appointed professor of economics in 
1959 and receiving his present profes
sorial appointment in 1964. He began 
his present association with the Office of 
Population Research in 1955 and has 
been director since 1959. From 1961 to 
1968 Coale served as U.S. representative 
to the Population Commission of the 
United Nations. 

SHELDON J. SEGAL ("The Physiol
ogy of Human Reproduction") is vice
president of the Population Council "and 
director of its biomedical division. Fol
lowing his graduation from Dartmouth 
College in 1947 he did graduate work at 
the University of Geneva for a year and 
then took his advanced degrees at the 
State University of Iowa: his master's 

degree in 1951 and his Ph.D. (in embry
ology and biochemistry) in 1952. He was 
a member of the faculty there until 1956, 
when he joined the Population Council. 

L. L. CAVALLI-SFORZA ("The Ge
netics of Human Populations") is profes
sor of genetics at Stanford University, 
where he teaches in the human-biology 
curriculum and in the medical school. 
"Graduated in medicine at the Univer
sity of Pavia, 1944," he writes. "For the 
first third of my scientific life I worked 
in bacterial genetics in Milan and Cam
bridge. For the second third I worked 
in the genetics of human populations 
(ranging from farmers of the upper Par
ma valley to pygmies of the African for
est). With Walter Bodmer, now at the 
University of Oxford, I have written a 
fairly large volume by the same title. 
Having begun what should be, accord
ing to tables of life expectancy, the last 
third of my active life, I have become 
interested in behavioral genetics, cultur
al evolution and archaeology." Before 
Cavalli-Sforza went to Stanford he was 
professor of genetics and chairman of the 
department of genetics at Pavia. 

KINGSLEY DAVIS ("The Migrations 
of Human Populations") is Ford Profes
sor of Sociology and Comparative Stud
ies and director of International Popula
tion and Urban Research at the Univer
sity of California at Berkeley. His ap
pointment is in both the department of 
sociology and the Institute of Interna
tional Studies. Davis was an English ma
jor in college, receiving his bachelor's 
degree from the University of Texas in 
1930 and his first master's degree (in 
philosophy) there in 1932. He then went 
to Harvard University, where he ob
tained degrees in sociology: his master's 
degree in 1933 and his Ph.D. in 1936. 
His association with the University of 
California began in 1955; in 1956 he 
founded the International Population 
and Urban Research unit. From 1954 to 
1961 he was the U.S. representative to 
the Population Commission of the Unit
ed Nations; in 1959 he was president of 
the American Sociological Association, 
and in 1962-1963 he was president of 
the Population Association of America. 

CHARLES F. WESTOFF ("The Pop
ulations of the Developed Countries") is 
Maurice P. During '22 Professor of De
mographic Studies and professor of soci
ology at Princeton University and asso
ciate director of the university's Office of 
Population Research. lIe was graduated 
from Syracuse University in 1949 and re
ceived his master's degree there a year 
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With the cartridge )OU 
canc�toa 
correction ribbon in just 3 seconds. 

The most significant 
advance in typewriters 
since the electrics came along 
has come along. Smith-Corona ElectrIc 
Portable Cartridge Ribbon Typewriters. 

If you had one right now, you could change from 
one typewriter ribbon to another faster than you could 
read this sentence. 

In 3 seconds you could change from a worn ribbon 
to a fresh ribbon. 

In 3 seconds you could change from a black ribbon 
to a red, or green, or blue ribbon ... there are'five different 
Smith-Corona color ribbons in cartridges. 

With the cartridge 
)OU can change to 
a fresh ribbon in just 3 seconds. 

In 3 seconds you could change from an ordinary 
ribbon to a carbon film ribbon. (That's the one 

students like to use for essays and reports. It makes 
typewriting look like professional printing.) 

In 3 seconds you could change to a correction ribbon 
that allows you to correct errors more neatly and 
with less effort than ever before. 

If you've been thinking about a new typewriter as a 
back-to-school gift, or for yourself, or for anyone ... 
see what we've been talking about. Ask a Smith-Corona 
dealer for a demonstration of our unique Cartridge 
Ribbon Typewriter. 
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Minolta helps you 
in the stretch. 

You can get a winning shot without breaking stride with a fast-handling 
Minolta SR-T. ,!o

.
u're comfortable with a Minolta SR-T from the moment you pick it up. 

This IS the 35�m �eflex camera that lets you concentrate on the picture, 
because the viewfinder shows all the information needed for correct ex
posure and focusing. You never have to look away from the finder to adjust 
a Minolta SR-T, so you're ready to catch the one photograph that could 
never be taken again. 

And when subjects call for a different perspective, Minolta SR-T cameras 
accept a complete system of interchangeable lenses, from "fisheye" wide 
angle to super-telephoto. 

For beautiful photo finishes, try a Minolta SR-T. For more information, 
see your photo dealer or write Minolta Corporation, 101 Williams Drive, 
Ramsey, New Jersey 07446. In Canada: Anglophoto Ltd., P.Q. 

Minolla SR-' Cameras 
Is your camero a means of self-expression? If so, enter the Minolta Creative Photography Contest. Grand 

Prize, two weeks in the South Sea islands for two, $1000 cash, and a Minolla SR-T 102. 1428 other valu
able prizes will be awarded. Nothing to buy. Minolta equipment not required. See your Minolta dealer 
for details and registration. Or write, Minolta Creative Photography Contest, Box 1831, Blair, Neb. 68009. 
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later; his Ph.D., which he obtained in 
195�, is from the University of Pennsyl
vama. Westoff has been on the Princeton 
faculty since 1955; from 1958 to 1962 
he also served as associate professor of 
sociology at New York University. From 
1970 to 1972 he was in Washington as 
executive director of the Commission on 
Population Growth and the American 
Future. He describes himself as an "avid 
tennis and squash player." 

NORMAN B. RYDER ("The Family 
in Developed Countries") is professor of 
sociology at Princeton University and a 
member of the staff of the Office of Pop
ulation Research. Born in Canada he 
was graduated from McMaster Univer
sity in 1944 and received his master's de
gree at the University of Toronto in 
1946. In 1949 he obtained his second 
master's degree at Princeton, receiving 
his Ph.D. there in 1951. Ryder was a de
mographer with the Canadian Bureau of 
Statistics in 1950-1951, a lecturer at To
ronto from 1951 to 1954, a demographer 
with the Scripps Foundation in Oxford, 
Ohio, from 1954 to 1956, and a professor 
of sociology at the University of Wiscon
sin from 1956 until he returned to 
Princeton in 1971. 

JUDITH BLAKE ("The Changing 
Status of Women in Developed Coun
tries") is professor in the Graduate School 
of Public Policy of the University of Cal
ifornia at Berkeley. For a number of 
years before receiving that appointment 
she was professor of demography, serv
ing as chairman of the department of 
demography in the College of Letters 
and Science from 1967 to 1972. She was 

graduated from Columbia University in 
1950 and obtained her Ph.D. there in 
1961. "I have a continuing interest in 
international population research," she 
writes, "but during the past decade have 
spent a lot of time investigating the views 
of Americans on family size, birth con
trol, abortion and similar issues of popu
lation policy. As for other interests, I 
have shared in rearing a daughter and a 
stepson. This activity, although it is high
ly educational and enjoyable, has taken 
precedence over my previous pastimes as 
a native New Yorker: theater, opera and 
museums. Our family loves to travel to
gether. When we are home, my husband 
[Kingsley Davis] and I garden and take 
long walks." 

PAUL DEMENY ("The populations 
of the Underdeveloped Countries") is 
vice-president of the Population Council 
and director of its Demographic Divi
sion. Born in Hungary, he was graduated 
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Our new microllletallized connectors. 
We lllade thelll work under pressure. 

By combining micro-circuitry with an elastomer. 
Then the whole innovative package is placed 
between parallel planes of any hard board 
circuitry. So the elastomer can exert equal 
pressure along its entire length. 

That's our extraordinary 
elastomer interconnection system. 

It's ideal for liquid-crystal displays 'in
electronic watches. And for other products 

that demand advanced 
connection techniques. 

Circuit paths are isolated from one 
another, and since we offer extremely fine 

resolution, multiple redundancy to the 
interconnected components is certain. 

Another advantage is 
the fact that the elastomer 

rod can'''float'' within the 
micrometallized circuitry for unmatched 

resistance to shock and vibration. For easy handling 
and precise location, tabs and sprocket holes 

are available. 

You can also be assured that AMP can meet 
your microelectronic interconnection needs: AMP Elastomate 

comes in a wide variety of cross-sections, lengths and circuit-path widths. 
But best of all, it doesn't take much pressure to make it work 
efficiently and economically for you. Just call (717) 564"0100. 

Or write AMP Incorporated, Harrisburg, Pa. 17105. 

�IVIP 
INCORPORATED 
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free The 
K" "NEW LOO 

1975 
LAfAYETTE 
ELECTRONICS 
CATALOG 

260 
value packed 
Big Pages! 

The ONLY Nationally Distributed Full-line 
Catalog with a Major Showing of the 
Newest NAME-BRAND electronics 

products for 1975. 
FREE SEND TODAY 

SAVE on exclusive Lafayette 
Products plus MAJOR BRANDS 

• Stereo and 4-Channel Systems· Tape Equipment· Car 
Stereo · CB and Ham Gear· Police/Public Service Re
ceivers • Antennas· Cameras· TV • PA and Test Equip
ment • Musical Instruments and Amplifiers • Books 
• Electronic Calculators • Security Systems • PLUS 
PARTS, TUBES, BATTERIES, HARDWARE, MORE! 

Lafayette 
Listen to us, you can't go wrong. 

FREE! FREE! 

r-------------------, I LAFAYETTE RADIO ELECTRONICS Dept. 01094 I 
I 111 Jericho Turnpike, Syosset, L.r., New York 11791 

I I SEND ME YOUR FREE 1975 CATALOG SEND A 1975 CATALOG TO MY FRIEND I 
I Name ................ Apt. . . . . . Name ................ Apt. . . . . . I 
I Street . . . . . . . . . . . . . . . . . . . . . . . . . s�reet . . . . . . . . . . . . . . . . . . . . . . . . . I 
I City ............... State . . . . . . City ............... State . . . . . . I 

Zip I I I I I I Zip I I I I I I 

l ___________________ J 
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from the University of Budapest in 1955. 
After graduate work in Switzerland he 
went to Princeton University, where he 
received his Ph.D. (in economics) in 
1961. Before joining the Population 
Council in 1973 he was for four years 
director of the East-West Population In
stitute at the East-West Center in Hono
lulu and professor of economics at the 
University of Hawaii. Earlier he had 
been professor of economics and asso
ciate director of the Population Studies 
Center at the University of Michigan 
and had been associated with the depart
ment of demography at the University of 
California at Berkeley and Princeton's 
Office of Population Research and de
partment of economics. Demeny writes: 
"My father, a judge, collected books on 
statistics as a hobby, and by the age of 
10 I had become fascinated with bhth 
and death rates and the like. This prosaic 
interest has not faded, although for some 
years it competed with the ambition, 
never realized, to play bassoon in the 
Budapest Philharmonic." 

ROGER REVELLE ("Food and Pop
ulation") is Richard Saltonstall Professor 
of Population Policy at Harvard Univer
sity and director of the Center for Popu
lation Studies at Harvard. He went to 
Harvard in 1964 after many years at the 
University of California, where from 
1951 to 1964 he was director of the 
Scripps Institution of Oceanography. 
From 1958 to 1961 he was also director 
of the university's campus at La Jolla. 
Between 1961 and 1963 he was on leave 
of absence to serve as the first science 
adviser to the Secretary of the Interior. 
On his return to the University of Cali
fornia he became dean of research for 
all campuses. Revelle was graduated 
from Pomona College in 1929. He re
ceived his Ph.D. from the University of 
California in 1936. 

GUNNAR MYRDAL ("The Transfer 
of Technology to Underdeveloped Coun
tries") is about to begin an appointment 
as Morton Globus Visiting Distinguished 
Professor of Social Science at the City 
College of the City University of New 
York. He goes there from the Center for 
the Study of Democratic Institutions. 
Myrdal was for many years professor of 
international economics at the University 
of Stockholm. He is the founder and 
former director of the Institute for In
ternational Economic Studies at the uni
versity and also was until recently c�air
man of the Stockholm InternatIOnal 
Peace Research Institute. In Sweden he 
has served as a member of the Senate 
and as minister of commerce. 
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Vacuum technology: 
One of the strengths that make us 
the new steel company_ 
Vacuum steelmaking improves the mechanical properties of steel. It makes cleaner 
steels with improved toughness, ductility, and uniformity. The result is dramatically 
better performance for a wide variety of products. 

Republic was among the pioneers in vacuum arc remelting of alloy steels. 
This process produces the ultimate in micropure alloys and specialty steels for 
use in aircraft and aerospace work. Today, we continue to operate one of the 
world's largest batteries of vacuum arc remelt furnaces. 

Our first ladle vacuum degasser for hydrogen removal from high tonnage 
stainless and alloy steels went into operation in 1962. Later, we added carbon 
deoxidation to ladle vacuum degassing for alloy and carbon steels. 

Today, vacuum processing is used as a tool in economically reaching very low 
levels of carbon and nitrogen in certain grades of stainless steel. 

Degassing, deoxidizing, decarburizing are just some of the capabilities of vacuum 
processing. We have the facilities, the staff, and a long-standing commitment 
to be a leader in vacuum technology for the production of quality steels. Just one 
of the strengths that make us the new steel company. 

Dl!publiesteel 
The new steel company 

300 percent better 
fatigue life. 
The fatigue life of bearings made from 
vacuum carbon deoxidized steels was 
improved more than 300 percent over the 
life of bearings made from air melt steel. In 
fact, new testing techniques had to be 
invented to measure the magnitude of 
the improvement. 

The vessel, tube, and bar shown here are 
made from one of the new grades of low C, 
low N ferritic stainless steels developed for 
their unique combination of corrosion 
resistance, formability, and machinability 
with high resistance to stress corrosion. 

We do more 
than just make steel. 

Art Marcantonio, Assistant Chief Metallurgist, 
Republic Steel: 
"Our vacuum processing facilities in Canton, Ohio, 
are some of the finest in the world. We've got the 
people who know how to work with them, too. They 
can help tailor steel to your needs. 

"If you'd like to know how our vacuum technology 
can help solve your steel problem, write to me: 
A. Marcantonio, Republic Steel Corporation, 
Cleveland OH 44101." © 1974 SCIENTIFIC AMERICAN, INC© 1974 SCIENTIFIC AMERICAN, INC



Were getting 
60 million barrels of oil 

this year from wells that 
once were running low. 

Using modern recovery techniques, 
Texaco can now produce enough crude oil 

from old wells to make enough gasoline 
to keep a million cars running in 1974. 

Years ago when a well began to run low, you had to 
give up on it. 

But starting around 1950, Texaco began using special 
recovery techniques to force oil out of the rock formations 
that lie deep in the earth. And in recent years, these 
"secondary recovery" methods have become more and 
more important in increasing Texaco's reserves and 
production in the United States. 

Using techniques like water flooding, we pump water 
into the ground to bring up oil that would otherwise 
remain buried and useless. 

Gas injection, another recovery technique, maintains 
pressure in the well and helps to increase oil recovery. 

Still another recovery method is steam injection. 
Steam heats up the oil, thins it out, makes it flow easier. 
In this way, we get oil that couldn't be gotten before. 

These techniques now account for over 20% of all the 
oil we'll produce this year right here in this country. 

That's 60 million barrels of crude oil- over a billion 
gallons of gasoline in 1974. 

That's enough gasoline to keep over a million American 
drivers happy for a year. 

America needs energy. We're 
working to see that you get it. 

We're working to keep your trust. 
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Established 1845 

SCIENTIFIC 
AMERICAN September 1974 Volume 231 Number 3 

The Human Population 

The articles presented in this issue point out, among other things, 

that rapid population growth cannot last long. The question is: Will 

population level off because of high death rates or low birth rates? 

by Ronald Freedman and Bernard Berelson 

T
he rate of growth that currently 
characterizes the human popula
tion as a whole is a temporary de

viation from the annual growth rates 
that prevailed during most of man's his
tory and must prevail again in the future. 
Today's situation is unique in mankind's 
experience: the highest growth rate in 
human history (about 2 percent per year) 
from the highest base in absolute num
bers (nearly four billion). The world is 
currently adding nearly 80 million peo
ple per year, about as many as the popu
lation of the eighth-largest country 
(Bangladesh). 

Over the millenniums until very re
cent times the human population in
creased at a very low rate. From the time 
of the agricultural and urban revolution 
about 5,000 years ago the population in
crease probably never reached as much 
as .1 percent a year for any long period 
until the late 17th century. As Ansley J. 
Coale shows elsewhere in this issue [see 
"The History of the Human Population," 
page 40], the acceleration of world pop
ulation growth was particularly pro-

nounced in countries that are among the 
most highly developed today: the Euro
pean countries and the lands Europeans 
settled overseas. That growth was the 
product of the decline in their death 
rates, prolonged over three centuries and 
most marked from about 1800 on, and 
the lag in the parallel decline in their 
birth rates. Now the population is en
gaged in what can truly be called a vital 
revolution. We happen to live in the cru
cial transitional generations. Earlier the 
high fertility of mankind was balanced 
by high mortality. Currently, however, 
death rates have been falling almost ev
erywhere. The birth rate has also been 
falling in many nations and communities, 
but this trend has come along later and 
more slowly. The population has there
fore been increasing, and up to now at an 
increasing rate. In the 1970's the rate of 
increase has slightly exceeded 2 percent 
per year. That means a doubling time of 
less than 35 years, and the number cur
rently being doubled is a very large one. 
Projection of such growth for very long 
into the future produces a world popula-

HUMAN POPULAT ION OF SOME 5,000 YEARS AG O depicted itself in the ro ck paint. 

ings on the opposite page. The paintings are in the Tassili, a remote mountainous region of 

the Sahara on the southern border of Algeria. The running human figures carrying bows 

are hunters, but these people were probably pastoral nomads. The large animal in the cen· 

ter is a bull. At that time the Sahara was not as dry as it is today, and it may have been the 

scene of the human mi grations that attended the introduction of animal husbandry and 

agriculture. The photograph was made by L. L. Cavalli·Sforza of Stanford University, the 

author of one of the articles in this issue ("The Genetics of Human Populations," page 80). 

tion larger than the most optimistic esti
mates of the planet's carrying capacity. 
In the long run near-zero growth will 
have to be restored-either by lower 
birth rates or by higher death rates. 

M
oreover, the world is demographi-

cally divided. The developed coun
tries are now close to replacement levels 
of reproduction (although there is no 
certainty that they will remain there). 
The underdeveloped countries are grow
ing very fast: mortality is falling more or 
less rapidly, but fertility is changing very 
little, except in a few small countries. 
The differing age structures of the two 
kinds of population contribute their own 
problems. 

The possibility that growth may be 
halted and the population stabilized by 
the control of fertility is illustrated by 
the recent demographic history of the 
developed countries: some 30 nations, as 
classified by the appropriate agencies of 
the United Nations, that share in the ma
terial abundance of industrialization. De
cline in the death rates of these countries 
has given their populations life expectan
cies that approach or exceed 70 years. 
The age structure of these populations, 
trending toward roughly equal numbers 
in every age cohort up to the sixth dec
ade [see top illustration on pages 38 and 
39], constitutes a biological novelty not 
seen before in human populations. Fer
tility rates in many developed countries 
have declined close enough to their 
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death rates to produce near-zero rates 
of growth, given a little time. Confidence 
about the ultimate stabilization of these 
populations must be qualified, however, 
by recollection of the upsurge in their 
birth rates during the 1940's and 1950's 
(familiar to U.S. citizens as the "baby 
boom" of the years that followed World 
War II) that temporarily reversed the 
trend of the preceding century. These 
vital trends originally put in their ap
pearance with the onset of the scientific
industrial revolution and the populariza
tion of material well-being that has made 
the countries of the European peoples 
the developed countries of today. The 
same trends are observed in the Japanese 
population from the time of the Meiji 
restoration in 1868, which launched that 
country's industrial revolution. 

As early as the 1930's what has be
come known as the demographic transi
tion culminated, in many of those coun
tries, in the convergence of birth and 
death rates that brought their growth 
down close to zero. Since there is no ac
cepted explanation for the subsequent 
surge and decline of their fertility rates, 
no one can say with assurance that some
thing similar will not happen again. In 
any case the demographic future of this 
portion of the human population is now a 
function of movement in its birth rates. 
Further decline in mortality (even to 
zero!) would have little effect on growth; 
almost everyone in the developed world 
now lives past the childbearing years, 
and saving the lives of older people does 
not affect the growth rate of a population 
to any degree. With modern contracep
tive technology widely available and in 
use in most developed countries, their 
birth rates may be said to be under vol
untary control. It can be anticipated, as 
Charles F. Westoff observes [see "The 
Populations of the Developed Coun
tries," page 108], that human fertility in 
these novel circumstances will oscillate 
in response to cultural and economic 
pulls and pressures, not yet securely un
derstood. The conjugal family of indus
trial civilization [see "The Family in 
Developed Countries," by Norman B. 
Ryder, page 122] is typically a small 
family. And the true liberation of women 
from the commitment of their lives to 
childbearing [see "The Changing Status 
of Women in Developed Countries," by 
Judith Blake, page 136] sets another 
kind of inertia against return to high lev
els of fertility. 

Even so, some of these populations 
still retain considerable potential for 
growth. Higher birth rates in the recent 
past mean large proportions of couples 
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peaks and plateaus of these maps prepared for SCIENTIFIC AMERICAN by the Laboratory for 

Computer Graphics and Spatial Analysis and the University Mapping Service of Harvard 

who must live through their reproduc
tive years before zero growth will be 
achieved. Thus even if the country's fer
tility persists at a replacement level, the 
U.S. will not reach zero growth for 50 or 
60 years, at which time its population 
will be 40 percent larger. 

The principal impetus to world popu-
lation growth comes today from the 

underdeveloped countries where nearly 
three-fourths of mankind dwell. Death 
rates in those countries have been falling 
over the past 25 years toward the low 
levels of the developed countries. Birth 
rates, however, remain twice as high as 
they are in the developed countries. The 

result is a population increase averaging 
2.5 percent and in many countries ex
ceeding 3 percent. 

The populations of such countries are 
now growing faster than those of the 
developed countries grew during the 
phase of rapid population growth of the 
European peoples [see "The Populations 
of the Underdeveloped Countries," by 
Paul Demeny, page 148]. Mortality rates 
in such countries are converging toward 
those of the developed countries, al
though there is still some way to go, par
ticularly when age structures are taken 
into account. (The crude death rates of 
the underdeveloped countries run about 
14 per 1,000 population, as against 
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University. Most of the areas are not individual countries but modi. 

fied United Nations regions. The tallest peaks are for Japan, which 

has a population density of 283 per s quare kilometer. Tbe lowest 

plateau is for Greenland, which has a population density of virtual

ly zero. The maps should be compared with the maps on the next 

two pages, which show energy consumption for the same regions. 

about nine per 1,000 in the developed 
countries.) In some countries further de
cline in mortality may come slowly with
out further improvement in nutrition, liv
ing standards and public health services. 
The large gaps between the underdevel
oped and the developed countries re
main in fertility, represented by an over
all crude birth rate of 39 per 1,000 popu
lation compared with 17 per 1,000. Some 
large countries such as Nigeria, Bangla
desh and Pakistan have crude birth rates 
that are three times higher than those of 
the U.S. 

Accordingly it is almost inevitable 
that the world's population will grow to 
between 6.5 billion and 8.5 billion in the 

next 75 years, with nearly all the growth 
in the underdeveloped countries. As 
Tomas Frejka of the Population Council 
has shown, employing a computer model 
of the world population that incorporates 
data on age structure, the population 
would grow to 6.3 billion even if repro
duction rates in all countries could be 
brought down to replacement levels as 
early as 1980 [see "The Prospects for a 
Stationary World Population," by Tomas 
Frejka; SCIENTIFIC AMERICAN, March, 
1973]. Arrival at the replacement rate by 
the end of the century, a more plausible 
but by no means certain event, would 
yield a world population of 8.2 billion in 
2050. More than 90 percent of the addi-

tional four-plus billion would be in the 
underdeveloped countries. The world 
would know an India of 1.4 billion popu
lation, a Brazil of 266 million, a Bangla
desh of 240 million, a Nigeria of 198 mil
lion. China is the big unknown in world 
statistics; in spite of reports of a decline 
in the country's fertility rate, a popula
tion of more than a billion is probable in 
the next decades. 

Thus short of a catastrophic rise in 
death rates a population increase of ma
jor dimensions is in store. Stabilization 
of the world population may not occur 
this side of the 10-to-15-billion range, 
and eight billion seems to be a minimum. 

Whatever mankind can do to moder-
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ate such trends, it must clearly accommo
date to growth. Over the next few dec
ades roughly everything must be dou
bled just in order to stay even. Roger 
llevelle [see "Food and Population," 
page 160] considers that the projected 
demand-amplified as it must be by the 
appetites of the developed countries and 
by the development of the underdevel
oped countries-still does not exceed the 
earth's resources. 

Concurrent with such profound 
change in the facts of life and death and 
in the structure of populations, the living 
generations have been experiencing 
equally revolutionary changes in the 
family, the community and the state, in 
technology and the use of resources, in 
economic relationships and in man's im
pact on the environment. These changes 
in the condition of man can be signalized 
by the observation that the human popu
lation is in migration from the agricul
tural village to the industrial and com
mercial city [see "The l\1igrations of Hu
man Populations," by Kingsley Davis, 
page 92]. Everywhere cities are growing 
faster than countries. In the developed 
countries the majority of the inhabitants 
are already resettled into great networks 
of metropolitan centers with dependent 
hinterlands. Although most people in the 
underdeveloped countries still live in vil
lages, their cities are growing too, in 
spite of grossly inadequate facilities and 
relatively little opportunity for employ
ment. Such high rates of population 
growth prevail in rural areas that this 
migration still does not diminish the 
rural population or even slow its growth 
by much. 

M
ost of the world's people now live in 

1 countries with programs or policies 
to change fertility levels and growth 
rates, but efforts either to increase or to 
decrease birth rates appear to have had 
mixed results. If population growth is to 
be halted and stabilized by fertility con
trol, then the faster fertility is reduced, 
the smaller the eventually stationary 
population will be. The governments of 
most underdeveloped countries sponsor 
family-planning programs, usually but 
not always with the explicit goal of re
ducing the number of births. In some 
smaller countries, notably Taiwan and 
South Korea, birth rates have fallen to a 
substantial degree because of birth con
trol practiced by couples served by such 
programs. Whether this would have hap
pened without the programs is still a de
bated question and one technically diffi
cult to resolve. These same countries 
have also made substantial progress in 
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gions as of 1968, the most recent year for which data were available. In many places the 

topography is the inverse of that in the population maps on the preceding two pages. The 

other ways toward the fulfillment of as
pirations for economic development and 
"modernization." 

Government policies with respect to 
fertility in developed countries, whether 
implicit in welfare programs or explicit 
in the promotion of large families, tend 
to be pronatalist. There is no evidence, 
however, that such policies have been 
notably successful in deflecting the 
downward trend in birth rates in those 
countries more than temporarily. It may 
be expected that when the underdevel
oped countries have changed all those 
characteristics that distinguish the tra
ditional society from the modern one, 
they too will be developed, and one re-

suit will be the reduction of their fer
tility. 

As the other contributors to this issue 
give evidence, there is substantial agree
ment about the demographic trends and 
conditions that set the terms of public 
policy. The making of policy, however, 
involves ideology as well as the demo
graphic and social facts. It may seem 
strange that some people question the 
validity and definition of "the population 
problem" at this late date, but there are 
at least two recent developments of con
siderable importance. The first is a grow
ing scientific sophistication about the 
consequences of population growth, as 
the simpler answers of 10 to 15 years ago 
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age is 1,733. Individuals who participated in the making of maps 

were Allan Schmidt, David Sheehan, Nicholas Chrisman, Geof. 

frey Dutton, Howard Fisher, Herbert Heidt and Eliza McClennen. 

ghoe way to more qualified and more 
complex ones. The second is a broaden
ing of the definition of the problem to in
clude not only economics but also the 
terrestrial environment, to regard popu
lation growth not only as a burden on the 
development of underdeveloped coun
tries but also as a multiplier of the stres
ses on the resources and the environment 
of developed countries. 

On the economic side the bible of the 
early 1960's was Ansley Coale and Ed
gar M. Hoover's Population Growth and 
Economic Development in Low-Income 
Countries, an estimate of how much 
high growth rates would retard develop
ment. In one underdeveloped country 

after another rapid population growth 
appears to increase the difficulty of work
ing with limited human and material re
sources to solve the problems of food 
supply, of urban and rural unemploy
ment, of proViding minimal social ser
vices. The predominant view still is that 
rapid population growth is such a serious 
hindrance to development that the re
duction of fertility rates will greatly en
hance the possibility of social and eco
nomic progress. There is, however, an
other view. In the early 1970's a UN 
symposium preparatory to the 1974 
World Population Conference, with ex
perts from around the world in attend
ance, concluded that "a preoccupa-

tion with population should not divert 
attention from critical issues in the 
world development process.... Popu
lation growth is not always an obstacle 
to development [although] very high 
rates of population growth are usually 
an obstacle to development." 

Today such analysis is questioned with 
regard to the handling of discount 

rates and the extent to which savings by 
low-income individuals contribute to 
capital investment. Moreover, the ad
vantages of population growth are as
serted: stimuli to harder work and agri
cultural innovation, and larger markets 
to foster the substitution of imports. Such 
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questions have led some to the funda
mental position that it is not population 
growth that matters but the proper or
ganization of society, the redistribution 
of income and the rectification of social 
injustice. Does population growth seri
ously threaten economic development or 
is it only a marginal issue? Today quali
fied experts can be found on both sides 
of the debate. 

In the recent concern with the envi
ronmental aspect of population the 
tables are turned: in one scenario the 
problem is not the problem of countries 
such as India but the problem of coun
tries such as the U.S.; the solution calls 
not for fewer babies there but for less 
consumption here. The debate has 
swung between extremes, with one po
sition being stigmatized as doom saying 
and the other as technological optimism. 

One can distinguish at least three gen
eral positions on the population problem. 
There is population as crisis, so grave 
that catastrophe is near unless drastic 
steps are taken to stop world population 
growth now. There is population as a 
multiplier and intensifier of other social 
problems, not "everything" but a sub
stantial something; an example is the 
1972 report of the U.S. Commission on 
Population Growth and the American 
Future. Then there is population as a 
nonproblem (or even a false problem 
with imperialist overtones), the real 
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problem being development or how to 
bring about a socialist organization of so
ciety or redistribute income or improve 
the status of women or rectify social in
justice or promote technological change, 
with the population problem being auto
matically taken care of as a by-product. 
In short, the very nature of the popula
tion problem-what the real conse
quences of population growth are and 
what growth really means for human life 
-is under closer scrutiny and disputation 
today than it was a decade ago. 

It was inevitable that the increased 
interest in population during the 1960's 
would move the subject into the political 
arena. Indeed, that was demanded by 
the emergence of government popula
tion policies. As a result population 
issues are now caught up in broader and 
deeper political tensions, both domestic 
and international: tensions concerning 
natural resources, food, energy, medical 
care, neocolonialism, the terms of inter
national trade, the provision of assistance 
for development and the relative merits 
of socialist and nonsocialist forms of gov
ernment. 

Any strong international trend, and 
population-related actions were such a 
trend in the 1960's, is likely to generate 
a countertrend. Now, for better or worse, 
there is a kind of political backlash at 
work in many parts of the world with 
which workers in the field of population 
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problems must contend in addition to 
the problems themselves. Any effort to 
limit this sensitive topic to scholarly and 
profeSSional discussion was doomed to 
failure; after all, if a policy is to be rec
ommended by a government, it by defi
nition becomes a political matter. 

A 
key controversy centers on the strat-
egy for reducing fertility rates in the 

underdeveloped countries. In the public 
forum such consideration has tended to 
focus on the alternatives of economic 
development and family planning. It is 
an unrewarding polarization. Political 
leaders are pushed by events to treat 
population and development policies as 
being integrally related rather than as 
alternatives. 

Development, which requires exten
sive social change, impinges at every 
point on factors that sustain high fertility 
in the underdeveloped countries. Pover
ty so extreme, widespread and persistent 
holds people in despairing resistance to 
change. The high rate of infant mortality 
makes the next infant a desirable hedge 
against high mortality rates. In many 
countries the preference for sons presses 
fertility still further against that other 
lottery of sex determination. The eco
nomic value of children in these circum
stances contrasts with the dependency 
of youth in the developed countries: they 
help to make the family's living; they are 

i i 
3000 2000 1000 B.C. 

RAPID IN CREASE IN THE GROWTH RATE of the population 

will of necessity he a tr ansitory stage in human history. Here the 

growth rate is plotted for the 16,000·year period from 8000 B.C. to 

A.D. 8000. l' or most of the past the rate was less than .1 percent per 

year; currently it is about 2 percent per year. The curves to the 

right of the spike for the present show three alternative possibili. 
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the SUppOlt of their parents in illness and 
old age, and their value is affirmed in so
cial and religious life. Women are held 
in inferior status by the dedication of 
their life role to that of mother, wife and 
worker in the family enterprise. Illitera
cy reinforces social isolation and tradi
tional behavior; lack of education con
fines the range of choice and the time 
horizon of decisions about life. Village 
life limits the exchange of goods, ideas 
and people; it also limits the complexity 
of technology and the division of labor. 

All aspects of this pattern of under
development do not prevail everywhere, 
and various countries have arrived at 
different states of change in these char
acteristics. Many countries differ in im
portant ways from their European pre
cursors at a similar stage in the transfor
mation, exhibiting a much more rapid 
decline in mortality, a greater access to 
advanced technology and an aspiration 
to quickly reach demonstrated goals 
that were attained only slowly by the 
first arrivals. These differences may fa
cilitate reduction in fertility, along with 
development in general, in some coun
tries. Modernization is proving to be 
slow and difficult, however, in many 
countries; if decline in fertility must wait 
out the process of social transformation, 
it will be some time in coming. In the 
last article in this issue Gunnar Myrdal 
reminds us that the task of technology 
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transfer requires action by the developed 
as well as the underdeveloped countries 
[see "The Transfer of Technology to Un
derdeveloped Countries," page 172]. 

Fertility control may not require the 
total transformation of the old order in 
the underdeveloped countries. Recent 
research on the demographic transition 
in Europe finds that decline in fertility 
did not "automatically" follow on attain
ment of this or that bench mark in urban
ization, industrialization, literacy or de
cline in mortality. In our time major 
declines in mortality have occurred with 
little social or economic development. 
Educational levels have been raised rap
idly in Sri Lanka and in the state of 
Kerala in India; this has been attended 
by some decline in fertility, although 
there has been little economic change. 

Beyond general development, which 
is pursued on its own nondemographic 
grounds, family-planning programs have 
been organized in many countries as di
rect action on the problem of population 
growth. Such effort has found its own 
justification, furthermore, on humani
tarian and medical grounds, even though 
its success in fertility control is debated. 
The effort also commends itself because 
it is relatively cheap; it spreads the word 
and so contributes to modernization and 
it provides access to contraceptive ser
vices as progress in development increas
es motivation. Here again the developed 
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countries have a role to play. As Sheldon 
J. Segal shows [see "The Physiology of 
Human Reproduction," page 52], the ex
isting technology of contraception may 
have serious limitations in the physical 
circumstances of the traditional village 
and in the slums of the new cities of the 
poor; the "ideal contraceptive" is still 
awaited in the underdeveloped countries 
as it is in the developed ones and may 
have a more decisive historic role in the 
forme.r, allowing fertility control in less 
favorable physical circumstances and at 
lower levels of motivation. 

Nainst this background what can gov-
ernments do to change fertility 

rates? It can be said there are five courses 
of action: persuade, manipulate services, 
change incentives, transform social insti
tutions, coerce. Family-planning pro
grams provide services and persuasion, 
and some countries restrict access to 
modem means of fertility control; devel
opment, of course, changes social insti
tutions. In Singapore some incentives are 
being tried: no paid maternity leave be
yond two children, and similar scaling of 
obstetrical delivery fees and income-tax 
deductions; Taiwan offers a positive in
centive in the form of educational bonds 
for parents who stop at three children. If 
community pressure backed up by a one
party political apparatus counts as "co
ercion," then China may be the first 
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ties for the future. Curve A shows how growth rate would decrease 

if replacement level of fertility were attained by the year 2000; 

curve B, how it would decrease if that level were attained hy 2020; 

curve C, how it would decrease if that level were attained by 2040. 

In other words, except for the extended present, population growth 

rates bave been and are likely to be within a very narrow range. 
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AGE STRUCTURE OF P OPULATIONS is profoundly affected by 

changing fertility. In a country such as Mexico with a recent his· 
tory of high fertility the age structure is pyramidal. In a country 

such as Sweden with a recent history of low fertility the structure 

country to employ all five ways of fertil
ity control specified here; reports from 
some cities and communes indicate that 
China's fertility rate is indeed falling. 
India, in 1952, was the first country in 
the world to proclaim a population poli
cy designed to lower birth rates through 
a family-planning program. It has con
ducted a vigorous campaign of persua
sion under the symbol of the "Red Tri
angle"; it has tried to provide services on 
a massive basis, with spotty success; it 
has used monetary incentives, for ex
ample, to promote vasectomy; it has 
made some progress in the development 
and the transformation of social institu
tions. The government of Bangladesh, an 
even harder-pressed country, has reck
oned openly with the possibility of such 
coercive measures as limitation on ration 
cards and compulsory sterilization for 
parents who have had more than two 
children. 

Finally, serious issues present them
selves under the heading of the control 
of human mobility. Today both internal 
and international migration is predomi
nantly in the rural-to-urban direction: 
from the countryside to the city, from 
the farms of one nation to the factories 
of another. In most places this trend pre
sents causes for concern: urban conges
tion, unemployment, environmental de
terioration, problems of housing and 
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sanitation and transportation, lack of so
cial services, political unrest and diffi
culties of acculturation. 

International migrations are usually 
controllable: the valve of immigration 
can be opened or closed. A few countries 
want more immigrants (Israel and Aus
tralia are examples), but even they want 
only a certain kind. The industrial coun
tries of continental Europe want more 
laborers from the Mediterranean coun
tries but only on a temporary basis: the 
unemployed are exportable each way. In 
some tragic situations minority groups 
are forced out in order to make the re
maining population more homogeneous. 
In the U.S. the Commission on Popula
tion Growth and the American Future 
urged that the substantial illegal immi
gration be stopped. 

Internal migration to the cities is more 
difficult to affect. Among the many ex
amples of what has been tried to limit 
the growth of large urban centers are re
gional development (Greece and Fin
land), decentralization of government 
activities (the Netherlands), relocation of 
the capital (Brazil and Tanzania), sup
port of new towns (Japan and Britain), 
damping of wage differentials between 
urban and rural areas (Zambia), reori
entation of education toward agricultural 
interests (Indonesia and Tanzania), sub
sidies for industrial location (France, 

Sweden and Togo), rural land reclama
tion (Kenya) and even a "citizenship tax" 
on living in the city (Seoul in South 
Korea). 

The effect of such efforts, although dif-
ficult to measure, has not been strik

ing, and the further modernization of 
agriculture will intensify the pressures. 
The cities can only be expected to grow 
even more, with all the problems that 
implies. Again there is the (reported) 
counterexample of China, where as a 
matter of national policy migration to 
the cities is stringently controlled and 
many people are actually exported for 
various periods from the cities back to 
the land. 

If the task is to reduce population 
growth in the world as a whole, and 
hence in most individual countries, at a 
rate substantially higher than the one 
that would otherwise obtain, the pros
pect is uncertain. Reasons for pessimism 
are not hard to find. First, high fertility 
itself is greatly resistant to change. It has 
been ratified by the experience of cen
turies, and for most people in the world 
it is institutionally interwoven with the 
entire cultural fabric. Beyond that the 
demographic momentum built into the 
age structure of populations is profound 
and long-lasting. If one were looking for 
a promising arena in which to demon-
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is quite rectangular up to age 60. The U.S. 

age structure lies between the two extremes. 

strate the possibilities of social engineer
ing, one would not choose population. 

Second, the means of intervention may 
not be available. Coercion is not general
ly acceptable. The modernizing of social 
institutions is a goal almost everywhere, 
but progress is disappointing, and in any 
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case it is hardly achievable in the im
mediate future. Family planning can 
claim some limited successes, but there 
is no proved formula for the mass adop
tion of birth control in an underdevel
oped country. Hence intervention comes 
up against real limits of social and gov
ernment policy. 

Third, population issues are them
selves changing. On the one hand they 
have become politicized, with all that 
implies in the way of disputation, com
promise and absorption into political 
issues. On the other hand, the technical 
bases of population issues have shifted 
in recent years; as we come to know 
more we seem to end up knowing less, 
at least insofar as effective direct action 
is concerned. The population problem is 
more problematic now. The threshold 
factors required for the reduction of fer
tility are more in dispute; the value of 
family planning is called into question 
with alternatives being advanced that 
are hard to attain quickly, such as social 
revolution or the redistribution of in
come or the correction of social injustice. 

Nevertheless, the effort continues. 
The present is a period of taking stock 
and reformulating programs. Growing 
recognition of the difficulty of popula
tion problems, together with the great 
pressures exerted in many countries by 
food shortages and a wide range of un
met demands for a better life, are forc
ing many governments to reconsider 
their entire strategy for development, in 
part to accommodate population growth 

CRUDE BIRTH RATE 

and to control it. After all, policy to limit 
fertility is a very recent effort to deal 
with a very difficult problem. Successes 
in some countries and the possibility 
that there has been a major advance in 
China provide some practical encour
agement. 

M
ost countries are committed to con-

sideration if not to action. Indeed, 
1974 is World Population Year, by proc
lamation of the UN. Representatives of 
most of the world's governments have 
just met under UN auspices to discuss 
population problems and to consider a 
"World Plan of Action." Such a meeting 
would have been unthinkable as recent
ly as 15 years ago, when even such mat
ters as family-planning programs were 
defined as being outside the area of le
gitimate government action. Population 
issues, the preserve of a small group of 
specialized scholars a few decades ago, 
are now discussed everywhere and are 
being acted on in countries involving 
most of the world's people. 

Not all population measures are suc
cessful. How could they be? Neither are 
measures on other great social problems. 
As has been said, some problems do not 
have solutions, only consequences. There 
is now, however, an unprecedentedly 
widespread recognition that the world is 
going to have to accommodate several 
billion more people in the coming dec
ades, that the curve of growth takes a 
long time to level off and that the earlier 
it begins to level off, the better. 

CRUDE DEATH RATE ANNUAL RATE OF 

PEOPLE (PER 1,000 POPULATION (PER 1,000 POPULATION NATURAL INCREASE 

(MILLIONS) PER YEAR) PER YEAR) (PERCENT) 

3,860 33 13 2.0 

1,120 17 9 0 8  

2,740 39 14 2.5 

375 46 19 2.7 

2,100 38 14 2.4 

265 38 8 3.0 

210 15 9 0.6 

108 19 7 1.2 

472 16 11 0.5 

250 18 8 1.0 

80 22 8 1.4 

CURRENT OVERALL STATUS of the human population and its 

major subdivisions is given by these numbers. The figures are for 

1973, the most recent year for which data and estimates are avail· 

able. The maps and charts in this article are based on UN sources. 
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The History of the Human Population 

Until S01ne 200 years ago the size of the hU7nan population re7nained 

fair�y stable because high birth rates were balanced by' high death 

rates. The great delTwgraphic transition CC17ne when death rates fell 

I
n designating 1974 World Population 

Year the United Nations has given 
expression to worldwide interest in 

the rapid rate of population increase and 
to apprehension about the consequences 
of continued rapid growth. Much less at
ten tion is given to the growth of the 
population in the past, to the process by 
which a few thousand wanderers a mil
lion years ago became billions of resi
dents of cities, towns and villages today. 
An understanding of this process is es
sential if one would evaluate the pres
ent circumstances and future prospects 
of the human population. 

Any numerical description of the de
velopment of the human population 
cannot avoid conjecture, simply because 
there has never been a census of all the 
peop�e in the world. Even today there 
are national populations that have not 
been enumerated, and where censuses 
have been taken they are not always re
liable. Recent censuses of the U.S., for 
example, have undercounted the popu
lation by between 2 and 3 percent; some 
other censuses, such as the one taken 
in Nigeria in 1963, are evidently gross 
overcounts. Moreover, in many instanccs 

by Ansley 1. COBle 

the extent of the error cannot be esti
mated with any precision. 

If the size of the population today is 
imperfectly known, that of the past is 
even more uncertain. The first series of 
censuses taken at regular intervals of no 
more than 10 years was begun by Swe
den in 1750; the U.S. has made decen
nial enumerations since 1790, as have 
France and England since 1800. The 
census became common in the more dc
veloped countries only in the 19th cen
tury, and it has sprcad slowly to other 
parts of the world. India's population has 
been enumerated at decennial in tervals 
since 1871, and a number of Latin Amer
ican populations have been counted, 
mostly at irregular intervals, since late in 
the 19th century. The first comprehen
sive census of Russia was conducted in 
1897, and only four more have been 
made since then. The population of most 
of tropical Africa remained uncounted 
until after World War II. A conspicuous 
source of uncertainty in the population 
of the world today is the poorly known 
size of the population of China, where 
the most recent enumeration was made 
in 1953 and was of untested accuracy. 

RUBBING OF A GRAVESTONE records the death of a mother and her child in 18th· 

century Massachusetts. The inscription reads (with emended punctuation and orthogra. 

phy): "In Memory of Mrs. Naomi, Wife of Mr. Ritchard, Woolworth, who died August 

22d, 1760, aged 39 Years; also Joseph, their Son, died the Same Day aged 6 days." It is 

probable that both mother and son died as a result of some crisis attendant on childbirth, 

in the case of the mother perhaps from puerperal fever. Such deaths were very common 

throughout most of man's history; the high death rate they contributed to demanded that 

the birth rate also be high merely to sustain the population. A decline in the death rate, 

which had an important effect on the survival of infants and children, began in most parts 

of Europe and America in tbe decades following the events recorded on this gravestone. 

The figures at the top of the stone are a scythe and an bourglass, traditional symbols of 

mortality; a crowing cock, which probably represents an admonition to vigilance, and an 

object whose identity is uncertain but that may be a candle with snuffer, another common· 

place figure in the imagery of death. The stone is at Longmeadow, Mass., and has been at· 

tributed to Aaron Bliss. The rubbing is reproduced from Early New England Gravestone 
Rubbings, by Edmund Vincent Gillon, Jr., published by Dover Publications, Inc. Surveys of 

gravestones are among the methods by which demographers measure historical populations. 

As one considers earlier periods thc 
margin of error increases. The earliest 
date for which the global population can 
bc calculated with an uncertainty of 
only, say, 20 percent is the middle of the 
18th century. The next-earliest time for 
which useful data are available is the bc
ginning of the Christian era, when Rome 
collected information bearing on the 
number of people in various parts of the 
empire. At about the same time imperial 
records provide some data on the popu
lation of China, and historians ha\'e 
made a tenuous estimate of the popula
tion of India in that period. By employ
ing this information and by making a 
crude allowance for the number of peo
ple in other regions one can estimate the 
population of the world at the time of 
Augustus within a factor of two. 

For still earlier periods the population 
must be estimated indirectly from cal
culations of the number of people who 
could subsist under the social and tech
nological institutions presumed to pre
vail at the time. Anthropologists and his
torians have estimated, for example, that 
before the introduction of agriculture the 
world could have supported a hunting
and-gathering culture of between five 
and 10 million people. 

From guesses slleh as these for the ear-
lier periods and from somewhat more 

reliable data for more recent times a gen
eral outline of the growth of the human 
population can be constructed [see illus
trations 011 next page]. Perhaps the most 
uncertain figure of all in these calcula
tions is the size of the initial population, 
when man first appeared about a million 
years ago. As the human species grad
uallv became distinct from its hominid 
predecessors there was presumably an 
original gene pool of some thousands or 
hundreds of thousands of individuals. 
The next date at which the population 
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this much briefer time span, however, the rate of population in· 

crease was modest throughout most of the period, and the gain 

during the past few centuries again appears to be almost vertical. 
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PERIOD SINCE 1750 is characterized by rapid and rapidly accel. 

erating growth in the size of the world population. This period 

represents only about .02 percent of man's history, yet 80 percent of 
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1900 1950 1974 

the increase in human numbers has occurred during it. Moreover, 

within this period the rate of increase has climbed most dra· 
matically in very recent times: it has doubled in the past 25 years. 
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can be estimated is at the initiation of 
agriculture and the domestication of ani
mals, which is generally believed to have 
begun about 8000 B.C. The median of 
several estimates of the ultimate size of 
the hunting-and-gathering cultures that 
preceded the introduction of agriculture 
is eight million. Thus whatever the size 
of the initial human population, the rate 
of growth during man's first 990,000 
years (about 99 percent of his history) 
was exceedingly small. Even if one as
sumed that in the beginning the popu
lation was two-Adam and Eve-the an
nual rate of increase during this first long 
interval was only about 15 additional 
persons per million of population. 

After the establishment of agriculture 
the growth of the population accelerated 
somewhat. The eight million of 8000 B.C. 

became by A.D. 1 about 300 million (the 
midpoint of a range of informed guesses 
of from 200 million to 400 million). This 
increase represents an annual growth 
rate of 360 per million, or, as it is usual
ly expressed, .36 per 1,000. 

From A.D. 1 to 1750 the population 
increased by about 500 million to some 
800 million (the median of a range esti
mated by John D. Durand of the Uni
versity of Pennsylvania). It was at this 
time that the extraordinary modern ac
celeration of population growth began. 
The average annual growth rate from 
A.D. 1 to 1750 was .56 per 1,000; from 
1750 to 1800 it was 4.4 per 1,000, bring
ing the population at the end of this 50-
year interval to about a billion. By 1850 
there were 1.3 billion people in the 
world, and by 1900 there were 1.7 bil
lion, yielding growth rates in the respec
tive 50-year intervals of 5.2 and 5.4 per 
1,000. (These totals too are based on 
estimates made by Durand.) 

By 1950, according to the UN, the 
world population was 2.5 billion, indi
cating an annual growth rate during the 
first half of the 20th century of 7.9 per 
1,000. From 1950 to 1974 the growth 
rate more than doubled, to 17.1 per 
1,000, producing the present world pop
ulation of 3.9 billion. The median value 
of several projections made by the UN 
in 1973 indicates that by 2000 the popu
lation will be 6.4 billion, an increase that 
implies an annual growth rate during the 
next 25 years of 19 per 1,000. 

Jt is evident even from this brief de-
scription that the history of the pop

ulation can be readily divided into two 
periods: a very long era of slow growth 
and a very brief period of rapid growth. 
An understanding of the development of 
the population during these two phases 

can be deriv.ed from a few simple mathe
matical relations involving the absolute 
size of the population, the growth rate 
and the factors that determine the 
growth rate. 

Persistent growth at any proportionate 
rate produces ever increasing increments 
of growth, and the total, even at a rela
tively modest rate of increase, surpasses 
any designated finite limit in a surpris
ingly short time. An increasing popula
tion doubles in size during an interval 
equal to 693 divided by the annual rate 
of increase, expressed in additional per
sons per 1,000 population [ see illustra
tion on page 46]. Thus in the period from 
A.D. 1 to 1750, when the growth rate was 
.56 per 1,000, the population doubled 
about every 1,200 years; in the next few 
decades, when a growth rate of about 20 
per 1,000 is anticipated, the population 
will double in 34.7 years. 

The cumulative effect of a small num
ber of doublings is a surprise to common 
sense. One well-known illustration of this 
phenomenon is the legend of the king 
who offered his daughter in marriage to 
anyone who could supply a grain of 
wheat for the first square of a chess
board, two grains for the second square 
and so on. To comply with this request 
for all 64 squares would require a moun
tain of grain many times larger than 
today's worldwide wheat production. 

In accordance with the same law of 
geometric progression, the human pop
ulation has reached its present size 
through comparatively few doublings. 
Even if we again assume that humanity 
began with a hypothetical Adam and 
Eve, the population has doubled only 
31 times, or an average of about once ev
ery 30,000 years. This is another way of 
saying that the peopling of the world has 
been accomplished with a very low rate 
of increase, when that rate is averaged 
over the entire history of the species. The 
average annual rate is about .02 addi
tional persons per 1,000. Even when only 
the more rapid growth of the past 2,000 
years is considered, the average rate is 
modest. Since A.D. 1 the population has 
doubled no more than four times, or 
about ollce every 500 years, which im
plies an annual rate of 1.4 persons per 
1,000. 

In the context of these long-term av
erages the rate of growth today seems all 
the more extraordinary, yet the source 
of this exceptional proliferation is in the 
conventional mathematics of geometric 
series. The population of the world in
creases to the extent that births exceed 
deaths; the growth rate is the difference 
between the birth rate and the death 

rate. Another way of stating the relation 
is that the average rate of increase, over 
a long period, is dependent on the ratio 
of the sizes of successive generations. 
This ratio is approximately equal to the 
average number of daughters born to 
women who pass through the span of 
fertile years multiplied by the propor
tion of women surviving to the mean age 
of childbearing. This product specifies 
the average number of daughters born 
during the lifetime of a newborn female, 
after making allowance for those women 
whose biological fertility is abnormal and 
for those who die before reaching the age 
of childbearing. When the product is 
I-signifying one daughter per woman, 
under the prevailing conditions of fer
tility and mortality-successive genera
tions are the same average size. When 
the product is 2, the population doubles 
with each generation, or about every 28 
years. 

The fertility of a population can also 
be measured by the number of off

spring, both sons and daughters, born 
per woman during a lifetime of child
bearing; this number is called the total 
fertility rate. Mortality is summarized 
by the average age at death, or the av
erage duration of life, which is expressed 
as the expectation of life at birth. In 1973 
the total fertility rate of American wom
en was 1.94; the expectation of life at 
birth was 75 years. Thus women ex
periencing 1973 birth rates at each age 
would bear an average of 1.94 children, 
and women experiencing 1973 death 
rates at each age would have an average 
duration of life of 75 years. 

\"'hen the average life span is short, 
the proportion of women surviving to 
the mean age of reproduction is small. In 
fact, among populations for which there 
are adequate data there is a close re
lation between these two numbers, and 
we can with some confidence estimate 
the proportion of women surviving to be
come mothers from the average duration 
of life. Another predictable characteristic 
of the human population is the ratio of 
male births to female births; for any large 
sample it is always about 1.05 to 1. 

Because of these constant relations in 
the population it is possible to calculate 
all the combinations of female life ex
pectancy and total fertility that will yield 
any specified growth rate. Of particular 
interest are the conditions producing 
zero population growth, since during 
most of the past million years the popu
lation has approached zero growth [see 
illustration on page 45]. In a static popu
lation the average duration of life is the 
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reciprocal of the birth rate. Expressed 
another way, in a population of constant 
size the birth rate is the number of births 
per person-year lived and the average 
duration of life is the number of person
years lived per birth. 

There are many combinations of fer
tility and mortality that will just main-

tain a population at fixed size. Consider 
a static population in which the average 
duration of female life is 70 years. Given 
this mortality rate, the proportion of 
women surviving to the mean age of 
childbearing is 93.8 percent. Because 
the size of the population is to remain 
constant the average number of daugh-

CENSUS TALLY SHEET from the first enumeration of the U.S. population was employed 

in one of the earliest attempts to keep a current and regularly revised account of the size 

and distribution of a national population. Sweden, in 1750, was the first nation to institnte 

a periodic census; the U.S. followed in 1790, when this schedule for a New York City neigh. 

borhood was filled out. Tbe columns record the number of free white males 16 years old 

and older, free white males under 16 years old, free white females, other free persons 

and slaves. In the bottom half of the column appears the name of Alexander Hamilton. 
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ters born per woman must be 1/.938, or 
1.066; since there are 1.05 male births 
for each female birth, the total fertility 
rate must be 2.05 X 1.066, or 2.19. The 
birth rate in such a population is 1/70, 
or 14.3 per 1,000 population. 

If the average duration of female life 
is 20 years, as it probably was at times 
during the premodern period, then 3 1.6 
percent of the women survive to the 
mean age of childbearing and those who 
live to the age of menopause have an av
erage of 6.5 children; the birth rate un
der these circumstances is 50 per 1,000. 
(It should be pointed out that there is no 
inconsistency in the survival of many 
women to menopause in a population in 
which the average age at death is 20 
years. When the death rate is high, the 
average age at death is not at all a typi
cal age at death. When the life expec
tancy in a static population is 20 years, 
for example, about half the deaths oc
cur before age five, about a fourth occur 
after age 50, and only about 6.5 percent 
occur in the 10-year span centered on 
the mean age at death.) 

The importance of these relations is 
that they express the possible combi

nations of fertility and mortality that 
must have characterized the human pop
ulation during each era of its history. If 
some other combination of fertility and 
mortality had been maintained for more 
than a few generations (as has happened 
during the past two centuries), the popu
lation would have expanded or contract
ed dramatically. 

These combinations also determine 
the most extreme fertility and mortality 
rates possible in a static population. One 
limit is set by the minimum feasible mor
tality. When the average life expectancy 
is 75 years, 97.3 percent of all women 
survive to the mean age of reproduction, 
and it is necessary for them to have only 
2. 1 children to maintain the population; 
this represents a birth rate of 13.3 per 
1,000. Any further reduction in mortality 
might raise the average duration of life 
to 80 years or more, but it would not sig
nificantly change the proportion of wom
en surviving to childbearing age, nor 
would it much reduce the number of 
births per woman required to maintain 
the population. The other limit is im
posed by fertility. When the life expec
tancy falls to 15 years, only 23.9 percent 
of all women live to have children, and 
those who do must have an average of 
8.6 in order to prevent a decline in pop
ulation. Although it is certainly biolog
ically possible for a woman to bear more 
than eight or nine children, no sizable 
populations have been observed with 
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EXPECTATION OF LIFE AT BIRTH (YEARS) 

POPULATION IN EQUILIBRIUM can be maintained at constant 

size by many combinations of fertility and mortality. Tbe total fer· 

tility rate is tbe number of children born per woman to a hypo. 

thetical group of women subject in each year of their lives to an

nual birth rates prevailing at a specified moment. Analogously, the 

expectation of life at birth is the average life span of a hypothetical 

group of people subject at each age to the death rates prevailing at 

a specified time: When the population is neither growing nor de-

dining, two other demographic measures can be derived from these 

data : the birth rate and the proportion of women surviving to the 

mean age of childbearing. Some combination of these rates that 

approximates the conditions of zero growth must have prevailed 

during most of man's history. If the birth rate was 50 per 1,000, for 

example, then the average life span must have been 20 years, about 

a third of all women must have lived to childbearing age and 

those who survived must have had an average of 6.5 children. 

total fertility much higher than eight 
births per woman. 

Accurate records of human fertility 
and mortality are even more meager than 
records of numbers of people. Today 
fewer than half of the world popula
tion live in areas where vital statistics 
are reliably recorded; in most of Asia, 
almost all of Africa and much of Latin 
America, for example, the registration of 
births and deaths is inadequate. Precise 
information about fertility and mortality 
is therefore limited to the recent experi
ence of the more developed countries, 
beginning in the 18th century in Scan
dinavia, the 19th century in most of the 

rest of Europe and the 20th century in 
Japan and the U.S. Much has been in
ferred about the present vital rates of 
underdeveloped countries from the age 
composition recorded in censuses, from 
the rate of population increase between 
censuses and from retrospective informa
tion collected in censuses and demo
graphic surveys. For past populations, 
however, valid data on births and deaths 
are very rarely available, and they must 
therefore be derived by analyzing the 
forces that affect fertility and mortality. 

Differences in fertility can be attrib
uted to two factors: the differential ex
posure of women of childbearing age to 

the risk of childbirth through cohabita
tion with a sexual partner, and differ
ences in the rate at which conceptions 
and live births occur among women who 
are cohabiting. In many populations the 
only socially sanctioned cohabitation is 
that between married couples, and thus 
the laws and customs governing the for
mation and dissolution of marriages in
fluence fertility. A conspicuous example 
is the pattern of late marriage common 
until a generation ago in many Western 
European nations. For many years be
fore World War II in Germany, Scandi
navia, the Low Countries and Britain the 
average age of first marriage for women 
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DOUBLING TIME for a population is calculated by dividing the annual growth rate, in 

additional persons per 1,000 population, into the number 693. Until about 10,000 years ago 

the growth rate was .02 or less, and at least 35,000 years were required for the population 

to double. The rate today approaches 20 per 1,000, and the population could double in the 

next 35 years. Sustained growth has extreme consequences : 10 doublings, which would reo 

quire 350 years at the present rate, would produce a population of more than four trillion. 

was between 24 and 28, and from 1 to 30 
percent remained unmarried at age 50. 
As a result the proportion of women of 
reproductive age who by being married 
were exposed to the risk of childbearing 
was less than half, and in some cases, 
such as Ireland, was as low as a third. 

A much different nuptial custom that 
may also reduce fertility is common in 
areas of Asia and North Africa. Women 
are married at age 17 or 18, but the av
erage age of the married male population 
is often eight or nine years greater than 
that of the married women. The fertility 
of some of the women is probably re
duced by marriage to much older men, 
often widowers. Marriages are made by 
arrangement with the bride's parents, in 
many cases requiring the payment of a 
bride price, and older men are more like
ly to have the property or the prestige 
needed to claim the more desirable 
young women. Still another social influ
ence on fertility is found in India, where 
Hinduism forbids the remarriage of wid
ows. Although the prohibition has not al
ways been scrupulously observed, it has 

46 

doubtless reduced Indian fertility below 
what it might otherwise have been. 

Among cohabiting couples fertility is 
obviously influenced by whether or not 
measures are employed to avoid having 
children. Louis Henry of the Institut 
National d'Etudes Demographiques has 
defined "natural fertility" as the fertility 
of couples who do not modify their be
havior according to the number of chil
dren already born. Natural fertility thus 
defined is far from uniform: it is affected 
by custom, health and nutrition. Breast
feeding, for example, prolongs the period 
of postpartum amenorrhea and thereby 
postpones the resumption of ovulation 
following childbirth. In some popula
tions low fertility can be attributed to 
pathological sterility associated with 
widespread gonorrheal infection. Final
ly, fertility may be influenced by diet, as 
has been suggested by the work of Rose 
E. Frisch and her colleagues at Harvard 
University. Age at menarche appears to 
be determined at least in part by the fat 
content of the body and is hence related 
to diet. Furthermore, among women past 

the age of menarche a sufficient reduc
tion in weight relative to height causes 
amenorrhea. In populations with meager 
diets fertility may therefore be de
pressed. Because of the severe caloric 
drain of pregnancy and breast-feeding, 
it is probable that nursing prolongs 
amenorrhea more effectively in popula
tions where the average body fat is near 
the threshold needed for a regular re
productive cycle. 

The most conspicuous source of dif-
ferences in fertility among cohabiting 

couples today is the deliberate control of 
fertility by contraception and induced 
abortion. In some modern societies very 
low fertility rates have been obtained: 
the total fertility rate has fallen as low 
as 1.5 (in Czechoslovakia in 1930, in 
Austria in 1937 and in West Germany 
in 1973) . 

The prevalence of birth-control prac
tices is known from the direct evidence 
of fertility surveys for only a few popu
lations, and for those only during the 
past two or three decades. (The Inter
national Statistical Institute has begun a 
World Fertility Survey that should il
luminate present practices but not those 
of the past.) Indications that fertility 
was deliberately controlled in past so
cieties must be inferred from such clues 
as the cessation of childbearing earlier 
among women who married early than 
among those who married late. Evidence 
of this kind, together with the observa
tion of a large reduction in the fertility 
of all married women, indicates that 
birth control was common in the 17th 
century among such groups as the bour
geoisie of Geneva and the peers of 
France. Norman Himes, in his Medical 
History of Contraception, has shown that 
prescriptions for the avoidance of birth, 
ranging from magical and wholly inef
fective procedures to quite practical 
techniques, have been known in many 
societies at least since classical Greek 
times. A doctoral dissertation at Harvard 
University by Basim Musallam has dem
onstrated that coitus interruptus, a con
traceptive method that compares in ef
fectiveness with the condom and the 
diaphragm, was common enough in the 
medieval Islamic world to be the subject 
of explicit provisions in seven prominent 
schools of law. On the other hand, analy

sis of parish registers in western Europe 

from the 17th and 18th centuries and 

observations in less developed countries 

today suggest that effective birth-control 

practices are not common in most rural, 

premodern societies. . 
Large fluctuations in fertility, and In 

mortality as well, are not inconsistent 
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with the long period of near-zero growth 
that characterizes most of the history of 
the population. Although the arithmetic 
of growth leaves no room for a rate of 
increase very different from zero in the 
long run, short-term variations were 
probably frequent and of considerable 
extent. In actuality the population that 
from our perspective appears to have 
been almost static for hundreds of thou
sands of years may well have experi
enced brief periods of rapid growth, dur
ing which it expanded severalfold, and 
then suffered catastrophic setbacks. The 
preagricultural population, for example, 
must have been vulnerable to changes in 
climate, such as periods of glaciation, 
and to the disappearance of species of 
prey. Once the cultivation of crops 
had become established the population 
could have been periodically decimated 
by epidemics and by the destruction of 
crops through drought, disease or insect 
infestation. Moreover, at all times the 
population has been subject to reduction 
by man's own violence through individu
al depredation and organized warfare. 

Because earlier populations never ex
panded to fill the world with numbers 
comparable to the billions of the 20th 
century, we must conclude that sus
tained high fertility was always accom
panied by high average mortality. Sim
ilarly, sustained low fertility must have 
been compensated for by low mortality; 
any societies that persisted in low fertil
ity while mortality remained high must 
have vanished. 

I n the conventional outline of human 
prehistory it is assumed that at each 

earlier date the average duration of life 
was shorter, on the principle that early 
man faced greater hazards than his de
scendants. It is commonly supposed, for 
example, that hunters and gatherers had 
higher mortality than settled agricul
turists. The greater population attained 
by the agriculturists is correctly attrib
uted to an enhanced supply of food, but 
the appealing inference that reduced 
mortality was responsible for this ac
celeration of growth is not necessarily 
justified. 

The advent of agriculture produced 
only a small increment in the growth 
rate; if this increment had been caused 
by a decline in mortality, the change in 
the average life expectancy would. have 
been hardly noticeable. If in the hunting
and-gathering society the average num
ber of births per woman was 6.5, for ex
ample, the average duration of life must 
have been 20 years. If the fertility of the 
early cultivators remained the same as 
that of their predecessors, then the in-

crease in the life span required to pro
duce the observed acceleration of growth 
is merely .2 year. The increase in life ex
pectancy, from 20 to 20.2 years, would 
not have been perceptible. 

If one assumes that pre agricultural 
man had substantially higher mortality 
than the early cultivators, it must also 
be assumed that the hunters and gather
ers had much higher fertility. If the 
earlier culture had an average age at 
death of 15 instead of 20, for example, 
then its fertility must have been 8.6 
births per woman rather than 6.5. Such 
a change is not inconceivable; the com
plete reorganization of life represented 
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by the adoption of agriculture could cer
tainly be expected to influence both fer
tility and mortality. There is reason to 
suspect, however, that both vital rates in
creased rather than decreased [see illus
tration on next page]. 

Both disease and unpredictable fam
ine might have increased the death rate 
of the first cultivators. Village life, by 
bringing comparatively large numbers 
into proximity, may have provided a ba
sis for the transmission of pathogens and 
may have created reservoirs of endemic 
disease. Moreover, the greater density of 
agricultural populations may have led to 
greater contamination of food, soil and 
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DEVELOPED AND UNDERDEVELOPED NATIONS have different population histories. 

From the 18th century until after World War I the growth rate in the developed countries 

(black) exceeded that in the underdeveloped ones (color). Since the 1920's growth in un· 

derdeveloped regions has predominated. and since 1950 the gap has become large. Future 

trends (black and color) will be determined largely by events in the underdeveloped nations. 
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NEOLITHIC REVOLUTION had demographic consequences whose net effect was a slight 

increase in the rate of population growth. One reconstruction of these events suggests that 

the death rate (black) increased as a result of greater susceptibility to disease in village 

life, and perhaps also because agriculture is vulnerable to climatic crises. If the death rate 

did increase, then it is certain that the birth rate (color) also rose, and by a slightly greater 
margin. Both vital rates must have fluctuated from year to year, the death rate somewhat 

more than the birth rate. Even after the transition difference between the rates was small. 

water. Greater density and the more or 
less total reliance on crops may also have 
made agriculturists extremely vulnerable 
to crop failure, whereas the hunting-and
gathering culture may have been more 
resistant to adversity. 

If mortality did increase on the intro
duction of agriculture, then it is certain 
that fertility also rose, and by a slight! y 
larger margin. The supposition that both 
vital rates did increase is supported by 
observations of the fertility rates of con
temporary peoples who maintain them
selves by hunting and gathering, such as 
the Kung tribe of the Kalahari Desert in 
southwestern Africa. Nancy Howell of 
the University of Toronto, analyzing ob
servations made by her and by her col
league Richard BOl'shay Lee, has found 
that Kung women have long intervals 
between births and moderate overall 
fertility. A possible explanation, sug
gested by the work of Rose Frisch, is 
that the Kung diet yields a body com
position low enough in fat to cause ir
regular ovulation. Interbirth intervals 
may be further prolonged by protracted 
breast-feeding combined with low body 
weight. If such conditions were common 
among pre agricultural societies, the cul
tivation of crops could have increased 
fertility by increasing body weight and 
possibly by promoting the earlier wean
ing of infants so that mothers could work 
in the fields. 

Unfortunately these speculations on 
the demographic events that may have 
accompanied the Neolithic revolution 
cannot be adequately tested by direct 
evidence. Until relatively recent times 
the only available indicators of mortal ity 
rates were tombstone inscriptions and 
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the age-related characteristics of skele
tons. Because the sample of deaths ob
tained in these ways may not be repre
sentative, it is not possible to reliably 
estimate for early periods such statistics 
as the average duration of life. 

'l'he accelerated growth in the world 
population that began in the 18th 

century is more readily understood if the 
areas classified by the UN as "more de
veloped" and "less developed" are con
sidered separately. 

A general description, if not a full ex
planation, of the changing rates of in
crease in the more developed areas since 
the 18th century is provided by what 
demographers call the demographic 
transition. The changes in fertility and 
mortality that constitute the demograph
ic transition are in general expected to 
accompany a nation's progression from a 
largely rural, agrarian and at least part
ly illiterate society to a primarily urban, 
industrial and literate one. Virtually all 

. the populations classified by the UN as 
more developed have undergone demo
graphic changes of this kind, although 
the timing and extent of the changes 
vary considerably. 

The demographiC experience common 
to all the more developed countries in
cludes a major reduction in both fertility 
and mortality at some time during the 
past 200 years. In the 18th century the 
average duration of life was no more 
than 35 years, and in many of the na
tions that are now counted among the 
more developed it must have been much 
less. Today, almost without exception, 
the average life expectancy in these na
tions is 70 years or more. Two hundred 

years ago the number of births per wom
an ranged from more than 7.5 in some 
of the now more developed areas, such 
as the American colonies and probably 
Russia, to no more than 4.5 in Sweden 
and probably in England and Wales. In 
1973 only Ireland among the more de
veloped countries had a fertility rate that 
would produce more than three children 
per woman, and in most of the wealthier 
nations total fertility was below 2.5. 
Thus virtually all the more developed 
nations have, during the past two cen
turies, doubled the average life expect
ancy and halved the total fertility rate. 

If the decline in fertility and mortality 
had been simultaneous, the growth in the 
population of the developed countries 
since 1750 might have been modest. In
deed, that was the experience of France, 
where the birth rate as well as the death 
rate began to decline before the end of 
the 18th century. As a consequence the 
increase in the French population was 
much less than that of most other Euro
pean nations. The combined population 
of the developed countries experienced 
extraordinary growth after 1750, how
ever, a growth that accelerated until 
early in the 20th century. The reason 
for the increase in numbers is that the 
decline in mortality has in almost all 
cases preceded the decline in fertility, 
often by many years [ see illustration on 
opposite pagel. 

The decline in fertility in the U.S., 
as in France, began early; it appears to 
have been under way by the beginning 
of the 19th century. Because of early 
marriage, however, fertility in the U.S. 
had been very high, so that the excess of 
births over deaths was still quite large. 
In most of the other more developed 
countries the birth rate did not begin to 
fall until late in the 19th century or ear
ly in the 20th. 

Another universal feature of the tran
sition is a change in the stability of the 
vital rates. In the premodern era the high 
birth rate was relatively constant, but the 
death rate fluctuated from year to year, 
reflecting the effects of epidemics and 
variations in the food supply. In those 
countries that have completed the de
mographic transition this pattern is re
versed; the death rate remains constant 
but fertility varies considerably. 

1'he causes of the event that began the 

demographic transition-the decline 

in mortality in the late 18th century-are 

a matter of controversy to social and 

medical historians. According to one 

school of thought, until the middle of the 

19th century medical innovations in En

gland could not account for the reduc-
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tion of the English death rate; the prin
cipal factor proposed instead is an im
provement in the average diet. Others 
argue that protection from smallpox 
through inoculation with cowpox serum, 
a procedure introduced late in the 18th 
century, was sufficient to markedly re
duce the death rate. They propose that 
the further decline in mortality in the 
early 19th century may have been 
brought about by improvements in per
sonal hygiene. 

A third hypothesis is that before the 
18th century fortuitous periods of low 
mortality were not exceptional, but that 
they were followed by periods of very 
severe mortality caused by major epi
demics. According to this view, the late 
18th century was a normal period of 
respite, and improved conditions early 
in the 19th century averted the next 
cycle of epidemics, which would other-
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wise have produced a recurrence of high 
mortality rates. 

Whatever the cause of the initial de
cline in the death rate, there is no doubt 
that subsequent improvements in sani
tation, public health and medicine made 
possible further reductions during the 
19th century; indeed, the process con
tinues today. It is equally clear that the 
reduction in mortality was dependent on 
the increased availability of food and 
other material resources. This rise in liv
ing standards was in turn brought about 
by the extension of cultivation, particu
larly in the Western Hemisphere, by in
creased productivity in both agriculture 
and industry and by the development of 
efficient trade and transportation. 

The decline in the birth rate that even
tually followed the decline in the death 
rate in the more developed countries 
was, with the exception of late-19th-cen-

TIME� 

tury Ireland, almost entirely a decline in 
the fertility of married couples and can 
be attributed directly to the practice of 
contraception and abortion. The reduc
tion in fertility was not a result of the in
vention of new contraceptive techniques, 
however. Among selected Americans 
married before 1910, English couples 
interviewed in the 1930's and couples 
surveyed in France and several eastern 
European nations after World War II, 
the principal method of birth control 
was coitus interruptus, a technique that 
had always been available. The birth 
rate declined because the perceived 
benefits and liabilities of having more 
children had changed, and perhaps also 
because the couples' view of the pro
priety of preventing births had been 
modified. 

Reduced fertility can be considered 
one of the consequences of the charac-

THE DEMOGRAPHIC TRANSITION, represented schematically 

here, is the central event in the recent history of the human popu· 

lation. It begins with a decline in the death rate (black) , precipi · 

tated by advances in medicine (particularly in public health ) ,  nu· 

trition or both. Some years later the birth rate (color) also declines, 

primarily because of changes in the perceived value of having 

children. Before the transition the birth rate is constant but tbe 

death rate varies ; afterward the death rate is constant but the birth 

rate fluctuates. The demographic transition usually accompanies 

the modernization of nations ; it began in Europe and the U.S. late 

in the 18th century and early in the 19th, but in the underdeveloped 

nations it began only much later, often in the 20th century. In the 
developed countries the transition is now substantially complete, 

but in much of the rest of the world only mortality has been reo 

duced ; the fertility rate remains high. In the interim between the 

drop in mortality and fertility population has increased rapidly. 
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sult in a slow decline, eventually returning the world population 

to its level of 10,000 years ago : about eight million, or 1/500th of 
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to zero, the average growth rate over the next 10,000 years would 

be as low as it has been during the past 10,000_ Population, how

ever (black) , would reach two trillion, 500 times the present one_ 
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the present population_ Under these circumstances too the rate of 

change in the size of the population during the next 10,000 years 

would differ from zero no more than it did during the past 10,000. 
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teristics by which the more developed 
countries are defined. In an urban, in
dustrial society the family is no longer 
the main locus of economic activity, nor 
are children the expected means of sup
port in old age. In an agrarian, preindus
trial society, on the other hand, the fam
ily is a basic economic unit and sons are 
a form of social security. Moreover, in 
the less developed countries the costs of 
raising and educating a child are mini
mal; indeed, a child may contribute to 
the welfare of the family from an early 
age. In the industrial society child labor 
is prohibited, education is compulsory 
and it often extends through adoles
cence. These conditions conspire to dis
courage couples in the more developed 
countries from having large families, 
whereas in long-established agrarian so
cieties social norms supporting child
bearing tend to be perpetuated. 

In the less developed countries the esti-
mated rate of population growth was 

virtually zero until about 200 years ago, 
when a moderate rate of increase, about 
four per 1,000, was apparently induced 
by a reduction in mortality [see illustra
tion on page 47] . The cause of this re
duced death rate is unceltain. Durand 
has suggested that the interchange of 
staple foods between regions that had 
previously been isolated might have con
tributed to population growth in Asia 
and in Europe as well. In particular the 
introduction of the potato into Europe 
and of maize and the sweet potato into 
China have been cited as possible con
tributing factors. 

Since the aggregate population of the 
less developed countries includes many 
large areas that have not been reliably 
enumerated, a description of the histori
cal course of population growth in these 
countries is subject to much uncertainty. 
A slight reduction in the average rate of 
increase in the latter half of the 19th 
century, for example, can be attributed 
entirely to an estimated zero rate of 
growth in China, and that estimate is 
based on uncertain data. There is no 
doubt, however, that in the poorer na
tions rapid growth began in the 1920's, 
1930's and 1940's, and that since World 
War II the population increase has ac
celerated dramatically. 

The enormous recent growth of the 
populations of the less developed nations 
can be interpreted in terms of the demo
graphic transition, but some parts of the 
process have been more rapid and more 
extreme than they were in the industrial 
nations; moreover, the transition is not 
yet complete, and its future course can-

not be predicted. Mortality has dropped 
precipitously, but fertility has so far re
mained unchanged or declined only 
moderately. In the combined popula
tions of the less developed countries the 
number of births per woman is about 5.5, 
and the average duration of life is more 
than 50 years, yielding an annual growth 
rate of about 25 per 1,000. Since World 
War II mortality in the less developed 
countries has fallen much more quickly 
than it did in 19th-century Europe, 
largely because modern technology, and 
particularly medical technology, can be 
imported more rapidly today than it 
could be discovered and developed 100 
years ago. Insecticides, antibiotics and 
public health measures that were un
known during the European demograph
ic transition are now commonplace in 
the less developed countries. 

According to estimates prepared by 
the UN, the average duration of life in 
the less developed areas has risen from 
32 to 50 years during the past three dec
ades, an increase of 56 percent. During 
the same period the birth rate is esti
mated to have declined by no more than 
7 to 8 percent. The actual fall in fertility 
is in fact even less, by about 4 percent, 
since demographic changes have re
duced the proportion of women in the 
childbearing years. (Although the fertil
ity of the less developed countries as a 
group remains very high, there are some 
countries where the birth rate has fallen 
significantly-by from 25 to 50 percent
and very rapidly. They include Hong 
Kong, Singapore, Taiwan, South Korea, 
West Malaysia, Barbados, Chile, Cuba, 
Jamaica, Trinidad and Tobago, Puerto 
Rico and Mauritius. According to re
ports from travelers, there has also been 
a decline in fertility in China, particu
larly in the cities.) 

1-'he present rapid growth in the world 
population is a result of a high rate 

of increase in the less developed areas 
and a moderate rate in the rest of the 
world. According to projections pre
pared by the UN, more than 90 percent 
of the increase in population to be antici
pated by 2000 will be contributed by the 
less developed nations, even though a 
large reduction in fertility in these coun
tries is expected in the next 25 years. The 
future course of the world's population 
depends largely on demographic trends 
in these countries. 

The events of the demographic tranSI
tion provide no sure way of calculating 
when or how quickly fertility will de
cline in the less developed nations. The 
experience of the industrial world is not 

a satisfactory basis for prediction. The 
history of the Western population during 
the past 200 years suggests that vital 
rates normally fall as a concomitant of 
modernization, but it provides no check
list of advances in literacy, mortality re
duction and urbanization that would 
enable one to estimate when fertility will 
fall. In the more developed world there 
are instances of large reductions in fer
tility in populations that were still rural, 
mostly illiterate and still subject to mod
erately high mortality, as in the Garonne 
valley in southwestern France before 
1850. In other instances fertility did not 
decline until after education was almost 
universal, the population was mostly ur
ban and agriculture had become the oc
cupation of a small minority, as in En
gland and Wales. 

The present rate of world population 
increase-20 per 1,000-is almost cer
tainly without precedent, and it is hun
dreds of times greater than the rate that 
has been the norm for most of man's 
history. Without doubt this period of 
growth will be a transitory episode in 
the history of the population. If the 
present rate were to be maintained, t1Ie 
population would double approximately 
every 35 years, it would be multiplied by 
1,000 every 350 years and by a million 
every 700 years. The consequences of 
sustained growth at this pace are clearly 
impossible: in less than 700 years there 
would be one person for every square 
foot on the surface of the earth; in less 
than 1,200 years the human population 
would outweigh the earth; in less than 
6,000 years the mass of humanity would 
form a sphere expanding at the speed of 
light. Considering more realistic limits 
for the future, if the present population 
is not multiplied by a factor greater than 
500 and thus does not exceed two tril
lion, and if it does not fall below the es
timated population of pre agricultural so
ciety, then the rate of increase or de
crease during the next 10,000 years must 
fall as close to zero as it was during the 
past 10,000 years [ see illustrations on op
posite page ] .  

Arithmetic makes a return t o  a growth 
rate near zero inevitable before many 
generations have passed. What is uncer
tain is not that the future rate of growth 
will be about zero but how large the 
future population will be and what com
bination of fertility and mortality will 
sustain it. The possibilities range from 
more than eight children per woman 
and a life that lasts an average of 15 
years, to slightly more than two children 
per woman and a life span that surpasses 
75 years. 
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The Physiology of Human Reproduction 
Its cOlnplex series of e(Jents lS organized by molecular messengers. 

Ad(Jancing knowledge of the system, pro (Jides humane nlethods that 

enable couples to ha(Je the nlllnber of children they choose to ha(Je 

The human reproductive process, 
on which the size and structure 
of individual families and of the 

populations of communities, nations and 
the world ultimately depend, is an 
orchestration of interrelated behavioral 
and physiological events and anatomical 
changes that proceed in perfect sequence 
and synchrony. At the center of the proc
ess are the gonads: the ovaries in the fe
male and the testes in the male. These 
sex glands have two functions. They 
produce gametes (eggs and spermatozoa) 
and they produce the sex hormones. The 
role of the male ends with fertilization; 
the female goes on to harbor the fertil
ized egg in a protective and nutritive 
setting. The entire process is regulated 
by a series of chemical substances that 
issue from the brain and the pituitary 
gland to influence the gonads and then 
from the sex glands to order the succes
sive events of egg or sperm development 
and transport, fertilization, implantation 
and gestation. 

In both the female and the male this 
remarkable relay of molecular messages 
[see illustrations on pages 56 and 57] 
begins in specialized nerve cells in the 
brain. Sensory stimuli from the external 
environment and/or humoral stimuli 
from the bloodstream activate these neu
rons (whose location and pathways are as 
yet uncharted) and cause them to release 
small neurotransmitter molecules that 

by Sheldon 1. Segal 

reach neurosecretory cells in the hypo
thalamus at the base of the brain. On 
receiving the appropriate molecular mes
sage (which might signal, for example, a 
lowered blood level of an ovarian hor
mone) the hypothalamic cells discharge 
their stored supply of a gonadotropin
releasing factor, a small polypeptide 
hormone composed of 10 amino acid 
subunits. Aggregates of releasing-factor 
molecules move from the hypothalamic 
cells into a short local system of small 
capillaries and veins that carry them 
only a few centimeters, to the anterior 
lobe of the pituitary [see "The Hormones 
of the Hypothalamus," by Roger Guil
lemin and Roger Burgus; SCIENTIFIC 
AMERICAN, November, 1972]. The re
leasing factor causes the pituitary to dis
charge its stored supply of two gonado
tropins, or gonad-influencing hormones: 
large glycoproteins called luteinizing 
hormone (LH) and follicle-stimulating 
hormone (FSH), which enter the blood
stream and are carried to the sex glands. 

In the female the two gonadotropins 
participate in unison in stimulating ovar
ian function, but each has a specialized 
role. FSH is responsible chiefly for caus
ing the maturation of the ovary's Graaf
ian follicles, which contain the oocytes, 
or immature eggs, in a multilayered 
sheath of granulosa cells. In the process 
the hormone-secreting cells of the follicle 
are stimulated to produce increasing 

ADAM AND EVE, the legendary initiators of human reproduction, were depicted' by 

Albrecht Diirer in the illustration on the opposite page, a copper engraving made in 1504. 
The engraving is celebrated, according to tbe critic Erwin Panofsky, for the "splendor of a 

technique that does equal justice to the warm glow of human skin, to the chilly slipperiness 

of a snake, to the metallic undulations of locks and tresses, to the smooth, shaggy, downy 

or bristly quality of animals' coats . . . .  " Panofsky commented that the engraving is "inten· 

tionally a model of human beauty . . •  two classic specimens of the nude human body, as 

perfect as possible both in proportions and in pose. " Although Genesis relates that Adam 

was formed "of the dust of the ground" and Eve of "one of his ribs," Diirer drew them both 

with an umbilicus, the mark of placental gestation that characterizes their descendants. The 

print from which this reproduction is made is in the Museum of Fine Arts in Boston. 

amounts of estrogens, one of the two 
kinds of female steroid sex hormone, and 
the immature egg enclosed in the stimu
lated follicle is brought to the state of 
maturation necessary for ovulation. The 
other gonadotropin, LH, triggers the 
ovulation process, in which the mature 
egg leaves the follicle. The empty follicle 
is transformed into the corpus luteum, a 
structure that is in effect a temporary 
secretory organ. LH thereupon stimu
lates the new luteal cells to produce 
large amounts of progesterone, the sec
ond female sex steroid. (There is prob
ably a role for a third gonadotropic hor
mone of the pituitary, prolactin, in main
taining the steroid-producing function of 
the corpus luteum for its usual 14-day 
life span, but there is some doubt wheth
er this is true in humans.) Because of 
estrogen's and progesterone's extensive 
effects on sex behavior and secondary sex 
characteristics they are usually referred 
to as the sex steroids, but they also affect 
other organs, including bone, muscle, 
blood and the liver, and processes such 
as carbohydrate and calcium metabolism 
and water retention. 

In the next steps of the molecular re
lay the steroid hormones act on individ
ual cells of the reproductive organs. The 
cells that are targets for the sex hormones 
have unique large molecules in their 
cytoplasm that bind particular sex ster
oids. These receptors are highly specific: 
they are not found in other organs and 
in the target organs they do not bind 
other steroids. After binding, the com
plex of receptor and, say, an estrogen 
molecule is moved to the nucleus of the 
cell, where it interacts with the genetic 
material and changes the pattern of the 
cell's production of messenger RNA, 
thus altering the program of protein syn
thesis. In this manner a nonstimulated 
cell of the uterus, for example, is con
verted to the stimulated state. 
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Identical molecules play analogous 
roles in the human male. As in females, 
integrated processes control both gamete 
and hormone production by the testis. 
Although the structures responsible for 
these two functions (respectively the 
seminiferous tubules and the Leydig 
cells) are more independent in the testis 
than they are in the ovary, they do re
spond to stimulation by the gonadotro
pins in a coordinated manner. And so 
the production, maturation and trans
port of the sperm and the stimulation of 
secondary sex characteristics, including 
the formation of the seminal fluid's nor
mal chemistry, proceed under required 
hormonal conditions, much as egg pro
duction in the female is coordinated with 
the proper hormonal milieu for the sub
sequent steps of egg transport and ni
dation: the implantation of the egg in 
the uterine lining. The patterns of pro
duction of the hypothalamic releasing 
factor, the pituitary's gonadotropic hor
mones and the gonadal steroids are non
cyclic in the male whereas they are cy
clic in the female, but the hypothalamic 
and pituitary messengers are the same in 
both sexes. The main gonadal steroid in 
the male is testosterone. 

So much for the general pattern of 
hormone interactions that serve to inte
grate the sequence of reproductive 
events in both sexes. Let me now de
scribe those events in more detail, first in 
the female and then in the male. 

Every month, from the time of sexual 
maturation, the human female prepares 
for a possible pregnancy. An egg is pro
duced, the uterine cervix becomes re
ceptive to the passage of spermatozoa, 
the muscular and secretory capacities 
of the uterus and the fallopian tubes 
become conducive to the transport of 
sperm and egg, and the endometrial lin
ing of the uterus prepares to harbor a 
fertilized egg. All of this is accomplished 
by two distinct but cross-linked se
quences of events, the ovulatory and the 
uterine, or menstrual, cycles. 

The key event is the monthly develop
ment of an egg. As early as about the 
sixth week of embryonic age some 2,000 
amoebalike oogonia, or germ cells, mi
grate into the human ovary from a spe
cialized region of the yolk sac. In the 
course of embryonic and fetal develop
ment their number increases tremen
dously through cell division. At birth the 
two ovaries of the female infant contain 
nearly 500,000 primary follicles: indi
vidual oocytes, the precursors of eggs, 
surrounded by a layer of follicle cells. 
Most of the follicles, however, are des
tined for spontaneous degeneration, a 
process that continues during childhood 
and adolescence and throughout the re
productive years. It is only the occa
sional egg that actually ovulates and has 
an opportunity to participate in fertiliza
tion-perhaps fewer than 400 in a wom
an's reproductive years. 

From among the scores of thousands 
of primary follicles, a few start to devel
op as the circulating FSH levels rise 
each month a few days before a men
strual period. After about 10 days usual
ly only one follicle continues to flourish 
and become fully mature, ready to re
lease its egg. At mid-cycle, on approxi
mately the 14th day, ovulation occurs, 
with the oocyte bursting from the rup
ture point in a cascade of follicular cells 
and fluid. The released egg is swept from 
the surface of the ovary by the undulat
ing open end of the fallopian tube. At 
this point the egg still has 46 chromo
somes, the normal human complement; 
the process of reduction division where
by the complement is reduced to 23, to 
be matched by the 23 chromosomes of 
the fertilizing spermatozoon, begins dur
ing fetal life but is suspended for many 
years. Now the process is resumed with 
the expulsion of the first polar body car
rying 23 of the chromosomes. The re
maining 23 replicate once more, and it 
is only after a sperm makes contact with 
the surface of the egg that a second polar 
body is expelled, again reducing the ge
netic material by half, so that the union 
of egg and sperm will produce the nor
mal complement of hereditary material. 

Fertilization, once thought to be a 
simple matter of sperm-egg interaction, 
is an intricate series of steps that begins 
when a spermatozoon makes contact 
with the zona pellucida, a viscous en-

HUMAN SPERMATOZOA are enlarged some 4,000 diameters in 

this scanning electron micrograph made hy David M. Phillips of 

the Population Council. The sperm were removed from semen by 

centrifugation and shadowed with platinum. The sperm head con· 

sists of densely packed chromatin, the hereditary material, covered 

by the acrosomal cap containing the enzymes that accomplish the 

penetration of the egg. Behind the head is a short segment contain

ing mitochondria that supply energy to power the long flagellum. 
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velope surrounding the egg. By enzy
matic action the sperm slices through the 
zona and makes contact with the surface 
of the egg. This initiates a series of func
tional and structural responses. A key 
event is an immediate blockade against 
the entry of additional sperm. In fact, 
without the evolutionary development of 
a means of preventing polyspermy (the 
entry of additional sperm) sexual repro
duction would not be a successful means 
of maintaining any species, since poly
spermy is almost invariably nonviable. 
The barriers to polyspermy include 
changes in the zona pellucida that make 
it impenetrable and alterations in the 
egg's surface that preclude the attach
ment of additional sperm, but the pre
cise nature of the blocks remains un
known. The fertilizing sperm passes 
through the outer membrane of the egg 
into the cytoplasm in several stages, in 
the process both activating the egg to 
complete its second reduction division 
and orienting the axis of future develop
ment. Even then it is not clear at all that 
the egg is "fertilized." For about 12 
hours the formation within the cyto
plasm of distinct egg and sperm pronu
clei unfolds. The pronuclei, which are 
large organelles with a complex struc
ture, move together gradually. Then, fol
lowing further structural changes, the 
maternal and paternal hereditary con
tributions intermingle, and with this 
event the first cell division of the zygote 
begins. After 36 hours the single cell has 
become two. Two days later the fer
tilized egg may have divided twice more 
to form a microscopic ball of eight cells. 
In this condition the egg completes its 
passage through the fallopian tube and 
enters the uterus. 

F our days after fertilization the egg 
is a cluster of 32 or 64 cells, which are 
beginning to divide more rapidly. This 
stage corresponds to about day 19 or 20 
of the menstrual cycle. The cluster of 
cells remains unattached for one or two 
days and assumes the form of a signet 
ring: an inner mass of cells encircled by 
a single row of aligned trophoblastic, or 
nourishing, cells. This preembryo state 
is called the blastocyst. Under the prop
er conditions the outer ring of cells 
nestles into the endometrium and begins 
to form the placenta. The inner cell 
mass, after several more days· of cell divi
sions and internal rearrangements, be
comes a human embryo. 

I n an integrated manner a second se-
quence takes place concurrently to 

ensure the egg a protective and suppor
tive nesting place in the uterus. Early in 
the four-week menstrual cycle, before 

HUMAN EGG is enlarged 1,200 diameters in a photomicrograph made by Pierre Soupart 

and Larry L. Morgenstern of the Vanderbilt University School of Medicine. Here 

differential·interference micrography focuses sharply on the equatorial plane of the egg, 

revealing the female pronucleus and the male pronucleus, derived from the sperm head, in 

close apposition; nucleoli are visible in each pronucleus. The egg proper is surrounded by 

the viscous zona pellucida. At this stage, some 20 hours after the sperm's penetration, the 

hereditary material is replicating within the pronuclear membranes. The memhranes will 

break down as the chromosomes condense and pair up for first division of fertilized egg. 

ovulation, the ovary secretes in ever in
creasing amounts the estrogenic steroids, 
principally estradiol. These hormones 
stimulate the endometrium to proliferate 
and to become much richer in blood ves
sels. The final surge of estrogen produc
tion heralds (and also induces, by means 
of the hypothalamic recognition of blood 
estrogen levels) a mid-cycle peak in the 
LH level. Ovulation follows within 24 
hours, and at about this time ovarian 
steroid production is switched over from 
a predominance of estrogen to a pre
dominance of progesterone. In response 
the cells of the endometrium become still 
more numerous and more corpulent. The 
endometrial glands grow rapidly in 
length and thickness and begin to accu
mulate secretions. The entire endometri
al surface, by the 20th day of the cycle, 
has become a highly vascular, spongy 
nest ready to accept, protect and nurture 
a fertilized and dividing egg if one 
should arrive from the fallopian tube. 
The tube itself has developed cilia and 

increased its flow of glandular fluids for 
transporting an egg to the uterus. 

The uterine lining is now under the 
remarkable influence of progesterone 
produced by the corpus luteum. In a 
nonfertile month the luteal cells begin 
to reduce their progesterone production 
about 10 days after ovulation; some four 
or five days later the level is low enough 
to result in a sloughing off of the en
dometrium and menstruation. If an egg 
is fertilized, the first crisis to be over
come is therefore the avoidance of men
struation. For the pregnancy to survive 
there must be a source of progesterone 
to continue the support of the endome
trium; without it the blastocyst, or later 
the new embryo, would pass out with 
the sloughed-off endometrium and men
strual blood. 

The maintenance of progesterone
and indeed the synchrony of maturation, 
release and fertilization of the egg on 
the one hand and preparation of the 
uterus as a proper environment for nida-
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INTERRELATIONS OF ORGANS involved in the reproductive process are shown in this 

Row diagram. The central nervous system, prompted by external or internal stimuli, causes 

the hypothalamus to secrete a releasing factor that stimulates the anterior pituitary gland. 

The pituitary thereupon releases the gonadotropic hormones FSH and LH, which stimulate 

specific structures in the gonads to secrete the steroid hormones: either estrogen and pro· 

gesterone or testosterone. The gonadal steroids affect reproductive organs and feed back to 

the hypothalamus and perhaps to other structures to stimulate andlor inhibit their activity. 

tion on the other-is achieved because 
the hormones involved in each process 
have such exquisitely integrated and in
terrelated functions. Consider the im
plications of the hormonal events of a 
nonfertile cycle. Mter ovulation the 
gonadal steroid hormones feed back at 
mid-cycle to suppress the pituitary se
cretion of FSH and LH, and the progres
sive decline in the concentration of the 
pituitary gonadotropins in the blood pre
vents any supplementary ovulations that 
might interfere with a possible preg
nancy. In the absence of a pregnancy, 
however, a decline in blood steroid con
centration in the late luteal phase causes 
a rise in LH and FSH. In other words, 
once it is clear that a cycle has been in
fertile there is an immediate signal to 
the brain to initiate the events that pre
pare an egg for release the next month; 
menstruation intervenes, but the new 
cycle has already begun. In response to 
the increase in secretion of FSH and LH 
follicular maturation proceeds, and with 
it egg development and increases in go
nadal steroid-hormone production. Late 
in the follicular phase, approaching the 
period of the maximal rate of follicular 
enlargement and maximal steroid pro
duction, the patterns of FSH and LH di-
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verge. FSH secretion declines but LH 
secretion increases gradually until ris
ing estrogen levels signal the preovula
tory surge of both LH and FSH, linking 
follicular maturation and steroid produc
tion to the ovulatory stimulus from the 
pituitary. 

In the case of pregnancy, as I have in
dicated, avoiding the crisis of menstrua
tion requires an uninterrupted supply of 
progesterone. The initial source is the 
corpus luteum, which receives a signal 
to continue making the steroid. The sig
nal comes from the newly formed blasto
cyst. Even before nidation the outer cells 
of the early blastocyst copiously produce 
a gonadotropic molecule, usually called 
human chorionic gonadotropin (HCG), 
that is very similar in function and struc
ture to pituitary LH. The blastocyst's 
gonadotropin stimulates the maternal 
corpus luteum to keep on prodUCing pro
gesterone beyond the time of the first ex
pected menstrual period. A second criti
cal point lies ahead, however. The cor
pus luteum, in spite of maximum stimu
lation, has a limited life span. Before this 
time limit is reached, at about the fifth 
week of gestation, the placenta itself be
gins to produce sufficient quantities of 
progesterone to maintain the pregnancy. 

To pass the first crisis, in other words, the 
embryo produces a gonadotropin that 
stimulates maternal hormonal produc
tion; to meet the second crisis the de
veloping embryo itself assumes the re
quired endocrine function, thus becom
ing self-sufficient in this respect. By five 
and a half weeks the pregnancy can con
tinue even if the maternal ovaries cease 
to function or are removed [see illustra
tion on page 60]. 

The noteworthy characteristics of the 
chain of reproductive events in the 

female are the restriction of the multi
plication phase of oogenesis to the fetal 
ovary, the dramatic rate of depletion of 
the oocytes and the cyclic patterns of 
pituitary-gonodal interaction. The male 
reproductive process differs in each of 
these respects in spite of the similarity 
of its molecular relay system. 

A man produces many billions of 
spermatozoa in a lifetime, all of which 
derive from the 1,000 or 2,000 sperma
togonia, or germ cells, that migrate into 
the embryonic testis before the end of 
the second month of intrauterine life. 
This process is made possible by the way 
in which the male germ cells multiply: 
when the spermatogonia divide, many of 
the daughter cells are kept in reserve 
while others undergo further cell divi
sions and then complete spermatogenesis 
in the seminiferous tubules. In contrast 
to the multiplication phase of oogenesis 
in the ovary, which is confined to a few 
weeks of fetal life, the multiplication 
phase of spermatogenesis in the testis be
gins in the fetal period and continues 
throughout life. Since there is no signifi
cant depletion of the germ-cell stores, 
there is no gradual loss of gamete-pro
ducing function as there is in the ovary; 
the testis goes on producing millions 
upon millions of spermatozoa and, in the 
normal gonad, there always remain addi
tional germ cells to provide the capabil
ity of producing millions more. (It is not 
uncommon, however, for the vascular 
changes of aging to affect the testis or 
pituitary and indirectly cause a loss of 
testicular function.) In the course of 
spermatogenesis the two important ob
jectives are reduction of the chromosome 
number from the diploid number (46) of 
the spermatogonium to the haploid num
ber (23) of the spermatozoon and the 
preparation of the spermatozoon for its 
role in fertilization. A complex series of 
transformations involving both the cyto
plasm and the nucleus changes the large, 
round spermatogonium into streamlined 
and motile spermatozoa in approximate
ly 74 days. 

The testis, like the ovary, must be 
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stimulated by pituitary gonadotropins to 
produce sex hormones and sperm, but 
there is still some uncertainty about the 
relative roles of FSH and LH. It appears 
that the role of LH is primarily to stim
ulate the Leydig cells, which lie between 
the seminiferous tubules, to produce 
their steroid hormones, mainly testos
terone; the testosterone in tum has an 
important effect on the process of sperm 
production, since the tubules require a 

high local concentration of the hormone 
to maintain spermatogenesis. FSH binds 
specifically to the Sertoli cells of the 
seminiferous tubules, which implies that 
its role is in the maintenance of sperma
togenesis. 

The sperm's voyage can be described 
even though many of its control mecha
nisms are poorly understood. A limited 
number of collecting ducts funnel the 
spermatozoa coming from the seminifer-

ous tubules to the epididymis, a long 
tube convoluted into a compact body 
adjacent to the testis. These immature 
sperm are not yet able to fertilize an egg 
or even to move under their own power. 
As they pass from the head of the epi
didymis through its slender body to its 
distended tail they achieve motility and 
a degree of maturity, but the final criti
cal changes that enable them to pene
trate and fertilize an egg are achieved 
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MOLECULAR RELAY that interrelates the reproductive organs 

i. shown in more detail. A neurotransmitter (perhaps serotonin) 

is released from a specialized brain cell and excites a neurosecre· 

tory cell in the hypothalamus. The hypothalamic cell secretes a 

gonadotropin.releasing factor, the polypeptide LRF, into short 

portal veins that supply cells in the anterior pituitary and cause 

them to release their gonadotropins. These are large glycoproteins 

(whose structure is merely suggested here) that enter the general 

circulation. On reaching a specialized gonadal cell each of the 

gonadotropins acts, by way of the cyclic adenosine monophosphate 

"second messenger" system, to stimulate the synthesis of a specific 

steroid hormone; the two major female hormones are diagrammed. 

The gonadal steroids move through the bloodstream to reproduc

tive·organ target cells, where they bind to receptors that carry them 

into the nucleus. There they either activate or "derepress" genes to 

make new proteins and thus affect the organ's structure or function. 
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OVULATORY AND MENSTRUAL CYCLES are charted in terms 

of fluctuating blood levels of gonadotropins and gonadal steroids, 

development of a follicle and corpus luteum in the ovary and 

changes in the thickness and in the blood vessels and glands of the 

endometrial lining of the uterus. A rising FSH level stimulates fol· 

licular development, causing the ovaries to secrete estrogen (pri. 

marily estradiol), which, once menstruation is over, promotes anew 
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the thickening and vascularization of the endometrium. Estradiol 

also signals a peak in LH release that brings on ovulation: an egg 

is released from the developed follicle, which is converted into a 

corpus luteum. The corpus luteum now secretes the steroid proges· 

terone, which further prepares the endometrium for pregnancy. 

In the absence of fertilization, however, progesterone produc. 
tion falls and the endometrium is sloughed off with menstruation. 
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only in the female reproductive tract, 
and even there only if the tract is in the 
proper hormonal balance: precisely the 
estrogen-dominated status of about the 
time of ovulation. Thus, remarkably, 
the interrelations that link the ovary's 
hormone production and the physiology 
of the female gamete are extended to 
the male gamete once it is deposited in 
the female tract. 

From the tail of the epididymis the 
sperm proceed into the continuation of 
the epididymal tube known as the vas 
deferens, which empties into the urethra 
below the bladder. Some of the sperm 
die and are disposed of by white blood 
cells; others enter the urethra in a steady 
stream and are carried away in the urine. 
The remainder leave the male tract at 
ejaculation, when sperm are forced rap
idly into the urethra by muscular con
tractions. These sperm are mixed with 
the fluid secretions of several accessory 
glands, including the prostate, whose 
ducts lead into the terminal portion of 
the vas deferens or into the urethra. The 
contributions from these sources and the 
secretions from the testis, the epididymis 
and the vas deferens together constitute 
the semen, which serves primarily as a 
vehicle to carry the sperm to the vagina. 
Most of the spermatozoa go no farther. 
Of the hundreds of millions that are 
ejaculated only tens of thousands enter 
the cervix, where there is further attri
tion, so that only a few thousand reach 
the uterus proper. A few hundred sper
matozoa ultimately complete the journey 
to the upper part of each fallopian tube, 
where one of them may penetrate and 
fertilize an egg. 

I n addition to providing more insight 
into human biology in general and im

proved diagnosis and treatment of vari
ous diseases and abnormal conditions, 
increased understanding of the repro
ductive process has deep significance for 
the human condition. Recent years have 
seen important advances in the physi
cian's ability to help people have the 
children they want to have, notably 
through the hormonal induction of ovu
lation and prevention of spontaneous 
abortion; artificial insemination can also 
make a pregnancy possible for some sub
fertile couples. On the other hand, con
traceptive technology has improved to 
the point where it can facilitate efforts to 
cope with the rapid increase in popula
tion that has come with better medical 
care, public health and nutrition, and 
the consequent reduction in mortality, 
first in the developed and now in the un
derdeveloped countries. 

There is, however, a danger of think-

ENDOMETRIAL SURFACE is seen at the height of the secretory phase, at day 23 of the 

uterine cycle, in a scanning electron micrograph made hy Alvaro Cuadros of the ·Popula. 

tion Council. The enlargement is some 4,500 diameters. A lone red hlood cell sits on the 

surface (middle right). Individual endometrial cells, grown large and protuberant in this 

phase, are separated in some cases by intercellular ridges. Some of the cells have fingerlike 

cilia on their surfaces; all are covered by pebbly microvilli. A gland opening (bottom left) 

is discharging S'ecretion granules, aggregates of molecules that constitute the uterine fluid. 

ing that the regulation of fertility is a 
simple matter of the development and 
dissemination of contraceptive technol
ogy. The fact is, as other articles in this 
issue of Scientific American make clear, 
that contraceptive technology is only 
part of the story along with social and 
economic conditions and the motivation 
of individuals. Yet the development of 
new technology can contribute in major 
ways. It can provide methods that en
courage effective family planning at 
lowers levels of motivation, and at any 
given level of motivation it can provide 
safer and more effective methods. 

The age-old way to avoid a preg
nancy has been for the male to withdraw 
prior to ejaculation. Blockage of sperm 
transport has been achieved with the 
condom, by the introduction of a variety 
of spermicides into the vagina, retroac
tively by postcoital douching and more 

recently by the diaphragm. And perma
nent blockage has been achieved by sur
gical interruption of either the fallopian 
tubes or the vas deferens. 

The rhythm method (periodic absti
nence timed to avoid coitus near the day 
of ovulation) was the first method of fer
tility regulation that had as its basis sci
entific understanding of ovulation, since 
it was only in this century that even the 
identity of the human egg was estab
lished and the relation of ovulation to 
the menstrual cycle became known. The 
fact that the rhythm method is not highly 
effective does not detract from its signifi
cance in having focused on ovulation as 
the key event. It was several decades 
more until a better -understanding of en
docrinology and physiology revolution
ized the practice of contraception with 
the development in the early 1950's of 
synthetic steroids that could serve as oral 
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contraceptive agents. The standard pill 
combines an estrogen with a progestin, a 
progesteronelike chemical. The two syn
thetic hormones have two major actions: 
they suppress the pituitary hormones 
through negative feedback and at the 
same time stimulate the endometrium 
and thereby simulate a menstrual cycle 
[see illustration on opposite page]. The 
combination of hormones is taken cycli
cally for 21 days each month. During this 
period the brain recognizes the elevated 
steroid levels in the blood. The resulting 
inhibition of the releasing factor in tum 
suppresses pituitary production of the 
gonadotropins LH and FSH and thus 
signals the cessation of further ovarian 
function. The endometrium, however, is 
spared the atrophy that would occur in 
the absence of ovarian steroids by the 
direct stimulatory action of the pill's 
steroids. On completion of a pill cycle 
endometrial breakdown ensues, with 
menstrual bleeding; the induced cycle 
can then be repeated. 

With less public attention in the U.S. 
but with greater impact on the family
planning efforts of many underdevel
oped countries, a second modernizing 
form of contraception was widely intro
duced at about the same time as oral 
contraceptives. This is intrauterine con
traception. Unlike the development of 
oral contraceptives, the development of 
modern intrauterine devices (IUD's) be
gan not with a logical sequence of fun
damental chemical and biological dis
coveries but with the empirical observa-

180 

tion in women that the presence of an 
intrauterine foreign body prevents preg
nancy. The idea was buttressed by con
firmation that the effect could be dem
onstrated in animals under controlled 
experimental conditions. The effect of 
an IUD is not to disrupt an established 
pregnancy. That is clear because the av
erage cycle length in women using 
IUD's is not prolonged by even a day or 
two, nor is there the rise in the proges
terone level that is characteristic of preg
nancy. Observations in animals indicate 
that an IUD acts by preventing nidation 
but that it may do so by intervening at 
any postovulation step in the reproduc
tive sequence. It acts by creating a uter
ine environment that is hostile to the 
metabolic processes of either the sperma
tozoa or the blastocyst, if one should be 
formed. Beyond this no precise mecha
nism can be defined. 

Notwithstanding the development of 
oral contraceptives and IUD's, in

tensified research efforts are still re
quired, based on considerations of safety 
and effectiveness and of the incomplete 
acceptance by the world's diversified 
population of the available techniques. 
Even the so-called modern methods re
quire an advanced health establishment 
for effective implementation. The oral
hormone method is associated with trou
blesome minor side effects and rare but 
serious major risks. The IUD's in general 
use must be inserted by a skilled health 
worker, are frequently not tolerated by 

women and in a small number of cases 
carry the risk of serious consequences. 

Moreover, the success couples achieve 
with current contraceptives is far below 
their usual expectations. This is true 
even in countries with conditions of lit
eracy, health services, transportation and 
communications that should facilitate 
proper utilization of present methods. In 
the U.S., for example, a third of the cou
ples using contraceptives nevertheless 
have an unintended pregnancy within a 
five-year period, so that most couples 
depending on reversible contraceptive 
methods for many years after attaining 
the desired family size run a significant 
risk of an unwanted pregnancy. The 
limitations of contraceptive technology 
certainly contribute to the high rate of 
legal abortion in some countries and of 
illegal abortion in many others. In a 
sense research aimed at improved con
traceptive technology is therefore a 
search for abortion-prevention therapy 
as well as an effort to provide more ac
ceptable, effective and safe methods for 
voluntarily regulating fertility. 

With the gradual elucidation of the 
normal hormonal requirements of the 
reproductive process it has become ap
parent that many steps in the sequence 
are vulnerable to controlled interference. 
Contraceptive development depends on 
an understanding of physiological mech
anisms concerned with conception, on 
basic studies in animals and humans to 
establish effectiveness and safety and 
ultimately on acceptability studies lIn-
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DAYS FROM LAST MENSTRUATION 

EFFECT OF PREGNANCY on the cycles illustrated on page 58 is 

essentially to maintain progesterone production, which would 

otherwise fall off (broken line), leaving the implanted blastocyst 
to be sloughed off with the menstrual flow. Instead the trophoblast 

60 

WEEKS OF PREGNANCY 

(the outer cells of the fertilized egg) secretes the hormone HCG, 

which is similar to LH and causes the corpus luteum to keep se· 

creting progesterone. Beginning at about the fifth week of preg· 

nancy the placenta takes over the task of progesterone production. 

© 1974 SCIENTIFIC AMERICAN, INC



30 a: w f- �- ----
:; :; ...J 20 � 
a: w Cl. 
en ::< 10 « a: (!) 0 Z « Z a 

'" " .. 

I 
ESTRA IOL , , 

� , 
;; 

, I 

\ . , , t\. , 
V > '7 � � � ---.,./ /'. � PROGEiTERONE 

80 en f-Z :J ...J a: 60 « w z f-0 -_ ...J 
�3 40 
Z-a: ::< w a: f-w ZCl. 20 -;-:; ...J 
� 

LH I I , , 
I \ , , , , , 

) \ I I I I I I 

J 1,---- -� "'" � 
FSH 

a 

ORAL CciNTRACE�TIVE--

, , , , , , 
�', --' " ,-

I , I , I , , , \ \ , \ 

py ,� 

"-
,/- r/· .... , .... ", ',--.... /.,.*" ' .. , " -

-- � 

-----

.... .... , .. ' .. 
' .. -", " .. 

-:::::: 

00 a: 
w f:; :; ...J OO� 
a: w Cl. 
en 
::< OO� 
(!) o u 0:: 

a 

1 5 9 13 17 2 1  25 1 5 9 13 17 2 1  25 
DAY OF CYCLE 

EFFECT OF ORAL CONTRACEPTIVE is to prevent ovulation by 

interfering with the normal cycle (left and broken curves at right). 

The pill contains synthetic steroids. Released into the circulation, 

they have a negative-feedback effect that inhibits pituitary secre-

tion of the gonadotropins FSH and LH, which normally induce 

follicle development, ovulation and the secretion of gonadal ster

oids. In the absence of endogenous steroids the pill's synthetic ster

oids act on the endometrium so that a menstrual cycle is simulated. 

der various social and cultural circum
stances. The process is lengthy and com
plex, so that any new methods likely to 
emerge in the near future must now be 
at some advanced stage of development, 
with some testing in human subjects al
ready under way. There are a number of 
such techniques that may be ready for 
general service within the next three to 
five years. 

Several techniques for contraception in 
women involve new ways of deliver

ing progestins. One method is injection. 
Two progestin compounds are being 
marketed in some countries as injections 
to be given every three months. They 
work by suppressing LH release and 
thereby preventing ovulation. They 
cause irregular bleeding, however, and 
there are questions as to their safety and 
reversibility that need to be resolved. 
The search goes on for other injectable 
compounds and inert carriers that will 
release them slowly and continuously. 
Progestin can also be released gradually 
from combination with a polymer that 
can be implanted under the skin. Sub
dermal implants-tubes or rods made of 
a rubberlike polymer into which the syn
thetic steroids have been introduced
are in an advanced stage of clinical in
vestigation. There are also biodegrad
able implants; the steroid is incorporated 
in a polymer made, for example, of the 
biological molecule lactate, the polylac
tate is rolled into rods and implanted 

under the skin and the hormone is re
leased as the polymer gradually breaks 
down. Since progestins can be absorbed 
through the vaginal mucosa, it is also 
possible to incorporate the steroid in a 
plastic ring, about the size and shape of 
the rim of a diaphragm, that a woman 
can insert easily herself and leave in 
place a month or longer. This method is 
at the stage of product development. 

A number of new kinds of IUD are 
under trial. Some of them are simply dif
ferently designed inert models but in 
other cases the IUD is primarily a car
rier for an antifertility agent that acts lo
cally in the uterus, either progesterone or 
a nonsteroid agent such as copper. Cop
per-carrying IUD's that are available in 
many countries need to be replaced after 
about two years; some newer models 
have a theoretical life span of 25 years. 
The progesterone-releasing IUD now be
ing tested also has a limitation in effec
tive time span, but its contraceptive ef
fectiveness has been established as about 
the equal of other available devices. 

Another approach is the induction 
of menstruation. Compounds are being 
tested that suppress the corpus luteum 
and thus bring about a menstrual dis
charge by eliminating the progesterone 
support the endometrium needs to sus
tain implantation. No single compound 
has met the test of effectiveness and safe
ty but many are being synthesized and 
screened in animals for possible clinical 
trial. There was some hope that prosta-

glandin, a substance known to affect 
uterine muscle, could act systematically 
to suppress the human corpus luteum. 
Naturally occurring prostaglandins have 
been tried without success, and now 
various prostaglandin analogues are be
ing synthesized and tested. Menstrua
tion might alternatively be induced by 
giving synthetic progestins during the 
luteal phase of the cycle in doses suffi
cient to suppress progesterone produc
tion but not to maintain the pregnancy. 
Four synthetic progestins were tested in 
women and found to reduce luteal func
tion but the effect was counteracted by 
HCG, which maintained luteal secretion. 
Nonetheless, the promise of a contracep
tive method based on the principle of 
menstruation induction warrants an in
vestigative effort of the highest priority. 
Such an approach could solve the prob
lems of safety that appear to be associ
ated with continuous-dosage hormones. 

The rhythm method would be quite 
effective if the time of ovulation could 
be known precisely. An estrogenic fer
tility drug that acts through the hypo
thalamus to induce ovulation has been 
tested in normally ovulating women as a 
means of keeping ovulation on schedule. 
The test was not successful because in 
successive months of use the interval be
tween drug ingestion and ovulation in
creased unpredictably. Now that the hy
pothalamic releasing factor (generally 
called LRF, for luteinizing-hormone re
leasing factor) has been isolated and syn-
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thesized, the prospect of regularizing 
ovulation with it has been put to clinical 
test. The few cases so far reported indi
cate the procedure may be feasible. A 
continuing program of synthesis and test
ing of modified LRF molecules might, on 
the other hand, find an LRF antagonist: 
a substance that would counteract LRF's 
gonadotropin-releasing action. 

A "morning after" or "minutes after" 
pill to be taken after each coital exposure 
rather than regularly has certain attrac
tions. The synthetic estrogen diethylstil
bestrol is now available to reduce the 
chances of pregnancy following an iso
lated mid-cycle exposure, but its side ef
fects and disruption of the ovarian cycle 
make it unacceptable for regular post
coital contraception. Several related 
compounds have been tested in women 
without success, and others are available 
for testing; one is on clinical trial in In
dia. Two synthetic progestins have been 
tested experimentally but with poor ef
fectiveness and considerable disruption 
of the bleeding pattern. 

Still another possibility for contracep
tion in women is immunization. A wom
an inoculated with purified human RCG 
develops antibodies to the hormone; 
later, when a blastocyst secretes RCG, 
the antibodies should interfere with the 
hormone's role in maintaining the corpus 
luteum so that menstruation takes place 
even in the event of a fertile cycle. A 

'H,mM'1 
OVULATION 

E N DOMETRIUM \ 
m R ' "  MO" '" I" "  

CERVIX � • •  /i 

FERTI LIZATION 

single inoculation should last indefinite
ly, but there are several possible ways 
to counteract the effect if desired. The 
method is promising and has been tested 
in a few volunteers, but several problems 
are still to be resolved. 

For millenniums contraception was 
mainly left up to males. The dia

phragm and the pill gave the responsibil
ity (and more control) to females. Now 
there is revived interest in methods that 
involve the male, primarily by interfer
ing with sperm production or develop
ment or by blocking the path of the 
sperm. 

Progestin given orally can suppress 
gonadotropin release, and thus sperm 
formation, while testosterone is supplied 
to maintain normal secondary sex char
acteristics. Tests establishing that this 
combination of results can be achieved 
constitute a major advance, but the safe
ty and side effects of the method and the 
specific agents and routes of administra
tion require more investigation. What 
seems feasible is a biodegradable im
plant of testosterone that would last at 
least a year, supplemented by a weekly 
pill or a semiannual injection of proges
tin. There is also the possibility of in
hibiting gonadotropin release by admin
istering either progestin or testosterone 
alone by injection every three months. 
The difficulties are loss of libido from 

SPE RMATO G E N E S I S  

1 N EGATIVE F E EDBACK 

2 GO NADOTRO PIN ACTIO N 

2 FOLLICLE DEVELO P M E NT 

4 S H E D D I N G  OF 

ZO NA PELLUCIDA 

1 N EGATIVE F E EDBACK 

1 1  SPERM FO RMATION 

12 SPERM MATU RATIO N 

EGG TRANSPORT 

3 PICKUP BY F I M B R IAE 

4 ACTION OF CILIA 

4 TUBAL SECRETION 

SPERM TRANSPO RT 

5 AT C E RVIX 

8 S P E R M  CAPACITATIO N 

4 S P E R M  P E N ETRATIO N 

ZYGOTE TRANSPO RT 

4 TUBAL F L U I D  COMPOSITION 

4 TUBAL MUSCU LATURE 

I M P LANTATIO N 

S P E R M  TRANSPO RT 

1 1  IN TESTIS 

12 IN  E P I D I DYMIS 

13 IN  VAS 

S E M I NAL FLU ID CO M POSITION 

13 FLUID FROM VAS 

1 4  FLUID FROM PROSTATE 

progestin and the danger of metaboli<, or 
cardiovascular disorders from the re
quired high dosage of testosterone. 

The vas deferens, which is easily ac 
cessible, may lend itself to reversible 
contraception as well as permanent steri
lization. Several kinds of removable clip 
are under clinical study, as are small 
plastic plugs that can be removed and 
even a microvalve that can be closed or 
opened. So far all such devices that have 
been adequately tested either have failed 
to close the vas completely or have dam
aged the tissue. Another possibilitv is 
killing spermatozoa or rendering them 
immotile by putting a foreign body such 
as a silk filament in the vas without 
blocking it. The danger in all methods 
affecting sperm is the occurrence of con
genital defects in a fetus that might be 
generated by a partially damaged sperm. 

Judging by the number of leads that 
are known to be feasible and are being 
tested it seems likely that some effective 
new contraceptive methods will be gen
erally available within a few years; it 
is possible, on the other hand, that all the 
innovations now being tested will prove 
to be too unsafe, ineffective or hard to 
design and produce. The continuous 
identification of new leads, through basic 
research providing better understanding 
of the normal reproductive process, re
mains critical to the development of bet
ter contraceptive techniques. 

15 

6 IN CERVICAL M U C U S  

7 A T  TUBAL J U N CTION 

9 STERO I D  B I N D I N G  

1 0  CO RPUS LUTEUM 

FU NCTION 15 FLU I D  FROM S E M I NAL VESICLE 

9 T RO P H O B LA S T  

FO R M ATION 

VULNERABLE STEPS in the reproductive process suggest points 

at which contraceptive technology can intervene. One reason more 

attention has been paid to contraception in women in recent years 
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is that there are so many potentially vulnerable links in the chain 

of reproductive events in the female. The numbers indicate the site 

in the male and female repro ductive systems of each of listed steps. 
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dull dull dull dull dull dull dullduu��, 

Dullness is in the eye of the beholder. Soon he is sound 
asleep. Too bad, because it was an interesting subject. Un
fortunate. Unfair. 

To get even, you do it to others . Mumbling becomes a 
way of life. Mumble or be deemed flamboyant. 

Flamboyance is to be shunned. Only content matters. 
Most institutional environments now shelter departments 

that are in the business of packaging information for effec
tive transmission across the mind/mind barrier. They know 
what will or won't work as a slide. 

Fie upon them. Just indicate what pages from what note
books, charts, and miscellaneous scraps of old graph paper 
you want photographed as s l ides and tell them to be quick 
about it.  Tomorrow morning at the latest. Nothing fancy. 
Only content m atters . 

And so a merciful stupor engulfs all but the one person 
in the audience who doesn't face the impossible task of mak
ing anything out of the slides. Having discussed the data 
thoroughly with the speaker months ago, that person can 
hardly wait to wake them up by questioning the validity of 
the whole approach. 

P e rhaps h i g h e r  e d u c a t i o n  and i n t e l lectual  enterprise in 
general might be better served i f  savants would more often 
go looking down strange corridors for some such sign as : 

FBIOM�ICAL COMMUNICATIONS ·1 
ctf m r:"l Medic:aJ 

Education I N S-rR U CTI OHA &. 
MEDIA . . 

PRes en'TaTl on 'TeC H no&'o8v. J . 
Te.ACH�nG ( filMS a nd  rUdu ) mATe�' A LS 

�M--e-d-je-Q-I--· .s i 
G r o p h;cs �·W @> (3  [?o;n. 

Such signs often lead to people who take as much pride in 

their competence as you do in yours. 

I 
I I  

6 3  
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Temperature 
Adaptation 

Temperature and life 
By H. Precht, J. Christophersen, 
H. Hensel, and W. Larcher 
Contributions from authors representing 
a wide range of fields-microbiology, 
botany, zoology, biochemistry, and 
physiology-provide a comprehensive 
study of the way in which living organisms, 
including plants, adapt to temperature 
and climate. 

The text of the 1955 German edition by 
Precht, Christophersen, and Hensel has 
been completely revised and substantially 
enlarged for this first English edition. 

1973. xx, 779p. 263 illus. cloth/$54.70 
ISBN 0-387 -06441-9 

EffeEts af 
Temperature an 
EEtathermiE 
Organisms 
Ecological Implications and 
Mechanisms of Compensation 
Edited by W. Wieser 
The study of thermoregulation in 
ectothermic organisms continues to pro
duce insights into a number of general 
biological problems, in particular that of 
metabolic regulation. Ectotherms, in 
adapting to a thermally unstable environ
ment, exhibit a wide range of subtle 
molecular and organismic mechanisms. 
Thus, the experimenter using temperature 
change as a tool is well-equipped to 
analyze temperature-induced adaptation. 

1973. xi. 298p. 126 illus. cloth/$28.1 0 
ISBN 0-387 -06420-6 

Temperature 
Regulatian 
By s. A. Richards and P. S. Fielden 
This book deals with the responses of all 
types of vertebrates, especially man, with 
particular emphasis on physiologic 
mechanisms. Invertebrates are also con
sidered where relevant. Written primarily 
for the undergraduate student, it is 
intended as an introduction to the field of 
thermoregulatory physiology and as a 
framework for more advanced studies. 

Wykeham Science Series, Volume 27 
1973. xi, 212p. illus. 
ISBN 0-387 -91110-3 paper /$6.00 
ISBN 0-387 -91114- 6 cloth/$830 

To order books or obtain fUrther information, 
write to: 

ISrr;nger.verlag New York Inc. 
1175 Fifth Avenue 
New York, NY 10010 
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The Ethics of Population Control 

Programs of population control in 
underdeveloped countries raise 
troublesome ethical issues that 

need to be considered more intensively, 
argues Donald P. Warwick of York Uni
versity in Toronto. Many of the issues in
volve the basic conflict "between such 
positive goods as societal welfare, on the 
one hand, and the freedom and welfare 
of individuals, on the other." Should 
international agencies and developed 
countries exert pressure on poor coun
tries to establish population-control pro
grams? May a nation properly exert pres
sure on its citizens to be sterilized? May 
it, on the other hand, ban the dissemina
tion of contraceptive devices or informa
tion? 

Perhaps the fundamental problem is 
judging "the seriousness of the popula
tion problem," Warwick writes in the 
Hastings Center Report, a publication of 
the Institute of Society, Ethics and the 
Life Sciences. He insists that it is not 
clear what the population problem is, 
"where and for whom." Such questions 
need to be answered for individual 
regions and countries. If population 
growth is a cause of poverty, the answer 
to many ethical judgments will be differ
ent from what it will be if poverty is it
self a cause of overfertility. 

The propriety of massive foreign-aid 
programs for population control is at 
least debatable, Warwick writes. Funds 
for the purpose have increased sharply, 
from about $2 million in 1960 to perhaps 
$250 million in 1972. About half of all 
this money comes from a single donor, 

SCIENCE ANI 
the U.S. Agency for International De
velopment (AID). Such foreign interven
tion may be justified on the ground that 
many underdeveloped countries have 
determined for themselves that popula
tion control is crucial ("a plausible argu
ment whose validity would be chal
lenged only by the strongest opponents 
of population aid"). Does the aid involve 
explicit or implicit arm-twisting, how
ever? And is population aid coming to be 
"a substitute for other kinds of develop
ment assistance"? AID, for example, has 
greatly increased its funding of fertility
control programs even though its over
all appropriations have been sharply re
duced by Congress. 

An individual government's attempts 
to limit population can conflict with in
dividual rights, Warwick maintains. He 
cites the example of India's campaign to 
encourage sterilization through vasec
tomy. The program relies on money in
centives. Conceding that the program is 
necessary and that incentives are effec
tive, Warwick points out that an offer of 
$14 for undergoing a vasectomy to a 
man with an income of $70 a year "ap
proaches economic coercion." Moreover, 
the "motivators" who are paid to con
vince others to undergo sterilization may 
have a tendency to "deceive, cheat and 
otherwise cut corners" to increase their 
own incentive payments. 

A second article in the same issue of 
the Hastings Center Report indicates 
that such abuses are not confined to the 
underdeveloped world. Robert E. Mc
Garrah, Jr., reports on a study by the 
Public Citizen's Health Research Group 
of unconscionable efforts by the staffs of 
some public hospitals to induce female 
patients-for the most part poor and 
black-to undergo sterilization. Informed 
consent is often not obtained, McGarrah 
charges. Young women are sterilized 
who have either no children or few. And 
in some cases hysterectomy (removal of 
the uterus) is the method of sterilization 
rather than the much simpler and safer 
(and admittedly less completely effec
tive) procedure of tubal ligation. 

Land of Opportunity 

.A:though the number of graduates of 
foreign medical schools practicing 

medicine in the U.S. has been growing 
for many years, not much notice was 
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rHE CITIZEN 
taken of the phenomenon until the Amer
ican Medical Association reported last 
year that such graduates amounted to 46 
percent of the 14,476 physicians added 
to the profession in 1972. Now the im
pact of foreign medical graduates (com
monly called FMC's in medical publica
tions) on the practice of medicine in the 
U.S. is the subject of a number of stud
ies. In Science, for example, Thomas D. 
Dublin of the U.S. Department of 
Health, Education, and Welfare assem
bles data on where the foreign medical 
graduates came from and what they are 
doing. Whereas in 1965 only 10.2 per
cent of them came from Asia, he writes, 
by 1972 the Rgure was 69 .9 percent. He 
attributes the increase largely to changes 
in the U.S. Immigration Act, particu
larly one that, taking full effect in 1968, 
terminated national quotas that had vir
tually prohibited immigration from 
Asian countries and favored immigration 
from certain European countries over 
others. 

Dublin also reports that in 1970 more 
than 75 percent of the foreign medical 
graduates were concentrated in 12 
states, "states with highly urbanized 
populations and where U.S. medical 
graduates are also inclined to congre
gate." Only one in nine of the foreign 
medical graduates was located in a com
munity with a population of 50,000 or 
less, whereas some 18 percent of U.S. 
medical graduates are found in such 
communities. The foreign medical grad
uates are also strongly represented in 
full-time hospital practice: 18 percent of 
them were thus occupied in 1970, com
pared with 9 percent of the physicians 
who were graduates of U.S. medical 
schools. 

Henry R. Mason of the American 
Medical Association, writing in The Jour
nal of the American Medical Association, 
lists the foreign medical schools produc
ing the largest numbers of graduates 
who were licensed to practice medicine 
in the U.S. between 1967 and 1971. The 
University of Santo Tomas in Manila 
leads the list with 1,63 1; it and four oth
er Philippine universities produced 2,804 
of the 8,360 licentiates. Second on the 
list is the University of Havana with 
1,080 licentiates. 

In the same issue of the Journal the 
American Medical Association publishes 
a compilation of data on medical licen-

I� �akes a lewel head 
and a IOYlina bean �o be 

a Del�a professllonal. 
When you're behind an air
port ticket counter, you have 
to know your job. Fares, routes, 
connections, baggage, how 
to use a CRT computer and 
automatic ticket printer. And 
you have to work fast to pre
vent long lines, short tempers. 

But a Delta professional is 
much more than a ticket 
seller. To her, each ticket is a 

different person. A man 
caught in a traffic jam who 
has five minutes to make his 
plane. A grandmother on her 
first flight. A teenager count
ing out his change for a 
trip home. 

And when it comes to 
people, the Delta profes
sionals couldn't care more. 

�OELTA 
The aIrline run by professIonals 

Delta is ready when you are.® 
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The Geography 
of Survival. 

TODAY 70% of the American people 
live on 2% of the land. 

o 
Think about that. 142 million people 

living on 74,000 square miles ... in a country of 
over 3 million square miles! 

That's more congested than some 
countries famous for overcrowding-Japan 
with 100 million people on 142,000 square 
miles, or England with 45 million people on 
50,000 square miles. 

No wonder we have problems. Poverty. 
Crime. Drug addiction. Youth rebellion. 
Ecological abuses. While they are not 
necessarily all rooted in the same cause, many 
American leaders feel that the nation's 
environmental problems are definitely related 
to this lopsided imbalance of population 
and resource utilization. There is growing 
evidence that this is so. 

THE PROBLEM GROWS WORSE 
The President's Task Force on Rural 

Development reported in March, 1970, that the 
..... social and economic ills of the nation's 
inner cities may worsen .. .infecting even the 
entire national structure unless we act together 
with intelligence to prevent it." 

It appears that things are getting worse. 
One reason: increased population. By the 
Year 2000, there will be 100 million more 
Americans . .. 3 million more people each year 
ro feed, clothe, house and educate. 

Then, there is the growing contrast 
between urban and rural America. As farms have 
moved to mechanization and consolidation, 
the resultant surplus of jobless people have 
migrated to the cities by the millions in search 
of a better life. (Three million, for example, 
have left Appalachia alone since World War II.) 
This movement to the cities has magnified the 
existing problems of urban congestion 
and poverty. 

As our farm population migrates, rural 
towns are shrinking in size, opportunity and 
vitality. To quote the Task Force on Rural 
Development .. . · 'The commercial farm 
development has passed them by; urbanization 

and the population explosion have not yet 
found them." 

The result? More than half the nation's 
counties report continuing population losses. 
We are beset by overcrowded conditions of 
increasingly unmanageable urban areas on the 
one hand while, on the other, we see a decline 
in the quality of life in thousands of 
smaller communities. 

That's the problem. 

THE SOLUTION: DISPERSAL 
The solution, we believe, is the 

decentralization of our growing population. 
To disperse our people geographically. 

There are millions of acres of unused land 
in the United States that are ideal for 
development of homes, businesses, schools. 
Enough land in all fifty states to allow 11 Y2 
acres for every man, woman and child! Public 
domain land alone averages out to 2Y2 acres 
apiece. 

Remember Japan's 100 million people on 
142,000 square miles? Montana supports fewer 
than 1 million on that same area. While England 
supports 45 million people on only 50,000 
square miles of land, Arkansas supports 
1� million in comparable space! 

CONCEPT OF POPULATION DISPERSAL 
GAINS SUPPORT 

In recent years, voices have been raised in 
support of a national commitment to a program 
of population dispersal. The 1969 National 
Governors' Conference passed a resolution to 
"petition Congress to adopt a national policy 
for a more even distribution of population ... to 
alleviate the growing national frustration 
occurring in overpopulated areas and in areas 
now losing population." 

The December, 1969, Congress of Cities 
urged a policy of settlement of people 
throughout the nation to balance the 
concentration of population. 

The Federal Aid Highway Act of 1970 
authorizes expenditure of $100 million over the 
next two fiscal years to demonstrate the role 
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that highways can play in revitalizing the 
economy of rural and small community areas 
and in encouraging a more balanced growth of 
industry and population. It authorizes the 
Secretary of Transportation to make 
demonstration grants for planning, design and 
construction or reconstruction of highwa ys 
leading to the development of designated 
"economic growth centers" and their 
surrounding area. 

David Rockefeller, Chairman of the 
Board, Chase Manhattan Bank, has called for 
the creation of a private corporation and a 
federal agency which, in addition to helping 
ro rehabilitate core cities, would foster private 
development of 110 new towns and cities
ten of them with populations of over a million, 
a hundred others with 100,000 or more. 

THREE REQUISITES TO ANY PLAN 
Government leadership is one of the 

three vital requisites to a successful long-range 
population dispersal program. The scope and 
the resources involved in such an undertaking 
demand the strength and backing that only our 
federal government can supply. As former 
Secretary of Agriculture Orville Freeman put it, 
"Only a common national policy providing 
guidelines for planning and development 
efforts in city, suburbia and countryside can 
restore balance in America." 

A second requisite, of course, is that any 
decisions concerning the future distribution of 
our population will have to reflect the collective 
choice of the people who must provide the 
resources. Thus, while decisions of such 
magnitude must be coordinated and 
implemented by governments, the private 

sector must be deeply involved from the 
beginning. 

Good highways-and a smoothly 
functioning highway transport system-are the 
third requisite. Only highway transportation 
has the flexibility that can make dispersal 
practical...linking industrial complexes and 
communities with the rest of the nation. Only 
highway transportation can facilitate the flow 
of both goods and people that would support 
a program to achieve better balance of our 
population and our resources. 

A planned approach to the whole 
problem of creating or developing new 
communities of manageable size ... of generating 
the incentives that induce both industry and 
people to move ... could work. It must work. 

When 70% of our people live on 2% of 

the land, correcting the imbalance is not just 
the geography of relocation. 

It is the geography of survival. 
r-----------------------, 

American Trucking Associations, Inc. 
1616 PSt., N.W., Washington, D.C. 20036 
Gentlemen: Please send me your free, informative 
28 page booklet, "The Geography of Survival". 

Name 

Tide, company (if any) 

Address 

City State Zip 

American Trucking 
Associations, Inc., Washington, D.C. 
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sure in 1973, based mainly on the licens
ing examination employed by all the 
states except Florida and Texas. "The 
failure rate for foreign graduates was 
higher in 1973 than it has ever been," 
the report says, presenting in a table data 
showing a failure rate of 13.3 percent for 
graduates of U.S. medical schools and 
45.3 percent for graduates of foreign 
medical schools. Kishore J. Thampy of 
the Illinois Masonic Medical Center in 
Chicago addresses himself to this report. 
"It is quite likely," he writes, "that many 
foreign physicians will interpret the find
ings, offered without further explanation, 
as yet another move by organized medi
cine to question their competence." He 
argues that the licensing requirements of 
many states constitute an "enforced le
galized chasm between foreign and 
American physicians" and adds: "Old 
prejudices must give way to an atmo
sphere wherein foreign physicians are 
accorded equality and respect in the pro
fession." 

The Transnational Corporation 

Before World War II the principal rea
. son developed countries invested 
capital in underdeveloped countries was 
to obtain raw materials. Within the past 
25 years, however, foreign investment in 
underdeveloped countries has increas
ingly shifted to manufacturing. In 1968, 
the latest year for which figures are avail
able, the total foreign investment in the 
underdeveloped countries was equiva
lent to $33 billion, of which roughly half 
was in natural resources and a little less 
than a third in manufacturing. It is prob
able that an accounting today of a much 
larger total figure would show that the 
two kinds of investment have become 
more nearly equal. 

A Group of Eminent Persons appoint
ed by the United Nations has recently 
filed a major report on the impact of 
"transnational," or multinational, cor
porations on development and interna
tional relations. Although the report rec
ognizes that such corporations tradition
ally provide capital, technology and 
management-precisely what most un
derdeveloped cOUl�tries critically lack-it 
emphasizes that they "are not per se 
geared to the goals of development" and 
that they can "accentuate rather than re
duce inequalities in the absence of prop
er government policies and, where nec
essary, social reforms." 

Underdeveloped countries have also 
learned, the report observes, that trans
national corporations possess "consider
able power and influence" and that 
countries "may find their national sov-
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ereignty infringed upon and their policy 
instruments blunted by [such] corpora
tions." The report strongly condemns 
such political interventions in the domes
tic affairs of host countries. 

The report suggests that developing 
countries should not "rely solely or ex
cessively on multinational corporations 
for their development" but should "strive 
to create internal forces and institutions 
for development." The report also em
phasizes that transnational corporations 
cannot be a substitute for international 
public aid. To facilitate the flow of tech
nology to underdeveloped regions the re
port recommends setting up a "World 
Patents Bank," to which public institu
tions could donate patents for use in un
derdeveloped countries. The report 
notes that underdeveloped countries 
commonly receive the technology that 
suits the interests of the investing cor
poration rather than the technology best 
suited to the needs of the country itself. 

Perhaps the biggest problem present
ed by transnational corporations is that 
international law has failed to keep pace 
with the explosive growth of their activi
ties. In cases of dispute the concerned 
parties have had to seek guidance in the 
"generalized concepts of natural law" 
rather than in the clear prescriptions of 
"positive law." As an important step 
toward establishing positive law in this 
murky area the report suggests that a 
fundamental concept should be account
ability: transnational corporations should 
be held broadly accountable for the con
sequences of their operations in foreign 
countries. Following its receipt of the 
report, the UN's Economic and Social 
Council approved the idea of establish
ing "appropriate permanent machinery" 
to deal with manifold issues that have 
been raised by the activities of trans
national corporations. 

More from Mercury 

I n the five months since the spacecraft 
Mariner 10 floated past the planet 

Mercury quantitative analyses of the in
strumental data and the 2,300 high-reso
lution photographs it sent back not only 
have confirmed the first results but also 
have revealed some surprises concerning 
the planet's surface features and mag
netic field. The early photographs indi
cated that Mercury, with its myriad cra
ters and large flat basins much like the 
lunar maria, strongly resembles the 
moon. Measurements of the planet's 
mass, however, indicated that unlike the 
moon (and like the earth) it must have a 
heavy core. The principal visible differ
ence between Mercury and the moon is 

that Mercury has a number of scarp> 
about three kilometers high, some of 
which are more than 500 kilometers 
long. According to reports in a recent 
issue of Science, the scarps may be faults 
that resulted from compressional forces 
in Mercury's crust that had no counter
part on the moon. If this interpretation is 
correct, Mercury is the only planet other 
than the earth to show evidence of such 
forces on a global scale. 

The photographs also suggest that 
Mercury's large basins were created dur
ing a heavy bombardment by other bod
ies early in the planet's history. Near the 
end of the period of bombardment the 
planet differentiated into a heavy iron
rich core and a light crust of silicates. It 
was during this time that the scarps 
were formed, possibly by a shrinkage of 
the heavy core, which then compressed 
the crust. 

One of the early surprises of the Mari
ner 10 flyby was the discovery that Mer
cury has a small magnetic field. This 
finding was unexpected because the 
planet rotates very slowly (planetary 
magnetism is generally associated with 
rotation) and because it had shown no 
radio emission (such signals result from 
the interaction of a planet's magnetic 
field and the '\vind" of charged parti
cles from the sun). Subsequent studies 
showed that the magnetic field is almost 
in alignment with the planet's axis of ro
tation but that the center of the field is 
offset from the center of the planet by 
nearly half the planet's radius. 

Perhaps the most puzzling aspect of 
the planet the new views of it have re
vealed is that Mercury, like the moon 
and Mars, is rough and heavily cratered 
on one side and has wide, flat plains on 
the other. Why three of the five bodies 
in the inner solar system should be so 
asymmetrical is not clear. 

After having swung around the sun 
Mariner 10 will fly over Mercury's south 
pole on September 21. The first pass on 
March 29 returned pictures of some 25 
percent of the planet's surface. The sec
ond pass should increase the coverage 
to some 50 percent. If the instrumental 
systems of the spacecraft continue to 
function well, they could send back even 
more information during a third pass 
next March. 

Psychokinetic Fraud 

The director of a parapsychology lab-

oratory reSigned his position last June 

after it was discovered that he had tam

pered with experimental apparatus and 

thereby produced false results. The in

vestigator is Walter J. Levy, Jr.; he was 
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i HOW MUCH ENERGY CAN 
BUSINESS REALLY SAVE? Business and industry account for nearly 70 percent of all the energy 
used in our country. 

With over 12 million businesses operating today, it's no wonder they use all that fuel. If they can be 
more efficient in their use of energy for commercial, industrial and transportation activities, we could save a 
huge amount of oil. 
For example: 

A 15 percent efficiency increase would save the equivalent of about four million barrels of oil a day. 
That's more oil than we are importing from the Middle East right now-even with the embargo lifted! 

Conoco believes that business and industry should shoot for efficiency savings of at least 15 percent in 
their use of energy. Along with continued conservation of energy by the public, this is the best way we know to 
help avoid another energy crunch in the next couple of years. And, by holding down energy costs business will 
be taking an important step in the fight against inflation. 
But would conservation also mean a cut in production which might lead to further unemployment? 

Conoco thinks not. We know of several large companies that have managed energy savings of over 15 
percent per unit of production while they have increased both output and employment. And at Conoco our 
goal is to improve energy efficiency by at least 15 percent, even as our business and payroll are growing. 
Can any business do it? 

Yes. Large and small. It's not always easy, but there are no deep secrets to it. Conservation can be as 
simple as turning out lights or as complicated as developing totally new manufacturing processes. But it can be 
done. 

If you're a businessman who wants to know how to start a conservation program, write us and we'll 
send you three government booklets on energy management: the "Energy Conservation Handbook"; "How to 
Start an Energy Management Program"; "Economic Sense for Retailers". 

Write Conoco, Dept. A 54, GPO Box 29, New York, New York 10001. 

Continental Oil Company (conoco) 
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Lease a Ylarehouse 
from CalComp. 

More than 100 years ago, 
during the Franco-Prussian 
war, Rene Dragon 
photographed some 1,000 
messages on a film two 
inches wide. He then 
strapped his film to a pigeon's 
leg and his message flew to 
Paris where it was projected 
by lantern on a screen and 
read. 

That was the beginning 
of microfilm. 

Today's microfilm 
systems allow you to store 
information in 1/56th the 
space you're used to. 

1400 lbs. of paper will fit 
in your hand as 5 lbs. of 
microfiche. 

A warehouse-full of 
computer printouts can be 
stored in a single room. 

And as paper becomes 
increasingly more expensive 
and more difficult to get, the 
use of computer output micro
film becomes a necessity. 
The MMS COM System 

It's Calcomp's way of 
putting together a COM 
printer, a controller with 
built-in magnetic tape unit 
and tape-cartridge drive, a 
keyboard printer, and the 
software you need for a 
microfiche management 
system. It stands alone. 
It does not require a 
host computer. 

The CalComp 
system uses either 
105 mm. microfiche or 
16 mm. roll film. It can 
reduce images 24, 42, or 48 
times. And the output 

emerges titled and indexed. 
Job instructions can be 

typed in from the keyboard 
printer. This saves you costly 
re-programming. 

Examine the CalComp 
system. We think you'll find 
the best performance for price 
in the industry. 

Call your local CalComp 
office, or contact California 
Computer Products, Inc., 
SA-M9-74, 2411 West La Palma 
Avenue, Anaheim, California 
92801. (714) 821-2011. 
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director of the Institute for Parapsychol
ogy in Durham, N.C. 

The experiment in question was one 
of a series concerned with psychokinesis, 
the phenomenon by which the mind is 
alleged to directly influence the behavior 
of material objects. Electrodes were im
planted in the brains of rats at positions 
called self-stimulation sites; given the 
opportunity, experimental animals seek 
repeatedly to energize electrodes at these 
sites, seemingly because the stimulus 
evokes pleasure. In this case, whether or 
not the electrode was energized at a 
particular moment was determined by 
an electronic random-number generator, 
which was in turn controlled by the de
cay of a radioactive isotope. In the ab
sence of psychokinetic effects, and after 
a sufficiently long series of trials, the rat 
should have received a stimulus in exact
ly half of the instances. The hypothesis 
to be tested was that the animal could 
in some way influence the system so as 
to increase the frequency of the stimula
tion. 

The experiment had been tried be
fore, reportedly with a positive outcome, 
although the results were not published. 
In the attempt to repeat the work the 
scoring level fell to the chance level, 
that is, tl1e stimulus was received just 50 
percent of the time, signifying that the 
phenomenon obeys the laws of prob
ability, not those of psychokinesis. It was 
at this point, Levy says, that he began to 
introduce spurious data. 

Among parapsychologists Levy was a 
prominent investigator. He had pub
lished numerous papers on psychokinesis 
and precognition in animals, and his 
work has been cited frequently by others 
as evidence supporting the view that 
these phenomena exist. Similarly, the in
stitute he directed is considered by those 
in the field to be one of the foremost in
stitutions in parapsychology. It is the 
laboratory of the Foundation for Re
search on the Nature of Man, headed by 
Joseph B. Rhine, a patriarchal figure in 
American parapsychology. Rhine has 
been active in the field since the 1930's, 
and he invented much of the termi
nology that is commonplace today. He 
has been particularly ardent in urging 
the adoption of scientific methods by 
parapsychologists and in seeking recog
nition for parapsychology as a science. 
Levy was his heir apparent. 

Levy altered the data in the rat experi
ment by repeatedly removing a wire 
from a paper-tape punch employed to 
automatically record the results of the 
tests; each time the connection was in
terrupted a spurious positive score was 
recorded. His deception was discovered 
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by three of his co-workers, who became 
suspicious when Levy seemed to be ex
cessively attentive to the apparatus. Ac
cording to Rhine, the three colleagues 
arranged to make a duplicate record of 
the results of one series of trials and to 
observe Levy's suspected manipulation 
of the device from a concealed position. 
On June 12 Levy was told of the evi
dence of dishonesty and resigned. 

Both Rhine and Levy acknowledge 
that the incident did take place. In an 
article in the Journal of Parapsychology, 
the publication of the Foundation for 
Research on the Nature of Man, Rhine 
maintains that this instance of experi
menter fraud is an isolated one, and that 
all Levy's earlier work is authentic. He 
concedes, however, that it is necessary 
to "suspend judgment" on all Levy's 
work until all of it can be independently 
replicated. 

Astronomy of the Ancients 

H ow sophisticated were the sky watch-
ers of ancient times? At a two-day 

symposium organized not long ago by 
the Royal Society of London and the 
British Academy, mathematicians, as
tronomers and prehistorians engaged in 
a wide-ranging discussion of the ques
tion; an account of the symposium has 
now been published by the Royal So
ciety. Its principal conclusion: Scientific 
astronomy came into existence only 
when mathematics was applied to celes
tial observations in Babylonia during the 
last millennium B.C. 

Asger Aaboe of Yale University, a 
strong proponent of this conclusion, 
points out that two distinct levels of com
petence are evident in prescientific as
tronomy. The lower level, which can be 
characterized as "farmer's or shepherd's 
astronomy," included among its accom
plishments the naming of prominent 
stars and constellations. It further dis
tinguished between the fixed stars and 
the planets by observing that the former, 
when not circumpolar, rose and set 
nightly at the same two places on the 
horizon, whereas the sun, the moon and 
the planets did not. It also recognized 
that stars located along the zodiacal belt 
regularly appeared and disappeared for 
extended periods; when, after such pe
riods of invisibility below the horizon, 
such a star reappeared, it did so in the 
same place each year. The most familiar 
example of putting this observation to 
use, Aaboe notes, is the ancient Egyp
tians' dependence on the reappearance 
of Sirius as evidence that the annual Nile 
flood would soon begin. 

The higher level of prescientific as-

tronomy, Aaboe finds, was characteristic 
of a few ancient literate cultures: pre
Hellenistic Greece, early Mesopotamia, 
China and Mesoamerica. Sky watchers 
at this level detected celestial cycles far 
subtler than the annual reappearance of 
zodiacal stars. Observations recorded the 
periodicities shown by the sun, the moon 
and the five planets visible to the un
aided eye. For example, the Metonic 
cycle, so named because it was the basis 
of a calendar introduced to the Atheni
ans by Meton, recognized that 235 con
secutive lunations, or lunar cycles, fit 
exactly into 19 years. The cycle was 
known not only in Greece but also in 
Babylonia and China. The eight-year 
Venus cycle is another example; it was 
known in Babylonia, in China and, as 
the accidental preservation of one Maya 
codex shows, in the New World. A third 
example, Aaboe notes, was the realiza
tion that eclipses come in cycles. This 
ancient insight did not make it possible 
to predict eclipses precisely, b.ut it was 
useful in identifying periods when there 
would be no solar or lunar eclipses at all. 
One predictive computation led to the 
issuance of 23 eclipse warnings in a pe
riod of 135 successive lunations; the 
computational method was known in 
Babylonia and China, and the Maya had 
a variant of it. 

Although the data of advanced pre
scientific astronomy could be used to 
generate predictions of a sort, Aaboe 
points out that the predictions were no 
more scientific than those of a farmer's 
almanac that forecasts the weather of the 
future on the basis of past meteorological 
records. Not until celestial phenomena 
were described in a mathematical form 
capable of yielding numerical predic
tions that could be tested by observation, 
he writes, did astronomy become scien
tific. The oldest-known predictions of 
this kind do not go back much further 
than 500 B.C. 

How does this conclusion affect the 
frequent attribution of astronomical so
phistication to the preliterate Neolithic 
and early Bronze Age cultures of the Old 
World, particularly those in western Eu
rope with their imposing earthworks, 
henges and aligned megaliths? Evident
ly these, where they are astronomically 
oriented at all, represent nothing more 
advanced than farmer's or shepherd's 
astronomy. 

Stuart Piggott of the University of 
Edinburgh, one of the prehistorians at 
the symposium, cites among other nega
tive considerations the often overlooked 
fact that many supposed astronomical 
sighting arrays built in England and 
Scotland in Neolithic times stood in the 
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Grass Roots Express 

There's no substitute 
for personal contact 
between elected officials 
and their constituency 
at the grass roots level. 
The Airlines of America 
form this vital U. S. 
connection. 

That's why, when you 
board one of our planes, 
you may be traveling with 
a senator, representative, 
governor, mayor or 
state legislator. 

Bringing elected 
officials and voters 
together is only part of 

our job. Our nation's 
rapid transit system in the 
sky brings all kinds of 
people together for deb a te 
and discussion, for work 
or for pleasure. 

This year we will 
board more than 200 
million people, accounting 
for over 75% of the public 
passenger miles between 
our cities and over 90% of 
the traffic between the 

THE AIRLINES 
OFAMEBlCA 

Public Transportation at its best. 

U. S. and other countries. 
We will also move 

the air mail, most of the first 
class mail, and thousands 
of tons of freight. And we 
will perform all of these 
services with less than 10% 
of the fuel used for the 
nation's transportation. 

It's all part of our 
pledge to you, the flying 
electorate. A pledge to 
keep our airlines of 
America the finest, most 
efficient and most 
comfortable rapid transit 
system in the world. 
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midst of forest clearings with no view of 
the _horizon. R. J. C. Atkinson of Uni
versity College, Cardiff, another prehis
torian, attests to the great technologi
cal ability apparent in many Neolithic 
works. 

For example, Silbury Hill, a vast 
mound built in Wiltshire early in the 
third millennium B.C., required by At
kinson's estimate an investment repre
senting as great a fraction of the "gross 
national product" as the U.S. space pro
gram does today. He points out, how
ever, that the archaeological record con
tains no evidence that even simple 
systems of numerical notation existed 
during those millenniums. The notation
al system required for astronomy would 
have been far from simple; it would have 
needed to record and store in retrievable 
form observations of celestial events that 
would often have occurred at intervals 
longer than the life span of individual 
observers. Although the lack of an ap
propriate system of numerical notation 
may seem to be only negative evidence, 
Atkinson notes in conclusion:" The whole 
archaeological and historical method of 
inquiry [demands] that one should deal 
with the evidence as it is, and not as one 
would prefer it to be." 

The Real Cost of Appliances 

O ver the past decade or so the pur-
chase price of household appliances 

such as color-television sets and refrig
erators has steadily declined, and simul
taneously the reliability of these appli
ances (as measured by the need for ser
vice in the first year) has substantially 
increased. On the surface it would ap
pear that competition in the American 
marketplace has spurred the appliance 
industry to provide the best possible 
product at the least possible cost. Ac
cording to a two-year study of the appli
ances and their use, however, when the 
total costs paid by consumers during a 
product's lifetime are taken into ac
count, there is still considerable room for 
improvement. 

The study was undertaken jointly by 
engineers at the Massachusetts Institute 
of Technology Center for Policy Alterna
tives and at the Charles Stark Draper 
Laboratory, Inc. It was commissioned by 
the Research Applied to National Needs 
(RANN) program of the National Science 
Foundation. Although the study concen
trated on refrigerators and color-tele
vision sets, which respectively rank first 
and third in terms of the annual aggre
gate expenditure by American con
sumers for purchase, service and electric 
power, it is believed its conclusions ap-

ply to all household appliances. (Ranking 
second in annual aggregate expenditure 
are black-and-white television sets.) 

"Unfortunately, the American con
sumer is still more concerned with such 
features as size, appearance, function 
and price," states the study report. "[He] 
is not aware of the substantial magnitude 
of servicing and energy costs. As a result, 
manufacturers have not paid as much at
tention as they should to reducing these 
costs." 

The total life-cycle cost of an appli
ance includes its purchase price, the cost 
of the energy required to operate it, 
servicing costs and the disposal cost, if 
any. The purchase price of a color-tele
vision set accounts for 53 percent of its 
total life-cycle cost. Servicing accounts 
for 35 percent and power only 12 per
cent. The average purchase price of 
color-television sets dropped from more 
than $600 in 1962 to about $500 in 1972. 
Based on an average life of about 10 
years, the total life-cycle cost of a color 
television set is about $800. 

Since the introduction of solid-state 
circuits the power requirements of color
television sets have been reduced signifi
cantly, and further reductions would re
quire a major technological change. The 
problem area is the cost and quality of 
servicing, and rationalization of the 
service industry offers the greatest po
tential for reducing the total life-cycle 
cost of a set. 

The refrigerator, which is perhaps the 
most essential appliance in the American 
home, .has undergone little technological 
change since the early 1960's, and the 
average purchase price has dropped 
from about $350 in 1960 to about $300 
in 1972. The purchase price accounts for 
36 percent of the total life-cycle cost, 
power for 58 percent and servicing costs 
for 6 percent. The owner of a $300 re
frigerator will spend another $830 over 
the 14-year life span of the appliance. 

The study pOints out that the major 
portion of the life-cycle cost of a refrig
erator is the energy that it consumes, and 
with energy costs increasing sharply fu
ture improvements should be made in 
this area. The study report suggests that 
changing the insulation material from a 
fiberglass to a polyurethane foam would 
reduce heat leakage and reduce the total 
life-cycle cost by about 10 percent, even 
though the purchase price would be 

somewhat higher. Improving the effi

ciency of the refrigerator motor by using 

more copper or aluminum would yield 

an additional net saving of about 5 per

cent through reduced power consump

tion. The report strongly recommends 

that life-cycle cost data be made avail-
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Why we selected the Napa Valley years 
ago as our home forThe Christian Brothers 
table wines. 

For more than a century, the Napa Valley north of San Francisco, 
has been acclaimed California's finest premium wine�growing area. 

It was here on the hillsides of this verdant valley that we chose 
to build The Christian Brothers winery and aging cellars many years 
ago. And to plant our vines. 

Through the years , we have found scientifically why the early 
vintners instinctively brought the first rare European varietal grape 
cuttings here. The unique varied climate and soils of the Napa Valley 
provide the distinctly different needs of each grape variety. 

For instance, one area has more cool growing days and is a per� 
feet home for our Pinot Noir, the noble grape of Burgundy. Another 
has more warm days and gives the proper sunshine to the Cabernet 
Sauvignon. The same is true for the Chenin Blancs and the Johann� 
isberg Rieslings and all of the other shy�bearing varieta1s we use in 
our table wines. 

Of course , grapes are just part of our story. The Napa Valley has 
given us the quiet place we need to bring the wines to life . . .  slowly, 
patiently in our own way. A tradition of quality we will never change . 

Long ago the Indians named our valley "Napa;' which means 
plenty. We think of it now as meaning plenty of good grapes, and 
plenty of time to make our wines. You are always a welcome guest 
at the Christian Brothers' winery here . 
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CELLARMASTER, THE CHRISTIAN BROTHERS, NAPA VALLEY, CALIFORNIA 
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able to consumers at the point of pur
chase. 

A Soda and a Sandwich 

O n August 1 the 200th anniversary of 
Joseph Priestley's discovery of oxy

gen was celebrated in the Second Cen
tennial of Chemistry, held at Priestley's 
home in Northumberland, Pa. ,  with 
Pennsylvania State University as host. 
Priestley had come to Northumberland 
from England in 1794 to escape persecu
tion for his sympathy with the American 
and French revolutions, and had lived 
there until his death 10 years later. The 
celebration called to mind another of 
Priestley's achievements, a discovery not 
so fundamental, perhaps, as the discov
ery of oxygen, but one that at times 
seems almost as omnipresent. It was the 
discovery of how to make carbonated 
water, the beverage that today is con
sumed not only in plain form but also in 
all the huge multicolored and multi
flavored variety of soft drinks. 

Naturally carbonated beverages such 
as beer and champagne were of course 
known long before Priestley. So too were 
naturally carbonated waters with names 
such as Vichy water and Pyrmont water. 
What Priestley did was to show that car
bon dioxide could be introduced into 
water without fermentation. 

In 1767, long before he came to 
America, Priestley lived next door to a 
brewery in Leeds. He knew that "fixed 
air" (as carbon dioxide was then known) 
was present above the open vats in 
which the beer mash was fermenting. He 
found that if he held two containers close 
to the surface of the fermenting mash 
and poured water back and forth be
tween them, the water became charged 
with carbon dioxide. As he wrote, "Some
times in the space of two or three min
utes [I have] made a glass of exceeding
ly pleasant sparkling water which could 
hardly b�

, 
distinguished from very good 

Pyrmont. 
Priestley then devised a more con

venient method for making carbonated 
water. Later he wrote a description of 
the method, with some suggestions that 
the end product could be used to ease 
heartburn, cure scurvy and revive Hat 
beer. This account, his first as a chemist, 
was published in 1772 as a booklet titled 
"Directions for Impregnating Water with 
Fixed Air." In the style of the times he 
dedicated the pamphlet to John Mon
tagu, the fourth Earl of Sandwich, whose 
name is commemorated in the sandwich. 
(It is said that this is what he ate in order 
to avoid spending any time away from 
the gaming table.) 
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The ideal 
A d i ve rse wo r l d w i d e  pop u l at i o n  with each 

i n d i v i d u a l  l iv i n g  in harm o n y  with  eac h oth e r  

i n d i v i d u a l  a n d  a l l  shar i n g  i n  a con stan t l y  

i m p rovi n g  q u a l i ty of l i fe .  

The real 
I n  some c o u n tr ies a man can wa l k  a l l  day 

w i t h o u t  see i n g  another m an . 1  n other cou ntr ies 

peo p l e  l i ve crowded i nto barr ios ,  i n to s hacks , 

even i n to e m pty sewer p i pes,  o n e  stacked 

u po n  another. 

a rt ist :  a l an  d 'arcange lo  the joseph h .  h i rs hhorn co l l ect ion 

art is t :  a lex l i berman museum of modern art 

Ove r-po p u l at i o n  a n d  popu l at i o n  i m bal a n ce a re cr i t ica l  

p rob l e m s :  t o o  m a n y  peop l e  i n  a s m a l l a rea c reates 

pol l ut i o n ; too m a n y  people on too l i tt le  l a n d  to su pport 

them c reates pove rty, i l l n ess a n d  h u n g e r ;  too m a n y  peo p l e  

crowded i n to too I i tt l e space c reates fru strat i o n  a n d  a n g e r.  

E v e n  t h o u g h  e a c h  cou ntry or  c u l t u re fee l s  i t  has i ts own 

best a n sw e r,  pop u l at i o n  i s  a wo r l d w i d e  i s s u e .  N at i o n s  

m u st w o r k  together  w h i l e  t h e re i s  st i l l  t i m e .  Q u e s t i o n s  

m u st be asked ; so l u t i o n s  m u st be fou n d .  

Atiant icRichfieldCompany <> 
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The Effects of Ice on Scotch 
How fast  a drink of Scotch whisky over rocks loses its flavor depends on 

the proof of the Scotch and the richness of its blend. These two factors are 

optimized for "on the rocks " Scotch drinkers in 90-Proof Famous Grouse, 

a venerable old brand from Scotland only recently introduced to A merica. 

I
n countries where Scotch has been 

consumed for centuries ,  ice and whisky 

rarely mingle.  B ut on this side of the 

Atlantic, the picture is quite different. 

While a small percentage of American 

Scotch drinkers take it neat, better than 

35% drink it "on the rocks ." The rest of us 

add varying amounts of water, club soda, 

etcetera . And ice . Always plenty of ice 

the great American drink requisite.  

It would seem then that the American 

Scotch devotee, particularly our on-the

rocks fancier, has a right to raise a serious 

question:  Is the Scotch I drink ideally 

suited to enjoymen t over ice? 

Pursuing a Perfect Proof 

Let's turn our attention first to the proof at 

which Scotch whisky is bottled. Consider, 

if you will , the hypothesis that there is in

deed a better proof for on-the-rocks Scotch 

drinking than that of the brand you cur

rently favor. 

�OOF 

60 o l 
� �(' � � ! r""-

� � ""'" .......... 
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o� MINUTES 5 10 15 20 25 30 
D I L U T I O :\  BY I CE OF SCOTC H  AT 
T H R E E  D I F F E H E N T  P HOOFS t 7 2° F t ,  

_ 3 0  P roof _ 36.S Proof _ 9 0  Proof 

A l co h o l i c  COll tCl l t  d ro p s  ra p i d l y  d u ri n /!  

the f i r s t  m i n u te w h i s k y  i s  c h i l led by i c c .  

less  ra p id l y  aftn i n i t ial coo l i n/!.  I n terval  

A shows t h a t  36.3 Proof Sco t c h  d i l u t e s  to 

a p roof o f  46 a p p ro x i m a tel y 2 1/2 m i n u t e s  

earl i e r  t h a n  90 P roof FilI'wu .• Groll"e. 
I n ter\'ul B shows t hat  SO - P roof Scotch d i ·  

l u tes t o  4 6  p roof 6 m i n u tes  earl icr. 

by Allen Mac Kenzie 

P ractically every Scotch sold in this 

country is bottled at 8 0 , 8 6 ,  or 8 6 . 8  Proof. 

So at the instant you pour your Scotch over 

ice , it contains between 40% and 43 .4% 

alcohol by volume. (Proof is double the 

percentage of alcohol . )  The chilling effect 

of the ice is accompanied by dilution . And 

when your drink has been properly cooled 

by the ice - in 30 seconds' to a minute's 

time -you achieve what one Scotch con

noisseur refers to as " the ideal sip ." From 

that point on, the Scotch drinker's enjoy

ment typically runs downhill , as the drink 

loses its freshness. 

While there is no way to preserve that 

fresh Scotch flavor indefinitely, we submit 

that you can sustain the freshness sub

stantially longer with 90-Proof Famous 

Grouse. If you have never heard of this 

brand , we are not surprised . It  is a well 

established name in Scotland,  but has only 

recently been introduced to America. So 

far as we know, Famous Grouse is the only 

Scotch now available in this country at 

90 Proof. 

A Revealing Experiment 

To demonstrate the merits of a slightly 

higher proof, we performed a simple exper

iment in which 50 millilitres of Scotch 

( about 1 . 7  ounces) was chilled with 100 cc 

of ice (6 one-inch cubes} . The ensuing dilu

tions at 8 0 , 86 .8  and 90 Proof are charted 

in the accompanying graph . 

You'll notice that after 15 minutes on 

the rocks, the proof of Famous Grouse is 

diluted to a level which occurs after 12'/2 
minutes when the Scotch is 8 6 . 8  Proof, 

and after 9 minutes when it is 80 Proof. 

In essence, the Famous Grouse brand has 

remained about 2'12 minutes fresher than 

86 .8-Proof Scotch, 6 minutes fresher than 

80-Proof Scotch. (If you are in the habit of 

"nursing" a drink longer than 15 minutes, 

the advantages of 90-Proof Scotch will be 

even more pronounced. )  

The Masters of Perth 

P roof, of course, is not the only thing that 

influences the flavor of a blended Scotch. 

The proportion of malt to grain whiskies , 

the origins of the malts , the methods of 

aging - these are also important factors 

that determine the relative richness of 

Scotch flavor. 

T h e  makers  of Fa m o u s  Grouse 

Matthew Gloag & Son of Perth, Scotland 

- have been practicing their Scotch-mak

ing craft in the same family for six genera

tions . And they have performed their most 

noble feat in the rich blend they created 

for Famous Grouse Scotch. I ts flavor- so 

remarkable at the outset - holds firmly to 

its character during prolonged contact 

with ice . 

Knowledge of Scotch, however, cannot 

be indefinitely pursued in the abstract. 

Your learning process must ultimately in

clude a leisurely sip of Famous Grouse on 

the rocks. For Scotch drinking is one of 

those pleasures enjoyed most, not in the 

pursuit , but in the conquest. Scotland's 

greatest bard , Robert B urns , said it best : 

"Gie me a spark 0 '  Nature s fire, 

That s a '  the learning I desire . "  

T h e  a u t hor considers t h i s  advertisement 

to be t h e  opening statement o f  a d ialogue 

with l i k e - m i nded Scotch d r i n kers.  We in· 

vite your c o m m e n t s  and sugge s t i o n s  for 

fu t u re e XTle r i m e n t s .  W r i te M r. A l l e n  l\1 ae
Kenzie, c/o A u st i n ,  N ic h o l s  & Co., I n c . ,  

7:n T h i rd Avenue,  New York, N .  Y .  10017. 
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The Genetics of Human Populations 

Since the species Homo sapiens emerged less than 100,000 years ago 

it has by definition shared a common pool of genes. The differences 

within a human population are greater than those between populations 

I
n The Comedy of Errors Shakespeare 

makes use of a device that was dear 
to the hearts of Greek and Roman 

playwrights. He brings onto the stage 
identical twins; as he puts it, "the one so 
like the other, as could not be distin
guish'd but by names." To add to the 
confusion he gives each twin the same 
name. Moreover, each twin has a ser
vant, and they too are identical twins 
with the same name. It is no wonder that 
errors arise. Nature, however, seldom 
imitates art so closely. Twins are rela
tively rare, particularly identical ones; 
they represent only some .3 percent of all 
births. Therefore not everyone has had 
the benefit of observing identical twins 
closely. Those who have done so are usu
ally struck by their remarkable similarity. 
For all we know, identical twins have 
identical sets of genes, represented by 
identical sequences of the paired nucleo
tides of DNA. They thus provide a tan
gible and simple proof of the power of 
inheritance. When in contrast we look at 
two people selected at random, enough 
differences are apparent so that the like
lihood of confusion between them is re
mote. Individuality is a familiar property 
of man; it marks not only facial features 

by L. L. Cavalli-Sforza 

and bodily traits but even such details as 
fingerprints and voice. Indeed, not even 
identical twins are wholly identical in 
every respect; it is only that the differ
ences between them are almost always 
smaller than those between unrelated in
dividuals. 

Until recently there existed no precise 
measure of the full extent of the differ
ences between unrelated individuals. 
Now, however, the systematic use of 
electrophoresis as a means of analyzing 
proteins enables us to make some esti
mates of this kind. Proteins are simply 
long chains of amino acids in various se
quences. Each type of protein performs 
a highly specific function in the body. 
For example, some serve as enzymes that 
catalyze specific chemical reactions, 
transforming one compound into anoth
er. Other proteins serve for transport; an 
example is the hemoglobin that carries 
oxygen from the lungs to the rest of the 
body. Still others serve other purposes. 
All the functions of an organism are per
formed with the assistance of one or an
other specific protein, and so proteins ex
ist in enormous variety. 

Electrophoresis was first used as a 
technique of genetic analysis by Linus 

"ADORATION OF THE MAGI," painted in 1510 by Hieronymus Bosch (opposite page), 

is an example of postmedieval conceptions of the races of man. By the Middle Ages legends 

that were based on the mention in the New Testament of "three wise men from the east" 

who had brought gifts to the newborn King of the Jews had promoted the Magi into kings 

who ruled the three divisions of mankind: the Asians, the Africans and the Europeans. 

Long hefore Bosch artists had begun to portray the supposed King of the Moors, Gaspar, as 

being dark·skinned and even, as Bosch has done (left), with plainly Negroid features. 

White-haired Balthasar (kneeling in foreground) is the king who is usually held to he the 

ruler ofothe Europeans. Melchior, with his offering of Arabian frankincense, is supposedly 

the ruler of the Asians. Some artists have portrayed Melchior with Oriental features rather 

than as a Middle Easterner. The half·naked man standing in the doorway is an allegorical 

figure who is evidently intended to represent the Antichrist. Bosch further symholized the 

world's burden of evil in the attitude of the shepherds on the roof: they exhibit not rever

ence but only rustic curiosity. The painting, the central panel of a triptych, is in the Prado. 

Pauling, Harvey A. Itano, S. J. Singer 
and 1. C. Wells at the California Institute 
of Technology in 1949. The method 
basically consists in applying an electric 
field to a solution of proteins. If two or 
more proteins present in the solution 
have different electric charges, they will 
migrate in the electric field at different 
rates and thus will separate. The first ap
plication of the technique by Pauling 
and his colleagues clarified the molecular 
basis of sickle-cell anemia. Electrophore
sis showed that the hemoglobin con
tained in the red blood cells of individu
als with the disease is different from 
normal hemoglobin. It had been known 
from work done by J. V. Neel of the Uni
versity of Michigan that the disease, 
which is particularly frequent among Af
rican blacks, is inherited in a precise 
way. The difference between the hemo
globin found in sickle-cell anemia (called 
Hb-S) and normal hemoglobin (Hb-A) is 
due to a single amino acid difference at 
position 6 on one of the two amino acid 
chains that make up the hemoglobin 
molecule [see top illustration on next 
page.] 

Since the time of this Rrst study several 
other workers have used the electro

phoresis technique to examine genetic 
differences among other proteins. For 
example, many enzymes in human blood 
have been separated by means of elec
trophoresis and then stained for purposes 
of identification. The importance of these 
methods of genetic analysis cannot be 
overemphasized. In the great majority of 
cases differences in the electrophoretic 
mobility of different enzymes is likely to 
be a consequence of the substitution of 
one amino acid for another in the long 
chain of amino acids that comprises the 
enzyme molecule. The substitution of 
one amino acid for another in a protein 
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ONE-GENE MUTATION is responsible for tbe difference between tbe beta chain of a nor

mal hemoglobin molecule (left) and that of hemoglobin S, the variant form responsible for 

sickle-cell anemia (right). Because the middle pair of nucleotides in the sixth nucleotide 

triplet of the DNA that encodes the beta chain fall in the order thymine-adenine rather than 

the reverse, the sixth amino acid in the chain is valine (color) instead of glutamic acid. The 

other triplets are shown with arbitrary components; the sequence of amino acids in both 

beta chains is known, but the sequence of nucleotides in the DNA has not been established. 

a A x A 

b A x AS 

E 
100t 

u 50 fA! fAsl 
� 0 ��,--A_-,--_,-I _A_S-,-1 ____ _ 

C A x S 

e AS x S 

I 
'
��'----Ll'-- A-S -,--,--U-L-

SxS 

OFFSPRING of the six possible matings between parents with normal hemoglobin (A), 

those with the sickling Irait (AS) and those with sickle-cell anemia (S) are affected as is 

shown here. The matings (color) are A X A, A X AS, A X S, AS X AS, AS X Sand S X S_ 
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molecule is due to the substitution of one 
nucleotide pair for another in the seg
ment of DNA that is responsible for the 
synthesis of the protein or of that part 
of the protein. There are almost no ex
ceptions to the rule that when different 
individuals show differences in the elec
trophoretic band or bands that a given 
enzyme produces, the differences have 
a simple genetic origin. 

The systematic analysis of a large 
number of enzymes and other proteins 
has brought a remarkable discovery: a 
given gene (the DNA segment responsi
ble for the synthesis of a given protein) 
is by no means identical among the in
dividuals in a population. This observa
tion was made in quantitative terms al
most simultaneously by Harry Harris at 
University College London with respect 
to man and by Richard C. Lewontin at 
the University of Chicago with respect to 
the fruit fly Drosophila. When one ex
amines a small sample, say 100 individu
als, roughly one in three of the enzymes 
taken from one of the 100 individuals 
will show electrophoretic bands that are 
different from the enzyme bands of some 
of the remaining 99 individuals. Geneti
cists customarily call such an enzyme 
(more precisely, the gene responsible for 
it) polymorphic. It would be wrong, 
however; to think that the other two of 
the three enzymes are invariant from one 
individual to another. If one analyzes a 
sample that includes many more than 
100 individuals, one finds electrophoret
ically different forms of nearly every pro
tein studied. 

Exactly what these differences mean is 
far from clear. In many cases there is lit
tle evidence that an individual finds it an 
advantage or a disadvantage to possess a 
protein in form A rather than in form B 
or C. There are usually subtle differences 
in the activity of each form, but all of 
them are well tolerated by their carriers. 
As far as we can tell, it often does not 
seem to matter which form of a poly
morphic enzyme we carry, except per
haps in special circumstances. Of course, 
the differences may seem trivial to us 
only because we do not know enough 
about them. For example, we know what 
function a particular enzyme performs 
because we identify an enzyme on the 
basis of which compounds it transforms 
into which other compounds. The pre
cise importance to the economy of the or
ganism of a specific enzyme, or of small 
differences in the activities of two slight
ly different forms of an enzyme, may 
nonetheless escape us. 

In summary, then, electrophoresis 
analyses have shown that there is an ex
traordinary diversity among individuals 
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at the biochemical level, that the diver
sity is genetic in origin and that it must 
therefore be due to differences in the 
DNA. We can also estimate what the ex
tent of the differences can be. We get 
roughly half of our DNA from our father 
and half from our mother. Let us limit 
our estimate of differences to the DNA 
obtained from one parent only. (Apart 
from the DNA of the sex chromosomes, 
which accounts for about 5 percent of 
the total, the DNA received from the fa
ther is quite similar to that received from 
the mother.) If we can count the differ
ences between the father's DNA and the 
mother's, we shall have some basis for 
calculating the differences that exist 
within populations. On the assumption 
that the differences counted for enzyme
producing genes can be extrapolated to 
the rest of the genes, the DNA of pater
nal origin in an average individual dif
fers from the DNA of maternal origin by 
some 200,000 nucleotide pairs. Com
pared with the total DNA contribution 
from each parent, which is about five 
billion nucleotide pairs, a mere 200,000 
differences may seem few. In absolute 
value, however, they are many: they are 
some 1 percent of the nucleotide-pair 
differences that separate man from his 
closest zoological relatives, the chimpan
zee and the gorilla. 

The original source of all the differ
ences between two individuals is the 

phenomenon we call mutation. When 
new DNA is formed by the replication of 
existing DNA, errors can occur. Usually 
such errors involve the substitution of 
one nucleotide pair for another, but 
sometimes more drastic changes, involv
ing a cluster of nucleotide pairs or even 
entire chromosomes with their millions 
of nucleotide pairs, take place. Muta
tions are rare events; this is fortunate be
cause a mutation that changes the func
tioning of even a single gene in a com
plex organism can jeopardize the life of 
the organism just as a clogged carburetor 
or an interrupted electric circuit is 
enough to stop an automobile. The rate 
at which mutations take place is of such 
a low order of magnitude that any indi
vidual carries only perhaps 10 to 100 nu
cleotide pairs, different from those pres
ent in his parents, that can be attributed 
to the mutation process. How, then, have 
we accumulated hundreds of thousands 
of changes? 

Let us trace the history of a human 
mutation that has just arisen. There are 
three immediate possibilities: the change 
will affect the individual carrying it in a 
negative way, in a positive way or not at 
all. If the influence is negative, the carri-

S GENE FREQUENCY 
(PERCENT) 

00-2.5 
02.5-5.0 
0 5.0-7.5 
07.5-10.0 
_ 10.0-12.5 
_>12.5 

SICKLE-CELL GENE is commonest in populations of tropical Africa; in Zaire, for exam

ple, the S gene frequency is about 18 percent, which means that some 30 percent of the pop

ulation carry the AS trait. The sickle-cell gene is also found in the Mediterranean, particu

larly in Greece and Turkey, in northwestern Africa, southern Arabia, Pakistan, India and 

Bangladesh_ Individuals who carry the AS trait are more resistant to malaria than others. 

o 

(j 

MALIGNANT MALARIAS caused by the parasite Plasmodium falciparum were common 

in the 1920's in the parts of Old World indicated on this map; data are from M _  F. Boyd. 

Overlap with sickle·cell gene distribution is extensive, as seen in illustration at top of page. 
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a NUMBER OF PAIR DIFFERENCES 

DUE TO MUTATION 

b NUMBER OF PAIR DIFFERENCES 
BETWEEN MEMBERS OF SAME GROUP 

C NUMBER OF PAIR DIFFERENCES 

BETWEEN DIFFERENT GROUPS 

d NUMBER OF PAIR DIFFERENCES 

BETWEEN MAN AND CHIMPANZEE 

e NUCLEOTIDE PAIRS 

CONTRIBUTED BY ONE PARENT 

NUMBERS OF GENETIC DIFFERENCES that are estimated to 

exist between individuals who are more and more distantly reo 

lated are plotted on a logarithmic scale in this graph. The data 

used are the number of differences in the nucleotide pairs of the 

DNA that encodes proteins; these differences are observable as 

amino acid substitutions in the proteins. The observed number is 

then extrapolated to estimate the total number of nucleotide.pair 

differences. For comparison purposes the size of the haploid 

genome, that is, the number of nucleotide pairs contributed to an 

offspring by one parent only, is shown at the bottom of the graph. 

er of the mutation may even die before 
having a chance to reproduce; then the 
mutation is lost. It will not be found in 
later generations unless it reoccurs spon
taneously. If the mutation has no dis
cernible effect on the carrier, then its 
reappearance in future generations is en
tirely a matter of chance. That is because 
the carrier may die before reproducing 
or may have no children or, even if he or 
she has children, may not pass the muta
tion to any of them. The probability that 
the mutation will be passed to any one 
child is only 50: 50, so that it is possible, 
even if there are several children, that 
none of them will carry the mutated 
gene. 

The outcome in both cases is the loss 
of the new mutation; that is what hap
pens in about a third of all mutations. 
For another third or so there will be one 
descendant of the original carrier who 
will carry the new gene, which can then 
be passed on to further progeny. For the 
remaining third there will be more than 
one carrier among the progeny: two, 
three, four or more. Then the gene, en
tirely by chance, will have increased in 
relative frequency. Although the muta
tion started as a single copy, there are 
now several copies of it in the popula
tion. 

This increase by chance can repeat it
self until, after a large number of gener
ations, the original mutant gene will be 
found in a great many individuals of a 
population. It can even happen, again al
ways by chance, that all the individuals 
in a population will eventually carry the 
mutant gene that arose many genera-
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tions earlier in a single individual. The 
chances of this happening are small, but 
they are greater than zero. Since muta
tions occur continuously in every new in
dividual, this chance mechanism, known 
technically as random genetic drift, can 
contribute to the differences that we ob
serve among individuals of a population 
or between populations [see bottom il
lustration on page 86]. 

What about the remaining possibility, 
a mutation that is advantageous to the 
carrier? This is the most interesting of 
the three possibilities because it allows 
an advance in what may be called a ge
netic adaptation to the environment. 
When a mutation confers some advan
tage on its carrier, the carrier may have a 
better chance than others to have prog
eny and thereby to pass on the advanta
geous mutation. This, of course, is the 
well-known phenomenon of natural se
lection. Chance will still play a role: even 
an advantageous mutation may disap
pear from a population as a result of ran
dom processes. On the average, howev
er, an advantageous mutated gene will 
become more prevalent in a population 
and will eventually supplant the original 
gene. 

Perhaps the most intensively studied 
example of this process is the mutation 
that gives rise to the sickle-cell trait. The 
mutation responsible for the sickle-cell 
trait results in three different genetic 
types of individuals. They are labeled 
AA, AS and SS. The AA type is normal. 
The AS type has the sickle-cell trait, 
which can be distinguished by labora
tory tests, but enjoys essentially normal 

health. The SS type has the hereditary 
disease called sickle-cell anemia. 

It happens that in an environment 
where malaria is prevalent the genetic 
type AS has a distinct advantage over the 
type AA, because AS individuals have a 
10 to 15 percent better chance of surviv
ing invasion by the most dangerous of 
the malarial parasites: Plasmodium falci
parum. The total number of AS types 
will therefore tend to increase in propor
tion to the other genetic types in the pop
ulation by the process of natural selec
tion. We can follow the entire process 
mathematically starting from one AS in
dividual who arose by mutation in a pop
ulation consisting only of type AA. At 
the start, and for many generations 
thereafter, only AS and AA individuals 
will be found in the population. The AS 
individuals will increase with respect to 
the AA ones because of their greater re
sistance to malaria. Later on, however, 
SS individuals will also appear. Unlike 
AS and AA individuals they are subject 
to sickle-cell anemia whether malaria is 
present or not. The SS individuals have 
only a poor chance (between 20 and 40 
percent) of surviving long enough to 
have children. 

W ith respect to the gene that gives 
rise to the sickle-cell trait, then, nat

ural selection cannot accomplish what 
would seem to be (and usually is) the 
natural outcome of the process: the re
placement of gene A by gene S. The rea
son is the poor viability of SS individuals. 
Their high mortality acts as a brake, and 
the more AS individuals there are, the 
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NA NUCLEOTIDE-PAIR DIFFERENCES 
It is about five billion (e) _ The smallest number of differences, per

haps as few as 10 (a), is the number that arises in the haploid ge

nome because of random mutation in one generation_ A much 

larger number of differences, half a million or more (b), exists 

between the haploid genomes of two randomly chosen members 

of a single ethnic group. The number is not greatly increased when 

the randomly chosen individuals belong to different major divi. 

sions of the human population, such as Caucasian and Oriental (c). 
Differences between man and his near relative the chimpanzee 

number in the millions (d). The figures are approximations only. 

more 55 individuals will be born and the 
more effective the brake is_ Eventually 
an equilibrium is reached that is affected 
by the environmental incidence of ma
laria_ When malaria is prevalent, as 
many as 30 percent of all individuals in 
the population can be of the A5 type; at 
this level the frequency of 55 individuals 
is just above 2 percent. The process 
comes close to equilibrium within 2,000 
years or so. In biological terms that is a 
rapid process; the human species rarely 
experiences natural selection at this level 
of intensity. 

Other kinds of genetic adaptation to 
malaria, involving other genes, have also 
occurred. Thalassemia and the disease 
resulting from a defect in the enzyme 
glucose-6 phosphate dehydrogenase are 
well-known examples that involve simi
lar selection intensities. Still other genet
ic adaptations, although they are less 
well known, are believed to involve low
er selection intensities. Many of them, 
however, are not barred from proceeding 
to completion by the mischance, encoun
tered with sickle-cell anemia, that makes 
the 55 individual the victim of a gener
ally fatal disease. If this were not so, 
the population that harbors the 5 gene 
would in the end consist entirely of 55 
individuals. 

The sickle-cell trait thus provides an 
example of how swiftly genetic changes 
can occur in a population. In almost all 
other cases the process is much slower. 
The differences we find between individ
uals is evidence that the process whereby 
one gene is substituted for another is an 
ongoing one. Many of these processes are 

clearly under way simultaneously; that 
is why we are able to count so many dif
ferences between two individuals. Some 
of the processes-an unknown number
may have reached the level of equilibri
um we have noted with respect to sickle
cell anemia in the presence of malaria, 
namely that both gene A and gene 5 co
exist in the population in a ratio that 
does not change any further, once equi
librium is reached, unless the environ
ment also changes. This change in the 
environment has in fact begun to materi
alize. The incidence of sickle-cell anemia 
among blacks who have now lived for 
200 or 300 years in the relatively ma
laria-free environments of the U. S. is 
only 25 percent of the incidence among 
equivalent populations in malarial Af
rica. 

Many other mutant genes are similarly 
not at equilibrium, and their prevalence 
will change substantially with time. If 
we could visit the earth 10,000 years 
from now, we might find substantial 
changes in the comparative frequencies 
of all gene types. Some of these gene fre
quencies may change with the passage of 
time because one form of a gene has an 
advantage over another, and its frequen
cy will tend to increase. With other genes 
the changes can proceed randomly. As 
mutations keep pouring in at every gen
eration there is a constant state of flux. 

I-I0w do such processes bear on the 
genetics of race? When we look at 

the main divisions of mankind, we find 
many differences that are visible to the 
unaided eye. It is not hard to assess 

the origin of an individual with respect 
to the major racial subdivisions: the 
straight-haired, tan Orientals, the wiry
haired, dark Africans and the lank
haired, pale Caucasians. If we analyze 
our impressions in detail, we find that 
they come down to a few highly visible 
characteristics: the color of the skin, the 
color and form of the hair and the gross 
morphology of the face, the eye folds, 
the nose and the lips. It is highly likely 
that all these differences are determined 
genetically, but they are not determined 
in any simple way. For example, where 
skin color is concerned there are at least 
four gene differences that contribute to 
variations in pigmentation. 

If we return to the mechanisms by 
which differences in genes give rise to 
differences in proteins, we find that dif
ferences in proteins parallel the superfi
cial differences of race only to a limited 
extent. The differences between individ
uals that have been assessed by the ran
dom sampling of enzymes total some 
200,000 for any two Caucasians. Protein 
differences of the same order of magni
tude also exist between two Orientals 
and between two African blacks. If, in 
choosing individuals for comparison, we 
take two Caucasians from the same vil
lage, the nucleotide-pair differences will 
be slightly less; if we take two Cauca
sians from the geographical extremes of 
Europe, they will be slightly more. If we 
compare a Caucasian with a black Af
rican, the differences increase somewhat, 
but not by a great deal. Much the same 
is true if we compare a Caucasian with 
an Oriental. (A black African and an Ori-
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ental may show slightly greater differ
ences.) Race as a factor thus adds re
markably little to the differences we can 
detect between any two individuals. 
Why, then, are there such differences in 
some traits, differences profound enough 
to enable us to diagnose the origin of a 
Caucasian, an Oriental or an Mrican at a 
glance? Which is a better measure of 
difference, the genes that give rise to 
proteins or what we perceive when we 
simply look at a person? 

As we have seen, the genes for en
zymes are similar in different popula
tions. The same seems to be true of all 
the other genes we can analyze, for ex
ample the substances that account for 
the various blood groups: A, B, AB, 0 
and so on. In contrast to this relative uni
formity it seems likely that the genes that 
determine the color of the skin, the color 
and form of the hair and the morphology 
of facial characteristics are atypical in 
being much more diversiRed. How did 
such differences arise? Our best answer 
to the question is embarrassingly vague. 
For example, we are prepared on a com
monsense basis to accept the notion that 
a darker skin is advantageous in the 
Tropics: it is less subject to sunburn. 
Why, however, do Caucasians have a 
light-colored skin? An answer has been 
suggested by W, F. Loomis of Brandeis 
University, and it is somewhat unex
pected. His hypothesis is that at latitudes 
where solar radiation is not particularly 
intense the skin must be light in color if 
ultraviolet radiation is to penetrate it 
and produce enough vitamin D. An ade
quate supply of vitamin D is critical for 
growth; if it is not obtained directly 
through the diet (and it rarely is), it must 
be formed from precursors in the diet. 
Ultraviolet radiation is necessary to ef
fect the transformation. 

Several details of the Loomis hypoth
esis are open to criticism, but its general 
conclusion has not been refuted. Archae
ology may provide substantiation; if 
there was a shortage of vitamin D among 
early Europeans, one should be able to 
see the effects in the form of rickets in 
skeletons, I have calculated that several 
hundred skeletons from suitable popu
lations would need to be observed in or
der to test the Loomis hypothesis; so far 
only a small number of skeletons have 
been examined. The diet of the Neolithic 
Europeans who may have been the di
rect ancestors of to day's Caucasians Rts 
well, however, with the vitamin D hy
pothesis of skin-color selection pressure. 
These people were cereal-eaters and, 
unlike the earlier inhabitants of Europe, 
did not consume much animal protein. 
Cereals contain the precursors of vita-
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min D but not the vitamin itself, so that 
a need for ultraviolet radiation would 
have existed. At the time of the Indus
trial Revolution in England, when farm
ing folk moved to the cities and lived in 
dark slums, rickets became a very com
mon disease. Even the English were not 
sufficiently light-skinned when the usual 
quota of ultraviolet radiation was re
duced. Hygienists of the period soon 
learned that exposure to the sun was all 
that was needed to prevent rickets. 

Whatever role the vitamin-D need 
may have played in Caucasian skin col
or, it is likely that variations in skin color 
generally express genetic adaptation to 
climate. Hair form and such ranges of 
facial traits as a large nose as opposed 
to a small one or a narrow eye opening 
as opposed to a wide one may also rep
resent adaptations to different climatic 
conditions. Body size too seems to be re
lated to climate. It is always possible, of 
course, that sexual selection-the "tastes" 
of our ancestors-also played a part in 
shaping us one way or another. Climat
ic adaptation nonetheless makes sense, 
even if its role in selection pressure is far 
from being rigorously proved. 

If this assumption is correct, we have 
a good explanation of why some differ
ences among races are so large and oth
ers are so small. The differences we see 
when we look at people are genuinely 
superficial; the interface between the 
body and the environment, particularly 
the climatic dimension of the environ
ment, is the body surface. It is therefore 
no wonder that the interface has been 
changed by natural selection to fit the 
environment to a far greater extent than 
the rest of our genes have. 

1"he key prerequisite for the differen-
tiation of any animal population into 

races is some kind of separation of 
groups that prevents interbreeding. In 
man's development separation must 
have been achieved mainly by geogra
phy. Today geographic separation has 
largely broken down, but even in pre
historic times there was considerable 
movement. An outstanding example is 
the migration from Asia to the Western 
Hemisphere across the Bering Strait 
land bridge roughly between 50,000 and 
12,000 years ago. 

Geographic distance favors local dif
ferentiation even where there are no ma
jor barriers to movement. Unless there 
are strict barriers of some kind, how
ever, the differences are not sharp but 
gradual, continuous rather than discon
tinuous. This kind of gradation is char
acteristic of most human racial differ
entiation. When on occasion geological 
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events created insuperable barriers, hu
man genetic differentiation was intensi
fied. This is what happened, for ex
ample, when communication between. 
southeastern Asia and Australia and be
tween northeastern Asia and the New 
World was reduced or totally inhibited 
by an increase in sea level some 12,000 
years ago. 

It is possible to reconstruct in the 
form of a tree some of the history of the 
genetic differences generated in this 
way. The reconstruction assumes a fair
ly sharp separation between an original 
group and a group that moved away, a 
separation distinct enough to prevent 
any (or almost any) contact between the 
descendants of the two groups. The fact 
that the migrations may have taken 

place over long periods presents no ma
jor difficulty. Later migrations and ex
changes may blur the picture, but they 
do not necessarily erase it. 

Can one use the genetic data obtained 
from present human racial groups to re
construct the history of these past sepa
rations? More than 10 years ago I under
took such an effort in collaboration with 
Anthony Edwards. We made use of the 
available genetic data on a sample of 
populations representing the aboriginal 
inhabitants of five continents. The data 
covered 15 different genes. With the 
accumulation of information on more 
genes, it became possible to repeat the 
reconstruction with a larger data base. 
Recently, in collaboration with A. Piaz
za, L. Sgaramella-Zonta and P. Gluck-

man, I have analyzed the data for 58 
genes. The result is in remarkable agree
ment with the earlier one [see top illus
tration on preceding page]. 

The analysis has also made it possible 
to better understand the origins of many 
populations, such as the Lapps and the 
Ainu of Japan. The position of both 
groups has been a matter of controversy. 
We find, however, that the Ainu cannot 
be genetically distinguished from other 
Orientals and that the Lapps are essen
tially main-stem Caucasians. 

It would be desirable to add time es
timates to the tree to indicate the ap
proximate dates when the separations 
took place. In some instances, for ex
ample the occupation of Australia or of 
the Americas, approximate dates are 
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SPREAD OF FARMING across Europe from nuclear areas where 

agriculture was known more than 9,000 years ago is traced on this 

computer·generated map. Data are carbon·14 age determinations 

from some 90 early Neolithic sites, collated by the author and 

Albert J. Ammerman. The map was produced at the IBM Research 

Laboratory in San Jose, Calif., with Donald E. Schreiber's program 

for analysis and display of such data. The rate of spread proves 

to be about one kilometer per year. If, as is probable, not only 
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known. In other instances the estimates 
depend on the constancy of evolution
ary rates, and as the tree shows such 
constancy has not been the case. Cau
casians and some Orientals apparently 
have evolved rather slowly; both groups 
exhibit shorter branches than Africans. 
Even though about the same amount of 
time has elapsed since these groups sep
arated, the amounts of genetic change 
in them are vastly different. One possi
ble reason for these differences will be 
examined below. 

Perhaps the most interesting estimate 
to be obtained in this way is the one re
ferring to the time of the original split, 
the oldest separation in the tree. Allow
ing for the sources of uncertainty I have 
mentioned, the time can be given, with 

¥ BEFORE 9000 B. P. 
[l] 8500 TO 9000 B. P. 
C) 8000 TO 8500 B. P. 
Z 7500 TO 8000 B. P. 
P: 7000 TO 7500 B. P. 
<:> 6500 TO 7000 B. P. 
6 6000 TO 6500 B.P. 
� 5500 TO 6000 B.P. 
X 5000 TO 5500 B. P. 

.,-.......... ...--\ 
/./1 \ ____ _ ------

Near Eastern farming but also Near Eastern 

farmers entered Europe, it could explain 

why modern Europeans are genetically in. 

termediate between Africans and Orientals. 

reservations, as being approximately 
35,000 to 40,000 years ago. It is encour· 
aging to note that the oldest-known fos
sil remains that are classified as Homo 
sapiens sapiens, that is, modern man in 
the strict sense, are between 40,000 and 
60,000 years old. Thus two independent 
estimates are compatible and indicate 
that the differentiation among races be
gan not long after the appearance of 
modern man. 

The simplest interpretation of these 
conclusions today would envision a rela
tively small group starting to spread not 
long after modern man appeared. With 
the spreading, groups became separated 
and isolated. Racial differentiation fol
lowed. Fifty thousand years or so is a 
short time in evolutionary terms, and 
this may help to explain why, genetically 
speaking, human races show relatively 
small differences. Future discoveries 
may of course alter these conclusions. It 
should also be noted that there are fos
sils of manlike primates that are a great 
deal more than 60,000 years old. Indeed, 
some of these fossils may be three mil
lion years old. All of them, however, are 
quite distinct from the fossils of modern 
man. 

I t is interesting to pursue the genetic 
details of one of these differentiations, 

even though it is a comparatively recent 
one. One of modern man's most impor
tant technological innovations, the do
mestication of plants and animals, was 
achieved in various relatively restricted 
areas of the earth; the domestications 
were probably independent of one an
other. Of no less than three such nuclear 
areas, the best-known is the Near East, 
where the domestication of wheat, bar
ley and other cereals and of cattle, sheep, 
goats and pigs began some 10,000 years 
ago. 

With my colleague Albert J. Ammer
man, an archaeologist now working at 
Stanford University, I have plotted the 
carbon-l4 dates for the oldest remains 
of domesticated plants in Europe; this is 
an area where carbon-14 determinations 
are not only abundant but also reliable. 
The spread is rather regular and rela
tively slow [see illustration at left]. The 
average rate of spread is about one kil
ometer per year. We have asked the 
question: Did the new technology 
spread, or was it the people of the nu
clear areas who spread, bringing their 
technology with them? One consequence 
of the introduction of agriculture, of 
course, is an increase in the number of 
people who can live in a given area. 
Such an increase in population is often 

accompanied by a wave of expansion. 
Early farming was in itself a shifting 

type of agriculture that required fre
quent movement from old fields to new 
ones. Furthermore, the transition from a 
hunting and gathering economy to an 
agricultural economy is a radical one. 
Little is known about how many people 
inhabited Europe just before the arrival 
of farming, but what data there are sug
gest a low population density. Therefore 
it is not very likely that the new tech
nology alone spread across Europe. 

There is no clear evidence, either ar
chaeological or genetic, opposing the 
hypothesis that it was the farmers of the 
nuclear area themselves who spread to 
Europe, not to mention in other direc
tions. Further analysis is needed, but the 
hypothesis seems a useful one. On this 
basis the Caucasians could be mostly the 
descendants of farmers from the Near 
East, although it is clear that they would 
also have mixed with the indigenous in
habitants of Europe. This could account 
for the fact that Caucasians are genet
ically somewhat intermediate between 
Africans and Orientals; if the Near East 
was their center of origin, they began as 
a group geographically intermediate be
tween Africans and Asians. Their admix
ture with local elements during their 
subsequent spread (together with other 
factors, some of them linked to the in
crease in numbers following the adop
tion of agriculture) can also help to ex
plain the apparent lower rate of genetic 
change among Caucasians. 

It is worth noting that the study of 
single genes is probably more useful for 
reconstructing a common ancestry than 
the study of superficial traits or of bone 
shape and size, which are probably the 
effects of many genes and are subject to 
short-term environmental effects. This 
limitation is not widely realized and has 
been the source of some misunderstand
ing. Moreover, even some single genes 
are less useful than others for recon
structing the history of the human pop
ulation. For example, genes that are 
rapidly selected under specific environ
mental conditions, such as the sickle-cell 
gene, may be providing us with mislead
ing information. The fact is that we do 
not know enough about how natural se
lection affects most of the genes we 
study. If we knew more, we would 
choose those genes that show fewer (or 
less systematic) effects from natural se
lection and have differentiated in a more 
random fashion. Strange as it may seem, 
chance-determined effects are the ones 
most useful for reconstructing the ge
netic history of the human population. 

89 
© 1974 SCIENTIFIC AMERICAN, INC



Somebody has to 
provide the technology 
before life gets safer 

90 

Safer from killer storms. 
You're looking at a tropical storm 
south of the Baj a Peninsula from an 
altitude of 450 miles. The left pic
ture, from a 2-mile resolution infra
red sensor, shows temperature of 
the scene. The right picture, ob
tained simultaneously with the same 
resolution, shows reflected visual 
light. The combined information 

from both pictures gives the type, 
height, and vertical contour of the 
clouds. This Westinghouse multi
sensor system also includes a low 
light-level sensor that sees under 
moonlight conditions. Now, un
equaled pictures of the earth give 
better warning of hurricanes, tor
nadoes, heavy rains and snows
even fog. 
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�Safer from saboteurs and vandals. 
Our integrated security systems are 
designed to protect key facilities 
and valuable assets against theft, 
fire, and malicious destruction. They 
combine perimeter and internal in
trusion detection, with surveillance 
cameras that "see in the dark." We 
tie these systems together through a 
centralized command and control 
center. We install and service equip
ment, and train your employees, too. 

"'Safer in the air. 
We're building some of the world's 
most advanced air traffic control 
equipment. Westinghouse provides 
display equipment, surveillance ra
dars, instrument landing systems, 
and beacons for use throughout the 
Federal Aviation Administration's 
control network. This technology, 
coupled with skilled air traffic con
trollers, makes your flight safer from 
takeoff to touchdown. 

You can be sure if it's Westinghouse. 
For our brochure, write Marketing 
Manager, Defense, Westinghouse 
Electric Corporation, Pittsburgh, 
Pennsylvania 15222. 

w Westingilouse 
helps make it happen 
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The Migrations of Human Populations 
Ancient migrations carried man to ahnost every corner of the earth; 

modern ones are an ebb and flow that results from technological and 
economic inequality. The migrations of today are the la rgest of all 

Human beings have always been 
migratory. Sometime between 
100,000 and 400,000 years ago 

man's predecessor Homo erectus had 
spread from China and Java to Britain 
and southern Africa. Later, Neanderthal 
types spanned Europe, North Africa and 
the Near East; modern Homo sapiens, 
originating probably in Africa, reached 
Sarawak at least 40,000 years ago, Aus
tralia some 30,000 years ago and North 
and South America more than 20,000 
years ago. Excluding Antarctica, Paleo
lithic man made his way to every major 
part of the globe. Except for species de
pendent on him, he achieved a wider 
distribution than any other terrestrial 
animal. 

Since this propensity to migrate has 
persisted in every epoch, its explanation 
requires a theory independent of any 

by Kingsley Davis 

particular epoch. My own view is that 
the abiding cause is the same trait that 
explains man's uniqueness in many oth
er ways: his sociocultural mode of adap
tation. As culture advanced and diversi
fied, a profound and distinctly human 
stimulus to migration developed, name
ly technological inequality between one 
territorial group and another. At the 
same time the possibility of migration 
was increased by man's capacity to ad
just culturally to new environments with
out the slow process of organic evolution. 

Although the particular conditions of 
each epoch shaped migration, the under
lying cause remained the same. Paleo
lithic man, for example,  was a hunter 
and gatherer who naturally followed his 
prey and forage. Urging him on was the 
contrast between exploited territory and 
virgin territory. This tendency, inherent 

LONE DOG'S "WINTER COUNT," a pictographic historical chart painted a century ago 
on the inside of a buffalo robe (opposite page), chronicles 7 1  turbulent years in the migra
tory life of the Yankton tribe of the Dakota, or Sioux, Indians. The chart, in which each 
successive year (or winter, as the Plains Indians counted) is represented by a symbol recall
ing some memorable event of that interval, is dominated by encounters between the 
Dakotas, themselves comparative newcomers to the northern Great Plains, and other 
westward-migrating people, both Indian and white. This particular specimen, part of the 
Heye Foundation collection at the Museum of the American Indian in New York, is a copy 
made by the Indians for their own use from the original chart by Lone Dog, the Yankton 
whose task it was to record the years from the winter of 1800-1801 to that of 1870-187 1  (or, 
according to the Dakota system, from the "Crow killed 30 Sioux" winter to the "Crow war
party surrounded and killed" winter). The record begins near the center of the robe and 
spirals outward in a counterclockwise fashion. The first symbol, for the winter of 1800-1801, 
consists of 30 black lines (representing the Sioux dead) arrayed in three rows of 10 lines 
each, the outside lines being joined. The last symbol, for the winter of 1870-1871, consists 
of a large circle (a fort) that encloses a number of smaller arcs (the Crow dead) and is in 
turn surrounded by figures representing the attacking Sioux; the short streaks radiating to 
and from the enclosure denote bullets and mark the first time on the Dakota charts that In
dians are shown using firearms in battle. Other noteworthy events depicted include the out
break of various diseases among the Indians (smallpox in 1801-1802, whooping cough in 
1813-1814, cholera or measles in 1818-1819); the first appearance in their region of horses 
wearing shoes (1802-1803), of trading posts ( 1817-18 18, 1819-1820, 1822- 1823), of Spanish 
blankets ( 1853-1854) and of beef cattle from Texas (1868-1869). Celestial events recorded 
include a single bright meteor ( 182 1-1822), a meteor shower (1833-1834) and an eclipse of 
the sun (1869-1870). The symbolism of the entire chart was interpreted by Col. Garrick 
Mallery in the Fourth Annual Report of the Bureau of American Ethnology ( 1882-1883). 

in any predatory animal, was augmented 
by the unique advantages his technology 
gave him in hunting itself and in adapt
ing to environments into which his prey 
took him. With weapons and coopera
tion he could quickly skim the big game 
from an area and move on, and with fire, 
skins, shelters and tools he could adjust 
readily to the new climatic and dietary 
conditions he encountered. Soon, how
ever, most areas (and eventually all of 
them) would be skimmed and occupied 
by humans . The thrill and above all the 
advantage of moving into an empty land 
would be gone; instead migration would 
involve confrontation between newcom
ers and earlier inhabitants . At that point 
the difference in technology between one 
group and another would replace the dif
ference between exploited territory and 
virgin territory as the stimulus to migra
tion. Men with superior techniques could 
invade and use more fully an area occu
pied by others . 

Whatever the specific factors, the 
worldwide dispersion of Paleolithic 

man had significant consequences. By 
enlarging the resource base it enabled 
the human population to expand to a size 
otherwise impossible. Men remained 
sparse, to be sure, but they roamed ev
erywhere. Migration also stimulated so
ciocultural evolution both by making en
vironmental adjustments necessary and 
by diffusing innovations. Finally, since 
migration also involved interbreeding, it 
caused man, in spite of his worldwide 
dispersion and his adaptation to diverse 
environments, to remain a single species. 

Offhand one might think that the com
ing of agriculture and animal husbandry 
some 10,000 to 12,000 years ago would 
have reduced migration by making peo
ple "sedentary." The evidence is to the 
contrary. Not only did some Neolithic 
practices, such as slash-and-burn agri-
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culture and nomadic pastoralism, neces
sitate movement through a sizable ter
ritory but also the Neolithic transition 
as a whole created a gulf between peo
ples who had made the transition and 
those who had not. Furthermore, the 
Neolithic complex did not arise fully de
veloped anywhere, nor did it ever cease 
developing; rather, technological im
provements in production, weaponry 
and transport kept appearing, and that 
created inequality and hence migratory 
potential between one territory and an
other. Pastoralists or shifting cultivators 
could evict hunters and gatherers, be
cause hunters and gatherers required 
more land per man and therefore could 
mobilize less manpower at any one spot. 
For the same reason permanent cultiva
tors could evict migratory cultivators 
and herders, but they might be evicted 
in turn by pastoralists with superior 
weapons and greater mobility. 

S tuart Piggott of the University of 
Edinburgh describes the process of do
mestication (sheep and goats) and agri
culture (barley and wheat) starting in 
the Near East about 1 1 ,000 years ago 
and gradually spreading across Europe 
as the climate modified. "By 2500 B.C.," 

he writes, "stone-using peasant econo
mies had been established over the 
whole of Europe, side by side with 

[hunters and fishermen]." This wave of 
change was still in progress in Europe 
long after a new one had begun, start
ing with the smelting of copper in the 
Near East about 3000 B.C. The use of 
rare metals set afoot a perennial search 
for natural deposits and created routes 
between mines and trading centers. In 
Spain metalworking enclaves, apparent
ly manned by foreigners, were estab
lished as early as 2500 B.C. The Near 
Eastern centers where the metals accu
mulated, however, became the foci of 
invasions by "barbarians." About 2200 
B.C., according to Piggott, hundreds of 
sites in Palestine, Anatolia and Greece 
were sacked and pillaged. Among the 
invaders were Indo-European speakers 
originating somewhere northeast of the 
Black Sea. As Hittites they reached An
atolia by 2000 B.C., and as Aryans they 
reached India by 1500 B.C. They pushed 
into the Balkans and even into northern 
and central Europe. 

Other migration streams moved in a 
west-east direction. There is the famous 
case of the bell-beaker potters, who, 
starting before 2000 B.C. from coastal 
settlements in Portugal, journeyed north 
and east, carrying not only their metal
lurgy in copper and gold but also their 
highly standardized pottery-so stan
dardized that, as Piggott notes, "bell-

EXTENSIVE CHARACTER of prehistoric migrations is evident from this map, which 
shows the generalized distribution and movements of the bell-beaker potters, who, starting 
from coastal enclaves in Portugal, established settlements in many parts of Europe about 
2000 B.C. Colored and gray areas on the map represent four different subgroups of bell-beak
er culture. The map is based on the work of Stuart Piggott of the University of Edinburgh. 
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beakers made in Britain or Bohemia 
might almost be mistaken for those of 
Spanish manufacture." Bell-beaker set
tlements were established in many parts 
of Europe, as far away as the River Vis
tula [see illustration on this page]. In 
contrast to other Europeans at the time, 
the bell-beaker people were round-head
ed and strongly built. 

Somewhat later than in Europe peo
ple of Neolithic culture (Melanesians 
and Polynesians) settled the tiny islands 
of the vast Pacific. By the fourth century 
even Easter Island, the world's most iso
lated piece of land, some 1 ,200 miles 
from the nearest inhabitable spot, was 
reached. The lateness of settlement in 
the Pacific islands suggests that great 
stretches of water were the main barrier 
to migration. Long before those islands 
were settled man had reached and had 
traveled throughout the Americas, where 
he evolved new Neolithic cultures. 

W ith the rise of town-based and qua
si-literate civilizations new kinds of 

inequality between one territory and an
other arose, generating migration. The 
civilized centers operated as magnets, 
drawing both peasants and artisans from 
the immediate hinterland and barbarians 
from beyond. The barbarians frequently 
came not as peaceful newcomers but as 
marauders or invaders. In eastern Eu
rope and central Asia the vast steppes 
evidently allowed pastoralism and an in
crease in population but not much agri
culture. From this region nomads (the 
word is Greek for pasturing) began their 
invasions, each tribe pushing the one be
fore it. 'When the tribesmen learned to 
ride horses, by at least 1500 B.C., their 
rapid movement made possible the cre
ation of empires stretching for thousands 
of miles, Each wave tended eventually 
to become sedentary itself, a target for a 
fresh wave of nomadic invaders. 

The list of invaders from central Asia 
is bewildering. Among the best-remem
bered are the Hittites, who reached the 
Anatolian plateau by 2000 B,C" were 
masters of iron metallurgy by 1500 B,C. 
and succumbed to the Phrygians and 
others about 1200 B,C,; the Scythians, 
who drove and followed the Cimmerians 
into central Europe and raided Egypt in 
611 B.C.; the Huns, who emerged in 
Mongolia and from the second century 
B,C. were the scourge of China and 
moved steadily westward, reaching the 
Volga around A,D. 250, Gaul and Italy 
the following century, and stopping in 
453 with the death of Attila. The Roman 
Empire was finally subjugated by two 
sets of nomadic invaders: those from 
eastern Europe and central Asia (Goths, 
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Vandals, Alani, Franks and Burgundi
ans) and those from the Arabian penin
sula. The latter expanded rapidly after 
A.D. 630, until by 750 the Islamic world 
extended from Spain to the Punjab. 
Much of the expansion was accom
plished not by Arabs, however, but by 
nomads from central Asia. The Seljuk 
Turks, forced out by the resurgent Chi
nese of the Sung dynasty, overran Persia, 
Armenia, Anatolia and Syria in the 11th 
century. Two centuries later Mongol 
tribes under Genghis Khan conquered 
northern China, eastern Turkestan, Af
ghanistan, Persia, Russia, a large part of 
eastern Europe, Asia Minor, Mesopo
tamia, Syria and finally southern China. 
As a result the Ottoman Turks were 
pushed into Asia Minor in the 14th cen
tury and then to the Balkans, culminat
ing with the conquest of Constantinople 
in 1453. The Turks ruled India from the 
1 1th to the 16th century, when the Mo
guls (offshoots of Genghis Khan's peo
ple) took over and ruled until the British 
arrived. 

How much actual migration was in
volved in these conquests it is impossible 
to say, but it was clearly from sparsely 
settled territory to thickly settled and 
from less advanced societies to more ad
vanced. If it had been the only form of 
movement into civilized centers ,  the cen
ters could not have existed. A more nor
mal type was the movement of peasants 
and artisans into the city to sell their 
wares or earn a wage. This, however, did 
not suffice. The rulers and entrepreneurs 
of the civilized world needed manpower 
under direct control, and they took it by 
force, mainly from the barbarian world. 

"The old Sumerian ideograph for 
slave," the historian William Linn Wes
termann wrote, "means 'male of foreign 
land,' indicating that the source of slav
ery was war and its prisoners ." Although 
slavery was not a major institution in 
Egypt, it was indispensable in most of 
the ancient world. At the time of Pericles, 
Athens had between 75,000 and 150,000 
slaves,  representing between 25 and 35 
percent of the population. They were the 
non-Greeks who were captured wherev
er the Athenians were fighting. The 
slaves practiced nearly all occupations; a 
large contingent (approximately 20,000) 
worked in the silver mines at Laureion, 
and a significant number were used in 
handicrafts that gave the city something 
to trade for foodstuffs and materials from 
distant lands. 

In Athens the free immigrants called 
metics, who were permanent residents 
rather than passing traders, may have 
outnumbered the slaves . Most of them 
were Greeks, some being rural-urban mi-
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IMPACT OF EMIGRATION on the population of Ireland since 1851 is exceptional in that 
Ireland was the only European country whose population declined as a result of emigra
tion. Solid black curve shows the actual population of Ireland during this period; broken 
black curve shows the projected population without emigration but witb the birth and 
death rates that actually prevailed. (It seems unlikely, however, that the actual rates would 
have been maintained if there had been no emigration; emigration enabled the country 
to keep its marital fertility higher than that of other northwestern European countries. ) 

grants in the sense familiar today. Count
ing them with the slaves, at least half of 
the population in the time of Pericles 
consisted of migrants. 

Rome was even more dependent on 
slaves than Athens, but the number at 
any one time hardly measures their im
portance, because many were freed. 
Doubtless there would have been more 
free migrants if there had been fewer 
slaves. In Rome, where a single military 
campaign might bring in 50,000 prison
ers, the influx of slaves appears to have 
overshadowed free migration. Tenney 
Frank long ago calculated from inscrip
tions that at least 80 percent of the pop
ulation born in Imperial Rome were of 
slave extraction. Since the Romans, like 
all urban populations until recently, 
failed to replace themselves, the large 
population of Rome (perhaps a million at 
its zenith) was generated entirely by mi
gration, much of it slave. 

A milder form of migration, but still 
one controlled by the civilized centers, 
was colonization. Beginning before 750 
B.C., the Greeks spread settlements from 
Spain to the eastern shore of the Black 
S ea. Whereas the Phoenicians, with the 
exception of Carthage, had founded 

mere trading stations, the Greeks in
stalled full-fledged towns to serve as 
trading centers and to provide oppor
tunities for poor Greek citizens.  With the 
Athenian navy as the link, these towns 
remained attached to Greece and were 
colonies in that sense; instead of expand
ing territorially, however, they remained 
only urban outposts. When Alexander 
tried to settle Greeks in large territories, 
he failed. The Romans came closer to 
reaching Alexander's ideal, because they 
gradually Romanized entire regions of 
Europe, but they did so more by install
ing Roman institutions than by sending 
out Roman settlers . Although adminis
trators and army veterans did go to the 
provinces, the Roman population was 
not large enough to supply many mi
grants. 

Clearly, by the close of the Roman 
Empire virtually all forms of migration 
were known. In all of them an inequality 
between areas led either to voluntary 
movement or to compulsory movement 
controlled by the sending or receiving 
area. The modern age did not so much 
invent new forms of migration as alter 
drastically the means and conditions of 
the old forms. The general cause was 
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still the same: the difference between 
technologically advanced and less ad
vanced. What was new was the depth of 
the difference, its world scope and its 
capacity for change. 

Since Europeans initiated the techno-
logical transformation, the key to 

modern migration is to be found in their 
relation to other peoples. In the 16th and 
17th centuries, for the first time, the 
world as a whole began to be one mi
gratory network dominated by a single 
group of technologically advanced and 
culturally similar states. Largely as a 
result of the European countries' use of 
this network, they eventually were able 
to start the Industrial Revolution and 
thus enormously enhance their world 
dominance. The subsequent spread of 
industrialism to other parts of the world 
made industrialism per se, not European 
culture, the main basis of technological 
inequality. 

How did the Europeans, their armies, 
navies and economies honed by inces
sant warfare among themselves, deal 
with the world they had discovered? 
Their first impulse was to skim the 
cream, to obtain luxuries and precious 
metals by confiscation, all the while pre
venting their European rivals from doing 
the same, but this could not last. Soon 
they followed the ancient world's exam
ple by setting up trading posts and coast
al fortifications, but they needed more 
control over indigenous production and 
therefore claimed entire territories. Their 
handling of each territory depended on 
its climate, accessibility and inhabitants. 
In these terms four types of territory can 
be distinguished. 

The first type, inaccessible and sparse
ly inhabited (such as Tibet, central Af
rica and the eastern Andes) ,  was left in 
abeyance and need not detain us. A sec
ond type, tropical or subtropical, sparse
ly inhabited and accessible by sea, was 
immediately exploited; a third type, also 
accessible and lightly populated but 
temperate, was eventually exploited; a 
fourth type, accessible but thickly pop
ulated, was handled more indirectly. Let 
us discuss the last three types. 

Warm and accessible territories were 
of immense potential value, because 
their products complemented those of 
Europe. When sparsely peopled by ab-

NET MIGRATION RATES per 1,000 popu· 
lation per year are presented in the bar 
charts at left for 12 developed countries in 
the period from 1920 to 1972. The absence 
of bars signifies the nnavailability of data. 
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REVERSAL in the historic tide of migration in the case of a typi
cal European industrial country is seen clearly in this bar chart, 
which records net migration in and out of Sweden since the middle 

of the 19th century_ Before 1930 Sweden was a land of emigra
tion; since then it has been a land of immigration. Other advanced 
European countries have exhibited a similar migratory reversal. 

ongmes, the land required only clear
ing. Hence in the region closest to Eu
rope-the Caribbean and the Gulf of 
Mexico and the warm coasts of North 
and South America-the Europeans un
dertook the production of indigo, rice, 
cotton, spices, sugar, tobacco, coffee, 
tea and other tropical crops. For this 
they needed huge inputs of cheap la
bor, but Europeans themselves were too 
expensive and too ill-adapted to such 
work in a hot climate, and the original 
inhabitants were too few and too re
calcitrant. To obtain the needed labor 
the European managers resorted to the 
same device the Greeks and Romans 
had used: slavery. According to esti
mates recently evaluated and summa
rized by the historian Philip D. Curtin, 
9.6 million slaves were imported into 
slave-using areas between 1451 and 
1870. Since mortality during the voy
ages was great-normally 10 to 25 per
cent for slaves-the total number en
slaved probably exceeded 11 million, 
virtually all from Africa. In distance 
and number this movement transcend
ed any other slave migration in history. 

When slavery was abolished in the 
British Empire in 1833, the British, who 
controlled a large share of the world's 
tropical lands, substituted indentured la
bor, and the Dutch did the same. Instead 
of coming from Africa, however, inden
tured plantation labor came overwhelm
ingly from densely settled areas such as 
southern China, Java and India, which 
not only were closer to new zones of 

plantation agriculture in Malaya, Suma
tra, Burma, Ceylon and Fiji but also 
were societies in which thousands of il
literate and landless workers could be 
induced to risk their fate in unknown 
places. Usually the indentured contract 
guaranteed the return fare after three to 
five years of service, but plantation man
agers often escaped this clause by paying 
a bonus for reenlistment. Migrants com
ing under a short-term kangani agree
ment (group recruitment under a leader, 
a form used for areas near the place of 
origin) were normally free to leave em
ployment after a month if they paid 
back the cost of their journey. In some 
cases labor recruitment, ostensibly by 
contract, was achieved by force. In the 
latter half of the 19th century the prac
tice of kidnapping Melanesians to work 
in Queensland and Fiji was notorious 
under the name of ''blackbirding,'' and 
the impressment of Chinese coolies for 
naval duty gave rise to the verb "shang
hai." Abusive or not, the contract sys
tem fueled plantation agriculture in 
tropical areas around the world. I have 
estimated that 16.8 million Indians left 
India, of whom 4.4 million stayed away 
permanently. It seems probable that sev
eral million Chinese left China and hun
dreds of thousands left Java. Although 
the coolie migration was historically 
brief, its total volume probably exceed
ed that of slave migration. 

The third type of region, usually trop
ical but in any case densely settled and 
civilized (such as China, India, Java and 

Japan), fell either under the direct con
trol of Europeans or under their indirect 
influence. When the Europeans did gain 
control, they tended to set up estate agri
culture in less populated areas, causing 
currents of internal migration similar to 
the international movement of contract 
labor. Europeans themselves did not mi
grate to these countries in any number, 
because they could not compete with the 
natives except as managers and officials, 
and not many of these were needed. The 
maximum number of Europeans ever in 
India was about 200,000 in 19 11, repre
senting one European for every 1,515 
Indians. The centers of population in 
Asia were major exporters of people, not 
importers. 

It  was the fourth type of area, Tem
perate Zone lands with sparse and back
ward native populations, that attracted 
European migrants. These regions, com
prising about a fourth of the earth's in
habitable area, were suited to European 
technology and temperament and of
fered an unparalleled opportunity for 
settlement. At first, however, Europeans 
showed amazingly little interest. Spain 
and Portugal, the earliest colonial pow
ers, deliberately discouraged permanent 
migration. The Dutch and the French 
sent out few settlers. The trouble was 
that Europe's population was growing 
slowly and few people were so poor or 
so persecuted that they wanted to trans
fer to a wild area to live under subsist
ence conditions and battle savages. Such 
places were good for soldiers, criminals, 
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adventurers and derelicts but not for or
dinary citizens. For three centuries only 
a trickle of Europeans s�ttled in these 
territories, and once there they clung to 
the coasts where contact with Europe 
could be maintained. Since the original 
inhabitants were decimated by even 
slight contact, the total population of the 
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Temperate Zone colonies grew slowly, 
more by the natural increase of the Euro
peans already there than by further im
migration. By 1800, almost 200 years 
after the founding of the first permanent 
colony at Jamestown, the white popula
tion of the U. S.  was only 4.3 million. As 
late as 1840, 52 years after the start of 
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CHANGING COMPOSITION OF IMMIGRANTS to the U.S. is evident in these bars, 
which break down the immigration totals for each decade from the 1830's through the 
1960's according to whether the area of origin was northwestern Europe (dark color), the 
rest of Europe (gray) or the rest of the world except Canada (light color). The bars rellect 
how eastern and southern Europe gradually repla�ed northwestern Europe as the main 
source of immigration to the U.S. and how these regions were in turn displaced by Latin 
America and Asia. (Immigrants from Canada are omitted from the chart because a substan· 
tial number of them were not originally Canadians but recent migrants to that country.) 
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the first penal colony in Sydney, there 
were only 190,000 Europeans in Aus
tralia and 2,000 in New Zealand. Simi
larly, Canada, Argentina, Chile and 
South Africa all had few white people 
in the early 19th century. 

O nly with the introduction of a new 
and greater technological gap pro

duced by the Industrial Revolution did 
European emigration take off. Although 
the continent was already crowded, the 
death rate began to drop and the pop
ulation began to expand rapidly. Si
multaneously urbanization, new occupa
tions, financial panics and unrestrained 
competition gave rise to status instability 
on a scale never known before. Many a 
bruised or disappointed European was 
ready to seek his fortune abroad, partic
ularly since the new lands , tamed by the 
pioneers , no longer seemed wild and re
mote but rather like paradises where one 
could own land and start a new life. The 
invention of the steamship (the first one 
crossed the Atlantic in 1827) made the 
decision less irrevocable.  

Little wonder that the great period of 
voluntary overseas European migration 
was from 1840 to 1930, and that the 
mania moved across Europe along with 
industrialism. At least 52 million people 
emigrated during that period. This 
equaled a fifth of the population of Eu
rope at the start and exceeded the num
ber of Europeans already abroad after 
more than three centuries of settlement. 

The prime destination was the near
est Temperate Zone land, North Amer
ica, but the wave spilled over to Aus
tralia, southern South America, southern 
Africa and central Asia. The movement 
fed on itself, not only because the mi
grants wrote back to friends and rela
tives but also because the new lands 
underwent rapid development. They 
turned out crops and products that com
peted with those of Europe, worsening 
the plight of many Europeans and im
proving the prospects for migrants . By 
World War I,  65 years after the big wave 
had started, the New World countries 
already rivaled northwestern Europe 
economically. 

The new lands were so vast that not 
all parts could be settled simultaneously. 
In Russia settlement began beyond the 
Urals, but elsewhere it hit the seacoasts 
first and worked its way inland. The 
moving frontier became a PaIt of life and 
folklore. 

What were the consequences of the 
migrations of slaves, indentured laborers 
and free migrants in the four centuries 
preceding the Great Depression? One 
was a steep rise in world population 
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growth after 1750, because in the re
gions of origin (except in Ireland) the 
migrations did little to damp population 
increase, whereas in the regions of desti
nation, after initial setbacks, they greatly 
stimulated it. The sending areas, by the 
standards of the time, were densely set
tled. Emigration therefore enabled them 
to postpone an inevitable change in birth 
or death rates. Comparative data show 
that in Europe the countries with the 
highest rates of emigration postponed 
longest the reduction in their birth rate. 
France, with little emigration, had the 
lowest birth rate; Ireland and Italy, with 
much emigration, had high birth rates. 
Ireland was the only country whose pop
ulation declined; if it had had no migra
tion but had exhibited the birth and 
death rates that actually existed, its pop
ulation today would be nearly 12 million 
instead of about three million [see illus
tration on page 95]. In Europe as a 
whole emigration did little to hold down 
population growth ; the population rose 
from 194 million in 1840 to 463 million 
in 1930-about double the rate for the 
world as a whole. Emigration had even 
less effect in Asia and Africa. 

In contrast, in the areas of destination 
the effect was electric. Even the primi
tive peoples after initial decimation gen
erally made a strong comeback, and the 
descendants of African, Asian and Euro
pean immigrants multiplied so fast that 
they were widely cited as being an illus
tration of the biological maximum of hu
man increase. The reason for the growth 
was that entire new continents were be
ing transformed overnight from stone
age technology to modern technology. 
This was a much greater transition than 
what was happening in Europe itself; in 
fact, it was the most fantastic jump in 
cultural evolution ever known, and it 
took the lid off population growth. Be
tween 1750 and 1930 the population of 
the main areas of destination increased 
14 times, while the rest of the world in
creased only 2.5 times. 

Another consequence of the migra
tions was a geographic redistribution of 
the world's population. In 1750 the new 
regions, which accounted for half of the 
world's land area, held fewer than 3 per
cent of its people; by 1930 they held 
16 percent. 

At the same time the world's racial 
balance was altered. Certain groups be
came extinct, others disappeared by hy
bridization and still others made great 
gains. Caucasians increased 5.4 times 
between 1750 and 1930, Asians 2.3 
times and blacks less than two times. 

Even more dramatic was the geo
graphic displacement of races. By 1930 
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AGE STRUCTURE of a typical country of emigration (Jamaica) is contrasted with that of 
a typical country of immigration (Argentina). Migrants tend to be in the middle age range. 

approximately a third of all Caucasians 
(and by 1970 more than half) did not 
live in Europe and more than a fifth of 
all blacks did not live in Africa. If all 
Europeans had stayed in Europe and 
had had the same natural increase that 
Europeans exhibited everywhere, there 
would have been 1.08 billion people in 
Europe in 1970 instead of 650 million. 
The earliest immigrants exercised a dis
proportionate influence on subsequent 
racial distribution because their natural 
increase lasted longer than that of later 
immigrants. Although the immigration 
of blacks into the U . S .  was minuscule 
after 1850 compared with European im
migration, they almost held their own by 
sheer excess of births over deaths. Blacks 
represented 15. 7 percent of the Ameri
can population in 1850 and 11.1  percent 
by 1970. 

Although most of the migrations in
volved no drastic shift in climate, some 
of them did. In the U . S .  there are now 11 
million blacks outside the South and 50 
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million whites (mostly northwestern Eu
ropeans) in the South.  In Queensland in 
Australia there are about 1.7 million 
whites and in sultry Panama about half a 
million. 

As a result of the displacement and 
mixing of races there are more racial 
problems in the world today than at any 
time in the past. In nearly all immigrant 
countries, in the Americas, Southeast 
Asia and southern Africa, race is one of 
the most important bases of political di
vision. In some countries particular hy
brids have become separate groups, for 
example the "Coloureds" who comprise 
9.4 percent of the population of South 
Africa and the "Creoles" who make up 
35 percent of the population of Surinam. 
Among immigrant countries Australia 
has been most effective in excluding ra
cial minorities. Australia's freedom from 
racial strife compares with that of Swe
den or Denmark. 

It is often thought that with two world 
wars, a Great Depression and restrictive 
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SEX RATIO in a country of emigration such as Jamaica also tends to be unbalanced, since 
men (particularly young men) participate in international migration more than women. 
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legislation the volume of international 
migration has declined. This illusion ap
pears to be born of the preoccupation 
with free migration from Europe to the 
New World. In 1942 an Australian, 
W. D. Forsyth, pointed out in The Myth 
of Open Spaces that desirable lands 
sparsely occupied by primitives no long
er existed, that Europe's population had 
virtually ceased to grow and that there
fore the traditional flow of migration 
from the Old World to the New World 
was over. He was right, but he did not 
foresee the magnitude of two develop
ments then already under way: the re
birth of forced migration in the world 
and a massive reversal of migration be
tween the developed countries and the 
underdeveloped ones. 

To understand these two develop
ments one must recall the principle that 
migration is generated by significant dif
ferences between one area and another. 
In the 20th century some of these differ
ences have been political and ethnic. 
Two world wars ignited by a nation ob
sessed with the separateness and soli
darity of its own folk were ironically 
ended by a legitimation of that obsession 
for nations in general. Under the Wil
sonian banner of "national self-determi
nation" it was all peoples, not only the 
Germans, who could claim folk sov
ereignty. Carried to its extreme, this 
ideal, which justified the dismember
ment of the defeated German, Turkish 
and Austro-Hungarian empires, encour
aged every minority to seek a territory 
of its own and every colony to seek "in
dependence." In a world where most 
states had minorities and many had col
onies the result was to frighten them into 
seeking ethnic purity and to release for
mer colonial areas . Between 1900 and 
1970 independent nations multiplied 2.5 
times, from 56 to 142. The combination 
of political independence and economic 
weakness made the greatly expanded 
phalanx of underdeveloped states recep
tive to systems of government that prom
ised shortcuts to Utopia in exchange for 
political freedom. The wars, revolutions 
and ideological struggles that accom
panied these changes not only uprooted 
people against their will but also made 
migration a political instrument. Unlike 
slavery or kidnapping, the force was usu
ally applied by the sending region rather 
than the receiving one, and in the name 
of ethnic purity or ideological correct
ness rather than personal gain. 

Ethnic purity was easiest to attain 
when two countries had minorities that 
"belonged" to each other and could 
therefore be "exchanged." Thus the 
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Treaty of Neuilly (1919) sanctioned an 
exchange of some 46,000 Greeks for 
about 120,000 Bulgarians; the Treaty of 
Lausanne (1923) provided for the trans
fer of 190,000 Greeks from Turkey to 
Greece and 388,000 Muslims from 
Greece to Turkey. In 1945 and 1946 

population-exchange agreements were 
made between Czechoslovakia and the 
U.S .S .R. and between Hungary and 
Yugoslavia. Some of the exchanges were 
more like panics and less like trades than 
the treaties imply. In the Czechoslovak
Russian exchanges migration was vir
tually all one way-out of the U . S . S .R. 

Cases of exchangeable minorities are 
rare, however, because many minorities 
have no state to which they belong, and 
when they do, they are seldom paired 
there with a reciprocal minority. Minori
ties were more often expelled than ex
changed. After World War II some 2.7 

million Sudeten Germans were trans
ferred to Germany and 415,000 Karelian 
Finns were moved to Finland. Even if a 
group had nowhere to go, it might still 
be expelled or forced to flee, as were 
250,000 Armenians who survived Turk
ish massacres, a million White Russians, 
2.5 million Chinese and 200,000 Hun
garians. 

In the effort to provide a separate ter
ritory for each ethnic or ideological 
camp, nations have been carved up, as in 
the partition of India, Korea, Vietnam 
and Palestine, often creating two minor
ity problems where one existed before, 
but in any case setting in motion a forced 
migration. Following the partition of 
India some 15 million people survived 
the flight to or from Pakistan, yet there 
are still Muslims in India and Hindus in 
Pakistan. A difficult minority problem 
was created in Palestine by legal and 
illegal immigration of Jews from other 
countries where, in nearly all cases , a 
Jewish minority remained. In 1946 there 
were approximately 650,000 Jews and 
1,044,000 Arabs in Palestine. In the war 
following the proclamation of the state of 
Israel in 1948, more than 500,000 Arabs 
fled, leaving an Arab minority of almost 
200,000 in the four-fifths of Palestine 
that became Israel. After the "six-day 
war" in 1967 the entire territory con
trolled by Israel contained about 2.4 

million Jews and more than a million 
Arabs.  The original Palestinian refugees 
and their descendants, now approaching 
a million, were scattered as minorities in 
several surrounding countries. 

The noted authOrity on European mi
gration Eugene Kulischer compiled a 
table of population displacements in Eu
rope from World War II to 1948. Omit-
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ting internal displacements, some of 
which were enormous,  the total comes to 
18.3 million. For the periods from 1913 

to World War II and from 1948 to 1968 

I have tallied exchanges and refugee 
movements totaling 28.7 million. If we 
add similar displacements in Asia, Africa 
and the Western Hemisphere, the grand 
total for the world during the period 
from 1913 to 1968 comes to 71.1 million. 
This number of migrants is considerably 
higher than the estimated 52 million who 
left Europe of their own free will in the 
heyday of the transatlantic movement 
from 1840 to 1930, in spite of the fact 
that the period is shorter (55 years com
pared with 90) . 

C learly the amount of forced migra-
tion since 1913 belies predictions 

that world migration would diminish. 
But what about free migration? The an
swer is that it has not diminished either, 
but it has changed direction. Instead of 
flowing from the crowded industrial 
countries of Europe to open spaces in the 
New World, it has gradually shifted until 
it is now flowing toward developed coun
tries everywhere. The nations of north
western and central Europe, exporters of 
people for so long, are now net importers. 
The New World industrial countries, still 
relatively uncrowded, receive profes
sional and highly qualified immigrants 
from industrial Europe, but increasingly 
their migration is from less developed 
countries in southern and eastern Eu
rope, Asia, Latin America and Africa. 

Evidence of the surge into developed 
nations is abundant. Four New World 
countries-Australia, Canada, New Zea
land and the U . S . -received a net total 
of 13.9 million migrants between World 
War II and 1972. The U. S .  alone, still 
admitting more foreigners than any oth
er nation in the world, received 9.2 mil
lion during that period. More surprising 
is the tide of migrants into industrial 
Europe ;  for example, Sweden, for cen
turies a country of emigration, became 
a country of immigration after 1930 [see 
illustration on page 97]. Other advanced 
countries in Europe have shown a sim
ilar reversal, some more sharply than 
Sweden. Data on seven such countries, 
including Sweden, reveal a net migra
tion of 6.3 million between 1950 and 
1972 . Adding this figure to the one for 
the four New World countries gives a 
total of 20.2 million net migrants to 1 1  

industrial countries during the period. 
What explains the reversed migration 

into industrial Europe and the continued 
migration into New World industrial na
tions? In my view the driving force is the 
widening technological and demo graph-
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ic gap between the developed nations 
and the underdeveloped three-fourths of 
the world. The gap differs in several im
portant respects from the former differ
ences between Europe and the rest of 
the world. First, the developed nations 
are now scattered over the entire world 
instead of being concentrated in Europe. 
Second, the underdeveloped countries 
are no longer overwhelmingly colonies 
but rather are independent nations. 
Third, the technological gap has wid
ened in absolute terms while commercial 
and intellectual communication has 
drawn the two classes of nations closer 
together. Fourth, the demographic con
trast between the two groups has been 
reversed. Formerly the technologically 
advanced nations had the most rapid 
population growth; now it is the tech
nologically backward nations, and their 
rates of growth are without precedent. 
The population of the 176 countries I 
classify as underdeveloped in 1950 in
creased by l.04 billion from 1950 to 
1972, while the population of the 47 
developed countries increased by only 
200 million. Originally more sparsely 
populated, the underdeveloped coun
tries as a whole were already more 
densely settled than the developed ones 
in 1950. Their comparative density was 
still greater by 1970: 36. 3  persons per 
square kilometer compared with 17. 2  
i n  the developed countries .  

As a consequence of the gap as it  is  
now constituted the advanced countries 
have on the average more resources per 
person, more workers in relation to de
pendents , more capital generated from 
savings and more investment and trade. 
They therefore have more jobs and offer 
higher wages . Their native populations ' 
have become so educated, comfortable 
and upwardly mobile that in times of 
labor shortage they refuse to fill low
paying, low-status or disagreeable jobs. 
Millions of workers in the bulging under
developed countries are eager to take 
those jobs, and employers are anxious to 
hire them. Hence legally or illegally the 
migrants come, their transit facilitated 
by modern means of travel and commu
nication and even by government and 
international assistance. 

The dichotomy between developed 
and underdeveloped is, of course, arbi
trary. Special geographic and political 
circumstances aside, the general princi
ple is that a nation tends to gain migrants 
from countries less developed than itself 
and to send migrants to countries more 
developed. When an underdeveloped 
nation is close to a developed one (as 
Mexico is to the U . S .  or Greece is to 
Germany) or has special ties with a de-

veloped one (as Britain's ex-colonies 
have with her) , the migratory pressure is 
very strong. In the U.S. the 1970 census 
counted 4.53 million people of Mexican 
origin, more than the number from the 
rest of Latin America combined but 
equivalent to only two years of current 
population increase in Mexico. In Ger
many the number of foreign workers, 
167,000 in 1959, rose to 2,345,000 in 
1973, 82 percent of whom came from 
six countries (Greece, Italy, Portugal, 
Spain, Turkey and Yugoslavia). 

That the immigrant stream is being 
increasingly drawn from underdevel
oped countries is easy to see. In the U . S .  
the current shifted from northwestern 
and central Europe to southeastern Eu
rope, and then to Asia and Latin Amer
ica. In European countries Africa and 
Asia are playing an increasing role in 
immigration. 

What are the effects of this new free 
migration? Let us look first at the 

receiving nations . A few of these are 
"churners," nations in which immigra
tion and emigration are nearly balanced, 
leaving only a small net migration. In 
their case the main effect is not on the 
population's growth but rather on its 
composition. Since the immigrants in
creasingly come from the underdevel
oped countries and the natives go to the 
developed ones, the churners are on the 
whole taking in untrained people at the 
bottom of the social hierarchy and send
ing out trained people at the top. Britain 
provides an example. Since 1930 she has 
had a small net intake but large move
ments in and out. The inward migration 
has given the country a large foreign
born population (2.5 million in England 
and Wales by 1966, representing 5.4 
percent of the total population) . The 
outward movement has in turn caused 
a comparable loss of natives : about 3. 1 
million people born in Britain now live 
elsewhere . More than a million of the 
foreign-born are from Africa, Asia and 
the Caribbean. Although some of them 
are well educated, the majority are not. 
On the other hand, 97 percent of Brit
ain's exiles live in five advanced coun
tries : Australia, Canada, New Zealand, 
South Africa and the U . S .  They are 
mainly well qualified. Evidently Britain 
is importing relatively unskilled foreign
ers from the underdeveloped world and 
sending out her own professional and 
skilled citizens to more prosperous na
tions. To a lesser extent the Netherlands 
is doing the same. 

The most prosperous countries are the 
ones that have the largest net immigra
tion . The influx not only gives them a 

large foreign population but also adds 
to their population growth. The growth 
comes in two ways: directly as a result 
of the net migration itself and indirectly 
as a result of the immigrants' natural in
crease after they arrive. The indirect 
effect is greater the longer the period of 
time under consideration is. (The entire 
population of the U . S .  is the result of im
migration at some time in the past . )  For a 
period less than a generation the indirect 
effect is a function of the migrants' fer
tility and age-sex structure. Normally, 
since young adults are more numerous 
among immigrants than among natives, 
their crude birth rate is higher. On the 
other hand, international migration or
dinarily includes more males than fe
males, thus depressing the crude birth 
rate. In recent years this rule has not 
held for the U . S . ,  but in the receiving 
countries of Europe contemporary free 
migration, often called "labor migra
tion," is largely composed of young 
males. In West Germany in 1970-1972, 
for example, foreign workers were 71 
percent male. Finally, the indirect effect 
of immigration on population growth 
depends on the fertility of the immigrant 
women. Insofar as they come from un
derdeveloped countries, their fertility is 
high compared with that of native 'wom
en. In the U . S .  in 1970 the number of 
children ever born to women aged 40 to 
44 was 4.4 per woman for those of Mexi
can origin and 2. 9 for all women. In Swe
den the fertility of foreign women in 
1970 was 28. 3  percent higher, age for 
age, than that of native women. An ap
proximate calculation indicates that 
about 42 percent of Sweden's increase 
in population (l .04 million) between 
1950 and 1970 was contributed by net 
immigration: 33 percent by the entry of 
immigrants themselves and 9 percent by 
their natural increase during the period. 
Hence direct immigration accounts for a 
large share of the growth of the major 
industrial nations. 

Where the economy is concerned net 
immigration should have a stimulating 
effect because it adds more workers than 
dependents, but this benefit is more or 
less canceled by several factors, includ
ing the lower average skills of immigrant 
workers compared with those of native 
workers . Since it is the sheer availability 
of jobs (jobs unacceptable to native 
workers) rather than wages or conditions 
that attracts workers from underdevel
oped countries,  the question is : What 
would happen if immigrants did not 
come? One possibility is that certain jobs 
would be eliminated, jobs too unproduc
tive to justify making them attractive to 
native labor. More immigrant workers 

1 03 

© 1974 SCIENTIFIC AMERICAN, INC



come to the U . S .  as live-in maids than as 
anything else; it would be no great loss 
to the economy if this category of em
ployment were reduced. Other jobs char
acteristic of immigrants would be im
proved with respect to wages and condi
tions to make them attractive to natives . 
In other words, immigration enables em
ployers to fill unproductive jobs or to 
forgo capital improvements, thus slow
ing the rate of technological progress. 
These effects are minimized but not 
eliminated by countries that select their 
immigrants carefully, such as Australia. 
For example, a large immigration of 
physicians and other professionals from 
underdeveloped countries not only de
prives natives of opportunities for up
ward mobility but also allows inade-

quacies in the system of professional 
training to persist. 

The assertion that natives will not take 
the jobs that immigrants fill is curious 
in view of the considerable unemploy
ment in the industrial countries. Com
parisons are misleading because of un
standardized definitions ,  but unemploy
ment appears to have been rising. It 
is particularly high in precisely those 
groups-the least skilled, youths just en
tering the labor market and poorly ed
ucated minorities-that most directly 
compete with immigrants. In addition, 
if the industrial countries actually have a 
labor shortage, there is a reserve labor 
force that could be tapped to a much 
greater extent, namely women. In view 
of the low birth rates prevailing since the 

late 1950's, there would seem little hin
drance to using this reserve and obtain
ing workers more competent than those 
from the underdeveloped countries. 

Even if the labor shortage is real, im
migration is a clumsy way of meeting it. 
Labor shortages come and go, but 
whether the migrant workers intend to 
stay or not, their move is often perma
nent. Moreover, immigrants do not stay 
in their first occupation. It is estimated 
that 57 percent of immigrants certified 
for a job on entering the U . S .  change oc
cupations within two years . Thus ex
tremely short-run problems in labor sup
ply are met by means that incur long-run 
population growth, the effect of which is 
to reduce the ratio of resources to people 
and to make the industrial level of living 

EXTREME URBANIZATION of the eastern half of the U.S. is evi. 

dent in this night infrared photograph made recently by an Air 

Force weather satellite. The patterns of heat concentration reo 

corded by the infrared film reflect the distribution of population. 
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still more dependent on draining the rest 
of the world. There is also the difficulty 
of assimilation. Immigrants give rise to 
school problems, health risks, welfare 
burdens, race prejudice, religious con
flicts and linguistic differences. 

So dubious are the advantages of immi-
gration that one wonders why the 

governments of industrial nations favor 
it . Why do they use such devices as ad
vance job placement, housing aid, bi
lateral agreements on visas and work 
permits, and (in countries of origin) offi
cial propaganda, recruiting offices and 
preparatory training programs? Strictly 
speaking, except where former colonies 
are involved, their efforts are not direct
ed to the most backward countries but 
to quasi-developed ones . Still, why invite 
immigrants at all? 

One will find few clarifications, but 
official statements hint that the goals are 
to fill essential jobs and to stimulate pop
ulation growth. One suspects that the ac
tual causes are government inertia and 
pressure by employers to obtain cheap 
labor. Given strong employer demand 
and a limitless supply of job-hungry peo
ple in the underdeveloped countries, mi
gration will occur whether it is encour
aged or not. To stop it requires a great 
effort; to permit it requires none. Esti
mates of all illegal aliens in the U . S .  run 
as high as two million. The tendency to 
reward illegal entry is illustrated by the 
announcement in San Francisco on June 
4 of this year that the immigration ser
vice had resumed its "confession" pro
gram. According to the San Francisco 
Chronicle, "aliens who gained entry il
legally may confess and have their status 
adjusted to permanent residency." "Have 
no fear," the immigration official report
edly said, "we are not out to deport any
one," 

Special interests favoring immigra
tion seem better able to influence the 
government than those opposing it. In 
a 195 1  poll in France 93 percent of 
the respondents said there were enough 
foreigners in France. Nevertheless, the 
French government thereafter pursued 
one of the most active proimmigration 
policies in Europe, increasing the pro
portion of foreign-born from 6.5 percent 
to 8.7 percent by 1970. Polls in 1965 
and 197 1 still found the public more 
than 90 percent opposed to immigration, 
but French officials were evidently not 
listening. The respondents in 197 1  felt 
that immigrants from countries closest to 
France adjust best to French life, yet in 
1970-197 1, as nearly as can be deter
mined from French data, the govern
ment admitted at least 200,000 people 

from groups considered as being the 
least assimilable. In Germany 51 per
cent of those polled in 1965 opposed 
bringing foreign workers into the coun
try and only 27 percent favored it. Most 
of those opposed (30 percent) men tioned 
difficulty of employment as the reason . 
In Switzerland in 1965, 47 percent of na
tive Swiss employees said they would be 
willing to work overtime in order to de
crease the number of foreign workers in 
Switzerland. Shortly after some 200,000 

Cuban refugees were admitted to the 
U . S .  a poll in Minnesota found 5 1  per
cent opposed to admitting them and only 
36 percent favorable.  In Britain, after a 
Labor government earlier than the cur
rent one had come to power, a poll asked 
what matters the respondents would like 
to see the government concentrate on . 
The third most frequently mentioned 
item on a list of 13 was "Keep strict con
trols on immigration." Governments in 
Europe's industrial countries are now 
having second thoughts about immigra
tion; although free movement is a basic 
principle of economic union, it seems 
likely that the recent volume will be 
reduced. 

Contemporary migration has draw-
backs for the sending countries as 

well as the receiving ones. They derive 
chiefly from the fact that migration is 
inevitably selective. Although the qual
ity of migrants may be lower on the aver
age than that of natives in the developed 
countries, it is higher than that of na
tives in the underdeveloped nations. 
Since the developed countries cannot 
admit all who wish to come, they can 
pick and choose as the interests of their 
employers dictate. This means that the 
underdeveloped country does not simply 
lose untrained manpower but often loses 
trained manpower that is scarce and 
costly to produce. In the U . S .  in 1972, 

of the immigrants admitted who had an 
occupation 3 1 . 1  percent were classified 
as "professional, technical and kindred 
workers," compared with only 14 per
cent in this category in the U . S .  labor 
force. In 197 1  there were 8,9 19 medical 
degrees conferred in the U . S . ;  in the 
same year 5,748 immigrant physiCians 
were admitted and in the next year 7, 14.3 

were admitted. At the same time many 
thousands of American youths failed to 
gain admission to medical school. Even 
when, by the standards of the receiving 
country, the foreign workers are rela
tively unskilled, they are often on the 
average better trained than the ones 
who do not move. In any case emigra
tion removes people of productive age 
and leaves children and old peoplc, 

thereby raising the underdeveloped 
country's already high dependency ra
tio. The value of remittances sent back 
home may partly compensate for those 
losses, but the remittances are uncertain 
and subject to stoppage or control in 
times of crisis. Indeed, migration itself 
may be cut off and migrants may be re·· 
turned precisely when the sending coun
try is in its worst condition.  How omi
nous that prospect can be is suggested by 
the fact that in Germany alone the num
ber of Greek workers is equivalent to 8.4 

percent of Greece's entire labor force 
and the number of Portuguese workers 
is equivalent to 4.7 percent of Portugal's 
labor force. 

For the underdeveloped country emi
gration appears to be a stopgap allowing 
postponement of internal economic and 
demographic ch anges that would make 
emigration unnecessary. It is like bor
rowing money at high interest to pay 
off debts that one's income could not 
support in the first place. As the under
developed countries become still more 
crowded, there will be increasing pres
sure for greater admission to developed 
countries, on humanitarian grounds if 
for no other reason . By and large, how
ever, the problems of underdeveloped 
countries are beyond solution by emi
gration. If developed nations tried to 
accept as migrants the excess population 
growth of the underdeveloped ones, they 
would currently have to receive about 
53 million immigrants per year. This 
would give them a population growth of 
5.2 percent per year, which added to 
their own natural increase of 1 . 1  percent 
per year would double their population 
every 11 years . 

In the future the failure of interna
tional migration to solve problems will 
not necessarily prevent its happening. 
The present wave of voluntary move
ment from underdeveloped nations to 
developed ones may reach a maximum 
and be reduced, but if so, it will be re
placed by other waves . Although partic
ular migratory streams are temporary, 
migratory pressure is perpetual because 
it is  inherent in technological inequality. 
In the past migration has helped to fill 
the world with people. That the world 
is now full is a new condition that com
plicates prediction. Another new condi
tion is the degree to which nations can, 
if they wish , control their borders. Na
tions strong enough to prevent voluntary 
migration, however, are also strong 
enough to engender forced migration. 
Whether migration is controlled by those 
who send, by those who go or by those 
who receive, it mirrors the worl d as it is 
at the time. 
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You can set our new instant picture camera at any of 
1 70 shutter speed/lens opening combinations to get a 
photograph with maximum depth-of-field, or to get 
the precise exposure effect you want. 

And you can load our new camera with our new 
instant 3 V. x-l- y. -inch black-and-white film to get a pos
itive. And a negative that can produce an infinite va
riety of proponion and tone in copies or enlargements. 

For serious picture-takers, the Polaroid Model 1 9 5  
L a n d  camera provides:  

Ten shutter speeds from 1 / 500 to 1 second with addi
tional settings for time exposure, flash synchronization 

• 

PJ 

and 1 0-second exposure delay. 
Nine lens openings from f/ 3 .8 to f/64 with clicks at 

each f-stop, and halfway in between. 
A 1 1 4mm, 4-element, coated, color-corrected To

minon lens ( similar in design to a Tessar lens ) .  
A Seiko between-the-lens shutter that gives the 

camera extraordinary exposure capabilities. 
A superimposed-image rangefinder for quick, accu

rate focusing. 
And a built-in timer that tells you when your pic

ture is developed. 
The i'vlodel 1 9 5  will make beautiful 3 Y< x 4Y< -inch 
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has Polaroid 
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Model 195 Manually Controlled 
camera 

prints in seconds from Polacolor or 3000-speed black
and-white pack film. 

But for maximum picture-making control ,  load the 
camera with our new Type 105 Positive/Negative 
Land film. 

Just 3 0  seconds after you snap the shutter, you get a 
contact print of exceptional tonal range, sharpness and 
luminosity. And a matching negative. On the spot. 
Without a darkroom. 

The negative has a resolution of over 1 50 lines/mm 
so enlargements many times larger than this page 
retain sharp detail. I t  also has a superb capability for 

reproducing subtle tonal gradations. 
The suggested list price for the Model 195 is $ 1 99.95 

( for Type 105 film, it's $4.9 5 ) .  
It's a small price to p a y  for one's freedom. 

The new camera and 
film from Polaroid. 

For people who take 
photography seriously. " Po l a ro i d"  a n d  "Po l aco l o r"@ 
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The Popu1ations 
of the Deve10ped Countries 

These populations, a little more than a fourth of the human species, 

may be well on the way to long-term numerical stability. This state 

of affairs appears to have been achieved largely by personal choice 

O ne result of man's social evolution 
has been the rise of a group of 
populations living in countries 

commonly described as developed. The 
populations of these countries enjoy bet
ter health, longer life, better education, 
wider occupational opportunities and a 
greater variety of amenities than the 
populations of less fortunate lands. If 
it is true that a third or a fourth of the 
human race still go to bed hungry ev
ery night, it is also true that a large frac
tion of a billion people now have access 
to a kind of life that two centuries ago 
was known to only a privileged few. 

Understandably the inhabitants of 
underdeveloped lands look to the day 
when their own country will cross the 
imaginary and elusive line that separates 
the haves from the have-nots. In 1974, 
measured in terms of the steadily depre
ciating U.S. dollar, that line might be 
represented by an annual per capita in
come of something like $750. Compa
rable figures for an inhabitant of the 
u.s. or Sweden are between $4,000 and 
$5,000. 

If the .line separating the haves and 
the have-nots is elusive, it is sharply 
drawn in demographic terms. In devel
oped countries the average life expect
ancy at birth has climbed to more than 
70 years compared with about 50 years 
in the underdeveloped countries. Much 

by Ch arles F. \\' ('stoff 

of the difference is attributable to high 
infant mortality: anywhere from 50 to 
more than 250 deaths per 1,000 births in 
underdeveloped regions as against fewer 
than 25 deaths per 1,000 in most devel
oped countries. 

The demographic index that probably 
has the greatest significance for mankind 
in the long run is the rate of population 
growth. It too shows a sharp line of de
marcation between the underdeveloped 
and the developed regions of the world. 
The former have high population growth 
rates (averaging 2.5 percent per year) 
whereas the latter have rates that not 
only are low (less than 1 percent) but 
also are still falling. In fact, among 30-
odd countries that can reasonably be 
described as developed, the fertility rate 
is at, near or below the replacement level 
in the 20 that have 80 percent of the 
world's total developed population. If 
these low fertility rates continue for 
two generations, population growth will 
cease and the developed world will reach 
zero population growth, the culmination 
of a historical process in which birth 
rates slowly fall to the low magnitudes of 
the death rate& achieved some genera
tions earlier. The balancing of these vital 
rates at very low levels can be viewed as 
the end of a major demographic transi
tion, a process involving the entire eco
nomic development and accompanying 

"LE MOULIN DE LA GALETTE," a detail of which is reproduced on the opposite page, 

was painted by Pierre Auguste Renoir in 1876. It suggests, among many other things, the 

good life of the healthy, well-fed inhabitants of a developed country. The Moulin de la 

Galette (a free translation might be the Cake Mill) was an open-air establishment where 

Renoir went on Sunday. He disliked working with professional models, and so he recruited 

models here_ Two of them who were sisters appear in the right foreground. The other prin· 

dpal figures were also modeled by friends of Renoir's. The painting is in the Louvre. 

transformation of social institutions that 
can be called for want of a better term 
modernization. 

Before one predicts too confidently 
that the end of the demographic 

transition is in sight, however, one must 
recall that the same was predicted once 
before, back in the 1930's when the 
rates of population growth in the indus
trialized countries of the world had 
reached all-time lows. That the next gen
eration of parents did not exactly follow 
the script of the demographers is now all 
too clear and has proved a continuing 
source of embarrassment to the experts. 

From one point of view the fact that 
the demographic transition appears to be 
entering its terminal stages a generation 
later than was predicted could be re
garded as no more than a slight interrup
tion in a long historical process. On the 
other hand, the "baby boom" that oc
CUlTed in many of the developed coun
tries during the late 1940's and subse
quent years has already added more 
than 10 percent to the populations of 
those countries: nearly 100 million more 
people who are now themselves reaching 
the age of parenthood and who consti
tute an enormous potential for a second 
baby boom. At the beginning of World 
War II the combined population of the 
then developed world-the U.S., Europe 
(including all the U.S.S.R.), Canada, 
Australia and New Zealand-stood at 
about 720 million. If the expectations of 
demographers had materialized, the 
population of these countries today 
would be around 845 million instead of 
the currently estimated 940 million. 

One can disagree about the list of 
countries that can be described as de
veloped. For the purposes of this article 
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I have selected 31 nations, representing 
most of the conventionally defined de
veloped countries of the world, includ
ing all the nations of Eastern Europe, 
plus Portugal, Spain, Greece, Japan and 
Israel. I have omitted Venezuela and 
Argentina, which have per capita gross 
national products substantially higher 
than the poorest of the European coun
tries (Portugal and Yugoslavia), because 
their vital statistics are incomplete. The 
oil-rich countries of the Middle East are 
also excluded because they still lack 
most of the characteristics of industri
alized nations in spite of their high per 
capita gross national products. Hong 
Kong, which has a population of about 
4.5 million, could probably also qualify 
today as a developed country but its rec
o.ds too are inadequate. 

It is appropriate to concentrate on fer
tility and ignore mortality because death 
rates are uniformly low in the developed 
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countries; thus population growth in the 
aggregate depends mainly on the future 
course of fertility. I have selected the 
"total fertility rate" from among various 
alternative measures because it sum
marizes several demographic dimensions 
simultaneously in a single number that 
has familiar properties: the average num
ber of births per woman. More precisely, 
the total fertility rate can be regarded as 
the average number of births wOIl)en 
would have as they pass through to the 
end of their childbearing years provided 
that they continue to reproduce at the 
observed rates for women at different 
ages as determined for any given year. 
If the total fertility rate persisted at ap
proximately 2.1 births per woman, what 
demographers refer to as replacement 
fertility, then each generation would 
merely replace the next and eventually 
(after the effects of the disproportion
ately larger numbers of young people 
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due to past growth diminished) birth 
rates would equal death rates and the 
population would stop growing (apart 
from immigration). The time required to 
reach a zero rate of natural increase 
varies, depending on the history of past 
growth. Some countries, most recently 
West Germany, have already dropped 
below zero natural increase; others, such 
as Australia and New Zealand, have a 
long way to go both because of their 
more youthful age structures and be
cause their fertility rates, although de
clining, are still well above replacement. 

As a demographic index the total fer
tility rate shares the inherent problem 
of any period rate used as an indicator of 
future trends. The "if" in one of the de
mographer's most frequent statements, 
"If current trends continue . . . ," is pat
ently treacherous, as one can readily see 
by glancing at the variations over a pe
riod of time in the different countries . 
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POSTWAR "BABY BOOM" was most pronounced among over· 

seas English.speaking populations (top). Sharp declines began in 

the 1960's. The postwar surge in fertility in Western Europe (bot. 
tom) was brief. Fertility fell sharply, climbed again slowly and has 

been declining for 10 years. Fertility in Ireland is quite different. 
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SLOW DECLINE IN FERTILITY seems to be taking place in Por· 

tugal and Italy (top). There is no clear trend in Spain and Greece, 

but data are limited. In Communist countries of Eastern Europe 

(bottom) fertility has generally been faIling, except for a brief 

sharp rise in Romania when abortion law was tightened in 1967. 
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Not only is the reproductive behavior of 
people difficult to predict, except very 
roughly, but also a measure of fertility 
for a given period of time can be mis
leading because the magnitude of feltil
ity can be confused with the timing of 
births. The currently low fertility rates 
in some countries may imply only a post
ponement of childbearing that could be 
made up in later years, resulting in an 
underestimate of the completed fertility 
of those women. Finally, the overall rate 
is the simple sum of the rates for all ages 
within the range of reproductive years 
and thus can obscure countervailing 
trends among younger and older women. 

S ince World War II the trend in fer-
tility in the developed world has fol

lowed a variety of patterns in different 
regions. To summarize these patterns 
the 31 selected countries of the devel
oped world are divided here into eight 
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different regional or cultural groupings 
[see illustrations on these two pagesl. 

The U.S., Canada, Australia and New 
Zealand (current total population 250 
million) experienced sustained baby 
booms from the end of the war, rising 
through the next decade and reaching 
highs ranging from 3.5 to 4.2 births per 
woman in the four countries. These 
baby booms added about a third more 
people to the 1970 population of these 
countries than hypothetically would 
have been added if the prewar fertility 
rates had continued. This historically un
precedented increase has been followed 
in the past decade or so by a dramatic 
and continuing decline, which has set 
record lows in the past two years. In the 
U.S. and in Canada the fertility rates de
clined by nearly 50 percent in 15 years, 
down to fewer than two births per wom
an by 1 973. If this below-replacement 
level in the U.S. were to continue un-
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changed, the population would stop 
growing in less than two generations and 
would begin to decline, unless it was 
bolstered by immigration. Even if im
migration were to continue at its current 
level (a net of some 400,000 per year), 
any further drop below the 1 973 fertility 
rate would still lead ultimately to a pop
ulation decline. 

The pattern in Western Europe has 
been different. Britain, France, Belgium 
and the Netherlands (current total popu
lation 1 30 million) experienced only a 
temporary rise in fertility immediately 
after the war, followed by a resumption 
of the downward movement for five 
years or so and then a gradual increase 
in fertility (a fairly marked increase in 
England and Wales from 2.2 births per 
woman in 1951 to 2.9 in 1 964), followed 
by another decline continuing to the 
present. Italy, grouped in the charts with 
Spain, Portugal and Greece (current total 

3.0 « a: 
1: 2.5 

, "- I- 0 I�'- � 
V '''---�----... 

3.0 « a: 
1: 2.5 \ 

:; � a: w 2.0 u. -' « f- 1.5 0 f-
1.0 

0.5 

o 

4.5 

4.0 

3.5 

w f- 3.0 « a: 
1: 2.5 :; � a: w 2.0 u. -' « f- 1.5 0 f-

LO 

0.5 

o 

.... 
"--'- --'- ,-

1945 1950 1955 1960 

../ r\ 
" 

" t------ NORWAY 

DENMARK �� SWEDEN 

FINLAND 

1965 1970 1973 

.... --.... - - ",.-� ::::::-...... 
:::>-

� W p-" 
�--..;::P 

1945 1950 1955 1960 

� � AUSTRIA 

ZERLAND '�: AST 
ERMANY 

1965 1970 1973 

G 

WEST 
GERMANY 

SCANDINAVIAN COUNTRIES (top), except for Sweden, showed 

a brief postwar surge in fertility. The decline since then has been 

sharpest in Finland. Countries of Central Europe (bottom) have 

followed a fertility pattern similar to that of Western Europe. West 

German fertility is now the lowest among all developed countries. 
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population 110 million), exhibited a fer
tility pattern closely resembling that of 
its northern neighbors. In Portugal, by 
way of contrast, the fertility rate is un
usually stable: there are only small an
nual fluctuations around an average of 
three births per woman, with some sug
gestion of an overall downward trend. 
The records for Spain and for Greece 
are less extensive, but the recent experi
ence in these two countries shows a fair
ly stable fertility at quite different levels: 
Spain hovers just below three births per 
woman and Greece just above two births 
per woman. 

Ireland, although grouped with its 
British neighbors in the c!)arts, has a 
fertility pattern that is unique among the 
31 nations in the postwar period. (Ire
land's population is only three million. ) 
Superficially the trend, based on incom
plete data, corresponds more closely to 
that of the overseas English-speaking 
populations of European origin (the U.S., 
Canada, Australia and New Zealand) 
than it does to that of Britain, at least 
through 1960, except that there is no evi
dence of any recent sustained decline. 
Irish fertility has remained just under 
four births per woman. 

The Central European countries of 
Austria, Switzerland and the two Ger
manys (total population 93 million) have 
followed a pattern similar to that of the 
countries to their west, at least since 
1 955. There was a gentle rise in fertility, 
peaking at levels between 2.5 and 2.8 
births per woman and then declining 
rapidly. The total fertility rate of 1.5 
births per woman in West Germany is 
unquestionably the lowest in the world. 
All four of these Central European coun-
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tries are now significantly below popula
tion replacement. 

The Scandinavian countries, except 
for Sweden, which escaped the war, ex
perienced a brief postwar baby boom, 
followed by patterns very similar to those 
of Central and Western Europe. Norway 
was slightly anomalous in showing an in
creasing rate for a decade, beginning in 
the early 1950's. The decline in Finland 
has been precipitous, from 3.5 births per 
woman in the immediate postwar years 
to an estimated l.8 in 1 973. Fertility in 
all the Scandinavian countries (total pop
ulation 22 million) is now below the 
replacement level except in Norway, 
which at the current rates of decline will 
join its neighbors demographically in a 
few years. 

According to a recent analysis by Ar
thur A. Campbell of the National Insti
tute of Child Health and Human Devel
opment, most of the rise in fertility in 
the developed countries during the post
war period was due to increases in the 
fertility of women in the younger age 
groups, resulting in a significant decline 
in the average age of childbearing. In
volved in this change were sharp in
creases in proportions of women marry
ing at younger ages. The baby boom was 
therefore to a large extent a result of 
changes in the age distribution of child
bearing rather than of changes in com
pleted fertility; it was clearly not a re
turn to the large families of earlier times. 

The U .S.S.R. and the other countries 
of Eastern Europe (total population 356 
million) reveal a different pattern of a 
fairly uniform decline in fertility, aided 
by the wide availability of abortion, 
reaching very low levels earlier than the 

1900 1950 2000 

HISTORICAL DOWNTREND of birth rates (color) and death rates (black) per 1,000 

population per year are compared for the currently developed regions of the world. Short· 

lived baby booms followed both world wars, which produced the two peaks in death rates. 
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other developed countries. In some years 
the number of abortions has exceeded 
the number of births. In Hungary the 
total fertility rate had dropped to l.8 
births per woman by 1962, when the 
U.S. rate, for example, was still at 3.5. 
Romania's fertility dropped precipitous
ly from 3.1 births per woman in 1 955 to 
2.0 by 1 962 and to a low of 1 .9 in 1966. 
In that year the Romanian government, 
alarmed at the rapid decline, reversed its 
permissive abortion law, with the result 
that the fertility rate doubled to 3.7 the 
following year. The liberalization of 
abortion laws in Eastern Europe had 
been intended primarily to promote ma
ternal health and to facilitate the em
ployment of women, but the resulting 
low rates of population growth have 
caused official anxiety. Since the tighten
ing of tlle abortion law in Romania fer
tility has once again resumed its decline 
as contraception and illegal abortion 
have taken the place of legal abortion. 

The data for the U.S.S.R. are incom
plete. Postwar fertility records begin 
only with 1 957, when the rate was 2.8 
births per woman. The trend during the 
following decade was slowly downward, 
but the fertility rate seems to have sta
bilized at around 2.5 births per woman 
in the past several years, which is higher 
than that of any of the other Eastern 
European countries except Romania. 
According to other evidence, the Euro
pean regions of the U.S.S.R. have a fer
tility rate quite similar to that of other 
European countries; it is the high fer
tility of the Asian regions that accounts 
for the higher overall national rate. 

The less developed eastern countries 
of Poland and Yugoslavia have experi
enced radical declines in fertility since 
the war. In Poland the rate dropped 
from 3.7 births per woman in 1 954 to 2.2 
in 1 969; in Yugoslavia the rate dropped 
from a high of 4.3 births per woman in 
1952 to 2. 3 in recent years. 

Only the Jewish population of Israel 
(2. 8 million of a total population of 3.2 
million) is included in this review be
cause of the enormous differences, demo
graphic and otherwise, between the Jew
ish and the Arab components of the 
country's total population. In 1 972 the 
total fertility rates for the Jewish and the 
Arab populations were respectively 3.2 
births per woman and 7.3. A demo
graphic cynic has recently calculated 
that if current trends continue, the Jew
ish population will be a minority in Israel 
within three generations. Although Jew
ish fertility is changing slowly, its trend 
is clearly downward, and it will probably 
continue to decline during the remainder 
of this decade. It is nevertheless consid-

© 1974 SCIENTIFIC AMERICAN, INC



erably higher than the estimated rate for 
the Jewish population in the U.S. For 
that matter, it is probably higher than 
that for Jewish populations in any devel
oped nation. 

The last country on the list, Japan 
(population lOS million), has been fre
quently referred to as the modern demo
graphic miracle and an example of what 
the introduction of a permissive abortion 
law can do to the birth rate of a popula
tion that practices little contraception. 
Japan's total fertility rate dropped from 
4.5 births per woman in 1 947 to 2.0 a 
decade later. As the curve in the illustra
tion at the right on page III shows, 
the rate fell to 1 .6 births per woman in 
1 966. That was the Year of the Fiery 
Horse, which comes every 60 years. Ac
cording to Oriental astrology, girls born 
that year may murder their husbands, 
which tends to reduce their marriage
ability. Japanese parents evidently de
cided to cut their chances of having a girl 
child in 1 966. Japanese fertility is now 
still around replacement, having climbed 
slightly above the rates prevailing in 
most of the preceding decade. 

The variety of patterns in these 31 
countries should not obscure the central 
and most important fact that fertility in 
most of the developed world has virtu
ally collapsed. Only New Zealand (in 
which fertility has been declining), Ire
land, Spain, Portugal and the Jews of 
Israel still have relatively high rates, 
ranging between 2.S births per woman 
and 3.9. In 20 of the 31 countries the 
total fertility rate is not far from, and in 
some cases is below, the replacement 
level of 2.1 births per woman; it appears 
to be headed in that direction or hover
ing around 2.3 births in most of the re
maining 11 countries. The average fer
tility rate for all 31 countries is currently 
2.3 births per woman. If the figure is 
weighted for population, the average 
drops to 2.2 for the total population of 
the developed world. The population 
growth rate in all but a few developed 
countries is now less than 1 percent. 

W hat lies ahead? Will fertility sta-
bilize at replacement levels? Or will 

it continue to decline, resulting in the 
prospect of populations of rising average 
age and actual declines in numbers soon
er or later? Although it seems unlikely 
now, it is also quite possible that fertility 
rates could do an about-face and rise 
again. These are not easy questions to 
answer, and one should approach any 
portrait of the future with particular 
hesitancy in view of the failure of pre
diction in the 1930's, when fertility was 
at similar low levels. 

1,400 14 cc « w >-
1,200 12 a: w 0.. 

Z 
(j) 1,000 10 

0 i= z :5 0 ::J ::J ...J 0.. � 800 8 0 0.. 
Z a 
0 a 
i= q 

600 6 :5 a: ::J w 0.. � 0 0.. 400 4 w I-« a: 
:x: 

200 2 
I-
3: 0 a: 

0 0 
� 

1900 1920 1940 1960 1980 2000 

TOTAL POPULATION and growth rates per 1,000 population per year are plotted for 

developed regions of the world. Broken lines are unpublished United Nations projections. 

We should continually remind our
selves that the evidence we have to rely 
on, annual total fertility rates, can be 
quite misleading as a guide to the long
range behavior of women passing 
through three decades of reproductive 
life. What can be postponed today can 
be made up tomorrow. Nevertheless, 
there is some independent evidence in 
support of the inference that the current 
low fertility rates indeed reflect the 
longer-range intentions of younger cou
ples. Fertility surveys were conducted in 
1 0  developed countries between 1 966 
and 1 972; married women were asked 
the number of children they wanted or 
expected to have. When their replies are 
tabulated by the number of years they 
have been married, there is a clear de
cline in the anticipated number of chil
dren for women married before 1 951 as 
opposed to those married since 1966, 
which is quite consistent with the picture 
of decline presented by the series of an
nual rates, 

For example, the women in the Fin
land survey, married for 20 years or 
longer, expected a total of four births, 
whereas those married five years or less 
expected to bear only two children. A 
similar decline in the U .S. was evident 
by 1970, from 3.5 births for those mar
ried 20 years or more down to 2.5 among 
newly married women. A further decline 
to 2.2 was found in a 1 972 survey. Com
parable low values were recorded for 
recently married women in Belgium 
(2.2), Czechoslovakia (2.2), Poland (2.2), 
France (2.1), Yugoslavia (2.1), Hungary 
(1.9) and England and Wales (1.S). Even 
in Turkey, a country not included among 
the developed nations of the world, the 
average number of births expected had 

declined from 6.6 for women married 
for 20 years to 3.S for those most recent
ly married. Of course, these expectations 
might well increase as the younger wom
en grow older and experience unplanned 
pregnancies. 

The same surveys revealed, however, 
that an average of more than SO percent 
of the women in these countries (exclud
ing Turkey) who were exposed to the 
risk of pregnancy were currently practic
ing birth control. Improved contracep
tive methods are widely available, the 
practice of sterilization has become in
creasingly common in a few countries 
(in the U.S. it has become the most pop
ular method among couples with wives 
aged 30 to 44) and legalized abortion 
has become more available for situations 
where contraception fails. This does not 
mean that unplanned and unwanted 
pregnancies have disappeared or even 
that they are about to disappear. The 
practice of male withdrawal was the 
most common method used by couples 
in half of the countries surveyed; the 
modern methods of contraception are far 
from universally available. It does mean, 
however, that the small families expect
ed by younger couples today have a 
greater chance than ever before of being 
realized. 

The pervasiveness of the decline of fer-
tility throughout the developed world 

should caution us against invoking cur
rently fashionable causal explanations 
such as the women's rights movement, 
the "pill," "zero population growth" or 
the recent concern for the environment, 
although these factors have undoubtedly 
played a role in some countries, such as 
the U.S. and Canada. One can think 
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PERCENT OF TOTAL POPULATION 

U.S. POPULATION OF 1900 had the age composition shown in this pyramid. Its shape 

is characteristic of a fast.growing population with high birth and death rates where the 

average life expectancy is under 60. A third of Americans were under 15 years of age. 

U.S.: 1970 
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PERCENT OF TOTAL POPULATION 

U.S. POPULATION OF 1970 gave rise to a pyramid whose sides are pinched in because 

of the low birth rates that prevailed during the years of the Great Depression. The bulge 

centered on the 10-to.14.year.old age group is a consequence of the postwar baby boom. 
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of particular factors relevant to fertility 
that have operated in certain countries, 
such as abortion in Japan and a chronic 
housing shortage coupled with easy 
abortion and a demand for women in the 
labor force in Eastern Europe. A more 
persuasive case can be made, however, 
by taking the long-term historical view 
that links the demographic transition 
with the development of an industrial so
ciety, with secularization, with education 
and with the emergence of the demands 
of the individual over and above those of 
the family and the community. This 
transition has been proceeding in the 
U.S. and France since about 1800 and in 
the rest of Europe for about a century. 

Although the pill, intrauterine devices 
and legalized abortion are appealing as 
ready explanations of the low fertility 
rates of recent years, one should remem
ber that the rates were even lower in the 
1 930's. With only a few exceptions every 
Western European nation recorded total 
fertility rates at or considerably below 
the replacement level (as low as 1.5 
births per woman in Czechoslovakia and 
Austria), and this was before abortion 
was readily available and before the 
modem methods of contraception ap
peared. Fertility was also at the replace
ment level in the U.S., Australia and 
New Zealand. Evidently the motivation 
to control reproduction was so intense 
in those years that delays in marriage, 
illegal abortion, abstinence (probably) 
and the more effective use of conven
tional contraceptive methods combined 
to produce the lowest fertility in history. 
Granting that the Great Depression may 
have contributed to the rapidity and 
depth of the decline, the fact remains 
that if one proj ected the fertility rates of 
the 1 930's from previous trends, the 
curve would look much like what ac
tually happened. From this perspective 
the phenomenon that still remains to be 
satisfactorily explained is not the decline 
in fertility of the past 15 years, which is 
part of a longer historical process, but 
rather the baby boom, which was par
ticularly sustained in the English-speak
ing populations of European origin. 

One certainty about future population 
trends in the developed world is that the 
rate of natural increase will not be ex
actly zero. As fertility becomes increas
ingly subject to voluntary control-the 
closer we approach the situation in which 
every child born is planned-the more 
vulnerable annual fertility rates will be 
to short-term variation. My guess is that 
we can expect swings in fertility rates of 
five to 10 years' duration, ranging per
haps from as low as 1.5 births per woman 
to as high as 2.5 as fertility responds to 
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short-term economic changes and to 
various other changes in ideology and 
fashion. There is no reason in principle 
that fertility COUld not rise above or fall 
below this range in some countries, but 
it seems unlikely that the developed 
world as a whole will experience such 
wide swings. It is also unlikely that the 
swings will be anywhere near as violent 
as the Romanian experience, where the 
number of births in 1967 was double the 
number in 1966. This bumper crop of 
babies is now creating overcrowding in 
the Romanian school system, and begin
ning in 1984 there will probably be se
vere unemployment or an out-migration 
of surplus labor as the 1967 cohort be
gins to enter the labor force at age 18. If 
one wanted to draw a demographic blue
print for a meritocracy, it would feature 
a uniform stream of births from year to 
year in order to equalize opportunity. 
The avoidance of large swings would 
eliminate both the competitive advan
tages enjoyed by small numbers in great 
demand and the disadvantages experi
enced by those born in years when birth 
rates were high, who are forced to com
pete for limited opportunities arid re
wards. 

Even if replacement fertility for the 
developed world as a whole were 

maintained for the foreseeable future 
beginning in the 1980's, the population, 
because of the age composition resulting 
from its past history of growth, would 
increase by more than a fourth, adding 
some 300 million more people. Of that 
total about two-thirds would have been 
added by the year 2000. Of course, if 
fertility remained below the replacement 
level, the end of population growth 
would come sooner and would result in a 
smaller increment. Although it is pos
sible that this may happen, it does not 
appear too likely at this juncture. The 
demographic situation seems to be 
changing so rapidly, however, that what 
appeared.likely a scant five years ago no 
longer appears so, and by the same logic 
to day's picture may appear badly out of 
focus from the perspective of 1980. 

What does seem plausible today is 
that the population of the developed 
world will average replacement fertility 
by the early 1980's. If that level is con
tinued in the future, the developed pop
ulation will continue to increase for a 
good part of the next century, stabilizing 
just below l.5 billion. Apart from the ef
fects of the sheer increase in numbers 
(half a billion more than today), the age 
structure of the population will change 
in several Significant respects. The pro
portion of youths-those under 20 years 
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PERCENT OF TOTAL POPULATION 

U.S. POPULATION OF YEAR 2 000 will form this age pyramid if fertility stabilizes at reo 

placement levels ' from now until the end of the century. Five·to.19.year·olds of 1970, who 

will then be 30 years older, will have produced a second bnlge of five.to.19.year.olds. 

U.S.: ULTIMATE STATIONARY POPULATION 
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of age-will decline from roughly a third 
to a fourth of the total by the time the 
population stops growing, but because 
of the increasing population base the 
number of young people will remain 
about the same as it is today. The num
ber of aged people-those 65 and over
will increase dramatically from about 
120 million to 175 million by the year 
2000 and to 275 million in the stationary 
population; now 11 percent of the total 
population, this age group will ultimate
ly constitute 19 percent. The increase of 
55 million aged people that will take 
place by the end of the century is not a 
matter of conjecture; they will be the 
sUlvivors of people 40 and over who are 
alive today. For societies that do not 
seem to have been doing an outstanding 
job in the integration of the aged, the 
prospect of such growth is sobering. 

The age structure of the population 
that is in prospect for most developed 
countries is foreshadowed in Sweden 
and a few other countries that have ex-
perienced very low rates of growth for a 
long period of time. Some observers have 
maintained that older populations will 
discourage innovation and will be more 
conservative, less exciting societies in 
which to live. Others who have lived 
through recent excesses of youth feel 
less apprehensive about the prospect. 
Little is actually known about the effects 
of age composition per se because its 
change is relatively slow and is inter
twined with numerous social and eco
nomic factors that become Rart of the 
total process. The components of broad 
social change cannot be so neatly disen
tangled that the social scientist can iso
late age composition as a determinant 
of other changes. One advantage is that 
the prospect of an increasing number of 
older people is completely predictable; 
the governments of the developed coun
tries therefore have time to plan their 
accommodation. Regrettably, govern
ments in general are not noted for their 
capacity for long-range planning. 

After another generation or so of con
tinued low fertility many developed 
countries will have reached the point 
where below-replacement fertility will 
mean an absolute decline in numbers, 
such as both West Germany and East 
Germany are now experiencing. When 
that happens, and probably long before, 
the occasional cries of alarm we now 
hear about labor-force needs or national 

6 5 4 3 2 o 2 3 4 5 6 
security or national virility will increase 
in both number and volume. 

PERCENT OF TOTAL POPULATION 

ULTIMATE STATIONARY POPULATION, if it is achieved in the U.S. during the next 

century, will have the age composition shown here. A third of the population will be un· 

der 25 years of age, a third will be between 25 and 50 and another third will be over 50. 
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1-low do governments react to popula
tion change? Most of the talk about 

population has understandably focused 
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on the problems of growth in the devel
oping countries. Back in the late 1930's 
population was on the mind of a country 
such as Sweden that was facing an im
pending decline in numbers, resulting in 
one of the first modern population poli
cies. Population was also a matter of 
great interest to the German and Ital
ian governments for different reasons. 
France, which had long been sensitive to 
problems of national security, had earlier 
enacted pronatalist legislation designed 
to strengthen the family. Apart from 
these sporadic displays of interest, how
ever, the subject of population has never 
been high on the agenda of national pri
orities. 

A similar, although perhaps changing, 
situation obtains today. In general the 
subject of population is not a pressing 
one in the government offices of the de
veloped countries. The topic seems to 
emerge only when the aggregate conse
quences of individual behavior are per
ceived to threaten the national welfare. 
Thus the U.S .  and Australia formed na
tional panels to inquire into popula
tion as environmental problems became 
linked with population. Britain recently 
established an "inquiry" and the Nether
lands a royal commission to evaluate the 
consequences of expanding populations. 
Ironically a royal commission in Britain 
and an official committee in the U.S .  had 
been appOinted only a generation earlier 
because of concern about the threat of a 
declining population. Japan has had a 
population advisory panel for several 
years ; Israel, with its political concerns 
both about its numbers in relation to its 
hostile neighbors and about the different 
growth rates of ethnic segments of its 
own population, has had a Committee 
for Natality Problems for more than a 
decade. Virtually all developed countries 
have or have had some official group con
cerned with population (frequently in 
cofmection with labor migration), but 
few can be said to have articulated what 
might be termed explicit population
growth policies and programs. The 
World Population Conference, held this 
summer in Bucharest, has stimulated the 
development of population policy if for 
no other reason than that the official del
egations were expected to take positions 
on a draft "World Population Plan of 
Action." 

On balance, the direction of official 
thinking on the subject in the developed 
countries is pronatalist. For the most 
part the official attitude is to promote 
family welfare for various reasons largely 
unrelated to fertility but with the expec
tation, or hope (the little evidence that 
exists is not reassuring), that by reducing 

Advice to youth 
from a science fair judge: 

Wi n n i ng a prize is more satisfying than 

not winning. 

J udges favor projects they understand.  

Even projects good enough to get all the way to the 

big International Science and Engineering Fair are 

not PhD theses. Those who judge a PhD thesis must 

be on top of all existing knowledge that directly locks 

into the missing piece the candidate offers . Not so for 

science fair judges . They may not be that sharply tuned 

to your topic and to your every word of written and 

spoken explanation . They have to move along to finish 

the judging. 

Photography might get through to them. Not neces

sarily a dim little snapshot or two that mumbles in a 

dull tone, "The fol low;ng oppo<o'u' we, employed."  That you may need 

anyway, but consider also a very short movie or a few 

stills that shout, " H EY, LOOK! THIS IS WHAT YOU 

COU LD HAVE SEEN ! "  After that, the cold facts. 

If you have some ideas of your own, our free pack

age of photographic hints for science fair contestants 

may prove useful.  Request it from Kodak, Dept. 84 1 ,  
Rochester, N.Y.  1 4650. 

Any questions? 

A t  the 1 974 I nte rnati onal  S c i e n c e  and E n g i n e e ri n g  Fai r ,  
Theresa Tom i l o  of Comstock H i g h ,  Ka lamazoo, M I .  showed 
with these p i c t u res she had taken j u st how hai r less a hai r
less mouse can be and what happened after i nject i o n  with  
DNA extracted from e m b ryo n i c  c u l t u res of hai red stra i n s .  
S h e  wal ked off w i t h  p rizes and honors from t h e  U . S .  Army, 
the U . S .  Navy, and the American Dental  Associ at i o n ,  and 
a pr ize for photography from Eastman Kodak Com pany. 
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the costs of  parenthood through family 
and child allowances, maternity benefits 
and sundry other benefits couples may 
be less reluctant to have another child, 

Fertility and population growth are 
not the sole reasons for official concern. 
The increasing concentration of popula
tion in metropolitan areas presents spe
cial problems; also in some countries the 
depopulation of rural areas is worrisome. 
From time to time the desirability of im
migration has loomed large in the think
ing of Australia, Britain, Canada, Israel, 
New Zealand and the U.S, Other coun
tries, such as Finland, Greece, Ireland 
and Sweden, have long been concerned 
about the loss of population through 
emigration. Some countries, such as the 
Netherlands, Switzerland and West Ger
many, are concerned about the problem 
of accommodating foreign workers. 

By and large, however, the pronatalist 
sentiments of most of the developed 
countries are motivated by the impend
ing threat of a declining population. 
Some countries, such as Japan, are con
cerned about the economic implications 
of declining numbers of young workers. 
The countries of Eastern Europe are 
similarly worried about the economic 
consequences of periods of low fertility. 
Other countries have nationalistic anx
ieties-an attitude that never lies much 
below the surface. For example, shortly 
before his death President Peron of Ar
gentina announced a pronatalist popula
tion policy because of the rapid popula
tion growth of some of Argentina's 
neighbors. He made oral contraceptives 
illegal and reminded Argentine women 
of their maternal responsibilities. 

That harsh response, however, is ex
ceptional. Most pronatalist "policies" do 
not preclude the availability of contra
ceptive supplies or, in some instances, 
abortion services. A survey of 24 devel
oped countries made by Bernard Berel
son of the Population Council shows that 
before Peron's action only Ireland inter
posed legal obstacles to distribution of 
contraceptives, and this now appears to 
be changing. About half of the countries 
in Berelson's review had provisions for 
legal induced abortion, although they 
varied in the degree of permissiveness. 
Therefore, in spite of the pronatalist ori
entation of most of the developed coun
tries, the majority of governments pro
vide fertility-control services in public 
health programs. 

What will happen if fertility continues 
to decline, or if population actually be
gins to drop, is another matter. It seems 
unlikely, however, that there will be any 
wholesale removal of family-limitation 
supplies or services. These apparent con-
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Remington's revolutionary new miniaturized 
shaving system has produced America's first 
space-age electronic shaving instrument. 

Space-age science invades the shav ing industry 

The e x c i t i n g  new R e m i ngton F l O e l ectro n i c  
shaver i s  s o  sma l l  i t  w i l l  f i t  i n  y o u r  pocket,  so 
rugged it w i l l  shave the tough est beards a n d  so 
porta b l e  it doesn't  even come w i t h  a cord or 
rec harger.  

Using space-age shav ing technology, R e m i ng
ton has produced a portable razor that actual ly  
f its  in  your pocket. 

P R E C I S I O N  QUA L I TY CONST R U C T I O N  

The F 1 0  i s  no toy.  I ts prec i s i o n  super-th i n  
head conta i n s  over 1 , 8 0 0  t i n y  perforat ions _  
Through a new e l ectro-form i n g  process, each 
m i n iature  perfora t i o n  i s  f u n n e l -sha ped to give 
a s l i c k ,  smooth and speedy shave. R e m i ngton's  
new powerfu I m icro motor  a n d  power source 
co m b i n e  to produce o n e  of the ou tsta n d i ng 
product brea k t h roughs  of the year.  

THE H I D D E N  R EC H A R G I N G SYST E M  

T o  cha rge t h e  n e w  power syst e m ,  you s i m p l y  
s l i d e  out  t h e  h i d d e n  p l u g  a n d  i n sert y o u r  razor 
i nto any ava i l a b l e  recept a c l e .  There i s  no re
charger,  c h a r g i n g  cord or transformer to f u ss 
w i t h .  And s i nce one good over n i ght charge i s  
a l l  you need for a fu l l  week of shaves, you can 
use i t  practica l l y  a n ywhere.  

F R E E  CA R R Y I N G  CASE 

Yo u ' l l  a l so be a mazed at  t h e  q u a l i ty  con
st ruct ion a n d  featu res of the h i g h - i m pact carry· 
i n g  case that  you get free w i t h  each u n i t .  There's 
a b u i l t - i n  m i rror,  a se lf -co n t a i ned c l e a n i n g  brush 
a n d  a s n a p - l ock l id to fu l l y  protect y o u r  razor 
d u r i ng transport .  

The en tire recharging system is built into the 
electronic shaver. To recharge, simply slide out 
the built-in plug and insert in any 1 1 0 volt elec
trical ou tlet. There are no cords, A C  adapters, 
transformers or rechargers to fuss over. 

A G R EAT N EW I D E A  

T h e  R e m i ngton F 1 0  i s  a great w a y  to spruce 
u p  on a n  a i r p l a n e  or i n  your  ca r before a n  i m 
porta nt  meet i ng.  E v e n  i f  y o u  o w n  a n other  shav
ing i n st r u m ent the R e m i ngton F l O m a k e s  t h e  
perfect a l ternate system for h o m e  or for trave l .  

WHAT A G R EAT G I FT F O R  
T H E  M A N  W H O  H A S  E V E R Y T H I N G  

I ma g i n e  the su r p r i se when you g ive t h e  R e m 
i ngton F l O. One t h i ng's  for su re- he w o n ' t  have 
a n yt h i n g  l i k e i t  becau se there i s  noth i n g  l i ke  i t  
ava i l a b l e  a n y w h ere.  

The 7 ounce shaving miracle- the Remington F- 1 D  
electronic shaver_ All chrome with soft leatherette 
side panels, the F 10 measures only / "  x 2 5//6" 
x 3 IIS"-smaller than a pack of cigarettes. 

N A T I O N A L  
I N T R O D UCTO R Y  
P R I C E 
F u tu re Reta i l  $49 . 95 

O N L Y  4,000 U N I TS W I L L  BE SO L D  

J S & A  h a s  been sel ected as  t h e  co m p a n y  to 
i ntroduce and se l l  the R e m i ngton F - 1 0  u n t i l  
C h r i stmas at i t s  spec i a l  i ntrodu ctory p r ice.  O n l y  
4,000 shavers p e r  m o n t h  w i l l  b e  ava i la b l e  for 
sa l e .  So act q u i c k l y .  Each u n i t  comes with a 90 
day wa rranty and a two week t r i a l  per iod.  I f  
you're  not abso l u t e l y  sat i sf i e d ,  retu rn  your  F - 1 0  
with i n  two weeks for a prom pt a n d  courteous 
ref u n d .  

The R e m i ngton F - 1 0  wi l l  be one of the sur
p r i se purchases of your l i fe _  Order o n e  d u r i ng 
o u r  l i m ited offer at no ob l i ga t i o n  toda y .  

T O  O R D E R  BY M A I L 

Each R e m i ngton F - 1 0  comes co m p l ete with  
shav i n g  head protector, c l ea n i n g  b r u s h ,  pro
tective case and i nstruct i o n s .  To order your u n it 
si m p l y  send your  check for 532.45 1$29.95 
plus  $ 2 . 5 0  postage and h a n d l i n g- I l l i n o i s  resi 
dents add 5% sa les  tax) with your  name, ad
dress, city, state, a n d  zip code to the add ress 
shown be low.  If you wish to cha rge the F - 1 0  to 
your M a ster C h a rge, B a n k  A m e r i c a r d ,  D i n ers 
C l u b  or Amer ican E x press cred it  card accou nt, 
ca l l  our  to l l - free nu mber or se nd u s  a br ief  note 
l i st i n g  a l l  n u m bers on your  credit card,  ex p i ra
tion date, s ignature  and t e l e p h o n e  n u m ber.  P i c k  
up the phone a n d  o r d e r  your  R e m i ngton F - 1 0  
e l ectro n i c  shaver a t  n o  o b l i ga t i o n  today . 

CREDIT CARD BUYERS CALL .  

(800) 323-5880 
IN I LL I NOIS CALL 1 3 1 2 1 498-6900 

~ 
NATIONAL SALES GROUP 

4200 D u n d e e  R d .  

N o r t h broo k ,  I l l i n o i s  60062 

© 1 9 7 4 ,  JS&A 
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A N T I Q U I TY 
A Q u a rte r l y  R ev i ew of Arc h a e o l ogy 

e d i ted by G l yn D a n i e l  

Fo u nded i n  1 927 b y  O.  G .  S .  Crawford, A N T I Q U ITY 
has a ppeared reg u l ar ly ever since and won acc l a i m  the 
world over as  the most a uthoritative jo u r n a l  i n  its f ie ld . 
W h i l e  written by spec i a l i sts, the articles, notes a n d  
reviews are p o p u l a r  i n  c h a racter a n d  i n d ispensa ble t o  
a l l  i nterested i n  the development of m a n  a n d  h i s  past. 

Dr G l y n  D a n iel  of the Facu lty of Archaeology a n d  
Anthropology i n  the U n iversity of Cam bri dge, a n d  
Fel low of St J o h n 's Col lege, h a s  b e e n  Ed itor s i n c e  1 956.  

The a n n u a l  su bscr ipt ion,  postage i n c l u ded, is  $ 1 2 .  
S u bscri pt i o n  forms a n d  ban kers' orders a re ava i l a b l e  o n  
req u est from 

A N T I Q U I TY P U B L I CAT I O N S  L I M I T E D  
H effe rs Pr i nters Ltd ,  K i n g ' s  H ed g e s  R o a d ,  
C a m b r i d ge,  E n g l a n d  C B 4 2 P Q 

How a "Free" 
Checking Account 
can actually lose 
you $500 a year 
Announce expansion of only bank plan 
in U.S. that al lows both checks and 
top interest at same time 
Millions of Americans today consider them
selves lucky to have a so-called "free" 
checking account . But what they don't 
realize is that many are actually letting 
$100,  $300, even $500 or more in hard 
cash slip through their fingers every year.  
This is because, although the checks are 
free, their account isn't earning them one 
cent in interest . 

But now there's a unique bank plan, the 
only nationwide plan of its kind , that not 
only gives you free checks but pays you 
maximum rate interest on all the money 
now lying idle in your checkbook. Account
holders can write free checks on credit 
against the entire account while the interest 
is compounded daily.  

Like a free checking account that 
pays highest savings account inter-

est . There are no check or service charges, 
and because of a free repayment period ,  the 
account can be used just like a completely 
free checking account with no minimum 
balance required.  

The accounts are exclusive to Citizens 
Bank & Trust Co. in suburban Chicago, a 
bank in the quarter-billion-dollar class 
with exceptional reserves and F . D . I . C .  
insurance. All transactions are b y  postage
free mail . 

A bank spokesman reports that people 
with "United Security Accounts" earn as 
much as $100,  $500 or more extra interest 
every year, even though they can still 
write checks up to their full balance . One 
confidential bank account does the work 
of both savings and checking. 

Although "U.S.A." accounts are now 
held by 80,000 depositors, new accounts 
have only been available at limited inter
vals, mainly to persons recommended by 
present accountholders. Now the bank 
says it will release a block of new accounts 
without recommendation. 

During this limited application period, 
anyone interested is invited to send,  with
out obligation, for a free booklet describing 
the special advantages of these accounts. 
The convenient coupon below should be 
sent without delay. 

r - - - - - - - - - FREE BOOKLET COU PON - - - - - - - - - ,  
I H o w a rd S .  H a d ley, U.S.A.  Di rector 

Citize n s  B a n k  & Trust Co.,  Dept.  SA-24 I ( P a r k  R i d g e )  C h ica go, I I I .  60666 
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I checking account that pays highest savings account interest. 

I NAME 
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£licts in policy underscore the fact that 
fertility-control policies were prompted 
in earlier days primarily not by demo
graphic considerations but rather by 
concern over women's health and, in 
some instances, women's freedom of 
choice, and by the desire to achieve eco
nomic objectives by enabling women to 
work. There has been talk in some gov
ernments (for example Japan's) about 
tightening permissive abortion laws, and 
in recent months Czechoslovakia and 
Hungary have narrowed the conditions 
under which abortions can be obtained. 
The motivation is a concern both about 
very low fertility and about rising rates 
of premature births resulting from earlier 
abortions. Both countries are nonetheless 
promoting alternative forms of birth 
control. 

The reports of the most recent Ameri
can and British population panels were 
released respectively in 1 972 and 1 973, 
and they were quite similar. They re
garded population growth as aggravat
ing environmental and social problems, 
but the tone of the reports was far from 
alarmist. They both subscribed fully to 
maximizing freedom of choice in connec
tion with reproduction. During the prep
aration of the U.S. report and since its 
release fertility in the U.S. has declined 
sharply, removing much of the immedi
ate concern about population growth. 
Moreover, the unenthusiastic response of 
the White House to the report, which 
was issued at the beginning of the 1 972 
Presidential campaign, was hardly con
ducive to development of an official 
population policy. Probably the only de
veloped country that is still concerned 
about-too much population growth is the 
Netherlands, with its past history of high 
fertility, its high denSity and its de
pendence on external resources. 

Governments in general are not par
ticularly enthusiastic about adopting 
population policies because of the moral, 
ethnic or political sensitivities involved. 
Therefore, unless rates of growth decline 
further, which of course they may do, 
there does not seem to be much prospect 
of further developments in policies con
cerning population growth in the ad
vanced countries of the world. If any 
population goal at all is emerging in the 
developed world, with some exceptions 
it seems to be in the direction of popula
tion stabilization. All the talk about what 
governments do or do not do about pop
ulation should not, of course, obscure 
the fact that the trend of the birth rate 
has been much more a response of cou
ples to their perception of their own 
welfare than a result of deliberate gov
ernment policy. 
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My name is Masakazu Fukushima, 
and here I am trumping some miigh. 
bors at contract bridge. I play every 
chance I get. I t  beats watching tele· 
vision.  

Not that I 've got anything again st 
watching television, mind you. 
Watching is  fine. What real ly  bothers 
me is  the bulk of the sets themselves. 
You get a big. screen color TV in your 
l iving room and it's l ike you parked a 
small  car in there. An ugly small car. 

The fact is  I work for a company 
that makes a l ot of TVs . . .  Hitachi.  
I do electronics research, so I thought 
I 'd try and do something to make 
color TVs easier to live with.  

All  people real ly want from a color 
TV is  a good picture.  So we figured 
the set should be shaped l ike a pic. 
ture. Flat. To be hung on the wall .  

We figured it  out,  then went into 
the lab and put i t  together. We came 
u p  with what we wanted . . .  the 
world's first working prototype for a 
fiat· profile color TV. It came out even 
better than we thought i t  would.  

II 

Not only is this new TV fiat, the 
way it's designed is such that the 
screen can be just about however big 
you want it. There could be whole 
TV walls, say, in schools. 

It  opens u p  a lot of new, better 
possibi l ities for television, and that 
makes me happy. By doing myself a 
favor - by helping to invent some· 
thing I'd enjoy - I've made something 
that can benefit an enormous number 
of people. 

I am you. 

� H IR!�9,,� I 
Hitachi America, Ltd. 
Head Office: 437 Madison Avenue. New York, N .Y. 1 0022 

Tel:  (212) 758·5420 
Branch Offices: San Franc isco. Chicago. Atlanta . 

• PoW e r  G e n e r a t i o n  & T r a n s m ission E q u i p m e n r  I nd u s t r i a l  M a c h i n e r y . T r a n s p o r t a t i o n  E q u i p m e n t . C o m m u n ic a t i o n s  E q u i p m e n t . E l e c t r o n i c s  & I-t o m e  A p p l i a nc e s  
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The Family in Developed Countries 

Such countries have the same level of fertility and the same kind 

of family. Although that family is more specialized than it was in 

the past, it remains essential to both the individual and society 

The type of family that is idealized 
in a society is congruent with the 
level of economic development. 

Throughout the currently developed so
cieties the conjugal family prevails as an 
ideal; in underdeveloped societies the 
norm is typically one or another variant 
of the consanguineal form. The essential 
distinction between the two types is the 
extent to which the individual's family of 
procreation (in which he or she is a par
ent) is independent of the individual's 
family of orientation (in which he or she 
was a child). 

The characteristic features of indus
trialism that have special relevance for 
family form are specialization, educa
tion, mobility and particularly individu
alism. Industrialism is essentially a sys
tem for increasing productivity by the 
division of labor in all societal spheres. 
Units with specific tasks are highly dif
ferentiated and human resources are ex
ploited on a rational basis in terms of 
individual merit, regardless of other con
siderations. A specialized and efficient 

by Norman B. Ryder 

labor market requires technical educa
tion and individual mobility; job deci
sions are made by and about individuals 
rather than families . 

The specialization of production units 
by task implies the withdrawal of the 
family from many activities it had per
formed in a less differentiated context. 
The SOciety largely supplants the family 
as the instrument of technical education, 
the avenue of employment, the channel 
of credit and social security and the 
source of protection and defense. Rather 
than emphasize the way in which a fam
ily is stripped of its functions in a devel
oped society, however, it is more useful 
to consider that the family becomes a 
much more specialized institution. 

In every society, regardless of the so
cioeconomic setting, the family has the 
primary responsibility for population re
placement. The question that will be ad
dressed in the first part of this article is 
the extent to which that responsibility is 
met by the conjugal family in an indus
trial society. In every society the family 

"THE MARRIAGE OF GIOVANNI ARNOLFINI AND GIOVANNA CENAMI," painted 

by Jan van Eyck in 1434, is in effect a pictorial marriage certificate. (Although the woman 

appears to be pregnant, she is not; the effect is due to the way she is holding her dress,) 

The Flemish bridal chamber is filled 'with symbols that reflect the social and economic role 

of marriage in that society. The rich furnishings and cloth are symholic of the husband's 

ohligation to provide material goods and protection for his wife. The man and woman have 

removed their shoes in recognition that they are standing on "holy ground" while they 

exchange their marriage vows. They seem to he alone, but when the images in the small 

mirror behind them are examined, the reflections of two other people, witnesses to the 

marriage, can be seen. Above the mirror is written Johannes de eyek luit hie (Jan van 

Eyck was here) and the date 1434. To the right of the mirror is a high.hacked armchair 

with a carving of St. Margaret, patroness of childbirth. It is suggestive of the role of the 

wife in marriage. Behind the wife is the bridal bed on which the marriage is to be con· 

summated in order to make it legally binding. With her left hand the woman is lifting up 

her dress to expose her blue underdress, a sign of acquiescence. The terrier like dog in 

front of the couple is a symbol of fidelity. The candle in the chandelier, burning in day. 

light, stands for the all'seeing wisdom of God. Apples by the window are a reminder of the 

original sin, and the 10 passion scenes around the mirror symbolize the forgiveness of the 

original sin by the crucifixion of Christ. The painting is in the National Gallery in London. 

also has the principal responsibility for 
the development and maintenance of the 
individual self; the case is made in the 
second part of this article that the in
dividual in a developed society has a 
greater need for emotional support and 
that the conjugal family is more exclu
sively the source of that support. 

The first evidence to be presented con-
cerning the performance of the con

jugal family in a developed society is the 
pattern of nuptiality in the U.S. (largely 
because that is the population with 
which I am most familiar). The term 
nuptiality is used to Signify the incidence 
of marriage by age and sex. From census 
data for the U.S. I have reconstructed 
the two most useful indexes of nuptiality 
for the years 1923 through 1960. These 
indexes are the proportion married (at 
least once) and the mean age at first mar
riage up to age 45 (selected to represent 
the upper limit of the childbearing ages). 
The measures are calculated from the 
histories of cohorts of women (those born 
in successive years) and dated at the time 
corresponding to each cohort's mean age 
at first marriage. From an already high 
level at the beginning of the period the 
proportion married rose to a plateau 
close to 97 percent, where it remained 
for several decades without showing any 
response to either war or the business 
cycle. Movements of the mean age at 
marriage are more volatile; it appears 
that changes in the economic and politi
cal climate cause women to marry sooner 
or later than they otherwise would but 
do not modify their likelihood of marry
ing eventually. We know from other 
sources that the age at marriage had 
been declining before 1923. There was 
a small reversal of this trend for those 
marrying in the late 1920's and early 
1930's. Then a long and strong decline 
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began, from an age a little under 23 to 
one slightly over 21. This movement ap
parently stopped during the 1950's. 

For the years since 1960 we must rely 
on somewhat less satisfactory informa
tion. The Current Population Survey of 
the Bureau of the Census provides a 
series of median ages at first marriage 
for the years 1947 through 1973 [see il
lustration below]. For the years 1949 
through 1962 that average was approxi
mately 20.3 years, but since then it has 
climbed by almost a year. The crude 
marriage rate (the number of marriages 
per 1,000 population per year) has re
cently increased somewhat (from lOA in 
1968 to 10.9 in 1973). One cannot, how
ever, infer that nuptiality is once again 
embarked on an upward course, because 
the crude marriage rate is an unsatisfac
tory measure. I have eliminated from the 
numerator remarriages (they have re
cently been increasing as a proportion of 
all marriages) and from the denominator 
all but the single women aged 18 through 
24 (those most relevant to the process); 
with these refinements it appears that 
the probability of first marriage for a 
young woman has declined by more than 
10 percent in the past five years. The in-

24 

23 

ference is that the age at first marriage is 
still rising (provided that there has not 
been an unprecedented decline in the 
proportion of women eventually marry
ing). 

The high proportion married and the 
early age at marriage manifest the pre
vailing social norms. Almost from the 
beginning of life one learns that mar
riage is a virtually obligatory state for an 
adult. The atmosphere in which a teen
ager lives is charged with encourage
ment for marriage, from parents, peer 
groups and the mediums of mass com
munication; society as a whole registers 
its tangible approval through various 
forms of subsidy. Yet it remains a re
markable fact that the age at marriage 
would continue to decline in spite of a 
substantial rise in the school-leaving age. 
According to the census, those who com
plete their education with high school 
graduation tend to marry about two 
years later than those who have dropped 
out and about two years earlier than 
those who go on to college. Since the 
average number of years of schooling 
has increased for women (by about two 
years in the past generation), one would 
expect a rise rather than a fall in the 

marriage age. On the contrary, the effect 
of additional schooling has been more 
than counterbalanced by the concurrent 
decline in marriage age for every level of 
educational attainment. Within a gen
eration the time lag between leaving 
school and getting married has narrowed 
from about six years to about two. 

A substantial contribution to the lower 
marriage age has been made by an im
provement in the efficiency of the Ameri
can marriage market. For example, it 
was not so long ago that each of the di
verse subcultures in American society 
maintained a more or less closed mar
riage system. The gradual evolution of a 
homogeneous culture, the increase in so
cial and spatial mobility and the declin
ing relevance of parental characteristics 
in the choice of a partner have effec
tively enlarged the size of the market 
and thereby have improved the probabil
ity of marriage for each individual. Fur
thermore, increasing education has prob
ably helped to reduce the marriage age. 
As long as the school-leaving age was 
lower than the age of sexual awareness 
school enrollment was essentially irrele
vant to nuptiality. Now, however, a 
considerable majority of boys and girls 
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AGE AT TIME OF FIRST MARRIAGE is plotted for U.S. women. 

For the years 1923-1960 (colored curve) the age plotted is the 

arithmetic mean for hirth cohorts, dated at the time corresponding 

to that mean. For the years 1947-1973 (black curve) the age plotted 

is the period median, the age that divides the married population 

of the U.S. under age 45 into two equal groups; the people in one 
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group are younger than the median and the people in the other 

group are older. Before 1923 the mean age at marriage had been de

clining_ The direction of change was reversed around 1930, but the 

decline resumed in the mid-1930's and continued until the mid· 

1950's. More recent data shown in black curve indicate that median 

age at first marriage has risen from 20.1 in 1956 to 21.0 in 1973. 

© 1974 SCIENTIFIC AMERICAN, INC



remain in school until 18. The American 
high school has all the requisites of an 
institution designed to promote mating: 
single males and females are assembled 
in substantial and equal numbers, are 
residentially selected for social homo
geneity, are organized on an age-graded 
basis and are exposed to one another in 
a variety of social contexts over extended 
periods. In addition, the more educa
tion one has, other things being equal, 
the more desirable one is in the marriage 
market; census data show that the time 
lag between leaving school and entering 
marriage varies inversely with the level 
of education. 

Particular characteristics of the Amer
ican economy since the end of World 
War II have probably played an impor
tant role in the decline of the marriage 
age and in its subsequent rise. Because 
of the marginal status of young adults in 
the labor force, they are peculiarly sensi
tive to labor-market conditions. In the 
immediate postwar period employment 
opportunities were generous for young 
adults because a high rate of economic 
growth produced a strong demand for 
their services at a time when the supply 
of those services (the number of young 
adults) was small. Furthermore, the Gov
ernment provided not only veterans' 
benefits, housing loans and educational 
subsidies but also tax advantages for 
married couples. And there was less 
competition among siblings for parental 
assistance because the number of sib
lings with whom the young adult had to 
share the assistance was smaller on the 
average than it had been at any time in 
history. 

Recently, however, the rate of eco
nomic growth has been lower, and the 
supply of young adults has been in
creased greatly by the "baby boom." 
There has probably also been an increase 
in the competence with which unmar
ried people can prevent pregnancy from 
propelling them into an early marriage. 
Finally, the school-leaving age has risen 
substantially, to the point where it may 
now be having a net effect on age at mar
riage. The probability of graduating 
from high school increased from 50 per
cent in 1950 to 75 percent in 1970. In 
the decade from 1960 to 1970 female 
college enrollment swelled from 1.25 
million to more than three million. Un
der the circumstances a rise in the mar
riage age is not surprising. 

The dominant feature of recent Amer
ican fertility has been the baby boom. 

Even though it has long since subsided, 
an appreciation of current developments 

requires an understanding of exactly 
what caused it. The baby boom can be 
specified as a rise in the annual number 
of births from 2.46 million in 1936-1940 
to 4.28 million in 1956-1960, that is, a 
74 percent increase in births over a peri
od during which the population as a 
whole increased by only 33 percent. The 
measure customarily used by demog
raphers to chart movements of fertility 
from both the size and the age-sex dis
tribution of the population is the period 
total fertility rate: the sum over all ages 
of the birth rates calculated for women 
of each individual age in the period con
cerned. This measure has a useful de
scriptive dimension: it represents the 
mean number of births a woman would 
have in her lifetime if she experienced 
the specified birth rate at each age. From 
1936-1940 to 1956-1960 the period to
tal fertility rate rose by 69 percent, from 
2.17 to 3.67 [see illustration on next 
pagel. 

This measure cannot, however, be ac
cepted as a valid indication of the under
lying change in fertility, because it is a 
cross-sectional index that may not re
flect the actual lifetime experience of 
any of the cohorts of women who have 
contributed fertility to the period in 
question. I have made the same kind of 
calculation for each birth cohort, and in 
order to allow comparison of the two 
series I have dated the result as of the 
time when the cohort reached its mean 
age of fertility. The cohort fertility mea
sure rose only 42 percent (from 2.28 to 
3.24). Although this is a substantial in
crease, it is much less than that for the 
cross-sectional index. The source of the 
discrepancy is that whenever successive 
cohorts are having their children at pro
gressively older ages, the period total 
fertility rate is depressed below its co
hort counterpart, because the earlier 
(older) cohorts are having lower pro
portions of their fertility in the same 
period that the later (younger) cohorts 
are having lower proportions of their 
fertility. Over the years 1936-1940 the 
mean age of cohort fertility was rising 
(by about .1 year per year); the period 
total fertility rate was accordingly lower 
than the same measure for cohorts. The 
opposite phenomenon occurs when the 
age distribution of cohort childbearing 
is shifting downward. Over the years 
1956-1960 the mean age of cohort fer
tility was falling (by about .2 year per 
year); the period total fertility rate was 
accordingly much higher than the same 
measure for cohorts. The approximate 
algebraic relation is as follows: The ratio 
of the period total fertility rate to the 

cohort total fertility rate is equal to the 
complement of the annual change in the 
cohort mean age of fertility. This relation 
implies that large movements upward or 
downward in births from period to peri
od are not necessarily inconsistent with 
a constant level of cohort fertility; they 
may be generated by changes in the age 
distribution of cohort childbearing. 

That circumstance is essential to an 
accurate interpretation of the current 
level of American fertility. It is not pos
sible to calculate directly the cohort total 
fertility rate corresponding to any recent 
year because the cohorts now at their 
mean age of fertility have many years of 
childbearing still ahead of them, but one 
can make an inference about the cohort 
total fertility rate if one has evidence 
about both period fertility (which can be 
calculated) and the direction of change 
in the age distribution of cohort child
bearing. As one could infer from a rising 
age at marriage, women are at present 
having their first and second children at 
higher ages than in the recent past, but 
this trend is being counterbalanced by a 
decline in the relative frequency of 
births of higher order (which tend to 
occur at later ages). In my judgment it is 
unlikely that there is currently much 
change in the mean age of cohort fer
tility. Accordingly the level of period 
fertility (which was 2.08 for the years 
1971-1973) gives a fair indication of the 
level of cohort fertility. I conclude that 
the cohort total fertility rate is now lower 
than it has been at any time in American 
history. 

One further statistical step is useful 
in characterizing the increase in cohort 
fertility from 1936-1940 to 1956-1960. 
The cohort total fertility rate is algebrai
cally identical with the sum of (the prod
uct of the proportion of women having 
at least two children, and their mean 
number of children) and (the proportion 
of women having only one child). The 
numbers in this equation for the cohorts 
representing the two periods in question 
are as follows: 2.28 = (.573) X (3.61) 
+ .21 and 3.24 = (.838) X (3.76) + .09. 
Clearly the dominant source of increase 
in the total has been the 46 percent rise 
in the proportion having at least two 
children. 

There has always been strong social 
pressure for married couples to have at 
least two children, but not if they are 
unable to afford them. Between the 
1930's and the 1950's there was not only 
a substantial rise in real per capita in
come but also an increase in pronatalist 
intervention by the Government, partic
ularly through the tax stmcture and the 

125 

© 1974 SCIENTIFIC AMERICAN, INC



4 

� 
V--

� � "' - v----
� � jr 

� "'" 
� 

--

3 

z 
« 
::; 
0 � p � 1\ � a: 
w 
(l. 
(fJ 
I 
f-
a: iii 
z 
« 
w 
::; 

2 

o 
1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 

TWO FERTILITY·RATE SERIES for U.S. women are plotted for 

the years since 1920. The cohort rate (colored curve) indicates the 

average number of births per woman, dated at the time correspond. 

ing to the mean age of that cohort's fertility. The cohort total fer

tility rate fell from 2.97 in 1920 to 2.23 in 1936, rose to a peak of 

3.28 in 1958-1959 and by 1969 had subsided again to 2.50. The peri. 

od rate (black curve) gives the same kind of information, hut it is 

based on the cross section of age.specific birth rates for each suc· 

cessive year. Amplitude of fluctuations in period.rate curve is sub· 

stantially larger than that of fluctuations in preferred cohort curve. 

subsidization of education. Demograph
ers have been reluctant to acquiesce in 
the idea that fertility varies directly with 
income, mainly because the time series 
for individual countries, the comparisons 
between countries and the differentials 
within countries all tend to show the con
trary. Furthermore, the major decline in 
American fertility preceded the Great 
Depression, and the decline actually 
came to a halt during the 1930's; more
over, the subsequent rise in fertility was 
much more impressive for those of high
er income than for those of lower in
come. In my opinion these pieces of evi
dence against an income theory of fer
tility are less than compelling because 
the fertility differentials observed are 
mainly reRections of differences in the 
ability to regulate fertility, and that abil
ity is positively related to income. In ad
dition, it would seem less relevant to 
consider the absolute level of income 
than to consider the level with respect to 
what is considered to be a suitable stan
dard for one's station in life. 

Although there was only a minuscule 
upward movement in the mean number 
of children born to those women with at 
least two children, it does deserve atten
tion because that particular measure had 
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been declining for at least a century, and 
it was the prime source historically for 
the lowering of American fertility. Some 
demographers maintain that couples 
after the war inexplicably increased their 
demand for children in relation to goods. 
The principal support for this is Gallup 
poll information on the number of chil
dren desired or considered ideal, which 
did indeed increase as the level of fer
tility rose. Yet the wording of those 
questions contains no stipulation of the 
conditions under which the expressed 
number of children desired or consid
ered ideal would indeed be the repro
ductive target; there is at least room for 
suspicion that such reports are a com
pound of the rationalization of past ex
perience on the part of those whose 
childbearing is complete and fantasy on 
the part of those who have not yet faced 
the reality test of bearing and rearing 
children. 

I think that a more important starting 
point for an explanation is the fact that 
between the prewar and postwar eras 
the mean age at which women had their 
second child declined from 27 to 24. 
This hastening of the process of family 
formation forecloses a woman's oppor
tunity for non domestic experience and 

increases the length of her exposure to 
the risk of an unwanted child. 

The incidence of unwanted fertility 
was appreciable in the postwar period. 
The modal group of married women in
terviewed in the 1965 National Fertility 
Study was the group responsible for the 
baby boom. Of those who intended not 
to have any more children, a third ad
mitted to having had at least one un
wanted child; because of rationalization, 
concealment and further failures subse
quent to the interview, this admission is 
probably an understatement of the even
tual frequency of unintended births. It 
is my view that these unwanted babies 
came about from a combination of in
creased exposure to risk and a relaxation 
of the contraceptive vigilance required 
to prevent their occurrence. Contracep
tive success, at least prior to the epoch 
of "the pill," depended much less on the 
intrinsic properties of the procedure em
ployed than on the motivation of the 
user. In a time when the resources avail
able to the average family seemed am
ple, at least by prewar standards, there 
may have been only a modicum of con
cern that an unwanted birth, if it oc
curred, would reduce the family fortunes 
below an acceptable scale of living. 
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Although it is too early to speak with 
confidence about the composition of the 
recent dramatic decline in fertility, there 
is an important clue from a question now 
included annually in the Current Popu
lation Survey conducted by the Bureau 
of the Census. Married women are asked 
the total number of children they expect 
to have. Among the younger cohorts in 
June, 1973, the proportion of women ex
pecting to have at least two children 
is 81 percent (little changed from the 
1956-1960 value) but the mean number 
of children for women with at least two 
children is only 2.8 (compared with 3.8 
for the earlier period) . In short, the com
position of the recent decline (to the ex
tent that these personal predictions come 
true in the aggregate) is precisely the 
opposite of the previous rise: we are wit
nessing a resumption of the long-stand
ing decline in the births of an order 
higher than the second. 

Perhaps some part has been played by 
the intensive publicity given to the perils 
of population growth, publicity keyed to 
the concept that more than two are too 
manv. Perhaps there is also some effect 
of the reappraisal of the relations be
tween men and women. Improved op
portunities for women in both education 
and employment almost certainly have 
plaved some part in the currently later 
age at which the first two children are 
born, and they may also have contrib
uted to a resolve to draw the line at that 
level. Delayed arrival of the second child 
increases exposure to al ternatives to 
motherhood and decreases exposure to 
the risk of failure to prevent a third child. 
The principal explanation, however, is 
the substantial improvement in the abil
ity to regulate fertility, by means that 
separate copulation from conception and 
accordingly reduce the requisite moti
vational level well below that necessary 
for successful employment of premodern 
techniques. Most couples use the pill, 
the termination of fertility by female and 
male sterilization has sharply increased 
and there is legal access to abortion. The 
way in which the population has re
sponded in the past decade to the avail
abilitv of these efficient means of avoid
ing excess fertility is strong testimony for 
the view that the baby boom was an un
witting phenomenon. 

�though fertility in the U.S. is now the 
same as it is in other developed 

societies, this convergence is a recent 
development. In the U.S. (as well as in 
Canada, Australia and New Zealand) 
fertility began the postwar era at a mod
erately high level, rose further during 

the decade centered on the late 1950's 
and then declined sharply. In the nations 
of Western Europe the initial postwar 
level was much lower, and there was 
only a small increase (perhaps attribu
table entirely to a decline in the mean 
age of cohort fertility) somewhat later 
than the increase in the U.S.; the current 
level of fertility in these nations is lower 
than ever before in "normal" times. The 
most recent additions to the group of de
veloped societies, Japan and the nations 
of Eastern Europe (including the Euro
pean part of the U.S.S.R.), began the 
postwar period with comparatively high 
fertility; precipitous decline has been 
followed by stabilization at the level 
characteristic of the rest of the indus
trialized world [see illustration on next 
pagel. 

It is remarkable that nations that once 
were so different in fertility level now 
constitute a homogeneous set in this re
spect. It is even more remarkable that 
the common low fertility has been ac
complished by quite different strategies 
of fertility regulation. Fertility derives 
from the multiplication of three proba
bilities: that there is copulation, that 
copulation results in conception and that 
conception results in birth. Nuptiality 
control (permanent celibacy or delayed 
marriage) reduces the first probability; 
contraception and sterilization reduce 
the second; abortion reduces the third. 
The societal strategy for fertility regula
tion is the combination of these logical 
alternatives for achieving a low birth 
rate. 

In the 19th century Western Europe 
was characterized by late marriage and 
high celibacy, Eastern Europe and the 
U.S. by early marriage and low celibacy, 
Japan by moderately late marriage and 
low celibacy. In the postwar period the 
nuptiality pattern in Western Europe 
has shifted strongly in the direction of 
that of Eastern Europe and the U.S.; 
Japan, on the other hand, now has even 
later marriage, although celibacy re
mains low. Permanent celibacy is cur
rently of demographic significance only 
in those countries that adhere to a con
servative form of Catholicism. 

In the U.S. and Western Europe the 
principal kind of fertility regulation is 
contraception and sterilization, but the 
choices of contraceptive procedure dif
fer widely. The commonest methods in 
Western Europe are the condom and 
coitus interruptus; in the U.S. the pill is 
dominant. Low fertility in Eastern Eu
rope and Japan has been achieved pri
marily by resort to abortion. Although 
the moral opprobrium and criminal 

sanctions traditionally associated with 
abortion in the U.S. and Western Eu
rope consigned it to a covert role, it is 
probable that abortion was a frequently 
employed second line of defense against 
the unwanted birth. The recent liberali
zation of abortion policy is an important 
part of the explanation of low fertility in 
such countries as Sweden, England and 
the U.S. 

Thus the pursuit of diverse strategies 
of fertility regulation has led to the 
emergence of a common fertility level 
throughout the developed world. The 
similarity extends beyond the level to its 
composition by family size (both the 
large family and voluntary infertility are 
rare) and to its distribution by age 
(childbearing is concentrated in a brief 
span early in adult life) .  Within narrow 
limits one modern reproductive pattern 
prevails throughout contemporary devel
oped societies. 

I n addition to its societal responsibility 
for producing new citizens (in ade

quate numbers) the conjugal family is 
obliged to provide its individual mem
bers with emotional support, an obliga
tion that increases in salience with the 
level of economic development. In spite 
of the erosion of family functions asso
ciated with modernization, it is still the 
case that one spends almost the whole of 
one's life as a family member and in a 

household whose entire complement in 
the conjugal type of family is a husband, 
a wife and their preadult children (if 
any) . Each individual is born into the 
junior generation of his or her family of 
orientation. The parents are expected to 
be evenhanded in their treatment of sons 
and daughters. Once adulthood is at
tained there may be a brief nonfamilial 
period. The decision to marry is solely 
that of the two persons most directly in
volved, and it is expected to be based at 
least in part on their love for each other. 
With marriage and parenthood a person 
becomes a member of the senior genera
tion in his or her family of procreation. 
The responsibility for children is as
signed exclusively to the couple who 
physically produce them. Ideally the 
family of procreation is completely inde
pendent of the respective families of ori
entation of the two spouses. The life 
cycle is terminated either by death or by 
another brief nonfamilial interval as a 
widow or widower. 

The consequences of participation in 
the organized society give the conjugal 
family particular importance for indi
vidual well-being. The competitive and 
impersonal environment of an occupa-
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tional structure (for the adult) or of an 
educational structure (for the child) is 
psychologically burdensome because it 
asks much of the individual in discipline 
and returns little in psychological secu
rity. The adequate functioning of indi
viduals in the economic system, and thus 
of the system itself, requires effective 
maintenance of their emotional equilibri
um. The conjugal family serves as an 
oasis for the replenishment of the person, 
providing the individual with stable, dif
fuse and largely unquestioning support, 
assuaging the bruises of defeat and oth
erwise repairing whatever damage may 
have been done in the achievement
oriented struggles of the outside world. 

The network of relationships through 
which one could seek such acceptance 
without the test of satisfactory perform
ance was once much larger; it encom
passed the extended kinship structure 
and the community of residence. Al
though we still retain our links with our 
families of orientation and our friends, 
the requirement of spatial mobility (in 
the interests of labor-market efficiency) 
and the probability of social mobility (as 
individuals rise or fall through achieve
ment) increase the distance between rel
atives and destabilize the community. 
With the erosion of these alternatives the 
importance of the immediate family as a 
source of dependable emotional support 
becomes enhanced. 

The conjugal family is a relatively ef
ficient design for supplying the kind of 
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labor force a productive society needs 
and for providing comfort to the indi
vidual exposed to the consequences of 
participation in that system. The family 
has been the foundation of all systems of 
ascribing status on the basis of charac
teristics fixed at birth (such as race, sex, 
ethnic group and frequently social class). 
Its influence is antithetical to the exer
cise of productive rationality through 
equality of opportunity. Yet any attempt 
at further attenuation of family ties, in 
the interests of optimal allocation of hu
man resources, would probably be self
defeating because of the high psycho
logical cost to the individual. The family 
is an essentially authoritarian system 
persisting within an egalitarian environ
ment. The growtll of industrialism has 
been closely linked to the development 
of the ideology of individual liberty. 
Family political structure-the authority 
of male over female and of parent over 
child-has no immunity to the implica
tions of this ideological change. Grave 
internal difficulties may therefore be ex
pected. 

Indeed, there are intrinsic problems in 
every role relationship within the con
jugal family in a developed society. The 
major dimension of the family, at least 
empirically, is the husband-wife axis: 
mortality is now so low that one spends 
close to half of one's adulthood living 
with a spouse but no children. The hus
band is typically the major link between 
the family and the outside world. The 

� 

specialization of an industrial society 
means that the family is separated from 
the job as well as the job from the fami
ly. The husband shuttles back and forth 
between two arenas that operate under 
contrasting sets of rules, and he experi
ences the strain of the' continual transi
tion. The wife has restricted opportuni
ties to the extent that her function is a 
specialized domestic one. The education 
system, which typically exhibits less 
overt discrimination than either the 

. home or the place of work, equips the 
young woman with capabilities for and 
interests in nonfamilial roles. If her as
pirations are frustrated, she experiences 
discontent; if her aspirations are ful
filled, she experiences guilt. 

The bonds between husband and wife 
are inherently fragile; emotionality 
alone is a quixotic foundation for an en
during arrangement. In the past those 
bonds were strengthened by the pre
scription of sexual exclusivity, a device 
in large part intended to ensure that no 
child would be without a father (as the 
consequence of a casual liaison). Now 
the availability of effective means of fer
tility regulation provides the opportunity 
for extensive non marital sexual experi
ence without the implications of a long
term commitment to emotional exchange 
and economic community. Sexual com
petence, like other activities in the de
veloped society, becomes subject to com
petitive testing. 

Up to the present, at least, there is no 
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PERIOD TOTAL FERTILITY RATES of three developed regions 

are compared over the years 1948-1972. While the rates for West. 

ern Europe remained fairly constant throughout the period, the 
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1963-
1967 

� 
EASTERN EUROPE 
AND JAPAN 

�WESTERN EUROPE 

1968-
1972 

rate for the U.S. rose steeply and then fell steeply. The rates for 

Eastern Europe and Japan started out high and then declined. The 

net result is that all three areas now have about the same rate. 
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Advertisement 

IBM�ports 

Four principles 
of privacy 

Er some time now, there has been a growing effort in this country to pre
serve the individual's right to privacy in the face of expanding requirements 
for information by business, government and other organizations. 

In searching for appropriate guidelines, private and governmental groups 
have explored many avenues and considered many aspects of the privacy 
question. 

As a company with a vital interest in information and information han
dling, IBM endorses in their basic purpose four principles of privacy which 
have emerged from various studies, and which appear to be the cornerstones 
of sound public policy on this sensitive issue. 

1. Individuals should have access to information about them
selves in record-keeping systems. And there should be some 
procedure for individuals to find out how this information is 
being used. 

2. There should be some way for an individual to correct or 
amend an inaccurate record. 

3. An individual should be able to prevent information from 
being improperly disclosed or used for other than authorized 
purposes without his or her consent, unless required by law. 

4. The custodian of data files containing sensitive information 
should take reasonable precautions to be sure that the data are 
reliable and not misused. 

Translating such broad principles into specific and uniform guidelines 
will, of course, not be easy. They must be thoughtfully interpreted in terms of 
the widely varying purposes of information systems generally. 

In particular, the proper balance must be found between limiting access 
to information for the protection of privacy on one hand, and allowing free
dom of information to fulfill the needs of society on the other. 

But solutions must be found. And they will call for the patient under
standing and best efforts of everyone concerned. In this search, IBM pledges 
its full and whole-hearted cooperation. 
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How 
Can We Cope 

with 
a Doubled 

Population? 
Looking toward the year 2015, when 

the population of the Earth is expected 
to .have doubled, thirteen world author
ities in fields relevant to the population 
problem have written papers in answer 
to this question, and the papers are 
presented in a special double issue of 
Amblo, the Royal Swedish Academy of 
Sciences' English-language, illustrated 
journal of the human environment. 

The papers and the authors: 
"The World Demographic Situation" by 
Lincoln Day. "Towards a Mutual Growth 
Moratorium" by Gunnar Adler-Karlsson. 
"The United Nations-Can it Cope with 
Population?" by Inga Thorsson. "The 
Food-Population Dilemma" by Georg 
Borgstrom. "How can we Cope with the 
Water Resources Situation by the Year 
2015?" by Malin Falkenmark and Gunnar 
Lindh. "Energy: Some Constraints and 
Opportunities" by Amory Lovins. "The 
Influence of Crustal Resources" by 
Kingsley Dunham. "New Material Re
sources from Inner and Outer Space" by 
Gustaf Arrhenius. "Improving Resources' 
Productivity: A Way to Support the 
Growing World Population" by Barry 
Commoner. "Water Pollution: A Problem 
with Global Dimensions" by Bernt I Dy
bern. "Anthropogenic Pollution of the 
Atmosphere: Whereto?" by Helmut 
Landsberg and Lester Machta. "The Pop
ulation Explosion: Can it Shake the Cli
mate?" by Stephen H Schneider. "Re
source Recovery from Solid Waste in the 
Future" by Richard Lesher. 

Amblo 
The Royal Swedish Academy of Sciences 

PLACE YOUR ORDER NOW. 
o Special double issue of Ambio as do

scribed above. (Vol 3, No. 3-4, 1974) 
$5.00 (airmail postage included). 

o 1-year subscription to Amblo (Vol 3, 
Nos. 1--6, 1974) $19 (airmail postage 
included). 

o I would like to be on the mailing list 
of the Royal Swedish Academy of 
Sciences, so that I can receive in
formation concerning the Nobel 
prizes, the international and-national 
activities of the Academy, and Aca
demy publications. 

o Bill me at the below address. 
o Enclosed is my check or money order 

for the sum of made 
out to the Royal Swedish Academy of 
Sciences. 

Name ____________ _ 

Address 

Information Department 
Royal Swedish Academy of Sciences 
Frescati S-104 05 Stockholm, Sweden 
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evidence that an increased toleration of 
sexual intimacy between individuals 
who are not married has led to a devalu
ation of marriage. There is, however, a 
substantial increase in the incidence of 
divorce in developed societies. If, in the 
judgment of the individuals the family 
is supposed to serve, it fails to perform 
adequately (if the husband or the wife 
fails to Jerive sufficient personal satis
faction from that particular marital pair
ing), then it is dissolved in favor of an 
alternative arrangement. In the U.S. the 
probability that a first marriage would 
end in divorce rose from 12 percent for 
women born in the years 1900-1904 to 
29 percent for the cohort of 1940-1944. 
Recent data suggest a further increase in 
that probability: between 1967 and 
1973 the crude divorce rate rose by 70 
percent (from 2.6 to 4.4 per 1,000 popu
lation per year) .  This should not be taken 
as evidence that the marital institution is 
falling into disfavor. Couples today ap
parently consider it less undesirable to 
risk a poor marriage than to postpone 
marriage, and less undesirable to dis
solve a poor marriage than to endure it. 
Only a trivial proportion of people es
chew marriage altogether, and approxi
mately 80 percent of those who get 
a divorce remarry, ordinarily rather 
promptly. Divorce is not so much evi
dence of the incidence of marital un
happiness as it is of the efficacy with 
which marital unhappiness can now be 
terminated. 

The links bctween parent and child, 
unlike those between husband and wife, 
are forged durin g the lon g and intimate 
process of interaction required for child 
socialization. In spite of this solid foun
dation it is uncertain that those links will 
survive the child's transition to adult
hood, because their structural supports, 
which are characteristic of a traditional 
society, have now largely vanished. The 
parents once controlled access to the 
land and provided most of the training 
necessary for the child's later work, but 
now land is not the prime base of pro
duction and tcchnical education is ac
quired outside the family. The shift of 
the control of rewards and punishments 
from the family to the society has attenu
ated the traditional authority of the par
ent ovcr thc child. Deference, respect 
and gratitude alike have been diluted by 
the intrusion into the family structure of 
the alien ideology of individual rights 
and liberties. 

Education , the basis for productivity 
(from an individual standpOint), is fi
nanced largely by the state and is ideally 
not the parents' prerogative to confer or 
withhold. The educational system is so-

ciety's agent, during that extended ado
lescent phase characteristic of the mod
ern society, in releasing the individual 
from bondage to parents. In a society of 
specialization and change parents are no 
longer adequate role models for their 
children. Education raises aspirations, 
extends the child's vision beyond the 
limited bounds of the local communi
ty, differentiates the knowledge of the 
younger generation from that of the 
older generation and instills normative 
orientations alternative to those of the 
parents. 

Modern young people experience the 
strain of demonstrating capability and 
achieving independence. They too shut
tle back and forth between a universe of 
discourse keyed to achievement in an 
impersonal setting and one phrased in 
terms of assigned role definitions in the 
family. Whereas unsatisfactory husband
wife relationships can be dissolved by 
divorce, there is no comparable proce
dure for dissolving unsatisfactory par
ent-child relationships (other than the 
passage of time); the frequent conse
quence is rebellion. The most effective 
procedure for terminating emotional de
pendence on the family is for the indi
vidual to transfer that dependence to a 
new familial arrangement. Early mar
riage is the child's equivalent of divorce 
and remarriage. 

The essential stipulation of the con
jugal family design is that the family of 
procreation be independent of the fami
ly of orientation of either spouse. Al
though this arrangement is crucial to the 
rational allocation of human resources 
and valuable to the cause of individual 
liberty, it implies heavy counterpart 
costs for older people. With advancing 
age and declining productivity the hus
band is separated from the world of 
work (just as earlier the wife was sepa
rated from the world of motherhood); 
the resulting sense of a loss of purpose 
and meaning for others may be traumat
ic. The final stage of life, for the widow 
or widower, is a tragic culmination. No 
suitable solution now exists for this flaw 
in the conjugal design. 

T he key demographic question for the 
future is whether the achieved level 

of fertility in developed societies will 
tend to be greater or less than that re
quired for population replacement (a 
value that, given low mortality, is ap
proximated by a cohort total fertility rate 
of 2.1).  Given the disparity of perspec
tive between the individuals who deter
mine how many children there are going 
to be and the societal aggregate that 
must live with the consequences of those 
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What would you do 
with a Statistics and Number-Crunching Computer . 

that starts at $ZI00; has 16K Hardwired Basic Language 
and 28 Major Peripherals? 

The new Wang System 2200 is a System. 
It gives you the raw power and the periph
erals you must have for a wide range of 
problem solving. For under $7,200 you get 
a CPU with 16K bytes of BASIC language 
instructions hardwired into the electron
ics . . .  plus a 4K operating memory. You 
also get a big 16 lines (of 64 characters 
each) CRT display, a console mag tape 
drive and your choice of either alpha or 
BASIC Keyword keyboards. 

Some Words About Language: The hard
wired MOS ROM language in your Sys
tem 2200 finally ends your dollar trade
offs . . .  economy systems that are costly to 
program or very expensive systems that are 
relatively easy to program. Many, if not 
most, of your people already know BASIC. 
They'll be solving problems the day your 
system is delivered (and, we can deliver in 
about two weeks). Most of your budget 
will go into problem solving; not system 
support. 

Plenty! 
Try To Out-Grow It: Main memory is 
field expandable in 4K increments (at $1,500 
per 4K). Up to 32K. You can choose from 
three kinds (and 7 price ranges) of print-
ers . . .  one even has a stepping motor for 
very precise 4-quadrant incremental plot
ting. Speaking of plots, we have a new, 
very large flatbed (31" X 42") for only 
$7,500 or a smaller one if you plot small. 
Both print alphanumerics and plot under 
full program control. Been appalled lately 
by disk prices? Starting at just $4,000, we 
offer you our new "floppy" disk in single, 
double and triple disk configurations (.25, 
.50 and .75 MB's). For big disk power, you 
can have 1, 2 or 5 megabyte fixed/remov
able disk systems. All peripherals, includ
ing punched or mark sense hopper card 
readers, paper tape readers and on- line 
BCD or ASCll controllers are easily added
on in the field so your System 2200 will 
grow with your needs. 

The Wise Terminal: If you are now or may 
soon be getting into terminals, we have 
several new products that will instantly up
grade your System 2200 for telecommuni
cations with any other System 2200 or a 
mainframe computer. And, you still have 
a powerful stand-alone system. Another 
approach, of course, is to justify it as a 
powerful terminal and get a "free" stand
alone computer. Wise? 

We Do A Lot For You: System 2200 is 
backed by over 250 factory-trained Wang 
Service Technicians in 105 U.s. cities. 
Naturally, we guarantee or warranty every
thing you buy from us. If you want, there 
are free programming/operating schools 
here in Tewksbury, Massachusetts, almost 
every week. We have a growing program 
library on a wide range of statistics and 
math/science applications. Our user group 
(with the unlikely name of "SWAP") could 
help you cut programming costs even fur
ther. We do a lot for you. 

* All prices U.s. List. If you're the entrepreneur type, we've just annoWlced a new 7-module Basic Accounting System 
software package for the business end of your business like payroll, invoicing, inventory, receivables and some really 
fancy management reports. 

(WANG ) 
Even if you call the Wang System 2200 a small system 
. . .  you have to admit it's a big idea. 

D Please send literature 

D Please have your representative phone me: ______ _ 

Name ____________ Title ______ _ 

Company ___________________ __ 

Address ___________________ ___ 

City ___________________________________ _ 

State _______________ ....L.Zip. ___ _ 

Wang Laboratories, Inc., 
SA·9 

836 North St., Tewksbury, Ma. 01876, Tel. (617) 851-4111 
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Robert A���..!£l,goscope 
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Ii !'� Elfi If! 

Pictorial History Printl!i . . .  A 
fascinating new series, hand printed on 
linen-combining unusual and historically 
significant illustrations ( many as old as 
800 years) with a technical history. 

Priced at 8 1 0.50 for the 1 2 "  x 1 8:' and 
8 1 2.50 for the 24" x 36�' Of exceptional 
quality, the prints make fine gifts, and 
will attract great attention in the 
office, lobby, waiting room, laboratory, 
school, as well as in your own home. 

Researched and designed primarily 
for the professional in the fields of 
Science, Medicine, and Technology, the 
partial list of subjects include: Alchemy 
& ChemiStry, Arts & Crafts heritage, The 
Instruments of Astronomy & Astrology, 
Electricity, Medicine & its diSCiplines, 
MUSical Instruments, Photography and 
Printing, Tools, Transportation including 
Air/Marlne/Rail, and many more. 

For your "sampler" catalog send 8 1 .00 
for postage & handling to:  The Saul Ash 
Company, 569 E. 10 Mile Rd., Bldg. #6, 
Madison Heights, Mich. 4807 1 .  U.S.A.  
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decisions, demographic equilibrium is 
an unlikely prospect. 

The first consideration in assessing the 
prospects for fertility, although it is not 
necessarily the most consequential one, 
is the probability of continued improve
ment in methods of fertility regulation, 
such as long-term contraception, aborti
facients to be administered quite soon 
after conception and the increased use of 
sterilization. Such developments would 
separate the acts of copulation and con
ception and diminish the role of nupti
ality control in the strategy of regula
tion. They would also reduce the level of 
motivation required for success and ac
cordingly increase the likelihood that in
fants would be born in the number and 
at the time wanted. 

An enhanced ability to determine fer
tility implies greater sensitivity of re
sponse to instability in the political and 
economic environment and therefore an 
increase in the amplitude of future fer
tility fluctuations. If, as I have been sug
gesting, the size of a cohort is a signifi
cant influence on the level and time pat
tern of fertility, there may be a tendency 
toward a continual generational oscilla
tion of the birth rate (as smaller cohort 
size gives rise to higher or earlier fertili
ty, which implies larger cohort size, giv
ing rise to lower or later fertility, and so 
on). 

Should the means become available to 
enable couples to achieve their reproduc
tive goals with considerable precision, 
then the principal source of future fer
tility variations will be changes in those 
goals . Granted that our understanding 
of this subject is imperfect and incom
plete, it seems more likely that the direc
tion of change will be downward rather 
than upward, in particular because the 
growing trend toward equality of oppor
tunity for women in the occupational 
structure will make the alternatives to 
motherhood more attractive. I expect a 
continuing erosion of the proportion of 
families with more than two children, 
postponement of the first child to a 
somewhat higher age than at present 
and perhaps even the advent of a small 
cadre of women who will choose to re
main infertile. 

No society is likely to indefinitely tol
erate a continuation of either negative 
or positive growth. Should individual 
reproductive decisions yield aggregate 
growth, the Government may respond in 
three directions, all of which are in one 
or another respect unsatisfactory. One 
type of proposal is legislation against the 
birth of a child of an order higher than 
the second. Although I am concerned 
about any abrogation of individual pre-

rogatives, it is evident that such re
straints on individual choice, in the in
terests of society, have long been ac
cepted in other sectors of life-provided 
that they apply equally to all. The com
pelling case against this type of solution 
is derived from the arithmetic of replace
ment. Because some individuals will 
(voluntarily or involuntarily) have fewer 
than two children, replacement requires 
that some of those who want a third must 
be allowed to have it and the rest must 
be denied that privilege. The implicit 
choice here would be intolerable in a 
free society. 

I f the number of children to be borne 
remains an individual choice, the 

Government may reduce the attractive
ness of parenthood by redistributing re
sources away from the more fertile and 
toward the less fertile. That would be a 
regressive move if fertility varied in
versely with income, and it would be un
just: it would penalize the innocent chil
dren as well as the guilty parents . Alter
natively the Government may attempt 
to make the alternatives to parenthood 
more attractive. In effect this policy 
would call for the creation of an institu
tional alternative to the family as a 
source of individual emotional support 
a challenging assignment in the absence 
of any viable precedent in our history as 
a social species. 

Provided my judgment is correct that 
free individual reproductive decisions 
will lead to subreplacement fertility, we 
shall not face the necessity of choice 
among these difficult alternatives .  The 
bearing and rearing of children in a de
veloped society are too expensive for the 
individual couple, and the rewards of 
parenthood are too uncertain within the 
conjugal family design. Some countries 
have recently reacted to warnings of an 
impending population decline by reduc
ing access to the means of fertility regu
lation. This policy not only is an unac
ceptable limitation on human freedom 
but also is of dubious efficacy in the long 
run. The alternative direction of collec
tive remedy seems meet and proper: 
given its stake in the production of suffi
cient numbers of children, the society 
has the obligation to reduce the costs of 
bearing and rearing children. 

To summarize, my expectation is that 
individuals will show their intention and 
ability to prevent the birth of too many 
children, and societies will respond by 
subsidizing the reproductive endeavor to 
prevent the birth of too few children. 
Because society needs it and because the 
individual needs it the family will sur
vive. 

© 1974 SCIENTIFIC AMERICAN, INC



How Garbage Can Help Solve 
The Energy Crisis 

I mag i native publ ic officials and busi
nessmen are starting to use sol id 
waste as a source of energy. Sol id 
waste-plain old garbage, produced 
by the hundreds and thousands of 
tons in every community, every day. 
Prog rams are underway to burn gar
bage as a supplement to coal and 
oi l ,  to burn it alone as a dry fuel and 
to convert it i nto fuel oil and gas. 

Steel Cans Recycled 

But power isn't the whole story. Al l 
the energy recovery programs cal l  
for the removal of steel cans. The 
magnetic property of steel makes it 
the easiest material to reclaim. And 
steel cans currently are recycled i n  
steelmaki ng,  copper min ing and de
tinning.  In the future, ferroal loy 
production and foundries may also 
become recyc l i ng markets. Making 

cans from steel saves energy and 
recyc l i ng saves even more. 

St. Louis 
25,000 homes are served with e lec
triCity generated by burn ing 300 
tons of low sulfur household garbage 
-one-th i rd of the city's dai ly output. 
The program generates revenue 
for the city and saves landf i l l  space. 

Baltimore 
New pyrolysis plant w i l l  convert 
1 ,000 tons of sol i d  waste dai ly i nto 
gas for heat ing and a ir  cond ition ing 
downtown bu i l d i ngs. 

Ames 
M u n ic ipal fac i l it ies in this I owa city 
w i l l  soon operate on electricity from 
a garbage-burn i ng power plant now 
under construction. 

Chicago 
Burning garbage wi l l  generate elec
tricity for 45,000 homes and con
serve about 100,000 tons of coal 
annual ly starting in 1975. 

Menlo Park 
A pi lot energy plant which uses 
trash as its sole fuel is being tested 
in this Cal iforn ia community. 

San Diego 
A new pyrolysis plant wi l l  convert 
garbage to fuel o i l  to help provide 
energy for uti l ity customers. 

Connecticut 
1 1  % of the state's electricity needs 
wi l l  be suppl ied by converting sol id 
waste to energy at 10 reg ional 
centers by 1985 u nder a recently 
adopted plan. 

If you think your city should be plugged into getting energy and steel from garbage, contact: � Committee of 

I;' Steel 
:; 

Tin Mil l  Products Producers 
\'i - Amer i can I ron and Steel I n st itute 

"'.C" o� ;<1.<1 «' 1 000 1 6th Street,  N . W . ,  Was h i ngton,  D . C .  20036 
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We're expecting a few extra people 
for dinner tonight • . 
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Tonight, the world will have 
2 1 3 ,000 more mouths to feed than 
it had last night. 

Unfortunately, we're not 
growing food as fast as people. 

But there's still hope of revers
ing the trend. 

Modern technology is increas
ing the production of staple food 

. . 
crops In  many countnes. 

This "green revolution" is 
something Union Carbide is very 
much a part of. 

We make insecticides that not 

only save food crops from bugs, 
but destroy themselves afterwards. 

Another of our products 
protects high-moisture feed grains 
against spoilage from molds. So 
more of the crop ends up as meat . 

We've also developed better 
ways to store, transport and 
package food. 

And we're working on other 
new ideas : A seed tape that's 
already helping farmers 
grow more food per acre of land. 

An amazing gel that helps 

plants grow faster with less water. 
And a sea farm where we're 

raising salmon by the thousands. 
Helping the world grow more 

food is not the only thing we do. 
But it 's one of the most important. 

Because those 2 1 3 ,000 guests 
are coming - whether we' re ready 
or not. � 

� Today, something we do 
will touch your life. 

© 1974 SCIENTIFIC AMERICAN, INC



© 1974 SCIENTIFIC AMERICAN, INC



The Changing Status of Women 
in Developed Countries 

The increasing number of women in the work force is reestablishing 

a balance between their economic and family activities. It remains 

unlikely that the majority will achieve occupational independence 

The status of women has aroused 
widespread interest among stu
dents of population only recently. 

Investigators in the fields of economics, 
general sociology and political science 
have traditionally concentrated their at
tention on the status of men: on how 
men are ranked differentially in society, 
on their economic opportunities in life, 
on the deference they can command and 
on the power they attempt to wield. The 
great works on class, status and power 
rarely mention women. The reason for 
this neglect of women's social position is 
instructive: the status of women is de
rived. From the standpoint of their 
ranked position in Western societies 
women are expected to participate 
throughout their life cycle in terms of 
kinship attachments to men: early in life 
to a father and later to a husband. 

Paradoxically, it is the derived nature 
of women's status that goes far toward 
explaining the demographer's special in
terest. The nature of women's position 
and the variations in its articulation with 
the status of men influence important 
variables with which students of popula
tion are concerned, in particular repro
ductive behavior and the size and qual
ity of the labor force. For example, de
mographers have found that women, be
cause of the linkage between their own 

by Judith Blake 

lifetime position and the status of wife 
and mother, are typically well motivated 
to conform to social expectations regard
ing reproduction, such as the pressure to 
bear children until there are the desired 
number of living sons. Whether or not 
women participate in a secondary fash
ion in economic production in industrial 
societies-that is, whether or not they 
constitute "womanpower" on which a 
society can rely in addition to manpow
er-is closely connected to their primary 
status in the family. Thus in countries 
that have been chrOnically short of work
ers in recent years, such as France and 
Sweden, there is a lively interest in those 
aspects of women's position that impede 
their more extensive participation in the 
labor force. 

Changes in certain demographic vari
ables also have consequences for wom
en's status. These too cannot fail to in
trigue the demographer, who is as con
cerned with the impact of demographic 
trends on society as he is with the effects 
of social and economic structure on de
mographic behavior. The changes in 
migration, mortality and fertility that ac
companied the Industrial Revolution ap
pear to have profoundly disrupted the 
symmetry of the status of men and wom
en. As a result, since the middle of the 
19th century serious questions have been 

"GIRL BEFORE A MIRROR," the painting by Pablo Picasso reproduced on the opposite 
page, is widely regarded as a landmark in the evolution of modern art. Painted by Picasso 

in 1932, it is based on a traditional picture in which a vain young woman looking in a mirror 

sees not her own reflection but a reminder of mortality: a grinning skull. The head of the 
girl is seen both in profile and full face, a kind of imagery Picasso had been exploring since 
1925. The figure of the girl is both clothed and nude; the visual shorthand is striped areas 

for clothing and flesh·colored ones for skin. The round form behind the girl's abdomen is 

her womb. ThE. painting h in the collection of the Museum of Modern Art in New York. 

raised concerning the realism, as well as 
the legitimacy, of a continuing attempt 
in highly developed countries to pre
scribe one kind of position-a derived 
one-as being the primary status for all 
women. 

Women's movements have appeared 
and reappeared in developed coun

tries, each time focusing ever more close
ly on the central issue of women's de
rived status. As William L. O'Neill of 
Rutgers University has emphasized, "ex
perience has demonstrated that the for
mal barriers to women's emancipation
votelessness, educational and occupa
tional discriminations and the like-are 
less serious and more susceptible to 
change than the domestic, institutional 
and social customs that keep women in 
the home." Such movements advance the 
claim that all women should be afforded 
the opportunity to have their own non
derived, independent status without sac
rificing a family life any more than men 
are required to do. Counterarguments 
that, whatever a woman may do on a 
secondary level, her primary place is as 
a wife and mother are, however, far from 
being silenced. 

Against the background of these two 
polarized expectations, what is the po
sition of women in highly developed 
countries today? Has it been changing 
significantly since World War II in the 
direction of an independent nonderived 
status? Or are alterations in many of 
women's activities merely superficial 
fluctuations superimposed on an under
lying constant? 

The highly developed countries to 
which I shall refer are the most eco
nomically advanced of those in Western 
Europe: Austria, Belgium, Denmark, 
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England and Wales, Finland, France, 
the Netherlands, Norway, Sweden, 
Switzerland and West Germany. I shall 
also take up the New World countries of 
Australia, Canada, New Zealand and 
the U . S. Although the inclusion of Japan 
and the developed Communist countries 
would have added fascinating points of 
comparison, such a task would have 
been handicapped by major cultural dis
parities as well as by the unavailability 
of comparable statistics. Even as it is 
analysis of the countries considered here 
has been impeded because all the de
tailed tabulations from the 1970 censuses 
have not yet been published. 

What happened during the industri
alizing process that gave rise to the 
strains over women's status that are as 
vital today as they were when the 
"woman's movement" first found expres
sion in the 1830's? Put very schematical
ly, the answer is as follows: Men became 
increasingly independent of the econom
ic contributions of the family as a unit at 
the same time that women and children 
became more economically dependent 
on the extrafamilial occupations of hus
bands and fathers. This major change in 
the economic relationships of family 
members was associated with the migra
tion of industrializing peoples out of 

rural settings into the urban factories 
and bureaucracies of modernizing so
cieties. This migration progressively re
moved work from the family milieu and 
put men in jobs away from home-jobs 
whose demands did not include partici
pation by wives or offspring and whose 
criteria of performance emphasized each 
man's individual achievement. Converse
ly, the constraints of the household and 
the family made it extremely difficult for 
women to follow work into the outside 
world as it disappeared from the family 
unit, and their children could not readily 
participate in the highly rationalized and 
impersonal relationships of the adult 
world of work as it evolved. Thus, where
as in the rural ambience of family farms 
and enterprises husbands, wives and off
spring had shared an economic depen
dence, gradually both wives and chil
dren became economic liabilities to the 
men. Although the families of poor, sick 
or deceased men worked in factories, in 
mines and in domestic service, such em
ployment was associated with all the 
degradation of poverty. Except under 
the stress of dire necessity few married 
women would have left their families to 
work long hours at the onerous, exhaust
ing jobs that characterized the indus
trializing process. Hence a significant 

share of the social reforms of the 19th 
century and the early 20th consisted in 
the amelioration of economic conditions 
so that wives could remain at home to 
care for the family and older children 
could go to school. Step by step women's 
sphere shrank to the household only and 
men emerged (at least ideally) as the 
sole participators in economic life. The 
status of women was no longer simply 
derived; it became cumulatively skewed 
and diminished. 

Not surprisingly, by the full bloom of 
the Victorian era industrializing so

cieties capitalized into a virtue what ap
peared to be a necessity. They elaborat
ed all kinds of rationalizations and le
gitimations for the wrenching change in 
the position of women that was accom
panying the Industrial Revolution and 
the demographic transition. In particular 
they tried to justify it by asserting that 
'women's personalities and behavior ac
tually conformed by nature to the re
strictions of their new way of life. Exit 
the sturdy partner, the practical help
mate who carried her share of the fam
ily's earning and living. Enter the ro
mantic, inhibited, swooning Victorian 
whose fragility required cosseting (and 
corseting). 
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NONFARM WORK FORCE OF WOMEN, exclud· 

ing unpaid family workers, is shown as a percentage 

of all women between ages 15 and 69 in the nonag
ricultural population. Estimates shown are for the 

dates 1950, 1960 and 1970 in 15 highly developed Western countries. 

In this illustration, as in those on pages 140 through 142, the author 

has divided the countries into two groups: the New World coun
tries of Australia, Canada, New Zealand and the U.S., and the Old 
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Historians of "the woman's place" 
such as William O'Neill, Robert Smuts 
and William H. Chafe have made clear, 
however, that the domestic interment of 
women aroused protest even as it was 
taking place. Not only did at least some 
women balk at being removed from the 
flow of adult life and at having their de
rived status reduced to a total depen
dency; they also objected to the result
ing inequities suffered by the many 
women who could not find or retain hus
bands. It was all very well for women 
to derive their status from men as long 
as those who could not marry, or who 
were widowed or deserted, could be ab
sorbed into the kinship structure and at
tached to fathers, brothers, uncles or oth
er male relatives. As family enterprises 
disappeared, however, such women had 
no economic role to play within the kin
ship group except perhaps as family 
servants-on sufferance simply for lack of 
a husband. Furthermore, as families mi
grated hither and yon in response to eco
nomic opportunity, family ties became 
attenuated and community opinion could 
no longer function to enforce kinship 
obligations. Unattached women-wheth
er single, deserted or widowed-thus had 
to seek nonfamilial employment in a 
work world for which they were syste-

World countries of Europe. In 1950 the 

European countries had more women work

ing than New World countries, but by 1970 
the New World countries had caught up. 

matically unprepared and which, in tum, 
assumed that they were an anomaly. The 
"normal" course of events was for a wom
an to have a man to fend for her. 

Yet in actual fact the proportion of 
women without husbands was very sub
stantial during a good share of the indus
trializing period in many countries. For 
example, during the middle and late 
19th century, at the very time when 
women were becoming acutely depen
dent on finding mates, the age at which 
women married and the proportion of 
those remaining unmarried were rising. 
John Hajnal has calculated that around 
1900 in Belgium, Britain, Denmark, Fin
land, the Netherlands, Norway, Sweden 
and Switzerland between 40 and 50 per
cent of the women aged 25 to 29 were 
single and between 13 and 19 percent of 
those aged 45 to 49 were still so. Obvi
ously as women became more dependent 
and their children became economically 
less useful, men had to be more circum
spect before taking on such ''hostages to 
fortune. "  

Moreover, even among those intrepid 
men who did marry many died 

early, well before their children had 
grown, leaving widows to fend for the 
family in a modem setting that had not 
yet come to terms with the still high 
probability of a husband's premature 
death. For the U.S .  research by Peter R. 
Uhlenberg of the University of North 
Carolina has shown that among 1,000 
white women born between 1890 and 
1894 who survived to age 50, 100 never 
married, 225 were childless, 165 had fer
tile marriages that broke up (owing to 
death or intentional dissolution) and only 
5 1O-slightly more than half-experi
enced the "normal" pattern for a woman 
of having a fertile marriage that had not 
dissolved by the time she was middle
aged. In recent years the probability of 
the joint survival of a husband and a wife 
has increased in industrial societies, and 
spinsterhood and childlessness have de
clined, but the instability caused by 
death has been replaced by the personal 
instability of the marital relationship it
self. Hence at no time so far during the 
modernizing process has it been realistic 
for all women to assume that they could 
rely on being wives and mothers as a life
time status. 

Even among those women who man
aged to catch and keep husbands the ex
pectation that all wives would blithely 
submit to domestic encapsulation might 
have been more realistic if such domes
ticity had been congruent with the 
emerging constraints on family size. Par
adoxically, however, even as women's 

status was being denuded of economic 
functions, many of the same forces were 
motivating couples to want fewer births, 
and the decline in infant and childhood 
mortality reinforced that motivation. For 
example, in the prototype case of En
gland and Wales, E. A. Wrigley of the 
University of Cambridge has shown that 
live births declined from an average of 
6. 16 per woman to 3.30 among couples 
marrying in the decades 1860-1869 and 
1900-1909 respectively. Among couples 
marrying in the period 1935-1939 there 
were on the average only 2.04 births per 
woman. With variations in timing and 
magnitude, this pattern of fertility reduc
tion characterized all the highly indus
trialized countries of the West. Thus 
women's entire lifetime status was being 
geared ideologically to a function-repro
duction-whose demands were diminish
ing in scope. Such a situation could not 
help but be unstable since, as far as the 
content of women's social position was 
concerned, they were rapidly becoming 
net losers. 

Finally, the erosion of traditional ac
quired statuses among men in modern
izing countries engendered a growing 
sense of illegitimacy about women's de
rived status. As the power of hereditary 
elites was vitiated and impersonal 
achievement criteria rather than family 
position were employed for according 
men differential status and rewards, the 
derived nature of women's status became 
more anomalous with respect to that of 
men. Whereas in traditional European 
society men had been comparatively 
fixed in their status by their social posi
tion at birth, modernization and econom
ic and political liberalism had begun to 
give men at least a fighting chance to 
achieve according to their talents. Wom
en, however, were left to achieve by find
ing men to succeed in their behalf. 

Given this host of incongruities be
tween women's prescribed status and the 
realities of the modernizing world, it is 
hardly surprising that the "woman prob
lem" has erupted periodically in at least 
some industrial countries. Such recur
rences have even followed periods such 
as that of the 1950's, when feminine dis
content seemed to be in a state of total 
remission. By the middle and late 1960's 
a number of countries-most notably the 
U. S. and Denmark, Finland and Swe
den-began experiencing an upwelling of 
protest concerning women's status, al
though some, such as West Germany and 
the Netherlands, seemed fairly secur� in 
the notion that women "normally" be
long in the home. In assessing what 
women's current status actually appears 
to be with respect to the polar norms of 
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independence of men on the one hand 
and dependence on them on the other, I 
shall concentrate on women's partici
pation in the occupational world since 
World War II. 

I n making such an assessment one is 
interested in women's participation 

apart from both agricultural and unpaid 
family work. Therefore my calculations 
eliminate farming and family labor. In 
1950 the fraction of women working as a 
percentage of the total number of wom
en in the nonagricultural population 
of the New World countries clustered 
around the one-third mark. The fraction 
of working European women varied 
widely from slightly more than one
fourth for the Belgians and the Dutch to 
one-half or more for the Danes and the 
Finns. Nonetheless, on the average 41  
percent of  European nonfarm women 
were economically active in contrast to 
an average of 34 percent for nonfarm 
women in the New World. Thus the Eu
ropeans had proportionately more wom
en working at mid-century than was the 
case in the New World countries. 

It is frequently assumed that the per-

� 
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centage of women working has risen 
strikingly in the postwar period. This as
sumption is not borne out by the cen
suses. Instead, although a consistent and 
substantial gain in women's economic ac
tivity in the New World countries had by 
1970 put them more on a par with their 
European counterparts, the work rates of 
women in the Old World countries aver
aged only a 1 percent gain between 1950 
and 1960 and a modest increase of 10 
percent between 1960 and 1970. Hence 
by 1970, 45 percent of the nonfarm 
women in the highly developed Euro
pean countries for which we have infor
mation and 43 percent of nonfarm wom
en in the New World were in the labor 
force. These averages, of course, conceal 
some striking increases in specific coun
tries such as Australia, Canada, the U.S., 
Belgium and Sweden. On the basis of 
these data, however, it would be hard to 
assert that since World War II there has 
been a revolution in the propensity of 
women to work. 

The overall work rates for all the coun
tries since World War II reHect two 

important countervailing tendencies in 

women's behavior. The first trend is that 
between 1950 and 1970 women married 
at increasingly youthful ages in all the 
countries except Australia, Canada and 
the U . S. They also married in higher pro
portions in every one of the countries. As 
of 1970 more women had married by the 
prime adult ages of 25 to 34 than was the 
case in 1950. Since at any point in time 
married women work less than unmar
ried ones, the marrying behavior of these 
women over the 20-year period operated 
to depress the work rates. At the same 
time, however, there was a second trend 
for more of the married women to work. 
Indeed, if over the years married women 
had not decided to work in higher pro
portions than they had in 1950, overall 
work rates in all the countries would 
have declined, and in some of tl1e coun
tries they would have declined apprecia
bly more than they actually did. The rea
son female rates of participation in the 
work force actually rose in almost all 
countries between 1950 and 1970 is that 
the increased tendency of married wom
en to work more than offset the greater 
proclivity of all women to marry. 

One can thus see that the status of 
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PERCENTAGE OF SINGLE WOMEN aged 25 to 34 
has declined between 1950 and 1970, particularly in 

the Old World countries, indicating that there is an overall trend 

both for a higher proportion of women to marry and for them to 

© 1974 SCIENTIFIC AMERICAN, INC



women in highly developed countries 
has taken a novel turn in the 20-year 
period from 1950 to 1970. More young 
women have married (indeed, very few 
remain unmarried), but increased work 
activity has broadened the character of 
the derived status for at least a share of 
married women. In most of the' countries 
included in my analysis it is no longer 
true that only a small minority of married 
women are active in modern sectors of 
the economy. Yet it still remains true 
that, no matter whether one looks at the 
proportion of married women working, 
the pattern of women's participation in 
the labor force with respect to age, the 
types of occupations in which women are 
engaged, the relative earnings of women 
or feminine attitudes toward the primacy 
of work, one finds that women typically 
participate in economic activity only as a 
secondary supplement to their primary 
status inside the home. It is true that the 
augmented work behavior of married 
women is bringing their derived status 
back into balance, the balance it had lost 
in the industrializing process, Neverthe
less, this labor-force activity does not in
dicate, at least so far, that many women 

marry younger. Figures do not include worn· 

en who have been divorced or widowed. 

have achieved an independent occupa
tional status. 

To document the variation in the work 
rates of women according to age and dec
ade for the countries considered here I 
plotted female work rates against age for 
each of the countries in 1950, 1960 and 
1970 and then grouped the curves that 
were similar into five average types. 
(Austria, Finland, France and Norway 
were excluded because of the large role 
played in them by agriculture.) The five 
types took account of the magnitude of 
the peak in work rates during youth, the 
amount of the subsequent decline and 
the shape and level of the remainder of 
the work/age curve. 

The results show that even at the 
highest levels of participation women's 
engagement in work differs dramatically 
over the course of their life cycle from 
the work rates of men. Furthermore, 
even at the most active ages female work 
rates do not approximate those of men 
until the men approach retirement. Thus 
not only do women show a sharp ten
dency to drop out of the labor force while 
they engage in family responsibilities but 
also at every stage of their life cycle 
women's work rates are at substantially 
lower levels than men's. The data from 
two countries in the 1970 period, how
ever, exhibit a smaller decline in wom
en's work rates after age 25 and a rapid 
recovery rate in the early thirties to lev
els approximating those of youth. This 
more continuous work rate is a new pat
tern for women in highly developed 
countries. It reflects a rising participation 
in the labor force by youthful married 
women, in some cases married women 
with young children. 

Women's work experience differs from 
men's qualitatively as well as quan

titatively, an important point in evaluat
ing whether or not women have made 
significant changes in achieving an inde
pendent, nonderived status. For exam
ple, the International Labor Office esti
mates that part-time employment is 
widespread in Australia, Britain, Cana
da, West Germany, the Netherlands, the 
Scandinavian countries and the U . S. 
In Canada in 1961 nearly a fifth of the 
female labor force worked fewer than 35 
hours per week. In Britain the figure was 
almost a sixth and in the U . S. in 1973 it 
was a fourth. 

Women also concentrate markedly in 
particular occupational categories such 
as clerical, sales and service, and are ex
cluded from management as well as 
those parts of the industrial and service 
sectors where highly skilled blue-collar 
jobs are found. This skewed occupation-

al distribution is further evidence that 
most women have not yet come close to 
achieVing a non derived status. 

The relatively high proportion of 
women in the profeSSional and technical 
category is misleading. Women cluster 
in the low-level professions, the major
ity of professional women being school
teachers, nurses, librarians and social 
workers, For example, in 1970 teach
ing and nursing accounted for 80 percent 
of the profeSSional women in New Zea
land and 63 percent of those in the U.S. 
(The figure for the U . S. has dropped sig
nificantly from 71 percent in 1960.) 

Valerie Kincade Oppenheimer of the 
University of California at Los Angeles 
has found that for the U . S. the large in
crease in the demand for women work
ers since World War II has been a joint 
product of the sex-typing of jobs (that 
is, the earmarking of certain kinds of 
jobs as "female" occupations) and the 
fact that these particular kinds of jobs are 
located in the expanding service sector 
of the economy. Oppenheimer's analysis 
of the sources of the U,S. demand for 
female labor is paralleled in all the coun
tries considered here, among which Can
ada, Belgium, England and Wales, the 
Netherlands and Sweden have already 
become full-fledged service economies 
(having more than half of their labor 
force in the service sector). 

Although among those countries the 
women's occupations are similar in broad 
outline, it is important to note in the con
text of this discussion that there is some 
variation at the most prestigious profes
sional levels. Marjorie Galenson of Cor
nell University has shown that for highly 
industrial countries there is a substantial 
variation from one country to the next 
in the proportion of physicians who are 
women, In the mid-1960's the propor· 
tiol1 ranged between 16 and 23 percent 
in Denmark, Finland, Sweden, West 
Germany and Britain, but it was only 7 
percent in the U . S. The comparative 
proportions of women dentists for 1960 
are even more striking: a little more than 
1 percent of the dentists in the U . S .  were 
women, whereas in Norway the figure 
was a fifth, in Denmark and Sweden it 
was a fourth and in Finland it was more 
than three-fourths. Apart from the health 
professions, however, women do not fig
ure significantly in high-level occupa
tions in the countries considered here. 

Nonetheless, there have been some 
noteworthy changes in the U,S. between 
1960 and 1970. I have calculated that 
among physicians the number of wom
en increased by 62 percent, raising their 
representation in this category from 7 
percent to 9 percent. Women gained 
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149 percent among lawyers, increasing 
their representation from 2.4 percent to 
4.7 percent. They advanced between 
159 and 200 percent in engineering, 
architecture and college and university 
teaching, and among life scientists and 
physical scientists they rose 106 percent. 
In these fields too the increases for wom
en were substantially greater than they 
were for men, and women now have a 
somewhat larger share of each category. 
In some of these high-level categories, 
however, women are known to concen
trate at the lower echelons. For example, 
although 28 percent of the college and 
university teachers are women, most of 
them are on low rungs of the academic 
ladder. 

I n the light of the typically modest oc-
cupational status of women in highly 

developed countries, it is to be expected 
that they earn less than men even when 
the comparison is confined to full-time, 
year-round employment. Studies suggest 
that the complex causes for the differ
ence are related less to wage discrimina
tion per se than to the concentration of 
women in low-paying occupations and 
to the secondary role of work in their 
lives; men normally have greater con
tinuity of employment, work longer 
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hours and get more job training. Even 
so, with the sex differential in hourly 
wages being as high as 40 percent in a 
country such as the U . S. (a differential 
much larger than that between blacks 
and whites) the ordinary working wom
an is clearly still some distance from hav
ing an independent primary status. 

Is it likely that the primary status of 
proportionately more women in highly 
developed countries will expand to in
clude a vocation? In attempting to an
swer this question one must consider 
factors affecting both the supply of wom
en wanting to work and the demand for 
their services in the economy. With re
gard to the supply, more women may 
feel free to work, more may need to 
work and more may be attracted by 
work. Opposing forces, however, are also 
operating. Let us examine the situation 
in more detail. 

More women may feel free to work 
because their families are remaining rel
atively small. Surveys in most of the 
countries considered here give no evi
dence that women want larger families 
than they are currently having; in fact, if 
anything, the evidence indicates that the 
trend is toward even fewer children. 
Furthermore, married women are no 
longer bucking strong disapproval when 
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they enter the labor force. For example, 
in the U . S. at the end of World War II 
the Gallup organization asked: "Do you 
approve of a woman earning money in 
business or industry if she has a husband 
capable of supporting her? " In 1945 the 
survey found that only 18 percent of the 
population approved. Almost two-thirds 
actively disapproved and 16 percent of
fered qualifications, such as that they 
would approve if there were no children. 
During the past six years I have commis
sioned the same question on a number of 
Gallup surveys. The results have been 
striking. By October, 1973, 65 percent 
approved of a married woman's working; 
moreover, among those under age 30, 83 
percent were in favor of it. 

More women may need to work be
cause of inflationary trends in the econ
omy, high rates of divorce and the fact 
that their children leave school to sup
port themselves at a later age than they 
did a generation ago. With rapid rates 
of economic inflation gripping the high
ly developed countries, there is great 
pressure on families to maintain their 
living levels by increasing the family in
come. This effort to forestall the erosion 
of consumption may push some women 
into the work force who would never 
have taken this step to simply augment 
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1950 MARRIED WOMEN WHO WORK are portrayed as 

_ 1960 
a percentage of all married women aged 15 to 64. 
The figures show that in spite of the fact that more _ 1970 married women were working in 1970 than in 1950, 
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the labor·force activity among married women is still relatively 

low. Rates include agricultural and unpaid farm labor, although 

Austria, Finland, France and Norway are excluded because a high 
proportion of their labor force is engaged in agricultural work. 
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the level of spending by their family. 
Trends in divorce have similar effects. 

The divorce rate has risen rather sharp
ly since at least the middle of the 1960's 
in almost all the countries considered 
here. Thus more women may need to 
work both because more are divorced 
and because more go through the early 
nest-building stage of two or more mar
riages instead of one. 

I n addition, as higher education in-
creasingly becomes an expectation in

stead of a luxury and the age at which 
children leave school to support them
selves continues to rise, more families 
are faced with the "life-cycle squeeze." 
Using census data for the U.S., Oppen
heimer has demonstrated that only at rel
atively high occupational levels do the 
average earnings of men peak at the 
same time that the needs of their families 
are also peaking, that is, when the chil
dren are adolescent and of college age. 
In occupations where the pay is moder
ate or low the average earnings peak at 
youthful ages, with the consequence that 
men at an age when family costs are 
heaviest are earning little more on the 
average than younger men, and in some 
occupations they are actually earning 
less. Hence the families of such men risk 
a deterioration in their standard of living 
unless extra income is brought into the 
household. The life-cycle squeeze ap
pears to be a powerful motive for many 
middle-aged women to enter or reenter 
the labor force. 

More women may also be attracted to 
work because they are more educated 
than their predecessors, because hours 
are becoming more flexible and because 
job benefits are greater. In almost all 
the countries being considered the pro
portion of women receiving the equiva
lent of a baccalaureate degree has been 
increasing and better-educated women 
are drawn by the job market more than 
their less educated contemporaries. In 
addition, if the incipient trend toward 
flexible working hours accelerates, data 
from surveys indicate that a substantial 
reserve of women await part-time op
portunities. There are efforts in many 
countries to eliminate discrimination in 
fringe benefits and promotions for wom
en. For example, Belgium has instituted 
major social-security reforms allowing a 
married woman to receive unemploy
ment insurance, cash sickness benefits 
and a waiver of the qualifying period 
for medical care in the event that she 
leaves her job to have a child and then 
is reemployed. 

Such compelling positive incentives 
for women to work are offset by some 

puwerful depressants. Perhaps the most 
important is the overall assumption by 
both men and women that the primary 
obligation of a woman is to her home and 
family. In the U.S., Karen Oppenheim 
Mason of the University of Michigan and 
Larry L. Bumpass of the University of 
Wisconsin analyzed the answers to ques
tions on sex roles in the 1970 National 
Fertility Study that were asked of wom
en under the age of 45 who were mar
ried or had been married. The attitudes 
toward the primary status of women 
they found are congruent with the re
sults from European surveys and with 
women's observed secondary commit
ment to work. Almost 80 percent of the 
6,740 women interviewed in this na
tional sample agreed with the statement 
"It is much better for everyone involved 
if the man is the achiever outside the 
home and the woman takes care of the 
home and family." Fewer than half of 
the respondents agreed with the state
ment "A working mother can establish 
just as warm and secure a relationship 
with her children as a mother who does 
not work." And more than two-thirds 
agreed with the statement "A preschool 
child is likely to suffer if his mother 
works." No significant differences ap
peared with respect to the age of the 
women interviewed. 

Since these surveys show that it is so 
clearly normative for women to give 

primacy to their derived status if they 
marry and have children, few highly de
veloped societies attempt to offer much 
supplementary help to married women 
who work. Even in countries such as 
France and Sweden where child-care as
sistance to working mothers is accepted 
as a social responsibility, facilities are 
often inadequate in both quality and 
number. In all advanced Western coun
tries moderately priced, well-cooked 
takeout meals are typically a rarity. 
Working married women are thus very 
dependent on husbandly help, which, 
surveys have shown, is more likely to be 
forthcoming if the wife is employed but 
is usually insufficient in amount. As a 
result working women with families tend 
to be very hard pressed. 

In 1965 and 1966 Alexander Szalai 
and his colleagues conducted a monu
mental study of how people budget their 
time in urban areas of 10 Western and 
Eastern European countries as well as 
the U.S. and Peru. They demonstrated 
that, regardless of the country, employed 
married women work longer hours than 
either employed men or housewives. 
Moreover, on weekends (particularly on 
Sundays), when many housewives cut 

back on their household tasks, employed 
women typically double the amount of 
time they spend on housework in an evi
dent effort to catch up. Szalai and his 
colleagues point out: "The plight of the 
employed woman pervades all of our 
time-budget records .... After her day's 
obligations are done, she finds herself 
with an hour or two less time than any
one else .... The cramped nature of her 
time is reflected by marked constrictions 
in all leisure activities, particularly those 
relatively passive and recuperative ones 
such as sitting down to pass time reading 
a newspaper." 

The results of this research conform 
to independent work done previously in 
France, the U.S.S.R., Sweden, Finland 
and Denmark. Indeed, it is significant 
that the Scandinavian "sex role " move
ment that began in the early 1960's has 
emphasized the importance of augment
ing the household and child-rearing ob
ligations of men. This change is regarded 
as mandatory if women are to experience 
an increase in opportunity to work out
side the home and if, in the words of Eva 
Moberg (a leader in the Swedish wom
an's movement), they are to have more 
than just "conditional emancipation." 
Surveys on both sides of the Atlantic, 
however, indicate that men are typically 
willing to accord women broad political, 
civil and economic "rights," but only if 
they fulfill their household and family 
obligations too. Women are thus faced 
with a rather inflexibly structured choice: 
too much work or too much leisure. It 
would not be surprising if many women 
did not elect to be overworked. 

The possibilities for greatly expanded 
work opportunities for women seem even 
less rosy when we look at the demand 
for their services. Projections of expand
ed demand for female labor all assume 
that there will be high rates of economic 
growth-rates that may be quite prob
lematic over the next 25 years. Further
more, the higher educational levels of 
women may be a mixed blessing unless 
the better-educated move out of tradi
tional feminine occupations. The supply 
of female labor is becoming overeducat
ed for the jobs that have been typed as 
feminine. Compounding the problem is 
the fact that major recent declines in the 
birth rates of some countries suggest 
that demand is actually contracting in 
the most important "female " profession: 
schoolteaching. Just how much these 
negative factors will be offset by a con
tinuing shift of advanced economies to 
the service sector, where the demand for 
women has been highest, has not yet 
been investigated. 

All these negative factors imply that, 
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MEN ALL COUNTRIES 

- 1950 --- 1960 -1970 

WOMEN 

TYPE I: SWEDEN, 1970 
U.S., 1970 

TYPE I I :  DENMARK, 1950, 1965 

AGE 

ENGLAND AND WALES, 1961 
SWITZERLAND, 1950, 1960, 1970 
WEST GERMANY, 1960, 1970 
AUSTRALIA, 1971 
CANADA, 1972 

TYPE I I I: BELGIUM, 1961 
DENMARK, 1960 
ENGLAND AND WALES, 1951 
SWEDEN, 1960 
WEST GERMANY, 1950 
CANADA, 1961 

TYPE IV: SWEDEN,1950 

NEW ZEALAND, 1961, 1966 

TYPE V: NETHERLANDS, 1960, 1971 
AUSTRALIA, 1947, 1954 
CANADA, 1951 
NEW ZEALAND, 1951. 1956 

PERCENTAGE OF POPULATION WORKING at any given age is shown both for men 

(top three curves) and for women (bottom five curves). The overall work rates for women 
vary greatly over the life cycle and are quite different from the work rates of men. More. 

over, age.specific work rates of women vary from one country to another as well as from one 

decade to another. They can be grouped into five average types, with Type I representing 
the highest level of participation and Type V the lowest. Type I curve, composed of two 

countries in the 1970 period, reflects a new pattern of rising participation among youthful 

married women in labor force in highly developed countries, with smaller decline after age 
25 and rapid recovery rate

' 
in early thiriies to levels approximating the rates in youth. 
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all other things being equal, there may 
be an upper limit in the highly developed 
countries on the demand for women at 
occupational levels attractive to them. 
This upper limit may be a major reason 
why countries such as Switzerland have 
ended up importing large supplies of 
foreign labor. The immigrants have done 
the jobs spurned by Swiss of either sex. 
The same pattern has prevailed in 
France and other developed countries 
that have had a large influx of immi
grants since World War II. 

From the evidence up to this point it 
seems almost academic to consider 

whether or not large proportions of wom
en are on the verge of achieving a non
derived lifetime status in the highly de
veloped countries. Indeed, survey data 
relating speCifically to this issue reinforce 
the improbability of such an outcome. 
Studies in most of the highly developed 
countries show that significant propor
tions of women who work do not want to; 
also, among those women who are not 
working typically half or more either do 
not want to be employed or want only 
part-time jobs. In fact, the strongest 
preference among women appears to be 
for a part-time job: in effect a work sit
uation that does not interfere with their 
primary status. 

Women also do not seem to evince a 
widespread rejection of their derived 
status. For example, in 1972 a Harris 
survey asked a national sample of Amer
ican women how often they felt that 
"having a loving husband who is able to 
take care of me is much more important 
to me than making it on my own" and 
"bringing up children properly takes as 
much intelligence and drive as holding 
a top position in business or govern
ment. " Even among women under the 
age of 30 half said they "frequently" felt 
that having a loving husband was more 
important than an independent status, 
and an additional fifth admitted to hav
ing this feeling "occasionally." Only a 
fourth said they '11ardly ever" felt that 
way. Among older women the impor
tance of a loving husband was even 
greater. Similarly, more than 60 percent 
of all the women, even the young ones, 
said they frequently felt that being a 
mother is as challenging as having a high 
occupational position. Finally, few wom
en (only a little more than 20 percent) 
indicated that they frequently hoped 
that their daughters would have "more 
interesting careers outside the home" 
than they had had. Half 'nardly ever" 
entertained such a feeling. Survey data 
in other highly developed countries show 
no vast discontent among women. When 
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they are asked, they typically seem to be 
as satisfied with life as men. Consequent
ly it seems unlikely that high proportions 
of women will be impelled to swim up
stream in these societies as they are cur
rently constituted. 

What does seem probable is that for 
some years to come a small but rising 
proportion of women will attempt to 
achieve an independent status. Factors 
that may encourage these women are the 
increasing moral support prOVided by the 
women's movement, some modification 
of sex-typed socialization and schooling, 
greater educational and career oppor
tunities for women and a blurring of 
the difference in the way of life between 
being married and being unmarried. 

As for the women's movement, al
though most women claim to be satisfied 
with a derived status, a growing and in
fluential minority in many highly de
veloped countries are actively dissatis
fied with the popular expectation that 
all women should occupy that position. 
If Western societies are so committed to 
assuring men equal opportunity to de
velop their different talents, why should 
the diverse capabilities of women be ex
pected to conform tranquilly to one 
mold? The incongruity of such an ex
pectation, in addition to the resulting 
waste of talent and drive, has fueled 
women's movements with a constantly 
renewable source of energy. To be sure, 
surveys find that most women in the de
veloped countries are unsympathetic to 
the tactics of women's movements. Yet 
there is a widespread sympathy for many 
of the goals, particularly for those relat
ing to fair educational and occupational 
practices. Support has mushroomed for 
such cadres as the National Organiza
tion for Women in the U . S. ,  and such 
groups are becoming increasingly able 
to provide moral backing and lobbying 
for the interests of those women who 
do want to make it on their own. 

W ill the minority find recruits among 
younger women as new cohorts 

come along? Some social scientists, I 
among them, believe they will unless 
the highly developed countries continue 
with their rigidly sex-typed socialization 
practices. Evidence concerning the so
cialization of women from birth onward 
indicates that there are extremely pow
erful pressures from all sources to select 
personality traits and behavior patterns 
that are believed to be congruent with 
the stiltus of wife and mother. Among 
those who have conducted investigations 
in this area are Mirra Komarovsky of 
Barnard College, Alice S. Rossi of the 
University of Massachusetts, Eleanor E. 

MEN 

M E N  

D PROFESSIONAL. TECHNICAL, ETC. 

. . . " ADMINISTRATIVE,  MANAG ERIAL, ETC. 

WOM EN 

1960 14% 

60% 

WOM EN 

1970 1 8% 17% 

63% 

D CLERICAL, SALES, SERVICE 

D 
TRANSPORTATION, COMMUN ICATION, 
CRAFTSM E N ,  OPERATIVES AND OTHE R  
BLUE COLLAR 

PERCENTAGE OF MEN AND WOMEN IN OCCUPATIONS in 1960 and 1970 demon· 

strates that qualitatively as well as quantitatively women's work experience differs from that 
of men. All occupations are civilian and nonagricultural. Relatively high proportions of 

women in professional and technical category are misleading, since women tend to be con· 
centrated in lower·level professions such as teaching, nursing, librarianship and social work. 

Maccoby of Stanford University, Lois 
W. Hoffman of the University of Michi
gan, Inge Broverman and her colleagues 
at Worcester State Hospital and Matina 
Horner, now president of Radcliffe Col
lege. Their general finding is that Ameri
can women are socialized for defeat in 
those same goals and tasks where men 
are socialized for success. Indeed, the 
degree to which seemingly "emancipat
ed" industrial societies engage in sex
differentiated practices of child-rearing 
and indoctrination is just beginning to be 
understood. Writing in 1972 of her re
search on young people, Horner said: 

"It is clear in our data that the young 
men and women tested over the past 
seven years still tend to evaluate them
selves and to behave in ways consistent 
with the dominant stereotype that says 
competition, independence, competence, 
intellectual achievement and leadership 

reflect positively on mental health and 
masculinity but are basically inconsist
ent or in conflict with femininity. Thus 
despite the fact that we have a culture 
and an educational system that ostensi
bly encourage and prepare men and 
women identically for careers, the data 
indicate that social and, even more im
portantly, internal psychological barriers 
rooted in this image really limit the op
portunities to men. " 

N one of this research makes one san-
guine about the possibility of revo

lutionary changes in the socialization of 
young girls. As the "implicits" of a so
ciety become explicit, however, they are 
at least available for scrutiny. Parents 
may gradually have a more informed 
choice in the way they rear their off
spring and can thus become more aware 
of the stimuli and environments they 
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wish to select. For example, analyses of 
the content of children's books show bi
ases that some parents, once they be
come conscious of them, may reject as 
inappropriate for their children. Lenore 
J. Weitzman and her colleagues at the 
University of California at Davis have 
done a content analysis of the books 
winning the Caldecott Medal (a lead
ing prize for children's books) during the 
late 1960's and early 1970's. A principal 
characteristic of these volumes is the in
visibility of female characters, even 
when animals are included. In the sam
ple of 18 Caldecott winners Weitzman 
and her colleagues found 261 pictures of 
males as against 23 pictures of females. 
Featured in the titles was a ratio of eight 
males to three females. In close to one
third of the books there were no women 
at all, and when they did appear they 
were typically inconspicuous. Not one 
woman in these books had a job or a 
profession. In the few cases where they 
did have leadership roles they were fair
ies or other mythical characters. A simi
lar content analysis of children's books 
conducted in Sweden by Rita Liljestrom 
showed boys in situations emphasizing 
knowledge, action and intrigue, where
as girls were characterized as being de
voted to clothing and personal appear
ance. 

Are the current patterns of socializa
tion appropriate even for women who 
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will be primarily wives and mothers? 
Or are many aspects of such patterns 
relics of Victorian fantasy and Freudian 
theorizing? Broverman and her col
leagues asked a sample of psychologists, 
psychiatrists and social workers, all in 
clinical practice, to assign traits to a 
mature healthy man, a mature healthy 
woman and a mature healthy adult of 
unspecified sex. The traits assigned to 
the man and the sex-unspecified adult 
were quite similar, but there was a sig
nificant difference between the concepts 
of health for sex-unspecified adults and 
for women. Broverman concludes: "Clin
icians are likely to suggest that healthy 
women [are] more submissive, less inde
pendent, less adventurous, more easily 
influenced, less aggressive, less competi
tive, more excitable in minor crises, 
[have] their feelings more easily hurt, 
[are] more emotional, more conceited 
about their appearance, less objective, 
and [dislike] math and science. This 
constellation seems a most unusual way 
of describing any mature, healthy in
dividual." 

If some changes in the patterns of 
socialization are accompanied by greater 
educational opportunities for women, as 
seems to be the case in almost all highly 
developed countries, more women may 
move into fields of study leading to re
munerative and prestigious occupations. 
In fact, as we have seen, this seems to be 
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happening on a small scale in the U.S. 
Furthermore, in many of the highly de
veloped countries such as Scandinavia, 
England and Wales, and the U.S., ca
reer opportunities are increasingly open 
to women. 

W ill this minority of highly-selected 
women typically have to forgo 

marriage and children in order to 
achieve? Probably not: they will merely 
have to be willing to run the risk. And 
this risk may seem less awesome in a 
world where the lines between marriage 
and nonmarriage, having children and 
not having them are becoming more 
blurred than in the past. Less rigid con
finement of sexual relations to marriage 
means less of a penalty for late marriage 
or nonmarriage. The high risk of divorce, 
even for women with no career, also 
blurs the line between the married and 
the unmarried. Small families, even for 
full-time housewives, make the career 
woman with one or two children less of 
an anomaly. Both kinds of women will 
spend most of their lives without chil
dren around. 

Why then will not high proportions of 
women become "emanCipated " in this 
fashion? Why assume, as I have done, 
that only a minority will respond to 
changing socialization and opportunity? 
The answer is that even if one could as
sume that such changes will be sweep-
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PERCENT AGE OF DEGREES AWARDED TO WOMEN from 

1950 to 1972 shows a general upward trend in almost all the de· 

1 46 

veloped countries. The degrees rou ghly approximate the bac· 

calaureate awarded at the end of four years of college in the U.S. 
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ing, there are still underlying constraints 
over and above the ones I have already 
discussed. We must not, for example, 
confuse equality of opportunity with 
equality of outcome. Given a range of 
choice, we must expect women's achieve
ments to be variable, just as the achieve
ments of men are variable. In addition, 
educational and occupational achieve
ment will inevitably expose the achiev
ing women to risks of nonmarriage and 
childlessness. While her peers are pur
suing husbands the achieving woman is 
losing time from this activity, even 
though the number of men that she 
might want or who might want her is 
likely to be more limited than it is for 
other women. Exacerbating this risk is 
the paucity of occupations so fulfilling as 
to lead many women to risk impairing 
their marital opportunities. 

Perhaps the most compelling fact of 
all is that women's derived status stands 
to benefit greatly from the opening up of 
genuine alternatives. For the first time 
women who want to be primarily wives 
and mothers will be in relatively short 
supply, as others are drained off into new 
opportunities and an additional "swing 
vote" hovers on the brink of decision. 
Given such a market situation men will 
have to make concessions concerning 
important features of women's derived 
status, concessions that no amount of 
exhortation by presidential and royal 
commissions has been able to bring 
about. Whatever these may be, whether 
they are more sharing of household and 
child-rearing tasks, greater economic 
equality and security of tenure or the 
elimination of double standards of mor
ality, they will make the status of wife 
and mother more varied and advantaged 
than it is currently. Upgrading women's 
derived status inevitably places the al
ternatives to that status at a relative dis
advantage. It means that women proba
bly will choose the alternatives primarily 
for positive reasons such as satisfying 
their best talents and drives, rathcr than 
for negative reasons such as not want
ing to be "a mere housewife. " 

It is idle to speculate what the various 
levels of derived status and nonde

rived status might become in some kind 
of equilibrium state. The main point is 
that two significant changes will have 
occurred. First, in Western societies 
there will be an opportunity for women 
to respond in a variety of ways to the 
selection of a lifelong position. Second, 
women's derived status will have re
gained at the very least the balance it lost 
during the Industrial Revolution and the 
demographic transition. 
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The Populations 
of the Underdeveloped Countries 

These populations, accounting for nearly three-fourths of the human 

species, will continue their rapid growth for the rest of the century. 

Control will eventually come through development or catastrophe 

D uring the 100 years before the 
outbreak of World War I nearly 
30 million Europeans crossed 

the Atlantic to find a new home in North 
America. During the five months ending 
December 31 , 1974, about the same 
number of people will have been added 
to the population of the three vast areas 
(Latin America, Africa and Asia, exclud
ing Japan and the U.S.S. R.) that are 
called underdeveloped. 

The juxtaposition of the two statistics 
emphasizes the extraordinary magnitude 
of the demographic expansion that is 
taking place south of the sharp dividing 
line that separates the relatively rich 
countries from the relatively poor ones. 
The expansion, which is the combined 
result of a high rate of growth and a high 
population base to which growth ac
crues, has no meaningful historical par
allel. Nonetheless, the basic demograph
ic facts needed to understand the dy
namics of the expansion can best be 
considered in a historical perspective. 

A few landmarks show the scope of 
the increase in the number of human 
beings. The world's population, having 
doubled in the previous 100 years, 
reached 2.5 billion in 1950. It will pass 
four billion in 1975. The net increase in 
the period from 1 950 to 1975 will be al
most twice the size of the population of 
the entire world in 1750. 

It is instructive to trace this grand his
toric trend separately for the developed 

by Paul Demeny 

countries and the underdeveloped ones. 
To do so one must employ a fixed classi
fication rather than one that shifts ac
cording to changes in the stage of devel
opment. The classification adopted here 
preserves broad continental boundaries 
relatively intact by grouping all Latin 
America with the underdeveloped coun
tries and putting Australia and all Oce
ania with the developed countries. 
Three salient points emerge. 

First, the rate of the world's popula
tion growth has been accelerating from 
less than .5 percent per year between 
1750 and 1850 to 1.9 percent per year 
between 1950 and 1975 [see illustration 
on page 152]. Underlying these average 
figures, however, are sharply contrast
ing trends: from 1750 to 1850 the un
derdeveloped countries grew at an an
nual rate of .4 percent and the devel
oped countries at a rate of .5 percent; 
from 1850 to 1 950 the rates were re
spectively .6 and .9, and from 1950 to 
1975 they were 2.3 and 1.1 . Further de
tail would indicate a peak rate of 1.2 
percent per year for the developed coun
tries in the 1950's and a peak rate of 2.4 
percent per year for underdeveloped 
countries during the past 10 years. 

Second, the proportion of the world's 
population living in underdeveloped 
countries has undergone pronounced 
changes as a result of the shifting rela
tive rates of growth. Taking the popula
tion of the world as 100 at successive 

RELIEF FIGURES in the photograph on the opposite pa ge, made at a temple at Angkor 

Wat in Cambodia, reflect the high level of development that many countries now called 

underdeveloped attained when their populations were small. Demographic trends now abo 

sorb much of soqal energy and material that could be devoted to qualitative improvement. 

dates, the following division is observed: 
in 1750 the underdeveloped countries 
had 75 and the developed countries 25; 
in 1850 the proportions were 73 and 27; 
in 1950 they were 66 and 34, and in 
1975 they will be 73 and 27 again. In 
other words, a trend of long duration 
has been reversed in recent decades. 

Third, both the acceleration of 
growth and the contrast between under
developed and developed countries are 
most striking in terms of absolute mag
nitudes. The average annual increase 
shows the following trend, expressed in 
millions of people: 1750 to 1850, three 
in the underdeveloped countries and 1.5 
in the developed countries; 1850 to 
1950, 7.5 and five, and 1950 to 1975, 50 
and 10. Each year during the past quar
ter of a century a population as large as 
the population of France has been added 
to the underdeveloped world. The ab
solute yearly increase in the underde
veloped countries was five times as 
large as it was in the developed coun
tries. In the underdeveloped countries 
the current annual increment is well 
over 60 million people. 

�t us now examine the distribution 
and the main components of the 

remarkable growth in the underdevel
oped world. A logical first step is to con
sider the underdeveloped countries by 
broad geographic regions and to break 
down the increase of population as a 
difference between births and deaths. 
(Net migratory balance, which is a po
tentially important element in popula
tion change, can safely be ignored at 
this level of analysis; its role as a factor 
affecting growth is negligible.) 

The most striking fact that emerges 
from the comparative figures on current 
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population size is the numerical pre
dominance of Asia's population in the 
world total [see illustration on page 
153]. Underdeveloped Asia, which has 
a land mass smaller than Africa, con
tains almost 55 percent of the world's 
population. Of the somewhat fewer than 
2.9 billion people in all the underdevel
oped world some 75 percent live in Asia: 
28 percent in China, 33 percent in South 
and West Asia and 14 percent in South
east Asia. Latin America's share is 11 
percent and Africa's is 14 percent. 

The figures on births, deaths and the 
resulting natural increase, which are the 
components of population dynamics, 
also show a broadly similar regional bal
ance. In fact, the current relative mag
nitudes of absolute population increase 
in the underdeveloped regions closely 
match the total population. Therefore 
growth rates are relatively uniform 
among the underdeveloped regions. The 
population of China is an exception: it 

may be growing at a rate of 1.7 percent 
per year. The rates for the other four 
regions, however, fall within the remark
ably narrow range of from 2.4 to 2.7 
percent per year. 

These figures are extraordinarily high, 
particularly if one considers that they 
are averages characterizing large conti
nental populations. In spite of impreci
sions in the underlying statistics there 
can be no doubt that the present rates 
are at or near their all-time high in each 
region, again with the possible excep
tion of China. The implications of the 
figures for population trends in the years 
ahead, however, are not at all clear. Is 
growth still accelerating? If so, how fast 
and to what level? Are the rates of in
crease leveling off or even declining? If 
a decline is under way or imminent, how 
rapid is it likely to be? 

Unfortunately the present state of 
knowledge allows no unequivocal an
swers to these questions, crucial though 

the answers would be for a realistic as
sessment of the demographic future of 
the underdeveloped world and its social 
and economic prospects. The Hrst steps 
toward an answer can be made on the 
relatively firm terrain of descriptive de
mography. Beyond that attempts at in
terpretation and prediction lead quickly 
to more speculative grounds. 

A significant step toward understand
ing growth prospects in the underde
veloped world is the realization that 
the nearly identical growth rates of the 
major regions are the result of substan
tial compensating differences in birth 
and death rates. For example, in Latin 
America the number of births per 1,000 
population (the crude birth rate) was 37 
in the early 1970's, and the number of 
deaths per 1,000 population (the crude 
death rate) was 10, yielding an annual 
increase of 27 people per 1,000, or 2.7 
percent. In Africa the similar growth rate 
of 2.6 percent resulted from much higher 

WORLD POPULATION DISTRIBUTION in 1974 is portrayed by 

countries in a scheme that makes the area of a region proportional 

to the size of its population while retaining the familiar geographic 

forms. As the jagged boundary lines suggest, the map is built up 

from small squares, each of which represents a population of 

200,000. The prop ortional sizes of Europe and Asia, with the ex-
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birth and death rates (46 and 20 respec
tively). Underdeveloped Asia outside 
China had a growth rate of 2.4 percent, 
resulting from a birth rate of 39 and a 
death rate of 15. 

1. CANADA 
2. U.S. 
3. MEX ICO 
4. CUBA 
5. GUATEMALA 
6. JAMAICA 
7. HAITI 

36. ROMANIA 71. ISRAEL 
37. YUGOS LAVIA 72. SYRIA 
38. BULGARIA 73. I RAQ 
39. PORTUGAL 74. SAUDI A RABIA 
40. S PAIN 75. Y EMEN 
41.  ITALY 76. IRAN 
42. ALBANIA 77. AFGHANISTAN 

Given such contrasts even among the 
broad continental averages, it is not sur
prising that the national figures (from 
which the regional figures are built up) 
show a much greater variability. Even 
within the 10 largest countries of the 
underdeveloped world, which contain 
more than half of the world's population 
and more than 70 percent of the popu
lation of all underdeveloped countries, 
birth rates range from a low of 31 per 
1,000 to a high of 49. Deaths vary from 
eight per 1,000 to 25. A broader sample 
of underdeveloped countries, which still 
excludes the smallest political units, ex
tends the range of birth rates from the 
low 20's to about 50 and the range of 
death rates from five to nearly 30. 

8. DOMINICAN REPUBLIC 43. GREECE 78. PAKISTAN 
9. PUERTO R ICO 

10. CENTRAL AMER ICA 
11. VENEZ UELA 
12. COLOMB IA 
13. ECUADOR 
14. PERU 
15. BOLIVIA 
16. PARAGUAY 
17. CHILE 
18. ARG ENTINA 
19. URUGUAY 
20. BRAZIL 
21. UNITED K INGDOM 
22. NORWAY 
23. SWED EN 
24. FINLAND 
25. DENMA RK 
26. N ETHERLANDS 
27. BELGIUM 
28. EAST G ERMANY 
29. WEST G ERMANY 
30. POLAND 
31. CZECHOSLOVAKIA 
32. FRANCE 
33. SWITZERLAND 

Demographers seek to sort out this 34. AUSTRIA 
35. HUNGARY 

ception of Soviet Asia, are much greater in this map than in con· 

ventional maps because of the large populations in those regions. 

Africa and the Americas are smaller, reflecting the relatively low 

44. L IBYA 79. I ND IA 
45. TUN IS IA 80. NEPAL 
46. ALGERIA 81. S RI LANKA 
47. MOROCCO 82. MONGOLIA 
48. MALI 83. CH INA 
49. UPPER VOLTA 84. BANGLADESH 
50. GHANA 85. BURMA 
51. N IG ERIA 86. THAILAND 
52. EGYPT 87. MALAYS IA 
53. S UDAN 88. S I NGAPORE 
54. ETH IOPIA 89. SUMATRA 
55. CAMEROON 90. JAVA 
56. UGANDA 91. REST OF INDONES IA 
57. K ENYA 92. LAOS 
58. ZAIRE 93. CAMBOD IA 
59. ZAMB IA 94. NORTH VIETNAM 
60. TANZANIA 95. SOUTH VIETNAM 
61. ANGOLA 96. HONG K ONG 
62. SOUTHERN RHODESIA 97. NORTH KOREA 
63. MOZAMBIQUE 98. SOUTH KOREA 
64. SOUTH AFRICA 99. JAPAN 
65. MALAGASY REPUBLIC 100. TAIWAN 
66. MAURITIUS 101. PHILIPPINES 
67. REUNION 102. ISLAND RES IDUALS 
68. U.S.S.R. 103. PAPUA NEW G U INEA 
69. TURKEY 104. AUSTRALIA 
70. LEBA NON 105. NEW Z EALAND 

population densities in those continents. Several smaller countries 

in certain regions, such as Central America, are shown merged. 

The underdeveloped nations appear in color in the key to the map. 
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bewildering variation by means of the 
conceptual framework called the demo
graphic transition. Niceties apart, the 
framework rests on two pillars of solid 
fact. First, mortality in premodern, pre
industrial societies was high and so 
therefore were death rates. Populations 
that survived must necessarily have 
maintained high levels of fertility, that 
is, high birth rates. Second, in advanced 
industrial societies both mortality and 
fertility are low, without exception. The 
demographic transition is the process 
whereby societies move from the stage 
of high mortality and high fertility to 
the stage of low mortality and low fer
tility. All underdeveloped countries are 
now in such a transition. The wide dif
ferences in their birth and death rates 
show simply that they have traveled dif
ferent distances along the route and that 
the relative timing and speed of their 
transitions in fertility and mortality are 
not uniform. 

It seems clear that past distributions 
of birth and death rates for the under
developed areas were far more tightly 

clustered around their mean level than 
they are today. As recently as two dec
ades ago the birth rates were with few 
exceptions in the range from 40 to 50 
per 1,000. One can surmise that only a 
half-century earlier death rates below 
30 per 1 ,000 must have been rare. 

The difference in the time at which a 
loosening of the pretransition clusters 

of birth and death rates becomes mani
fest suggests another generalization that 
can be made about the demographic 
transition: The onset of the decline of 
fertility tends to follow the decline 
in mortality with a lag. Indeed, the 
spectacular acceleration of population 
growth in the modern era is largely a 
manifestation of the lag. The frequent 
references to "soaring" birth rates in 
popular interpretations of contemporary 
demographic changes in the underde
veloped world have little factual basis 
and in many instances no basis at all. 
Hapid population growth is mainly a re
sult of falling death rates unaccompa
nied by adjustments in birth rates. 
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WORLD POPULATION INCREASE since 1750 is charted for developed countries (gray) 
and underdeveloped countries (color). Classification as developed or underdeveloped is 

according to economic and demographic differences now prevailing. Data for the year 

2000 are based on a United Nations projection that assumes slowly ebbing growth rates . 
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The underlying asymmetry in demo
graphic behavior is readily understand
able. Longer life is a universally recog
nized good. Mortality levels therefore 
closely reflect a society's capacity to con
trol death. As that capacity increases 
mortality tends to fall. 

The age-old attitude toward high fer
tility was always rather similar to the 
attitude toward longer life: high fertility 
was considered a blessing. The attitude 
may have stemmed from the necessity of 
coping with low rates of survival, but it 
was, and is, hardly rooted in that factor 
alone. Reducing fertility from tradition
al high levels that are buttressed by cus
toms and social norms is not a process 
constrained only by what is feasible, as 
is the case with reducing mortality. Ef
fective methods of fertility control have 
always been known and available in all 
societies. Fertility transition implies pro
found social changes rather than merely 
a change in technology. 

W hat are the salient features of the 
transition that is transforming the 

demographic landscape in the under
developed world? Improvements in con
trol over death, with periodic reverses, 
characterize the entire modern period. 
The phenomenon is emphaSized by the 
fact that the total population of the 
underdeveloped countries nearly tripled 
between 1750 and 1950. 

Such growth was much more rapid 
than was shown in the long-term trend 
before the era of intensive European 
contact and colonization. The growth 
appears to be attributable mainly to 
gradual (but not universal) improve
ments in levels of living resulting from 
improvements in economic organization, 
agricultural technology and transporta
tion and distribution facilities. Recent 
decades have shown an often dramatic 
acceleration of the downward trend in 
mortality because of an increasing appli
cation of advances in the technology of 
health and environmental sanitation. 

Although the impact of mortality on 
population growth is mediated by the 
crude death rate, the ratio of deaths to 
population is a poor index of mortality. 
The risk of dying is strongly influenced 
by age. The number of deaths in a pop
ulation in any year is therefore a func
tion not only of the overall mortality 
level but also of the age distribution. 

To bypass this difficulty by presenting 
estimates for all ages separately is cum
bersome. A more convenient measure of 
comparative levels of mortality, either 
over time or among different popula
tions, IS the expectation of life at birth. 
This measure is defined as the number 
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about 125 million and deaths about 52 million. The disparities 

between north and south are much greater in terms of such 

events than in terms of population size, reflecting the combined 

result of population size and the level of birth and death rates. 
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of years newborn children would live on 
the average if they were subjected dur
ing their entire life to the risk of dying 
at each age as observed in the year for 
which the index is constructed. 

The pitfalls of attempting to compare 
levels of mortality by means of crude 
death rates are often anything but neg
ligible. For example, the current death 
rate in Taiwan is five per 1,000 popula
tion and the expectation of life is some
what less than 70 years. The current 
death rate in East Germany is 14 per 
1,000, even though the expectation of 
life at birth exceeds 70 years. 

As of early in the 1970's the expecta
tion of life in underdeveloped countries 
was roughly 53 years. The figure repre
sents the population-weighted average 
of the separate estimates for the more 
than 140 countries and territories that 
make up the underdeveloped world. In 
the developed countries the expectation 

of life at birth was 71 years, which is 
close to the current level in the U.S. 

Although the overall level of mortality 
in the underdeveloped countries is high 
in comparison with the level in the de
veloped countries, it represents an ex
traordinary achievement by any other 
standard, most notably in relation to de
velopmental status. It is a level that even 
in the leading European countries was 
not reached until the beginning of the 
20th century. In the U.S. and much of 
Western Europe it was reached only 
during the period between the two 
world wars, and in the U .S.S.R. it was 

.not reached until after World War II. 
The speed with which mortality has 
been reduced has also been much more 
rapid in the underdeveloped countries 
than it was in the developed ones. 

Thus the historical relation of mor
tality level to developmental status, 
which was never excessively rigid, has 

been substantially altered in the under
developed countries. The application of 
readily imported health technology pro
vides the major explanation for the shift. 
It would be incorrect to assume, how
ever, that the fundamental nature of the 
relation has also been modified. Both 
the willingness and the ability to apply 
the technology that will raise life ex
pectancy still tend to reflect achieved 
levels of development [see top illustra
tion on opposite page ]. 

With the caution that prediction is 
risky, the following propositions that 
have a strong bearing on the prospects 
for population growth in the underde
veloped countries appear to be sup
ported by the evidence. (1) Further sub
stantial gains in longevity are likely to 
be achieved in most countries if per 
capita gains in consumption continue 
the upward course that has persisted 
since World War II. (2) A combination 
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sents population growth rates ranging from 0 to 4 percent per year. 

N umbers on zero.growth line show eventual birth and death rates 

in a stationary population under varying assumptions about the 

expectation of life at birth, ranging from 60 to 80 years. A life ex· 
pectancy of 80 would entail stable birth and death rates of 12.5 per 
1,000 population. For 60 the birth and death rates would be 16.7. 

© 1974 SCIENTIFIC AMERICAN, INC



of moderate economic growth with a 
strong bias toward allocating resources 
to measures that reduce mortality, in
cluding particular attention to increas
ing the economic well-being of the poor
est third of the population, could bring 
life expectancy in the underdeveloped 
countries close to 70 years by the end of 
the century. 

The scope for further improvement in 
mortality is relatively modest in Latin 
America and in a number of countries 
elsewhere where fairly low levels of mor
tality have already been achieved, such 
as in Taiwan, Sri Lanka, Thailand, 
South Korea and Malaysia. The growth
generating potential is still high in much 
of Africa and, most significantly, in 
many of the countries with the largest 
populations, including India, Indonesia, 
Bangladesh, Pakistan, Egypt and prob
ably China. Thus in many countries, in
cluding some of the most populous ones, 
the crest of the population wave may be 
yet to come, since initial fertility de
clines are unlikely to be strong enough 
to compensate for the effects of improv
ing mortality. Where the wave will be 
ebbing, the deceleration for some time 
is likely to be held back by the still fea
sible gains in human survival. 

The other crucial element (and most 
likely the deciding one) in the demo

graphic equation is fertility. In the early 
1970's the average birth rate in the un
derdeveloped world as a whole can be 
estimated as 38 per 1,000. Of the 37 
countries with a population of 10 mil
lion or more in 1973 (representing some 
90 percent of the total in terms of pop
ulation size), 10 countries had birth rates 
below 40 per 1,000; in five of these the 
rates were between 35 and 40. In all 
underdeveloped countries with birth 
rates below 40 per 1,000 fertility has 
been declining, in some cases rapidly. It 
is possible that a decline is also under 
way in a number of the 27 countries 
with birth rates of 40 or more, although 
the inadequacy of the statistics makes 
the matter uncertain. 

In trying to forecast the trend of fer
tility in these countries special interest 
attaches to the underdeveloped countries 
where a recent onset of fertility decline 
has been clearly established and where 
the tempo of the change can be mea
sured with reasonable precision. Four 
countries among those with a population 
above 10 million are in this category: 
Taiwan, Sri Lanka, West Malaysia and 
Colombia. The pattern of their demo
graphic transition during the past two 
decades is traced in the accompanying 
illustration [opposite page], together 
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embodies the extreme assumption that after 1970 no parents have 

more than two children, and D assumes that the absolute number 

of births remains constant after 1970. Growth continues to the year 

2000 under each assumption. The effects of the various possibili. 

ties on total population size appear in the illustration below. 
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a population growth of zero by the year 2050, with the population 

respectively 2.1 and 2.5 percent larger than it is  at present. Projec. 

tion C implies a peak population in 2015 that would be 45 percent 
higher than the present population, with a steady decline thereafter. 
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with the pattern in three smaller coun
tries (Mauritius, Costa Rica and Puerto 
Rico) that are broadly representative of 
a larger group, including notably Singa
pore, Barbados, Jamaica and Trinidad 
and Tobago. 

The relative smallness of the popula
tion of the underdeveloped countries 
where substantial fertility declines can 
be documented and the numerous spe
cial economic, geographic and social fea
tures that characterize these populations 
should caution against generalizing from 
their experience as to the demographic 
prospects in the rest of the underdevel
oped world. In fact, a clear lesson that 
emerges from an examination of con
temporary demographic trends is that 
past transition experience gives only 
limited guidance in pinpointing the ex
pected onset and the speed of the de
cline of birth rates. 

This is not to suggest a lack of under
standing of what causes such a decline. 
A significant drop in the birth rate can 
be explained persuasively by develop
mental changes that modify human be
havior in such a way that the age of 
marriage tends to rise and the num
ber of children per couple tends to fall. 
The developmental changes include in
creased schooling, greater social mobil
ity, urbanization and increased partici
pation of women in the labor force. In 
such circumstances the perception by 
couples of the cost and benefits of chil
dren may shift. 

The behavioral motor force of the de-
mographic transition can be summa

rized in a single sentence: In demo
graphic matters, as in others, people 
tend to act in accordance with their in
terests as they best see them. What those 
interests are and how people see them 
are to a large extent determined by the 
objective environment. Nonetheless, the 
presence of a subjective component in 
the equation suggests the likelihood of 
varying fertility responses to broadly 
similar developmental circumstances, 
not only among individuals but also 
among countries. In particular, how 
changes in objective economic and so
cial circumstances are reflected in the 
human consciousness may be powerful
ly affected by "cultural" factors. Thus, 
for example, what is seen as being "ade
quate" shelter, education or nutrition 
for one's children-a judgment that is 
bound to influence the level of fertility 
profoundly-is as much in the eye of the 
beholder as a matter objectively deter
mined, at least above a critical minimum 
level. Indeed, the evidence shows that 
the response to similar changes in the 

pattern of economic opportunities can 
differ greatly from population to popula
tion. Hence there is no reason to expect 
a close inverse relation between the level 
of fertility and any particular index of 
development, such as income per capita, 
or to assume that attainment of certain 
identifiable threshold values of develop
ment represents a generally valid pre
condition for achieving low fertility. 

These considerations suggest that the 
potential range of variation in fertility 
trends among underdeveloped countries 
is wide. It is therefore of interest to ex
plore the demographic implications of 
contrasting trends in fertility. At one 
exb·eme is the familiar upper-boundary 
assumption of continued high fertility 
with mortality approaching the level 
that has been achieved in the developed 
countries. The case need not be elabo
rated here-not necessarily because the 
assumption is implausible but because 
the implications of compound-interest 
growth are clear. 

It is more interesting to examine 
trends that might be generated by ex
ceptionally rapid and far-reaching pat
terns of transition in fertility. The cal
culations demonstrate that continued 
population growth is implied, even if 
fertility declines rapidly, whenever the 
demographic conditions resemble the 
ones in the underdeveloped countries. 
The conditions include an age distribu
tion skewed toward the young, mortality 
that is relatively low or declining and 
high fertility or fertility that may have 
been declining but only over the past 
10 years or so. 

A typical example is Costa Rica [see 
illustrations on opposite page J. There 
the achievement as early as 1980 of a 
replacement-level fertility, that is, a lev
el that, if it were maintained, would 
eventually generate "zero population 
growth," would not prevent the popula
tion from doubling within 50 years. At 
that time the population would still be 
growing at a rate of .5 percent per year. 

An alternative and equally extreme 
assumption is that starting from the sit
uation in 1970 no family would have 
more than two children. Such a fertility 
regime is drastically below replacement 
level; in the example illustrated it im
plies an eventual decrease of 23 percent 
between generations. Such is the mo
mentum built into the existing age distri
bution, however, that growth would con
tinue for more than four decades. The 
population in 2000 would be nearly 40 
percent higher than in 1970. Although 
negative growth would set in by 2015, 
after extraordinary transformations in 
the age structure, the population in 2060 

would still exceed the level observed in 
1970. 

Clearly an early stabilization of pop
ulation through fertility decline, given 
typical conditions in an undei-developed 
country, is an extremely remote possi
bility. The virtual certainty of continued 
rapid growth among the underdevel
oped countries for many decades sug
gests that in most such countries a strong 
social interest should attach to the 
achievement of an exceptionally early 
and steep decline in fertility. This is not 
the place to review the economic argu
ments that lend force to the suggestion. 
It is enough to say that the arguments 
lead to the conclusion that rapid popula
tion growth results in a lower per capita 
income than is associated with lower 
rates of population growth. 

One wonders therefore what the pros
pects are for an early and rapid decline 
in fertility in underdeveloped countries. 
Although a demographer can explain 
why fertility declines when it does and 
can specify conditions that are sufficient 
for fertility to decline, such knowledge 
does not add up to a useful predictive 
theory. The answer can therefore be at 
best only tentative. 

p art of the answer is suggested by the 
likely course of development. Since a 

rapid growth of population slows down 
development, a high fertility (other 
things being equal) will delay the 
achievement of the objective conditions 
that make a decline in fertility possible. 
This relation could create a vicious cir
cle in which poverty and high fertility 
sustain each other. Measured by most 
criteria, however, economic and social 
change in the underdeveloped countries 
during the past decades has on the av
erage exceeded the rate of change in 
population size. If this difference per
sists (a somewhat optimistic assump
tion), it cannot fail to eventually create 
conditions that are more favorable to a 
decline in fertility. If the demographic 
response to development is similar to 
past patterns, however, the rate of prog
ress in most instances will be too low to 
bring about a rapid completion of the 
demographic transition. 

It is possible that the demographic 
response will not be the same as it has 
been in the past because of qualitative 
differences between contemporary de
velopment and past development and 
because of subjective factors. Decisions 
leading to lower fertility can be regard
ed as originating in two types of individ
ual desire. One is to seize opportunities 
that open up in the process of develop
ment. Examples include the drive to ac-
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quire new consumer goods (epitomized 
by the bicycle-motorcycle-automobile 
sequence), the costs of which tend to 
outstrip rising incomes; the desire to ex
pand a privately owned enterprise by 
acquiring capital goods; the desire to 
provide a better education and upbring
ing to children already born, and an in
terest in upward social mobility. The 
chance of success in such endeavors is 
often powerfully increased by restrict
ing the size of one's family. The effect is 
reinforced by the decreasing economic 
benefit that parents derive from children 
as development progresses. 

A second psychological factor that 
pulls in the same direction is the perva
sive disinclination to accept a lowering 
of one's accustomed standard of living. 
Both of these motives played a role in 
past fertility transitions and now exert a 
downward influence on fertility in many 
underdeveloped countries. Moreover, it 
is likely that the exposure to consumer 
goods and styles of living that conflict 
with a large family is more intensive 
now than it was in the past. 

The impact of such factors on fertility 
can be quite strong, particularly if at the 
same time the society's institutions allow 
access to social and occupational mobil
ity, if the income distribution is suffi
ciently compressed so that in any social 
stratum imitating and catching up with 
the consumption patterns prevailing in 
the next-highest stratum appear to be 
realistic possibilities, and if existing so
cial arrangements give wide scope to in
dividual initiative in improving one's 
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economic and social status and impose 
much of the cost of improvement on 
those who benefit from it. Much of the 
rapid decline in fertility that has been 
documented so far in underdeveloped 
countries is explained by the fact that 
the countries involved had the kind of 
conditions I have described. Such con
ditions are increasingly present or are 
appearing in a number of other under
developed countries, thus holding out 
the prospect for a spontaneous and rap
id fertility decline. In other countries, 
however, including probably those con
taining the majority of the population 
of the underdeveloped world, develop
ment-induced changes in the perceived 
costs and benefits of children to parents 
are unlikely to be strong enough to elicit 
a similar reaction in the foreseeable fu
ture. In such instances the grimmer al
ternative mechanism-resistance to a 
lowering of absolute levels of living due 
to adverse economic developments-may 
still play a catalytic role. 

A new and possibly major element af-
fecting demographic prospects is 

the scope of government activity in 
shaping economic and social develop
ment. In recent years the governments in 
many underdeveloped countries have in
troduced policies designed to hasten a 
decline in fertility. The step is without 
historical precedent. 

The fundamental justification for in
tervention by a government in the 
choices that individual couples make on 
childbearing rests on what can be 
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termed spillover effects, meaning that 
the consequences of individual decisions 
on fertility are not fully borne by the 
people making them but impinge on the 
interest of others. In such situations it is 
at least possible that collective action ar
ranged through the government can im
prove social welfare. Whether such a 
possibility does indeed exist must be 
tested through the accepted rules of col
lective decision making in any given so
ciety. As always, a clear diagnosis of a 
social problem is not enough; the avail
able remedies may be deemed worse 
than the disease. 

Up to now the practice of underde
veloped countries in the field of fertility 
policy has seemed to reflect both a desire 
to avoid measures that have high politi
cal costs and a lack of effective policy 
tools that promise to reduce fertility. Ac
cordingly the main line of attack has 
been the introduction of family-planning 
programs, which help couples who al
ready want to avoid having more chil
dren. Sound arguments exist for support
ing the subsidized provision of fam
ily-planning services quite apart from 
demographic considerations. Indeed, ac
cess to modern methods of birth control 
is an element in social development. 
The power of family-planning programs 
to achieve more than limited demo
graphic objectives, however, is question
able. Since people can be expected to 
find the means to control fertility if they 
want to, and since without such a desire 
the availability of inexpensive and effec
tive contraceptive technology is inconse-
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AGE DISTRIBUTION in C osta Rica is plotted and projected. In 

1950 (a) it showed the pattern that still characterizes most under· 

developed countries. In 1970 ( b )  it was broadly similar, with more 

than 45 percent of the population under 15 and fewer than 5 percent 

a ged 60 or more. The size of the youngest group, however, shows 

the onset of a decline in fertility. Intermediate age distributions 

that might be observed in the year 2000 are shown at c and d for 

two of the projections displayed in the illustrations on page 156, 
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quential, it is unlikely that family plan
ning can do much more than accelerate 
a process that would occur in any case. 
Still, in most countries even this limited 
potential is far from having been ex
hausted. 

In several countries family planning 
has been combined with another policy, 
which is often called population educa
tion. Apart from providing information, 
the policy seeks to modify desired fam
ily size by persuasion and by inculcat
ing behavioral norms that are more in 
harmony with the collective interest. If 
the social costs of such an effort are 
deemed acceptable, and if the instru
ments for changing preferences can be 
perfected, population education may be
come a powerful device for achieving 
lower fertility. For the near future, how
ever, its potential seems to be limited 
except in highly integrated societies 
with strong and respected leaders. 

Beyond family planning and popula-
tion education is one additional tool 

of policy with significant potential. It in
volves the modification of the objective 
signals that shape parental decisions on 
childbearing. A superficially appealing 
approach is to speed up the development 
process, since "development" does lead 
to lower fertility. This prescription, how
ever, confuses ends and means. If it were 
not for dissatisfaction with the progress 
of the development process itself, the 
case for government interference with 
fertility would not arise in the first place. 
Such interference is a cost rather than an 

d 
MALE FEMALE 

75-79 

70-74 I I 
65-69 

60-64 I I 
55-59 I I 
50-54 I I 
45-49 I 1 
40-44 I I 
35-39 t I 
30-34 t I 
25-29 I I 
20-24 I I 
1 5- 1 9  I I 
1 0- 1 4  I I 

5-9 I I 
0-4 I I 

1 0  5 0 5 1 0  
PERCENT OF TOTAL POPULATION 

objective that is desirable in its own right. 
A more realistic possibility is to re

arrange developmental priorities in such 
a way as to strengthen the features of 
the socioeconomic fabric that help in 
reducing fertility. The rearrangement 
must be sufficient to provide a net posi
tive return for the sacrifice of deviating 
from otherwise preferred developmental 
patterns. Two broad approaches can be 
described. 

One strategy is to influence such fac
tors as literacy, infant mortality, income 
distribution and the status of women, 
which in turn indirectly influence fertil
ity choices. The obvious attraction of 
such a line of action is that it can pro
mote policies that are also desirable on 
other grounds. Given the poor predictive 
power of existing fertility theory, how
ever, it is doubtful that indirect effects 
alone would provide an adequate case 
for modifying social policies that would 
be adopted in the absence of the demo
graphic argument. 

The other strategy would operate di
rectly on the costs borne and the bene
fits received by the people who make 
fertility decisions. The aim would be to 
eliminate or at least mitigate harmful 
spillover effects. Just as the system 
of national states largely decentralizes 
what is often referred to, rather mislead
ingly, as the world population problem 
(nations by and large reap the benefits 
and bear the costs of their demographic 
behavior), such a strategy in effect 
would seek to decentralize the national 
problem of finding the optimal pattern 
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of fertility behavior to smaller units 
within the nation. The key element in 
the solution would require that the units 
be small enough so that informal deci
sion making and flexible methods of bar
gaining on the desirable level of fertility 
would still be feasible. The individual 
family constitutes a plausible unit, but 
larger groups, such as village communi
ties, are also possible candidates. If the 
signals on which such decentralized de
cisions are based correctly reflect the 
private and social costs of fertility, the 
outcome of the decisions could be ac
cepted not only as an expression of in
dividual or small-group preferences with 
which society has no reason to quarrel 
but also as being optimal for the society 
as a whole. 

To transfer the burden of fertility to 
those generating it is, of course, not a 
coslless policy. Nineteenth-century Eu
rope practiced it to a significant degree, 
but most tendencies of social policy in 
underdeveloped countries go against the 
grain of the prescription. (China is an 
apparent exception, although the case is 
not well documented. ) Nonetheless, if 
such a policy is combined with measures 
that soften its harshness but preserve its 
bite, it may provide the most humane 
and equitable solution to a problem with 
which the underdeveloped world should 
come to grips. 

r is difficult to predict the extent to 
which an effective social technology 

for controlling population growth will 
be perfected and employed. As far as 
Latin America, Africa and the less popu-
lous nations of Asia are concerned, the 
most realistic guess is that they will mud
dle through a more or less classic (al
though probably accelerated) process of 
fertility transition in which pressures 
generated by "natural" development re
duce fertility, and family-planning pro
grams speed up the process somewhat. 
The forecast implies that the unprece
dented population spurt now being 
experienced by those countries will con
tinue through the 20th century. By the 
same token it implies a significant wors
ening of their long-term welfare pros
pects in comparison with what would 
have been possible with a different de
mographic picture. 

It is less certain that such an option is 
still open to some of the largest countries 
in the southern half of Asia. There the 

1 0  costs of failing to achieve an early and 
dramatic reduction of fertility are likely 
to be prohibitively high. The increasing 
recognition of that fact may lead in the 
coming decades to solutions that do not 
now seem feasible. 

namely projections B and C respectively. The markedly irre gular shapes of these age dis· 

tributions suggest the magnitude of the social and economic problems that mi ght result 

from such rapid change. Sustained rapid population growth, however, would be harder to' 

cope with. A stationary population, portrayed at e, could be achieved in about a century. 
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Food and Population 

The earth and technology can probably provide foodfor a population 
of 40 to 50 billion. Increases infood production would help to create 
the condition s  that would stabilize the pop ulation at a lower level 

Inhabitants of the developed countries 
tend to forget that the preoccupation 
of most of mankind is obtaining 

enough food. The underdeveloped coun
tries are engaged in a desperate race to 
keep food supplies growing at least as 
fast as population. In global terms the 
record of the period from 1951 to 197 1 
was reasonably successful. World pro
duction of cereal grains, the principal 
staples of the world food supply, more 
than doubled, whereas the world's popu
lation increased by less than 50 percent. 
Thus cereal supplies per person rose 
substantially, by about 40 percent, over 
the 20-year period. The increase was not, 
however, shared equally by the world's 
population. More than half of it was ab
sorbed by the richest 30 percent of man
kind and less than half was spread un
evenly among the poorest 70 percent: 
the 2 .6  billion people of Asia, Africa and 
Latin America.  In these lands between 
1953 and 1971 the volume of food pro
duced barely kept ahead of population; 
it grew by 2.9 percent per year while 
population increased by 2 .6  percent per 
year, for a net increase in per capita pro
duction of .3 percent per year. Even this 
small gain was inequitably distributed. 
Latin America fared best with a per cap
ita annual gain of .9 percent. In the non
Communist countries of Asia the annual 
gain was only .2 percent. And in Africa 
the volume of food production per capita 
actually declined by about 1 . 1  percent 
over the 18-year period. 

by Rogel' Revelle 

The situation deteriorated in 1972 and 
1973. In large part because of droughts 
in India, Mrica and elsewhere and poor 
weather in the U. S .S .R. ,  combined with 
a rising consumption of beef in the de
veloped countries, world grain reserves 
have fallen to their lowest levels in two 
decades, equal to only about a 27-day 
supply. At the same time the rise in pe
troleum prices has created a worldwide 
shortage of nitrogen fertilizers and has 
lessened the ability of farmers in the 
underdeveloped countries to pump wa
ter for irrigation. 

The U.S . ,  the leading exporter of food 
for the rest of the world, has brought all 
its idle cropland into production, and 
unless serious droughts continue it will 
have larger crops over the next few years 
than it had in 1973. Most of the surplus,  
however, will be sold to the other de
veloped countries at prices the underde
veloped ones cannot afford; at the same 
time food-aid shipments are being re
duced. Mankind may be coming closer to 
a precipice where mass starvation occurs 
whenever drought or plant disease re
sults in below-average crop production . 

There is no simple and dramatic for
mula for drawing back from the preci
pice. An obvious, difficult but in the long 
run absolutely essential step is to reduce 
rates of population growth. Meanwhile 
food supplies can be increased through 
three lines of action: in the short run, 
creation of a world food bank; in the 
long run, modernization of agriculture 

"THE THIN KITCHEN" AND "THE FAT KITCHEN," the two engravings made by 

Pieter Brueghel the Elder on the opposite page, depict the two extremes of human nutri. 
tion. The engravings, done by Brueghel in 1563, were accompanied by doggerel in French 
and Flemish. Freely translated, the verse with The Thin Kitchen reads: "Where Thin Man's 

cook there's meager fare and lots of diet trouble. / Fat kitchen is the place for me; I;m 

going there on the double." The verse with The Fat Kitchen is: "Beat it, Thin Man. Though 

you are hungry, you are wrong. / This is Fat Kitchen here, and here you don't belong." 

The prints from which reproductions were made are in the Metropolitan Museum of Art. 

in the underdeveloped countries, and 
finally a sharp intensification of agri
cultural and food research. 

Six hundred years ago the eminent-
ly practical Chinese officially recog

nized the close connection between food 
and population. T'ai Tsu, the first Ming 
emperor, decreed that a sacred Yellow 
Register be compiled every 10 years , giv
ing the number of households in each 
district and the number of "mouths" to 
be fed in each household. A placard, 
called Hu T'ieh, was posted on the 
household gate, and the family was 
obliged to mark on it the number of 
mouths inside the gate. The census tak
ers then simply counted the mouths re
corded on the placards , enabling the 
emperor's men to estimate the amount of 
food required for each district.  

The relation between population size 
and the need for food appears obvious: 
the larger the population is, the larger 
must be the total quantity of food. The 
relation is not simple, however. Human 
beings can survive on much less than an 
optimum amount of food, and even ade
quately nourished populations of the 
same size may use vastly different quan
tities of edible plant materials .  Appar
ently few peoples anywhere and at any 
time have allowed themselves to live 
very long at the Malthusian level of "bare 
subsistence," if by that term we mean a 
food supply just sufficient to sustain life, 
obtained by the maximum work effort 
the population can exert. 

In many respects food is more directly 
related to the quality of the population 
than to its size. Unless there is an ex
treme shortage most adult human beings 
do not die from an inadequate amount of 
food, although their vitality and health 
and their ability to work and play may 
be greatly diminished. Mortality among 
undernourished infants and young chil-
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dren is relatively high, but the effects on 
the survivors are more serious for society. 
Such children are more susceptible to the 
diseases of childhood and the crippling 
aftereffects, and both their physical and 
mental development are stunted. 

Some undernourished children are 
permanently blinded; others are apa
thetic and hard to educate. Populations 
that have lived for many generations on 
meager diets are usually light in weight 
and small in stature. The average Ben
gali man weighs 45 kilograms ( 1 00 
pounds), about the same as a jockey. 

As my colleague Rose E. Frisch has 
shown, nutrition may be related to hu
man reproductive ability. Menarche (the 
age of first menstruation) is delayed in 
undernourished girls, and the age of ado
lescent sterility is prolonged. Severely 
undernourished women apparently men
struate only irregularly, if at all ; under
nourished nursing mothers do not men-
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struate or ovulate for many months after 
giving birth. Undernourished pregnant 
women are more likely to suffer a spon
taneous abortion than well-nourished 
ones. 

The life expectancy of young children 
is lowered by the combination of under
nutrition and infection that prevails in 
many underdeveloped countries, where
as in the developed countries the life ex
pectancy of adults is probably reduced 
by the high content of animal fat in their 
diet and by overeating. 

Human physiological requirements for 
food are directly related to body weight, 
sex, age, level of physical activity and 
ability to absorb the food eaten. Men are 
heavier than women, and their metabolic 
rate per kilogram of body weight is high
er. Hence they require, on the average, 
nearly 40 percent more food energy than 
women. Growing, active children require 
more food per kilogram of body weight 
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than adults. Although a seven-year-old 
child weighs only two-fifths as much as 
an adult, he needs 70 percent as much 
food. Seventy-year-old men and women 
require only about 70 percent as much 
food energy as 20-year-olds. Because 
healthy adult Bengalis are much smaller 
than average American men and women, 
they require only about 75 percent as 
many kilocalories per day. (The "calorie" 
of nutritional parlance is actually a kilo
calorie.) The U.S .  average is 2,700 kilo
calories per day. With their high propor
tion of children the people of Bangladesh 
would require fewer than 1 ,800 kilocalo
ries per day, if they were able to absorb 
as much of their food intake as the aver
age American or European does .  The 
fact is that many people in Bangladesh 
suffer from damage to the intestinal walls 
caused by parasites and infection, and as 
a result they are unable to absorb all the 
food they eat. Hence their average daily 
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Whereas virtually all the Chinese harvest is consumed directly by some 800 million humans, 

more than 60 percent of the U.S. grain output is required to feed 120 million head of 
cattle plus a huge population of hogs, sheep, chickens and other livestock, which yield only 

about one unit of food energy for humans for every four to seven units of caloric intake. 
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requirement for a normal level of physi
cal activity is probably closer to 2,000 
kilocalories. 

Future physiological food require
ments can be expected to rise faster than 
population size in the less developed 
countries, provided that diets can be im
proved. Better-nourished children will 
grow faster and larger. (In Japan since 
World War II the average weight of 15-
year-olds has increased by three kilo
grams per decade.) And as birth rates 
come down the proportion of children to 
adults will diminish. 

I n discussing food we need to distin-
guish three terms: physiological re

quirements, demand and supply. Physio
logical requirements for calories,  protein, 
vitamins and minor nutrients must be 
taken into account in the computation of 
the food supplies needed by different 
countries of the world. These require
ments should not, however, be confused 
with the food demand of a given popula
tion, that is, the quality and quantity of 
the food actually consumed. This de
mand depends on food prices and on av
erage incomes as well as on the size of 
the population. if the incomes of the ma
jority rise faster than food prices in low
income countries, where many people 
are undernourished, the volume of the 
food demand per person will increase; 
conversely, if food prices rise faster than 
incomes,  the demand will decrease even 
to a level where the diet of most poor 
people does not meet their normal physi
ological requirements . 
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The world demand for edible crops 
and animal products was about 2 .6  bil
lion tons in 1970, equal to nearly half the 
tonnage of all fossil fuels consumed that 
year and four times the weight of world 
steel production. The Food and Agri
culture Organization of the United Na
tions (F AO) has estimated that world 
consumption will rise 40 percent by 
1985, to 3 .7  billion tons per year. For 
both years this works out to an average 
for the world's human population of 
about two kilograms (4.4 pounds) per 
person per day. Nearly half of the total 
tonnage of crops and three-fourths of 
the energy and protein content is in 
wheat, rice, maize and other cereal 
grains. A large fraction of these grains is 
eaten by domestic animals. 

In high-income countries rising in
comes or falling prices increase the de
mand for higher-quality, higher-priced 
food, although demand for total food 
calories at the individual level may not 
rise. The increase in food demand, ex
pressed in money terms, is a small frac
tion, however, of the rise in incomes.  In 
the U.S., for example, where we spend 
only about 13 percent of our disposable 
income on food for household use, a $1 
increase in income will result in an addi
tional expenditure on food of less than 13 
cents at the supermarket, and the farmer 
will receive only about four cents more. 
In India the average person spends be
tween 60 and 90 percent of his income 
on food, and a one-rupee rise in his in
come can correspond to an additional .7 
rupee for food. 

The discrepancy between developed 
and underdeveloped countries in the 

fraction of income spent on food reflects 
Adam Smith's insight that "the rich man 
consumes no more food than his poor 
neighbor. In quality, it may be very dif
ferent, and to select and prepare it may 
require more labor and art, but in quan-
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tity it is very nearly the same .. . .  The de
sire for food is limited in every man by 
the narrow capacity of the stomach. "  

I n  spite o f  their limited stomachs and 
low rates of population growth, all the 
developed countries have managed over 
the past 20 years to increase their food 
demands rapidly and substantially, in 
terms of both food costs and pressures on 
the volume of world crop production, by 
changing the character of their diet. 
With their rapidly rising incomes the 
Japanese have been eating more beef 
and less rice; similarly, Europeans are 
relying much less on cereals and potatoes 
to fill their stomachs and much more on 
meat, particularly beef. The consump
tion of beef per person in the U.S .  more 
than doubled between 1940 and 1972, 
and total meat consumption per person 
increased by a third. 

Although the average citizen of the 
developed countries spends a relatively 
small fraction of his income on food, that 
is a great deal more in absolute terms 
than the expenditure of the average 
Asian, African or Latin American. Com
pare the U. S .  and India, the world's 
fourth- and second-largest countries in 
population size. Average household food 
supplies in the U.S . cost about $600 per 
person per year, whereas the value of the 
average Indian's diet is probably less 
than $45. Two-thirds of the cost of the 
American diet is for transportation, proc
essing, packaging and marketing. Hence 
the value at the farm gate is about $200 
per capita, still between four and five 
times the farm value of the Indian diet. 
For this difference in cost the American 
obtains about 50 percent more calories 
and protein and nearly seven times as 
much fat [see illustrations on pages 166 
and 167]. He also eats between two and 
three times the quantity of green vege
tables, four times as much fruit, nearly 
four times as much sugar and syrup but 
only about 40 percent the weight of ce-
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HARVESTS IN INDIA, PAKISTAN AND BRAZIL are compared 

with the population of each country. The fact that the Indian curve 

for wheat, rice and corn lies below the curve for population means 

the per capita production of these cereals is lower in India than it 

is in Pakistan and Brazil. India, however, has been raising its out· 

put rapidly. Since 1951 India has increased the area of land under 

cultivation by 20 percent, douhled the irrigated area and raised 

fertilizer use about thirtyfold. (India uses one·sixth as much fer

tilizer as the U.S.) The annual Indian harvest of rice, corn and 
wheat has been increased respectively by 105, 265 and 340 percent. 

163 
© 1974 SCIENTIFIC AMERICAN, INC



reals. He gets most of his protein and 
fat from meat (including fish), eggs and 
milk products, whereas most of the In
dian's protein and 40 percent of his fat 
come from cereals, legumes and nuts. 
The average Indian's diet just about 
meets his physiological requirements of 
2 , 100 kilocalories per day, whereas the 
food going into the average American's 
household exceeds his energy requiI'e
ments by 20 percent. A large part of this 
excess is fat discarded in cooking and on 
the plate. 

In terms of the world's food demand, 
the most important difference between 
American and Indian diets is the high 
proportion of meat, milk and other ani
mal products in the American diet. Cat
tle, sheep and hogs require about seven 
calories of plant products for each calo
rie of protein and fat in meat. Chickens 
and cows eat about 4.5 calories of plant 
material per calorie contained in the 
eggs and milk they produce. Most of the 
plant calories eaten by domestic animals 
in the U.S. could also be eaten by lm
man beings, so that Americans actually 
use, directly or indirectly, close to 10,000 
kilocalories of humanly edible plant 
products per person per day. The aver
age Indian feeds his domestic animals 
largely on humanly inedible materials ,  

and this, together with his low intake of 
meat, eggs and milk, means that he uses 
about 2,300 kilocalories of edible plant 
calories per day. In terms of the farm 
value of plant calories on the world mar
ket the cost per calorie of the average 
American diet is about the same as that 
of the average Indian diet. 

In most underdeveloped countries there 
is a marked disparity in incomes be

tween a few relatively well-off people 
and the great mass of the poor. Yet the 
poor, because of their numbers, consume 
most of the food. A rise in per capita in
comes, resulting largely from an increase 
in the incomes of the well-to-do, will 
bring little increase in food demand for 
the country as a whole. 

Between 1953 and 197 1 the average 
volume of food consumption per capita 
in Africa, Latin America and the non
Communist countries of Asia, according 
to F AO estimates based on food produc
tion in those countries, grew by .3 per
cent per year. In the same period the 
average per capita incomes for the un
derdeveloped world (again omitting the 
Communist countries of Asia) rose 1.85 
percent per year, ranging from 2.4 per
cent in Latin America to 1 .8  percent in 
Asia and 1 .5  percent in Africa. Only 

about 16 percent of the average increase 
in per capita income was reflected in the 
increased volume of per capita food con
sumption estimated by the F AO, less 
than would be expected considering that 
the peoples of these countries typically 
spend 50 percent or more of their income 
on food. 

Part of the discrepancy can be ex
plained by uncertainties in the data and 
by the neglect of food imports in the 
F AO estimates of the volume of food 
consumed. Three other possible explana
tions could account for the remainder. 
First, there was probably some change 
from lower-priced to higher-priced foods 
in the diet of the people in the underde
veloped countries as their per capita 
income rose. Second, even without a 
change in diet the real cost per ton of 
food production may have risen. Finally, 
the rise in per capita income may have 
been unevenly distributed, with a small 
group of relatively well-off people get
ting most of it. The already well-off 
would not be expected to spend much of 
their additional income on food. The last 
explanation receives some support from 
the estimate by the F AO that food con
sumption per person rose two or three 
times as fast in the Asian Communist 
countries, which presumably have a nar-
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PRODUCTION OF ALL FOOD GRAINS IN INDIA (colored 

curve in top graph) has been moving upward, with some setbacks, 

for more than 20 years. In this illustration "food grains" includes 

millet, sorghum and the various legumes, such as beans, peas and 
peanuts, in addition to wheat, rice and corn. Together these foods 
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1965 1970 1975 

1965 1970 1975 
supply more than 80 percent of the calories in the Indian diet. Since 

1951 the annual per capita production of all food grains has in· 

creased by about 16 percent (broken curve at bottom). Perhaps 

more important, the Indian diet today contains a higher fraction of 
the grains that people prefer to eat than it did some 20 years ago. 
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rower range of incomes than the market
economy countries of Asia. 

The total world food supply over a pe-
riod of years depends largely on the 

crops and animal products produced by 
the world's farmers and to a much lesser 
extent on the world fish catch, but the 
supply in any individual country in a 
given year depends both on its agricul
tural and fish production and on the food 
reserves saved from previous years, to
gether with its imports or exports of food. 
No country and no region in the modern 
world, except possibly some of the in
terior areas of New Guinea, is self-suffi
cient in food. 

As we have seen, the worldwide dou
bling of cereal-grain production between 
195 1 and 197 1 was divided nearly 
equally between the 1. 1 billion people of 
the developed countries (Europe, North 
America, Oceania, the U .S .S .R. and Ja
pan) and the 2 .6  billion people of the un
derdeveloped countries (Asia, Africa and 
Latin America). Both groups of countries 
in 1970 produced approximately 600 
million tons of cereals, but since the un
derdeveloped countries had a much larg
er population, their production per per
son was only about 40 percent of that in 
the developed countries. By the same 
token because the rate of population 
growth was more than twice as high in 
the underdeveloped countries the rate of 
increase of cereal production per person 
was far smaller. 

There is a feedback relationship be
tween food supply and demand in most 
of the underdeveloped countries. Since 
their economies are overwhelmingly ag
ricultural, an increase in agricultural pro
duction that benefits the mass of the 
rural population will increase their real 
incomes and hence their demand for 
food. 

The small production per head of 
staple food crops in the underdeveloped 
countries condemns most people to a 
monotonous, low-quality diet, consisting 
mainly of cereal grains or tubers and oth
er starchy roots. For the poorest 20 per
cent of the population the diet falls be
low the physiological requirement for 
a normally active, healthy person. Low 
levels of production also cause food de
mand to tend to outrun supply in the un
derdeveloped countries. They are unable 
to produce much of a surplus of supply 
over demand in good years, which could 
be used as a reserve for lean years . As a 
result they are extremely vulnerable to 
fluctuations in weather conditions .  That 
vulnerability is increased by the high 
sensitivity of traditional agriculture to 
the weather. 

MILLIONS OF KILOCALORIES RATIO OF MECHANICAL 
(PER TON OF ENERGY USED TO FOOD 

(PER HECTARE) FOOD GRAINS) ENERGY PRODUCED 

IRRIGATION FROM WELLS 3.75 .585 .167 
CHEMICAL FERTILIZERS 3.01 .469 .134 
HIGH·YIELDING SEEDS .15 .023 .002 
PLANT PROTECTION .05 .008 .002 
FARM TOOLS AND MACHINERY 1.05 .164 .047 
FUEL FOR MACHINERY 1.97 .3 11 .089 
FUEL FOR DRYING CROPS . 30 .047 .013 
TRANSPORTATION .18 .028 .008 
STORAGE AND MARKETING .05 .008 .002 
FOOD PROCESSING 1.25 .195 .056 
TOTALS: 11.76 1.838 .525 

FOOD·ENERGY YIELD V. MECHANICAL·ENERGY USE for a modernized, irrigated 

farming and food·processing system in India has heen estimated by the author. The energy 

for food preparation in the home is not included. The table assumes a harvest of 6.4 tons of 

food grains per hectare (roughly 2.5 acres), equivalent to the average harvest of corn in 

Iowa. At present the average Indian farmer produces only about a ton of wheat or rice per 

hectare. Irrigation and fertilizers together account for about 65 percent of the energy 

that would be required directly on the farms to bring about the sixfold increase in yield. 

During most of the past two decades 
the underdeveloped countries have been 
able to tide themselves over bad years , 
and to stretch their supplies in good 
years, by drawing from the surplus stocks 
of some of the developed countries, par
ticularly the U.S .  Before World War II 
the underdeveloped countries as a whole 
were net exporters of cereals, but they 
have since become net importers. Be
tween 1949 and 1972 their gross imports 
of cereals rose from 12.4 million tons to 
36 million. Before 1972 between a third 
and a half of this tonnage was obtained 
under U.S .  and other food-aid programs. 
Although food aid has been justifiably 
criticized because it tended to hold back 
badly needed agricultural investments 
and incentives to farmers, there can be 
no doubt that it contributed substantial
ly to the increase in per capita food sup
plies in the underdeveloped countries, 
and thus to the improved living condi
tions that were reflected in the dramatic 
rise in life expectancy of between five 
and 10 years per decade in many coun
tries. Then in 1972 there was a crisis, and 
its effects still persist. 

Food demand in the poor countries 
tends to be relatively insensitive to food 
prices because the need for food is the 
most urgent of all human needs. When 
food prices rise, poor families must forgo 
other wants in order to obtain food. At 
the same time if food reserves are low, 
the supply cannot be increased much 
during any given crop year by raising 
prices to provide greater incentives to 
the farmers. In the developed countries 

the same short-run constraints operate 
on supply; moreover, food expenditures 
are such a small part of total income that 
rising prices may have a relatively small 
effect on demand. Hence a slight de
crease in world food supplies is likely to 
cause a sharp rise in prices. 

Exactly this process operated during 
the crop year of 1972- 1973. Droughts 
and poor weather conditions caused a 
drop in total world cereal production for 
the first time in more than 20 years. The 
decline from the 1971-1972 crop year 
was actually only 35 million tons, or less 
than 3 percent. Demand, however, con
tinued to increase, partly because of the 
inexorably continuing rise in the world 
population and partly because of the 
continuing increase in meat consump
tion, particularly beef consumption in 
Europe, the U.S .S .R .  and Japan. The 
world production of cereals, currently 
totaling about 1 . 2  billion tons, has to in
crease between 25 and 30 million tons 
per year if the rising demand is to be 
met. Thus the real shortfall in 1972-
1973 was nearly 60 million tons, or 
roughly 5 percent. World cereal reserves 
have been drawn down to a dangerously 
low level, a supply of less than 30 days in 
the spring of 1974, and cereal prices rose 
steeply in 1972 and 1973. By December, 
1973, the price of Thai rice was nearly 
four times the 197 1 price and the price 
of wheat for export was more than three 
times as high. With the drawing down 
of reserves through export sales to the 
U. S . S .R., Japan and Western Europe, 
food-aid shipments from the U.S .  and 
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other rich countries were sharply re
duced. The unprecedentedly high prices 
have been particularly hard on the poor
er classes of the underdeveloped coun
tries. Since 1973 the poor countries have 
been struck another heavy blow. The 
drastic increase in world oil prices not 
only has raised the cost of pumping 
ground water for irrigation but also has 
raised the cost of nitrogen fertilizer, 
which was already in short supply. 

M any people have suggested that in 
. order to avoid a repetition of the 

1972-1973 situation there should be 
created an internationally managed 
world food bank, from which supplies in 
the underdeveloped countries could be 
augmented during years of poor crop 
production due to bad weather, insect 
plagues or widespread plant disease. 
Such a world food reserve would need 
to be operated carefully to avoid the un
desirable effects of food aid in holding 
back agricultural improvements in the 
underdeveloped countries and to keep 
from unduly depressing farm prices. 
Without attempting to specify the char
acteristics of a world food bank in detail, 
it is possible to point out that such a bank 
should have several components: stores 

of wheat and other cereals and of soy
beans and other legumes; stores of fer
tilizers to enable crop production to ex
pand quickly; reserves of land that can 
be put under the plow in emergencies; a 
store of information and technology that 
can be used to increase crop yields, and 
stores of crop genes to make it possible 
for seeds of new varieties to be quickly 
multiplied when the old varieties are 
stricken by pests or plant disease. 

To even out the fluctuations in world 
production of cereals and legumes the 
capacity of the world food bank would 
have to be high, perhaps of the order of 
5 percent of the average yearly produc
tion, worth at present prices between 
$ 1 0  billion and $15 billion. For exam
ple, from 1962 to 1 966 there was a run 
of poor years in the world production of 
wheat, rice and maize, giving rise to a 
cumulative departure from the produc
tion trend line of 80 million tons by 
1966, even though the total production 
of these major cereals rose from 790 mil
lion to 885 million tons over the five-year 
period. 

Establishing a well-managed world 
food bank during the next three or four 
years could be helpful to farmers in the 
principal exporting countries. With nor-

mal weather the U.S .  can expect a suc
cession of bumper crops, with a resulting 
heavy downward pressure on prices. The 
prospect of wild price gyrations is made 
grimmer by the possibility of a recession 
in Europe and Japan resulting from in
flated petroleum prices. 

In the long run the solutions for the 
underdeveloped countries must be two
fold: as fast a reduction as possible in 
their rates of population growth and a 
sharp upward turn in the trend of agri
cultural production. If a rapid and con
tinuing increase in production can be 
directed toward a marked improvement 
in the lives of the poor rural masses, one 
of the essential conditions for lowering 
human fertility will be attained. 

The physical possibilities for increas
ing agricultural production are great, in 
terms both of natural resources and of 
agricultural technology. When Thomas 
Malthus announced in 1798 his famous 
"Principle of Population" (that human 
populations were limited by the food 
supply because they grew "geometrical
ly" whereas food production could be 
increased only "arithmetically"), he 
thought that the resources available for 
agriculture were primarily land, water 
and human and animal labor. For most 
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INDIAN AND U.S. "KITCHENS" are compared above and on the 

opposite page: gray bars for India, colored bars for the U.S. Where· 
as cereals, pulses and nuts supply 81 percent of the kilocalories in 

the average Indian diet, they supply barely 21 percent of the kilo· 

calories in the average American diet. Meat, eggs and milk products 

supply 36 percent of the food energy in the U.S. diet (v. 4 percent 

in the Indian diet); sugar, syrup, fats and oils supply another 35 

percent of the food energy in U.S. diet (v. 11 percent in the Indian 

diet). The "thin" Indian kitchen provides an average daily supply 

of 2,150 kilocalories per person, almost all of it consumed, whereas 

the "fat" U.S. kitchen supplies 3,300 kilocalories per person per 
day, of which roughly 600 are discarded or are left on the plate. 
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of the world that is still true. For hu
man beings in the developed countries, 
however, agriculture and the procure
ment of food have decade by decade be
come progressively smaller components 
of .the total economic activity. Today 
household food expenditures in the U.S . 
take less than 13 percent of disposable 
personal income in spite of an extrava
gant diet, and of this small amount the 
farmer receives only about a third. The 
transformation has been brought about 
mainly by the large-scale application in 
agriculture of two resources of which 
Malthus was hardly aware: mechanical 
energy from fossil fuels, and scientific 
and technical knowledge. 

Mechanical energy is used, for exam
ple, in manufacturing and operating 
tractors and other farm equipment, mak
ing and applying fertilizers, pesticides 
and other farm chemicals, pumping wa
ter for irrigation and transporting the 
inputs and products of agriculture to 
and from the farm. The applications of 
science and technology to agriculture 
are equally diverse, from establishing 
the physics and chemistry of water and 
soils and the genetics, physiology and 
pathology of crop plants and domestic 
animals to the practical control of in-
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sects, the engineering design of irriga
tion and drainage systems and the eco
nomic analysis of the alternative uses of 
agricultural resources. 

To underscore the vast changes 
brought about by the new agricul

ture, let us compare the actual cultivated 
area on the earth with the area of farm
land that would be needed to feed the 
present population if modern agricul
tural technology were used everywhere. 
The average harvest of corn in Iowa is 
about 100 bushels per acre, or 6.4 tons 
per hectare, corresponding to 60,000 
kilocalories per day, enough to feed 24 
people at a level of 2,500 kilocalories 
per day per person. With a present world 
population of 3.8 billion people, 158 mil
lion hectares would be required, assum
ing only one crop per year. Yet for the 
world as a whole at the present time 
1.4 billion hectares are cultivated. This 
works out to one hectare of farmland for 
every 2.7 living people. 

Several reasons explain why the ac
tual cultivated land per person is nearly 
10 times the hypothetical minimum. To 
begin with, the land actually harvested 
during any particular year is only about 
half to two-thirds of the total cultivated 

land. The remainder is temporarily left 
fallow or used as meadowland for mow
ing or pastures or is not cropped for 
some other reason. When chemical fer
tilizers are not applied, much farmland 
must lie fallow for a year or more to re
cover its fertility. About 10 percent of 
the cropped area is devoted to raising 
nonfood crops: cotton, tobacco, rubber, 
coffee, tea, jute and so on. Another large 
fraction is needed to produce food for 
livestock and poultry. Some of the live
stock are used as draft animals on farms. 
The products from the rest, including 
butter, eggs, milk and meat, are eaten 
by human beings. From a human stand
point domestic animals are only from 14 
to 23 percent efficient, that is, they use 
from four to seven times as much food 
energy as the energy contained in their 
edible products . In addition from 10 to 
20 percent of the food crops are de
stroyed by pests, and a small percentage 
is required for seed. The principal rea
son, however, 1.4 billion hectares of land 
now have to be cultivated is the low level 
of agricultural technology in most of the 
world. Instead of the more than six met
ric tons of cereal grain per cropped hec
tare that is obtained in high-technology 
farming, the average Indian or Pakistani 

8.000 12.000 16,000 20,000 24.000 28,000 
PROTEIN PER CAPITA PER YEAR (GRAMS) FAT PER CAPITA PER YEAR (GRAMS) 

PROTEIN AND FAT COMPOSITION of the typical Indian diet 

(gray) and the typical American diet (color) exhibit striking con· 

trasts. In these two charts the scales are adjusted to reflect the fact 

that fats provide about nine kilocalories per gram, whereas pro· 

teins supply only about five. kilocalories per gram. Thus the two 

bars showing the protein and fat in meat equal in length the bar for 

kilocalories in meat. The food reaching the U.S. kitchen contains 

only about 50 percent more protein but nearly seven times as much 

fat as enters the Indian kitchen. Indians obtain 88 percent of their 

protein from vegetable sources and only 12 percent from animal 

sources, whereas Americans obtain 68 percent of their protein 

from animal sources and only 32 percent from vegetable sources. 
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farmer produces only about a ton of 
wheat or rice. 

Because of the dispersed nature of 
solar energy and the low efficiency of 
photosynthetic energy conversion (about 
.4 percent in terms of human food en
ergy) arable land remains a primary re
source for agriculture. Large areas of the 
earth's surface are not now cultivated 
but could be if farmers and the necessary 
capital for development were available. 
The potentially arable area is limited by 
climate (the land must be free of frost 
during the growing season), the physical 
characteristics of the land surface and 
the water supply. Water must be avail
able during the growing season in 
amounts approximately equal to or great
er than the evaporation from the soil and 
the transpiration from plants. 

I n a 1967 report, The World Food 
Problem, President Johnson's Science 

Advisory Committee estimated that the 
world area of potentially arable land is 
3.2 billion hectares . That is 24 percent 
of the land area of the earth, about 2.3 
times the currently cultivated area and 
more than three times the area actually 
harvested in any given year. Unfortu
nately 500 million hectares of this total 
are in the humid Tropics, where precipi
tation exceeds evaporation throughout 
the year and no technology is currently 
available for intensive crop production 
(except in a few regions such as Java, 
where there are very deep volcanic soils) .  
Crops could be grown on another 300 
million hectares if water were available 
for irrigation. On the other hand, the 
potential gross cropped area, that is, the 
sum of potentially arable areas multi
plied by the number of crops that with 

1965 

a four-month growing season could be 
raised annually, is considerably larger 
than the net area. In many regions multi
ple cropping would require irrigation 
development. 

In an attempt to estimate the limits set 
by water supply on the potential net and 
gross cropped areas I have examined the 
proportion of the flow of the world's 
rivers that could be used for irrigation. 
Only a small fraction of river runoff is 
now diverted to the world's farms, even 
thoug!). irrigation agriculture represents, 
even today, man's principal deliberate 
use of water. Less than 4 percent of the 
total river flow is employed to irrigate 
160 million hectares, or about 1 percent 
of the land area of the earth. 

The potential for irrigation develop
ment is thus very large, but it is limited 
by the uneven distribution of river run
off between the different continents and 
within different climatic zones on each 
continent. About a third of the total run
off comes from South America, which 
has less than 15 percent of the earth's 
land area, whereas Africa, which has 23 
percent of the land, yields only 12 per
cent of the runoff. Runoff from South
west Asia, North Africa, Mexico, the 
southwestern U.S . ,  temperate South 
America and Australia is less than 5 per
cent of the total, yet these regions have 
25 percent of the land area. 

As a result of the uneven distribution 
of runoff, only slightly more than 30 
percent of the land that is potentially 
arable with irrigation can actually be ir
rigated, and the potential increase of 
gross cropped area through irrigation 
development is limited to 1.1 billion hec
tares. Omitting the humid Tropics and 
taking account of the insufficiency of 
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water where it is needed, the total po
tentially arable land is reduced to 2.5 
billion hectares (the present 1.4 billion 
plus 1.1 billion) and the potential gross 
cropped area reaches just under 4.1 bil
lion hectares . 

If 10 percent of this potential gross 
cropped area were set aside to grow 
fibers and other nonfood products, and if 
technology and purchased inputs of pro
duction (irrigation water, fertilizer, high
yielding seeds, plant protection, farm 
tools, farm machinery and farm prac
tices based on scientific knowledge) 
equivalent to those used in Iowa corn 
farming were applied to the remainder, 
a diet based on 4,000 to 5,000 kilocalo
ries of edible plant material could be 
provided for between 38 and 48 billion 
people, between 10 and 13 times the 
present population of the earth. 

Much of the potentially arable land 
is of poor quality, and in general any 
major extension of the currently culti
vated area, even for subsistence agricul
ture, would require a huge capital in
vestment: of the order of between $500 
and $1,000 per hectare. A more serious 
obstacle is the uneven distribution of 
potentially arable land with respect to 
the distribution of population. Seventy 
percent of the world's people live in Asia 
and Europe, where nearly all the poten
tially arable land is already cultivated; 
the remaining land in Asia could be 
brought under the plow only at the ex
pense of large-scale irrigation develop
ment. The potential for increasing the 
net cultivated area is also relatively small 
in the U. S . S .R.  Most of the uncultivated 
but potentially arable land lies in the 
more sparsely populated continents [see 
illustration on these two pages] . 
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vated area (47(} million hectares) actually exceeds the area that is 

potentially cultivable outside the humid Tropics. In both Africa 

and South America, however, the area that is potentially available 
for crops can be increased severalfold. For all continents the 

estimated population increase for the period 1965-1985 amounts 

to about 43 percent, whereas the potential increase in land avail. 
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Human diets in Asia are barely ade
quate today. If the Asian peoples are to 
have sufficient food in the future, it will 
be necessary to increase yields on cur
rently cultivated land, that is, the weight 
of each crop per hectare. It will also be 
necessary wherever possible to grow 
two or three crops per year on each cul
tivated hectare. Such double or triple 
cropping will usually call for extensive 
irrigation development. 

The largest areas of potentially arable 
land are in Africa and South America, 
which, except for the relatively small 
continents of Europe and Australia, have 
the smallest cultivated acreage. Outside 
the humid Tropics 630 million hectares 
with sufficient water remain uncultivat
ed. The limiting factors in agricultural 
development on these continents are not 
natural resources but economic, institu
tional and sociopolitical constraints . In 
addition to the potentially arable land in 
Africa and South America, more than 
300 million uncultivated arable hectares 
exist in North America and Australia. 

The principal merit of the above cal
culations is their demonstration that the 
quantity of potentially arable land on the 
earth is so much larger than the area ac
tually cultivated today, and the possibili
ties for increasing agricultural produc
tion on currently cultivated lands are so 
great, that the area of the earth's surface 
that will be devoted to agriculture in the 
future is chiefly an economic and social 
variable rather than a physical one. 

I n the less developed countries the basic 
requirement for a continuing advance 

in agricultural technology is the creation 
of better conditions for market agricul
ture as contrasted with subsistence agri-
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culture, because high agricultural tech
nology depends on the ability of the 
farmers to purchase, and of society to 
produce, many inputs from outside the 
farm. The modernization of agriculture 
depends on overall social and economic 
development in the poor countries as 
well as on the development and dissemi
nation of new knowledge to the farmers . 
This will require much higher levels of 
industrialization and more effective pub
lic and private institutions . 

Social and economic development that 
brings an increase in per capita income. 
and a more equitable income distribu
tion is probably also a necessary condi
tion for a continuing reduction of rates 
of population growth, and ultimately for 
a stationary world population. Here we 
are faced with a paradox: attainment of 
the earth's maximum carrying capacity 
for human beings would require a high 
level of agricultural technology, which in 
turn calls for a high level of social and 
economic development. Such develop
ment, however, would be likely to lead 
to a cessation of population growth long 
before the maximum carrying capacity 
is reached. 

The underdeveloped countries are 
confronted with a more immediate cir
cularity. In terms of both employment 
and production, agriculture is an over
whelmingly important component of 
their economy; agricultural moderniza
tion is essential for their overall eco
nomic development because it will cre
ate a consumer surplus that can be saved 
and invested in other economic sectors. 
At the same time, however, agricultural 
modernization depends on overall eco
nomic development because it requires 
many inputs from outside agriculture 
and a large and growing market for agri
cultural products . 

Ecological deterioration caused by 
human agricultural activities is much 
more likely to occur through the expan
sion of traditional agriculture into un
suitable or easily damaged environments 
than through agricultural modernization, 
which from many points of view im
proves the environment (for example by 
the reduction of erosion). Nevertheless, 
agricultural modernization, particularly 
the use of wide-spectrum pesticides and 
excessive quantities of fertilizer and the 
elimination of potentially valuable com
ponents of plant and animal gene pools , 
has also been environmentally destruc
tive. One of the kinds of knowledge that 
needs to be sought through research is 
the knowledge needed to minimize the 
deterioration of the environment. 

The new consciousness of man's en
ergy needs has generated alarm about 

the intensive use of fossil-fuel energy in 
modern agriculture. Some people have 
even called for a return to the old meth
ods, when grinding human labor, assist
ed by the toil of horses and oxen, was 
the main form of energy used in farming. 
Apart from the manifest impossibility of 
maintaining traditional agricultural prac
tices if the growing populations of Asia 
are to be able to feed themselves, this 
point of view has little basis in the reali 
ties of energy utilization. 

John S. Steinhart of the University of 
Wisconsin and Carol E. Steinhart have 
recently pointed out in Science that 
American agriculture, in spite of its 
energy-intensive character, accounts for 
only about 3 percent of the total U.S .  
energy consumption . Our entire elabo
rate food system, including all process
ing, manufacture of food containers, 
transportation and distribution of food
stuffs , plus commercial and home refrig
eration and cooking, requires less than 
13 percent of the energy used in the U .S .  

David Pimentel, Walter Lynn and 
their colleagues at Cornell University 
have estimated the quantity of fossil-fuel 
energy used in U .S .  corn production, not 
only the energy applied directly in farm
ing but also that used in manufacturing 
farm tools, machinery and chemical fer
tilizers, and in transportation to and from 
the farms . They find that the solar en
ergy captured in the grains of corn, let 
alone that captured in the leaves, stalks 
and cobs, is two and a half times the 
total energy used by farmers, including 
their own labor. Corn farming can be 
thought of as a kind of breeder reactor in 
which much more energy-containing ma
terial is produced than is consumed. One 
of the reasons for the relatively small use 
of energy in U.S .  corn production is that 
less than 4 percent of the area planted to 
corn is irrigated. Irrigation, particularly 
ground-water irrigation, is highly ener
gy-intensive, but, as we have seen, it is 
essential in order to realize the full po
tential for multiple cropping in many un
derdeveloped countries. 

Using the data compiled by Pimentel 
and Lynn, I have estimated the energy 
that would be required in a modernized, 
irrigated agriculture and food-processing 
system in India [see illustration on page 
165]. Energy for the construction and 
operation of flour and sugar mills and 
col�-storage plants is included but not 
energy for cooking and food preparation 
in households . (Fuel for household pur
poses is a serious problem in India. The 
burning of cow dung, although an effi
cient method of energy conservation, 
does not provide an adequate supply of 
fuel . )  My calculations show that the food 
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energy obtained would be about twice 
the mechanical energy utilized, in spite 
of the large amount of energy used to 
pump ground water for irrigation . 

For the present average Indian diet of 
2 , 1 50 kilocalories per day, 4 10,000 kilo
calories of fossil-fuel energy per person 
would be required each year, equivalen t 
to 55 kilograms of coal, costing, at 1974 
prices, $2 .50. That is about a fourth of 
the per capita use of fossil-fuel energy in 
India today. For a future diet of 3,700 
kilocalories of primary plant materials 
and a population of 1 . 2  billion people, 
instead of the present 580 million the 
total energy requirement for agriculture 
would be the equivalent of 95 kilograms 
of coal per person, or a total of 1 14 mil
lion tons per year. Estimated reserves of 
fossil fuels in India are between 100 and 
1 ,000 tons per person. Hence if India re
lied on her own fuel reserves, enough 
energy would be available for a mod
ernized agriculture for several hundred 
years . As I have pointed out, however, 
agricultural modernization depends on 
overall social and economic develop
ment, and as this development proceeds 
total energy utilization can be expected 
to increase manyfold above the present 
level. Such an increase could not be 
sustained for very long with existing re
serves of fossil fuels . Just as in the cur
rently developed countries, the future 
welfare of India must depend on the de
velopment of nuclear and solar energy. 

Since 1951 India's farmers have in
creased their production of food grains 
(mainly rice, wheat, corn, millet, sor
ghum, peanuts, beans and peas) by 86 
percent and per capita production by 16 
percent ( . 6  percent per year) . They ac
complished these impressive gains both 
by the traditional method that farmers 
have always followed-bringing more 
land under the plow-and by the begin
ning of a modernization of Indian agri
culture. Over the two decades the area 
of India's cultivated land increased by 
about 20 percent, and the area on which 
more than one crop was grown per year 
and the area under irrigation both ap
proximately doubled. The use of chemi
cal fertilizers was increased thirtyfol d. As 
a result yields per hectare of rice and 
wheat for all India rose by 60 percent 
and 83 percent respectively, and the 
total production of rice increased by 105 
percent and of wheat by 340 percent. 
The total harvest of corn increased by 
265 percent. The increase in these highly 
valued grains was much greater than 
that for millet, sorghum and the various 
legumes, which are less desired as foods . 
By expanding its own harvests India was 
able to reduce its imports of food grains 
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by some 60 percent. At today's prices 
this represents a saving in foreign ex
change of some $800 million per year, 
much more than the annual costs of ad
ditional fertilizers and irrigation. 

Both the need and the possibilities 
exist for a sharp acceleration in the rate 
of modernization of Indian agriculture. 
The Irrigation Commission of the Gov
ernment of India has estimated that the 
irrigated area of 43 million gross cropped 
hectares in 1973-1974 could just about 
be doubled during the next 30 years, at a 
total cost of roughly $ 14 billion. This 
would be less than 1 percent of India's 
current gross national product. 

If this projected irrigation develop
ment can be combined with an optimum 
utilization of fertilizers, with crop vari
eties that are highly responsive to fer
tilizers (the "miracle," or high-yield, va
rieties), with control of plant diseases 
and pests and with development of the 
knowledge, skill and human potential of 
Indian farmers, the problem of India's 
food supply could recede into the back
ground for the foreseeable future. As
suming, for example, a population of 1 .2  
billion during the first half of  the 2 1st 
century and yields equivalent to six tons 
of food grains and 500 kilograms of cot
ton per gross cropped hectare of irri
gated land (yields of this magnitude have 
already been obtained in Egypt and 
some other underdeveloped countries), 
the total energy in edible crops would be 
the equivalent of about 3,700 kilocalo
ries per person per day. This would allow 
a per capita consumption of about 25 
grams of animal protein from milk, eggs 
and poultry and an average dietary en
ergy content of 2,400 kilocalories. The 
socioeconomic changes resulting from 
such agricultural development could set 
in motion powerful forces for reductions 
in human fertility, and population 
growth could gradually be brought to a 
halt. 

A more serious situation can be pro
jected for Bangladesh. Careful studies by 
the World Bank and the Harvard Center 
for Population Studies have shown that 
with a total capital investment of nearly 
$2 billion annual rice and wheat produc
tion available for human consumption 
could be raised to about 20 million tons 
by 1993. Since rice and wheat constitute 
82 percent of the energy content of the 
diet, 20 million tons would be barely 
enough to meet the average physiologi
cal requirement of the more than 130 
million people anticipated at that time, 
meaning that the diet of half of the peo
ple would be below these requirements. 
Further modernization of agriculture 
might allow an eventual doubling to 40 

million tons, but self-sufficiency in food 
production could not be long sustained 
in the face of continuing popul�tion 
growth. Thus Bangladesh is confronted 
with an urgent and potentially tragic 
problem. Both agricultural and industrial 
development for exports to pay for food 
will be necessary, pOSSibly combined 
with out-migration on a large scale. 

Much world concern has recently been 
focused on the Sahelian zone, the belt of 
semiarid steppe and brush-grass savanna 
that extends across Africa south of the 
Sahara. This belt is becoming narrowed 
on its northern side by the steady march 
of windblown sands, and its use by hu
man beings and their cattle is limited on 
the south by the tsetse fly. A large frac
tion of the population of some 25 mil
lion are pastoral nomads ; most of the re
mainder live on a meager subsistence 
agriculture. Human population densities 
are low, yet after several years of 
drought severe food deficiencies have be
come widespread. This is in spite of the 
fact that the possibilities for agricultural 
land and water development are great. 

The problems here are in many ways 
opposite to those of India. Levels of liv
ing and the potentials for development 
are not constrained by the pressure of 
populations on natural resources but by 
the lack of human and technical re
sources and of capital for investment. So
cial, political and economic considera
tions all point toward the necessity of a 
rapid development of intensive irrigation 
agriculture, which could improve the 
condition of life and raise the aspirations 
of the people. Otherwise population 
growth will almost certainly keep up 
with increasing food supplies, and the 
final outcome would be a more desperate 
situation than the one that now exists. In 
the early stages capital and technical re
sources will have to be provided by the 
world community, par·ticularly the de
veloped countries, but the commitment 
of these countries to the underdeveloped 
ones has been diminishing for a decade. 

Agricultural modernization in the un
derdeveloped countries is one of the 
great challenges facing mankind. For fu
ture human welfare such modernization 
must proceed much more rapidly than 
population growth, so that standards of 
living can be raised and opportunities 
for improvements in the conditions of life 
can be increased. If it does not take place 
quickly, it may not be possible at all. The 
developed countries have an essential 
role to play in the first stages of this 
modernization because they possess a 
large share of mankind's present ability 
to gain the needed knowledge through 
research. 
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The power plant is the sun. 
And its energy is going to work for our ITT 

Rayonier company in a new North American pulp 
mill starting this fall. 

It'll help us beat the energy crisis. 
Our new mill will produce chemical cellulose for 

textile fibers from locally harvested trees. Almost 
every part of the tree is processed - though up till 
now, there was always some wood waste. 

No more. It's this wood waste that our new mill 
will convert into useful energy, recapturing the sun's 
heat and light to meet virtually all the mill's energy 
needs. 

Tree waste will replace fully 90 per cent of the oil 

that would be burned in a year - 56.3 million gallons. 
Eventually all our mills will be converted 

to this modem energy-saving system. Which is 
conservation in more ways than one. 

Because unlike oil and coal - which once used 
can't be replaced - wood is renewable. In the last 30 
years our Rayonier company has replanted hundreds 
of millions of trees. 

And they'll keep on replanting. As long as there's 
air, water and soil. 

And, of course, sun. 

The best ideas are the Imm 
ideas that help people. .J..J. 

320 Park Avenue. New York. N.Y. 
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The Transfer of Technology 
to Underdeveloped Countries 

The elimination of mass poverty is necessary to supply the motivation 

for fertility control in such countries. Other countries should assist in 

this process, not least because they have a moral obligation to do so 

The proposition that the developed 
countries, in their dealings with 
the underdeveloped countries, 

should show a special concern for their 
welfare and economic development and 
should even undertake a collective re
sponsibility for aiding them is an entire
ly new concept. It began to be articu
lated only at the end of World War II, 
with the dissolution of the colonial pow
er structure. From the outset, perhaps 
inevitably, this novel and humane idea 
was suffused with expectations that were, 
as we can now see, excessively hopeful. 
Certainly this was true with regard to 
the prospects for the transfer of technol
ogy. In the developed countries, it was 
observed, there now existed a highly 
productive technology; the underdevel
oped countries could simply take over 
that technology and so could be spared 
the slow process of inventing it them
selves. The difficulties confronting the 
underdeveloped countries here as in oth
er quarters have only gradually become 
understood. Hard lessons have been 
learned, partly from what has happened 
to those countries over the past 25 years 
and partly from closer study of their 
problems. 

In the first place it had to be learned 
that scientific-industrial technology, to 
be maximally useful in the underdevel
oped countries, cannot simply be trans
ferred but must be adapted to the condi
tions prevailing there. The tropical and 

by Gunnar Myrdal 

subtropical zones where these countries 
are mostly located have a different cli
mate, and the importance of climate 
among all the problems besetting their 
economic development has been, in my 
view, grossly underestimated. The fac
tors of production, capital and labor, are 
locally available in quite different pro
portions. Educated, experienced and 
skilled managers, engineers and workers 
are relatively scarce. Domestic markets 
are small, depriving new industries of 
economies of scale unless they can rap
idly find large export markets. The ex
ternal economies provided by a diverse 
surrounding industrial system are, of 
course, also absent and take time to de
velop. 

Technology transfer imposes its own 
by no means insignificant costs in royalty 
payments for licenses and know-how. Ac
cording to the estimate of a United Na
tions agency, these costs amounted to 
$1.5 billion in 1968 and have been in
creasing steeply. The transfer of tech
nology through joint ventures is often 
accompanied by extraordinary costs im
posed by the overpricing of imported 
intermediate goods, the underpricing of 
final goods for export, tax subsidies, vari
ous forms of tax avoidance and so on, the 
cumulative cost of all of which it is im
possible to estimate. Even when the 
transfer is effected on long-term credits 
from individual developed countries, the 
almost universal practice of tying such 

EARLY IRON BRIDGE IN J AP AN is portrayed on the opposite page in a woodcut that is 

part of a larger engraving in the collection of Mrs. Gerard Piel. The Japanese ideograms 

over the archway identify the structure as the Azuma Bridge, which was built over the 

Sumida River in Tokyo in 1875 under the supervision of British engineers. The people in 

the black carriage are clearly Europeans, and the occasion is evidently a ceremonial one. 

"aid" to imports from those same coun
tries implies the payment of prices higher 
-by 20 to 40 percent-than if the choice 
of imports from abroad were altogether 
free. 

Against all these costs it has nonethe
less been argued that the transfer of tech
nology carries a net advantage. Edward 
S. Mason of Harvard University pointed 
out in the 1950's that the underdevel
oped countries "could hardly be at an 
absolute disadvantage as compared with 
the initiators of industrial development, 
since they always have the alternative of 
devising techniques themselves as did 
their predecessors in development." Yet 
is it realistic to assume that the underde
veloped countries have such an option? 

I n the 1950's it was also frequently 
pointed out-and one hears this hope

ful thought voiced even today-that in 
the history of economic development in 
the West it was often advantageous to be 
a latecomer. Britain has continually paid 
a price for being the first country to un
dergo industrial revolution. Time and 
time again, in one industry after another, 
other Western countries have succeeded 
in catching up with and then surpassing 
her. Taking over and advancing a tech
nology first developed in Britain was a 
recurring historical event. 

The countries that accomplished this 
feat, however, were very different from 
the underdeveloped countries of today. 
They were all, like Britain, located in 
the Temperate Zone. They had access to 
a competitive capital market where they 
could borrow for as little as 3 percent 
and sometimes even less. And they did 
not have exploding populations. 

More directly pertinent to their abil
ity to absorb new technology from 
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abroad, the western European and North 
American countries could boast almost 
general literacy in their populations. In 
regard to elementary education they had 
passed Britain, which lagged in this re
spect until fairly recently. The technol
ogy they already had was much higher 
and more diversified than that now pos
sessed by underdeveloped countries. 
They had universities and technical col
leges and were generally part of West
ern civilization. In all these respects they 
were much more favorably placed to 
benefit from the transfer of technology. 

Moreover, the technology they ac
quired was very different from that of 
today. Most of the technical innovations 
of the late 18th and early 19th centuries 
were of a rather simple mechanical kind, 
whereas today they grow out of scientific 
discoveries concerning the nature of mat
ter and energy. The entrepreneurs them
selves, in textiles and other industries, 
took an active part in improving the ma
chines in their factories. Charles H. Wil
son has observed that technology then 
"involved no principles that an intelli
gent merchant could not grasp." 

To this it should be added that tech
nology in those days was much less cap
ital-intensive and in general did not con
fer so much advantage of scale. Private 
enterprises, often small at least to start 

with, had their field day, and they effec
tively carried out the transfer of technol
ogy. The state often subsidized and pro
tected them but seldom found reason to 
direct them. 

Technology today is much more in
timately related to science. From this 
difference stem the many other differ
ences that constrain its transferability 
compared with the simple technology of 
the earlier years of the scientific-indus
trial revolution. And the connection be
tween scientific discovery and techno
logical innovation becomes closer every 
day. 

This brings us to what can be called 
the dynamic problem. The transfer 

of technology must now take place in a 
setting of more rapid advance in science 
and technology than ever before in his
tory. As the American historian Henry 
Adams and others since have observed, 
this advance is accelerating, proceed
ing on an exponential curve; the pace of 
history is accelerating in parallel, and 
the driving force is scientific and tech
nological advance. 

It is not only that the underdeveloped 
countries must attempt to approach, by 
adoption and adaptation, a much higher 
level of science and technology but also 
that they must reach for science and 

technology that are continually and rap
idly moving to a higher level. The devel
oped countries are the site of practically 
all this advance. It is financed by their 
governments, philanthropic foundations, 
universities and industries. It is almost 
exclusively directed to the interests of 
the developed countries, although it pro
duces occasional spin-offs useful to the 
underdeveloped countries. 

All the elements cited here in the re
lation between the dynamics of scien
tific and technological advance and the 
prospects of the underdeveloped coun
tries have been analyzed and accounted 
for separately by others in topic-by-topic 
studies. The conclusion that they add up 
to a general disadvantage for these coun
tries is not, however, commonly drawn. 

Thus the contribution of technological 
advance to the deterioration of the trad
ing position of South Asian countries is 
recognized in studies of trends in their 
traditional exports. Synthetic fibers have 
largely displaced hemp, for example, in 
ship cordage and other technically de
manding uses, and plastic film has been 
displacing jute in sacking. Acording to a 
recent U.S. Congressional committee re
port, coffee, tea and cocoa may soon have 
competition from synthetics. Rich coun
tries will continue to develop manufac
tured substitutes for imported natural 

NAGARJUNASAGAR DAM on the Kistna River in India repre· 
sents a combination of modern technology and the employment of 

thousands of native laborers. The dam was built primarily for gen· 

erating power, which is a basic element in the economic infrastruc-
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commodities. Not many of the commodi
ties exported by the poor countries are as 
difficult to replace as the petroleum for 
which the few exporting countries in the 
Middle East, Africa and South America 
have recently succeeded in exacting a 
much higher price. 

The dynamic advance of industrial 
technology also militates against the suc
cessful development of manufactured ex
ports by underdeveloped countries. In
dustries in the developed countries hold 
their markets firmly by dint of product 
and market research that brings rapid re
sponse to changing market preferences 
and by the internal and external econo
mies that are provided by a broad and 
diversified industrial foundation. For 
contest with such competitors, enter
prises in underdeveloped countries are 
ill-equipped. Typically their managers 
are weak in business acumen and their 
production workers are weak in skills; 
they lack capital, and they have little 
experience in standardized, high-quality 
mass production. The inefficiency of 
both management and labor and the ab
sence of a supporting industrial environ
ment will often, in spite of lower wages, 
tend to raise unit costs and so negate, in 
part at least, the international compara
tive advantage of low wage scales. 

To all these well-investigated disad-

ture that a developing country must acquire, 

but its waters are also put to other purposes. 

vantages facing new industrial enter
prises in underdeveloped countries, in
dustries in the developed countries have 
added research departments devoted to 
the improvement of their products and 
production processes. The resources of 
any one of these laboratories are ampli
fied by the country's entire scientific es
tablishment. What a new industry in an 
underdeveloped country must face is 
not only that the technological compe
tence of its established competitors is 
high but also that it is constantly rising. 
Even if a license to use a particular tech
nology is available, the contract does not 
often license future improvements; when 
it does, the obstacles to catching up are 
great. 

W ith these difficulties in the way of 
reaching out with exports into world 

markets, underdeveloped countries have 
commonly adopted import substitution 
as the strategy for pushing their indus
trialization. By import restriction they 
can create markets at home. By the same 
action they should also be able to save 
foreign exchange. This advantage, if it 
is won at all, is secured only in the fair
ly long run. New industries, even those 
set up for the home market, need capital 
equipment from abroad and a continu
ous supply of spare parts, intermediate 
products and sometimes raw materials. 
Efforts to set up supporting industries 
that can provide substitutes for these 
imports raise again the same type of new 
import needs. 

Seen from a planning point of view, 
import restrictions are more often a ne
cessity than a policy. Shortage of foreign 
exchange usually comes first, and the 
protection provided by import restric
tions for nursling industries is incidental. 
How the restrictions are handled de
termines whether or not they contribute 
to planned development. Import restric
tions must either stop or make very ex
pensive the importation of less necessary 
goods. That is rational. But domestic 
production of these goods then enjoys 
the very highest protection, often sky
high, which is not rational. Because the 
governments have not usually proved 
themselves able or willing to soak up "too 
high" profits by excess-profit taxes, they 
are compelled to resort to a large variety 
of direct controls. These controls have 
not often succeeded in reducing such 
profits, much less in redirecting invest
ments according to plan. 

Underdeveloped countries, quite 
apart from what their constitutions pro
claim, are commonly ruled by upper
class elites. These people hanker for lux
ury goods, are glad to see them produced 

at home when restrictions bar their im
portation from abroad and usually have 
nothing against high profits. Protection 
thus becomes either unplanned or badly 
planned. It tends to create noncompeti
tive, high-cost and high-profit industries. 
This result in tum negates the planners' 
efforts to encourage entrepreneurs to en
ter more primary industries or to tackle 
the difficulties of the export market de
scribed above. 

Keeping all of this in mind, it is sur
prising to learn that a few countries, in 
Latin America and Southeast Asia, have 
broken through the market barrier in 
certain fields and come out as exporters 
of manufactured goods. This is a sign 
that in these cases the difficulties of the 
transfer of technology have been over
come. Many of these cases reflect active 
cooperation from industries in developed 
countries. An important role has often 
been played by multinational corpora
tions-an item to their credit that must 
not be forgotten in assessing their role in 
the world economy. 

From the early 1950's there has been 
considerable discussion of how technolo
gy transferred from the developed to the 
underdeveloped countries could be 
adapted to be more labor-intensive. Un
derdeveloped countries are regularly 
short of capital, whereas their labor 
forces are grossly underutilized and be
come ever more so owing to the rapid, 
and increasingly rapid, growth of the 
populations in the labor-force age range 
[see "The Populations of the Underde
veloped Countries," by Paul Demeny, 
page 148]. Some such adaptation of im
ported technology normally takes place 
without much difficulty or planning. The 
handling, packaging and shipping of raw 
materials and finished products can eas
ily be, and for the most part are, con
ducted by labor-intensive methods. Lack 
of skill and sometimes of physical stam
ina, combined with low wages, makes it 
a rather normal thing that machines are 
run at a slower pace or with more work
ers tending them-except when an enter
prise has found it advantageous to hire 
only literate workers and pay them sal
aries that enable them to;mprove their 
nutrition and general health. 

When it comes, however, to the tech
nology implied in the industrial processes 
and embodied in the machines, which is 
what is usually meant by the transfer of 
technology, there is little choice but to 
take it all without much change. For one 
thing, a different technology in this more 
fundamental sense would be likely to call 
for more technological creativity than 
underdeveloped countries command. 
The only capital equipment available, in 
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any case, is what the developed coun
tries are currently employing. That, 
along with the problem of finding spare 
parts, explains why underdeveloped 
countries have not equipped themselves 
with secondhand machinery from earlier 
years of technological advance, as some 
well-wishers have suggested they should. 
What is more, entrepreneurs are reluc
tant to accept "second best" equipment. 
That is often a rational attitude and not 
merely an oversensitive one. The most 
modern technology may in fact be opti
mal for promoting economic develop
ment. In many branches of industry the 
most up-to-date capital-intensive equip
ment is capital-saving in the important 
sense of consuming less capital per unit 
of output. 

Careful studies have shown that the 
adoption on a major-and otherwise 
totally impractical-scale of more labor
intensive technologies in India would 
not have secured a substantial increase 
in the employment of labor. Modern in
dustry forms, and for a long time to 
come will form, a very small part of the 
total economy there, and a still smaller 
part in other countries of South Asia. 

When industrialization was first ad-
vanced as the road to development, 

it was thought that the growth of modern 
industry would draw off the underuti
lized labor force bottled up in agricul
ture and the loosely organized nonagri
cultural pursuits. A UN report in the 
early 1960's stated: "The reason for em-

phasizing industrialization is that indus
trial development would absorb rural 
underemployed persons." The plans of 
underdeveloped countries echoed this 
theme; throughout the 1950's and into 
the early 1960's and sometimes even now 
economists in both kinds of country have 
endorsed it. In the long view it is also en
tirely rational. If India and most other 
underdeveloped countries do not by the 
end of this century have a much larger 
portion of their labor force-which by 
then will have doubled in size-em
ployed in industry, there will then be no 
hope of preserving even their present 
low average levels of living, no matter 
what improvements have meanwhile 
been accomplished in agriculture. The 
underdeveloped countries have serious 

LODGING RICE has been a problem in the areas where rice is a 

staple food. At left Syntha, a traditional variety of tropical rice 

from Indonesia, is portrayed before maturity. It has long, weak 

stenl::; and wide, drooping leaves. When the rice is fertilized, the 

plants produce heavy grain heads and so are likely to lodge, or fall 

over, at maturity (right). The grain may dip into the paddy water 

or be eaten by rodents. The wide leaves also interfere with photo. 

synthesis by blocking sunlight that could fall on a number of leaves. 

NONLODGING RICE was developed at the International Rice 

Resear('h Institute. The varieties are semidwarfs with strong stems, 

176 

whieh hold the plant upright when the grain heads mature. Narrow 

leaves also aid photosynthesis by letting more sunlight penetrate. 
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reason to press on with their industriali
zation. 

For several decades ahead, however, 
the employment effects of industrializa
tion cannot be expected to be very large. 
The impact on employment is a function 
not only of the rate of industrialization 
but also of the absolute size of industry. 
For some time the effects may in fact be 
negative, owing to "backlash" disem
ployment of people from traditional in
dustries and crafts that are either com
peted out or modernized and so made 
less labor-intensive. This was the experi
ence in the Soviet Central Asian repub
lics of Uzbekistan, Kirghizia, Tadzhikis
tan and Turkmenia. In the throes of a 
rapid industrial expansion that began in 
the late 1920's, the proportion of the 
labor force employed in manufacturing 
(including crafts and traditional indus
try) actually decreased until fairly re
cently, when industrialization progressed 
to a much higher level. The statistics on 
"employment" and "underemployment" 
in underdeveloped countries-usually in
adequate-do not contradict the judg
ment that industrialization, at its present 
level, does not create much additional 
employment, even allowing for its side 
effects on employment in the building of 
the "infrastructure" and in services. 

In the same overoptimistic view of the 
employment-generating effects of indus
trialization, the influx of population to 
the cities was regarded during the 1950's 
as a response to the demand for labor in 
industry. In reality it must be recognized 
as a flight from agriculture. The cities in 
all the underdeveloped countries now 
have a much bigger labor force than can 
pOSSibly be employed in industry, how
ever fast it is growing. They are simply 
displaced rural people. 

The transfer of technology to the ag-
riculture of the underdeveloped 

countries presents a totally different 
problem. Apart from the highly commer
cialized plantations in some of these 
countries, which should more properly 
be reckoned with industry, yields are al
most everywhere low. To the low yields 
correspond serious nutritional deficien
cies, which at present are threatening to 
become worse. In most countries there is 
not much uncultivated land to put to the 
plow. The only hope for increased pro
duction is intensified cultivation aided 
by advanced technology. 

Contrary to a common misconception 
agriculture in these countries is not labor
intensive; it is labor-extensive, even 
though an exceedingly large portion of 
the labor force is confined to agriculture. 
In many countries a part of that labor 
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force docs no work at all; the nonwork
ers cannot all be classified as unem
ployed-members of the Brahman caste 
in llengal do not work but hire workers. 
�[ost of the workers who do work do so 
only for short periods-per day, week, 
month or year-and not very intensively 
or efficiently. This is what, in false analo
gy to conditions in developed countries, 
is called "unemployment" or "underem
ployment." 

The low yields per acre reReet the un-
derutilization of the labor force. An 

increase in the input of labor and in labor 
efficiency would raise yields even with
out technological innovation or any ad
ditional investment except work. Much 
of any such increase in input should be 
directed to better use of existing tech
nology-to improving the land, to con
structing works for water conservation 
and distribution, to building more and 
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better roads and to generally improving 
the condition of the villages. 

Technological innovations can im
prove yields still more. The new tech
nology must, however, be highly labor
intensive. Otherwise it will swell the 
stream of migrants to the city slums. The 
agricultural technology of the developed 
countries-aimed almost from the begin
ning at the improvement of yields while 
the agricultural labor force was declin
ing, first relatively and then absolutely
is not on the whole adaptable to condi
tions in the underdeveloped countries. 
Certain important exceptions can none
theless make all the difference. These in
clude the artificial insemination of live
stock, new methods of preventing plant 
diseases and, of course, high-yielding 
seeds. 

Properly adapted to local conditions, 
such techniques should be applied by 
labor-intensive methods for the double 

I 
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MULTILATERAL AID by the United Nations to developing countries is charted. The 

gray bars represent outlays by regular programs of UN agencies, and the colored bars show 
what has been advanced under the special UN Development Program of multilateral aid. 
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purpose of securing increases in both 
yields and employment. Whereas trac
tors have their place and may in some 
situations increase employment, mech
anization in general disemploys human 
workers and would not contribute much 
to increased yields per hectare, which 
are better secured by labor-intensive 
methods. It is often maintained that the 
agriculture of the underdeveloped coun
tries requires some "intermediary tech
nology." This should not be understood 
to imply a technology that has become 
obsolete in developed countries. What 
should be transferred is a technology 
that engages the latest results of scien
tific research, adjusted to the highest 
possible utilization of the labor force. 

There is thus a fundamental difference 
in the conditions that should rule the 

transfer of technology to the industrial 
and to the agricultural sectors in under
developed economies. In the former the 
use of modern technology makes it pos
sible to establish new industries with 
minimal disturbance of the institutional 
framework and minimal diffusion of 
skills throughout the labor force. Indus
trial expansion may thus evade direct 
confrontation with the social and insti
tutional obstacles that have for so long 
inhibited economic development. The 
price paid for this strategy, however, is 
the perpetuation of the enclave indus
trial economy familiar from colonial ex
perience. The "spread effects" of indus
trialization, that is, the generation of em
ployment in ancillary industries and 
services and the percolation of produc
tive skills and of the rational analytical 
attitude to the surrounding society, have 
proved very much smaller in many coun
tries than was expected in earlier years 
and is still often assumed. 

In contrast, the task of raisin g yields 
in agriculture through highly labor-in
tensive technology must confront the at
titudes and institutions that have so long 
held these rural societies stagnant. Most 
important is to change "the relation be
tween man and the land," creating the 
possibilities and the incentives for a man 
to work more, to work harder and more 
efficiently and to invest whatever he can 
lay his hands on to improve the land, in 
the first instance his own labor. This is 
the essence of the demand for a well
planned land and tenancy reform. Such 
reform has been on the agenda in all un
derdeveloped countries; with only a few 
exceptions it has been botched. As a re
sult the auxiliary reforms often attempt
ed in market organization, extension 
work and credits have been less effective. 
Hence, whereas industrialization can go 
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western Electric 
Reports: 
Laser drilling. 
We do it 
with mirrors. 

T
hin-film circuit boards in high capacity 
telephone transmission systems often 
require hundreds of connections to 

power and ground sources. 

Plated through-holes have proven an 
efficient way to make these connections. Coated 
with conducting material, they connect the 
circuitry carried on one side of a ceramic substra�te3====�;:�]; 
with power and ground on the other side. 

These holes could be punched in the 
ceramic before it is fired. But shrinkage 
during firing can move the positions of the holes. 

And because of component density, the 
precise placement of each hole is critical. 
It can't be more than two mils off. 

Engineers at Western Electric's Merrimack 
Valley Works in Massachusetts recently 
developed a high-speed method of drilling 
these holes after firing by using a 

conventional C02 laser. 

A complex of mirrors on an x-y 
positioning table is shifted to play the laser 
beam across a stationary ceramic substrate 
in a predetermined pattern. The mirrors direct 
the beam from the laser head enclosure to the 
positioning table and manipulate it in the 
x-y axes. An optical drilling head coupled 
to the table focuses the beam onto the 
ceramic. The system is controlled by a mini 
computer coupled with an automatic 
send-receive terminal. Pattern storage 
on a cassette tape allows easy 
changeover and storage. 

Benefit: Laser drilling of ceramic 
substrates after firing has greatly 
improved positioning accuracy of 
plated through-holes. And computer 
controlled laser drilling has 

Laser drilled 
through-holes 

doubled the production rate over 
conventional laser systems-
up to five holes a second in 

supply power 
and ground 

to active devices 
on completed 

hybrid integrated 
circuit. 

FOCUSED 
LASER 
BEAM 

closely spaced patterns. 

@ 

Coaxial air flow in 
optical drilling 
head protects 

focusing lens, 
cools substrate 

and aids exhaust. 

Western Electric 
We make things that bring people closer. 

x-v 
POSITIONING 

TABLE 

X-y positioning table 
is isolated from work 

area and kept under 
positive pressure 

to avoid contamination 
by abrasive 

ceramic waste. 

OPTICAL 
DRILLING HEAD 

J 
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forward without involving the masses, 
the successful transfer of technology to 
agriculture must change the people and 
all the social and economic relations 
there. 

Once, on a visit to a famous agricul
tural school in a university in the 

American Middle West, I found myself 
talking with a large group of Indian and 
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Pakistani students enrolled there. "What 
are you doing here?" I asked them. 
"What can you learn that can in any way 
help your people at home, toiling in 
fields around their mud huts?" Their an
swers showed they shared my misgiv
ings. 

Students so trained might just as well 
stay on in this country and swell the 
"brain drain." If they go home, they will 

750 

I 

1,000 1,250 
LOANS (MILLIONS OF DOLLARS) 

either be unemployed or, thanks to their 
"connections," get administrative posi
tions for which their education in the 
U.S. has not fitted them. For effective 
technology transfer it would be better to 
send teachers to the universities and 
schools in the underdeveloped countries. 
Some of them would at least get to un
derstand what the practical problems 
there really are. Those who come to the 

I I 
1,500 1,750 2.000 2,250 

WORLD BANK LOANS to developing countries are another rna· 

jor source of multilateral aid. The bank's loans (gray) and opera· 

tions of the International Development Association (color), which 

is the soft·loan arm of the bank, are shown. Multilateral aid will 

become a highly significant factor in development and the trans· 

fer of technology if it continues to increase at the recent rates. 
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Nikon helps separate people 
from population. 

In an age when people are identi
fied by number and lumped together 
in population statistics, photography 
helps you rediscover the individual. 

You see examples of it every day. 
In your newspaper, where an incisive 
photograph can mirror the impact of 
a history-making event in the joy or 
agony expressed by a human face. 
In popular magazines, where the 
fascination of exotic culture is 
reflected in a colorful portfolio on 
the daily life of a single family. 

The camera used more than any 
other to portray our world in human 
terms is Nikon. In fact, it was the 
speed, the responsiveness and the 
versatility of the compact Nikon 
35mm camera that enabled the 

pioneers of modern photojournal
ism to keep their lenses focused 
on the individual. 

Today's Nikon system makes it 
easy to capture the moods and per
sonalities of the people you see. 
There's nothing to match its array of 
more than forty magnificent Nikkor 
lenses. High-speed optics, for shoot
ing in even the dimmest available 
light. Telephoto lenses, for 
unposed "candids" 
from a discreet distance. 
Macro lenses that 
can fill the entire 
frame with a human 
eye. Fisheye Nikkors 
for a touch of the 
bizarre, and more. 

-""'*''"'' ...... 

Plus hundreds of precision 
accessories that bring every 
picture within easy reach of your 
Nikon camera. 

Incidentally, people photography 
is one of the most popular subjects 
taught at the Nikon School, the 
famous weekend short course that 
travels to cities all over the 
countty Ask your Nikon dealer 
about it while he is showing 
you the Nikon F2 and its great 

system. Or write today 
for Folio lOA Nikon Inc., 
Garden City, New York 
11530. Subsid.of Ehrenreich 
Photo-Optical Industries, 
Inc. rn[]:l� (In Canada. Anglo
photo Ltd., P.Q.) 
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Why you should select ,-our 
turntable more carefully 

than any other component. 
Whatever amplifiers or 

speakers can do (or not do) for 
your enjoyment of music, they 
cannot harm your records. Not so 
the turntable. 

A tonearm that doesn't allow 
the stylus to track lightly, 
accurately and with perfect 
balance can turn the stylus into 
a destructive instrument easily 
capable of lopping off the sharp 
contours that carry the high 
frequencies. 

When the high notes become 
fuzzy memories, even the best 
equipment cannot restore them, 
or clean up the rumble, wow and 
flutter introduced by an 
imprecise drive system. 

All of which is why the 
readers of the leading music! 
audio magazines choose more 
Duals than any other quality 

turntable. And why the music 
experts-record reviewers, audio 
engineers, hi-fi editors-have long 
used Dual in their own systems. 

Write for our informative 
brochures and reprints of test 
reports. The more carefully you 
read, the more likely you are 
to sel ect a Dua I. III®United Audio Products 
I . Dept. SA. 120 So. Columbus Ave., 

Mt. Vernon, N.Y. 10553 
Exclusive Distribution Agency for Dual 

Celes tron\l{) Multipurpose 
TELESCOPES 

Dust lanes in the Andromeda Galaxy. 
An a-min. exposure with the C.les
.ron a-inch, '/1.5 Schmidt Camera. 

The Hars.head Nebula--
30 mini .• with 'he C.I.,
fron 51f2-inch Schmid. 
Camera. 

The C.lestron I, with equatorial 
wedge and tripod, a portable 0b
servatory for 'he serious amateur 
astronomer. 

large observatory telescopes optically folded into 
compact portables. Rozor-sharp Schmidt-Cossegrain 
op'ics. These telescopes really make high power 
worth usingl Perfect for serious amateur astrono
men, astrophotographers, educators, nature observers 
and scientific hobbyists. Optimum for research and 
industrial applications. 

14. World's largest one-man.portable observatory 
scopel Reveals numerous subdivisions in Saturn's 
rings, dust lanes in remote spiral galaxies, yet easily 
fits into your compact cor. ($3.600) Also available: 
Schmidt Came,os - 14-in., f/1.7 1$3,0001; 8-ln . , 
fILS 1$7101; 5'1,-ln., f/1.65 1$5651 • . .  Cold 
Cameras . • . Complete astrophotographlc labs. 

Celeslron 5. A 12.lb. tabletop observatory, bannister 
telescope. Observe or photograph moon, planets, 
nebulae. Inspect the wing feathers of a 

WRITE FOR YOUR FREE COLOR CATALOG 

blue jay at 1,000 ft. (Base P,ke, $625) CfLESTRON 
C.lestron 8. Portable observatory for ex· 
amining the polar cops of Mars, ever
changing belt structure of Jupiter, stellar 
spectra, filamentary detail of deep-sky 
nebulae at up to 500X. Also, the ulti
mate telephoto lensl ($895) Celestron 

Useful powers 
light grasp Cvs. eye} 
Photographic speed 
Resolution Carc·secs.) 
Weight lib •. ) 

5" 

25·300X 
,.8X 
f/l0 
0.' 
12 

8" 14" 

50-500X 5O-.50X 
510X 1,760X 
f/l0 f/ll 
0.5 0.28 
23 108 

Celestron Pacific 2835 Columbia I Box 3578-SA I Torrance, CA 90503 
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developed countries for training should 
not be students, least of all undergradu
ate students, but people who are already 
established at home, for example physi
cians who want to learn a particular new 
technique or engineers who are out to 
master a new industrial process. 

We in the developed countries should 
do whatever we can to enlarge and raise 
the standards of the universities and re
search institutions in the underdevel
oped countries. Since many of them are 
bent on producing results that will im
press us rather than solve their own 
practical problems, we have need of 
more knowledge about conditions in 

, their countries and more imagination if 
we are to be of help to them. A very im
portant part of our "aid" can be the re
direction of our own research efforts to 
their problems. That should be done in 
collaboration with research institutions 
either already established or newly cre
ated in the underdeveloped countries. A 
model for such enterprise was provided 
by the work of the Rockefeller Founda
tion and later also by the Ford Founda
tion in the development of high-yielding 
strains of cereal grains. Another is the re
search conducted by the Population 
Council in the improvement of birth
control techniques and their adaptation 
to conditions in the underdeveloped 
countries, initiated at a time when the 
U.S. Government and public were not 
prepared to support such work. These 
are outstanding examples of what we 
should do on a large scale in many other 
fields. 

It is evident that the transfer of tech
nology must proceed on a much larger 
scale if increase in the production of ma
terial necessities is to overtake the in
crease in the population of the under�e
veloped countries. The need for aid in 
the larger part of the underdeveloped 
world must therefore be recognized as 
substantial. Moreover, this need cannot 
be thought of as a short-term exigency; 
it will be long-lasting. 

If my striving toward realism leads 
me to a darker view of the prospects for 
economic development than that still 
current among most of my fellow econo
mists, this does not lead me to defeatism. 
On the contrary, my conclusion is that 
development requires increased and, in 
many respects, more radical efforts: 
speedier and more effective reforms in 
the underdeveloped countries and aid 
appropriations in the budgets of the 
developed countries that approach the 
amount those countries spend for other 
important national purposes, such as so
cial security or education, not to mention 
armaments. 
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The shoe industry is dying. The blacksmith and his trade are almost extinct in America. But not quite. Not if we can help it. 
He's alive and well and living in Squam Lakes Science Center. And we mean to keep it that way for generations to come, 
for generations to appreciate. We encourage you to bring your family to a world where children can position themselves in 
history. Besides exhibits like our 100-year-old sugar mill and a steam-driven saw mill, we have educational programs on 
man, the animals and our common environment. Programs that whet a child's imagination through lectures, demonstra
tions and participation. We also invite adult participation. Send your contribution to Squam Lakes Science Center, 
Box 146, Holderness, New Hampshire 03245 .. 
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WHAT AMERICA NEEDS IS A NEW BALANCE OF POWER / ONE IN A SERIES 

Introducing 
your newest power plants. 

And your oldest. 
The first "power plant" ran 

on water-the water wheel 
of ancient Egypt. Centuries 
later the windmill appeared. 
Today most of our electric 
power plants run on coal, oil 
or gas. 

And that's the problem. As 
the energy crisis has proven, 
we can't depend so heavily on 
the fossil fuels. Except for 
coal, they're dwindling-but 
the need for energy is not. 

By the year 2000 America 
will need four times as much 
electricity as today, in order 
to maintain and improve 
our way of life. So we need a 
balance of power sources. 
We need other ways of gener-

The solar furnace does it all with mirrors. 
At this plant near Odeillo, France, the sun's 
rays are caught by mirror panels, reflected 
onto a huge parabolic mirror and then into 
the furnace. Solar power may some day 
provide electricity. U.S. scientists envision 
power from orbiting satellites, and from 
solar farms in the Southwest. 

ating power besides the 
fossil fuels. 

We have a major one 
already. There are 39 nuclear 
power plants operating in 
the U.S. Many more are on 
the way, so that in ten years, 
30% of our kilowatts could be 
generated by nuclear power. 

Energy men-and money
are working on other sources. 

Geothermal heat is now 
running several power plants. 
And work is being done to 
harness the rays of the sun. 

When the fast-breeder 
nuclear reactor is developed, 
it will be a major source of 
clean energy, generating 
more fuel than it consumes. 

The ultimate answer could 
be nuclear fusion. If scien
tists can succeed in control
ling the fusion reaction, the 
world's electrical energy 
problems could be solved. The 
fuel resource for the fusion 
reactor is deuterium. And 
there's enough deuterium in 
ocean water to last a billion 
years at 150 times the world's 
present rate of energy con
sumption. The water wheel 
ran on water-and so may 
the power plants of the 21st 
century. 

Combustion Engineering's 
stake in energy is as broad 
as the field itself. C-E man
ufactures fossil fuel and 
nuclear steam generating 
equipment .. . designs and 
builds refineries, chemical 
plants, natural and synthetic 
gas facilities, coal processing 
facilities ... and produces a 
growing range of anti
pollution devices. 

When the world reaches 
new energy frontiers, C-E 
will be there, too. 

The windmill first appeared in the 10th 
century and is still used in some areas. This 
one draws enough power to provide a 
Maine home with electricity. But wind power 
can only be an answer in localities with 
suitable weather. 

The geothermal plant can use a natural steam 
field, like The Geysers, near San Francisco, 
which will generate a half million kilowatts this 
year. The earth's heat can also be tapped by 
forcing cold water miles down onto hot rocks. 
Our Western states have many geothermal 
areas which could provide considerable power 
in the future. 
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reactor doesn' t  yet, r development projects are 
underway. Problems include achieving a 1 00 milliono temperature, and 
imprisoning the fusion process in a magnetic field. (Above, scientists work 
with the fusion device at , Princeton University's AEC-sponsored 
Plasma Physics Laboratory. )  The fusion reactor is one of man's greatest 
engineering challenges, but it  could solve all of his energy problems. 

The hydroelectric plant (below right) has been harnessing water power for 
decades at N iagara Fal ls, Hoover Dam and others. But the U . S .  has used 
most of its prime dam sites. And we have very few potential sites for 
the tidal turbine, (below left) which runs on the energy of the ocean tides. 

The nuclear reactor is ready and working now. 
Plants l ike this (above) in Nebraska, Michigan and 
Maine, built with a C - E  nuclear steam generating 
system, will provide more and more of the clean 
energy America needs. Nuclear power is expected 
to account for at least 50% of the electrical energy 
p roduced in the country by the year 2000. 

For more informa tion on today's energy challenge, 
please write Combustion Engineenng, Inc. ,  
Dept. C.,  900 Long Ridge Road, Stam ford, 
Connecticut 06902. 

E!!!a!!! COM BUSTION 
iiiiIIiii ENG I N E E R I N G  

The Energy Systems Company 
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Announcing 
The Portable University 

II 

T H E  PO RTAB L E  U N IV E RS I TY i s  a new series of books 

offer ing concise, nontec h n ica l i ns ights i nto top ics of cu rrent 

and cont i n u i ng i n terest. A l l  of  the authors are ex perts in their 

f i e l d s  and they sh a re with th e i r  readers a wea lth of fasc i nat

i ng, hard-to-get i n formation,  the resu lts of years of research 

and study.  T h is i s  i nfor m at ion that even the most k nowl edge

a b l e  l a y m a n  ra re l y  sees; you ' l l  l earn mondrom o n e  sati sfy ing 

read i ng of a n y  of th ese books than from weeks of your  own 

research.  A nd if you want to l earn m ore a bout a top ic after 

read i ng the book, you ' l l  h ave a h ead sta rt- each conta i n s  a 

hel pfu l ,  a n notated reader's gu ide.  

CON C E PT U A L  B LOC KBUST I N G  by Professor James L .  Adams.  Con

ceptua l  blocks are m enta l wa l l s  that get between you and the s-o lut ions to 

you r problems. This book is a fresh , pract ica l ,  and often h u m orous gu ide 

to brea k i n g  down those wa l l s  and i m  proving  you r creative a b i l it ies.  

CH I NA The Peo ple's Repu b l i c  of China and R i chard N ixon by 

Professor Claude A .  B uss exa m i nes the many factors that contr i b uted 

to the d ecis ion by the Peopl e's R epu b l i c  and the U n ited States to beg i n  

esta b l ish ing  normal d i p l omatic relatio ns. 

SOM E M UST WATCH WH I L E  SOM E M UST S L E E P  by Dr. W i l l iam C. 
Dement reports on the sc ientif ic stud y  of s l eep, d reams, and sleeping 

d i sorders. S l eep appears to be a h ighly dyna m ic state with a complexity 

r iva l i n g  wa k i n g  consciousness. 

JAPAN The New Superstate by Professor N obutaka I ke d i scusses 

Japa n's asto n is h i ng ly  ra pid growth from the ashes and r u i n  of World 

War I I  to a m odern i ndustr ia l  g iant. What featu res of Japanese society 

contri buted to this  growth and what are that nat ion's o ptions for the 

future? 

HUMAN SEXUA L I TY Sense and N onsense by Dr.  H erant Katchadourian 

is a stra ightforward, nonjudgm ental su rvey of what scientists know and 

don't k now about the bio logica l ,  psychologica l ,  and soci a l  aspects of 

the many forms of h u m a n  sex u a l ity.  

IS MAN I NCOM P R E H E NS I B L E  TO MAN? by Professor P h i l i p  H .  

R h i ne lander. Can w e  agree on a defi n it ion o f  " h u m a n  natu re?" H ere is 

a thoughtfu l ,  co ntem porary su rvey of ph i l osophy from Aristotle  and 

Thucyd ides to M arx, M c Luhan,  M arcuse, and S k i n ner that never loses 

its focus o n  the q u est ion : who is m a n ?  

- E ach tit le is avai lable  for $5 .95  cloth a n d  $2 .95  paper a n d  comes w i t h  a fu l l  

mo ney-back guarantee. 

-New titles w i l l  be regu larly added to the series. 

-These books were p u b l ished orig i n a l l y  as a part of The Portable Stanford, a series 

of books p u b l i shed by the Stanford A l u m n i  A ssociation. T hey have never before 

been offered to the general reading publ ic. 

I l l ustration based on a draw i n g  by J i m M ' G u i n n ess 

w. H. F R E EMAN AND COMPANY 
660 M arket Street, S a n  F rancisco, Cal iforn i a  94 1 04 
58 K i ngs R oad, R eadi ng, E ngland RG 1 3A A 
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MATHEMATICAL GAMES 
More on tangrams: Combinatorial problems 

and the game possibilities of snug tangrams 

by Martin Gardner 

"The formation of designs by means of 
seven pieces of wood . . .  known as tans 
. . .  is one of the oldest amusements in the 
East. Many hundreds of figures repre
senting men, women, birds, beasts, fish, 
houses, boats, domestic objects, designs, 
etc., can be made, but the recreation is 
not mathematical, and I reluctantly con
tent myself with a bare mention of it." 

-W. W. ROUSE BALL, 
Mathematical Recreations and Essays 

T ast month's "Mathematical Games" 

L was devoted to the history of the 
Chinese puzzle game of tan

grams, and to figures illustrating the 
great versatility of the seven tans in 
forming symmetrical polygons and pleas
ing representations of animals, human 
figures and other objects. Now we turn 
to some deeper combinatorial problems 
presented by the tans. 

A question that arises at once is: How 
many sides can a tangram formed with 
the seven tans have? Although the an
swer is obvious, it seems to have been 
first stated by Harry Lindgren in his ar
ticle "Tangrams" in the Journal of Rec
reational Mathematics for July, 1968. 
This is how Ronald C. Read, a mathe
matician at the University of Waterloo, 
puts it in a lengthy communication to 
me from which I shall be quoting lib
erally: 

shown at the right in the illustration be
low and by almost endless other exam
ples. 

The proper tangrams contain an im
portant subset that Read calls snug tan
grams. In order to understand the mean
ing of snug draw lines on all tans (ex
cept the two small triangles) to create 
16 identical right-isosceles triangles with 
unit legs [see top illustration on next 
page]. A snug tangram is a proper tan
gram formed so that, where two tans are 
in contact, the sides of the small right 
triangles match exactly, either leg to leg 
or hypotenuse to hypotenuse. All convex 
tangrams are snug, and so are many of 
the traditional figures [see middle illus
tration on next page ]. 

Snugness, by the way, is characteristic 
of technology in the Orient, where the 
dimensions of houses, furniture and so 
on tend to be exact multiples of a basic 
length. The Japanese building industry, 
I am told, is one of the most efficient in 
the world because Japanese lumber is 
standardized in lengths that are multi
ples of a basic "mat" length. 

In addition to snugness of fit Read 
adds two more limitations: a snug tan
gram must be simply connected (all in 
one piece), and there must be no interior 
holes, including holes that touch the pe-

rimeter at one or more single points. It is 
convenient to diagram snug tangrams on 
graph paper so that all integral edges are 
on the orthogonals of the matrix. All di
agonal edges will then be multiples of 
v'2 and therefore irrational. This sug
gested to Read a very pretty problem: 
How many snug tangrams have all sides 
irrational? Such tangrams, if diagrammed 
on graph paper, would have every side 
running diagonally. Next month I shall 
give Read's surprising answer and proof. 

The tans between them have a total of 
30 side segments, Read continues, but 
"whenever we place two pieces together, 
the two sides that abut are lost to the 
perimeter, and it can happen that we lose 
more than two. Furthermore, in order 
th�t the resulting tangram shall be con
nected, there must be at least six lines 
along which two pieces come together. 
Hence we cannot avoid losing 12 seg
ments, therefore the total number of seg
ments on the outside cannot be more 
than 18. Each side of a snug tangram 
consists of at least one segment, hence 
the total number of sides cannot exceed 
18 either." The dog in the middle illus
tration on the next page proves that a 
snug tangram can have this maximum 
total of sides. 

The number of proper tangrams ob
viously is infinite. You have only to ob
selve that two tans can abut in an infi
nite number of positions. If the question 
is confined to certain kinds of tangram, 
however, interesting problems in combi
natorial enumeration arise. For example, 
how many convex tangrams are there? A 
convex tangram is a polygon in which all 
corner angles are less than 180 degrees. 
That there are only 13 was proved in 
1942 by Fu Tsiang Wang and Chuan
Chih Hsiung in "A Theorem on the Tan-

"Tangrams have 23 sides between 
them, so that a tangram like that [at the 
left in the illustration at the right] will 
clearly have this number of sides. On the 
other hand, tangrams with pieces joined 
only at a corner are mathematically un
interesting . . . . " Let us make a rule, Read 
proposes, that a tangram must have a 
perimeter topologically equivalent to a 
circle, that is, it must not self-intersect. 
Read calls these "proper tangrams." How 
many sides can a proper tangram have? 
Again the answer is 23. The proof is sup
plied by the figure of a bowing man Improper tangram (left) and proper tangram (right), each with 23 sides 
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The seven tans 

A snug tangram 0/ a dog with 18 sides 

The 13 convex tangrams 
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gram m The American Mathematical 
Monthly (Volume 49, 1942, pages 596-
599). The 13 are shown in the bottom il
lustration at the left. If mirror images 
count as different convex tangrams, then 
there are 18. The 18 convex tangrams 
appear in Chinese tangram books with 
solutions showing that all can be made 
without turning over the asymmetric 
rhomboid tan. (Interior lines are omitted 
in the illustration in case some readers 
might enjoy solving them.) 

The 13 convex tangrams include, of 
course, all three- and four-sided poly
gons. If a polygon is five-sided, it need 
not be convex. How many five-sided 
polygons, Lindgren asked, can be made 
with the seven tans? This was first an
swered by Read, whose solution is pub
lished here for the first time. Convex tan
grams must be snug, but this need not 
apply to pentagons. Let us begin, how
ever, by considering the pentagonal snug 
tangrams. 

"Suppose," writes Read, "we have a 
five-sided tangram outline in front of us, 
and that we trace its boundary, going in 
a counterclockwise direction, and note 
the sizes of the angles in order. Since the 
angles in the tangram figure must be 
multiples of 45 degrees, we can simplify 
our reckoning by referring to an angle of 
45 degrees as 1, an angle of 90 degrees as 
2 and so on, the largest possible angle 
being 3 15 degrees, which we shall call 
7. For each tangram we can now write 
down five numbers from the set I, 2, 3, 
5,6,7. Number 4 is not used because a 
vertex cannot be 180 degrees. Since the 
angles of a pentagon add up to 540 de
grees, the numbers we write down will 
sum to 12. Only the cyclic order of the 
numbers is important. [Reversing the 
order gives a sequence corresponding to 
a mirror image of the original tangram, 
which is not considered "different." For 
example, 61122 and 62211 describe the 
same tangram, because the cyclic order 
in each is the same even though one is the 
reverse of the other.] Now, it is no great 
task, just by trial and error, to make a list 
of all possible sequences that comply 
with the above rules." There are just 20: 

72211 
71211 
62112 
62121 
61221 

62211 
63111 
61311 
53211 
53 121 

53112 52122 
513 12 33211 
51321 33231 
52311 33222 
51222 32322 

The next step is to examine each se
quence to determine how many different 
tangrams will match it. Take 61122 as an 
example. A rough outline of the shape, of 
unknown side lengths, is shown in a in 
the illustration on the opposite page. If 

we know lengths x, y and z, the entire 
tangram will be known. The area of any 
tangram is 8 (taking the side of the 
square tan as 1). Clearly the tangram can 
be divided into a large isosceles triangle 
with an area of z2/2 and a rectangle of 
area xy. The two areas add up to 8, so 
that we can write the equation 2xy + 
Z2 = 16. We must now investigate two 
possibilities: either x, y and z belong to 
the set of edges that have rational 
lengths, or they belong to the set of irra
tional edges. 

In the first case we know that x, y and 
z must be integers, each no larger than 8, 
and that z is greater than x. It is not hard 
to find that there is only one integral so
lution: x = 1, Y = 6, z = 2. This pro
duces the tangram shown in b in the il
lustration on the opposite page. A mo
ment's testing proves it is too thin to be 
made with the tans. 

In the second case x, y and z must 
each be multiplied by v2. A rough out
line of this shape is shown in c in the 
illustration. The equation simplifies to 
2xy + Z2 = 8, again with x less than z. 
The only integral solution is x = 2, Y = 

2, z = 2. Remembering that these are 
values to be multiplied by v2, we draw 
the tangram shown in d. This can be 
made with the tans, so that we have 
found one solution for the 61122 se
quence. 

A similar procedure is carried out for 
all 20 sequences. "Some sequences give 
more than one outline, some give none 
at all, while others give outlines that turn 
out not to be realizable with the tangram 
pieces. Sorting out all the cases, we end 
up with 16 five-sided snug tangrams." 
These are the first 16 tangrams shown in 
the top illustration on page 190. 

We are not finished, because a pentag
onal tangram need not be snug. This may 
seem at first to introduce enormous com
plications, but fortunately that is not the 
case. If a tangram is not snug, there must 
be at least one line along which two sides 
do not fit snugly. On each side of this 
nonsnug join there must be a figure with 
two sides independent of the join, or four 
sides in all. If there is no fit at either end 
of the nonsnug join, two more sides are 
added to make six in all, and as a result 
the tangram is not pentagonal. To make 
a pentagon a fifth side must be added at 
only one end of the nonsnug join. In oth
er words, all nonsnug tangrams are com
posed of two triangles that abut at a non
snug join, meeting snugly at one end of 
the join but not at the other. 

Tangram triangles must have areas of 
1/2, 1, 2 and 4; therefore the only way to 
get a total area of 8 is by abutting two 
triangles, each of area 4. To avoid snug-
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ness, they must be joined at unequal 
sides. This leads to only two more pos
sible outlines [see the last two figures in 
the top illustration on next page J, making 
a grand total of 18 tangram pentagons. 

One might now wonder how many 
tangram polygons have six sides, or sev
en or more, but (as Read points out) the 
question is easily answered. For n = 6 
through 23 there is an infinity of n-sided 
polygons. You have only to glance at ei
ther of the two nonsnug pentagons to see 
that by sliding one triangle along the 
other you can create an infinity of hexa
gons. How many snug hexagons are 
there? Although it is a finite number, as 
far as I know the number has not yet 
been determined. 

There are, of course, only a finite num
ber of snug tangrams, but the exact num
ber (Read calls it the snug number) also 
is far from known. Read has devised an 
ingenious procedure by which a comput
er could be programmed to count the 
number, but he estimates that it is well 
into the millions, and no such program 
has yet been written. Unfortunately the 
details of Read's procedure are too com
plex to give here. A simpler problem, 
using exactly the same procedure, has 
been solved, however. Read defines a 
mini tangram as one made with the five 
pieces that remain after leaving out the 
two large triangles. The problem of find
ing all snug mini tangrams is so much 
Simpler than finding all snug tangrams 
that Read was able to write a computer 
program to solve it and ran it on, appro
priately enough, a minicomputer at the 
University of Waterloo. It took only half 
an hour, and the count was 95l. The 
computer was hooked up to a display 
terminal, so that it drew pictures of all 
the minitangrams. 

Read's programs are designed only for 
enumeration, not for solving individual 
tangrams. Is it possible to write a pro
gram that will inspect any given tangram 
and search for at least one solution? 

Yes, such a program has been devel
oped and published by E. S. Deutsch, a 
computer scientist at the University of 
Maryland. In theory it is possible to 
write a program that will systematically 
examine all possible ways the tans fit a 
given tangram and then print all the so
lutions, but the complexity of such a pro
gram is so great that no one has yet at
tempted it. Deutsch's program is not of 
this type. It is heuristic, which means 
that it goes about solving a tangram in 
much the same way a person does: by 
applying a series of tentative tests, ex
amining the feedback, backtracking and 
trying again when no solution is found 
and continuing until it either discovers a 

a c 
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Construction of pen/agonal tangrams 

solution or gives up. The program sel
dom fails, taking an average time of 
about two seconds to solve a tangram. 

The program starts by examining the 
tangram's perimeter, noting the edge 
lengths and the angles at each corner. It 
then attempts to separate the tangram 
into two or more subtangrams. For in
stance, if two portions of the tangram 
meet at a point, each portion clearly is a 
separate tangram. If, say, a rabbit has 
two ears formed by the two small trian
gles, each ear meeting the head at a 
point, the program instantly identifies 
the two pieces, removes them and goes 
to work on the subtangram that remains. 
If the tangram does not have portions 
meeting at points, the program explores 
ways of dividing it into sub tangrams by 
extending edges from a corner into the 
figure. In many cases the internal exten
sion of an edge clearly divides the tan
gram into subtangrams; in other cases 
the extension is only a possible line of 
division. 

After the program's preliminary ex
ploration it applies a series of heuristic 
tests until it finds a way of fitting tans 
into a subtangram or a possible subtan
gram. When a fit is found, the subtan
gram is extracted and the program turns 
to what remains. The tests are ranked in 
order of their efficacy, so that the strong
est tests can be applied first, then the 
next strongest and so on. If no solution is 
obtained, the program backtracks and 
begins with the second test. It is impos
sible to describe the program in more de
tail, but interested readers will find it 
fully explained, with flow charts and ex
amples, in "A Heuristic Solution to the 
Tangram Puzzle," by E. S. Deutsch and 
Kenneth C. Hayes, Jr., in Machine Intel
ligence 7, edited by Bernard Meltzer and 
Donald Michie (Wiley, 1972). A some
what similar program was developed in 
1972 by Ejvind Lynning, a Danish stu
dent working with Jac(lues Cohen, a 
physicist at Bralllleis l' niversity. 

Snug tangrams arc fur obvious reasons 

usually more difficult to solve (by a per
son or a computer) than nonsnug figures, 
and the difficulty tends to increase as the 
number of sides decreases. One might 
suppose a pattern with only one solution 
would be harder to solve than one with 
many, but that is not the case. A pattern 
in which the tans touch only at points 
has only one solution, but it is an imme
diately obvious one, and there are pat
terns with a large number of solutions 
that are among the most difficult. 

The construction of tangrams with 
"holes" raises many curious new prob
lems. It is not hard to form a square hole 
of area 4 or a triangular hole of area 2 
that does not touch the border, or two 
triangular holes of areas 1 and 1/2 that 
do not touch each other or the border 
[see bottom illustration on ne:1t page J. 
("Touch" includes touching at a single 
point.) Can the reader find a way to make 
exactly two holes, each 1 X 1 square, 
that do not touch each other or the pe
rimeter? Or two holes, under the same 
provisos, one a triangle and one a square, 
each with an area of I? They are not dif
ficult tasks, but here are two more that I 
set for myself and found much harder: 
(1) Form just three holes, two triangular 
and one square, that do not touch one 
another or the border. (2) Form just 
three holes, two rectangular and one tri
angular, that do not touch one another or 
the border. Solutions to all four problems 
will be given next month. Apparently it 
is not possible for three holes of this type 
to be all rectangular or all triangular, or 
for two triangular holes each to have an 
area of 1. 

The "farm problem" is another un
solved hole problem. What is the largest 
hole not touching the border that can be 
inside a tangram? The solution is a limit 
that cannot be reached, but one can 
come as close to it as one wishes. How 
many sides can a single hole that is sim
ply connected and not touching the bor
der have? The maximum surely is 13. 
What is the largest "farm" not touching 
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the border that is square? Rectangular? 
Triangular? I cannot reply to most let
ters, but I shall report on the best results 
received on these questions. 

Another unexplored type of tangram 
problem is finding ways of transforming 
one tangram into another with the fewest 
number of moves. A move consists in al
tering the position of a set of one or more 
tans without disturbing the pattern of 
the set. For example, the large square 
tangram can be changed to the large tri-
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The 18 pentagons 

angle or the large rhomboid in one move, 
or to the 2 X 4 rectangle in three moves. 
As Read notes in his book Tangrams: 330 
Puzzles, the square can be changed to a 
3 X 3 square with a missing 1 X 1 cor
ner in just two moves. 

Still another area of tangram play 
open to exploration is the devising of 
competitive games that use one or more 
sets of tans. The only tangram game I 
have seen in books in English is the par
ty game of giving each guest a set of tans 

Tangrams with holes 

and awarding prizes to those who are the 
first to make each of a series of displayed 
patterns. Read's concept of snugness 
suggests a variety of two-person games. 
Here are three that occurred to me. In 
playing them it is a good plan to mark 
the middle of the long edges to facilitate 
placing the tans snugly. 

1. Snuggle up. Begin with the tans f% 

forming the large triangle, the square or 
any four-sided polygon. Players alternate 
moves. A move consists in changing the 
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position of a single tan to form a new 
snug tangram that has more sides than 
the preceding one. The first player who 
is unable to make a move loses. 

2. Snuggle down. Same as above ex
cept that the initial tangram is an lS
sided snug tangram and each move must 
decrease the number of sides. As in the 
preceding game, you cannot move a 
piece that leaves or forms a hole or that 
divides the figure into parts that touch 
only at points. Both games end quickly. 
Because a snug tangram must have at 
least three sides and no more than IS, 
a game cannot last beyond 15 moves. 
Whether games of that length are actual
ly possible I do not know. 

3. Snuggle up and down. Start with a 
10- or ll-sided snug tangram. One play
er must increase the number of sides on 
each play, the other must decrease the 
number. The same piece may not be 
moved twice in succession. Each player 
keeps a record of his increases and de
creases and the first to score 30 wins. If 
a player cannot move, he loses. If the up 
player makes an IS-sided tangram, he 
wins. If the down player makes a four
or three-sided tangram, he wins. This 
game lasts considerably longer than the 
other two, and it often takes unexpected 
turns. One player can get far ahead in 
scoring only to discover, just before he 
expects to make a winning move, that no 
move is available. 

In all three games it is good to keep 
a running record of the number of sides 
because it is easy to forget the number, 
and time is lost by repeated counting. A 
cribbage board is a convenient device 
not only for recording the number of 
sides but also for keeping score in the 
up-and-down game. I should be pleased 
to receive suggestions for improving 
these rules, or to hear of other two-per
son games that can be played with the 
tans. The use of special boards opens up 
many possibilities along the lines of Sol
omon W. Golomb's pentomino-placing 
game. 

The impossible tangram in last month's 
picture of symmetrical tangram poly

gons is the square with the central square 
hole. The two large triangles can go only 
in opposite corners. The square tan must 
go in a third corner and the rhomboid 
must touch the fourth corner, but now 
there is no spot for the middle-size tri
angle. 

The Haw in last month's "proof" that 
the sides could be reversed in April's 
monochromatic chess problem is that it 
overlooks the fact that black pawns on 
initial white cells can be captured en 
passant by white pawns on black cells. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

T
echnological advances have rele
gated pendulum clocks to the 
status of charming but unreliable 

antiques. One such instrument, however, 
has been modernized by its enthusiastic 
owner, Laurance M. Leeds (lO232 El 
Dorado Drive, Sun City, Ariz. 85351). 
Leeds coupled his 80-year-old Seth 
Thomas wall clock to a quartz-crystal 
oscillator. The clock now ticks off the 
time to an accuracy of about one second 
per year. 

"As a clock fancier," Leeds writes, "I 
have long enjoyed the operation of pen
dulum wall clocks. I have also often 
wished that I could somehow make one 
run with high accuracy. Eventually it oc
curred to me that perhaps I could syn
chronize the beat of the pendulum to a 
submultiple of the fixed frequency of a 
quartz-crystal oscillator. The experiment 
worked. Week after week the old pendu
lum now 'notches up' the 60th second of 
every minute in almost exact coincidence 
with the signals of radio station WWV, 
on which the National Bureau of Stan
dards broadcasts accurate time and fre
quency data. 

"For my Seth Thomas clock I designed 
the system of electronic synchronization 
to control the rate of the pendulum 
through any tendency it might develop 
to vary within a maximum range of 
about 30 seconds per day. In other 
words, the pendulum remains locked to 
a submultiple of the frequency of the 
crystal even though the clock experi
ences forces that would cause an uncon
trolled pendulum to speed up or slow 
down by as much as 15 seconds per day. 
This hold-in-range capability is consid
erably more than adequate because with
out controls the clock kept time to with
in a few seconds per day for many years 
in spite of variations in temperature and 
barometric pressure and the degrada-
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A venerable clock is made highly accurate 

by equipping it with quartz-crystal works 

tion of the oil in the bearings of the clock. 
"The heart of the timekeeping system 

is the quartz-crystal oscillator. The qual
ity and the cost of this apparatus can 
vary widely. The devices are available 
commercially and can also be made at 
home. 

"The best commercial oscillators have 
a short-term stability of better than .0001 
second per day, or roughly one part in a 
billion. Their cost, however, may be be
yond the reach of most amateurs. More
over, to realize the full poten tial of the 
best oscillators the experimenter must 
have access to equally costly accesso
ries for calibrating the crystal periodi
cally. The performance of quartz crys
tals changes with age. 

"Experimenters who are modestly 
well equipped to construct electronic de
vices can make relatively simple crystal 
oscillators by dispensing with precise 
temperature controls and the other re
finements of the best oscillators. Al
though these simplifications reduce the 
timekeeping accuracy of the oscillator 
by several orders of magnitude, the re
sulting performance is still impressive. 
For example, a quartz crystal of the 
'AT-Cut' family that has been ground to 
vibrate at a selected frequency of from 
one to five megahertz will, when it has 
been properly compensated by a tuning 
capacitor of negative temperature co
efficient, maintain an accuracy of one 
part in 10 million through a temperature 
variation of 15 degrees Fahrenheit. (Inci
dentally, experimenters who rely on the 
transmissions of WWV as the calibration 
standard must bear in mind that a single 
calibration cannot be assumed to be bet
ter than one or two parts in 10 million. 
The station's signals reach most receiv
ers after one or more reflections from the 
ionosphere, which is rarely at rest. The 
Doppler shift and vagaries in electro
magnetic propagation therefore degrade 
the accuracy randomly.) 

"I made my oscillator with a crystal 
bought from the International Crystal 
Manufacturing Company (l0 North Lee, 
Oklahoma City, Okla. 73lO2). When I 
ordered the crystal, I specified the fre
quency and mode of its operation, the 

value of the tuning capacitance and the 
type of holder in which the crystal was 
to be mounted. I also informed the man
ufacturer that the crystal was for a horo
logical application in which a minimum 
variation in frequency was essential; that 
the operation was to be at room tempera
ture within the limits of 20 and 28.5 dc
grees Celsius; that within this range the 
frequency must not increase with tem
perature, and that the rate at which the 
frequency changed within the specified 
range of temperature must be within 
limits sufficiently narrow to be nullified 
by the use of a Type N750 capacitor for 
a portion of the tuning capacitance. The 
N750 is a special ceramic capacitor that 
has a negative coefficient of temperature 
of about 750 X 10.6 per degree Celsius 
[see top illustration on page 194]. 

"Before making an exact measurement 
of the temperature characteristic of the 
crystal I operated it continuously in an 
oscillator circuit for a period in excess 
of three months. I find that this 'aging' 
is necessary for the short-term stability 
of the crystal to settle down to a few 
parts in 100 million. After this procedure 
I put the crystal and its oscillator circuit 
in a housing fitted with controls for main
taining any desired temperature within 
the specified range of operation. 

"The influence of temperature on the 
rate at which the crystal vibrated was 
then measured and tabulated as I altered 
the proportion of Type N750 capaci
tance in the tuning capacitor. Proper 
temperature compensation requires the 
accuracy of these measurements to be 
one or two parts per 100 million. The 
measurements are made by beating the 
unknown frequency against a secondary
standard crystal oscillator of known sta
bility. Piano tuners employ the same 
principle when they beat the sound emit
ted by a string against that of a tuning 
fork. 

"From graphs of the tabulated mea
surements it is simple to determine the 
proportion of the tuning capacitance 
that should consist of negative-coeffi
cient capacitance to achieve optimum 
stability through the specified range of 
temperature. In designing with series 
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and parallel combinations of capacitors 
that have zero and negative temperature 
coefficients the capacitor with the nega
tive temperature coefficient can be re
garded as having the formula N(1 - 750 
X 10-6;oC) = N(1 - D). For example, it 
will be found that a capacitor of 10 pico
farads (negative temperature coefficient) 
connected in series with one of 10 pico
farads (zero temperature coefficient) per
forms as though the combination were a 
single five-picofarad capacitor with a 
negative temperature coefficient of D /2. 

"The frequency of the alternating 
current generated by the oscillator is di
vided by a digital counting circuit. The 
resulting quotient has the form of direct
current pulses at a frequency that corre
sponds to the precise period of the pen
dulum clock when it is keeping exact 
time. These low-frequency pulses of cur
rent energize a solenoid that is rigidly 
mounted inside the case of the clock 
adjacent to one limit of the pendulum's 
swing. The solenoid develops pulses of 
magnetism that correspond to the pulses 
of current. 

"The magnetic pulses periodically in
teract with the field of a small perma
nent magnet that projects from a slender 
rod mounted on the pendulum. The 
magnet was made with pieces of barium 
ferrite cut from the plastic-housed mag
net of a cabinet latch. The correct direc
tion of current in the coil to attract the 
magnet to its center was determined by 
suspending the magnet partway into the 
solenoid by a thread, applying current 
and observing the movement of the mag
net. The electrically generated pulses of 
mechanical force speed up the clock just 
enough to compensate for the intrinsic 
slow rate to which the pendulum was 
adjusted and for unavoidable variations 
of rate caused by changes in temperature 
or pressure. 

"The choice of the frequency of the 
oscillator and the details of the digital 
counting circuit depend on the rate at 
which the pendulum is designed to 
swing. My Seth Thomas was designed to 
beat 72 times per minute when keeping 
exact time. (The horologist's beat corre
sponds to the number of a pendulum's 
half-periods.) I selected a crystal that 
was ground to oscillate at three mega
hertz, or 180 million vibrations per min
ute. To obtain 36 pulses per minute, a 
rate that corresponds to the period of 
the pendulum, divide 180 million by five 
million. 

"To make the division I selected the 
relatively new family of complementary
symmetry metal oxide semiconductor 
(COS/MOS) devices. This choice was dic
tated primarily by the low power con- Wall clock, of Seth Thomas manufacture, modified by Laurance M. Leeds 
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Circllitry of the power sliPply 

sumption of the devices at low switching 
speeds. In my circuits the power re
quired by the devices is in microwatts. 

"The COS/MOS circuit enables the 
clock to operate for more than 100 hours 
on a storage battery of nine nickel-cad
mium cells. The capacity of the battery 
is 750 milliampere-hours. The cells are 

kept on a continuous trickle charge of 
about four milliamperes. This scheme 
makes the system immune to occasional 
power-line interruptions. An interruption 
of even a fraction of a second would dis
organize the operation of the digital 
counting circuit. For this reason I regard 
the battery as being essential. 

"A feature of my circuit is a manual 
switching scheme that enables me to 
change the divisor from five million to 
either 5,000,256 or 4,999,744 and thus 
retard or advance the clock as desired. 
The shift in rate, which I refer to as 
'precession,' amounts to about 4.4 sec
onds per day. If after a month or so of 
unattended operation I observe that the 
clock does not indicate the beginning of 
the 60th second of each minute in exact 
coincidence with the time signal of 
WWV but is, say, a fraction of a second 
fast or slow, I flip the switches to alter 
the rate as necessary. After the error has 
been corrected I restore the divisor to 
five million. Precession has no effect Oil 

the rate at which the crystal vibrates. It 
merely alters the frequency of the mag
netic pulses. 

"Except for attaching the solenoid to 
the case and adding the small magnet to 
the pendulum, I made no significant 
chan ges in the mechanism of the clock. 
The driving weight continues to operate 
the hands through the unaltered train of 
gears and to supply some of the driving 
energy to the pendulum through the 
Graham deadbeat escapement. The max
imum arc through which the pendulum 
can swing is limited to the angle at which 
the pallets of the escapement mecha
nism make contact with the roots of the 
teeth of the escapement wheel. In my 
clock the maximum swing is limited to 
about 3J� degrees of semiarc. A minimum 
semiarc of one degree is required for the 
pallets to sequentially release the teeth of 
the escapement wheel. Hence the syn
chronization scheme must be effective 
within a total excursion of not more than 
2J� degrees of semiarc. 

"The natural period of a pendulum is 
fixed primarily by its effective length 
and by the restoring force that results 
from gravitation. The effective length is 
determined by the distribution of the 
several masses of the pendulum with re
spect to the point from which the assem
blv swings. This length cannot be readily 
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altered to change the period and thus 
synchronize the pendulum to the oscilla
tor. The restoring force can, however, be 
increased easily by combining magnetic 
attraction with gravitation. The addition 
to gravitation of any force that tends to 
restore the pendulum to dead center will 
increase the beat, whether the added 
force is continuous or impulsive or 
whether it acts with or against the mo
tion of the pendulum. In my arrange
ment pulses of magnetic attraction, 
which act on the pendulum tangentially 
between the solenoid and the magnet, 
are applied for .028 second once during 
each period. 

"The pulses begin as the pendulum 
approaches one limit of its excursion and 
continue through the initial portion of its 
departure in the opposite direction. Dur
ing the interval of the pulse the position 
of the magnet is always beyond the mag
netic center of the solenoid. For this rea
son the force of the entire pulse tends to 
speed up the clock. The intrinsic rate of 
the pendulum is preset slow by approxi
mately half of the hold-in-range. 

"Pendulums that traverse a circular 
arc, as is usually the case, have a period 
that increases slightly with increases in 
the length of the arc. This effect is known 
to horologists as circular error. In my 
clock the length of the arc changes some
what less than 21f degrees, depending on 
variations of interaction of the solenoid 
and the magnet. The variations compen
sate for random forces that would other
wise cause the clock to fall out of step 
with the oscillator. It turns out that the 
circular error of a few seconds per day 
induced by this variation in arc aug
ments the system's hold-in-range. 

"I make no claim that the system is 
the best one that could be devised. It 
works. The clock has not lost synchrony 
during the two years it has been follow
ing the crystal. 

"A theory of operation that seems to 
explain the system's ability to converge 
to stable synchronization, with a very 
tight phase lock, has been formulated. 
An important aspect of the interaction is 
the relative phase of the pulse and the 
pendulum in the vicinity of one limit of 
the pendulum's excursion. This is the 
region where the pendulum slows to a 

stop and reverses its direction. 
"Consider the duration of the pulse 

to consist of three contiguous parts [see 
bottom illustration on next page]. As
sume that the clock is operating syn
chronously with the oscillator at about 
the center of the hold-in-range. The 
pulse begins as the pendulum approach
es the limit of its excursion on the left 
side. The first part of the pulse is the 
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portion that extends from the onset to 
the instant when the pendulum comes 
to rest. 

"The first part of the pulse would 
typically span about nine milliseconds. 
The second part begins at the instant the 
pendulum begins to move on its return 
beat and always persists for exactly the 
same interval as the first part. The third 
part is the remainder of the pulse, about 
10 milliseconds. In the illustration the 
heads of the arrows indicate the direc
tion of the pendulum's motion; the shafts 
of the arrows depict increments of the 
pulse. The total force of all three parts 
causes the pendulum to speed up, but 
only the third part tends to increase the 
length of the arc because, with respect 
to the are, the forces of the first and sec
ond parts cancel. 

"Assume now that the absolute phase 
between the pulse and the pendulum is 
such that the first and second parts con
stitute most of the pulse. The third part 
is therefore small and the arc will be only 
slightly longer than it would be if the 
clock were powered by its driving weight 
alone. Because of the reduced arc the 
magnet is comparatively closer to the 
magnetic center of the solenoid when 
the pulse occurs and the relative speedup 
force of the total pulse will be large. That 
is the phase in which substantially maxi
mum speedup is being imparted to the 
system. Conversely, when the phase is 
such that the third part is relatively 
large, the arc is also large, as is the dis
tance between the magnet and the sole
noid. Hence the pulse exerts a lesser 
tendency to speed up the pendulum, 
which, as I have mentioned, is deliber
ately adjusted to run slow. 

"As an example of how the system 
converges to stable synchronization as
sume that the rate is near normal at the 
center of the hold-in-range and that some 
random force of external origin tends 
to speed up the clock. The pendulum 
would respond by arriving earlier at the 
limits of its excursion. Hence the magnet 
would be closer to the limit at the be
ginning of the pulse. 

"The first and second parts of the 
pulse would be shorter than normal and 
the third part would be extended. This 
part would tend to increase the arc and 
therefore the distance between the mag
net and the solenoid, thereby reducing 
the tendency of the electronic system to 
speed up the clock. That is precisely the 
action required to offset the increase in 
the intrinsic rate. 

"Conversely, if forces of external ori
gin tend to retard the clock, the pendu
lum and the magnet approach the limits 
of their excursion somewhat behind 
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schedule. The first and second parts then 
persist through a longer interval, with a 
corresponding decrease in the duration 
of the third part. The arc decays. This 
result reduces the distance between the 
solenoid and the magnet and initiates 
the additional force required to speed up 
the pendulum. Thus the phase relation 
between the pulse and the pendulum 
causes the system to converge automati
cally to stable synchronization. 

"The relative phase of the pendulum 
with respect to the pulse does not change 
by more than half the duration of the 
pulse, or 14 milliseconds. If the frequen
cy of the oscillator is assumed to be con
stant and the system alters the intrinsic 
rate of the pendulum by 30 seconds per 
day, the indication of the clock does not 
actually depart from the exact time, as 
generated by the oscillator, by more than 
10 or 12 milliseconds. 

"In terms of feedback the scheme of 
synchronization is an open loop. Hence 
the pendulum does not automatically fall 
in step with the oscillator. To coax the 
two into the phase relation at which the 
pendulum pulls into synchrony I clip a 
pair of headphones, in series with a 100,
OOO-ohm resistor, across the terminals of 
the solenoid. The pulses are heard as dis
tinct clicks. I then pull the pendulum to 
one side and try to release it so that the 
click is heard just as the pendulum ar
rives at the left extreme of its excursion. 
The knack of initiating the swing cor
rectly comes with practice. The magnet 
must pass to the left through the mag
netic center of the solenoid before the 
click is heard. If this condition is satis
fied, the system will pull into synchrony 
within an hour or so. 

"During this interval it may be neces
sary to control the magnitude of the arc 
manually. I do so by judiciously strok
ing the bottom tip of the pendulum in 
the desired direction with a small cam
el's-hair brush. The need for this control 
stems directly from the theory. The beat 
spans 833)� milliseconds, whereas the 
pulse lasts for only 28 milliseconds. The 
probability of starting the pendulum by 
hand so that the relatively narrow pulse 
straddles the point in time at which the 
pendulum reverses its direction is ex
ceedingly remote. 

"Assume that all the pulse occurs prior 
to the arrival of the pendulum. The full 
pulse acts to reduce the arc, but an in
ordinate speedup of the pendulum is re
quired before the pulse can straddle the 
point at which the pendulum reverses its 
direction. By automatically reducing the 
arc, however, the system indicates to the 
experimenter that the needed correction 
is pendulum speedup, which occurs 
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when the arc is at a minimum and the 
distance between the magnet and the 
solenoid is small. Hence the experiment
er should stroke the pendulum with the 
brush only enough to prevent the arc 
from falling below, say, lJf degrees. 
Eventually the pendulum will be speed
ed up enough to lock into synchrony at 
the desired phase. 

"Conversely, if the pulse occurs after 
the pendulum has departed from the ex
treme of its excursion, the arc will tend 
to become excessive. Use the brush to 
prevent the arc from exceeding a safe 
value. I have installed a stop in my clock 
that limits the arc to about 3Jf degrees, 
so that no damage is done to the escape
ment. This synchronizing procedure pre
supposes that the amplitude of the pulse 

is reasonably adequate, but that may be 
unknown at the outset. 

"The required amplitude of the pulse 
depends on several factors, such as the 
geometry of the system and the strength 
of the magnet. The amplitude must be 
determined experimentally and adjusted 
to a value that is compatible with the 
characteristics of the pendulum and its 
escapement. I proceeded as follows. 

"During synchronized operation the 
maximum arc coincides with the mini
mum pendulum speedup (a correction of 
about three seconds per day). Hence, as 
the first step in determining the optimum 
pulse amplitude, I adjusted the intrinsic 
rate of the clock to be slow by three sec
onds per day. I then synchronized the 
pendulum. Next I increased the am-
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NIGEL 
CALDER 

lHE LIFE GAME 
Evolution and the New Biology 

"Nigel Calder, writing with his cus
tomary clarity and vigor, now brings 
the layman the latest news from the 
frontiers of the new biology (his book 
being the 'fraternal twin' of a BBC
WNET TV program of the same title) 
• . .  comprehensive and concise.!!..Pub
fishers Weekly. Illustrated $12.50 

Also by Nigel Calder 

VIOLENT UNIVERSE 
An Eyewitness Account of the 

New Astronomy 
115 halftones, 14 color plates, 

46 line illustrations 
$10.95 cloth; $3.75 paper (C348) 

THE RESTLESS EARTH 
A Report on the New Geology 

16 pages of color illustrations, 
black-and-white photographs 

$10.00 cloth; $3.95 paper (C391) 

THE MIND OF MAN 
An Investigation into Current Research 

on the Brain and Human Nature 
Photographs and diagrams 

$8.95 cloth; $4.25 paper (C363) 

THE VIKING PRESS 
625 Madison Avenue New York, N.Y. 10022 

plitude of the pulse gradually during a 
period of several hours until the pendu
lum reached a steady-state arc of maxi
mum allowable excursion. 

"With the arc so established, I deter
mined the hold-in-range by adjusting the 
pendulum to swing at progressively low
er intrinsic rates, resynchronizing and 
noting the resulting arc after it had set
tled into the steady state. In my clock 
pulses of the desired amplitude result in 
a semiarc of three degrees when the sys
tem is correcting at the rate of three sec
onds per day. The semiarc reduces to 2� 
degrees when the system is correcting 15 
seconds per day and HI degrees when 
the correction is 33 seconds per day. The 
lower limit of 1;!4 degrees was dictated by 
the fact that the driving weight acting 
alone causes an arc of about 1% degrees. 

"The clock selected for this project 
should demonstrate, when it is under 
mechanical operation, a stability or rate 
adequate for synchronized service. It 
should have a deadbeat escapement, and 
the second hand should make one revo
lution per minute. (Many European wall 
clocks have second hands that make one 
revolution in 45 seconds.) 

"People who do this project but who 
have not worked with COS/MOS devices 
should keep in mind the very low power 
requirements of the apparatus. Since the 
devices operate on microwatts or less, 
they can be destroyed by an electrostatic 
discharge from the experimenter's finger. 
Keep them packed in their conductive 
plastiC cases or conductive foam until 
they are used. Ground your body when 
you handle them. Avoid touching the 
terminals. Build the circuits with sockets 
that fit the devices. Switch the power off 
before putting the devices in the sockets 
or removing them. 

"The terminal pins are numbered se
quentially in the counterclockwise di
rection as viewed from the top, begin
ning at the notch or the equivalent mark 
at one end of the dual-in-line package. 
The accompanying table [preceding 
page llists the terminal layout, according 
to function, of the CD4020AE and 
CD4024AE devices. All COS/MOS de
vices and compatible sockets are avail
able from distributors such as KA Elec
tronic Sales (1220 Majesty Drive, Dallas, 
Tex. 75247). 

"One can also modify a pendulum 
clock that runs at a rate of 60 or 80 beats 
per minute. Make or obtain a quartz
crystal oscillator of appropriate frequen
cy and synchronize the clock to it. On 
receipt of a stamped, self-addressed en
velope I shall send circuit diagrams for 
generating the required pulses of cur
rent." 
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Can technology 
solve the problems 

caused by 
�i;�O����:��{�: technology :��O::��:I ... 
conditions, a longer life. 

? 
In addition to conven· 

For much of the world technology has success· tional dust removal systems, Chiyoda has recently 
fully met these problems. But some people, introduced a new indoor fume controller that can 
looking at the way advances have disrupted the be installed directly on the roof without the need 

environment, say industrialization is a curse. for any conveying duct. It offers high efficiency 

Chiyoda, as Asia's largest engineering firm, feels in separating fine particles ranging in size down 
that it is through better technology that man will • to 0.5 microns. The unit is economical to install 
solve the problems caused by industrial progress. and operate, and easy to maintain. 

And it is to such better technology that we at Chiyoda 
are devoting our efforts. 

Here are a few of the things we've done and are doing. 

Desulfurization of Fuels. 
To meet widely varying environmental and other reo 
quirements, Chiyoda has built desulfurization plants 
based on all the best known processes. We've engi· 
neered and constructed 15 of the 29 fuel oil desulfuri· 
zation plants in Japan. Now we're working on the 
world's largest 50,000 BID HDS plant for Idemitsu 
Kosan Co., Ltd. It will reduce the sulfur content of 
heavy fuel oil to 0.3%. Processing plants of this type 
help both to minimize air pollution and to alleviate the 
worldwide shortage of low·sulfur fuels. 

Flue Gas Desulfurization. 
The first major result of our efforts to develop new 
environmental control technology was the Chiyoda 
THOROUGHBRED 101 Flue Gas Desulfurization Process, 
which removes both particulates and sulfur dioxide to 
help keep the air free of pollutants from power plants, 
steelworks, refineries, and other industrial complexes. 
The Ghiyoda THOROUGHBRED 101 has already been 
installed in six commercial plants. Seven more installa· 
tions will be completed by July 1974, among them a 
large capacity 1,050,000 Nm3/hr. (652,000 scf/m) sys· 
tem for the Hokuriku Electric Power Company. 

Water Pollution Control. 
Another recent Chiyoda development was a water clari· 
fication plant with a flow rate several times faster than 
conventional systems. The whole plant is integrated 
into one single compact unit, resulting in a low construc· 
tion cost. Applications include the pretreatment of 
boiler feed water, treatment of waste from petrochemi· 
cal plants, removal of oils in waste water from petro· 
leum refineries, and recovery of raw materials. 

We have also recently perfected the Chiyoda 
THOROUGHBRED 242 Continuous Activated Carbon 
Waste Water Treatment Process, which removes organic 
substances from waste water. It is expected to play 
an important role in the water treatment systems of 
the oil refining, petrochemical, chemical and steel 
industries. 

We don't claim Chiyoda has all the answers. 
But we do feel our 1,800 engineers and scientists 
and those at other technology-minded companies 
around the world provide hope. With community 
support, we can make technology solve the prob
lems caused by technology. 

RESPONSIBLE, GLOBAL ENGINEERING 

� CHIYODA CHEMICAL ENGINEERING 
Yokohama, Japan. T�I��NS����IONJ��'}��' 

Overseas Offices: U.S.A.: Chiyoda International Corporation 1300 Park Place Building, 1200 6th Ave., Seattle. Wash. 98101 England: Chiyoda Representative 
Office 16th Floor, St. Alphage House, Fore Street, London E.C.2 Singapore: Chiyoda Singapore (Pte.) Ltd. a·E, Chia Ping Road, Jurong Town, Singapore 22 
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Why wait? 
All the great science 

books you want to 
read and own are 

• 

yours now In 

The Library of Science 

(Retail prices shown) 
74090. RIDDLES IN HISTORY. Cyrus H 
Gordon Could the Phoenicians aClually have 
sailed to Brazll,n the sixth century B.C.? An inter
nationally renowned phllologlan persuasively ar
gues that Ihls was nol only possible. bul probable 

$7.95 

53920. HUMAN EVOLUTION. Second Edition. 
Dr Bernard Campbell. Caplivaling view of human 
development which synthesizes the major findings 
of modern research and theory on evolution
anatomical. physiological. and psychosocial. 
"HUMAN EVOLUTION is at once serious. amusing. 
academic, popular, and onginal." - SCience Jour
� ��� 

83760. THEORY OF COMPUTATION. Walter S. 
Brainerd and Lawrence H. Landweber. Fascinat
ing new volume oHers a totally new presentation 
of the theory of computation In a mathematically 
rigorous fashion An Important book. $19.95 

74145. RtEGEL'S HANDBOOK OF tNDUSTRIAL 
CHEMISTRY. James A Kent. The one and only 
classic that draws on Ihe expertise of the fore
most authorities in every field of chemical process
ing. A complete broad-scale reference work cover
ing chemistry applied to fertilizers, pharmaceuti
cals, dyes. plastics and a host of other male rials. 
Counts as 2 of your 3 books. $37.50 

39880. COMPUTER DICTIONARY AND HAND
BOOK. Charles J Sippi and Charles P SippI. 
More than 14,000 individual definitions and ex
planati�ns of computer terms, acronyms, and ab
breViations make this an invaluable reference. 
Plus. a handbook selection with in-depth articles 
on every aspect of the computer and information 
sciences. $16.95 

67630. PEDIGREE: Words From Nature. Stephen 
Potter and Laurens Sargent The spell-binding hiS
tory of the Origins of thousands of words making up 
the vocabulary of natural science, Written with gusto 
and rare narratrve skill and full of unusual. interest
Ing informalion. $9.95 

58440. THE LIFE AND DEATH OF WHALES. 
Robert Burton. Sensitive, engaging overview 01 
just about everything there IS to know about whales 
and whaling. Exlremely readable and well'llIustra
ted with photographs and pen-and'lnk draWings 

$6.95 
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Take any 3 books 
(values to $53.85) 

all for only $3.95 
(if you will join now and agree to 

take onty 3 more books at handsom� 
discounts in the next 12 months) 

44000. EINSTEIN AND THE GENERATIONS 
OF SCIENCE. Lewis S. Feuer. What really ac
counts for the shattering inSights of Einstein, Bohr, 
de Broglie. Heisenberg. and other great scientists? 
Lewis Feuer points to a generation conflict as the 
true cause of genius. A ground-breaking book 
with a bold and controversial explanation. $12.95 

76120. THE SCIENCE OF LtFE. Paul A WeIss 
Brtiliant research biOlogist and educator has diS
tilled the knowledge he has gleaned over a Ilfel lme 
devoted to Investigating the meaning, mystery 
and mechanisms of life to develop a sound and 
senSible philosophy $7.95 

49410. FUNDAMENTALS OF ELEMENTARY 

PARTICLE PHYSICS. M,chael J Longo The au· 
thor himself a high-energy expert mentalist. offers 
a concise. but seriOUs account of thiS exciting new 
field Well Illustrated With diagrams and photo· 
graphs $9.95 

33430. THE ANALYSIS OF tNFORMATION 
SYSTEMS. Revised Edition. Charles T Meadow. 
This updated edition by a distinguished computer 
authonty offers an all-Inclusive treatment of the 
four aspects of Information processing and re
trieval $14.95 

66020. OPTICS. Miles V Klein. Covers not only 
traditional topics in geometrical and phYSical op
tics but provides a complete introduction to the 
full range of modern developments Including 
lasers, holography. and coherence The best book 
In ItS field. $16.95 

34560. ASTROPHYSICAL CONCEPTS. Martin 
Harwit. A challenging new presentation of the fun
damentals of this important SCience, which bridges 
chemistry, phYSICS, biology. mathematiCs, astron
omy, meteorology. and the earth sciences $14.95 

49340. FUNDAMENTAL ASTRONOMY: Sofar 
System and Beyond. Franklyn W Cole Provoc· 
ative work traces our Intellectual assault on the 
mysteries of the universe from man s earliest sen
sory-oriented gllmmenngs to the very frontiers of 
modern astronomical thought. $14.95 

34630. ASIMOV'S GUIDE TO SCIENCE. Isaac 
As/mov. The incomparable Isaac ASlmov has done 
it again with thiS excillng genera! account of mod
ern sCience - an encyclopediC work of 945 pages 
that is meant tabe read and enjoyed $15.00 

48700. FOOD IN HISTORY. Reay TannahIll 
Highly-acclaimed. pioneering work draWing on 
archaeology. anthropology. biology. economics 
mediCine, and other diSCiplines to show how diet 
and eating habits have shaped man s develop
ment $15.50 

36520. THE BONE HUNTERS. Uri Lanham Ab
sorbing history of the nineteenth century adven
turer-SCientists who startled the sCientific world. 
shattered many near·sacred IllUSions. and laid the 
loundatlons of modern paleontology Filled With 
rare old photographs $12.95 

53720. HOWTO BUILD AND USE ELECTRONIC 

DEVICES. Stuart A HoenIg and F Leland 
Payne Delightful volume shows how to bUild nu
merous useful gadgets - a battery charger a Sim
ple audiO amplifier. and even an analog compu
ter-and teaches the fundamentals of electroniCS 
In the process $9.95 

87540. WORKfNG WITH NATURE. John W 
Brainerd Offers perceptive Instructions for modi
fYing the environment anywhere. For nonspeclal
Istsand profeSSionals - whether you havea Window 
box, a back yard. or an entire Wilderness to work 
With $15.00 

If card is missing. write: 
The Library of Science 

Dept 2-43A, RiverSide, N.J. 08075 
and Indicate 3 tx:>oks you want. 
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by Philip Morrison 

O 
ILFIELDS OF THE WORLD: GEOL

OGY AND GEOGRAPHY, by E. N. 
Tiratsoo. Gulf Publishing Co., 

P.O. Box 2608, Houston, Tex. ($25). The 
world of crude oil spins on a skewed axis 
whose "east pole" lies, of course, in the 
Persian-Arabian Gulf; the western pole 
is in the Caribbean. Four-fifths of all the 
world's oil so far has been found in these 
two great sediment-filled downwarps in 
the crust, sealed here and there mainly 
under oval swellings of impervious strata 
only a few miles wide. In the pore spaces 
of buried rocks, usually sandstones or 
carbonates, are trapped the hydrocar
bons, liquid and gaseous, along with salt 
water. The various accumulations relat
ed to a single geological feature are 
called an oil field. Some 30,000 signifi
cant fields are known, on land and shal
low sea, in almost 70 countries, from the 
Strait of Magellan to the Arctic Ocean. 
This up-to-date book, drawing largely 
on the trade periodicals of the industry 
for its newer data and maps, describes 
the main fields region by region over the 
entire world, with several chapters of 
history, generalized geology and fore
casts of the future. 

"Proved reserves" -and this can mean 
anything from a mere round multiple 
of last year's production to a careful 
estimate of reservoirs mapped by test 
wells-have risen tenfold in absolute 
amount since 1945. Measured in units of 
world annual production, they topped in 
about 1960 and are now in relative de
cline. What is most striking is their con
centration. One monster field, which un
derlies some 130 square miles in Kuwait, 
holds an eighth of the world reserve; the 
six great pools of the biggest single Saudi 
Arabian field promise almost as much; 
the gas locked in the Urengoy field, 
where the Siberian river Pur flows to the 
frozen Kara Sea, contains half the energy 
of Kuwait's giant; the eastern shores of 
Lake Maracaibo offer half as much as 
that, and the biggest U.S. finds, Prudhoe 

BOOKS 
About the world of crude oil, and how 
to make an atomic bomb in the cellar 

Bay on the Arctic and East Texas, taken 
together equal the Venezuelan reserve. 
One such huge field will meet the entire 
present U.S. demand for a decade; the 
smallest fields that are significant com
mercially hold only enough oil to slake 
our national thirst for one hour. 

The spread of importance is striking: 
three-fourths of the oil ever produced 
has come from fewer than 200 giant 
fields, the top 1 percent of all fields. Cap
ital costs vary similarly: North Sea oil re
quires an investment of £. 1,000 to pro
duce a barrel a day for sale; a Kuwait 
well will cost the happy investor only 
about a twentieth as much. The giant re
serves of the Middle East, with their uni
tary development of fields under a single 
company and their thick and uniform 
reservoir beds, mean a remarkable econ
omy of effort; the Middle East as a whole 
counts about 3,000 producing wells. 
From the more than 500,000 wells in the 
U.S. only half as much oil flows. 

China leads the world in the produc
tion of oil from shale. In Manchuria the 
oil-shale deposits overlie bituminous 
coal, so that shallow mining is peculiarly 
economic, so far on a modest scale. The 
famous tar sands (actually heavy oil in 
sandstones) stretch across 13,000 square 
miles in the bend of the Athabaska River 
in Alberta; they hold about half as much 
oil, recoverable at some price, as all the 
oil fields of the world, but it is mostly 
buried under a couple of hundred feet of 
overburden. The tarry stuff will not flow 
out of wells unless it is heated or diluted 
in some way. Moving fluid is what engi
neers can do cheaply. 

"The problem that the developed 
countries of the world now have to face 
is not so much that of a forthcoming oil 
shortage, but rather the fact that the era 
of cheap oil [$2 per barrel] ... has now 
come to an end." 

THE CURVE OF BINDING ENERGY, by 
John McPhee. Farrar, Straus and Gi

roux, Inc. ($7.95). The substantial tech
nical library at wartime Los Alamos was 
strong in physics, chemistry and engi
neering titles but it held almost no 
novels. A few were on the shelves, put 

there whimsically by the clever people 
who had assembled the entire collection 
in haste and secrecy. One of those books 
of fiction was a work of the 1920's called 
Krakatit, by the Czech writer Karel Ca
pek. His hero was a young engineer who 
had a genius for explosives; whatever 
substance he touched he was able to 
make explode-paper, cloth, almost any
thing. His masterwork was the most 
powerful of all explosives. He named it, 
in analogy to dynamite, after the explod
ed volcano Krakatoa; the English render
ing would have been Krakatite. 

John McPhee, in an evocative, crisp, 
reportorial style (if slightly awkward sci
entifically), presents the person and ca
reer of a real nuclear counterpart to 
Capek's molecular engineer, the theoreti
cal physicist Theodore B. Taylor. When 
Taylor was in his twenties and early thir
ties (he is now an independent author 
and researcher nearing 50), he was a 
conceptual designer of fission weapons at 
Los Alamos. To his credit are such 
trophies as the lightest fission bomb, 
called Davy Crockett, the most efficient 
fission bomb and the largest-yield fission 
bomb anywhere, one in the megaton 
range. Taylor is a theorist, in the sense 
that he no longer works with materials 
themselves. He is not, however, a mathe
matical theorist, a spinner of long equa
tions and careful calculations. His wife 
sees in him "no mechanical aptitude." He 
works qualitatively and slowly, thinking 
of "real things," not equations. "Very 
few people have Ted's imagination. Very 
few people have his courage . ... I think 
he is perhaps the greatest man that I ever 
knew well. And he is completely un
known." Such is the estimate by Free
man Dyson, himself a theorist at the 
highest level of ability and reputation. 

Throughout this brief book we follow 
Taylor, and sometimes consult his ad
versaries or associates, over time and 
space, from a Mexico City childhood 
through Berkeley, Los Alamos, La Jolla, 
Brookhaven and a number of less aca
demic sites of the atomic-energy indus
try. The burden of the book is his burn
ing concern lest amateurs of destructive 
talent, following the path beaten out in 
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a generation of professional develop
ment, construct and mount crude atomic 
bombs from stolen nuclear materials for 
purposes of political terror or simple 
blackmail. Fissionable material in vari
ous degrees of accessibility now flows 
through the civil economy to serve pow
er plants, and it will increase in amount 
enormously if power reactors of the most 
successful American types come to fur
nish an important fraction of our electri
cal power. "All that is needed is about a 
dozen kilos of plutonium-oxide powder, 
high explosives .. . and a few things that 
anyone could buy in a hardware store." 
The half-fireball this crude device might 
make would bring down the World 
Trade Center (a structure rather over
targeted by this New Yorker author). 

It is the intimate discussion of bombs 
and the places, the men and the ideas 
that make them that gives this book its 
singular interest. The ideas include 
megaton explosions deep in the Green
land ice sheet (Project MICE), thermal 
radiation flowing around corners like 
fluid, predetonation. The people include 
George Gamow and Edward Teller and 
Stanislaw Ulam and Carson Mark, "a 
subtle man" with a judicial demeanor, 
who for nearly 25 years, throughout the 
thermonuclear development ("not a mat
ter of materials [but] of design"), served 
as head of the Los Alamos theoretical 
division. These are the retrospective por
lions; more up-to-date ones include visits 
to working power plants, plutonium stor
age warehouses, weapons museums and 
sundry other sites of this ominous and 
strange world. 

Most remarkable of all was Project 
Orion, invented and headed by Taylor 
during its seven secret years of Depart
ment of Defense and Air Force support. 
Orion would have been a spaceship with 
shops and laboratories, as big as an office 
building. It would have been propelled 
around the solar system by successive 
graduated explosions of 2,000 nuclear 
bombs. ("Having them small and cheap 
was the point.") The test ban and other 
misgivings have shelved Orion sine die. 

A reader with some knowledge of the 
matter cannot find Taylor's sabotage 
fears bizarre; there is at least some 
chance of nuclear terrorism (perhaps as 
much from adepts at anthrax). It is not at 
all as easy as the saying so, holding that 
warm plutonium metal in your hand 
("It won't hurt you," Taylor maintains), 
boiling away solutions to make radioac
tive nitrate crystals, running hydrogen 
fluoride through quartz tubing. ("People 
are sort of expendable, you know," says 
one experienced metallurgist.) Yet that 
same reader would be willing to take his 
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chances with the lucky, heedless zealot 
if only he felt that Dr. Taylor and his 
unhurried professional confreres in half 
a dozen nations could guarantee that 
none of their well-conceived, tested, 
high-yield, rocket-borne products would 
ever be set off in the hundreds above his 
head. This is a faintly dangerous book, 
glittering, original, awry. 

BREATIllNG: PHYSIOLOGY, ENVIRON-
MENT AND LUNG DISEASE, by Arend 

Bouhuys. Grune & Stratton ($25). We 
are all forever blowing bubbles. That 
complex lung tree of airways whose 
trunk is the trachea twigs and leafs out 
into 300 million tiny spaces, the alveoli, 
each a quarter of a millimeter across. 
Their walls are the layers of the capil
lary membrane intricately spread out in 
the lungs over a total area as large as the 
floor space of a small house. The walls of 
the alveoli continuously dilate and fall 
back again with the rhythm of our 
breathing; most of the work done in the 
lungs during breathing is done against 
the surface tension of the bubble walls 
of that living froth. The newborn's first 
urgent breath is eased by a natural sur
factant, probably a phospholipid, which 
reduces that surface tension. 

A medical treatise, this volume is in
tended to aid health and environmental 
professionals and molecular biologists as 
well. Its central approach is physiologi
cal: the flow of air in and out of the com
plex, yielding, active system of breath. 
Music teachers will find a special chapter 
devoted to speech, song and wind in
struments: applied breathing. The book 
has two parts, one physiological, the 
other centered on the assessment and 
nature of environmentally related lung 
disease. 

A central theme of the work is the use 
and meaning of an aerodynamic tech
nique, developed in the author's own 
Yale center, to assess lung function. The 
method involves a plot of air flow rate 
out of the mouth against lung volume; it 
is best obtained by breathing through a 
bundle of narrow tubes, electronically 
sensing the pressure drop across them, 
integrating and recording with a modest 
computer and its graphic display. The 
chief diagnostic example is a curve of 
maximum expiratory flow volume, made 
by blowing hard and long in one forced 
breath. (The shallow tide of normal 
breathing produces a curve that is hard
ly more than a small central bump inside 
this much larger envelope.) In such 
curves one can see two kinds of malfunc
tion. In the one that arises from airway 
obstruction the flow rates are low, but 
they decrease slowly as the lungs empty. 

In restrictive function loss, on the other 
hand, the flow rates are high, but they 
fall faster than normal as the lung vol
ume decreases. In restrictive conditions 
the total lung capacity may go down by 
a third; in obstructive ones the capacity 
may be up by even more, from the nor
mal five liters plus. 

A young trumpeter displays a fine, 
full flow rate. His older, smoking col
league runs out of breath sooner, along 
a swaybacked curve. Power input is in
teresting too: quiet breathing takes a 
few tenths of a watt, a trained singer 
reaching for a loud note supplies about 
two watts, and the brass player may de
liver 20 watts at peak. 

Cigarette smoking-with its demon
strated fatal consequences, both of lung 
cancer and emphysema-is a severe 
worldwide epidemic of modern times. 
Emphysema, a loss of alveolar surface, 
has now been shown through direct au
topsy to go closely with smoking habits, 
as reported by relatives of the deceased. 
(In a 1972 study cited here, of 176 non
smokers not one had advanced emphy
sema at autopsy, but of 658 persons who 
had smoked a pack a day or more nearly 
20 percent yielded whole-lung sections 
with advanced emphysemal damage.) 
That damage shows up already after a 
couple of years of smoking in the flow
rate curves of teen-age smokers, typical
ly obstructive in shape. "Millions of 
adults . .. have stopped smoking" in the 
U.S. within the past decade, and the 
campaign needs to continue and expand. 
Schools and hospitals "as exemplary in
stitutions" ought to take the lead, al
though it is hard to defend any measures 
taken against students for behavior con
doned in their teachers. 

In black lung the coal particles first 
collect around the small airways of 
submillimeter caliber: the bronchioles. 
Above those points the "mucociliary lad
der" cleanses the lungs. The steady beat 
of the myriad cilia pumps a "coherent 
sheet of mucus" constantly toward the 
pharynx to be spat out or swallowed. In 
a dusty life a miner may breathe in a 
few hundred grams of dust; at autopsy 
the lungs will hold a few grams. With 
coal, even pure carbon (for graphite 
workers), and of course with inhaled 
silica particles the worst effects are re
strictive: fibers form in the delicate 
membranes and the lungs stiffen. The 
flow rate is high, but the oxygen of life 
is inadequately taken up. 

In brown lung (byssinosis), induced 
by dust from cotton and the cotton boll 
in carding and spinning rooms (for hemp 
workers too), the effect is obstructive. 
The shortness of breath is always worst 
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In all the world, only our unique Specialty 
Metalmen team gets so broadly and deeply involved 
with energy makers and movers to power a world 
facing energy problems. 

From this group come Allegheny Ludlum steel, 
turbine blades, reactor components and nuclear 
tubing for electrical generating. Wallingford Steel 
helps with condenser tubing and cablewrap. 

In distribution, you find laminations of 
Allegheny Ludlum silicon steels, relays with Special 
Metals vacuum-melted alloys. Natural gas is trans
ported in tanks of Allegheny Ludlum stainless, also 
a prime material for oil refineries' pressure vessels. 
Carmet carbide bits dig for coal and oil. Other 
Specialty Metalmen contributions to energy solutions: 
IPM powder metal components, Ajax Forging 
support structures. 

Beyond energy responsibilities, all our com
panies range wide in growth fields limited only by 
imagination, another area we're strong in. 

Allegheny Ludlum Industries, Inc., Oliver Bldg., 
Pittsburgh, Pennsylvania 15222. Our other key com
panies: Arnold Engineering, Jacobsen, True Temper. 

203 
© 1974 SCIENTIFIC AMERICAN, INC



The entire population of 
earth fitting into an 
aspirin-size pill. Pulsars 
that blink on and off 30 
times a second. 

These and other celestial 
oddities 
are 

From Dwarf Stars to Quasars 
by I. M. Levitt, Director Emeritus, 

The Fels Planetarium 
"Brings the whole subject 

together in a masterly fashion. 
. . .  1 commend it to your 

attention." 
-PATRICK MOORE, 

Director of the Lunar Section of the 
British Astronomical Association 

Illustrated 
$10.00 
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on Mondays, after the weekend break. 
The cause is probably some agent that 
induces histamine release in the airways; 
the rest causes the workers to lose part 
of their "habituation to dust." So the 
Ghent workers contended in 1845; their 
employers attributed the effect to the ex
cesses of Sunday. The workers were 
right: the histamine pool is drained dur
ing the week. 

We have no excuse for allowing all 
these ills; engineering or, more bluntly, 
money can greatly reduce their inci
dence. The Occupational Safety and 
Health Act of 1970 "has already im
proved U.S. occupational health." The 
Act's "ultimate effectiveness will depend 
on its enforcement." Dr. Bouhuys finds 
in general air pollution, however, no 
clear effect on public health. There we 
"protect the general welfare"; ill health 
is not foremost among the reasons for 
reducing pollution. 

This is an interesting book, although a 
difficult one. It avoids medical jargon 
pretty well, but it substitutes a forest of 
acronyms of its own. Moreover, in this 
topic pathology is best illuminated by 
the familiarity of the normal function. A 
chapter on normal breathing-systemati
cally treated by the flow, volume and 
pressure relations set out here-would 
have been a very useful addition. 

DESIGN OF RACING SPORTS CARS, by 
Colin Campbell. Robert Bentley, 

Inc. ($10.95). Breezy in style, British in 
language and allusion, this small book is 
no design text but a qualitative technical 
account aimed at intelligent enthusiasts. 
The type of car discussed, seen at Wat
kins Glen or Le Mans, is produced spe
cially for racing (and looking like it), but 
it must be a two-seater with the lights 
and other accessories "normally provid
ed and legally required for vehicles using 
public roads." (In 1973 the engine dis
placement of the championship competi
tors was limited to three liters, about that 
of an American compact six.) 

"Racing improves the breed." The 
"natural selection" imposed by the road 
race, plus the sometimes capricious deci
sions of the rules-making body, give mo
tif to the tale. It all begins with "tyres 
and wheels." The footprints of the car 
on the road, those four little patches, 
alone make possible acceleration, brak
ing, cornering. Aerodynamic forces are 
important at modern speeds, and nega
tive lift can be generated by airfoils in the 
rear. In one 1970 car, soon ruled off the 
course, it was generated by fans reduc
ing the pressure in a sealed section of 
the underbody fitted with retractable 
plastic skirts. Even that 1,300.pound 

down thrust had to work through the con
tact patches. It is no wonder that the 
Dunlop racing contact patch was three 
inches wide in 1920 and two feet wide 
in 1972! The prime requirement of a 
racing-car suspension is to keep the four 
contact patches pressed down on the 
road surface whatever its contour. The 
complex mechanics of roll, bounce, cam
ber, oversteer and more are described 
here graphically and by examples, with 
some sketches of various solutions. 

Mass resists acceleration. This me
chanical truism forces lightening sub
tler than the obvious virtues of overall 
weight control (limited by rule for each 
engine size). The unsprung weight of 
wheels, tires and fittings is beyond con
trol by the cleverest suspension, and the 
engine wastes torque in accelerating its 

. own parts as the speed rises. Thus we 
see the use of die-cast magnesium-alloy 
wheels ("the lightest available in Eu
rope"), 12 percent lighter than the best 
aluminum. Titanium gears and shafts 
enter the racing drive train and trans
mission. 

Engines, brakes and transmissions are 
all considered, both in large strategic 
terms and in some detail. The four
wheel-drive car remains best over all 
road conditions. With enough engine 
power and better tire adhesion, however, 
the lighter rear-engine and rear-wheel 
drive may begin to have an advantage. 
Four-stroke engines seem best: the econ
omies of the two-stroke principle are lost 
in details such as the waste of fuel, se
vere temperature gradients in the cylin
der and the bulkier exhaust system. No 
net gain. The same seems true of air 
cooling v. liquid cooling. Porsche has 
succeeded with air cooling, but almost 
everyone else has used liquid cooling. 
There is no fundamental basis for choice: 
the advantages of air cooling (low 
weight and reliability) are matched by 
the high temperatures at even a sodium
cooled exhaust valve. ("Porsche know 
how to design air-cooled engines.") 

A brief appendix describes the Porsche 
Type 917, a five-liter champion of 1971. 
Porsche "withdrew their Works Team" 
when the new three-liter displacement 
limit was set, unwilling to spend on a 
new development when the company 
had just made such a success ("a land
mark in racing sports car design"). It is a 
long-tailed car, low in drag and stable at 
speeds of up to 235 miles per hour; its 
engine is a double-overhead-camshaft 
design, elegant in its harmonically tuned 
exhaust and the central crankshaft pin
ion for its camshaft drive, placed at a vi
bration node. Altogether this is a story of 
unending successive adaptations. Gas 
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A diet lacking in animal protein-the 
only source of certain amino acids 
needed for adequate human nutrition 
-leads to malnutrition and death. 

This is the fate of millions of 
people in underdeveloped countries. 
Population grows virtually unchecked. 
Production of animal protein lags far 
behind. 

Syntex has fought overpopulation 
since our developments leading to 
oral contraceptives some twenty 
years ago. 

Now we have a new organization 
to help improve animal protein 
production. It's called Syntex Agri
business, Inc. It's the outgrowth of an 
integrated thrust into the field we 
began ten years ago. 

Four highly specialized divisions 
work in combination with Syntex 
Research in a unique multi-disciplinary 
effort. 

Out of the effort can come 
innovative pharmaceutical and nu
tritional products to significantly 

The last supper. 

improve the production of high quality 
protein foods. 

If you would like to know more 
about our latest work in the rapidly 
accelerating activities of Syntex 
Agribusiness, we would be glad to send 
you an informative booklet. 

Write to Director of Public 
Affairs, Syntex Corporation, 3401 
Hillview Avenue, Palo Alto, California 
94304. 

SYNTEX 
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Abortion 
. In a 

Crowded World 
The Problem of Abortion 
with Special Reference 
to India 

S. Chandrasekhar 

This pioneering study-the 
first to deal with India
reviews the abortion situa
tion worldwide and traces 
changes in the attitudes of 
governments, societies, and 
major religions, particularly 
Hinduism, Islam, and Cathol
icism. The author, a former 
minister of health and 
family planning in India, was 
largely responsible for the 
new Medical Termination of 
Pregnancy Act. $6.95 
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turbines promise a mutation, once ma
terials for the blades improve, but rotary 
Wankels do not yet hold hope for spe
cific power to rival the 175 brake horse
power per liter of the best engines to 
come, 10 percent ahead of the perform
ance of the 1972 Ferrari three-liter. 

THE REDSHIFT CONTROVERSY, by 
George B. Field, Halton Arp and 

John N. Bahcall. W. A. Benjamin, Inc. 
($19.50). It has been 10 years since the 
effective beginning of the great red-shift 
controversy. This is not to say that the 
expansion of the world of galaxies, since 
Edwin Hubble the cornerstone of mod
ern cosmology, has not always had its 
critics, some of them still unmet with 
compelling answers. Rather, this is a 
particular controversy, referring not to 
the cherished regularities of the red shift 
for the bright elliptical galaxies, those 
standard candles of orthodox cosmology, 
but to a special set of objects. These ob
jects are notably the quasars, but they 
also include compact and peculiar gal
axies, disturbed spirals and the like, 
in which critics have professed to see 
an inexplicable paradox: discordant red 
shifts that cannot indicate distance and 
originate neither in swift motion nor in 
gravitational fields, the only sources of 
noncosmological red shift that physics 
now admits. (An intermediate view holds 
that it is indeed swift outward motion 
that reddens all quasars, a motion that is 
centered on our region only because the 
quasars were long ago flung out of this 
very neighborhood.) 

On December 30, 1972, two paladins 
of extragalactic astronomy met publicly 
to debate the issue, under the call of 
George Field, himself a distinguished 
theorist in this area. Halton Arp is a vir
tuoso of Palomar, an observer in the 
finest tradition, a master of his photo
graphic instrument and a tireless and 
ingenious searcher-out of objects of in
terest. In 1966 he published a disturb
ing catalogue of more than 300 very 
peculiar looking galaxies. (If No. 112 on 
that list is not the Eye of God, nothing 
is!) His adversary John Bahcall is a theo
rist with some taste for observation, an 
astrophysicist at the Institute for Ad
vanced Study. Here are their two papers, 
pro and con, a brief rebuttal by Arp, 
who was the first to speak, and two sets 
of facsimile reprints of key papers in 
support, one set selected by Bahcall, one 
by Arp. The Bahcall set begins with 
Hubble's work of 1929 and goes on to a 
paper of 1972; Arp's begins with James 
Terrell's argument of 1964 for a local ex
plosive origin of quasars and ends with 
the 1972 Russell Lecture, which pre-

sents a try at a totally new particle phys
ics by Fred Hoyle. 

It is imprudent to try to summarize 
the argument and thus spoil the fun. A 
few comments from a by no means ju
dicious reviewer may nonetheless be 
warranted. First, it is pretty clear that 
Dr. Arp, the critic, is less bound by con
sistent models. He is willing to lump to
gether all anomalies: the quasars, the red 
shifts of galaxies in the Virgo and Coma 
clusters and the companions of nearby 
spiral galaxies. These span the scale of 
discordancies from effects amounting to 
a mere one part in a few thousand up to 
those in which "neighboring" objects
perhaps even connected ones-differ in 
red shift by a factor of 100. His strong
est cases are those of small chains and 
groups of galaxies such as Stephan's 
Quintet, in which one galaxy has only a 
tenth of the red shift common to its four 
neighbors. Professor Bahcall, of course, 
calls the same group a quartet, and 
argues that the fifth member is no neigh
bor in space but a smaller foreground 
galaxy in the line of sight, actually only a 
tenth as far away. 

Who is right? Is it the seemingly iden
tical ionized-hydrogen regions measured 
by Arp that show the odd galaxy to be 
equally far, or do the stars seen resolved 
by G. A. Tammann in the interloper, but 
not in the others, prove it to be near? 
Finally, the evidence Arp has on his side 
is mainly statistical; mere coincidence 
can mock any of his conclusions. Only a 
possible filamentary connection here and 
there demands the physical proximity of 
his objects, yet even those faint bridges 
can be followed only in projection. We 
can never see the world of the galaxies in 
three dimensions. 

Two important developments have 
taken place since the debate was joined. 
Both are Palomar obselvations. It was 
shown in late 1972 that behind the 
masking brightness of the brighter qua
sars a dim and fuzzy patch of light was 
to be found on the photographs, about 
what one would expect if each quasar 
dwells in the heart of a giant elliptical 
galaxy. Early in 1974, in the case of one 
rather untypical quasar, spectral lines of 
the very stars in the enveloping galaxy 
were seen behind the masking quasar 
glow. These results are most important; 
if they can be confirmed, the issue would 
be decided in fa VOl' of orthodoxy. 

It is a pity that science has too few in
tellectual scavengers. We are not vul
tures enough to be nourished by picking 
the bones of old arguments; they lie dead 
in the journals for years. One such argu
ment is that it is hard to get the flood of 
quasar photons "out through such a high 
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density region." The point was well 
taken, and in 1965 and 1966 it was a 

telling argument. Just the same difficulty 
arises, however, for X rays from the 
central pulsar of the Crab Nebula, even 
quantitatively. These X rays were discov
ered in 1971, yet no one seeks to bring 
the Crab closer! We conclude, with Bah
call, not that the galactic distance scale 
is basically wrong but that "the phenom
enon is very complicated." The models 
are wrong, not the world map. So it is 
likely with quasars. The trial record so 
far is here; let us take more evidence 
from the only competent witnesses, the 
sources in the sky themselves. Reading 
this fascinating record is a fine prepara
tion for a definitive verdict soon-we 
hope-to come. 

N ICOLAUS COPERNICUS AND HIS 

EpOCH, by Jan Adamczewski. In co
operation with Edward J. Piszek. Charles 
Scribner's Sons ($7.95). Tufted hay
mows still dot the fields of Warmia along 
the Vistula; the Florianska Gate of Cra
cow, once the main entrance to that city, 
still stands; the quiet cloister where Co
pernicus once studied is quiet today; the 
great hall of Padua, where he heard lec
tures on medicine, now bears a plaque 
with his name among the blazons of all 
its famous students. This brief scholarly 
volume, printed in Poland and a real 
bargain here (subsidized by the founda
tion grant of a well-known food manu
facturer), displays the context of Coper
nicus' lifetime in good color and velvety 
gravure, and in a meticulously detailed 
text. It is a devoted biography of the 
scholar and of his family that evokes his 
times in both word and image. We are 
given city views past and present, care
ful documentation of his career, church 
decorations, even an old mirrored sun
dial he may have made. Toruil, Cracow, 
the Italian cities, Lidzbark Warmiilski 
and Frombork are all here, and his life 
in them. Portraits of Copernicus abound; 
only a couple of pages are devoted to his 
astronomy. As a contextual study this is 
a delight and a strength, but it does not 
attempt to detail Copernicus' place in 
the history of ideas or the direct argu
ments of his masterwork. The canon was 
probably no priest but acted as lawyer, 
physiCian and adviser to his bishops and 
his order. In 1528 he published a treatise 
on money and announced what we call 
Gresham's law after its English author of 
30 years later: "The old coins will con
taminate the credit of the new." (And 
even Copernicus was not the first so to 
argue in print.) No one has yet found 
where his ashes lie under the floor of 
Frombork Cathedral. 
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Without aluminum, 
you wouldn't have gotten 
off the ground. 
In a single lifetime, man has jour
neyed from Kittyhawk to the face of 
the moon. Along the way, it was 
aluminum that helped make the 
journey possible. 

Every airplane buff knows that the 
Wright Brothers flew 120 feet at 
Kittyhawk. They conquered the airwith 
a contraption that used a customized 
motorcycle engine, wooden struts 
and a cast aluminum engine block. 
Even in the very early days of avia
tion, designers knew about the high 
strength-to-weight ratio of aluminum. 

Subsequent planes, like Lindbergh's 
Spirit of St. Louis, were designed 
with more sophisticated weight-saving 
principles in order to make maximum 
use of fuel. Lindy landed in Paris with 
over eight hours of fuel to spare 

The reasons for using aluminum 
are found In aluminum Itself. 

-an excess that was partly a result of 
aluminum's weight-saving properties. 

And in commercial aviation-where 
every pound of weight saved in a 
jetliner equals a sUbstantial savings 
in fuel and money-aluminum is 
contributing to economy of perform
ance and increased payloads. 

The properties of aluminum 
proved just as vital to the 
aerospace people who 
needed a strong, 
weight-saving 
metal that 

mALCOA 

could endure the stresses of leaving 
the atmosphere. Which is why 
aluminum was used as the principal 
structure of the awesome Saturn 
booster and the Lunar Module and will 
be used on the Space Shuttle. 

The next time you're flying, remem
ber that aluminum in the aircraft's 
structure, skin and power plants is 
saving thousands of pounds of weight 
and energy. In fact, you probably 
wouldn't have gotten off the ground 
without it. 

For more information on the energy
related performance of aluminum, 
please write for our free brochures 

on energy, aluminum and the auto
mobile. Aluminum Company of 

America, 352-H Alcoa Building, 
Pittsburgh, PA 15219. 
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mlHFE3:ij!Itt&iI 1974 THE PARKER PEN COMPANY, JANESVILLE, WISCONSIN. USA. 

The Parker 75 Ball Pen and Soft Ti� set. 
Give it to someone who thinks craftsmanship is dead. 

Granted we don't make Parker pens the 
way we did eighty years ago. We make 
them a lot better. 

No question, there's less hand work. 
But like it or not, machines do some 
things more precisely and more 
consistently than human hands ever 
could. Or ever did. 

What about today? Well, take the 
Parker 75 Ball Pen as an example. 

Thanks to modern technology and our 
decades of experience, painstaking 
hours are no longer required. Instead, 
it takes painstaking weeks-three, to be 
exact, just to make the ball point. 

But Craftsmanship means durability, 
you say. Permanence. In this day of 
planned obsolescence, are you sur
prised that we agree? Both the Parker 75 

-Ball Pen and the 75 Soft Tip are made to 

15th Century manuscripts. courtesy of The Art Institute of Chicago 

last for as long as you'll need them. 
We guarantee it. If either pen fails to 
perform due to defects, we will repair 
or replace it-free. 

In solid sterling silver, the Parker 75 
Ball Pen and Soft Tip set makes a heart
warming gift. It is proof in precious 

-metal that Craftsmanship lives on. 

T PARKER . 
World's most wanted pens 

Parker 75 Ball Pen and Soft Tip sets from $20 to $925. Ample engraving areas for full monogram. 
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