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As your introduction to membership in the BOOK-OF-THE-MONTH CLUB® 

The lTIost cOlTIplete an�--.,o/.".&-� 
scholarly dictionary 
of the English 
language 
for only $15::���75 
THE SUGGESTED TRIAL: You simply agree to buy four 
Club choices within a year at special members' prices 

THE 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, priced at $300. 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 NelV 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 
News, 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 format, size and quality. 

If you continue after this experimental member­
ship, you will earn, for every Club Selection or 
A Itemate you buy, at least one Book-Dividend 
Credit. Each Credit, upon payment of a nominal 
sum, often only $1.50 - somewhat more for unusu­
ally expensive volumes or sets - will entitle you to 
a Book-Dividend® which you may choose from 
over) 00 fine library volumes available over the 
year. This unique library-building system enables 
members to save 70% or more of what they would 
otherwise have to pay. 

CONVENIENCES OF MEMBERSHIP 

• As long as you remain a member, you will 
receive the Book-of-the-Month Club News, a 
literary magazine published by the Club fifteen 
times a year. The Nell"s 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'd 
like one of the Alternates, or no book at all -
simply indicate your decision 011 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 Park Ave., New York, N. Y. 10017 
Please cnrol1 me as a member of the Book· 
of-the-Month Club and send me The Com­
pact Edition of the Oxford English Diction­
ary, billing me $15. 1 agree to buy at least 
four Selections or Alternates during the first 
year I am a member, paying special mem­
bers' prices. My membership is cancelable 
any time after I buy these four books. A 
shipping charge is added to all shipments 

MR. f 
MRS . ...• 
MISS 

FEATURES 

• Boxed set of two volumes, 
9'\4 " x 13 Y2" each 

• All 16,569 pages of J 3-vol­
lime original included in the 
4,134 pages of The Compacl 
Edilioll through a photo-re­
duction process which per­
mits printing of four pages 
of original on one page of 
new edition 

• Paper is 30-pound Special 
Dictionary White 

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

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

3-A170-9 

(Please print plalnl)') 

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

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

Stall' . . . .. . ... . . . . ... . . . . .. . . . ......... . . .... . . . . . .  Zip ............. . 
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To golfers, this landscape is nothing but trouble. 
To others, it is life itself. 

This is the famous 120-yard seventh 
hole at Pebble Beach on California's 
Monterey Peninsula-one of the 
greatest par 3 challenges a golfer can 
face. 

But, at times, we see it differently. 
One of our companies, O.M. 

Scott & Sons, has been working with 
grass for over half a century. 

You probably know Scotts through 
their complete line of home-lawn 
products. 

Scotts now helps groom 3,000 
U.S. golf courses year round. 

Scotts now also specializes in prod­
ucts for well-groomed golf courses 
like Pebble Beach. Today they supply 
ProTurf* products to some 3,000 
courses, from the Sahalee Country 
Club in Washington to the 
Waterville Country Club in Maine 
to the Royal Poinciana Golf 
Club in Florida. 

We also help green other parts of 
the world. 

Scotts products used in the world's 
largest covered stadium. 

The 1972 Munich Olympics were 
played on Scotts-fed turf. 

When construction of the stadium 
started-and it's now the largest 
covered stadium in the world, seating 
80,000-turf was installed. 

It was a blend of grasses suitable to 
the Bavarian climate and able to 
stand up to the stress of continuous 
hard wear. 

Crass removes pollutants, and is a 
vital green environmental shield. 

To ensure maximum development, 
it was stimulated to an elegant 
beauty with Scotts ProTurf products. 

Expanses of grass are sorely 
needed, whether for sports events, 

on the Great Plains or in your 
front yard. And not only for their 
recreational value. 

Grass removes pollutants from 
the air and releases life-sustaining 
oxygen. It cools the earth by 
releasing water vapor. It fights noise 
pollution by deflecting and absorb­
ing sound. 

Americans today are caring for 
five million acres of lawn. Their aim, 
basically, is to help beautify their 
homes. 

But what they're also doing 
is caring for a great green environ­
mental shield, vital to life itself. 

International Telephone and 
Telegraph Corporation, 320 Park 
Avenue, New York, N.Y. 10022. 

·Trademark of O.M. Scott & Sons 

ITT 
SERVING PEOPlE AND NATIONS EVERYWHERE 

© 1973 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 AM E RI CAN" September 1973 Volume 229 Number 3 

ARTICLES 

22 LIFE AND DEATH AND MEDICINE, by Kerr L. White 

Introducing an entire issue on the role of medicine in the life of modern man. 

34 GROWING UP, by J. M. Tanner 

The effects of the environment on growth are critical to the health of the adult. 

44 GETTING OLD, by Alexander Leaf 

Clues to the process are sought in communities with many remarkable oldsters. 

54 DYING, by Robert S. Morison 

Medicine can often fend off death, but in doing so it may only prolong suffering. 

76 THE ILLS OF MAN, by John H. Dingle 

The patient, the physician and the statistician perceive them quite differently. 

90 SURGICAL INTERVENTION, by Charles G. Child III 

Surgery is a strong measure presenting special questions of quantity and quality. 

102 CHEMICAL INTERVENTION, by Sherman M. Mellinkoff 

It includes not only drugs but also vaccines, hormones, anesthetics and foods. 

116 PSYCHIATRIC INTERVENTION, by Leon Eisenberg 

Mood-leveling drugs have markedly reduced the population of mental hospitals. 

128 THE HOSPITAL, by John H. Knowles 

Its resources increasingly make it the place where the patient sees the physician. 

138 THE MEDICAL SCHOOL, by Robert H. Ebert 

It may well produce fewer specialists and more physicians giving primary care. 

151 THE MEDICAL ECONOMY, by Martin S. Feldstein 

Its special characteristics have given rise to a uniquely rapid increase in costs. 

161 THE MEDICAL BUSINESS, by James L. Goddard 

Drugs, medical supplies and medical equipment comprise an $ll-billion industry. 

169 THE ORGANIZATION OF MEDICAL CARE, by Ernest W. Saward 

New health-care institutions are being formed by economics and social priorities. 

DEPARTMENTS 

8 
14 
16 

64 

LETTERS 

50 AND 100 YEARS AGO 

THE AUTHORS 

176 
184 
191 
198 

MATHEMATICAL GAMES 

THE AMATEUR SCIENTIST 

BOOKS 

SCIENCE AND THE CITIZEN BIBLIOGRAPHY 

.0 A R D 0 f 'D I T O  R S Gerard Piel (Publisher), Dennis Flanagan (Editor), Francis Bello (Associate Editor), 
Philip Morrison (Book Editor), Trudy E. Bell, Brian P. Hayes, Jonathan B. Piel, 
David Popoff, John Purcell, James T. Rogers, Armand Schwab, Jr., C. L. Stong, 
Joseph Wisnovsky 

A RT D EP A R T  M' N T Samuel L. Howard (Art Director), I1il Arbel, Edward Bell 
P R O D U C TI O N  D EP A R T M'NT Richard Sasso (Production Manager), Leo J. Petruzzi and Carol Eisler (Assistant Pro­

duction Managers), Pauline Ray Lipsher 
co p Y D' P A R  T M' N T Sally Porter Jenks (Copy Chief), Dorothy Patterson, Candace E. Trunzo, Julio E. Xavier 

G' N E. A L MA N AGE. Donald H. Miller, Jr. 
A D v E • T I S  I N G D I R E  C T O R  Harry T. Morris 

AS S 1S T A N T  S TO T H' PUB LI S HE' George S. Conn, Stephen M. Fischer 
CI.CUL A TI O N  M A N AG E' WilliamH. Yokel 

PUBliSHED MONTHLY BY SCIENTIfiC AMERICAN, INC., "15 MADISON AVENUE, NEW YORK, N.Y. 10017. COPYRIGHT @ 1973 BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS RE· 

SERVED. PRINTED IN THE U.S.A. NO PART OF THIS ISSUE MAY BE REPRODUCED BY ANY MECHANICAL, PHOTOGRAPHIC OR ELECTRONIC PROCESS, OR IN THE FORM OF A 

PHONOGRAPHIC RECORDING, NOR MAY IT BE STORED IN A RETRIEVAL SYSTEM, TRANSMITTED Oil. OTHERWISE COPIED fOR PUBLIC OR PRIVATE USE WITHOUT WRITTEN PER. 

MISSION Of THE PUBLISHER. SECOND·CLASS POSTAGE PAID AT NEW YORK, N.Y., AND AT ADDITIONAL MAILING OffICES. AUTHORIZED AS SECOND·ClASS MAIL BY THE POST 

OffiCE DEPARTMENT, OTTAWA, CANADA, AND fOR PAYMENT Of POSTAGE IN CASH. SUBSCRIPTION RATE: $10 PER YEAR, U.S., POSSESSIONS AND CANADA; $12.50 
PER YEAR, All OTHER COUNTRIES. EUROPEAN SUBSCRIPTION COPIES MAILED C/O INTERNATIONAL DISTRIBUTORS, KOEPOORTBRUG I. B 2000 ANTWERP, BelGIUM. 

3 
© 1973 SCIENTIFIC AMERICAN, INC



Are you playing 
your records 

or ruining them? 
If you're like most music 

listeners, you never think about your 
records after putting them on your 
record player. 

You just sit back and enjoy 
the music. 

Chances are you'd be less 
relaxed if you knew that your records 
might be losing something with 
every play. 

Like the high notes . 
When the stylus touches down 

in the record groove it is violently 
tossed up, down and sideways, 
thousands of times a second. 

These motions produce either 
beautiful sounds or expensive 
memories. It all depends on the 
toneorm. Which is why so many 
serious music lovers won't play their 
precious records on anything but a 
Dual turntable. 

If you would like to know why, 
mail the coupon. We'll send you 
complete reprints of independent lab 
reports. Plus an article from a leoding 
music magazine that tells you what to 
look for in record playing equipment. 

Better yet, ask your franchised 
United Audio deoler for a Dual 
demonstration. You'll never have to 
worry about your records again. 

Dual 1229.5225.00 

1.------------"1 
I 

United Audio Products, Inc. 
I 120 So. Columbus Ave. 

I Mt. Vernon, NY 10553 Dept. SA I 
I Please send me yaur free literature an turn- I 
I tables, including test report reprints. I 
I�� I 
I Address I 
I Ci� I Lstote ZiP I 

- ___________ J 
United AudiO IS e)(cluslve U.S Distribution Agency for Duol 
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THE COVER 
The painting on the cover symbolizes the theme of this issue of SCIENTIFIC 
AMERICAN: life and death and medicine. It is a reproduction of An Old Man 
and His Grandson, painted by Domenico Ghirlandaio late in the 15th cen­
tury. The full 24)�-by-18-inch wood panel, which hangs in the Louvre, is 
shown above. The painting is notable for its affecting representation of the 
family relationship, of the contrast of unblemished childhood with old age 
and sickness and of the child's uncomprehending acceptance of his grand­
father's disfigurement. The old man apparently suffers from rhinophyma, a 
condition in which the nose becomes knobby and enlarged as a result of 
rosacea, a chronic disease involving over activity of the sebaceous glands. 
Usually the nose is also reddened, because small blood vessels become di­
lated. The reason it is not depicted as red may be that it was not red when 
Ghirlandaio saw the old man: this portrait was based on a drawing that 
Ghirlandaio had done of the old man on his deathbed after his death. 

THE ILLUSTRATIONS 
Cover courtesy of the Bettmann Archive, Inc. 
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57 Grace Goldin 132-133 Jon Brenneis 

58 Enid Kotschnig 134-137 Lorelle M. Raboni 

59 Euthanasia Educational 138 New York Public Library 
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60-62 Enid Kotschnig 150 Ben Rose 
76 Fogg Art Museum, 152-159 Graphic Presentation 

Harvard University, Services, Inc. 
Bequest of Paul J. 
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90 The British Museum 165 Ben Rose (top), 
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102 Milford Small, courtesy of 176-183 I1il Arbel 
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Where do}Ou goinToklo 
for a pastrami on ryer 

KOSHER ,.,. DIII/t.'I KItIt/rw Rattluranl-Only one of 
ill tlnd ill Japao. ArIIWI features imported kosher 
salami, PI'SIIami. knockwurst and corned beef. dIeesc. dIeesc blintzes, borsht. Smau and very rrimdI1. Open � from 11 a.m. to 2 a.m. A Ia Qlle tma WOO. Tel. 401-8273. Address 9-6, 
lSAbIab, Mioato-ku, Tokyo. 

MEXICAN 
�-A wiilo \'8liety of authentic Mexican -""" &ad IIiIbtly entertainment make this an 
-ay\lillllilarluncheon and dinner spot. OPen "'�:fi'om 11 :30 a.m. to 2:30 p.m. for lund! =:: =- 5:30 p.m. to 2 a.m. for dinner 
Ii. MinatKu Address: 1·30 3-chome. RoppOO­
� (around the corner from the IBM 
Tel. S8].8�:- Roppongi.T�ike main draJ). 
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To Anne Dinken's Kosher Restaurant, of course. 
You'll find out how to reach it on page 72 of 

Japan Air Lines' exclusive Businessman's A Iter 
H ours Guide to Japan. 

And to make the going easy, there's a little map 
in Japanese to show your cab driver. 

We've filled 189 pages in our Guide with 
information about Tokyo's best hotels, restaurants, 
theaters and night clubs. Plus hard-to-come-by 
facts about the fun places in other Japanese cities. 

During office hours, JAL also has an 
authoritative daytime manual called the 
Businessman's Guide to Japan which leads you 
through the ins and outs of doing business the 
Japanese way. 

To get your copies of both books, send us $1 and 
the coupon below. We'll make you a day-and-night 
expert on Japan in no time. 

Fly to the Orient with 
the airline that � 
wasbom 
in the Orient. � 

JAPIAN AIR LINES 

'PERUVIAN 
1Ieho�1\okyc)·. only FenIYia1l ..... 

__ typkaI aatiollll � 
tbinp as n'b-sle8k cIi(IIIIIII (fbr 

73 

�----- --------------
Japan Air lines, PO. Box 1160. New York, New York 10019 
At!: Executive Service Department 

GuideBooks 
o I enclose $1. Please send me both the Businessman's Guide toJapan 
and the After Hours Guide to Japan. 
Japanese/English business cards (Allow 2 fullMMIb for processing.) 
o I am going toJapan and will need hundred 
English/Japanese business cards. Attached is my present business card 
for the informat ion you will need. Enclosed is �($4 for 100 cards.) 
The 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) althe 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 Akasaka Tokyu Hotel 0 Hotel Keio Plaza 0 Pacific Hotel 
o Tokyo Prince Hotel 0 Grand Palace Hotel 0 Ginza Daiichi Hotel 
OSAKA: 0 JAL Downtown Passenger Service Center 
o Osaka Royal Hotel 0 Plaza Hotel 
KYOTO: 0 Downtown Passenger Service Center 
o Kyoto Grand Hotel 0 Kyoto Intemational Hotel 0 Miyako Hotel 

(Please print below or attach your business card to coupon.) 

Name ____________________ __ 

COmpany ___________________________________ __ 

Address -----------_______ Jel. _____________ _ 

Cily, _________ State _____ .LZip ____ _ 

My travel agent is ---------_____ SG·0973 
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How to turn a square microscope into 
a photometer system. 

You do it with the Leitz MPV-2. a 
building block sy stem that becomes an 
integral part of the Leitz Orthoplan 
microscope. The MPV-2 is automated so 
that measurements can be made quickly 
and conveniently. And it is stable and 
sensitive with good long-time constancy. 

A host of accessories is available 
for virtually unlimited applications. 
Here are some of the major functions 
this instrumerit performs: 
Absorption measurements. In the 
visible portion of the spectrum. specific 
wavelengths can be selected with 
filters or a new grating monochromator 
with two-speed wavelengths scan. 
Autoradiography. You can qUickly 
determine the number of silver grains 
in an autoradiograph by automatic 
silver grain count. 
Microfluorometry. Excitation and 
emission spectra of a fluorescing 
specimen can be analyzed using the 
unique vertical fluorescence illuminator. 
Reflection measurement. Reflectivity 
can be measured against wavelength. 
using the grating monochromator or. at 
fixed wavelength, using interference 
filters. 
Intensity profiles. With the attachment 
of a synchronous motor and pen 
recorder, density profiles can be 
measured , as for example , the banding 
patterns in chromosomes. 
Photometric scanning features. Two 
highly accurate scanning stages are 
available (coarse and fine). Photometer 
and stage are interfaced for computer­
assisted pattern analysis. 

1 

___ .. ___ H._H._M. ______ _ 
_ ' __ '. __ D' __ H'." " . __ .'_�_ 

------------.- .... --�--
.,_ ••••••• H ___ ��_� _____ ., __ 

--------------_ .. _--
------------�------.'::::::::::::::::!: 

... . k.H.H ••• ".".,· .. , ... __ ... ...!!!. ... __ U, 
__ H. ____ H·_ •• _· •• ____ H' 

3 4 
The area being measured is displayed superimposed 
on the object being observed. 

1. An ore section with adjustable rectangular diaphragm. 
2. Auto-radiograph with measuring diaphragm 
superimposed. 3. Shows a scanned cell. 4. Is the 
print-out of this same cell for computer-assisted 
pattern analysis. 

In short. applications are limited 
largely by the user's imagination. 

Leitz also offers the MPV-l. a 
photometer that operates on the same 
measuring principles as the MPV-2. but 
without the automatic features. 

If you are considering a 
photometer, consider the Leitz MPV 
systems. For a detailed brochure. write 
to E. Leitz, Inc. Rockleigh. N.J. 07647. 
Dept. DK. 

Leitz� 
Where most new developments start. 
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Nuclear plays vital role 
in fight against disease. 

I t all began in 1948 when research was 

first initiated at the national labora­

tories to develop radioisotopes for a va­

riety of medical diagnostic applications. 

After fifteen years of intensive effort, 

the research project began to bear fruit. 

The use of short lived radioisotopes as 

an in vivo diagnostic method in humans 

had approached sufficient proportions to 

warrant commercial production. 

At the time General Electric was oper­

ating a large 50 megawatt nuclear test 

reactor in support of an early company 

commitment to develop and build com­

mercial nuclear generation plants. Rec­

ognizing the significance of the radio­

isotope development, GE, with the only 

large commercial operating test reactor 

in the country, responded with the desire 

and resources to support the new field 

of "Nuclear Medicine." 

There were many detractors who said 

it couldn't be done. After all, who ever 

heard of shipping an isotope with a 67 

hour half-life to a radiopharmaceutical 

producer who must reprocess it and in 

turn ship it to the diagnostic clinics. 

It was not easy-many problems had 

to be overcome. However, with careful 

production scheduling and the close co­

operation of the air carriers, GE now 

provides a major share of the 67 hour 

molybdenum-99 to radiopharmaceutical 

houses throughout the world. They re­

process this bulk radiochemical into a 

form so that its decay daughter, tech­

netium-99m (with a 6 hour half-life) is 

available as a dynamic physiological 

diagnostic agent for over three million 

nuclear medical procedures in 1973. 

In addition to Mo-99 the General 

Electric scientists and engineers cur­

rently produce and inventory bulk quan­

tities of xenon-133 gas, calcium-47, 

strontium-85, selenium-75, chromium-

51, iron-59, cobalt-60 and thirty more 

radioisotopes which aid the physician in 

his unending battle against disease. 

This is another example of a peaceful 

use of nuclear energy and the desire of 

GE to be of service to mankind. 

If you have an idea covering the use­

ful application of a radionuclide, we 

would like to discuss it with you-please 

call or write us: GEl RADIOISOTOPES, 

Vallecitos Nuclear Center, Pleasanton, 

CA 94566, Telephone (415) 862-2211. 

GENERAL _ ELECTRIC 
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LETTERS 
Sirs: 

The theory of hypothesis testing put 
forth by R. A. Fisher, Jerzy Neyman and 
Karl Pearson enjoys near-universal usage 
in biology, medical science, psychology, 
sociology, economics, etc. , and yet is not 
even mentioned in Wesley C. Salmon's 
article "Confirmation" [SCIENTIFIC 
AMERICAN, May], which purports to deal 
with "testing, confirming and discon­
firming hypotheses." It is too bad that 
modern statistics, as she is spoke, seems 
to offend philosophers of science, but 
your readers should not be left with the 
impression that scientific inference is in 
quite the helpless state Professor Salmon 
suggests. 

Here is a typical statistical hypothesis 
test. You have compounded a new drug, 
Drug A, which you hope is better at cur­
ing warts than the standard wart-curer 
Drug B. You obtain 20 warty rats, divide 
them into 10 pairs, and give one rat in 
each pair Drug A, the other Drug B. It is 
important that which rat gets which 
drug be assigned randomly within each 
pair, say by the Hip of a fair coin. Final­
ly, it is observed whether Drug A has 
performed its wart-curing function bet­
ter or worse than Drug B for each of the 
10 pairs. (Good experimental technique 
requires that the treatments be coded so 
that those who administer the drugs and 
decide which has performed better do 
not know which is A and which is B.) 

Now, suppose that in nine of the pairs 
A is judged to have performed better 
than B, and in one pair worse. You are 
then entitled, in the usual terminology, 
to reject the null hypothesis that A is no 
more effective than B, the attained sig­
nificance level being 1l/1,024 = .Oll. 
(This is the probability that a fair coin 
tossed 10 times will come up heads at 
least nine times.) Under current scien­
tific standards this would constitute rea­
sonably strong evidence that A is indeed 
better than B. 

The logic behind this inference is that 
we must believe either that A is better 
than B or that an event of probability 
known to be low has occurred. "Low" is 
conventionally defined to be .05 or less, 
with .01 getting into the area of strong 
evidence. Following the .05 rule strictly 
means that no more than one in 20 true 
null hypotheses will be rejected, an error 
rate deemed suitably conservative for 
most scientific reporting. 

I do not mean to say that this line of 

argument is foolproof, and I quite agree 
with the author that the Bayesians, in­
spired by Leonard J. Savage's great 
work, have deepened our understanding 
of probabilistic evidence. My only point 
is that a well-developed statistical hy­
pothesis-testing theory does exist and 
has been used in hundreds of thousands 
of cases, to the apparent satisfaction of 
the general scientific community. If phi­
losophers of science are serious about un­
derstanding scientific inference, they 
must come to grips with this theory in­
stead of ignoring it as the negligent Pro­
fessor Salmon does here. 

Stanford University 
Stanford, Calif. 

Sirs: 

BRADLEY EFRON 

Professor Efron is quite right in say­
ing that there exist methods of statistical 
hypothesis testing that have been used 
in countless cases "to the apparent satis­
faction of the general scientific commu­
nity." That, in a way, was precisely the 
point of my article. The methods exist 

Seientific ADlcrican, September, 1973; Vol. 229, 
No. 3. Published monthly by Scientific American, 
Inc .• 415 Madison Avenue, New York, N.Y. 10017; 
Gerard Piel, president; Dennis Flanagan, vice­
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TIFIC AMEIUCAN, 415 Madison Avenue. New York, 
N.Y. 10017. 

Offprint correspondence and orders should be 
addressed to W. H. Freeman and Company, 660 
Market Street, San Francisco, Calif. 94]04. For 
each offprint ordered please enclose 25 cents. 
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Collectors' Item 
In a growing number of Ameri­
can cities can collection bins have 
been retired with honor. No more 
collecting, boxing, hauling, 
dumping. But no cop-out from 
environmental concern, either. 

In these cities former collectors 
have entered into a responsible 
partners.hip with their communi­

ties. They buy their beverages 
and other products in steel cans. 
Then they simply drop the 
empties into their garbage pails, 
and the city separates them, 
easily and economically, for 
recycling. 

, 
, 

; , 
t. -

The secret is steel's unique 
magnetic quality. It makes the 
process of magnetic separation a 
practical reality that any city 
can use. 

And communities across the 
nation are using it-to help solve 
the can disposal problem, to turn 
used steel cans into new prod­
ucts, to conserve other resources 
like tin and copper, to save shrink­
ing landfill space and to bring 

@ 
� recycled material 

money into municipal coffers 
from the sale of can scrap. 

Seventeen cities already have 
magnetic separation systems­
big cities like Chicago, Atlanta 
and Houston; and smaller ones 

like Madison, Wisc., Franklin, 
Ohio, and Melrose Park, III. 
They're recovering an estimated 
two-and-a-half billion used steel 
cans a year. By the end of 1973,11 
more cities will join the parade. 

If your city gets into the act, you 
can stop collecting cans, too ... 
and start collecting something 
you want to keep. 

Tinplate Producers! American Iron and Steel Institute 
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Einstein 

ALBERT EINSTEIN 
Philosopher-Scientist 
P. A. Schilpp, editor 
Such a modest man and yet an 
intellectual giant. Here is a book which 
Einstein was proud of, and gave to his 
friends. 

"This book is so complete that it is 

likely to remain the standard work of 

the great philosopher in the light of 

contemporary knowledge." 

(Journal of the Franklin Institute) 

"The publication of this book is an 

event of major importance for 

philosophy and science. The most 

valuable contribution is Einstein's (one 

and only) autobiography ... a natural 

and fascinating description of the 

growth of his ideas." 

Sir Edmund Whittaker (Scientific 

American) 

Contents: 
• Einstein's Autobiography 

• Critical analysis and evaluation by 

25 scholars and scientists-among 

them Bohr, Born, de Broglie, von 

Laue and Pauli 

• Einstein's reply to his critics 

• Comprehensive bibliography 

• Third edition, 1969 xviii+781 pages 

For Discriminating Collectors 
A limited number of leatherbound, 

deluxe, numbered, uncut, boxed, and 

Einstein-autographed first edition 

(1949) copies are now on sale. Only 760 

in print. A truly magnificent and 

valuable gift for the lover of fine books. 

Order with the coupon below: 

Open Court Books 
Box 599 S i\ 93 La Salle. Ill. 61301 
Please send postpaid the following 

l::instein volumes. My payment is 

enclosed. 

a Clothbound $15.00 
o Paperbound (2 volumes) 6.90 

295.00 o Limited Edition 

Name 

Address 

Zip __ _ 

and are applied with considerable suc­
cess, but many foundational questions 
remain to be clarified. The situation in 
contemporary statistical theory is, I be­
lieve, quite analogous to that of mathe­
matical physics from the 17th to the 
19th centuries. During that period the 
infinitesimal calculus was used with 
great scientific and practical success; it 
was the main tool in the development 
of modern mathematical physics. Never­
theless, the foundations of the calculus 
were in serious logical disarray until well 
into the 19th century, when Cauchy, 
Dedekind and many other mathemati­
cians succeeded in providing a suitable 
logical basis. Before that had been 
achieved critical philosophers and math­
ematicians were aware of the logical 
problems, but that did not prevent the 
use of the infinitesimal calculus in vast 
areas of science. Likewise, in raising 
foundational questions about confirma­
tion, I was not challenging the practical 
utility or scientific success of standard 
statistical methods. And obviously I was 
not attempting to issue any cease-and­
desist orders. I was instead calling at­
tention to certain basic logical questions 
that underlay any theory of scientific in­
ference, whether it be the classical sta­
tistical theory, the Bayesian theory or 
any other. 

The fact that there are fundamental 
questions remaining to be clarified ac­
counts in large part for the emergence 
within the last two decades of the vig­
orous new BayeSian school of thought 
in statistics. The foundational character 
of this development is indicated suc­
cinctly in a remark by Bruno de Finetti, 
one of the founders of the Bayesian 
school: "People noticing difficulties in 
applying Bayes's theorem remarked, '\Ve 
see that it is not secure to build on the 
sand. Take away the sand, we shall build 
on the void.' " This quip encapsulates de 
Finetti's foundational challenge to the 
classical approach. Classical theorists, in 
turn, chide Bayesians on the use of sub­
jective probabilities. 

Professor Efron provides a clear ex­
ample of standard hypothesis testing; I 
should like to offer a similar one. Sup­
pose a penny that we are unable to ex­
amine is tossed 10 times and we are 
informed of the result of each toss. As 
it happens, all 10 tosses result in heads. 
We are then asked to decide between 
the hypothesis that the coin is a fair one 
that happened by chance to show heads 
10 times in a row and the hypothesis 
that it was a two-headed coin that must 
show heads on every toss. Ten heads in 
a row on a fair coin has a probability of 
1/1,024-less than one in 1,000. Yet if 

the coin had been selected randomly 
from a pile containing 999,999 fair coins 
and one two-headed coin, the more 
probable hypotheSiS by far is that the 
coin that produced the 10 successive 
heads was a fair one. This example only 
begins to hint at the difficult founda­
tional questions that underly statistical 
practice . . . .  

Other serious foundational questions 
surround such concepts as randomness, 
which both Professor Efron and I em­
ploy, and which are ubiquitous in prob­
ability theory and statistics. Moreover, 
even the most avid classical statisticians 
acknowledge the crucial limitations on 
their methods; it is hard to imagine any­
one seriously proposing to apply these 
methods to such "hypotheses" as the spe­
cial theory of relativity. But any account 
of scientific confirmation in general must 
come to terms with hypotheses of this 
kind as well as those encountered in the 
everyday testing of the efficacy of drugs. 

It was perhaps negligent of me to 
have refrained from mentioning explicit­
ly the standard Fisher-Neyman-Pearson­
method of hypothesis testing; it would 
certainly have been negligent if I had 
been discussin g statistical practice. I 
was, in fact, discussing foundational 
problems, and it may well be that my 
Bayesian proclivities came out a bit too 
strongly. Nevertheless, there was no in­
tention of slighting any aspects of math­
ematical statistics; quite the contrary, I 
feel that attention to the foundations of 
statistics is a desirable and much needed 
endeavor. As I believe Professor Efron 
would have to admit, the foundations of 
classical statistical theory are not in ap­
ple-pie order, nor are those of the Bayes­
ians, as I would strongly insist. There 
are, moreover, profound philosophical 
questions underlying both approaches, 
and it was with these that I was dealing 
in the article. Professor Efron seems to 
feel that philosophers of science pay too 
little attention to mathematical statistics, 
but he fails to mention how little atten­
tion most statisticians pay to philosophi­
cal (i.e., foundational) problems. I can 
assure him that at least a small number 
of philosophers of science are deeply in­
volved in studying the foundations of 
statistics, just as we both know that a 
small number of statisticians are deeply 
concerned with the same questions. This 
is not, however, an arena for battle; it is 
an area for fruitful cooperation. Let us 
hope that both groups will increase. 

WESLEY C. SALMON 

University of Arizona 
Tucson 
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MONSANTO REPORT NO. 1 ON CURRENT TECHNOLOGY 

What old jobs, � (( 
odd jobs, new jobs 

• await 
billion-bubble 

foams? 
� 

I t started at Monsanto as purely in­
vestigative contract research. It 
wound up as a body of original, 

broad-spectrum technology: FOAMS 
- high expansion aqueous types and 
polymer foams. The varieties possible 
turned out to be almost limitless; the 
performance, literally flabbergasting. 
Foam - it appears - might solve doz­
ens of still unlicked problems in fields 
as dissimilar as agriculture, stock 
breeding, housing, national defense, 
product packaging, dust control and 
safety devices. With some innovative 
thinking, foam technology can under­
pin some brand new products and 
service businesses! 

12 

High Expansion Aqueous Foams 

Few technologists who wet their 
noses in the collar on a cold beer or 
squirt an extinguisher on a lab bench 
blaze give more than a passing thought 
to the foam. But Monsanto research­
ers were handed a contract research 
problem. The culprit was coal dust. 
The client wanted it trapped and con­
tained - as it billowed from the cut­
ting bits of continuous miners that 
chewed tons-per-minute bites from a 
coal seam. An atomized water spray 
didn't trap enough; too much danger­
ous micronized coal dust escaped. A 
far better way was needed to suppress 
the 5 micron and smaller particles. 

Monsanto researchers opted for 
foam. Their objective: develop high 
expansion foam materials, simulate 
application, and evaluate effectiveness. 
This started a program that created a 
wide and beguiling variety of aqueous 
foams. One of them, a polymer­
augmented water-base foam, did the 

entrapment job on coal dust. Did it 
very well indeed. The parent liquid 
contained 990 parts water, 5 parts de­
tergent, 5 parts polyelectrolyte resin. 
Its expansion ratio was 200: 1. In the 
coal-cutting laboratory set-up, dust­
laden air containing 70 million par­
ticles per cubic foot was 99% clarified 
- down to 0.5 mppcf. And small 
amounts of the foam-making liquid 
went a surprisingly long way. Just 35 
ml per minute foamed over the cut­
ting head of the laboratory "miner" 
suppressed 84% of the coal dust. In­
creased rates brought the clarification 
up to the 95-99% range. The stability 
of the foam was adjusted to entrap the 
dust, then collapse and drain away­
to avoid flooding the working face. 
And the polyelectrolyte cemented the 
dust particles together, preventing re­
aerosolization. 

Coal dust studies heightened 
Monsanto researchers' fascination with 
foams, foam-making formulations, and 
ways to froth them. A bevy of intrigu­
ing possibilities surfaced. Along with 
recipes, a number of ingenious me­
chanical systems for turning liquids to 
foam were developed, including port­
able carry-anywhere devices. The 
combination of formulation and foam­
making hardware sparked a gamut 
of why-didn't-we-think -of-that-before­
ideas for foams. 

Pursuing their unique utility, 
Monsanto researchers explored foams 
down three avenues: "temporary dis­
posable," "long-lasting" and "perma­
nent" foams. From the accumulated 
know-how a remarkable range of foams 
can now spew forth to do an incred­
ible range of jobs. 

With only air as the blowing agent, 

polymer-augmented aqueous foam 
solutions can be made that possess an 
expansion ratio as high as lOOO: 1 or 
as low as 50: 1. Formulation controls 
the strength of the tiny bubbles, their 
wetting power, and the permanence 
of the foam. Water-based foams could 
be made to disappear with scarcely a 
trace in minutes, an hour or a day; 
others, under the proper conditions, 
could last for six months. 

LIQUID SPRAY 

Where air blowing power is unavailable, 
an aspirating device has been developed 
that can propel 4'-5' projections of 
aqueous foam with expansion ratios up 
to 250: 1. 

Speculation on possible commercial 
uses (the arbiter of both formulations 
and application devices) grew apace 
with the growing foam technology. 
Would not a foam formulated to last 
a few days be an exc�llent insulator 
to protect crops against frost? Or a 
weather-protecting coating for hay­
stacks? Loaded with fire retardant­
foam might be a way to lay down a 
fire break in the path of forest fires. 
Why not use foam blankets - tailored 
for particle entrapment - to halt wind 
erosion of outside-stored sulfur, to 
stabilize fly ash piles, or as a fast­
disappearing cover to suppress dust 
fly-away from palticulates moved by 
belts, chutes or conveyors. A foam 
blanket containing polyelectrolye ought 
to stabilize raw soil shoulders of high­
ways and runways. The ideas grew 
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wilder. A spew of foam from a bur­
glar-foiling "Sprinkler System" could 
blanket an entry, a vault, even a shop. 
It would deny visibility and frustrate 
movement. A burglar would become 
lost in the foam! 

More intriguing application ideas 
were sparked by "carrier foams." Such 
foams could disperse powders or liq­
uids and make visible the area covered. 
They could be made with predeter­
mined degrees of permanence, formu­
lated to carry insectides, plant growth 
regulators, miticides, pest repellents. 
A long-lasting carrier might be the 
most practical way to combat dust 
film that frustrates herbicide contact 
in roadside weed control - or - the 
easiest-applied barrier on peach tree 
trunks against borers. An insecticidal 
carrier foam might be ideal to hold the 
toxicant to the bodies of hard-to-spray 
pests like grasshoppers. 

The Wide, Wide World 
of �olymer Foams 

The inquiry spill-over from aqueous 
to polymer .foams was a natural pro­
gression. These were permanent struc­
tures - essentially gases immobilized 
as cells in plastic web. Study in depth 
showed these, too, were almost in­
finitely versatile. Commercial poly­
styrene and polyurethane foams, al­
though major Monsanto-developments, 
hardly scratched the surface. Experi­
mental work on new foams disclosed, 
for example, that a polyurethane block 

Two special polyurethane components, 
separately pouch-packed in a "sleeve," 
can be mixed manually to react in less 
than 30 seconds to make a rigid, encap­
sulating splint. Or nozzle·fed to fill a 
shipping case. 

co-polymer flexible foam could be 
made with ultra-high energy absorp­
tion power. This structure took re­
peated knock-out punches, as padding 
for air drops and protective packaging 
for rough freight handling. Rapid­
foaming, pouch-packed liquids could 
be hand-mixed in their container and 
foamed in seconds - to make custom 

fitted crash helmets, fill a life raft, or 
to "set" rigidly around a fractured 
limb for a field-applied immobilizing 
splint. 

But more pioneering study soon 
developed a whole range of other 
"glamour" foams with unique proper­
ties: instant foams, "trowellable" air­
frothed epoxy, fire resistant urea­
formaldehyde and polyimide foams. 
The polymer, its modification, cell 
shape, entrapped gas, etc. gave hun­
dreds of structures. With various 
"tailorings," these foams' potential 
utility appears to be limitless. 

"Instant foams" (made of poly­
styrene, SAN, PV Ac, or other thermo­
plastics) are in essence "foams-that­
shoot-from-a-bottle." Liquefied gas and 
low boiling solvents are the key. The 
liquid formulation under nominal 
pressure is uncorked (or valve-re­
leased) .  Instantly! it spews out as 
dry, solid foam . . . with choice of 
density from 0.8 to 3 Ibs.l cu. ft. No 
mixing, no chemical reaction, no foam­
ing machine - literally, instant foam 
- rigid or flexible - in liquid form. 
Here, certainly is Step 1 in creating 
encapsulating packaging - portable 
for field use or nozzle-dispensed over 
fragile products on the production 
line. The instant foams can inflate a 
punctured tire; form big, big light 
moldings; make instant pontoons and 
life rafts; create containment barriers 
around oil spills or make triggered 
flotation devices against boat hull 
puncture. 

"Trowellable" air-frothed epoxies 
were investigated that offered new 
virtues to construction. These foams, 
made with a standard commercial 
resin plus a specially developed amine 
curing agent, could be frothed with 
air in kitchen blender to make rigid 
20-30 Ib.l cu. ft. foam or under 200 
psi pressure to densities as light as 4 
Ib.l cu. ft. The foams could be shov­
elled, squeegeed, pressure-fed. They 
supported themselves on vertical sur­
faces. 

For structural uses, these epoxy 
foams - aside from handling ease and 
high support strength - also offered 
great durability, high moisture resist­
ance, high temperature endurance, and 
better aging. They appear to be a 
most practical material for "quick-built" 
shelters, roofing for dwellings in de­
veloping countries, even complete 
structural members for basic housing. 
The high strength of these air-frothed 
epoxies solved a tough packaging 
problem: the shipping of large damage-

A laboratory demonstration with 2 oz. 
of "instant foam" in a soft drink bottle 
instantly projects a 6-ft., 6" dia. "spew" 
of rigid or elastomeric foam when un­
capped. 

prone items like aircraft wing tanks 
20' x 3' diameter. 

The air-frothing technique worked, 
too, with concentrated aqueous solu­
tions of urea-formaldehyde - to pro­
duce certainly the world's lowest cost, 
lightest weight, fire-resistant rigid 
foam. It could weigh as little as 0.6 
Ib.l cu. ft. 

With heat resistance and flame re­
tardance as a goal, Monsanto Research 
next turned to polymimides as the 
polymer. The result was a process 
and formulations that produce a series 
of new resilient foams, readily mold­
able, that possess tough non-abrading 
skins. These range from 2 to 8 Ibs.l cu. 
ft.; they are fire resistant (even in O2 
enriched atmosphere) and will with­
stand temperatures of 600°F for up 
to 100 hours. Here possibly is the 
ultimate in foams for aircraft cabins 
and material for high temperature in­
sulation. 

Monsanto researchers are convinced 
that foams merited the years of study, 
much of it contract research on de­
signing foams for specific applications. 
They are certain of two things: there 
are lots of jobs for foams and they 
have a head-start on the know-how to 
make a foam for any job. 

For further details, request a copy 
of: FOAMS, Types, Characteristics, 
Applications. 

Address inquiries to: 
Dr. Ivai O. Salyer 
Monsanto Research Corporation 
Station B, Box 8 
Dayton, Ohio 45407 
Tel.: (513) 268-341 1  

tHMonsanto e sCience company. 
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With a Land-Rover, 
you can rub elbows 
with the natives of 
New England. 

Or New Guinea. 

A 4-wheel-drive Land-Rover is 
the ideal vehicle for exploring 
the backroads of Maine, New 
Hampshire and Vermont. (Or any 
other out-of-the-way part of the 
U.S., for that matter.) 

Its all-synchromesh 4-speed 
transmission is equipped with a 
2-speed transfer box that gives 
the equivalent of 8 forward and 
2 reverse gear ratios, resulting in 
a full range of traction for all 
kinds of surfaces. 

So if your taste in travel runs 
more towards the exotic, you 
can book passage for your family 
and Land-Rover, and explore 
the wilderness of New Guinea. 

Because with a Land-Rover, 
your call of the wild will never go 
unanswered. 

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

STANDARD EOUIPMENT' 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 re­
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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50 AND 100 

YEARS AGO 

SEPTEMBER, 1923: "According to 
authentic recent information, the world's 
known anthracite resources are about 30 
per cent exhausted, The known bitumi­
nous resources are about 7 per cent ex­
hausted, Every year sees more used than 
the year before. If that process keeps up 
indefinitely, it is only a matter of time 
before supplies are exhausted. Other 
large supplies of power are available. 
The first and most obvious of these is, of 
course, the power of rivers and water­
falls. In addition there is a vast store of 
perpetual energy in the tides. For heat­
ing and the replacement of liquid fuel 
for internal combustion engines, the an­
swer lies in nature's process of storing up 
sun heat in the sugars, starches and cel­
lulose of plants, and the utilization of 
it by converting these substances into 
alcohol that can be used for fuel. The 
near future will see commercial sun 
power plants in operation. During re­
cent fuel shortages successful wind pow­
er plants were built and operated, Then 
we have the internal heat of the earth 
itself to draw on. There is the power 
locked up within the structure of the 
atom, which radioactivity has shown us. 
This is a store so great as to stagger the 
ill1agination." 

"Who is destroying America's high­
ways? The road engineer, the truck driv­
er, Jack Frost, the politician, the speed 
demon and the road builder have all 
been accused. Now the Federal Bureau 
of Roads is attacking the question. Most 
significant of the findings is that it is not 
chiefly the dead weight of motor trucks 
that destroys the highway. If a truck 
strikes an obstruction on the road, or if 
it runs into and out of a pothole, the 
wheel comes down with a thud. It is this 
impact that does destruction," 

"Rural free delivery is not the only 
means of extending the scope of Uncle 
Sam's service to communities off the 
main line of communication. The latest 
idea for making the mails more useful in­
volves the mounting, on interurban trol-

leys, of ordinary mail boxes. At any point 
along the line letters may be posted in 
these boxes, to be removed by the post­
man when the car reaches a good-sized 
town, This is a long step forward from 
the condition where people strung out 
through the country are dependent on 
the once-daily passing of the mail car­
rier for their contact with the outer 
world," 

"The U,S. is a wheat-producing coun­
try par excellence, yet the value of our 
entire wheat crop is but one-third that of 
dairy products-milk and cream, butter, 
cheese and the other things that come 
out of the milk pail. Dairy cattle in the 
U.S. number approximatcly 30,000,000 
head. They are found on approximately 
4,500,000 farms-70 per cent of our ag­
ricultural establishments including milk 
among their crops. We produce 100 gal­
lons of milk for each man, woman and 
child. Of a truth the philosopher was 
right who remarked that the human ani­
mal is a parasite upon the cow." 

"One event, above all others, arrests 
the attention of the astronomical world, 
and of Americans in particular, this 
month-the total solar eclipse of the 10th. 
The shadow' track sweeps over the Pacif­
ic and first reaches land in California. 
San Diego enjoys nearly three minutes 
of darkness, but the central line comes 
ashore nearly 50 miles south of the Mex­
ican border. The corona, of course, will 
be the central attraction. Photographs 
will be made of the corona and promi­
nences, and of the stars around the sun, 
to get one more final confirmation of the 
'Einstein effect.' " 

SEPTEMBER, 1873: "Up to the pres­
ent time, as is well known, the electric 
light has been used only for lighthouses, 
for signals or for the stage; thus far it 
has been quite impossible to employ it 
for lighting streets or houses. By the old 
method the electric spark was passed be­
tween two points of charcoal. The light 
so obtained, although very powerful, was 
impossible to be regulated, besides be­
ing non-continuous, owing to the rap­
id consumption of the charcoal points. 
These difficulties Mr. A. Ladiguin of St. 
Petersburg, Russia, has apparently over­
come most successfully. By his newly in­
vented method only one piece of char­
coal is required, which, being attached 
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The only true advance 
in light microscopy since this 
Culpeper Microscope (circa 1725) 
took place in 1873 when Dr. Ernst 
Abbe of Carl Zeiss abandoned the 
traditional ideas about the design 
of microscope optics and formulated 
his revolutionary theories on the 
formation of the microscopic image. 
To this day this breakthrough 
has remained the basis for the 
design of optics, not only at Zeiss, 
but throughout the optical industry 
of the world. 

Now, one hundred years later, 
Dr. Kurt Michel of Carl Zeiss, 
West Germany, has abandoned 
all traditional ideas about the 
design of the microscope itself 
and has returned to the basic 
principle of the Culpeper 
Microscope, where the optical 
axis and the axis of symmetry 
are coincident, to create 
another breakthrough that 
may well lay the foundation 
for microscope design 
for the 21st century. 
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Zeiss introduces 
,the Axiomat � 

( And puts the optical axis where it belongs-along the axis of symmetry ) -i 

!;"� � ............ 

f 
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A revo l ution i n  m i croscope design-the Mod u l a r  
concept-a combi nation of mod u l es for any appl ication 
without any comprom ise. 

U lt i mate stabi l i ty-extend i ng the present l i m its 
of photomicrography and quantitative microscopy. 

Widest fie l d  a nd u n pa ra l le led reso l ut ion,  even by 
Zeiss sta nda rds,  t h rough completel y  new optics. 

Two ful l y  automatic camera systems, 4x5" a n d  
3 5 m m ,  i n  one un i t ,  both a l ways ready a nd never i n  the way. 

Axiomats a re complete l y  new upr ight or inverted 
microscopes . . .  not adaptat ions of a nyt h i ng . . .  for a l l  
a p p l i ca t i o n s  i n  b i o l ogy a nd med i c i ne ,  m eta l l og ra p h y , 
chem istry, technology, i nd ustry.  

You've got to see them to be l ieve them. 
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Zeiss Axiomats. 

Microscopes without compromise. 

For over 200 years, microscope design 

has seen one compromise after another . . .  

necessary compromises, everyone thought, 

to achieve the benefits of advancing 

techniques and science. But now 

microscope design has been rethought. 

Axiomats are constructed of square 

modules, broken down by major microscope 

functions and with the optical axis of each 

module coincident with the axis of symmetry. 

The result is a series of microscopes with 

unequal led stability, optical performance, 

convenience and ease of operation-in fact, 

unti l  you see an Axiomat for yourself, you 

probably won't bel ieve it.  

Axiomats for every purpose. 

No matter what your field, you can use 

an Axiomat for the most specialized and 

highly advanced techniques. Pictured here 

are just four of the many configurations 

that can be assembled from the 12 basic 
modules: 

1 .  Axiomat . . .  for inverted transmitted­
light microscopy. The only such instrument 

that permits all types of quantitative 

microscopy and, simultaneously, fully 

automatic photography. 

2 .  Axiomat . . .  for upright transmitted­
(and reflected-) light microscopy. Ideal 

for biology and medicine. 

3 .  Axiomat . . .  for inverted reflected­

light microscopy. The finest, 
most stable metallograph ever made. 

4. Axiomat . . .  for upright reflected-light 

microscopy for objects up to 90mm thick. 

Every microscope technique easily, 

conveniently, optimally performed. 

Brightfield, darkfie ld, phase contrast, 

polarization, differential interference 

contrast, double-beam interference, 

fluorescence, UV, I R ,  TV image analysis, 

scanning microspectrophotometry, 

microspectrofluorometry. Let us tailor 

your microscope to your present needs. 

If later your requirements call for another 
configuration, one module can simply be 

substituted for another. Zeiss can easily 

do that for you. 

New optics-the best the world has 

ever seen-even when compared with 

those that made Zeiss "The Great Name 

in Optics." Zeiss has developed 

completely new optics for the Axiomats . . .  

infinity-corrected Planachromats, 

Planapochromats, and Ultrafluars for 

transmitted light; Epi-plans and even new 

Epiplanapos for reflected light. And you've 

literally never seen an image l ike the 

images they produce. The field of view is 

considerably wider than that of the best of 

other instruments. Numerical apertures 

go as high as 1 .6 for the highest obtainable 
resolution in light microscopy. 
Objective magnifications range 

from Ix to 1 25x, with total 
magnifications up to the 
l imits of light microscopy. And there is 

a built-in 4 : 1  zoom system that works 
not only for observation, but for the 

cameras and photometers, too. Its 

image quality is exactly the same as that 
of the stationary Zeiss optics, completely 

parfocal to all image planes. 

All known light sources for microscopy, 

including UV and I R ,  can be used with 
the various Axiomats, either singly 
or two simultaneously. 

Everything is designed for convenience, 

stability, accuracy. 

For example condensers, diaphragms, 

filters, micrometers . . .  everything is 

mounted on convenient sliders that are 

inserted into the light path at the 

optically ideal location. 

Axiomats extend the l imits of light 

microscopy, they are truly the microscopes 

of the future based on a principle that is 

almost 300 years old.  If you'd like to find 

out how these revolutionary instruments 

can extend the l imits of your work, write 

Carl Zeiss, Inc. ,  444 Fifth Avenue, 

New York, N .Y .  10018.  Or call ( 2 1 2) 

736-6070. 

In Canada: 45 Valleybrook Drive, 

Don Mi l ls  405, Ont.,  M3B 2S6 .. 
Or call ( 4 1 6) 449-4660. 

NATIONWIDE SERVICE 

IEIII 
THE GREAT NAM E I N  OPTICS 

-
Only Zeiss, 
of a l l  the 
microscope manufacturers 
in the world,  
has dared to go 
back to basics. 
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to a wire connected with an electro-mag­
netic machine, is placed in a glass tube 
from which the air is exhausted. The 
machine being set in motion, the char­
coal becomes gradually and equally 
heated, and emits a soft, steady and con­
tinuous light. An enormous advantage 
and profit could be gained by the illumi­
nation of streets, private houses, public 
buildings and mines with the new elec­
tric light." 

"The story of the Polaris voyage is 
already well known, and no fresh tidings 
of the ship, which wintered, 1872-73, 
with the 10 remaining members of her 
company on the coast of Northumber­
land Island in Baffin Bay, have reached 
us since autumn of last year. Two ves­
sels, however, generously sent by the 
Government, have for some time been 
on their way northward to find and suc­
cor the Polaris crew." 

"The departure of Professors Wise and 
Donaldson on their proposed aerial flight 
to Europe was brought to an adjourn­
ment, si11e die, on the 12th instant by the 
sudden collapse of their balloon. We re­
gret to say that the veteran aeronaut, 
Professor Wise, who in the early stages 
of the enterprise expressed his unlimited 
confidence in the use of the gigantic bal­
loon, came to the conclusion toward the 
last that the apparatus was unsafe, and 
declined to risk his life in the car. He 
left the grounds before the final catas­
trophe occurred. Professor Donaldson, 
however, who is afraid of nothing, stuck 
to his post. So the inflation proceeded, 
the balloon grew larger and larger and 
the thronging multitude stood gazing at 
the great airship with breathless interest, 
when suddenly a ripping of the cloth was 
heard, and several rents in the top ap­
peared, through which the gas took in­
stant flight. The enormous envelope fell 
fla t to the earth, a mass of shapeless 
rags. The results fully justified the fears 
of Professor \Vise." 

"Among the novelties at the World's 
Fair in Vienna is the steam motor of 
Friedrich Siemens of Dresden, which 
is worked without the use of pumps, 
valves or special moving parts but op­
erates through the rotation of the steam 
generator itself. The machine consists 
essentially of a rotating boiler placed in 
an inclined position, inside of which 
there is a worm or screw, made out of 
plates cut funnel shape. When the fire 
is kindled, the steam that develops rises 
through the water and acts on the spirals, 
causing the turning of the machine." 

The Business Week Letter asks yOU ... 

which of these 
"impossible 

money-making 
maneuvers" 

is really impossible? 

And which of them are simply so Indecently clever that It's hard to believe 
anyone could really get away with them? 

For example-how to: 
• sell a pay-off investment, but not pay the capital gai ns tax on your profits 

for years ... 

• take all the tax sheltered ded uctions on your vacation home, despite 
new IRS rules aimed at eliminating this loophole ... 

• pay back a business loa n so you can deduct the principal from your taxes. 
as well as interest ... 

• increase the amount of revenue you get from your current equity, and 
increase your net worth-without assuming higher risks ... 

Do you have the impossible one spotted? 
You probably guessed it. They're all every other issue of the Business Week 

perfeclly possible-and we'll send them Letter. 
to you free (plus 14 more great money- * How to figure the real-and surprisingly 
making and money-saving ideas) along high-price of holding raw land for in-
with a trial subscription to the Business vestment; and why most raw-land deals 
Week Letter. will cost you more than you think. 

These "18 Great Ideas" are examples * A smart way to spot interest-rate turns 
of what you can learn from every issue before they happen-by watching the 
of the bi-weekly Business Week Letter. actions of the one market player who 
Intelligent money-making ideas, created knows best when rates will take off. 
by top financial innovators and shared * Where a high-earning executive or pro-
with you, in detail, every other week. fessional man can get a cheap college 

This is what distinguishes the Business loan. Or cars at rock-bottom prices. 
Week Letter from every other personal * What the market's profeSSional traders 
financial reporting service. We have the know-and you don't-about daily trad-
prestige to tap the finest brains in the ing patterns. For example, what exact 
country, the people at the heart of the hours of the day, and days of the week, 
money game. And we have the expert historically offer the best price on any 
back-up staff to check out every point of stock transaction? 
these new projects. To expose the deals * The right way to analyze a tax-shelter 
that are just a sucker's game. To pass deal. If you can't really tell which pro-
along only those that make sense to every moters know how to find paying oil 
lawyer, accountant, tax-man, and re- wells, build profitable apartment 
searcher we consult. houses, or buy beef at the best price, 

We screen the ideas that sound good- you'll lose money even after taxes. 
the real-estate deals, business ideas, tax * How one man gets insurance coverage 
shelters, income-tax wrinkles, estate- for $800 a year that his same-age, same-
planning devices, insurance gimmicks- health neighbor gets for $4,000 a year. 
in order to find the few that look good. * What the outlook is-for business con-
We publish the opinions of the best stock ditions, money rates, profits, govern-
and bond analysts we know. A steady ment controls, the dollar at home and 
stream of opportunities-and warnings- abroad. Specific economic forecasts-
like these: leading off each issue of the Business 
*The four stock market indicators be- Week Letter (1221 Avenue of the Amer-

lieved to best predict when the market icas, New York, N.Y. 10020). 
is going to turn. Reproduced for· you in 

AI/this. and more. Yours from 

The Business Week Letter 
All you do is send in the coupon below. The rest is up to us. 

I 

Please send me " 18 Great Ideas from the I 
Business Week Letter." I'll start a t rial sub- I 
scripti on and get two full issues without 

I charge. After that. you'll bil l me for $39-the !!N!!:am::,:e::.-_____________ _ 

price of a year's subscription (tax-deductible , 

I if I'm an investor or in busi ness) . If I decide 
not to subscribe, I'll write or call you during 

Address 

j 
I ��k�'��,f�r��dot'�I�\��y,���: :nd�hC�d:u�,��� 
I Week Letter, I can cance l and get back a re� I fund for the unexptred portion of my subscrip- City State Zip I lion k 
L _____ ___ __ ______ ___________________ _ 

Mail to the Business Week Letter, 1221 Avenue of the Americas, N.Y., N.Y. 10020. 15 
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THE AUTHORS 
KERR L. WHITE ("Life and Death 

and Medicine") is professor of medical 
care and hospitals at Johns Hopkins Uni­
versity. A graduate of McGill University 
in economics and medicine, he was 
trained as an internist and also did 
graduate work in industrial management 
and epidemiology at Yale University and 
the University of London. As a member 
of the department of medicine at the 
University of North Carolina he became 
interested in the emerging field of re­
search on health services. Over the past 
15 years he has concentrated on prob­
lems of primary care, health-information 
systems, evaluation of medical care, in­
ternational comparison of health-care 
systems and the formation of public poli­
cy on health. White writes that until a 
decade ago the workers in the field of 
health-services research "were a hardy 
band of enthusiasts, largely self-appoint­
ed and self-anointed," but now "health­
services research is almost as respectable 
as biomedical research, and few serious 
medical centers are content to restrict 
the domain of medical science to the 
molecular level." 

J. M. TANNER ("Growing Up") is 
professor of child health and growth and 
head of the department of growth and 
development at the Institute of Child 
Health of the University of London. He 
has medical degrees from the University 
of London (St. Mary's Hospital Medical 
School) and the University of Pennsyl­
vania School of Medicine, which he at­
tended as a Rockefeller student during 
World War II. After two years of psy­
chiatric training, mostly in a unit for the 
rehabilitation of returned prisoners of 
war, he taught human anatomy and 
physical anthropology at the University 
of Oxford; from 1949 to 1955 he taught 
human physiology at the Sherrington 
School of Physiology of the UniverSity of 
London, obtaining his Ph.D. in 1953 and 
his D.Sc. in 1957. He has wbrked at the 
Institute of Child Health since 1956. 

Tanner is the author of Education and 
Physical Growth, a textbook for teachers, 
and was a member of the Plowden Com­
mission on Primary Education in the 
United Kingdom. 

ALEXANDER LEAF ("Getting Old") 
is Jackson Professor of Clinical Medicine 
at the Harvard Medical School and chief 
of medical services at the Massachusetts 
General Hospital. He was graduated 
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from the University of Washington in 
1940 with a degree in chemistry and ob­
tained his M.D. at the University of 
Michigan Medical School in 1943. His 
professional interests, he writes, "are in 
the field of the basic and clinical physi­
ology of the kidney and body fluids; 
much of my research has dealt with seek­
ing understanding of the regulation of 
the volume and composition of body 
fluids and of transport mechanisms 
through cell membranes. My hobbies are 
music (I am an ardent if not expert play­
er of baroque flute music) and tennis. I 
have recently joined the ranks of dedi­
cated joggers." 

ROBERT S. MORISON ("Dying") is 
professor of science and society in Cor­
nell University's Program on Science, 
Technology and Society. He also works 
part time as a fellow and director of the 
Institute of Society, Ethics and the Life 
Sciences, and he notes that "the infor­
mation and ideas in my article were 
mostly picked up from other members 
of the institute's study group on death 
and dying." Morison received his bache­
lor's degree from Harvard College in 
1930 and his M.D. from the Harvard 
Medical School in 1935. He later taught 
at Harvard and did research on the phys­
iology of the nervous system. For a 
number of years he was with the Rocke­
feller Foundation in various positions on 
the scientific and medical staff. He went 
to Cornell in 1964 to help organize the 
new division of biological sciences. 
"Having spent most of my life in trying 
to promote scientific solutions to human 
problems," he writes, "I retired from ad­
ministration three years ago to devote 
my time to wondering what the overall 
effects of science and technology may be. 
I devote my leisure to odd jobs and lis­
tening to recordings of bel canto operas." 

JOHN H. DINGLE ("The Ills of 
Man") is Elisabeth Severance Prentiss 
Professor of Preventive Medicine at the 
School of Medicine of Case Western Re­
serve University and also professor of 
medicine at the university and physician 
at University Hospitals in Cleveland. He 
has held his appointment in preventive 
medicine since 1946, when he went to 
\;Yestern Reserve University from the 
Harvard Medical School, where he had 
obtained his M.D. in 1939 and had re­
mained as a member of the staff. He also 
holds a doctorate in science, which he 
received at Johns Hopkins University in 
1933; his bachelor's and master's degrees 
are from the University of Washington. 
Dingle wishes to "acknowledge with 
gratitude the assistance of Darlene 

O'Connor and Susan Little" in the selec­
tion of data used in his article. 

CHARLES G. CHILD III ("Surgical 
Intervention") is professor of surgery and 
chairman of the department of surgery at 
the Medical School of the University of 
Michigan. He was graduated from Yale 
College in 1930 and obtained his M.D. 
at the Cornell University Medical Col­
lege in 1934. After internship and resi­
dency at New York Hospital, which is 
associated with Cornell, he remained at 
the Cornell Medical College as a mem­
ber of the faculty until 1953. He then 
spent five years as professor of surgery 
and chairman of the department of sur­
gery at the Tufts University School of 
Medicine before going to Michigan. 
Child is a member of the Institute of 
Medicine of the National Academy of 
Sciences and a member of the Executive 
Committee for Study of Surgical Services 
in the United States, which was estab­
lished by the American College of Sur­
geons-American Surgical Association. 
"My extracurricular love over the years," 
he writes, "has been blue-water sailing, 
early the Atlantic seaboard, lately the 
Great Lakes." 

SHERMAN M. MELLINKOFF 
("Chemical Intervention") is dean of the 
School of Medicine of-the University of 
California at Los Angeles. He received 
his M.D. in 1944 at Stanford University, 
where three years earlier he had ob­
tained his bachelor's degree. Following 
internship and an assistant residency at 
Stanford Hospital, he became succes­
sively assistant reSident, resident and in­
structor at Johns Hopkins Hospital. He 
went to the medical school of U.C.L.A. 
in 1953 as assistant professor of medi­
cine, serving subsequently as associate 
professor of medicine and becoming 
dean (and professor of medicine) in 
1962. 

LEON EISENBERG ("Psychiatric In­
tervention") is professor of psychiatry at 
the Harvard Medical School and chief of 
psychiatry at the Massachusetts General 
Hospital. He is also a member of Har­
vard University's faculty of education. 
His degrees are from the University of 
Pennsylvania: his bachelor's degree from 
the university college in 1944 and his 
M.D. from the School of Medicine in 
1946. Before going to Harvard in 1967 

he taught psychiatry at Johns Hopkins 
University for 14 years. Eisenberg 
writes: "My major commitment has al­
ways been to social activism to remedy 
conditions of poverty and racism that 
hinder the full development of human 
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Rapubliesteel 
Welded steel tubing for Roll-Over Protective 

Structures on construction and off-highway vehicles for operator protection. 

@ For gear makers who don't want to chew up 

profits, this is a fine-grained gear steel that doesn't chew up tools. 

A strong, coiled tubing for gas service lines with 

the strength and reliability of steel and the corrosion resistance of plastic. 

A formable yet economical steel, 

tough enough to meet Detroit's requirements for mass-produced parts. 

* 
• • Steel dowel bars with a tough 

. polyethylene jacket provide a unique jointing system on concrete highways 

and reduce highway maintenance costs. 
• • 

• I I .. . A seamless casing for deep well 

exploratory drilling for new oil and gas reserves, suited for Arctic conditions. 

7. *: Rigid steel conduit with a bonded coating 

that defies time and corrosive attack . 

• D 
*
: Stainless steel roofing and flashing that 

is durable, beautiful, easy to install and can last as long as the building. 

* 
• : An electrogalvanized steel with 

greater-than-ever corrosion resistance and a smooth, paintable surface. 

* 
• Dl !lie : A terne coating with reduced 

porosity for automotive parts subject to petroleum-base corrosion. 

A steel company with a whole new philosophy: solving new customer problems with 
new product innovations. Write for brochure A dv. 2334. Republic Steel Corporation, 
Cleveland OH 44101. New developments from the new steel company. 
·Trademarks of Republic Steel Corporation Rapuilliasteel 
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delving into 
the mind 
The Neurosciences: Third Study Program 

Francis O. Schmitt and Frederic G. 
Worden, Editors-in-Chief 

This work evolved from an intensive 
study program organized by the Neuro­

sciences Research Program, which was 
founded in 1962 as an interuniversity 
effort under the sponsorship of MIT. 

The Neurosciences: Third Study 
Program covers twelve topics that have 
been selected as especially significant 
and catalytic trends in neuroscience 
research. These range across the vari­
ous levels of organization of the ner­
vous system-molecular, cellular, and 
behavioral. 
$19.95 

Electronics for Neurobiologists 
by Paul B. Brown, Bruce W. Maxfield, 
and Howard Moraff 

Beyond its use as an undergraduate 
text, Electronics for Neurobiologists is 
also designed to serve as a handbook 
of principles and useful circuits for 
active researchers. 

The reader's technical skill is devel­
oped to such an extent that he will be 
able to design and build almost every 

piece of laboratory electronics equip­
ment that he needs for modern neuro­
logical research. 

$19.95 

other recent publications: 

Schistosomiasis: The Evolution of a 
Medical Literature 

Selected Abstracts and Citations, 1852-
1972 
by Kenneth S. Warren 
$35.00 

Biomedical Physics and Biomaterials 
Science 
edited by H. Eugene Stanley 

$14.95 hardcover; $4.75 paperback 

The MIT Press 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02142 
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potentialities. As the titles of many of 
the papers I have written suggest, I have 
tried to carry my concern for social wel­
fare into professional activities." 

JOHN H. KNOWLES ("The Hospi­
tal") is president of the Rockefeller 
Foundation. He was graduated from 
Harvard College in 1947 and received 
his M.D. at Washington University 
School of Medicine in 195 1. Starting as 
an intern at the Massachusetts General 
Hospital, he became in 10 years general 
director of the hospital, where he re­
mained until taking up his present work 
in 1972. He was also professor of medi­
cine at the Harvard Medical School from 
1969 to 1972. Knowles is an overseer of 
Harvard University and a trustee of 
Duke University and Washington Uni­
versity, a member of the Institute of 
Medicine of the National Academy of 
Sciences and a member of the Council 
on Foreign Relations. Writing of his out­
side interests, he describes himself as 
"avid golfer ( 1 1  handicap); doubles 
squash player (runner-up, Massachusetts 
state championship for past four years); 
avid bibliophile, who devours numerous 
books and enjoys writing," and a man 
who "loves to raise hell for a good cause." 

ROBERT H. EBERT ("The Medical 
School") is dean of the Harvard Medical 
School and of the faculty of medicine of 
Harvard University, president of the 
Harvard Medical Center and of the Har­
vard Community Health Plan and pro­
fessor of medicine at Harvard. Desig­
nated a Rhodes Scholar on his gradua­
tion from the University of Chicago in 
1936, he went to the University of Ox­
ford and obtained his D.Phil. in 1939. 

Returning to the University of Chicago, 
he received his M.D. in 1942 and 
worked there as a member of the medi­
cal faculty until 1956. He went to Har­
vard in 1964 as Jackson Professor of 
Clinical Medicine after eight years as 
professor of medicine at Western Re­
serve University, becoming dean at Har­
vard in 1965. Ebert is a trustee of the 
Rockefeller Foundation, of the Popula­
tion Council and of Meharry Medical 
College and is a member of the board of 
directors of the Milbank Memorial Fund. 

MARTIN S. FELDSTEIN ("The 
Medical Economy") is professor of eco­
nomics at Harvard University. Following 
his graduation from Harvard College in 
196 1 he obtained three degrees at the 
UniverSity of Oxford: his B.Litt. in 1963, 

M.A. in 1964 and D.Phil. in 1967. He 
joined the Harvard faculty in 1967 after 

two years as lecturer in public finance at 
Oxford. Feldstein is a member of the 
Institute of Medicine of the National 
Academy of Sciences and has written ex­
tensively on the economics of medical 
care. 

JAMES L. GODDARD ("The Medi­
cal Business") is chairman of the board 
of the Ormont Drug & Chemical Com­
pany and the SysteMed Corporation. 
Following his graduation from the 
George Washington University School 
of Medicine in 1949 he practiced medi­
cine for a year and then turned to public 
health, receiving the degree of master of 
public health from the Harvard School of 
Public Health in 1955. From 1956 to 
1959 he was chief of the accident-pre­
vention program of the U.S. Public 
Health Service. He then spent three 
years as civil air surgeon of the Federal 
Aviation Agency, responsible for the 
medical licensing of all pilots in the U.S., 
and three years as chief of the Public 
Health Service's Communicable Disease 
Center in Atlanta. In 1966 he was ap­
pointed commissioner of the U.S. Food 
and Drug Administration, being the first 
physician to hold that position. He 
served until 1968, when he joined EDP 
Technology, Inc. In 1970, on his ini­
tiative, the firm lent him to the Ford 
Foundation for a two-year assignment in 
India as an adviser in population and 
family planning. In 1968 he was award­
ed the Samuel Bronfman Prize for ser­
vice in public health. 

ERNEST W. SA WARD ("The Orga­
nization of Medical Care") is professor 
of social medicine and medicine and as­
sociate dean for extramural affairs at the 
School of Medicine and Dentistry of the 
University of Rochester. He obtained his 
M.D. there in 1939 (his bachelor's de­
gree is from Colgate University) and 
from 1945 to 1970 was medical director 
of the Permanente Clinic of the Kaiser 
Foundation Hospitals and the Kaiser 
Foundation Health Plan in Portland, 
Ore. He is chairman of the board of the 
Group Health Association of America 
and a member of the Institute of Medi­
cine of the National Academy of Sci­
ences. "My principal professional inter­
est," he writes, "is in the organization 
and financing of personal health services 
so as to improve health while providing 
reasonable social equity. I have also had 
more than 30 years of medical practice, 
which have never ceased to be stimulat­
ing because of the endless variety of in­
sights that they provided into the 'hu­
man condition.' " 
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Scientists and engineers realize that 
knowledge has no boundaries. 

At Bell Labs and Western Electric, 
our efforts in communications stimulate 
breakthroughs in other important areas. 
Including medicine. 

Our invention and manufacture of 
the transistor helped make it possible to 
regulate heartbeats, to make sensitive in­
ternal tests and even to use computers for 
diagnosis and treatment. . 

Research into the use of the laser as 

a communications carrier has led to such 
experimental applications as welding re­
tinas and performing bloodless surgery. 

Our people develop and manufacture 
specialized communications equipment 
to help the deaf, the blind and other handi­
capped. 

They made the hearing aid and arti­
fical larynx medical facts. Through the 
Date-Phone® Medical Set they allow doc­
tors to read EKGs, even though the 
patients are miles away. 
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The Bell System's tradition of help­
ing with medical projects dates back to 
Alexander Graham Bell , whose work 
with the deaf led to the invention of the 
telephone. Today, many of our people 
also spend free time working on medical 
problems. 

The men and women of the Bell 
System have a commitment to commu­
nications. 

And sometimes this helps people in 
other ways, too. @ 

Bell Labs 
Western Electric 
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SCIENTIFIC 
Established 1845 AM E RI CAN" September 1973 Volume 229 Number 3 

Life and Death and Medicine 

Presenting an entire issue on the role of medicine in human life. 

Medicine's success in the treatment of acute illness and injury 

now makes it possible for it to turn to the promotion of health 

W
hy, at this time, are medicine 
and the provision of health 
care rapidly becoming a major 

focus of debate in almost every indus­
trialized society? 

The most obvious reason has to do 
with the dramatic rise in recent years in 
the cost of supporting a health-care es­
tablishment. The governments and peo­
ple of the developed countries are un­
derstandably becoming concerned about 
the prospect of spending 8 percent or 
more of their gross national product on 
health services. Investments of this mag­
nitude inevitably give rise to questions 
concerning the relation of value to mon­
ey: the universal formula for balancing 
the exchange of energy and resources for 
benefits. 

Part of the reason, however, is to be 
found in a larger context. A decade of 
international strife and cultural conflict 
has challenged the entire spectrum of 
individual and collective values and has 
forced the reappraisal of many goals, 
particularly as they Telate to the impact 
of science and technology on human 

by Kerr L. White 

welfare. The issues of personal account­
ability and social responsibility, the 
problems of governance not only of so­
ciety as a whole but also of its institu­
tions, and the increasingly evident need 
to establish priorities for allocating ener­
gy and resources in all sectors of the 
economy now dominate discussions of 
public policy. Medicine is only one arena 
in which these issues are being debated 
with growing insight and involvement 
by concerned consumers, politicians, 
professionals and scholars. 

Two decades of social experimenta­
tion promise a more rational basiS, de­
rived from the social sciences, for de­
ploying, financing and managing health­
care systems more efficiently. So far, 
however, we have not been outstanding­
ly successful in applying this new knowl­
edge and experience to the problems of 
organizing health care in the U.S. In­
equities and inadequacies in the provi­
sion of health care are increasingly ap­
parent, and the burden of health-care 
expenditures continues to grow. 

Three decades of intensive biomedical 

"FIGHT BETWEEN CARNIVAL AND LENT," painted by Pieter Brueghel the Elder in 

1559, portrays an allegorical duel between the pre-Lenten spirit of exuberant self-indul­

gence, symbolized by the stout figure riding on the barrel at lower left, and the Lenten 

spirit of ascetic self-denial, symbolized by the gaunt figure seated on the wagon at lower 

right_ Brueghel, who excelled at depicting scenes of ordinary life, has included in this 

painting what can be interpreted as a representation of the full range of human conditions 

and human activities as they appeared in a 16th-century Flemish town. The painting, only 

about half of which is reproduced here, is in the Kunsthistorisches Museum in Vienna_ 

research have provided a more rational 
basis for certain elements of medical 
practice, and as a result there are now 
many forms of clinical intervention that 
are clearly more beneficial than they are 
either harmful or useless. Nonetheless, 
although disease patterns have changed 
significantly in the U.S., in part as a re­
sult of biomedical advances, there has 
been little or no improvement in life ex­
pectancy for adults since the 1920's. In 
particular, effective means have not been 
found for coping with the stubborn com­
plex of chronic and social illnesses that 
now predominate in the economically 
advanced countries. 

Under these circumstances it is inevi­
table that society in a period of instabili­
ty and change should raise basic ques­
tions about the contribution of medicine 
to the' quality of personal existence as it 
is experienced between birth and death. 
And it is for this reason that the editors 
of Scientific American are presenting a 
series of articles that discuss medicine in 
the broadest possible terms: patterns of 
life, disease and death in human popula­
tions; the life history of the individual; 
the present role of the various kinds of 
medical intervention and the social, ec­
onomic and organizational aspects of 
medical care. In this introduction and in 
the articles that follow, my colleagues 
and I shall try to clarify the issues that 
must be identified, debated and resolved 
if modern medicine is to make its most 
beneficial impact on the human condi-
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tion. The issues themselves are not new; 
only the urgency with which we now 
perceive them in the U.S. is new. 

O n what basis does a society assign 
priorities for medicine? Whose val­

ues are expressed in the alloca tion of a 
nation's energy and resources to improve 
the quality of life for all its citizens? At 
the heart of any consideration for medi­
cine's place in contemporary society are 
the underlying models that give rise to 
both assumptions and expectations-as­
sumptions on the part of the health-care 
establishment about the role of science 
and technology in the provision of health 
services, and expectations on the part of 
consumers about what medicine can ac­
complish and what they must achieve 
for themselves by modifying their per­
sonal behavior. 

Should diseases be likened to ivy 
growing on the oak tree or are they part 
of the oak tree itself? Should diseases be 
regarded as human analogues of defects 
in an internal-combustion engine or a 
Swiss watch, or should they be regarded 
as psychobiological expressions of man 
evolving within the constraints and po­
tentials contributed from his aliquot of 
society's gene pool. Are diseases "things" 
that "happen" to people, or are they 
manifestations of constructive or de­
structive relations of individuals in their 
social and physical environment? De­
pending on our views about the rele­
vance of these contrasting models for 
understanding health and disease, we 
modify our behavior, change our expec­
tations, deploy our resources and mea­
sure our accomplishments. By resolving 
these conflicting views we strike a bal­
ance in undergraduate medical educa­
tion between the biological and the so­
cial sciences, in graduate medical edu­
cation between the preparation of 
technologically based specialists and 
psychobiologically trained generalists, in 
medical organization between solo en­
trepreneurial practice and multispecial­
ist corporate or group practice, and in 
medical insurance between "catastroph­
ic" coverage of major medical illnesses 
and "first dollar" coverage of early am-

bulatory care, anticipatory medicine 
and counseling. 

In the absolute sense there are no 
right or wrong resolutions of these issues. 
It is rather the counterbalance of our in­
dividual positions as citizens that must 
determine the social poliCies affecting 
the kinds and numbers of health profes­
sional we prepare, the facilities and or­
ganizations we create and the way we 
use and finance health care. Above all, 
our collective position on these issues 
must determine the contribution of med­
icine to the quality and duration of our 
lives and perhaps of our society. 

Unwritten social contracts between 
society and its health-care establishment 
provide the mandate for physicians and 
others to minister to individual and col­
lective health needs. In return for the 
benefits medicine bestows, society ac­
cords the health professions substantial 
power, prestige and pecuniary rewards. 
Traditionally the overt expression of 
these contracts has embodied unrealistic 
promises and expectations. Both parties 
become increasingly realistic in their re­
negotiations as they are provided with 
information about the health needs of 
people, about the clinical efficacy of pre­
ventive and therapeutic procedures, and 
about the effectiveness and efficiency 
of different organizational arrangements 
for providing health care. 

Progress in the "old" basic sciences of 
medicine-anatomy, biochemistry, pa­
thology, pharmacology and physiology­
makes it increasingly difficult today for 
clinical practitioners to invoke tradition 
and authoritarian pronouncements in 
support of medical decisions. Progress in 
the "new" basic sciences of medicine­
biostatistics, epidemiology, medical eco­
nomics and medical sociology-makes it 
increasingly possible to identify and 
measure the health problems of indi­
viduals and populations and to evaluate 
the impact of health services on those 
problems. Both biomedical and health­
services research create new insights 
that reshape our social policies for medi­
cal education and medical practice and 
in turn give rise to another set of issues 
for research, debate and resolution. 

STATISTICAL AMBIGUITY at the root of the prohlem of trying to establish priorities for 

the allocation of health·care resources in the U.S. is graphically demonstrated in the bar 

charts on the opposite page, which rank 12 principal disease categories (as defined by the 

World Health Organization) according to three different measures of ill health. The three 

measures, all of which are expressed in terms of the number of people affected per year in 

the U.S., are limitation of activity (top), hospital admissions (middle) and estimated 

deaths (bottom). The lack of correlation between the respective rank orders is evident. The 

data on which the illustration is based are for 1971, the latest year for which usable figures 

for the 12 WHO categories are available from the U.S. National Center for Health Statistics. 

Given the present state of medical sci­
ence and technology in the context of 
contemporary industrial communities, 
what should be the objectives of medical 
education and medical care? Should 
medicine adopt the posture that it "fixes" 
illnesses and "cures" diseases, or should 
it adopt the posture that it helps people 
to identify their individual and collective 
health problems and assists them to 
resolve or contain them? Should the 
health-care establishment be judged 
more on its capacity to investigate and 
treat abnormal pathology than on its ac­
complishments in helping patients and 
their families to understand and manage 
their problems? What social or even 
medical utility is to be accorded diag­
nostic ability if it is not accompanied by 
effective action and an acceptable out­
come? Because we have mastered some 
procedure, does it follow that society 
should make it available to all who seek 
it? To all who can pay for it? To all who 
need it? Is the new procedure to be pre­
ferred over some other form of interven­
tion for the same health problem? 

For example, should we concentrate 
on perfecting coronary-artery bypass 
operations or on improving early detec­
tion and better medical management for 
patients with coronary-artery insufficien­
cy? Should we concentrate on dialysis 
and transplants for chronic kidney dis­
ease or on early detection, coordinated 
medical management and follow-up of 
initial urinary-tract infections? In short, 
should we continue to develop and rely 
heavily on complex medical technology 
for the treatment of acute or life-threat­
ening diseases and conditions? Or would 
we be better advised to broaden our ap­
proach and devote more of our efforts to 
identifying, containing or resolving the 
health problems that have major impact 
on the quality of our lives? 

What proportions of society's health­
care resources should be directed to the 
"curing," in contrast to the "caring," 
components of medical practice? Should 
resources currently expended on pills, 
potions and procedures whose benefits 
or efficacy have never been objectively 
evaluated be shifted to the provision of 
personnel and services to make living 
with chronic disability more comfortable 
and dying more dignified? How much 
responsibility has medicine for the ter­
minally ill? What are the limits of these 
responsibilities, and who decides? Are 
the decisions determined by scientific 
knowledge and available technology, or 
by ethical, social and humanitarian con­
siderations, or by a mixture of both? To 
what extent should the doctor, in the 
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original sense of the word, be a teacher 
of patients and of populations? Is it 
enough to tell the patient that he has 
chronic heart failure and prescribe a 
suitable regimen, or should he and his 
family be taught to manage the problem 
so that he can live a satisfying life with­
in the limits of his own capacity without 
restricting unduly the rights and in­
dependence of his family and his 
community? To what extent should the 
doctor be responsible for educating 
his community so that its members 
can better cope with current epidemics 

of accidents, alcoholism, delinquency, 
drug dependency, deprivation, inade­
quate "parenting," loneliness, occupa­
tional boredom and suicide? 

Current systems for acquiring and or-
ganizing health statistics provide 

the only available quantitative basis for 
resolving these issues about the alloca­
tion of health resources, and indirectly 
they condition our basic views on the 
task of medicine in society. Health and 
disease are manifested idiosyncratically 
for each individual as he traverses the 

CONDITIONS 

hazardous course of life from birth to 
death. Collectively these experiences 
with health and disease, with living and 
dying, find expression as statistics-"peo­
pie with the tears wiped off," as the 
medical statistician A. Bradford Hill 
used to say. 

Although imperfect in validity, classi­
fication and timeliness, the real limita­
tions of current statistical approaches 
are associated as much with their orien­
tation and emphasis as with their qual­
ity. The problem is best exemplified by 
the traditional preoccupation of com-
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TWO ADDITIONAL MEASURES of the nationwide demand for 

health services-days of bed disability (top chart) and days of hos. 

pitalization (bottom chart )-focus more specifically on the relative 

impact of ill health on productivity and the quality of daily life. 
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The 12 principal conditions for which comparative data are avail. 

able for the U.S. from the National Center for Health Statistics in 

this case constitute a more refined classification than the 12 WHO 

disease categories used as the basis of the illustration on page 24. 
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pilers of vital statistics with death rates 
(and perhaps in a related way of physi­
cians with dying and postponement of 
death). Without detracting from the im­
portance of classifying and counting the 
dead, we should recognize that society is 
increasingly concerned with the prob­
lems of living, the quality of life and the 
burden of disability, distress and de­
pendency. 

For example, even the concept of "dis­
ease," based on an anatomical and clini­
cal classification introduced a century 
and a half ago, may be disappearing. 
The more we learn about the genetic 
and molecular substrates of disease and 
the interacting forces arising from with­
in and without the individual, the hard­
er it becomes to classify ill health into 
discrete categories. The International 
Classification of Diseases, developed un­
der the auspices of the World Health 
Organization and adapted for use in the 
U.S. by the National Center for Health 
Statistics, is devoted primarily to classi­
fying and coding causes of death rather 
than categorizing illness. It has limited 
utility for hospital care and is largely un­
suited for classifying health problems as­
sociated with ambulatory care, limitation 
of activity or bed disability. Patients de­
scribe complaints, problems and symp­
toms, not diseases, when they first per­
ceive themselves to be ill and seek care. 
"Disease" and its classification are pro­
fessional constructs, whereas "health 
problems and complaints" are lay con­
structs, and we need to recognize the 
differences in developing our health­
information systems. 

The problem of relating health-care 
priorities and resources to the relative 
impact of disability, disease and death 
can be illustrated by referring to the lat­
est available data on three parameters 
of health and disease for 12 of the 17 
principal WHO categories for which us­
able figures are available [see illustration 
on page 24]. The illustration ranks the 
causes of limitation of activity, as per­
ceived by respondents to a national 
household-interview survey. "Limitation 
of activity" is defined as inability or de­
creased ability to carry on the usual ac­
tivities for one's age-sex group, such as 
working, keeping house, going to school 
and participating in civic, church and 
recreational activities. It is largely a 
measure, from the individual's point of 
view, of the long-term burden of chronic 
disease and impairment, and indirectly 
of morbidity in relation to the quality of 
life. "Hospital admissions" are probably 
the best currently available measure of 
disease as recognized and defined by the 
medical profession; since only a small 

proportion of the population have more 
than one admission a year, these figures 
essentially represent people with hos­
pital admissions in 1971. The rank orders 
for these two measures bear little rela­
tion to each other. When compared with 
the rank order for "Deaths," the third 
and most widely used measure, there is 
even less correlation; many categories 
that generate substantial volumes of dis­
ability and disease produce comparative­
ly few deaths. 

The allocation of health-care resour­
ces should be related to two additional 
measures. "A day of bed disability" is 
one during which a person stays in bed 
for more than half of the daylight hours 
because of a specific acute or chronic 
illness or injury. "Days of hospital care" 
are a subset of bed-disability days and 
reflect the intensity of demand for health 
services. 

Let us now consider the 12 principal 
conditions for which comparative data 
are available on days of bed disability 
and days of hospital care [see illustration 
on opposite page]. These conditions con­
stitute a more refined classification than 
the 12 principal disease categories in the 
illustration on page 24 and reflect more 
specifically the relative impact of ill 
health on productivity and the quality of 
daily life. Apart from funds devoted to 
fundamental laboratory research, which 
is a priceless prerequisite for most ad­
vances in medical science, figures for 
money spent on clinical research and 
care for each of these conditions are not 
available. If they were, however, they 
should reflect some coherent relation be­
tween health resources needed or con­
sumed and disability and disease experi­
enced by the citizens of the U.S. For ex­
ample, if we accord relief of disability, 
disease and death about equal priority, 
we would allocate more money to heart 
disease than to cancer (malignant neo­
plasms). If disability alone had a high 
priority, arthritis and the musculoskele­
tal category could be near the top. 

None of these measures is entirely sat­
isfactory in orientation, quality, defini­
tion or classification if our object is to 
improve the decision-making process for 
the allocation of resources, and particu­
larly if we give priority to the problems 
of living in contrast to those of dying. 
Conspicuously lacking, for example, is 
reliable information about the number 
of people seeking ambulatory care for 
their health problems. Here the contrast 
between the problems of daily living and 
the problems of dying is undoubtedly 
more pronounced. 

The most reliable information avail­
able on this question is a compilation of 

the 12 most common conditions treated 
by 171 general practitioners in England 
and Wales in 1958 [see illustration on 
next page]. Problems of classification 
make it difficult to relate these condi­
tions to the major causes of death, but 
we can at least say that the common cold 
is not one of them and very few of the 
general practitioner's patients will die of 
the conditions for which they visit him 
most frequently. 

Similar data for the U.S. are not avail­
able, but that deficiency is being reme­
died by the National Center for Health 
Statistics. A national probability sample 
of physicians in office-based practice, 
who will fill out short encounter forms 
on their patients for a period of one 
week, will relate problems, complaints 
and symptoms to diagnoses, tests, treat­
ments, referrals and disposition. The im­
portance of this annual survey for defin­
ing the objectives of undergraduate and 
graduate medical education, of health­
manpower training and of supporting 
facilities, equipment and services can 
hardly be overemphasized. 

Health data for small areas such as 
counties, standard metropolitan statisti­
cal areas and even states are also largely 
lacking, but this too is being tackled 
through the development of cooperative 
statistical systems involving Federal, 
state aud local participation. In both the 
short run and the long we cannot make 
sensible decisions about professional 
education and the cost-benefit ratio of 
medical services and research without 
vastly improved health information on 
the problems of living as well as the 
probabilities of death [see "The Ills of 
Man," by John H. Dingle, page 76]. 

M 
any of these issues concerning the 

priorities of medicine are finding 
contemporary expression in the growth, 
even renaissance, of primary care and 
the general practitioner, or family doc­
tor, in North America and Europe. As 
we have seen, no reliable estimates are 
available on the distribution in popula­
tions of health problems, symptoms and 
complaints brought to physicians at the 
initial time of contact, and only limited 
estimates are available on the medical 
reasons for using hospitals or long-term­
care facilities. In the absence of such ele­
mentary "marketing" information it is 
virtually impossible to define the overall 
objectives of medical education, to ap­
portion opportunities for training physi­
cians of all types in accordance with 
need, or to determine the best balance 
of health-care facilities and services. 
There is a growing consensus, however, 
that in the U.S. primary care has been 
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largely neglected in favor of specialty 
care, that in the United Kingdom the 
quality of primary care needs substantial 
improvement, and that in many other 
European countries the coordination of 
primary care with other levels of care in 
some viable form of regionalization is 
essential to achieve optimal use of all re­
sources. This is particularly true of ex­
pensive, technologically based resources 
provided by hospitals and other health­
care facilities that need to be used pru­
dently, promptly and appropriately. 

In many ways the need for primary 
medical care can be considered the cen­
tral problem facing American medicine 
today. Two schools of thought illustrate 
the issues. The first sees the physician's 
task as being concerned essentially, if 
not solely, with diseases for which there 
are recognized treatments or palliative 
measures (or diseases that, if they were 
investigated more intensively, might 
eventually be better understood and 
treated). The trivial, commonplace, 
chronic and terminal problems should be 

CONDITIONS 

identified and managed by other health 
personnel. These "phYSiCian-extenders" 
(physician assistant, nurse practitioner 
and health associate are among the titles 
currently used) should have largely tech­
nical training, be supported by techno­
logical devices and be guided by pre­
scribed instructions telling them how to 
make decisions. They should receive var­
ious degrees of supervision and surveil­
lance by a physician. This physician's 
own training in primary medical care is 
as a rule only vaguely specified, and po-
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THE MOST RELIABLE INFORMATION available about the num· 

ber of people seeking ambulatory care for their health problems is 

represented by this compilation of the 12 most common conditions 
(per 1,000 people) treated by 171 general practitioners in England 
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and Wales in 1958. Such health data, which give priority to the 

problems of living in contrast to those of dying, are not available 

for the U.S. but are clearly needed if the decision.making process 

for the allocation of health·care resources is to be improved. 
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tential students are usually described as 
not finding the problems of primary care 
very interesting. (Presumably patients 
find them more so.) Patients should be 
referred to the supervising physician or 
to a specialist if the primary-care physi­
cian-extender is unsuccessful (accord­
ing to his own lights) in identifying or 
managing the patient's problems. This 
scheme for the provision of primary care 
was conceived and is being advocated 
by the leadership of the American aca­
demic medical community and by hos­
pital-based, technologically oriented 
specialists. Few advocates of these ar­
rangements have themselves had any di­
rect, extensive experience with the pro­
vision of continuing primary care to gen­
eral populations. 

The second school sees the task of 
medicine as being concerned with help­
ing patients and families to identify and 
manage their own health problems, in­
deed to work toward the full achieve­
ment of their own potential for personal 
growth. Health problems in this context 
are regarded as essentially problems of 
living constructively and dying more 
comfortably without imposing intoler­
able burdens on oneself and others. They 
constitute the vast bulk of medical prob­
lems presented by patients to sources of 
primary care and are regarded as re­
sponses to the stresses and strains of do­
mestic, occupational and social life and 
such poteritially noxious contemporary 
accompaniments of industrialized soci­
eties as foul air, noise, cigarette smok­
ing, chemical contaminants, constant 
residential mobility, jet-travel fatigue, 
radiation hazards, urban crowding and 
traffic congestion. 

Most of these problems have a be­
havioral component and tend to be ob­
served first by the pediatrician, for whom 
they constitute the majority of con­
temporary complaints. They are viewed 
as requiring a broadly educated physi­
cian, selected initially for his interest in 
people, his "caring" qualities, his capac­
ity for integrating a vast array of usable 
knowledge from the biomedical and so­
cial sciences, his interest in resolving 
problems as well as in analyzing their 
genesis, his ability to tolerate anxiety 
and to make decisions in the face of un­
certainty and his capacity for working 
with the open-ended nature of the prob­
lems of living and dying that most pa­
tients present most of the time. 

This primary-care phYSician should be 
well trained scientifically, particularly in 
the behavioral sciences. He should know 
the limits of his capabilities and have ac­
cess to teams of highly trained sub-

specialists supported by ancillary per­
sonnel, by technologically sophisticated 
equipment and particularly by on-line 
computer regimes that provide timely 
information about the distribution of 
clinical manifestations and the efficacy 
of treatments. This scheme has its origins 
in the efforts of the academic and pro­
fessional societies that have rejuvenated 
primary medical care under the aegis of 
family medicine in the U.S. and general 
practice in the United Kingdom, the 
Netherlands and Canada. Most ad­
vocates of this definition of medicine's 
task have had experience in the practice 
of primary care, and some have done 
extensive research in the field. Until re­
cently few such people have been re­
garded as acceptable candidates for 
medical-school faculties in any country. 

These two schools represent polar 
views of medicine's task and illustrate 
the basic issues at stake in the current 
process of redefining medicine's man­
date. The first is unlikely to be successful 
because it confuses the nature of the 
medical-care process and the characteris­
tics of the information needed for most 
clinical decision making. At the level of 
primary care decisions about the severi­
ty, complexity and urgency of the pa­
tient's illness are based on a probabilistic 
system, not a deterministic one. The de­
cision maker needs to be skilled in elicit­
ing information from the patient and in 
interpreting vast amounts of data on the 
prevalence and patterns of clinical mani­
festations in general populations. The 
best that contemporary medical science 
can offer requires that these two sets of 
information be put together intelligent­
ly. At this juncture the task of the pri­
mary physician requires judgment, wis­
dom, compassion, patience and com­
mon sense, not more hardware. Decision 
making in medicine is rarely simple even 
in so-called simple cases. To assume 
otherwise is to misjudge the task of med­
icine and the power of organized medi­
cal knowledge and medical care. It is 
rare that specific decisions for individual 
patients can be found in books or made 
by computers. 

R
esolution of these conHicting view-

points poses a major challenge to the 
medical profession. In the final analysis 
the terms of the unwritten contract de­
pend largely on the profession's own 
capacity for generating new knowledge 
about health problems and for providing 
new forms of leadership on behalf of the 
society it serves. 

As the postindustrial society emerges 
and demands to produce more goods 

are replaced by demands to provide im­
proved services, medicine is faced with 
yet another set of problems and related 
issues. Traditionally the physician has 
been taught to direct all his skills and at­
tention to the individual patients who 
consult him. He receives his training in 
teaching hospitals, where the complaint­
response system prevails and the focus is 
largely on acute, episodic illnesses that 
are usually serious and that can be cured 
or effectively palliated. This limited ex­
posure of young physicians and their 
teachers to the full range of ordinary and 
complex health problems generated by 
large general populations, and their in: 
tense preoccupation with only those pa­
tients who are selected to obtain care 
in teaching hospitals, leave enormous 
qualitative and quantitative gaps in their 
experience and inevitably condition their 
views about the tasks of contemporary' 
medicine. 

The dimensions of the problem can be 
illustrated by considering the distribu­
tion of demand for medical care by a 
typical population of 1,000 persons in 
one year [see illustration on next page]. 
As the illustration shows, the vast bulk 
of care is provided by phYSicians in am­
bulatory settings. Only 10 percent of the 
people are admitted to a hospital and 
only 1 percent to a university hospital 
where the young physician is trained. 
The discrepancies between the world of 
medical practice and that of medical ed­
ucation are more than those of town and 
gown. They are discrepancies of experi­
ence, responsibility, functions and scale. 

A belated recognition in the U.S. of 
the issues confronting medicine with re­
spect to both the overall content of med­
ical practice and the related objectives of 
professional education is now broaden­
ing to a concern for the ways in which 
medical care is best organized to meet 
society's needs. Although the individual 
patient-physician relationship remains 
the central element in medical care, the 
profession is gradually acknowledging a 
larger collective responsibility for the 
health of the entire community-not the 
sole responsibility, but a major responsi­
bility. If society has health problems, to 
whom should it turn if not to its health­
care establishment? In former times an 
artificial dichotomy, professionally con­
ceived, institutionalized and perpetuat­
ed, existed between "private medicine" 
and "public health." No longer does it 
appear sensible to separate preventive 
care from curative and restorative care, 
or the public's health from the individu­
al's health. These are attitudinal, profes­
sional and institutional anachronisms for 
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which there is no basis in contemporary 
knowledge or need. 

How should the profession organize 
its efforts so that it can promote optimal 
health for all individuals within the lim­
its of the resources society is willing to 
provide? Again we could come to grips 
more successfully with the basic issues of 
priorities and value for money if we had 
adequate information about the distri­
bution of problems in populations and 
communities. But experience and logic 
can at least suggest guides for sensible 
choices. 

There are, broadly speaking, three 
categories of health problems. First there 
are those with a very low probability of 
being experienced by any one individual 
in his lifetime but with a relatively de­
finable and predictable prevalence for 
large general populations of from 500,-
000 to several million. Examples in­
clude certain congenital abnormalities, 
unusual genetic and molecular aberra­
tions, certain malignant neoplasms, cat­
astrophic trauma, rare metabolic and 
endocrine disorders, acute pOisonings, 

complex immune reactions and diseases 
acquired by travelers in areas remote 
from home. These problems require 
what is usually described as tertiary 
care: highly specialized, technologically 
based intensive care centralized in large 
medical centers and frequently located 
in universities. 

Second, there are problems for which 
the probability is still low for a given in­
dividual but the prevalence is more sub­
stantial in general populations. It usually 
takes a population of from 25,000 to 
several hundred thousand to generate 
definable demands for health ser�ices. 
These problems include industrial, agri­
cultural and traffic accidents, burns, 
fractures, tumors requiring radiation 
therapy, selected cardiac disorders, and 
emergencies needing uncommon types 
of blood or unusual laboratory tests. 
They require what is called secondary 
care: specialized consultant care that 
should be based in large-sized commu­
nity hospitals (or district hospitals, to use 
the European term). 

The third category of health problems 

DISTRIBUTION OF DEMAND for medical care by a typical population in one year 

(1970), represented volumetrically in this illustration, points up the discrepancy in scale 

between the world of medical practice and the world of medical education in the U.S. Out 

of a total population at risk of 1,000 (cube A), an average of 720 people visited a physician 

in an ambulatory setting at least once (cube B), 100 people were admitted to a hospital at 

least once (cube C) and only 10 were admitted to a university hospital at least Once (cube D). 
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includes those with a high probability 
of affecting any one individual at least 
once, if not frequently, in the course of 
a lifetime. They include respiratory in­
fections, common forms of heart disease, 
arthritis, asthma, obesity, visual impair­
ments, gastrointestinal disturbances, mi­
nor accidents and emotional problems. 
Comparatively small populations, rang­
ing from 1,000 to 25,000, produce 
enough of these everyday problems to 
keep a general physician and his sup­
porting personnel fully occupied. It is 
these problems, when they are not man­
aged through self-eare by the family, 
that require primary care: treatment 
based in offices, clinics, ambulatory fa­
cilities or health centers with a few 
"holding," or observation, beds close to 
where people live and work. 

These three fundamentally different 
patterns of disease in general popula­
tions have important implications for the 
organization of health services, particu­
larly in combination with the fact that 
most patients seek care initially not 
for specific diseases but for nonspecific 
health problems, complaints or symp­
toms. For the problems that require ter­
tiary care both the low prevalence rates 
and the highly specialized and expensive 
resources required for effective manage­
ment dictate the centralization of ser­
vices. Only a fairly large community can 
afford the resources 'required and at the 
same time ensure reasonable equity of 
access for all its members to services of 
uniformly high quality. For many com­
munities and regions the services are so 
speCialized and expensive that only one 
source for such care is feasible; larger 
populations may be able to afford several 
sources, but even here unlimited choice 
is increasingly regarded as being waste­
ful. The same arguments apply to the 
secondary-care problems, but since they 
are more prevalent and the resources less 
costly, more choices are possible and 
greater dispersion is desirable. 

For the class of primary-care health 
problems, however, multiple sources of 
care are possible and indeed essential if 
choice and constructive competition are 
values we want to preserve and en­
courage. For these common problems 
prompt and equitable access to a full 
range of health-care services is a matter 
of high priority in industrialized socie­
ties. This can be most readily achieved 
by numerous and widely dispersed 
health centers, clinics and physicians' 
offices, clustered around community or 
district hospitals and supported by links 
to sources of up-to-date information, 
consultation and highly specialized care. 
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REGIONAL HOSPITAL 
(TERTIARY CARE) 
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COMMUNITY HOSPITAL 
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WELL·DEFINED HIERARCHY exists between the three levels of 

medical care (primary, secondary and tertiary) in countries where 

health services are regionalized. The effect of such regionalization 

is suggested by this illustration, which indicates the type of health· 

care facility associated with each level of care and the average pop· 

ulation served by each facility (key at left). Tertiary care is usually 

defined as highly specialized, technologically based intensive care 

centralized in large medical centers and frequently located in uni. 

versities; secondary care is somewhat less specialized consultant 

care based in fairly large community, or district, hospitals; pri. 

mary care is treatment based in physicians' offices, clinics, ambula· 

tory facilities or health centers close to where people live and work. 

Recourse to the sources of primary care, 
in other words, should put a patient in 
reach of secondary and tertiary care 
promptly and reliably if it turns out to be 
necessary. 

In countries where health services are 
regionalized there is a well-established 
hierarchical relatiol} between the three 
levels of care [see illustration above J. In 
many settings regional relations are 
based on statutory or centrally admin­
istered mandates and associated regula­
tions. 

In the u.s. we are faced with the dif­
ficult task of organizing our resources so 
that the economic and medical benefits 
of regionalization can be realized with­
out sacrificing the equally desirable ben­
efits associated with a reasonable choice 
of a primary physician. Somewhere be-

tween the extremes of a monolithic na­
tional health service and the fragmented 
arrangements that currently prevail in 
the U.S" with their consequent uneven 
quality and accessibility, a balance must 
be struck. 

Similarly, some compromise must be 
reached between those who believe the 
only opportunity for the entrepreneur in 
health care is in solo, even isolated, clin­
ical practice and those who consider a 
large national system to be the best way 
to organize and administer health care. 
New organizational patterns must 
emerge and there are many possibilities. 
They range from loose contractual af­
filiations among solo practitioners and 
small partnerships of primary physi­
cians, community hospitals and subspe­
cialty medical centers, on the one hand, 

and on the other, to large competitive 
local, regional or national systems-even 
"bureaucracies" -operating under gov­
ernment, voluntary, public or private 
auspices. 

Among the possible options the one 
unique contribution of American medi­
cine to the organization of health care 
deserves particular attention: prepaid 
comprehensive group practice. This ar­
rangement constitutes the prototype for 
the health-maintenance organization 
(HMO) now espoused in many quarters. 
The essential elements of this organiza­
tional arrangement include prepayment 
of fixed annual premiums or taxes for 
each person or family enrolled, a con­
tractual relation between the enrollees 
and the health-care plan or the providers 
for an agreed set of benefits, and an or-
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CLOTHING ALL ITEMS HOUSING MEDICAL 
CARE 

PRICE-INDEX ITEMS 

DRAMATIC RISE in recent years in the cost of supporting a health-care establishment in 

an industrialized society is put into perspective in this chart, which compares the percent 

increase in the cost of medical care in the U_S_ with other major components in the con­

sumer price index for the decade 1960-1970_ The chart is adapted from one in a recently 

published book, Dynamics 0/ Health and Disease, by Carter L_ Marshall and David Pearson_ 

ganized multispecialty group of physi­
cians and other health professionals com­
pensated by annual salaries and related 
incentives. The entire organization is at 
professional and financial risk for the 
provision of a full range of health-care 
services, including ambulatory and hos­
pital care at all three levels. 

T
he trick in the U.S. will be to encour-
age the evolution of health-care ar­

rangements and organizations that give 
reasonable choices to both consumers 
and physicians, that provide responsive 
and responsible services at reasonable 
rates and that meet established stan­
dards for quality and equity of access. 
It is difficult to see how we can achieve 
these new arrangements in the foresee­
able future without some Federal lead­
ership and financing_ External monitor­
ing of quality and some form of regula­
tion through franchising and in some in­
stances subsidy, depending on the form 
of national health insurance that eventu­
ally emerges, seem inevitable. The pro­
fessional-standards-review organizations 
represent only the beginning of Federal, 
state and local monitoring of the quality 
of medical care_ 

In addition attention will have to be 
paid to the urgent need for adequate 
capitalization of new health-care organi­
zations and institutions. The entire sys-

3 2  

tem is at present labor-intensive and un­
dercapitalized_ The possibilities for ac­
complishing its adequate capitalization 
include philanthropy, Federal and state 
grants or loans, debt and equity financ­
ing. Whatever its source, the new capital 
will have to be amortized over a couple 
of decades and must be paid for by the 
consumers and taxpayers_ Although the 
notion of "profit" in medicine is confused 
with the concept of "incentive" and has 
been regarded as unwholesome if not 
unethical in some circles, the logical ba­
sis for this pOSition is difficult to discern. 
As in the communications and transpor­
tation systems in the U.S., or even in the 
competitive national and private airline 
bureaucracies in Canada and the United 
Kingdom, there may well be a place for 
profit-making health-care systems. Such 
systems can mobilize private capital and 
can effectively take advantage of econo­
mies of scale while preserving some of 
the entrepreneurial spirit of solo prac­
tice. Of necessity they must undertake 
adequate "marketing" studies, assume 
"risks" and prOvide consumer satisfac­
tion. Although privately owned, they 
probably have to be widely held public 
companies with expert management in 
order to generate adequate capital. If 
such systems cannot meet established 
standards for the quality and the distri­
butional equity of services, or if they go 

bankrupt, they can always be taken over 
by nonprofit organizations or by local or 
state governments. In that event the 
health problems, the patients and the 
personnA1 will remain; only the owner­
ship and the control will change. 

At present we simply do not know 
whether particular forms of ownership, 
particular types of control or particular 
styles of management for health-care in­
stitutions or systems can be associated 
with differences in the health-care status 
of the patients who patronize them. Op­
portunities abound for comparison, ex­
periment and creative innovation. This 
remains one of the challenges and op­
portunities for health care in the U.S. 
What is clear is that containment of our 
overall health-care costs within tolerable 
limits will be difficult without expert 
management of those systems. At pres­
ent our hospitals and health-care institu­
tions are largely run by amateurs with 
on-the-job training. For example, no 
more than a third of the country's 17,500 
hospital administrators have had any­
thing that can be regarded as formal 
training for managing these complex or­
ganizations. 

New financial incentives, particularly 
the notions of prebudgeting based on 
fixed annual payments for each person 
enrolled in a health-care plan or system 
and of assigned rists or responsibility, 
should encourage needed changes. For 
example, prepaid group practices (such 
as the Kaiser Foundation Health Plan 
and the Health Insurance Plan of Great­
er New York) have already demonstrat­
ed that a large portion of the health­
care dollar can be shifted from inpatient 
hospital care to other modalities of care, 
particularly to ambulatory care. 

Although the eventual patterns of or­
ganization in the U.S. and the extent of 
Federal involvement are still obscure, 
there will undoubtedly be a growing 
need for quasipublic authorities on the 
regional, state or community levels to 
monitor the type and quality of care 
their citizens receive, to franchise, li­
cense or certify health-care organiza­
tions, services and facilities, and to re­
view costs and approve premiums, rates, 
charges and benefit packages for health­
care plans and institutions. That in turn 
is unlikely to happen without effective fi­
nancial incentives and a combination of 

. Federal regulation, surveillance and con­
trol. 

H
ealth-care systems in even the most 

developed countries are in a rudi­
mentary stage of evolution compared 
with systems for the mass production 
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of manufactured goods and agricultural 
products or even for the provision of 
services such as transportation, commu­
nications and defense. In most service 
systems one can identify examples where 
optimal mixtures of science, technology, 
capital, personnel and management are 
meeting the needs of defined markets or 
populations effectively and efficiently to 
the satisfaction of most people most of 
the time. In the u.s. the same can rare­
ly be said for health care as yet. 

One element that is clearly missing 
is a first-rate medical intelligence ser­
vice to analyze quantitative information 
bearing on health-care issues in the light 
of political, social and economic factors. 
To accomplish this we need groups of 
policy analysts at Federal and state lev­
els of government and in extragovern­
mental institutes and universities. To the 
extent that history and experiences here 
and abroad, together with information 
and critical thought, can illuminate 
health-care problems and issues, policy 
analysis should be encouraged, if not re­
quired. How else can we take advantage 
of the opportunities afforded by our tra­
ditions of diversity and pluralism, by the 
advances in science and technology and 
by the American talent for organization? 
There is no greater challenge in the 
realm of social services than the applica­
tion of these powerful forces to improv­
ing our health-care arrangements. 

In all our efforts we should not for­
get that health is a personal matter and 
an individual responsibility, that we are 
born alone and we die alone. There is a 
limit to the extent that collective action 
can reverse the ravages of time, amelio­
rate the human condition or forestall 
our ultimate death. Insofar as knowledge 
can help, however, we should pursue it 
vigorously and use it sensibly-knowl ­
edge not only about our psychobiologi­
cal system but also about ourselves and 
our relations to one another, knowledge 
ahout social, political and economic 
forces that shape our future, and knowl­
edge about the health-care resources, 
professions and institutions that seek to 
improve our common lot. It is more sci­
ence in medicine, not less, that will ul­
timately help to improve the quality of 
life and ease the perilous adventure 
from birth to death. 

LEVELS OF ME[)[C A L  CARE are charac· 

terized loosely in this illustration according 

to  the relat ive importance of  primary,  sec·  

ondary o r  tert iary care in dealing wjth a 

wide range of medical  problems and func· 

tions.  The more important the level of  care, 

the darker the color  in  the appropriate box.  
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GROWING UP 

Events in the interaction between the environment and the genetic 
potential during the growth of the child are critical to the health 
of the adult. At the same time "normal" growth is highly variable 

O ver the past 100 years there has 
been a deep change in attitudes 
toward the years of childhood, 

following the realization of how crucial 
the process of growing up is to the entire 
subsequent life of the individual. Instead 
of child labor we have universal educa­
tion; instead of birch rods we have psy­
chotherapists. The study of child growth 
and development is central to modern 
educational theory and practice. It also 
bears heavily on social policy concerning 
the distribution of food, the condition of 
housing and the control of population. 
The study of growth in this context has 
made us appreciate more than ever be­
fore the intricate way in which genetic 
endowment and cultural forces continu­
ously interact to mold the life of the in­
dividual child. For example, what are 
we to make of the fact that in most in­
dustrial countries the age of menarche 
(first menstruation) has shown a steady 
downward trend of three to four months 
per decade for the past century? Iden­
tical twins growing up in the same en­
vironment attain menarche within a 
month or two of each other, so that the 

by 1. M. Tanner 

genes are dearly involved. Yet the trend 
suggests that the environmental factors 
can exert a powerful influence. 

There are two ways of plotting a 
child's growth. One is to simply show the 
child's height at successive ages. Anoth­
er is to show the increments of height 
gained from one age to the next, ex­
pressed as the rate of growth per year. 
If we think of growth as a form of mo­
tion, the first curve shows the distance 
traveled and the second shows the veloc­
ity of growth. The velocity curve reflects 
the child's state at any particular time 
better than the distance curve, because 
the distance curve depends largely on 
how much the child has grown in the 
preceding years. Children of the same 
age show a wide variation in their 
height. In fact, this variation is so great 
that if a child who was of exactly aver­
age height at his seventh birthday grew 
not at all for two years, he would still 
be just within the normal limits of height 
attained at age nine. 

In general the velocity of growth de­
creases from the fourth month of fetal 
life until the early teen-age years. At that 

"LAS MENINAS" ("THE MAIDS OF HONOR"), painted by Diego Velazquez in 1656, 

shows among other things three conditions of human growth. At left center in the portion 

of the painting reproduced on the opposite page is the Infanta Margarita Maria, the daugh. 

ter of Philip IV of Spain and his second wife, Marianna of Austria. The Infanta is a normal 

child of five. (She is dressed as a miniature adult, which reflects a difference in attitudes 

toward children between then and now.) The two figures at the far right are dwarfs. The 

woman suffers from achondroplasia, in which the growth of the trunk is normal but the 

limbs are stunted and the face is characteristically altered. The man, who appears to be a 

child with his foot playfully on the back of the dog, suffers from the principal form of 

dwarfism: isolated growth.hormone deficiency. In this form of dwarfism growth is severely 

limited but the proportions of the body are normal. The Infanta later married Leopold I, 

the Holy Roman Emperor. Her mother and father appear in the picture as reflections in the 

mirror to the left of the man in the illuminated doorway. Velazquez, who painted the scene 

as though he were making a portrait of the king and queen while the Infanta looked on, put 

himself in the picture at the far left. The painting has a room to itself at the Prado in Madrid. 

time there is a marked acceleration of 
growth called the adolescent growth 
spurt. The adolescent spurt is a constant 
feature in all human growth curves. On 
the average it comes two years earlier in 
girls than in boys. It is less pronounced 
in girls because it is caused partly by 
testosterone, the male sex hormone. 

Human growth itself is a rather reg-
ular process. Contrary to opinions 

still heard occasionally, growth in height 
does not proceed by fits and starts, nor 
does growth in upward dimensions alter­
nate with growth in transverse dimen­
sions. The more carefully the measure­
ments are made, the more regular the 
succession of points in the graph of a 
child's growth becomes. A good tech­
nique of positioning the child for mea­
surement is as important as the proper 
apparatus for accurately measuring his 
height. Careful positioning minimizes 
the decrease in height that occurs dur­
ing the day for postural reasons. The 
decrease is significant: it can be as much 
as three centimeters with a bad position­
ing technique but is less than half a cen­
timeter with good technique. 

Mathematical curves have been fitted 
with great success to measurements of 
individuals followed during the adoles­
cent spurt. Not only the height of the 
children has been fitted in this way but 
also the length of the arms, legs and 
trunk and the width of the shoulders and 
hips. Such serial studies of individuals 
are called longitudinal, as opposed to the 
studies of populations called cross-sec­
tional, in which each child is measured 
only once. 

The average boy is slightly taller than 
the average girl until the girl's adoles­
cent spurt begins. Between the ages of 
about 11 and 13 the average girl is tall­
er. Moreover, she is also heavier, in most 

35 
© 1973 SCIENTIFIC AMERICAN, INC



respects as strong and sexually much 
more mature. Only when the boy's spurt 
begins does he pass the girls, to take 
up his adult status of being the larger 
and more physically powerful sex. This 
changeover in size and maturity in the 
sexes is just one example of how the bi­
ology of growth presents problems in the 
organization of activities in schools. 

Nearly all the bones and muscles take 
part in the adolescent growth spurt. The 
increase in the size of the muscles is 
much more marked in boys than in girls. 
This growth, perhaps combined with 
changes in the muscles themselves 
toward more power per unit of cross­
sectional area of muscle, results in a 
large increase in the strength of adoles­
cent boys. Boys also develop a larger 
heart and lungs in relation to their size 
than girls. In addition they develop a 
higher systolic blood pressure, a lower 
rate of heartbeat while they are resting, 
a greater capacity for oxygen in the 
blood and a greater power for neutraliz­
ing the chemical products of muscular 
exercise (such as lactic acid), resulting in 
a faster rate of recovery from physical 
exhaustion. 

At the same time the male's shoulders 
show a proportionally greater spurt in 
width than the female's, while the fe­
male's hips widen more than the male's. 
In short, at adolescence the male be­
comes more adapted for the tasks of 
hunting, fighting and manipulating 
heavy objects, as is necessary in some 
forms of food gathering. It is as a direct 
result of these anatomical and physio­
logical changes that athletic ability in­
creases to such a marked degree in boys 
at adolescence. The notion of a boy out­
growing his strength at this stage has 
little observational support. Strength, 
athletic skill and physical endurance all 
progress rapidly throughout adoles­
cence; if the adolescent feels weak and 
becomes easily exhausted, it is for psy­
chological and social reasons. 

I mportant sex differences develop in the 
individual long before puberty. Dur­

ing prenatal life the Y chromosome of 
the male induces the growth of the 
testes. These organs manufacture testos­
terone, the hormone that causes the de­
velopment of the external male genitalia. 
In addition fetal testosterone has a spe­
cific action on the hypothalamic portion 
of the brain, transforming it into a male 
hypothalamus. The action is irrevocable, 
at least in experimental animals, and has 
to happen during a short period when 
the hypothalamus is particularly sensi­
tive. If no testosterone is received during 
that period, the hypothalamus differen-
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on photographs in the longitudinal.growth studies of Nancy Bayley 

and Leona Bayer of the University of California at Berkeley. 
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THREE GIRLS, all with the chronological age of 12.75 years, differed dramatically in de· 

velopment according to whether the particular girl had not yet reached puberty (left), was 

part of the way through it (middle) or had finished her development (right). This range of 

variation is completely normal. This drawing and the one below are based on photographs 

made by author and his colleagues at Institute of Child Health of University of London. 

THREE BOYS, all of the chronological age of 14.75 years, showed a similar variation in the 

range of their development. As is indicated in the charts on page 40, evidently some boys 

have entirely finished their growth and sexual maturation before others even begin theirs. 

38 

tiates as female, that is, as an organ that 
will mediate the endocrinological func­
tions of the female's sexual cycle. The 
same is probably true in man, with the 
sensitive period coming in the fourth 
month of fetal life. 

Other sex differences develop grad­
ually dUl,'ing the entire course of child­
hood growth. From birth onward males 
have larger forearms than females with 
respect to the length of their upper arms 
or to total body height. The velocity of 
growth in the length of the male's fore­
arm is always slightly greater than the 
velocity of growth in the female's. 

At puberty some of the more distinct 
sex differences appear, and the majority 
of them result in immediate differences 
in behavior. At about the same time that 
the adolescent growth spurt is under 
way, the reproductive system of both the 
male and the female begins to mature. 
In boys the growth of the penis and the 
testes accelerates. In girls the breasts be­
gin to develop. In both sexes the pubic 
hair first appears. Even though girls ex­
perience their adolescent growth spurt 
two years earlier than boys, the sexes are 
separated only by six months in the first 
changes of puberty. Menarche is a late 
event in female puberty and invariably 
comes after the peak of the growth spurt 
is over. 

Just as there are large variations in the 
normal range of childhood heights at any 
particular age, there are wide individual 
differences in the rates at which children 
develop-in what has been called the 
tempo of growth. These differences are 
present at all ages but their effects are 
seen most dramatically at adolescence. 
For example, the range of ages for the 
beginning of penis growth in males is 
from 10.5 to 14.5 years, and the range 
of ages for the completion of that devel­
opment is from 12.5 to 16.5 years. Evi­
dently some boys have finished their 
growth before others have even begun. 

The importance of this variation in in­
dividuals for educational practice is ob­
vious enough, although how to deal with 
it is less so. Body-contact sports between 
boys who are early maturers with boys 
of the same age who are late maturers 
are scarcely to be recommended. The 
situation is complicated by the fact that 
ability in school work and formal ex­
aminations is Significantly, although not 
closely, linked to body size and the de­
gree of development. Thus examinations 
administered to a group of children 
purely on the basis of their chronological 
age, such as the ll-plus examination in 
Britain, tend to pick out more than the 
fair share of earlier maturers for future 
advancement without any evidence that 
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SECULAR TREND IN HEIGHT is shown by surveys of the height 

of English boys in the years 1833, 1874, 1878 and 1965. Data are re­

produced on a standard growth chart. "Single-time standard (cross­

sectional)" refers to the average result from cross-sectional surveys_ 

"Repeated-visit standard (longitudinal)" refers to average result 

from longitudinal surveys. The numbers 97, 90, 75 and so on in­

dicate percent of the male population shorter than a given height., 
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these would ultimately prove to be the 
brightest individuals in the group. 

There is little doubt that being an 
early or a late maturer can have con­
siderable and perhaps lasting effects on 
the individual's behavior. Perhaps boys 
are at more risk than girls, since the 
changes in their size and strength are 
greater. In one case two boys who were 
of equal height at age 11 differed three 
years later in height by 12 centimeters 
(five inches), by many kilograms of 
weight-lifting performance and by an 
entire dimension of sexual development. 
Part of the duty of teachers is to under­
stand this aspect of biological variabil-

ity, to recognize the late maturers and to 
reassure them that their ultimate status 
is not a jot different from that of the ear­
ly maturers. 

In the light of the variation in the 
tempo of growth, we need some mea­
sure of developmental age or physiolog­
ical maturity that would be applicable 
throughout the entire period of growth. 
Numerous possible measurements have 
been tried, ranging from the number of 
teeth that have erupted to the amount 
of water in muscle cells. The various 
scales do not necessarily coincide;. the 
most commonly used is bone age, or 
skeletal maturity. This measurement 
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SEQUENCE OF EVENTS OF PUBERTY IN GIRLS at various ages is diagrammed for the 

average child. The hump in the har labeled "Height spurt" represents the peak velocity of 

the spurt. The bars represent the heginning and completion of the events of puherty. AI· 
though the adolescent growth spurt for girls typically begins at age 10.5 and ends at age 14, 
it can start as early as age 9.5 and end as late as age 15. Similarly, menarche (the onset of 

menstruation) can come at any time between the ages of 10 and 16.5 and tends to be a late 

event of puberty. Some girls begin to show breast development as early as age eight and 

have completed it by age 13; others may not begin it until age 13 and complete it at age 18. 
First pubic hair appears after the beginning of breast development in two·thirds of all girls. 
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SEQUENCE OF EVENTS OF PUBERTY IN BOYS is also shown at various ages for the 

average child. The adolescent growth spurt of hoys can begin as early as age 10.5 or as late 

as age 16 and can end anywhere from age 13.5 to age 17.5. Elongation of the penis can begin 

from age 10.5 to 14.5 and can end from age 12.5 to age 16.5. Growth of the testes can begin as 

early as age 9.5 or as late as age 13.5 and end at any time between the ages of 13.5 and 17. 
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rests on the fact that the bones (in prac­
tice those of the hand and wrist) pass 
through the same developmental stages, 
independently of size, in all children. 
Therefore a scale can be constructed cor­
responding to how close the bone is to 
the adult appearance at any given time. 

Bone age can be used to help in certain 
problems of educational guidance. 

The Royal School of Ballet in the United 
Kingdom insists that the height of danc­
ers in its corps de ballet be within rather 
narrow limits. Its associated school takes 
in prospective dancers mostly at ages 
nine to 11. A considerable number of 
the children were found to end up as 
adults who were unacceptably tall or 
short. Their training had been wasted, 
their hopes dashed and their life dis­
oriented. At the Institute of Child Health 
of the University of London, R. H. 
Whitehouse, W. A. Marshall and I de­
veloped a method for predicting adult 
height, derived originally from the work 
of Nancy Bayley of the University of 
California at Berkeley. Adult height is 
predicted by an equation involving pres­
ent height, chronological age and bone 
age. The coefficients of the equations 
differ at age nine, 10 and so on; in pu­
berty the importance of the bone-age co­
efficient increases and that of the chron­
ological-age coefficient decreases. Thus 
for a 12-year-old girl one has a measure 
of whether she is advanced and nearing 
the end of her growth period or wheth­
er she is delayed and has much more 
growth to come. 

The predictions are moderately suc­
cessful. The great majority of the chil­
dren are within five centimeters (two 
inches) of the actual height attained. We 
thus give the prediction in the form of a 
10-centirneter band of adult height. If 
part of this band overlaps the required 
band for dancers, well and good; if it 
does not, the child is told of her limited 
chances for a dancing career. We are 
seeking ways of making the prediction 
better. Allowance for parental height im­
proves it slightly, but the chief errors 
seem to come from our being unable to 
predict how large the adolescent spurt 
will be. The amount of height added in 
the spurt is largely independent of pre­
adolescent growth. Very likely it has a 
separate genetic control. 

The rate of growth at any age is 
clearly the outcome of the interaction of 
genetic and environmental factors. The 
child inherits possible patterns of growth 
from his parents. The environment, how­
ever, dictates which (if any) of the pat­
terns will become actual. In an environ-
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HUMAN GROWTH HORMONE, also called somatotro-
Pro PROLINE phin, is a protein consisting of a chain of 191 amino acid 

Ser SERINE units_ The sequence of the amino acid units was presented 

Thr THREONINE 
in 1966 by Choh Hao Li of the University of California at 

Berkeley and was later modified by Hugh Niall of the Mas-
Trp TRYPTOPHAN sachusetts General Hospital. Somatotrophin, acting with 

Tyr TYROSINE other hormones, regulates the normal growth of children_ 

Liues joining two pairs of cystine (Cys) units represent di-
Val VALINE sulfide bondo. Growth-hormone molecule is folded in such 

Glu GLUTAMIC ACID Phe PHENYLALANINE a way that paired cystine units are adjacent to each other. 

ment where nutrition is always adequate, 
where the parents are caring and where 
social factors are adequate it is the genes 
that largely determine differences be­
tween members of the population in 
growth and in adult physique. In an en­
vironment that is suboptimal and per­
haps changes from time to time, as in 
the periodic famines characteristic of 
much of the world, differences between 
members of the population reRect the 
social history of the individuals as much 
as their genetic endowment. 

The genetic-environment interaction 
need not be additive. A child whose 
genes enable him to grow very well in 
an optimal environment may be less able 
to do so under poor circumstances than 
a child who in the good environment was 
smaller than he. Such differences in the 
degree to which growth can be regulat­
ed probably themselves depend largely 

on genetic factors. Girls are on the av­
erage better able to cope with environ­
mental changes than boys, and their 
growth is less affected by such adverse 
factors as atomic radiation or poor nutri­
tion. The same holds tme in at least 
some other mammalian species. 

The shape of the body is under closer 
genetic control than size. Identical 

twins may be so nearly the same in 
shape that they cannot be distinguished, 
yet one may be larger in absolute dimen­
sions, usually from the time of birth. 
Japanese reared in California grew to be 
larger than Japanese in the then poorer 
nutritional circumstances of Japan, but 
their characteristic facial and trunk-limb 
proportions did not change. It seems that 
between blacks and whites in the U.S. 
and Jamaica there is very little differ­
ence in height when the circumstances 

of the two groups can be matched, but 
differences in the two groups' body pro­
portions remain, American blacks hav­
ing longer legs and arms and slenderer 
hips than American whites. Similar 
genetically controlled differences in 
proportion are observed between, for 
example, the Tutsi and Hutu, two Afri­
can populations living side by side in 
Rwanda. 

Since growth is so sensitive to malnu­
trition and other environmental upsets, 
surveys of the growth of children are an 
essential part of any country's monitor­
ing of its social and nutritional status. 
When such surveys are carried out with 
the proper attention to sampling, the 
proper training of the measurers and the 
proper recording of the relevant social 
data, they can clearly indicate the fac­
tors causing childhood disadvantage. 
These factors usually include the num-
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bel' of siblings in the family, the occu­
pation and income of the parents and 
the physical geography of the region: 
whether it is mountainous or low-lying, 
hot or cold. 

Complications arise in countries 
where the population is not genetically 
homogeneous, or where social class and 
ethnic origin are related. Even in these 
cases, however, standards can be set for 
each ethnic group. In my opinion stan­
dards for developing countries should 
not be constructed from a random sam­
ple of the entire population, as standards 
in well-nourished countries are. In coun­
tries that are subject to general malnu­
trition, standards should be based on a 
sample of the population that is environ­
mentally faring the best, since these 
individuals represent the currently at­
tainable range of desired norms for the 
population as a whole. 

As the environmental and social con­
ditions of a country improve, the chil­
dren grow up faster and reach a greater 
final size. The variation between individ­
uals of different social classes becomes 
less. This process is termed the secular 
trend of growth. In Europe and North 
America the process has been going on 
continuously for about 100 years. The 
first survey of a population in the Unit­
ed Kingdom was the measurement of 
the height of boys working in factories 
in 1833. The results of this early survey 
can be compared with the results of a 
survey of boys of the working classes and 
of the upper middle classes carried out 
from 1874 through 1878 and with the 
results of a modern survey of London 
boys in 1965. 

The effect of the environment on the 
boys' rate of maturation is considerably 
greater than its effect on the boys' final 
size. In the 19th century working-class 
boys went on growing far into their mid­
dle twenties and thus eventually made 
up for some of their earlier deficit. 
Victor Oppers of the Amsterdam depart­
ment of health has estimated that the 
secular trend of final adult size in the 
Netherlands was zero between 1820 and 
1860. Between 1860 and 1960, how­
ever, it was one centimeter per decade. 
In other words, the average adult in 
1960 was 10 centimeters (four inches) 
taller than his counterpart of a century 
ago. 

There has also been a downward sec­
ular trend in the age of menarche. In 
some countries where the statistics are 
adequate there was a trend of three to 
four months per decade from 1840 to 
1960. There are indications that the 
trend has ceased in some populations, 
such as in Oslo, in London and in the 
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upper social classes in the U.S. In oth­
ers, however, it is still active. The trend 
of increasing height has also nearly 
ceased in American and British popula­
tions that are economically well off. 

�though the reasons for secular trends 
are not fully understood, it seems 

likely that better nutrition, particularly 
in infancy, is chiefly responsible. In 
many countries today, however, there is 
a danger that children are being over­
fed. Childhood obesity is becoming com­
mon, particularly where children are fed 
from bottles and are given solid food 
very early instead of (or in addition to) 
breast-feeding. In these circumstances 
surveys of growth are still highly im­
pOltant, but measurements of skin folds, 
which are an indication of the amount of 
subcutaneous fat, have to be added to 
measurements of height and weight. 

The mechanisms through which 
growth is genetically controlled are ob­
scure. Indeed, the reason one child 
grows faster and to a greater adult 
height than another is quite unknown. 
All we can say at present is that certain 
hormones are essential for normal 
growth. Among them are the pituitary 
growth hormone, the thyroid hormone, 
insulin and the gonadotropic and sex 
hormones. 

Lack of growth hormone causes a par­
ticular form of dwarfism. (The term is 
never used in the clinic, since it tends to 
conjure up associations with elves and 
demons. We refer to these children as 
suffering from short stature.) Such chil­
dren are normal at birth but fail to grow 
adequately in length thereafter (al­
though they may at first apparently gain 
weight normally, due to the accumula­
tion of excessive fat). Human growth 
hormone, extracted from the pituitary 
gland of cadavers, is now available for 
the treatment of short stature due to 
growth-hormone deficiency. Such treat­
ment results in a period of supernormal 
growth, which has been called "catch 
up" growth. Catch-up growth is charac­
teristic of all children whose normal de­
velopment has been retarded (for exam­
ple by rrialnutrition) and then resumes 
when the retarding factor is removed. 
Growth-hormone-deficient children re­
q�ire growth hormone continuously 
throughout childhood and adolescence 
in order to attain normal adult stature. 

The condition seems to be due to a 
malfunction of the hypothalamus rather 
than of the pituitary gland itself. Like all 
pituitary hormones, growth hormone is 
controlled by a specific releasing hor­
mone secreted by the cells of the hypo­
thalamus. The deficiency may be simply 

in the amount of growth hormone, or it 
may extend to the release of other pitui­
tary hormones as well. The deficiency 
occurs in families. Some 15 percent of 
the siblings of these patients and 1 to 2 
percent of the parents also lack growth 
hormone. 

Growth hormone seems to complete­
ly restore the capacity of these children 
to grow. If it is given early enough, the 
child catches up totally and ends up 
at, or very near, his genetically pro­
grammed curve. Interestingly enough, 
giving excess growth hormone produces 
no excess growth. By the same token 
giving growth hormone to normal chil­
dren, who have their own supply, fails 
to increase their size. 

Growth hormone does not act direct­
ly on growing cartilage. It causes the liv­
er to secrete another hormone: soma­
tomedin. The somatomedin molecule is 
much smaller than the growth hormone 
molecule, but its structure is not yet 
known. Whether or not somatomedin 
could be administered to cause normal 
small children to grow to be normal large 
children is not known. The possibility, 
however, seems unlikely. The ultimate 
control of the size of a child probably 
lies in the number of cartilage cells he 
has and their responsiveness to the vari­
ous hormones. 

In certain forms of dwarfism it is these 
cartilage cells that are at fault. The best­
known of these growth disorders is called 
achondroplasia. Here the defect is lo­
calized chiefly in the bones of the upper 
arm and the thigh. Achondroplasia is 
an inherited disorder; a single dominant 
gene is responsible. 

I n some children the secretion of the 
growth-hormone releaser may be 

switched off as a result of psychosocial 
upset. Such children resemble others 
who have a deficiency of growth hor­
mone, except that they usually also have 
a history of psychiatric disturbance and 
abnormal behavior. Furthermore, when 
these children are removed from their 
stressful surroundings, their growth hor­
mone switches on again and they show 
typical catch-up growth. This phenome­
non was first described under the name 
of deprivation dwarfism by Lytt I. Gard­
ner of the Upstate Medical Center of the 
State University of New York and by 
Robert M. Blizzard and his colleagues at 
the Johns Hopkins Hospital [see "Depri­
vation Dwarfism," by Lytt I. Gardner; 
SCIENTIFIC AMERICAN, July, 1972]. It is 
now more usually called psychosocial 
short stature, since "deprivation" does 
not always adequately describe the so­
cial process that gives rise to it. 
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AGE OF MENARCHE in the U.S. and seven countries of western Europe has 

declined greatly from what it was 120 years ago. For example, in the mid·1840', 

an average Norwegian girl began menstruating at 17; today she is just over 13. 

The downward trend appears to be leveling off in the case of some countries. 

Trend is probably chiefly due to advances in nutrition over the past century. 

In addition to growth hormone the 
sex hormones are required for normal 
growth in prenatal life and at puberty, 
and perhaps also in the years before pu­
berty. They are present in small quan­
tities in the blood throughout growth, 
but the quantities increase greatly at 
puberty. Testosterone is responsible for 
much of the adolescent spurt in boys, 
although growth hormone is still neces­
sary; the growth rate of boys deficient in 
growth hormone is greater when they 

are given growth hormone plus testos­
terone than when they are given either 
hormone alone. The adolescent growth 
spurt in girls, however, seems to be 
caused by growth hormone plus andro­
genic hormones from the adrenal gland. 
The female sex hormone (estrogen) does 
not give rise to growth, except growth 
of the breasts and of the reproductive 
tract. 

Much about the mechanism of growth 
and maturation still remains obscure. 

Our lack of speCific information does not 
prevent the use of growth rates as a 

guide for improving the health of popu­
lations, nor does it impair the impor­
tance of a knowledge of variation in 
growth rates, both between and within 
the sexes. Nevertheless, human biologists 
would dearly like to know the movement 
of each of the particular hormonal shut­
tles that weave the complex and unique 
patterns that constitute an individual's 
growing up. 
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GETTING OLD 

Everyone ages, but some seem to age less quickly than others. 

In search of clues to the phenomenon the author visits three 

communities where vigorous oldsters are remarkably numerous 

""

T
he patient, Mr. X, is 81 years 
old. A resident of the Dunhill 
Nursing Home, he has had two 

strokes, the first three years ago and the 
second a year ago. Since the last stroke 
he has been bedridden, incontinent and 
senile. He no longer recognizes members 
of his own family. For the past two 
months he has been eating poorly and 
failing generally. He was brought in last 
night by ambulance to our Emergency 
Service, where we found pulmonary con­
gestion from a failing arteriosclerotic 
heart and pneumonia. Treatment was 
started with diuretics and digitalis for 
his congestive heart failure and high 
doses of penicillin for his pneumonia. 
This morning his fever is gone and he is 
breathing quietly." 

I listen to this familiar story related 
by my intern at the Massachusetts Gen­
eral Hospital and mentally fill in the re­
mainder of the picture. Sometimes the 
patient is 65, sometimes 70 or 90. Some­
times there is an underlying cancer. 
Usually, however, cardiovascular or res­
piratory problems dominate the clinical 
situation but are superimposed on a sub­
strate of debility, wasting and senility. In 
the past pneumonia usually terminated 
such stories with some degree of dignity. 
Today modern medicine, with its anti­
biotics, intravenous infusions, cardiac 

by Alexander Leaf 

pacemakers, respirators, diuretics and 
the like can often resolve the immediate 
problem (pneumonia and congestive 
heart failure in this instance) and return 
the patient to his nursing home again. 

In a large metropolitan teaching hos­
pital some 40 percent of the medical (as 
opposed to surgical) beds are occupied 
by patients over 65, many of them in a 
condition similar to Mr. X's. More than 
20 million citizens are 65 or older in the 
U.S. today. They are the major reservoir 
of illness and medical needs. When I 
chose a career in medicine 35 years ago, 
I did so with the conviction that regard­
less of my eventual specialization my 
work would promote health and relieve 
human suffering. Today I contemplate 
Mr. X and wonder if my initial convic­
tion was right. Of course, medicine does 
more than treat the Mr. X's, but are we 
doing the best we can for contemporary 
society? The proportion of the popula­
tion over 65 is between 10 and 11 per­
cent now and will come close to 15 per­
cent in the next few decades. What is 
medicine doing about it? Are we apply­
ing our resources wisely? Should we de­
vote proportionately more of our efforts 
to trying to learn how we can prevent 
the infirmities of old age? 

In the U.S. in 1969 the life expectancy 
at birth for white males was 67.8 years 

NINE REMBRANDT SELF-PORTRAITS, painted between the ages of 27 or 28 and 63, 
document the progress of aging in the case of a generally prosperous Dutch burgher of the 
mid-17th century. The painter was born in July, 1606, and died in October, 1669. His self· 
portrait of 1633 or 1634 (top left on opposite page) is now in the Uffizi Gallery in Florence. 
Next (top center) is his self·portrait of 1652, when he was 46 years old. This is one of three 
portraits reproduced here that are in the Kunsthistorisches Museum in Vienna. Next (top 
right) is a portrait at age 49, also in Vienna. The second row begins (left) with a portrait 
in the National Gallery of Scotland in Edinburgh, painted at the age of 51. Next is the third 
of the Vienna paintings, which may show Rembrandt one year older (center). At the right 
is his portrait at age 54, now in the Louvre. The bottom row begins (left) with a portrait at 
age 55, now in the Rijksmuseum in Amsterdam. The next portrait (center) may have been 
painted in 1664 when Rembrandt was 58; it is also in the Uffizi. The last portrait (right) 
Rembrandt painted in the year of his death; it is at the Mauritshuis in The Hague. 

and for white females 75.1 years. That 
is some 23 years longer than life ex­
pectancy was in 1900. However, an 
adult who had reached 65 at the turn of 
the century could expect to live another 
13 years and an adult who reaches 65 
today can expect to live another 15 
years, or only two years longer than in 
1900. The seemingly large increase in 
life expectancy at birth actually reHects 
the great reduction in infant mortality. 
Little progress has been made in con­
trolling the major causes of death in 
adults: heart disease, cancer and stroke. 
Accidents, of which nearly half are 
caused by motor vehicles, are a fourth 
major cause of adult deaths. 

if. the Ninth International Congress of 
Gerontology in July, 1972, M. Vacek 

of Czechoslovakia discussed the increase 
in mean age and the rising proportion of 
old people in the population. He pOinted 
out the fact that the rise in the number 
of people over 65 toward 15 percent 
in the populations of stable, industrial 
countries could be attributed to a falling 
birthrate. When at the conclusion of his 
remarks someone in the audience timid­
ly asked if the achievements of the medi­
cal sciences had played a role in the rise 
in mean age, he responded that indeed 
they had, but that the simultaneous 
deterioration of the environment had 
canceled out any positive effect from 
medicine. 

Mere length of life, however, may be 
a poor concern on which to focus. Most 
would agree that the quality of life, rath­
er than its duration, should be the prime 
issue. The active life, so warmly es­
poused by Theodore Roosevelt, has been 
the American model. If one can ex­
tend the period of productive activity 
as did Verdi and Churchill, so much the 
better. 

Most students of the field would agree 
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with the statement of Frederic Verzar, 
the Swiss dean of gerontologists. "Old 
age is not an illness," says Verzar. "It is 
a continuation of life with decreasing 
capacities for adaptation. " The main 
crippler and killer, arteriosclerosis, is not 
a necessary accompaniment of aging but 
a disease state that increases in incidence 
with age; the same is true of cancer. If 
we could prevent arteriosclerosis, hyper­
tension and cancer, the life-span could 
be pushed back closer to the biological 
limit, if such a limit in fact exists. 

In order to observe aged individuals 
who are free of debilitating illness I re­
cently visited three remote parts of the 
world where the existence of such in­
dividuals was rumored. These were the 
village of Vilcabamba in Ecuador, the 
small principality of Hunza in West 
Pakistan and the highlands of Georgia 
in the Soviet Caucasus. 

A census of Vilcabamba taken in 1971 
by Ecuador's National Institute of 

Statistics recorded a total population of 
819 in this remote Andean village. Nine 
of the 819 were over 100 years old. The 
proportion of the population in this small 
village over 60 is 16.4 percent, as con­
trasted with a figure of 6.4 percent for 
rural Ecuador in general. The valley that 
shelters Vilcabamba is at an altitude of 
some 4,500 feet. Its vegetation appears 
quite lush. The people live by farming, 
but the methods are so primitive that 
only a bare subsistence is extracted.from 
the land. 

A team of physicians and scientists 
from Quito under the direction of Miguel 

Salvador has been studying this unique 
population. Guillermo Vela of the Uni­
versity of Quito, the nutritionist in the 
group, finds that the average daily calor­
ic intake of an elderly Vilcabamba adult 
is 1,200 calories. Protein provided 35 to 
38 grams and fat only 12 to 19 grams; 
200 to 250 grams of carbohydrate com­
pleted the diet. The contribution of ani­
mal protein and animal fat to the diet is 
very low. 

The villagers of Vilcabamba, like most 
inhabitants of underdeveloped coun­
tries, live without benefit of modern sani­
tation, cleanliness and medical care. 
Cleanliness is evidently not a prerequi­
site for longevity. A small river skirts the 
village and provides water for drinking, 
washing and bathing. When we asked 
various villagers how long it had been 
since they had last bathed, the responses 
showed that many had not done so for 
two years. (The record was 10 years. ) 
The villagers live in mud huts with dirt 
floors; chickens and pigs share their 
quarters. As one might expect in such 
surroundings, infant mortality is high, 
but so is the proportion of aged indi­
viduals. By extrapolation it stands at 
1,100 per 100,000, compared with three 
per 100,000 in the U.S. Statistically, of 
course, such an extrapolation from so 
small a number is unwarranted; none­
theless, it shows how unusual the age 
distribution is in this little village. 

The old people of Vilcabamba all ap­
peared to be of European rather than 
Indian descent. We were able to validate 
the reported ages of almost all the elder­
ly individuals from baptismal records 

kept in the local Catholic church. Miguel 
Carpio, aged 121, was the oldest person 
in the village when we were there. Jose 
Toledo's picture has appeared in news­
papers around the world with captions 
that have proclaimed his extreme old 
age; actually he is only 109. All the old 
people were born locally, so that what 
is sometimes called the Miami Beach 
phenomenon, that is, an ingathering of 
the elderly, cannot account for the age 
distribution. 

Both tobacco and sugarcane are grown 
in the valley, and a local rum drink, 
zuhmir, is produced. We did not, how­
ever, witness any drunkenness, and al­
though most villagers smoke, there is 
disagreement among visiting physicians 
about how many of them inhale. The vil­
lagers work hard to scratch a livelihood 
from the soil, and the mountainous ter­
rain demands continuous and vigorous 
physical activity. These circumstances 
are hardly unique to Vileabamba, and 
one leaves this Andean valley with the 
strong suspicion that genetic factors 
must be playing an important role in the 
longevity of this small enclave of elderly 
people of European stock. 

The impression that genetic -factors are 
important in longevity was reinforced 

by what we saw in Hunza. This small in­
dependent state is ruled over by a hered­
itary line of leaders known as Mirs. In 
1891 the Mir of that day surrendered 
control over defense, communications 
and foreign affairs to the British when 
they conquered his country. In 1948, 
after the partition of Pakistan and India, 

IN SOVIET GEORGIA, one of three widely separated parts of the 

world visited by the author, a 105.year·old man has the place of 

honor (at head of table, left) at a party held near the village of 

Gurjanni. The centenarian was the oldest guest but the man and 

the two women on his left are all over 80. The average diet of 

those over 80 in the Caucasus is relatively rich in proteins (70 

to 80 grams a day) and fats (40 to 60 grams), but the daily caloric 

intake, 1,700 to 1,900 calories, is barely half the U.S. average. 
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ON THE PAKISTAN FRONTIER old men of the principality of 

Hunza, another area visited by the author, winnow threshed wheat 

in a mountain vill age. Ibriham Shah (right) professes to be 80 years 

old but Mohd Ghraib (left) says he is only 75. Both vigorous work 

and a low·calorie diet are factors in the fitness of Hunza elders. 

An adult male's daily diet includes 50 grams of proteins, 36 grams 

of fats and 354 grams of carbohydrate. This combination provides 

a somewhat higher daily total than in the Caucasus: 1,923 calories. 

the present Mir yielded the same right to 
Pakistan. Hunza is hidden among the 
towering peaks of the Karakorum Range 
on Pakistan's border with China and Af­
ghanistan and is one of the most inac­
cessible places on the earth. After a day's 
travel from Gilgit, first by jeep and then 
on foot from the point where a rockslide 
had cut the mountain road, we found 
ourselves in a valley surrounded on all 
sides by peaks more than 20,000 feet 
high, blocked at the far end by Mount 
Rokaposhi, which rises to 25,500 feet in 
snow-clad splendor. 

The valley is arid, but a system of irri­
gation canals built over the past 800 
years carries water from the high sur­
rounding glaciers, converting the valley 
into a terraced garden. The inhabitants 
work their fields by primitive agricultur­
al methods, and the harvests are not 
quite sufficient to prevent a period of 
real privation each winter. According to 
S. Maqsood Ali, a Pakistani nutritionist 
who has surveyed the diet of 55 adult 
males in Hunza, the daily diet averages 
1,923 calories: 50 grams are protein, 36 
grams fat and 354 grams carbohydrate. 
Meat and dairy products accounted for 
only 1 percent of the total. Land is too 
precious to be used to support dairy 
herds; the few animals that are kept by 
the people are killed for meat only dur-

ing the winter or on festive occasions. 
As in Vileabamba, everyone in Hunza 

works hard to wrest a living from the 
rocky hills. One sees an unusual number 
of vigorous people who, although elderly 
in appearance, agilely climb up and 
down the steep slopes of the valley. 
Their language is an unwritten one, so 
that no documentary records of birth 
dates are available. In religion the 
Hunzakuts are Ismaili Moslems, fol­
lowers of the Agha Khan. Their educa­
tion is quite limited. Thus, although a 
number of nonscientific accounts have 
attributed remarkable longevity and 
robust health to these people, no docu­
mentation substantiates the reports. 

Unfortunately there is no known 
means of distinguishing chronological 
age from physiological age in humans. 
When we asked elderly Hunzakuts how 
old they were and what they remem­
bered of the British invasion of their 
country in 1891, their answers did little 
to validate their supposed age. If, how­
ever, they are as old as both they and 
their Mir, a well-educated and worldly 
man, maintain, then there are a remark­
able number of aged but lean and fit­
looking Hunzakuts who can climb the 
steep slopes of their valley with far 
greater ease than we could. Putatively 
the oldest citizen was one Tulah Beg, 

who said he was 110; the next oldest, 
also a male, said he was 105. 

In addition to their low-calorie diet, 
which is also low in animal fats, and 
their intense physical activity, the Hun­
zakuts have a record of genetic isolation 
that must be nearly unique. Now, there 
do not seem to be "good" genes that 
favor longevity but only "bad" genes that 
increase the probability of acquiring a 
fatal illness. One may therefore specu­
late that a small number of individuals, 
singularly lacking such ''bad'' genes, 
settled this mountain valley centuries 
ago and that their isolation has pre­
vented a subsequent admixture with 
"bad" genes. This, of course, is mere 
speculation. 

The possible role of genetic factors in 
longevity seemed of less importance 

in the Caucasus. In Abkhasia on the 
shores of the Black Sea and in the ad­
joining Caucasus one encounters many 
people over 100 who are not only Geor­
gian but also Russian, Jewish, Armenian 
and Turkish. The Caucasus is a land 
bridge that has been traveled for cen­
turies by conquerors from both the east 
and the west, and its population can 
scarcely have maintained any significant 
degree of genetic isolation. At the same 
time, when one speaks to the numerous 
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IN THE ANDES OF ECUADOR an 8S.year.old woman of the village of Vileabamba 

works in a cornfield, continuing to contribute to the economic welfare of the community 

at an age when many women no longer work. Of the areas visited by the author, Vileabamba 

afforded the elderly the most sparse diet. The daily intake was less than 40 grams of pro· 

teins, 20 grams of fats and 2S0 grams of carbohydrate for a total intake of 1,200 calories. 

BLACK SEA VILLAGER from the coast near Sukhumi is over 100 years old. To live to be 

100 or older in the Caucasus gains one a kind of elder statesman's place in local society. 
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centenarians in the area, one invariably 
discovers that each of them has parents 
or siblings who have similarly attained 
great age. The genetic aspect of longev­
ity therefore cannot be entirely dis­
missed. 

In contrast to the isolated valleys of 
Vilcabamba and Hunza, the Caucasus is 
an extensive area that includes three 
Soviet republics: Georgia, Azerbaijan 
and Armenia. The climate varies from 
the humid and subtropical (as at Sukhu­
mi on the Black Sea, with an annual 
rainfall of 1,100 to 1,400 millimeters) to 
drier continental conditions, marked by 
extremes of summer heat and winter 
cold. The population extends from sea­
level settlements along the Black and 
Caspian seas to mountain villages at alti­
tudes of 1,000 to 1,500 meters. More old 
people are found in the mountainous 
regions than at sea level, and the inci­
dence of atherosclerosis among those 
who live in the mountains is only half 
that in the sea-level villages. G. Z. 
Pitzkhelauri, head of the Gerontological 
Center in the Republic of Georgia, told 
me that the 1970 census placed the num­
ber of centenarians for the entire Cau­
casus at between 4,500 and 5,000. Of 
these, 1,844, or an average of 39 per 
100,000, live in Georgia. In Azerbaijan 
there are 2,500 more, or 63 per 100,000. 
Perhaps of more pertinence to my study 
was the record of activity among the 
elderly of the Caucasus. Of 15,000 in­
dividuals over 80 whose records were 
kept by Pitzkhelauri, more than 70 per­
cent continue to lead very active lives. 
Sixty percent of them were still working 
on state or collective farms. 

I returned from my three surveys 
convinced that a vigorous, active life in­
volving_ physical activity (sexual activity 
included) was possible for at least 100 
years and in some instances for even 
longer. 

�ngevity is clearly a multifactorial 
matter. First are the genetic factors; 

all who have studied longevity are con­
vinced of their importance. It is gen­
erally accepted that the offspring of 
long-lived parents live longer than oth­
ers. Yet a long life extends beyond the 
period of fertility, at least in women, so 
that length of life can have no direct 
evolutionary advantage. It has been 
suggested that living organisms are like 
clocks: their life-span ends when the 
initial endowment of energy is expend­
ed, just as the clock stops when its spring 
becomes unwound. L. V. Heilbrunn esti· 
mated in the 1900's that the heart of a 
mouse, which beats 520 to 780 times per 
minute, would contract 1. 11 billion times 
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during the 3.5 years of the mouse's nor­
mal life-span. The heart of an elephant, 
which beats 25 to 28 times per minute, 
would have beaten 1.021 billion times 
during the elephant's normal life-span 
of 70 years. The similarity between these 
two figures seems to suggest some initial 
equal potential that is gradually dissi­
pated over the animal's life-span. Such 
calculations, however, are probably 
more entertaining than explanatory of 
longevity. 

As I have mentioned, genes evidently 
influence longevity only in a negative 
way by predisposing the organism to 
specific fatal diseases. Alex Comfort of 
University College London has pOinted 
out the possible role of heterosis, or ''hy­
brid vigor." The crossbreeding of two in­
bred strains-each with limited growth, 
size, resistance to disease and longevity­
can improve these characteristics in the 
progeny. This vigor has been manifested 
in a wide variety of species, both plant 
and animal, but its significance in human 
longevity is not known. 

Next are the factors associated with 
nutrition. Since we are composed of 
what we eat and drink, it is not surpris­
ing that students of longevity have em­
phasized the importance of dietary fac­
tors. Indeed, the only demonstrable 
means of extending the life-span of an 
experimental animal has been the ma­
nipulation of diet. The classic studies of 
Clive M. McCay of Cornell University in 
the 1930's showed that the life-span of 
albino rats could be increased as much 
as 40 percent by the restriction of caloric 
intake early in life. Rats fed a diet other­
wise balanced but deficient in calories 
showed delayed growth and maturation 
until the caloric intake was increased. 
At the same time their life-span was ex­
tended. The significance of these ex­
periments with respect to human lon­
gevity is not known, but they raise ques­
tions about the current tendency to 
overfeed children. 

The role of specific dietary factors in 
promoting longevity remains unsettled. 
When the old people we visited were 
asked to what they attributed their long 
life, credit was usually given to the local 
alcoholic beverage, but this response 
generally came from the more vocal and 
chanvinistic males. Much publicity is 
given today to the possible role of animal 
fats in the development of arteriosclero­
sis. Saturated fatty acids and cholesterol 
have also been suggested as the causal 
agents of coronary atherosclerosis. Since 
the atheromas themselves-the deposits 
that narrow and occlude the blood ves­
sels of the heart, the brain and other or­
gans-contain cholesterol, the suspicion 
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ELDER OF HUNZA is examined by the author. A resident of the village of Mominabad, 

the man professed to be no years old. Birth records are not kept in Hunza, however, and 

evidence supporting his claim and other Hunza elders' claims of extreme age did not exist. 

of complicity comes easily. It is also well 
documented that the level of cholesterol 
in the blood serum has a positive prog­
nostic relation to the likelihood of heart 
attacks. 

Since the diet of affiuent societies has 
a high content of animal fats, which are 
rich in cholesterol and saturated fatty 
acids, the suspicion further arises that 
these dietary constituents are contrib­
uting to the increase in the number 
of heart attacks affecting young adult 
males. The marked individual variability 
in tolerance to the quantity of fat and 
cholesterol in the diet, however, makes it 
difficult to ascribe prime importance to 
this single factor. We have seen that in 
both Vilcabamba and Hunza the diet 
was not only low in calories but also low 
in animal fats. In the Caucasus an active 
dairy economy allows cheese and milk 
products to be served with every meal. 
Perhaps it is significant that in this area 
the cheese is low in fat content and the 
total fat intake is only some 40 to 60 
grams per day. This level is in sharp 
contrast to figures from a recent U.S. 
Department of Agriculture report stating 
that the average daily fat intake for 
Americans of all ages is 157 grams. The 
best-informed medical opinion today 

generally agrees that the Americans' 
average daily intake of 3,300 calories, 
including substantial quantities of fat, 
is excessive and conducive neither to 
optimal health nor to longevity. 

Let us now consider physical activity. 
There is increasing awareness that early 
heart disease is a price we are paying for 
our largely sedentary existence. In the 
three areas I visited physical fitness was 
an inevitable consequence of the active 
life led by the inhabitants. My initial 
speculation that their isolated lives pro­
tects them from the ravages of infectious 
diseases and from acquiring "bad" genes 
is probably incorrect. A simpler explana­
tion for their fitness is that their moun­
tainous terrain demands a high level of 
physical activity simply to get through 
the day. 

A number of studies have examined 
the effects of physical activity on the 
incidence and severity of heart attacks 
among various sample populations. For 
example, among British postal workers 
it was found that those who delivered 
the mail had a lower incidence of heart 
attacks and, when attacks did occur, a 
lower mortality rate than their col­
leagues who worked at sedentary jobs. 
This same study also compared the rela-
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tive incidence of heart attacks among 
London bus drivers and conductors. The 
conductors, who spent their working 
hours climbing up and down the double­
deck buses collecting fares, had less 
heart trouble than the sedentary drivers. 
It has been reported recently that the 
weekend athlete who engages in vigor­
ous physical activity is only one-third as 
prone to heart disease as his age-matched 
sedentary neighbor. It is well known that 
exercise increases the oxygenation of the 
blood and improves the circulation. Ex­
ercise will also improve the collateral 
circulation of blood to the heart muscle. 
When the exercises are carefully graded 
and performed under appropriate super­
vision, they are undoubtedly the best 
means of rehabilitating the heart muscle 
after a heart attack. 

Exercise improves circulation to near­
ly all parts of the body. Circulation is in­
creased to the brain as well as to the 
heart and skeletal muscles. Recently it 
has been asserted that improvement in 
the oxygen supply to the brain will actu­
ally improve thinking. In a resting sed­
entary individual, however, the blood 
supplied to the brain contains more oxy­
gen than the brain is able to extract. It 
is difficult to explain how an added 
overabundance of a constituent that is 
normally not a rate-limiting factor in 

cerebral function would enhance that 
function. It may nonetheless be that the 
sense of well-being that the exercising 
individual enjoys is likely to increase 
self-con£dence and as a result improve 
both social and intellectual effectiveness. 

Finally, physical activity helps to burn 
off excess calories and dispose of in­
gested fats. Exercise may thus counter­
act the deleterious effects of a diet that 
includes too many calories and too much 
fat. Indeed, it may well be one factor 
that helps to account for the great indi­
vidual differences in tolerance for die­
tary factors. 

Psychological factors must also be 
considered. It is characteristic of each of 
the areas I visited that the old people 
continue to be contributing, productive 
members of their society. The economy 
in all three areas is agrarian, there is no 
fixed retirement age and the elderly 
make themselves useful doing many 
necessary tasks around the farm or the 
home. Moreover, increased age is ac­
companied by increased social status. 
The old people, with their accumulated 
experience of life, are expected to be 
wise, and they respond accordingly. In 
Hunza the Mir rules his small state with 
the advice of a council of elders, who sit 
on the ground in a circle at his feet and 
help him with his decisions and pro-
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FEW LIVE TO GROW OLD in underdeveloped nations, whereas the opposite is true in 

the developed nations. For example, half of the women who died in India (color) from 1921 

to 1930 were 24 or younger; only 5 percent of the women who died in New Zealand from 

1934 to 1938 were that young. Half of the New Zealand women who died in the same period 

were 74 or older. In India only 5 percent of women's deaths were in this age group. 
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nouncements. When we met Temur 
Tarba in the Caucasus just three weeks 
after his IOOth birthday, it was clear 
from his manner that he was delighted to 
have at last "arrived." He proudly dis­
played his Hero of Labor medal, the 
highest civilian award of the U.S.S.R. 
He had won it only seven years earlier 
for his work in hybridizing corn. The 
cheerful centenarian still picked tea 
leaves, rode his horse and worked on a 
collective farm. 

p eople who no longer have a necessary 
role to play in the social and eco­

nomic life of their society generally de­
teriorate rapidly. The pattern of increas­
ingly early retirement in our own society 
takes a heavy toll of our older citizens. 
They also find that their offspring gen­
erally have neither any room nor any use 
for them in their urban apartment. These 
are economic determinants that cannot 
be reversed in our culture today. Their 
devastating effect on the happiness and 
life-span of the elderly could be coun­
tered at least in part by educational pro­
grams to awaken other interests or avo­
cations to which these people could turn 
with zest when their contribution to the 
industrial economy is .no longer needed. 
The trend toward shorter working hours 
and earlier retirement makes the need 
for such education -urgent. It seems a 
corruption of the very purpose of an 
economy that instead of freeing us from 
drudgery and need and allowing us to 
enjoy a better life, it holds us slaves to 
its dictates even though affluence is at 
hand. 

In their remote farms and villages the 
old people I visited live oblivious to the 
pressures and strains of modern life. 
Such American controversies as the 
fighting in Southeast Asia, conflict in the 
Middle East, environmental pollution, 
the energy crisis and the like that fill our 
news media were unknown to them. Of 
course, most of the stresses and tensions 
to which mankind is subject arise from 
more personal social interactions, such as 
a quarrel with a spouse or misbehavior 
by an offspring. As a result it is impos­
sible for any social group to entirely es­
cape mental stress and tensions. None­
theless, in societies that are less com­
petitive and less aggressive even these 
personal stresses can be less exhausting 
than they are in our own. The" old people 
I met abroad showed equanimity and 
optimism. In the Caucasus I asked 
Gabriel Chapnian, aged 117, what he 
thought of young people, of his govern­
ment and of the state of the world in 
general. When he repeatedly responded 
"Fine, fine," I asked with some annoy-
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EXAGGERATED PYRAMID appears when the males (left) and 

females (right) of a population with a high growth rate are 

counted in ascending five· year steps. The graph shows the 1970 

population of India; many more Indians are below the age of 20 

than are above that age. In such an expanding population the elder· 

ly, although numerous, comprise a small percentage of the total. 

UNEVEN COLUMN, rather than a pyramid, appears when the 

number of males (left) and females (right) in a slow.growing pop­

ulation are similarly displayed. The graph shows the population of 

Sweden in 1910; about as many Swedes are above the age of 35 as 

are below that age. In this population, noted for its low birthrate, 

the elderly comprise an increasingly large percentage of the total. 

ance, "Isn't there anything today that 
disturbs you?" He replied cheerfully, 
"Oh yes, there are a number of things 
that are not the way I would want them 
to be, but since I can't change them I 
don't worry about them." 

One cannot discuss the quality of life 
at advanced age without considering 
sexual activity. In most societies the 
combination of male boasting about sex­
ual prowess and taboos against dis­
cussing the subject makes it difficult to 
collect reliable information about sexual 
activity in the elderly. Women's ovaries 
stop functioning at menopause, usually 
in the late 40's or early 50's, but this has 
little influence on the libido. Similarly, 
aging is associated with a gradual de­
crease in the number of cells in certain 
organs, including the male testes. The 
cells that produce sperm are the first to 
be affected, but later the cells that pro­
duce the male hormone testosterone may 
also diminish. in number and activity. 
Sexual potency in the male and libido in 
the female may nonetheless persist in 
advanced old age. Herman Brotman of 
the Department of Health, Education, 
and Welfare reports that each year there 
are some 3,500 marriages among the 20 
million Americans over the age of 65, 
and that sexual activity is cited along 
with companionship as one reason for 
these late unions. 

Research on aging is proceeding in 
two general directions. One aims at a 
better understanding of those disease 

states that, although they are not an in­
tegral part of the aging process, never­
theless increase in incidence with age 
and constitute the major cripplers of the 
aged. Here both arteriosclerosis and can­
cer are prominent. Knowledge of the 
causes and prevention of these diseases 
is still very limited, and much more work 
is necessary before there can be sufficient 
understanding to allow prevention of 
either. If both arteriosclerosis and can­
cer could be prevented, it should be pos­
sible to extend man's life-span close to its 
as yet undetermined biological limit. 

There is reason to believe that a limit 
does exist. Even if one could erase the 
cumulative wear and tear that affects the 
aging organism, it seems probable that 
the cells themselves are not programmed 
for perpetual activity. The differences in 
the life-spans of various animals suggest 
some such natural limit. The changes 
that are observed in the tissues of ani­
mals that undergo metamorphosis-for 
example insects-are indicative of the 
programmed extinction of certain tis­
sues. S0 is the failure of the human ova­
ries at menopause, long before other vi­
tal organs give out. Leonard Hayflick of 
the Stanford University School of Medi­
cine has reported that the cells in cul­
tures of human embryonic connective 
tissue will divide some 50 times and then 
die. If growth is interrupted by plunging 
the culture into liquid nitrogen, the cells 
will resume growth on thawing, continue 
through the remainder of their 50 di-

visions and then die. Although one may 
question whether the cells are not af­
fected by adverse environmental influ­
ences, Hayflick's studies support the no­
tion of programmed death. Only cancer 
cells seem capable of eternal life in cul­
ture. One familiar line of cancer cells, 
the "HeLa" strain, has often been the 
subject of cell-culture studies; it origi­
nated as a cervical cancer 21 years ago 
and has been maintained in culture ever 
since. 

As investigations and speculations 
seek an answer to the question of the 
natural limits of life, other workers have 
noted that the giant molecules of living 
matter themselves age. Collagen, the 
main protein of connective tissue, con­
stitutes approximately 30 percent of all 
the protein in the human body. With 
advancing age collagen molecules show 
a spontaneous increase in the cross-link­
ing of their subunits, a process that in­
creases their rigidity and reduces their 
solubility. Such a stiffening of this im­
portant structural component of our 
bodies might underlie such classic fea­
tures of aging as rigidity of blood ves­
sels, resistance to blood flow, reduced 
delivery of blood through hardened ar­
teries and, as a final consequence, the 
loss of cells and of function. Other giant 
molecules, including the DNA molecule 
that stores the genetic information and 
the RNA molecule that reads out the 
stored message, may also be subject to 
spontaneous cross-linking that would 
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eventually prevent the normal self-re­
newal of tissues. 

A new area in aging research appears 
to be opening up in studies on the im­
mune system of the body. In addition to 
providing antibodies against bacteria or 
foreign substances introduced into the 
body, the immune system recognizes and 
destroys abnormal or foreign cells. When 
these functions of the immune system 
diminish, as happens with advancing 
age, there may be errors in the system 
that result in antibodies that attack and 

destroy normal body cells or impair their 
function. The net result of this disturbed 
activity of the immune system, like the 
cross-linking of collagen, would be what 
is recognized as the aging process. 

Takashi Makinodan of the Baltimore 
City Hospitals thinks that methods of 
rejuvenating the immune system are pos­
sible. The hope that some medicine will 
be discovered that can block the funda­
mental process of aging, however, seems 
to me very remote until the nature of the 
aging process is far better understood. 
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Much research is needed before such an 
understanding can be attained. It is 
nonetheless encouraging that aging re­
search is finding increased interest and 
support in several countries. It is also en­
couraging to perceive a parallel interest 
in the aged among scientists, physicians, 
economists, politicians and others. To 
consider any extension of the human 
life-span without a serious effort to an­
ticipate and plan for the impact of in­
creased longevity on society would be 
entirely irresponsible . 
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LOSS OF FUNCTION with increasing age does not occur at the 

same rate in all organs and systems. Graphs (right) show loss as a 

percentage, with the level of function at age 30 representing 100 

percent. Thus hrain weight (a) has diminished to 92 percent of its 

age.30 value by age 75 and nerve·conduction velocity (b) to about 

90 percent. The basal metabolic rate (c) has diminished to 84 per· 

cent, cardiac output at rest (d) to 70 percent, filtration rate of the 

kidneys (e) to 69 percent and maximum breathing capacity (f) to 

43 percent. Diseases, however, rather than gradual diminution of 

function, are at present the chief barrier to extended longevity. 
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The more electrons the better 

We want to be useful 
... and even interesting 

A transmission electron micrograph. Take it on faith. 

More intensive development helps ... 

but more exposure helps the most 

Tt is possible to learn from the new Kodak Data Book "Electron Microscopy & Photog­
raphy" about differences in photographic behavior between electrons and light. Also a 
few darkroom hints. The publication can be obtained from suppliers of Kodak materials 
for electron micrography. Or write to Dept. 756. Kodak. Rochester. N.Y. 14650. 

Visualizat,on one way or another 

Finding a worthy successor to the 
photographic emulsion is proving 
very difficult. I n our work toward 
alternatives. older concepts need 
to be challenged. There is still 
time to do so. 

It would be very nice to learn 
of a Ph.D. in solid-state physics 
or electrical engineering who has 
spent the past ten years at the cut­
ting edge of progress in photo­
sensing semiconductors (such as 
the charge-coupled devices and 
their relatives) and who is now 
ready to enter an environment 
like the Kodak Research Labora­
tories, where the technique for 
turning science into technology 
is well developed. At that game 
a person who works in isolation 
will not be happy. It involves too 
much management-type thinking, 
success in which is rewarded by 
invitation to do more of it. 

Don't hesitate to raise your 
hand if I) your experience is 
more in utilization of solid-state 
devices than in creating new ones, 
2) you haven't been at it more 
than five years, 3) you have 
managed only a small number of 
engineers. You may still be the 
candidate who will lead another 
group at the Kodak Research 
Laboratories that is charged with 
the responsibility for bringing in­
novative imaging technologies 
somewhat closer to commercial 
fruition. 

Tndications of availability for 
either of these two positions should 
be addressed to Dr. D. B. Glass, 
Kodak. Rochester. N.Y. 14650 (an 
equal-opportunity employer of men 
and women). 
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DYING 

In the industrialized countnes nearly two-thirds of the deaths 

are now associated with the infirmities of old age. l\1edicine can 

fend off death, but in doing so it often merely prolongs agony 

T
he contemplation of death in the 
20th century can tell us a good 
deal about what is right and what 

is wrong with modern medicine. At the 
beginning of the century death came to 
about 15 percent of all newborn babies 
in their first year and to perhaps another 
15 percent before adolescence. Nowa­
days fewer than 2 percent die in their 
first year and the great majority will live 
to be over 70. 

Most of the improvement can be ex­
plained by changes in the numbers of 
deaths from infectious disease, brought 
about in large part by a combination of 
better sanitation, routine immunization 
and specific treatment with chemothera­
peutic drugs or antibiotics. Also impor­
tant, although difficult to quantify, are 
improvements in the individual's non­
specific resistance that are attributable to 
improved nutrition and general hygiene. 

Infectious diseases typically attack 
younger people. Equally typically, al­
though not uniformly, they either cause 
death in a relatively short time or dis­
appear completely, leaving the individu­
al much as he was before. That is what 
makes death from infection particularly 
poignant. The large number of people 
who used to die of infection died un­
timely deaths; they had not lived long 
enough to enjoy the normal human ex­
periences of love, marriage, supporting 
a family, painting a picture or discover­
ing a scientific truth. 

The medical profession and the in­
dividual physician clearly had every in-

by Robert S . .Morison 

centive to struggle endlessly against 
deaths of this kind. Every triumph over 
an untimely death was rewarded by the 
high probability of complete recovery 
and a long, happy and productive life. 
No wonder the profession developed an 
ethic that placed a preponderant empha­
sis on preserving life at all costs. No 
wonder also that it became preoccupied 
with the spectacular advances in science 
and technology that made such triumphs 
possible. 

Nevertheless, it is still clear that we 
must all die sometime. As a matter of 
fact, the age at which the last member of 
a cohort, or age class, dies is now much 
the same as it was in biblical times. 
Whereas life expectancy at birth has im­
proved by perhaps two and a half times, 
life expectancy at 70 has changed very 
little. (It is now approximately 12 years·.) 
The difference is that in earlier times 
relatively few people managed to reach 
70, whereas under present conditions 
nearly two-thirds of the population reach 
that age. As a result most people no long­
er die of some quick, acute illness but of 
the chronic deteriorations of old age. 
Only very recently has the general pub­
lic or even the medical profession begun 
to realize that the attitudes and tech­
niques developed in the battle against 
untimely death may not be entirely ap­
propriate in helping the aged patient 
adapt to changed physiological and psy­
chological circumstances. 

The progress of technology puts in 
the physician's hands a constantly in-

DIVINE PERSONIFICATION OF DEATH, the jackal.headed Egyptian god Anubis grasps 

the tunic·clad soul of a young man in the painting of a funeral scene on the opposite page. 

The cloth·wound mummy bundle (left) contains the man's embalmed body. The exagger· 
ated eyes of the central figure foreshadow the conventions of portrait painting during 
Egypt's Coptic and Byzantine period ( A.D. 395-641) but the Roman tunic shows the painting 

belongs to the period of Roman rule (30 B.C.-A.D. 395). The painting is in the Louvre. 

creasing number of things he can do for 
and to his aging patients. In the jargon 
of modern policy, the "options" have 
been greatly increased and the problem 
of therapy has become largely a problem 
of choice. Modern students of decision 
theory point out that all methods of 
choice making reduce ultimately to the 
making of value judgments. When a pe­
diatrician encounters an otherwise nor­
mal child with a life-threatening sore 
throat, the value judgment is simple and 
immediate. The life is obviously worth 
saving at all costs and the only choice 
to be made is what antibiotic to use. At 
the other end of life, however, most 
patients present a varied mosaic of di­
minished and disordered function. For 
a man or woman over a certain age there 
is no such thing as complete recovery. 
Treatment directed at supporting one 
vital system may simply bring into great­
er prominence a more awkward or more 
painful disorder. Furthermore, many of 
the treatment options, unlike the treat­
ment of acute infections that may threat­
en premature death, are far from simple 
and inexpensive. Instead they are often 
cumbersome, painful and costly. The 
art, moreover, is constantly changing, so 
that it is hard to estimate the probable 
results of some of the most elaborate 
procedures. 

For example, in managing the course 
of a patient with chronic cardiovascular 
disease the physician has available more 
or less conventional drugs that can 
strengthen and regularize the heartbeat, 
reduce the accumulation of excess fluid 
in the tissues, moderate the blood pres­
sure and relieve the pain of reduced cir­
culation to the heart muscle. These re­
sults can be achieved rather simply, and 
such treatment has for years prolonged 
and enhanced the quality of the life of 
many people over 60. Now, however, 
the physician must also weigh the proba-
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ble results of operations to install new 
heart valves, replace arteries or substi­
tute pacemakers, all at a substantial risk 
to the patient's life and with the certain­
ty of considerable pain and disability. 
At the end of this line is the transplanta­
tion of an entire heart, with so many 
risks and costs that its benefits currently 
tempt even the most courageous only 
rarely. 

If the disease process leaves the heart 
relatively untouched and concentrates 
on the central nervous system, other 
possibilities assert themselves. Medical 
technology can now substitute for all the 
life-supporting functions of the nervous 
system. Tubes into either the gastroin­
testinal tract or a vein take the place of 
eating, a similar tube into the bladder 
takes the place of normal elimination 
and an artificial respirator takes the 
place of breathing. Various electronic 
devices can even keep the heart beating 
for weeks or months beyond its ap­
pointed time. 

Thus it has come about that most ther­
apeutic decisions for people above a cer­
tain age are not life-or-death decisions in 
any simple either-or sense. Inevitably 
the physician, the patient himself (if he 
is in a state to do so) or the patient's fam­
ily must make more or less explicit judg­
ments of the probable quality of the life 
that remains, as well as its probable 
length. 

In this changed situation the severer 
critics of the medical profession go to 
considerable length to debunk the tradi­
tional mystery and wisdom of the physi­
cian as a decision maker. Among other 
things, they point out that there is noth­
ing in the technological training of phy­
sicians that equips them to deal with 
questions of ethical, aesthetic or human 
value. Some even favor legislation re­
moving life-or-death decisions entirely 
from the hands of the physician and giv­
ing them to an ombudsman or to a com­
mittee of moral philosophers. 

Even the closest friends of medicine 

must admit that the profession has 
brought much of the current criticism on 
itself by failing to maintain the balance 
between the technological and the hu­
mane that characterized the best phy­
sicians from the days of Hippocrates 
to roughly those of Sir William Osler 
(1849-1919). In a way physicians have 
been seduced, if not actually betrayed, 
by their very competence. They can do a 
great deal for their patients at a purely 
technological level and at the same time 
they face nothing but uncertainties when 
they confront the ineluctable ills of the 
spirit. Is it any wonder they rejOice in the 
one and neglect the other? 

I have approached the problem of 
terminal illness, or the dying patient, in 
this somewhat circuitous fashion in order 
to show that the problems surrounding 
the deathbed are not quite so unprece­
dented or so unconnected with the rest 
of medicine as to require the develop­
ment of entirely new attitudes or perhaps 
even a new profession of "thanatolo-

DEATH WITH DIGNITY is a primary objective at the English 
hospice St. Christopher's, site of the garden pool seen in this 
photograph. One of the terminally sick patients has been given a 

change of scene by moving his bed to the garden. The children at 
the bedside, pupils at a day.care center provided for dependents 
of the hospice staff, are welcomed by the patients as companions. 
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gists." Dying is continuous with living, 
and the questions that are now asked 
with such insistence at the bedside of 
the dying should also be at least in the 
back of the mind of those who attend the 
living in earlier stages. The physician 
must consider the quality of the life he is 
struggling to preserve and the probable 
effects of his therapy on this quality, 
whatever the age of the patient. He 
should also know how to help a patient of 
any age to accept circumstances that 
cannot be changed. The so-called ter­
minally ill patient simply represents the 
limiting case. In this instance the value 
questions have become paramount. 

For reasons that are not all easy to 
identify the past few years have seen 

an astonishing increase in public atten­
tion to death and dying. A recent bib­
liography listing the titles of both books 
and papers in scholarly journals on the 
subject is several pages long. It is a rare 
daily newspaper or popular periodical 
that has not published one such article or 
several. Approaches to the topic may be 
roughly separated into two classes: those 
that deal with making the patient's last 
days as phYSically and psychologically 
comfortable as possible and those that 
discuss the propriety of allowing or help­
ing the patient to die at an appropriate 
time. Let us turn first to the care of the 
terminally ill. 

Students of the process of dying have 
long emphasized the loneliness of the 
dying person. Not only is he destined to 
go where no one wants to follow but also 
the people around him prefer to pretend 
that the journey is really not going to 
take place. The practice of placing fa­
miliar articles and even animals, servants 
and wives in the tomb or on the funeral 
pyre of the departed is testimony to 
man's desire to assuage the loneliness be­
yond. In "The Death of Ivan Ilych" Leo 
Tolstoy has given the classic description 
of the conspiracy of denial that so often 
surrounds the dying. The situation has 
certainly been made worse by the tech­
nological changes since Tolstoy's day. 
Then, at least, most people died at home, 
many of them surrounded by family and 
friends. Even if these attendants were 
primarily concerned with what would 
happen to themselves, as were those 
awaiting the death of the old Count 
Bezhukoi that Tolstoy also portrayed, 
they not only kept the patient from be­
ing physically alone but also made him 
quite conscious of being the center of 
attention. 

Nowadays only a minority of people 
die at home, and the number is decreas­
ing. Precise figures are hard to obtain, 

ELDERLY PATIENT at St. Christopher's is attended by one of the nursing staff. The age 
of the patient is greater than is usual among the dying who comprise the clientele of the 

hospice. The patients range in age from 16 to the 90's but most are between 55 and 65. 

but the scattered studies that have been 
made agree that about half of all deaths 
occur in large general hospitals and a 
smaller but increasing number in nurs­
ing homes. Probably fewer than a third 
die at home, at work or in public places. 

The past few years have seen a grow­
ing awareness that the big general hos­
pital is not a very good place to die. Even 
though such hospitals have large staffs, 
most of these professionals are preoc­
cupied with administrative matters and 
with the increasingly complicated tech­
nical aspects of keeping people alive. 
Surrounded by these busybodies, the dy­
ing patient is more often than not psy­
chologically isolated. Recognizing that 
such an atmosphere is bad both for pa­
tients and for younger physicians in 
training, a few inspired physicians have 
developed special programs to instruct 
members of the hospital staff in the needs 
of the dying patient. Such efforts have 
been received with enthusiasm by the 
still quite limited numbers of physicians 
and students who have been exposed to 
them. 

The usefulness of training hospital 
staff members to deal with the dying pa­
tient is a concept that is now spreading 
throughout the country. There is sub­
stantial hope that the next generation of 

physicians, nurses and administrators 
will be much more understanding and 
helpful in meeting the special needs of 
the dying than their predecessors were. 
One of the leaders in this movement is an 
Illinois psychiatrist, Elisabeth K. Ross. 
In an effort to inject something ap­
proaching methodological rigor into her 
understanding and teaching of the needs 
of the dying, she has distinguished five 
stages exhibited by dying patients: de­
nial, anger, bargaining (usually with 
God), depression and acceptance. This 
effort toward intellectualization of the 
problem is admirable; at the same time 
it is probably true that what has been 
most influential in alleviating the lone­
liness of the dying is the warmth of Dr. 
Ross's sympathy and the intensity of her 
dedication to the effort. 

A high proportion of the patients in 
nursing homes are destined to die 

there or to be removed only at the very 
last minute for intensive hospital care, 
yet few of these institutions appear to 
have given much thought to the special 
problems of the dying. Th� most strik­
ing exceptions are provided by what in 
England are called "hospices." The best­
known of them is St. Christopher's, out­
side London. It was started by a physi-
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cian who was also trained as a nurse. She 
appears to have combined the best of 
both professions in developing arrange­
ments for taking care of seriously ill pa­
tients and providing a warm and under­
standing atmosphere for them. Because 
many of the patients at St. Christopher's 
suffer from malignant disease, special 
emphasis is put on the alleviation of pain. 
It has been found that success depends 
not only on providing the right drugs at 
the right time but also on developing an 
attitude of understanding, confidence 
and hope. Psychological support in­
volves, among other things, deinstitu­
tionalizing the atmosphere by encourag­
ing members of the family, including 
children and grandchildren, both to "vis­
it the patient" in a formal sense and to 
carry on such activities as may be usual 
for their age, so that the patient feels 
surrounded by ongoing normal life. Ev­
eryone who has observed the program or 
has been privileged to participate in it 
speaks appreciatively and even enthusi­
astically about its achievements. 

Hospices also serve as centers for an 
active home-care program that is demon-

strating the practicality of tending to 
many dying patients in the home, pro­
vided that the physical arrangements 
are satisfactory and that specialized help 
from outside is available for a few hours 
a day. Unfortunately most insurance 
plans, including the otherwise enlight­
ened National Health Service in Britain, 
have tended to emphasize hospital care 
to the detriment of adequate support for 
proper care in the home. 

Recent studies of home care for seri­
ously ill patients suggest that in many 
cases it can be not only more satisfactory 
emotionally than hospital care but also 
considerably less costly. Much more in­
formation is needed before administra­
tors of health plans can determine pre­
cisely how many and what kinds of per­
sonnel should be available for how long 
to deal with various kinds of home situa­
tion. Similarly, a few preliminary surveys 
of the technological ways of adapting the 
American home for the care of the chron­
ically ill have been made. Here again 
there is enough information to suggest 
the importance of funds for special types 
of beds and wheelchairs, the installation 
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of plumbing within easy range of the 
sickbed and so on. The data, however, 
are not yet precise enough to allow ade­
quate planning or the calculation of in­
surance premiums adequate to cover 
such services. 

In spite of the potential emotional and 
economic benefits of home care one can­
not overlook the fact that many social 
and technological changes have made 
illness and death at home very different 
from what they were in the days of Ivan 
Ilych and Count Bezhukoi. It is not ap­
propriate here to try to cast up an ac­
count of the costs and benefits of such 
factors as risin g social and geo graphic 
mobility and the transition from the ex­
tended family to the nuclear family. 
When these costs are counted, however, 
it may be well to include mention of the 
increasing difficulty in finding a good 
place to grow old and die. 

ut us next examine the question of 
when it becomes appropriate to die. 

No matter how considerate the physi­
cian, how supportive the institutional 
atmosphere, how affectionately con­
cerned the family and friends or how 
well-adjusted the patient himself, there 
comes a time when all those involved 
must ask themselves just how much 
sense it makes to continue vigorously 
trying to postpone the inevitable. Re­
grettably the literature addressed to the 
topics of death and dying often seems 
preo�cupied more with dissecting the 
various ethical and legal niceties sur­
rounding the moment and manner of 
death than with what one can do to 
make the last few months or years of life 
as rewarding as possible. No doubt this 
preoccupation is prompted by an ap­
parent conflict between ancient taboos 
on the one hand and certain obvi­
ous commonsense considerations on the 
other. 

Now, virtually no one who has 
thought about the matter at all, from 
John Doe to the Pope, feels that any ab­
solute moral or legal obligation requires 
one to do everything one knows how to 
do in order to preserve the life of a se­
verely deteriorated patient beyond hope 
of recovery. Indeed, in actual practice it 
now seems probable that only a small 
minority of patients have e,·erything 
possible done for them right up to the 
moment of death. The difficulties, then, 
are not with the general principle but 
with how to arrange the details. First 
and foremost in presenting themselves 
are the theoretical and even metaphysi­
cal problems involved in the ways that 
men of goodwill attempt to justify ac-
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tions that appear to violate the taboo 
against killing. Second, there are prac­
tical questions to be answered. How 
can the individual make sure that his 
wishes are carried out? Who is to make 
the decision if the patient is no longer 
competent to do so? What are the phy­
sician's responsibilities? What, for that 
matter, are his possible liabilities? How 
far should society go in attempting to 
protect the rights and regulate the be­
ha vior of the various parties? 

No more than an outline of the theo­
retical problems can be presented here. 
Current discussion centers principally 
on three issues. First is the definition of 
death. Next is the difference, if any, be­
tween negative and positive euthanasia 
and last is the definition of "extraordi­
nary means. " 

The possibility of redefining death 
came into prominence a few years ago 
when a group of Boston physicians grew 
concerned about precisely when it was 
appropriate to remove a prospective do­
nor's organs for transplantation. It rapid­
ly became clear that "defining" death, 
for whatever purpose, is a complicated 
philosophical matter that admits of no 
easy resolution. What the members of 
the Boston group actually did was to de­
vise an operational redefinition of the 
criteria to be applied in declaring that 
a person has died. The major difficulty 
they faced arose from the purely techni­
cal fact that it is now possible to main­
tain the function of the heart and the 
lungs by artificial means. The failure of 
these two vital functions can therefore 
no longer be regarded in all cases as 
the paramount criteria for pronouncing 
death, as was once set forth in all con­
ventional medical-legal texts. 

The Boston group instead recom­
mended the use of a set of signs testify­
ing to an essentially complete failure of 
a third set of functions: those of the ner­
vous system. This proposal has been re­
ceived with approval by a large number 
of physicians, theologians and lawyers, 
and has now been included in the law of 
several states. The criteria as they stand 
are extremely rigid and involve the death 
of essentially all levels of the nervous 
system. They thus seem entirely ade­
quate both to protect the patient against 
premature assaults in order to retrieve 
viable organs and at the same time to 
guard him against unduly zealous at­
tempts to maintain elementary vital signs 
in the name of therapy. 

There is another class of patients, 
however, in whom elementary vital signs 
have not failed, although the higher 
brain functions-thinking, communicat-

TO MY FAMILY, MY PHYSICIAN, MY CLERGYMAN, MY LAWYER-

If the time comes when I can no longer take part in decisions for my own future, let this statement 
stand as the testament of my wishes: 

If there is no reasonable expectation of my recovery from physical or mental disability. 

1,------------------------------------------------------
request that I be allowed to die and not be kept alive by artificial means or heroic measures, Death 
is as much a reality as birth. growth, maturity and old age-it is the one certainty. I do not fear 
death as much as I fear the indignity of deterioration, dependence and hopeless pain. I ask that 
medication be mercifully administered to me for terminal suffering even if it hastens the moment 
of death. 

This request is made after careful consideration. Although this document is not legally binding. you 
who care for me will, I hope, feel morally bound to follow its mandate. I recognize that it places 
a heavy burden of responsibility upon you, and it is with the intention of sharing that responsibility 
and of mitigating any feelings of guilt that this statement is made. 

Signed ________ _____ _ 

Date _____________ _ 

Witnessed by: 

"LIVING WILL" is a formal request prepared by the Euthanasia Educational Council. 

It informs the signer's family or others who may be concerned of the signer's wish to 
avoid the use of "heroic measures" to maintain life in the event of irreversible illness. 

ing with others and even consciousness 
itself-have departed. Such a patient 
constitutes a most distressing problem to 
families and physicians, and it has been 
suggested that a further revision of the 
criteria for a pronouncement of death 
might be used to justify the termination 
of active treatment in such cases. The 
idea is that what is really human and im­
portant about the individual resides in 
the upper levels of the nervous system, 
and that these attributes indeed die with 
the death of the forebrain. 

The presumed merit of such a revision 
grows out of the way it avoids the basic 
ethical problem; obviously it makes no 
sense to go on treating what can ratio­
nally be defined as a corpse. The weight 
of opinion, however, seems to be against 
dealing with the question of cerebral in­
capacity in this oblique way. From sev­
eral standpoints it seems preferable to 
face up to the fact that under these cir­
cumstances a patient may still be living 
in some sense, but that the obligation to 
treat the living is neither absolute nor 
inexorable. 

N° less a moral authority than the 
Pope appears to have lent his 

weight to this view and even to have 

spoken for most Christians when he an­
nounced a few years ago that the physi­
cian is not required to use "extraordinary 
means" to maintain the spark of life in a 
deteriorated patient with no evident pos­
sibility of recovery. Nevertheless, serious 
ambiguities still remain. At first the Vati­
can's phraseology appears to have been 
designed to allow the withdrawal of "he­
roic" and relatively novel procedures 
such as defibrillation, cardiac massage 
and artificial respiration. More subtle an­
alysts point out that there is no absolute 
scale of extraordinariness, and that what 
is or is not extraordinary can only be 
judged in relation to the condition of a 
given individual. Hence there is nothing 
extraordinary about using all possible 
means to keep alive a young mother who 
has suffered multiple fractures, severe 
hemorrhages and temporary uncon­
sciousness. Conversely, the term extraor­
dinary may well be applied to relatively 
routine procedures such as intravenous 
feeding if the patient is elderly, has de­
teriorated and has little hope of improve­
ment. Thus the most active proponents 
of the doctrine of extraordinary means 
clearly interpret "extraordinary" to mean 
"inappropriate in the circumstances." 
Although many people who hold this po-
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sition would disagree, it is not easy for 
an outsider to distinguish their interpre­
tation from advocacy of what is some­
times called "negative euthanasia." 

Negative euthanasia refers to with­
drawal of treatment from a patient who 
as a result is likely to die somewhat ear­
lier than he otherwise would. Many 
thoughtful and sensitive people who fa­
vor the principle dislike the term be­
cause it suggests that treatment is being 
withdrawn with an actual, if unspoken, 
intent to shorten the patient's life. These 
critics, who place a high value on the 
taboo against taking life, prefer to re­
gard the withdrawal of active therapy as 
simply a matter of changing from a ther­
apeutic regime that is inappropriate to 
one that is more appropriate under the 
circumstances. If death then supervenes, 
it is not regarded as the result of any­
thing the physician has or has not done 
but simply as a consequence of the un­
derlying illness. Thus the physician and 
those who have perhaps participated in 
his decision are protected from the fear 
that they are "playing God" or from sim­
ilar feelings of guilt. 

Many of those who favor negative eu-
thanasia also recognize that appro­

priate care of the terminally ill may in­
clude "positive" procedures, such as 
giving morphine (which, among other 
effects, may advance the moment of 
death). Invoking what is known in Cath­
olic circles as the doctrine, or law, of 
double effect, they regard such positive 
actions as permissible as long as the con­
scious intent is to achieve some licit 
purpose such as the relief of pain. This 
view in turn requires the drawing of 
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an important moral distinction between 
"awareness of probable result" and "in­
tent." 

Other moralists, such as the blunter 
and more forthright proponents of what 
is called situational ethics, may dismiss 
such subtleties as irrelevant logic-chop­
ping. In their view it is a mistake to 
extend the generalized taboos and ab­
stract principles of the past to encom­
pass the peculiarities of the 20th-century 
death scene. They prefer to focus atten­
tion on the scene itself and to do what 
seems best in terms of the probable re­
sults for all concerned. Perhaps not sur­
prisingly, the situational ethicist, who 
derives much of his philosophical base 
from classical utilitarian, or consequen­
tial, ethics, sees relatively little differ­
ence between negative and positive eu­
thanasia, that is, between allowing to die 
and causing to die. 

For the sake of completeness let me 
inject my own opinion that although 
there may be only a trivial intellectual 
distinction between negative and posi­
tive euthanasia, it seems unwise and in 
any event useless at this time to enter 
into an elaborate defense of positive eu­
thanasia. Although the principle has its 
enthusiastic advocates, their number is 
strictly limited. The overwhelming ma­
jority of physicians and certainly a sub­
stantial majority of laymen instinctively 
recoil from such active measures as pre­
scribing a known poison or injecting a 
large bubble into a vein. There seems to 
be a point where simple human reac­
tions supersede both legal sanction and 
rational analysis. As an example, very 
few New York physicians or nurses are 
anxious to exercise the right given them 

40 

PERCENT 

50 60 70 80 

FEWER DEATHS AT HOME (color) than in institutions (gray) has been the trend in New 
York City since 1955. That year more than 31 percent of deaths occurred at home (the nation· 
al average was about 40 percent), but by 1967 home deaths had fallen below 25 percent. 
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by the laws of the state to perform abor­
tions as late as the 24th week of preg­
nancy. Furthermore, it appears that as a 
practical matter negative . euthanasia, or 
the withdrawal of all active therapy ex­
cept the provision of narcotics to subdue 
restlessness and pain, will in any case be 
followed in a reasonable length of time 
by the coming of what Osler termed near 
the turn of the century the "old man's 
friend": a peaceful death from bronchial 
pneumonia. Thus, in the terminology of 
the law courts, we need not reach the 
most difficult question. 

In view of the prevailing theoretical 
uncertainties, it is not surprising that 
what is done to or for the dying patient 
varies widely from place to place and 
from physician to physician. It is impos­
sible to be precise because very few sci­
entific observations have been made. 
Perhaps the most careful study is one 
conducted by Diana Crane of the U ni­
versity of Pennsylvania, who asked a 
large number of physicians and surgeons 
what they would probably do in a series 
of precisely outlined clinical situations. 
From this and more anecdotal evidence 
it seems clear that very few do every­
thing possible to prolong the lives of all 
their patients. At the other extreme, even 
fewer physicians would appear to em­
ploy active measures with the avowed 
intent of shortening life. In between 
there is an enormous range of decisions: 
to give or not to give a transfusion, to 
prescribe an antibiotic or a sulfa drug, 
to attach or disconnect a respirator or an 
artificial kidney, to install a cardiac pace­
maker or to let the battery of one that is 
already installed run down. The overall 
impression gained both by the informed 
observer and by the sometimes despair­
ing layman is that the median of all these 
activities lies rather far toward officious­
ly keeping alive. 

The reasons are obvious enough: the 
momentum of a professional tradi­

tion of preserving life at all costs, the 
reluctance of the physician and the lay­
man to ignore ancient taboos or to im­
pair the value of such positive concepts 
as the sanctity of life, and the ambigui­
ties of the love-hate relationship be­
tween parents and children or husbands 
and wives. Finally, there is the continu­
ing uncertainty about the legal position 
of a physician who might be charged 
with hastening the death of a patient by 
acts of either omission or commission. 

Up to now, at least, the legal deter­
rent appears to have been something of 
a chimera. A conscientious search of the 
available literature in English has un-
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• 
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hat does your 
doctor prescribe? 

A lot is being said about more and better health 
care for all Americans. 

The men and women who care for you ... 
what do they have to say about it? 

To find the best consensus of their beliefs, 
look at the record of the American Medical 
Association. The AMA represents 73% of all 
office-based physicians involved in patient care, 
73% of the men and women you see when you 
want to see a doctor. 

And where does the AMA stand today? The 
record is a lot more progressive than some 
people would have you believe. For example: 

The AMA is for government support to 
expand medical schools. 
For increased financial aid to medical students. 
For financial incentives to get physicians into 
slum, rural and other physician-shortage areas. 
For expanded nurse training programs. 
For an experimental program of Health 
Maintenance Organizations (but no full-scale 
program until more practical experience is 
available.) 
For de\'eloping community emel"gency medical 
services nationwide. 
For occupational safety and health legislation. 
We supponed the Occupational Safety and 
Health Act of 1970, the first major piece of 

federal legislation designed to reduce 
occupational illness and accidents. 

We have urged the extension of the 
Maternal and Child Care Program under 
Title V of the Social Security Act. 

Finally, the AMA is for a health insurance 
program which would provide for the patient's 
freedom to seek the type of plan he prefers, 
would rely on private rather than government 
administration, and would preserve a physician'S 
freedom to practice as he thinks best. 

The AMA program - Medicredit - would 
remove the economic barriers between the poor 
and mainstream medicine, provide 
comprehensive care for everyone and protect 
families against catastrophically high medical 
bills. Right now, the AMA plan for financing a 
form of national health insurance has more 
co-sponsors in Congress than any other. 

Nobody has all the answers to all our 
national health problems. But we think our 
record is a good prescription for solving a lot 
of them. 

For more information on what the AMA 
does and where it now stands, write: 
Communications Division, American Medical 
Association, at the address below. 

American Medical Association 
535 North Dearborn Street, Chicago, Illinois 60610 
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covered not one criminal action charg­
ing that a physician omitted treatment 
with the intent to shorten life. Indeed, 
there are surprisingly few actions that 
charge positive euthanasia. Even in the 
few actions that have been lodged, juries 
have shown a reluctance to convict when 
there is evidence that the action was un­
dertaken in good faith to put the patient 
on the far side of suffering. 

Approaching the problem from a 
somewhat different angle, although the 
definitive examples are few, there ap­
pears to be general agreement that the 
adult patient in full possession of his 
senses has every right to refuse treat­
ment. It is somewhat less certain that 
such refusal is binding after a patient 
loses legal competence. Even less clear is 
the status of the expressed wish of a po­
tential patient with respect to what he 
would want done in certain hypothetical 
future circumstances. Efforts to clarify 
the status of such communications, 
sometimes called "living wills," with 
physicians and relatives are being ac­
tively pursued. 

Important though it may be to estab­
lish the rights and privileges of those 
foresighted enough to want to partici­
pate in the design of their own death, it 
must be admitted that such individuals 
now constitute only a trivial part of the 
population. The great majority prefer 
not to think about their own death in any 
way. Indeed, most people do not even 
leave a will directing what to do with 
their material possessions. 

What, then, can be done for that large 
number of people likely to slip into an 
unanticipated position of indignity on 
a deathbed surrounded by busybodies 
with tubes and needles in their hands, 
ready to substitute a chemical or me-
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chanical device for every item in the hu­
man inventory except those that make 
human life significant? In such instances, 
under ideal, or perhaps I should say idyl­
lic, circumstances the attending physi­
cian would have known the patient and 
his family for a long time. Further, he 
would have sensed their conscious and 
unconscious wishes and needs, and 
drawing on his accumulated skills and 
wisdom, he would conduct the last ill­
ness so as to maximize the welfare of all 
concerned. Unfortunately under modern 
conditions few families have a regular 
physician of any kind and even fewer 
physicians possess the hypothetical vir­
tues I have outlined. 

However that may be, at least three 
approaches to the problem are being 
actively pursued at present. Foremost 
among them is the active discussion I 
have referred to. Not only the profes­
sional journals but also the monthly, 
weekly and daily press are publishing 
numerous articles on death and dying. 
Radio and television programs have fol­
lowed suit, and it must be a rare church 
discussion group that has not held at 
least one meeting devoted to death with 
dignity. At the very least such discus­
sion must remove some of the reluctance 
to speak of death or even think about it. 
At best it must improve the possibility of 
communication and understanding be­
tween the patient and the physician. 
The resulting change in the climate of 
opinion cannot fail to make it easier to 
discard outmoded taboos in favor of the 
common sense of contemporary men. 

Second, and equally important, are 
the formal and informal efforts to im­
prove the education of physicians by re­
dressing the imbalance between techni­
cal skill and human wisdom that has 
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DEATHS AWAY FROM HOME in the U.S. duriug two recent years, 1949 (gray) and 1958 
(color), followed quite similar patter.ns. The large majority of deaths occurred in general 

hospitals and a small number occurred in mental hospitals. A possible trend toward in. 
creased use of self·styled "nursing homes" as depots for the irreversibly sick is seen in the 

rise in the number of deaths in such institutions from 1949 to 1958. These data and those 
in the preceding graphs were furnished by Monroe Lerner of Johns Hopkins University. 
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grown up during the present century. In 
addition to the kind of clinical concern 
for the dying exemplified by Dr. Ross, 
many medical schools are converting 
their courses in medical ethics from a 
guild-oriented preoccupation with fee 
splitting .and other offenses against the 
in-group to a genuine concern for ethical 
values in the treatment of patients. 

Third, there are the more formal at­
tempts to clarify rights, responsibilities 
and roles by means of legislation. Part of 
this effort is directed at establishing the 
obligation of a physician to follow the 
expressed wishes of his patient or, at the 
very least, at protecting the physician 
from liability if he does so. Other legisla­
tive proposals stem from a more or less 
explicit conviction that death is too im­
portant a matter to be left to physicians. 
Difficulty is often encountered, how­
ever, in finding a satisfactory alternative, 
and there is now much discussion of the 
relative merits of assigning ultimate au­
thority to the next-of-kin, to an ombuds­
man or to a committee of social scien­
tists, philosophers and theologians. 

I t is too early to predict how such sug-
gestions will turn out, but there are 

some reasons for feeling that it may be 
well to go slow in formalizing what is 
bound to be a difficult situation and in­
stead to redouble_ efforts toward devel­
oping the capacity of medical men and 
laymen to deal informally with the prob­
lem. In actual practice the conduct of a 
drawn-out terminal illness involves a se­
ries of small decisions, based on repeat­
ed evaluations of the physical and emo­
tional condition of the patient and the 
attitudes, hopes and fears of his family 
and friends. It is not easy to see how an 
outsider such as an ombudsman, much 
less a committee, can be very easily fit­
ted into what is typically an unobtru­
sive incremental process. Concrete evi­
dence on this point may be found with 
respect to the beginning of life in the at­
tempts by opponents of contraception to 
inject either a sheriff or a bureaucrat, so 
to speak, into the bedroom. These at­
tempts have not proved satisfactory and 
are more and more being denounced by 
the courts as invasions of privacy. 

As long as progress is being made at 
the informal, grass-roots level, it may be 
just as well to refrain from drafting tidy 
legislative solutions to problems so pro­
found. VIThatever else may be said, it is 
obvious that changing attitudes toward 
death and dying provide an excellent 
paradigm of how changing technologies 
force on us the consideration of equally 
significant changes in value systems and 
social institutions. 
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Peripheral vision. 

From the beginning, we 
have preferred concentration to 
diversification. We don't supply 
everything that attaches to 
your computer. But the things 
we do supply are the best. 

What do we supply? 
Drum plotters. We're the 

world's leading supplier of 
both hardware and software. 

Flatbed plotters. Several 
years ago, we saw a need and 
an opportunity to expand the 
plotter's uses. The flatbed 
plotter allows a variety of 
materials to be substituted for 
paper; and it has expanded the 

market for computer graphics, 
as well. 

Microfilm plotters. Here, 
we got bigger by getting 
smaller. With microfilm. Our 
1675 COM plotter/printer and 
our 2100 COM printer deliver 
the best price/performance in 
the industry. 

Disk memory equipment. 
This was our second area of 
concentration. In a remarkably 
short time, we have become the 
leading independent supplier. 

Tape systems. We've 
recently begun to concentrate 
on tape. The result is that 

our new 1040 Tape Drive 
combines the features of 
others with our own 
experience. We intend to be a 

leader in this field. 
The point is we have not 

grown by accident. Thirteen 
years after our beginning, we 
have become a leader in 

computer peripherals. 
For information on 

peripheral products, call your 
local CalComp office, or contact 
California Computer Products, 
Inc., SA-M9-73,2411 West La 
Palma Avenue, Anaheim, 
California 92801. (714) 821-2011. 
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The Carnivores 
By R. F. EWER. Remarkably com­
prehensive, this highly readable 
and richly illustrated surveycovers 
all major species of meat-eating 
animals in the world. Drawing on 
her extensive fi rsthand experi­
ence with wild and captive ani­
mals, Dr. Ewer brings together a 
wealth of information about their 
anatomy, physiology, behavior, 
and history, and includes a sys­
tematic listing of extant species. 

Man against 
Tsetse 

$21.50 

Struggle for Africa 
By JOHN J. McKELVEY. The tset­
se fly's dramatic impact on the 
development of Africa is exam­
ined here. Dr. McKelvey tells the 
fascinating story of how scientists 
linked the fly to sleeping sickness 
and nagana, then combated the 
diseases and their carrier. $10.75 

A Plague of Corn 
The Social History 
of Pellagra 
By DAPHNE A. ROE. Dr. Roe 
charts the course of this devas­
tating sickness from its origins in 
Europe to its present incidence in 
ill-fed nations. She demonstrates 
that pellagra is a disease of the 
poor who must subsist on an 
unvaried diet of corn. $11.50 
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Les Bombes 

T
he series of nuclear tests begun by 
France in July is a reminder that, 
whatever the superpowers may 

achieve in the way of mutual arms con­
trol, the nations of the world are still 
faced with the "nth power" problem. 
That problem is that as the number 
of countries with nuclear weapons in­
creases, and as the nuclear capability of 
each country advances, the ''balance of 
terror" becomes increasingly unstable. 
For any sizable number n the instability 
is catastrophic. 

As the test explosions in the Pacific 
continue, France is expanding and mod­
ernizing its strategic forces. Under a pro­
gram begun under President de Gaulle, 
abandoned in 1968 and resumed this 
year, a third section is being added to a 
missile site in southeastern France. It 
will be equipped with a new intermedi­
ate-range ballistic missile, the S-3. The 
other two sections at the site, on the Al­
bion Plateau, will also eventually get the 
new missile. 

The S-3 carries a thermonuclear war­
head, whereas present French missiles 
are armed with fission devices. Its range 
is about 1,800 statute miles, which would 
enable it to strike at most of the Euro­
pean U.S.S.R. (that portion west of the 
Urals), as well as the rest of Europe, 
areas of the Middle East and most of 
North Mrica. The S-3 warhead is esti­
mated to have an explosive yield of one 
megaton. 

France's strategic forces also include 
36 Mirage supersonic medium-range 
bombers, each of which is armed with a 
70-kiloton fission bomb. Two nuclear-
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powered submarines each carry 16 bal­
listic missiles. A third submarine is being 
fitted out and tested now, and two more 
are expected to join the fleet by 1978. 
The new boats will also carry 16 ballis­
tic missiles. 

With these additions to its land- and 
sea-based forces France will probably be 
the strongest of the three smaller nuclear 
powers. Great Britain now has three 
missile-launching submarines (carrying 
American Polaris missiles) and some 50 
medium-range strategic bombers. Chi­
na's nuclear force consists of a few bomb­
ers and one diesel-powered missile sub­
marine. Chinese land-based missiles 
have frequently been reported to be un­
der development. 

France exploded its first atom bomb 
February 13, 1960, in the Sahara. Its 
current tests are being conducted in the 
atmosphere at Mururoa Atoll, 2,600 
miles northeast of New Zealand in 
French Polynesia. The first explosion 
took place July 21 in spite of protests by 
the governments of New Zealand, Aus­
tralia, Peru, Chile, .Colombia and Ecua­
dor, and in defiance of an injunction 
granted by the International Court of 
Justice. France is not a party to the limit­
ed-test-ban treaty, which forbids such 
explosions. From 1963, when the treaty 
took effect, until the current series began 
France had conducted 29 tests in the at­
mosphere. China, which has also not 
Signed the treaty, has set off 14 explo­
sions in the atmosphere since its first suc­
cessful test in 1964. 

Medical Care before Birth 

The u.s. continues to rank poorly 
among industrialized nations when it 

comes to infant mortality. The latest sta­
tistics put this country 15th, with a rate 
of 19.2 deaths before the age of one year 
per 1,000 live births-behind such coun­
tries as Sweden (11.1), Japan (12.4), 
France (14.4), the U.K. (18.0) and Cana­
da and East Germany (18.8). It is often 
alleged that the infant death rate reflects 
deficiencies in U.S. health care, but this 
is sometimes denied; there has not been 
enough information on the association 
between healthy services and infant sur­
vival. Now a careful analysis of all the 
births in New York City in 1968 has 
shown a strong correlation between in­
fant deaths and adequacy of prenatal 
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health care. The findings indicate that if 
all pregnant women had fared as well as 
those who received adequate care, the 
1968 New York City infant death rate 
might have been reduced by a third, 
from 21.9 per 1,000 live births to 14.7. 

The analysis was made by a study 
group at the Institute of Medicine of the 
National Academy of Sciences, directed 
by David M. Kessner of Georgetown 
University. The difficulty in interpreting 
infant mortality statistics, Kessner points 
out, is exemplified by the fact that "the 
way health services are provided is not 
the only difference between Sweden and 
the United States." The study group 
sought to adjust for such differences by 
concentrating on one city's birth certifi­
cates for one year and categorizing 
mothers according to ethnic group and 
degree of medical and sociological risk as 
well as adequacy of care. 

Women were assigned to one of four 
risk categories: no special risk, socio­
demographic risk, medical-obstetric risk 
or combined sociomedical risk. Almost 
three-fourths of the black mothers and 
71 percent of the Puerto Ricans were at 
some risk, compared with 38 percent of 
the native-born white mothers. The 
women were then classified as having 
had adequate, inadequate or intermedi­
ate health services, on the basis of the 
time of the first prenatal-care visit, the 
number of visits and the category of hos­
pital care. Of native-born whites, 43 per­
cent were judged to have had adequate 
care and 16 percent inadequate care. 
Among Puerto Ricans 4.3 percent re­
ceived adequate care and 39 percent in­
adequate care; for blacks the figures 
were 4.6 percent adequate care and 46 
percent inadequate care. In other words, 
Puerto Ricans and blacks not only were 
subject to more risk but also had less 
adequate health services.  

There were 142,017 live births regis­
tered in the city in 1968. When infant 
mortality, which was 21.9 per 1,000 for 
the total group, was calculated for each 
health-service group, the rates were 13.3 
for those receiving adequate care, 18.5 
for those receiving intermediate care and 
35.6 for those receiving inadequate care. 
The same trend was found within each of 
the four risk groups and generally within 
each risk group and ethnic group. For 
example, for black women at medical 
risk the infant death rate was 18.5 with 

�E�t� NEW DIRECTIONS FOR 

f.cg - NATIONAL HEALTH 
��I\t INC.�{)� COUNCIL 

I S ince its founding in 1920, the National Health Council has grown into a membership of 
over seventy major professional, voluntary, official, civic and proprietary groups dedicated to 
the thoughtful exploration of the nation's critical health goals and issues, and to action in the 
public interest on solutions where possible and appropriate. 

A recent examination of the Council's role in meeting today's health care challenges 
revealed that it is not reaching its full potential for positive influence during these important 
times. 

'" ith the unamimous support of its members, as adopted at its membership meeting last 
March, the National Health Council is committed to strengthening and expanding the interests 
and involvement of its present members, identifying new energies and pursuing new direc­
tions. 

Through changing its charter and greatly expanding its membership to all appropriate 
private sector groups, including proprietary organizations, the Council has entered a new era 
of influence and leadership to improve the health of the American people. 

The reorganized National Health Council's central focus will continue to be service to a 
uniquely broad membership of organizations concerned with health and the development of 
new programs for the future that will bring the Council even further into the mainstream of 
national health affairs. 

To achieve this the Council intends to: 
• upgrade the role of the private sector in national health affairs by improving 

performance, increasing visibility and representing private sector needs and con­
tributions . 

• build bridges between private sector health organizations and governmental agen­
cies, and between private sector organizations and the community of concerned 
citizens who are actively engaged in protecting good health 

• broaden the effectiveness of the private sector health organizations by encouraging 
mutual assistance, facilitating dialogues on major public policy questions and 
serving as the coordinated focus for private sector activities. 

The programs of the Council have been intended to help member organizations act on these 
goals and this will continue to be the primary mission. In the future, program developments 
will also be tied to the needs and interests of the total private sector acting on the national 
health agenda: 

• public education and interaction, to energize constituencies of the members on the 
critical issues associated with improved health care 

• liaison with a wide range of community and national organizations. to conduct 
timely research and to keep Council members abreast of fast-changing develop­
ments in public concern 

• improved communications efforts that would tie together the interests and energies 
of Council members and help members interact with non-member agencies and 
organizations 

• selective advocacy, which could result from a broader and deeper dialogue on 
public policy matters through active participation by Council members. 

It is both timely and necessary that the Council embark upon this course of renewal and 
rededication. The health issues of the times require no less. 

Edward H. Van Ness 

For further information write to: 

To provide staff leadership to this effort, the 
President and Board of Directors of the National 
Health Council are pleased to announce the ap­
pointment of a new Executive Director, Edward 
H. Van Ness, who has served for over twelve 
years as health policy and planning associate in 
the Executive Department of the State of New 
York. 

THE NATIONAL HEALTH COUNCIL, INC. 
1740 Broadway 

New York, New York 10019 
Walter J. McNerney Robert C. Long, M.D. 

President President-Elect 
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adequate care, 30.6 with intermediate 
care and 67.8 with inadequate care: The 
results indicate "a gross misallocation of 
services by ethnic groups when the risks 
of the women are taken into account," 
the study group concluded; since both 
medical and social risks are readily iden­
tifiable at an early prenatal visit, guide­
lines should be established for the deliv­
ery of appropriate care to the groups 
most a t risk. 

Exit Polywater 

rrhe long-standing controversy over 
the existence of a superdense, poly­

meric form of water-commonly called 
polywater-is apparently over. The argu­
ment, which at one time or another oc­
cupied the attention of many investiga­
tors in the U.S. and Europe, began sev­
eral years ago with an announcement by 
Boris V. Derjaguin that he and his col­
leagues at the Institute of Physical 
Chemistry of the Soviet Academy of Sci­
ences had observed that certain samples 
of water condensed in fine capillary 
tubes displayed properties quite differ­
ent from those of ordinary water. The 
extensive series of experiments that fol­
lowed convinced Derjaguin and his fel­
low experimenters that the anomalous 
samples they had prepared were uncon­
taminated by impurities and that they 
represented a new, stable form of water 
with a density almost one and a half 
times that of ordinary water and a mo­
lecular structure that could only be de­
scribed as polymeriC. They named the 
remarkable substance water II to dis­
tinguish it from ordinary water [see 
"Superdense Water," by Boris V. Derjag­
uin; SCIENTIFIC AMERICAN, November, 
1970].  

Subsequent investigations by  groups 
in the U.S.S.R., Britain, Germany and 
the U.S. produced an array of conflicting 
findings that were interpreted by some as 
supporting Derjaguin's water-II hypoth­
esis and by others as disproving it. Those 
holding the latter view argued that the 
anomalous properties of samples pre­
pared according to Derjaguin's "recipe" 
could all be explained on the basis of im­
purities either present in the original wa­
ter vapor or leached (dissolved) out of 
the quartz or glass capillaries used to 
form the condensate. 

The apparent end of the controversy, 
or at least of the polywater hypothesiS, 
has now been marked with another an­
nouncement by Derjaguin, this time re­
porting that recent measurements by his 
group using advanced analytic tech­
niques have revealed that their samples 
invariably contain trace impurities in 
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amounts sufficient to account for the 
anomalous behavior. 

In a recent communication to SCIEN­
TIFIC AMERICAN Derjaguin reports that 
the first indication of the presence of pre­
viously undetected impurities in his 
"water II" samples was obtained by 
means of neutron-activation analysis. 
That work, he writes, "proved . . .  that 
the samples of anomalous water usually 
contain the atoms of silicon and sodium 
to a higher concentration than the ordi­
nary water. This method, however, did 
not enable us to detect the atoms.of car­
bon and oxygen." 

Derjaguin and his colleagues therefore 
carried out a second series of analyses of 
the possible presence of chemical ele­
ments in microsamples of the anomalous 
condensate using an electron-probe tech­
nique. That investigation, Derjaguin 
writes, "proved [that] all the tested sam­
ples contained some impurity atoms." 
The particular impurity atoms detected, 
principally silicon, sodium, carbon, chlo­
rine and potassium, he adds, "are in­
dicative of the presence of compounds 
that are able to explain the anomalous 
properties. The composition of impuri­
ties varied depending on the method 
used to prepare the anomalous conden­
sate. In some cases organic substances 
were absent, and the anomaly could be 
attributed to the effect ... of salts such as 
sodium chloride and potassium chloride; 
in other cases the principal role was 
played by carbon compounds. When 
care was taken to exclude extraneous im­
purities,  only the presence of silicon and 
sodium atoms was detected.... And 
these atoms were found ... in a propor­
tion that is characteristic of either sols or 
gels of silicic acids." 

The increased proportion of silicon 
atoms in the water-vapor condensate 
compared with their content in liquid 
water, Derjaguin concludes, "is difficult 
to explain otherwise than by a much 
higher dissolving power of the freshly 
condensed water vapor as compared 
with the normal dissolving power of wa­
ter." Such an assumption would clarify 
"both the formation of supersaturated 
solutions of silicic acids and possibly an 
easier penetration of extraneous impuri­
ties. Of course, this hypothesis needs fur­
ther corroboration." 

The Brewery Within 

�cohol is not only drunk by man; sub­
.L stantial quantities of it are also man­
ufactured in his intestine by microor­
ganisms. According to Sir Hans Krebs, 
who made the discovery, the amount of 
pure ethyl alcohol (the potable kind) 

produced daily in the human intestine is 
about one ounce, roughly the equivalent 
of the amount in a quart of beer. 

It had long been a biochemical mys­
tery why the horse, an animal that does 
not normally ingest ethyl alcohol, should 
have in its liver the enzyme alcohol de­
hydrogenase, which catalyzes the metab­
olism of the substance. Krebs and his col­
leagues detected the same enzyme in 
other animals, including cows, sheep, 
shrews, guinea pigs, mice, rats , dogs, 
cats and man. Working with rats , they 
showed that alcohol was produced by 
microorganisms in the intestine, and that 
about 90 percent of this alcohol was re­
moved by the enzyme in the liver. 

Writing in The New York Times, Law­
rence K. Altman describes a discussion of 
Krebs's findings at the First International 
Symposium on Alcohol and Aldehyde 
Metabolizing Systems, held in Stock­
holm in July. The ethyl alcohol ingested 
by man or produced in his intestine is 
carried to the liver by the portal vein. In 
the liver 80 percent of the alcohol is 
broken down by alcohol dehydrogenase; 
the remaining 20 percent is possibly me­
tabolized by another enzyme, catalase. 
It is the efficiency of the process that so 
long masked the production of alcohol 
in the human intestine. 

In metabolizing ethyl alcohol, alcohol 
dehydrogenase giyes rise to reduced 
nicotinamide adenine dinucleotide 
(NADH). That may be the cause of fatty 
degeneration of the liver (cirrhosis) in al­
coholics. An excess of NADH apparently 
disrupts the metabolism of liver cells , so 
that they tend to accumulate fat. 

The microorganisms that produce the 
ethyl alcohol in the intestine remain un­
known. A likely suspect, however, is the 
bacterium Sarcina ventriculi, a common 
denizen of the lining of the stomach that 
gets almost all its energy from the fer­
mentation of sugar to alcohol. 

A Human Cancer Virus? Not Yet 

The Type C tumor viruses, which 
cause cancer in some animals, are a 

very special group: they have RNA 
rather than DNA as their genetic materi­
al. Before replication the viral RNA is 
transcribed into DNA in the infected 
cell-the reverse of the usual DNA-to­
RNA sequence [see " RNA-directed 
DNA Synthesis," by Howard M. Temin; 
SCIENTIFIC AMERICAN, January, 1972]. 
Moreover, most of these viruses appear 
to be endogenous ones : instead of being 
transmitted from host to host primarily 
by the "horizontal" route like most vi­
ruses, such as those of smallpox or polio­
myelitis or the common cold, they appar-
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SCIBNCB/SCOPB 

Technological advances originally developed for aerospace applications are 
increasingly finding their way into other areas of science. Several develop­
ments at Hughes in recent years, for example, are proving to be adaptable 
to the medical field. 

Using an instrument designed to cool computer components, a surgeon can now 
perform hemorrhoidectomies in a simple operation in his office. Most patients 
can return to work the next day. Called Kryostik™, the instrument consists 
of a l2-inch "heat pipe" probe and a half-liter reservoir that can sustain 
the probe tip at temperatures lower than -1900C for over 30 minutes. It is 
manufactured by Hughes and marketed worldwide by Ritter Company, a division 
of Sybron Corporation. 

During a recent technological survey for NASA, Hughes discovered medical 
applications for several composite materials developed for space projects. 
Bio-compatib1e prosthetic devices can be made of carbon fibers in an expoxy­
resin matrix. Braces made of graphite-fiber-reinforced plastic are equal 
in strength to steel at one-eighth the weight. 

The human body's external surface temperature is a valuable diagnostic indi­
cator. High thermal activity is characteristic of a developing breast lesion; 
rheumatoid arthritis and peripheral vascular disorders have unique tempera­
ture profiles. Recently, several companies have developed systems for im­
mediately displaying thermograms that reveal these temperature profiles. 
The systems use low-cost video memory units which Hughes developed for air­
craft cockpit displays. They store each scan line, then display the com­
pleted picture on a television monitor, significantly reducing setup time. 

Instruments for medical radiology also use the Hughes memory units, which 
can display a high-resolution image in 10 logarithmic levels of gray scale 
for up to 25 minutes. Advantages include reduced patient radiation exposure, 
image integration and magnification, and fluoroscopic masking during G.I. 
fluoroscopy, cardiac catheterization, and other radiological procedures. 

Hughes needs graduate engineers with experience in the design and develop­
ment of communications satellites and earth stations. We especially need 
microwave, electronics, quality assurance, power system, propulsion, systems 
test, control system, structural design, and thermal engineers. U.S. citi­
zenship required. Please send your resume to: Mr. D. J. Dabney, Hughes 
Space & Communications Group, P.O. Box 929l9-H, Los Angeles, CA 90009. An 
equal opportunity M/F employer. 

The laser, a Space Age wonder first demonstrated by Hughes in 1960, has be­
come a valuable tool for ophthalmology. Diagnostic instruments incorporating 
low-power helium-neon lasers are being used in presurgical examinations and 
for determining problems with vision. Photocoagulation devices using a two­
watt argon-ion Hughes laser enable a surgeon to stop hemorrhages in the eye, 
such as may occur in severe diabetes. 

C,*_tina a new world with *I«tronics r------------------, 
I I 

: HUGHES: 
I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 
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Planning to locate your new plant expan­
sion site in a heavy population center? 
Or are you interested in escaping the 
urban squeeze in a medium-sized town 
that still offers the transportation and 
communication advantages of a big 
city? Or maybe your company is looking 
for a site near a real midwestern small 
town-a friendly, picturesque place 
where trees line the quiet streets. 

sources, labor supply and skills, taxes, 
economic and community factors. You'll 
know you've seen a selection of the 
finest and most varied sites the Midwest 
-or the country-has to offer. 

Please send me the report: "Major Economic Factors 
of Missouri." S 

Or perhaps you're not sure yet which "'Na"'m"'. ______________ 
_ 

type of location will best answer your 
"'Fi'''' m'__ _____________ _ company's needs. In any case, Union -

Electric will be proud to acquaint you "'Ad"'d""."''''-_____________ _ 
with the 19,000 square miles we serve C ;ty 
in Missouri, Illinois and Iowa. In our area 

=---------------

we can show you every size community "'S ta�t .'---______ �z""; p'__ _____ _ 
from the bustling St. Louis metropolis 
through medium-sized Jefferson City 
and even smaller communities the size 
of Brookfield, in the heart of our farm 
belt. Our business-engineering experts 
will help you study the unique features 

Mail to: Mr A. G. Baebler, Area Development, Union Electric, 
P.O. Box 87. 81. Louis, Mo. 63166 

UNIO 
\..O�c�it�r�o�� w�r�- ______ _ ---------------------------

COMPREHENSIVE In-depth viewing of 
abundant, various wildlife concentrations 
In famous National Parks and Reserves 
of Kenya and Tanzania: Nairobi, Tree­
tops, Mt. Kenya, Tsavo, Ambosell, Mt. 
Kilimanjaro, Arusha and Ngurdoto Cra­
ter, Lake Manyara, Ngorongoro Crater, 
the Serengetl, and Masal Mara. East 
Africa Wildlife Society briefing and 
membership. Finest hotels and lodges. 
Only 5 guests to each Microbus. Every­
one has a window seat. Leisurely pace. 
Small party. Tribal life, Masai and Chuka 
dances. Only $1519 plus air fare. All 
land services, tipping, Park fees In· 
eluded. Expert escort. 

PRIVATE AIR SAFARI flight-seeing for 
spectacular views and ease of travel. 
Everyone has a window seat! 

ALSO four other Africa tour programs 
from 22 days to a Grand 49 days, from 
$1383 to $3521 plus air fare. 

ASK your Travel Agent for Maupintour's 
new 36-page Africa tour book or write to: 

MAUPINTOUR SA 
270 Park Ave., New York, New York 10017 
Please send new 36-page Africa tour book. 

name 

I address 
• c�/�ty ____________________ _ 
I ��� • 
. _----------_. 
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Peripheral 
Vascular 
Computer,® 
with 
real-time 
readout 

'.' -

Noninvasive measurement; instant, 
direct readings of flow rate, heart 
rate. No lengthy computations. Detects 
minute changes in blood flow with 
complete patient safety. 

SYSTRON 1!5:: i® DONNER 
CORPORATION 

INERTIAL DIV., 1090 SAN MIGUEL RD . 
CONCORD, CALIF. 94518 / (415) 682-6161 

ently exist in almost all cells of the host 
in a covert form. That is, their DNA be­
comes integrated into a host-cell chro­
mosome, and their genetic information 
is transmitted "vertically" from cell to 
progeny cell and so from parent to off­
spring. Thus the viruses remain latent 
until some precipitating event causes 
them to induce a cancerous change in 
the cell or express themselves as infec­
tious particles, Endogenous Type C vi­
ruses have been found-and sometimes 
found to cause cancer-in a number of 
mammals and in chickens but not in hu­
mans. A virus that for more than a year 
seemed likely to be the first known hu­
man tumor virus has now been shown to 
be not a human virus at all but one that 
is endogenous in the cat. 

The virus in question was discovered 
in 1971 by investigators who inoculated 
cells from a human muscle tumor into 
cat fetuses; the idea was that association 
with a cat virus might "rescue" an en­
dogenous human tumor virus. A virus 
was indeed subsequently recovered from 
the human-muscle-tumor cells that grew 
into a brain tumor in one of the kittens. 
Last year it was shown to be immuno­
logically very different from the known 
feline leukemia viruses, and so it was 
tentatively thought to be a virus endog­
enous in humans that had been activat­
ed from human tumor cells by passage 
through the cat. A number of groups set 
out to test this hypothesis by seeing 
whether or not the virus, called RD 114, 
was actually endogenous in the cat. 
Their results have been set forth in five 
reports in Nature New Biology. 

The most direct approach was taken 
by a group headed by Padman S. Sarma 
of the National Cancer Institute. Sarma 
and his colleagues first tried to find a 
Type C virus in normal cat cells, with­
out success. When they looked at an es­
tablished cultured cat-cell line, however, 
they found that it contained Type C vi­
rus particles that turned out to have all 
the immunological characteristics of RD 
114. In order to make sure that the virus 
was truly endogenous, they obtained cat 
cells that could not have been contami­
nated with RD 114 and that were free of 
any Type C particles, enzyme or anti­
gens. By two different standard tech­
niques calculated to induce virus parti­
cles from endogenous viral DNA, they 
were able to demonstrate the presence in 
latent form of a virus that appears to be 
identical with RD 114. There are at least 
two different kinds of endogenous cat vi­
ruses, in other words: the leukemia vi­
ruses and RD 114. Unlike the situation 
of other animals, in which Type C vi­
ruses are all in one immunological group, 
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the two kinds of cat virus fall into two 
different immunological groups. 

The four other reports were from 
groups that used the technique of mo­
lecular hybridization to demonstrate the 
presence of viral DNA or RNA in normal 
cat cells . Hybridization depends on the 
complementary nature of a nucleic acid 
and the template on which it is formed 
[see "The Isolation of Genes," by Donald 
D. Brown; SCIENTIFIC AMERICAN, Au­
gust ] .  A strand of RNA that "finds" a 
strand of DNA with the same sequence 
of subunits-which is to say with the 
same genetic information-binds to the 
DNA, forming a hybrid molecule that 
can be isolated. D.  Gillespie and his col­
leagues at the National Cancer Institute, 
M. A. Baluda of the University of Cali­
fornia at Los Angeles School of Medi­
cine, P. Roy-Burman of the Univer­
sity of Southern California School of 
Medicine and Paul E. Neiman of the 
University of Washington School of 
Medicine tested RNA from RD 114 virus 
against a number of mammalian-cell 
DNA's and found that it formed hybrids 
specifically with DNA from cat cells. 
Hiromi Okabe and his colleagues at 
Flow Laboratories, Inc. , did the experi­
ment in reverse:  they synthesized a DNA 
that was complementary to the RNA of 
the RD 114 virus and used that DNA as 
a probe to find viral RNA in cat cells. 
Their hybridization results showed that 
not only the DNA but also the RNA of 
RD 114 is present in normal and tumor 
cells in the cat even when no virus par­
ticles are present. 

Gassing up with Gas 

Most of the work being done on the 
problem of air pollution resulting 

from the internal-combustion engine is 
focused on redesign of the engine or on 
adding emission-control devices to it. 
Another alternative is to change the fuel. 
The National Bureau of Standards of the 
Department of Commerce has done that, 
testing two gaseous fuels (compressed 
natural gas and liquefied petroleum gas) 
in half-ton and one-ton trucks for the 
U. S. Postal Service. Reporting recently 
on the tests, the Department of Com­
merce said the gaseous fuels resulted in 
substantially lower emissions than gaso­
line did in all but one case. 

The three principal pollutants from 
the internal-combustion engine are nitro­
gen oxides, hydrocarbons and carbon 
monoxide. Under steady running condi­
tions a half-ton truck fueled by gasoline 
produces an exhaust gas of nitrogen ox­
ides at a level of about 1,700 parts per 
million, hydrocarbons at 190 parts per 

Advice to youth 
on 1974 Science Fairs: 

Winning a prize is more satisfying than 
not winning a prize. 
Judges favor projects they can understand. 
Well-planned photography may help them understand. 
Now-not next spring-is the time to plan. 

We offer helpful hints. 

Write Dept. 841, Kodak, 

Rochester, N.Y. 14650. 

Any questions? 

Send 
for a real-time 
mathematician 

Canon in· 
troduces the 
most complete 
scientific desktop 
calculator on the 
market. The Canola 
F·lD instantly solves 
equations vital to 
every scientist's work. 

It computes in totally 
algebraic logic and is equ 

Canola F·I0 

with immediate· response hardwired functions. Equations as complex as 

V 2· "V'log " 5.3216 + '-!I log. 1.4265 
are solved simply and in seconds, like this: 

20 5.3216 �[BG 1.4265 E]rtlB0 1.582965893 

Despite all its sophistication the F·IO remains a Canon calculator­
famed for easy·to·read display and simplified keyboard with Iive·touch 
keys for comfortable operation. We'll be happy to mail you a brochure. 

Ca�on® ELECTRONIC Canon USA, Inc., Electronic Calculator Division, 
.1 I CALCULATORS 10 Nevada Drive, Lake Success, NY 11040. 

Name _____________ Street _______ _ 
City ________ State _______ ZIP ______ _ 
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TheADC-XLM. 
A significant difference. 

The phono car­
tridge, the smallest 
and perhaps the 
most critical ele­
ment in a home 
music system, can 
make a significant 
difference in your 
perception of 
recorded music_ 

If it does its job well, it can 
convey a startlingly real sense of 
the original musical experience. If 
it doesn't, you end up with a pale, 
distorted imitation. Or worse, a 
permanently damaged record. 

For only the cartridge comes 
into direct contact with the fragile 
record groove and translates its 
microscopic undulations into in­
telligible musical sounds. 

For years, the 
experts, audio pro­
fessionals, have 
relied upon ADC 
cartridges to pro· 
vide faithful record 
reproduction and 
protect their valu­
able collections. 

Today, more than 
ever, the choice of the experts is the 
new ADC-XLM , a cartridge of un· 
matched performance and reliability. 

At a modest $50, it can make a 
significant difference in your 
own music system. 

For complete information and 
reprints of independent test lab 
evaluations write: Audio Dynamics 
Corporation , Pickett District Road, 
New Milford, Conn. 06776. 

�AUdiO Dynamics Corporation 

BULOVA 
OFFERS 

SOLUTIONS 
FOR 

TIME· RELATED 
PROBLEMS 
If you have a time-related 

function to control or 
monitor and you need a 

timer which is 
self-powered, compact, 

accurate, reliable 
and economical 

to 
Switch devices on or off 

Trigger an alarm 
Mark a tape or chart or for 

any other function on any time 
base Bulova can supply a 

timer incorporating the famed 
Accutron® movement. We've 

many standard models and a 
host of specials which can be 
adapted. Write or call for free 

spec sheets 
and application notes. 

BULOVA 

SAVE NOW ON 
EXECUTIVE 
LOANS 
$2,000 to $25,000 

INSTANT CASH BY PHONE­
ABSOLUTE PRIVACY 
You save as much as 18% or more 
on interest rates with TWS 
compared to other executive loan 
services. And you get more money, 
as much as $25,000, in your hands 
as fast or faster than you could 
get it locally. Loans made in com· 
plete privacy, no embarrassing 
investigations. Tens of thousands 
of satisfied customers throughout 
the U. S. TWS makes loans only 
to executives, military officers, 
and professional personnel ... 
that's why you get more money 
and a better deal. 

Get the facts now-without 
obligation. 

Call our toll-free 
"LOAN LINE" 
(800) 527-6301 
From Texas, phone COLLECT 
(214) 638·2840. 

m Trans World Services, Inc. 
An Affiliate of The Continental Corporation 
Suite 404, Stem mons Tower west 
Oallas, Texas 75207 

million and carbon monoxide at 1.1 per­
ccnt. In trucks tested with gaseous fuels 
the levels of nitrogen oxides for com­
pressed natural gas and liquefied petro­
leum gas respectively were 300 and 500 
parts per million, of hydrocarbon 50 and 
190 parts per million and of carbon mon­
oxide .1 and .13 percent. 

The reason for the difference is that 
gasoline must be vaporized before it is 
mixed with air in the carburetor, where­
as gaseous fuel needs only to be mixed 
with air. Carburetion can therefore be 
simpler and more precise with gas than 
with gasoline, and the fuel and air can 
be more thoroughly mixed, Since gaso­
l ine engines must be converted to run on 
gaseous fuel and gaseous fuels are not 
readily available to the public, such fuels 
are suitable at present only for vehicles 
operated in Heets. 

Walking on IF' ater 

Among land vertebrates the basilisk liz-
ard (Basiliscus) of Mexico and Cen­

tral America has a unique ability : it can 
walk on water. The lizard, which is re­
lated to the iguana, speeds across bodies 
of water on its hind legs with a gait that 
strongly resembles the run of a terrestrial 
biped. In some areas this ability has 
earned the animal the name lagarto Jesus 
Cristo-the Jesus Christ lizard. 

In order to determine how the basi­
lisks perform this feat, Joshua Laerm of 
the University of Illinois undertook to 
photograph them with a high-speed mo­
tion-picture camera. According to his ac­
count in The American Midland Nat­
uralist, he placed a wood platform at one 
end of a tank that was filled with eight 
inches of water. Lizards were induced to 
run across the platform and into the wa­
ter, where they were filmed. 

Laerm observed that the basilisk does 
not literally run on top of the water. Ac­
tually it runs through the water while 
holding most of its body above the sur­
face. In many cases only its feet, its low­
er legs and portions of its tail are below 
the surface. Larger, heavier basilisks run 
lower in the water than smaller, lighter 
ones. Young animals are able to propel 
themselves with such force that between 
strides they clear the water altogether. 

As the basilisk picks up speed, it twists 
the lower half of its body from one side 
to the other and thrusts each leg back­
ward and to the side. The result is a char­
acteristic rapid waddle. Laerm analyzed 
the motion in terms of hydrodynamic 
drag and concluded that the waddle is 
necessary for the basilisk to be able to 
push itself ahead with maximum force 
and at the same time retract cach leg 

© 1973 SCIENTIFIC AMERICAN, INC



COBOL" 
FORTRAN" 

RPG" 
BASIC 

Spoken Here 
This revolutionary small computer lets your people 
use the languages which best express the problems 
you need to solve. Its variable micrologic processor 
operates efficiently with each language by instantly 
restructuring itself as it shifts from one program or 
program segment to the next. 

It's Burroughs B 1700-actually, a' whole series 
of fourth-generation systems, all of which feature 
mUltiple language performance. Plus, virtual mem­
ory ... large system management reporting abilities 
... ready-to-use programs from a library of Business 
Management Systems ... a Master Control Program 
for system self-regulation and mUltiprograming (for 
the first time in systems of this size) ... new periph­
erals (including 96-column card equipment) and 
magnetic data file subsystems ... simplified oper-

ation and system management ... flexibility in appli. 
cation ... exceptional responsiveness to change. , . 
impressive new levels of cost/effectiveness! 

B 1700's are being installed by hospitals, fi­
nancial institutions, manufacturers, wholesalers and 
many other businesses who need comprehensive 
management information and control capability, and 
who want results without complexity ... by profes­
sional EDP managers who need more EDP capability 
coupled with ease of conversion, plus expandability 
without reprograming. 

Ask your Burroughs representative for full in­
formation about the B 1700's-the exciting com­
puters that provide big system results at a price small 
businesses can afford. 

Burroughs 
Detroit. Michigan 48232. U,S.A. 
Europe: 18 rue St. Pierre, 1700 Fribourg, Switzerland 
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Margaret was found in a back lane of Cal­
cutta, lying in her doorway, unconscious 
from hunger. Inside, her mother had just 
died in childbirth. 

You can see from the expression on 
Margaret's face that she doesn't under­
stand why her mother can't get up, or why 
her father doesn't come home, or why the 
dull throb in her stomach won't go away. 

What you can't see is that Margaret is 
dying of malnutrition. She has periods of 
fainting, her eyes are strangely glazed. 
Next will come a bloated stomach, falling 
hair, parched skin. And finally, death 
from malnutrition, a killer that claims 
10,000 lives every day. 

Meanwhile, in America we eat 4.66 
pounds of food a day per person, then 
throw away enough to feed a family of 
six in India. 

If you were to suddenly join the ranks 
of 1112 billion people who are forever hun­
gry, your next meal might be a bowl of 
rice, day after tomorrow a piece of fish 
the size of a silver dollar, later in the week 
more rice-maybe. 

Write today: Verent J. Mills 

HUNGER 
IS ALL 
SHE 
HAS EVER 
KNOWN 

Hard-pressed by the natural disasters 
and phenomenal birth rate, the Indian 
government is valiantly trying to curb 
what Mahatma Gandhi called "The Eter­
nal Compulsory Fast." 

But Margaret's story can have a happy 
ending, because she has a CCF sponsor 
now .. And for only $12 a month you can 
also sponsor a child like Margaret and 
help provide food, clothing, shelter­
and love. 

You will receive the child's picture, 
personal history, and the opportunity to 
exchange letters, Christmas cards-and 
priceless friendship. 

Since 1938, American sponsors have 
found this to be an intimate, person-to­
person way of sharing their blessings with 
youngsters around the world. 

So won't you help? Today? 
Sponsors urgently needed this month for 

children in: India, Brazil, Philippines, 
Indonesia and Guatemala. (Or let us 
select a child for you from our emergency 
list.) 

CHRISTIAN CHILDREN'S FUND, Inc. Box 26511 
Richmond, Va. 23261 

I wish to sponsor a 0 boy 0 girl in 
(Country), ___________ _ 
o Choose a child who needs me most. I will 
pay $12 a month. 1 enclose my first payment 
of $ __ . Send me child's name, story, 
address and picture. [ cannot sponsor a child 
but want to give $ __ . 0 Please send me 
more information. 

72 

Name' _____________ _ 
Address, ____________ _ 
City ______________ _ 
State: _______ Zip, ____ _ 
Registered (VFA-080) with the U.S. Government's 
Advisory Committee on Voluntary Foreign Aid. Gifts 
are tax deductible. Canadians: Write 1407 Yonge, 
Toronto 7. 853690 

from the water for the next step with a 
minimum of resistance. Scales on the top 
of the basilisk's toes are extended to form 
a lateral fringe around the foot. The 
fringe increases the surface area of the 
foot and helps the animal to propel itself. 
Surgical removal of the fringes did not 
prevent the lizards from being able to 
run through the water, but it did cause 
them to sink deeper. 

Many species of lizards take readily to 
the water to avoid terrestrial predators. 
The basilisk's ability to run over the wa­
ter rather than swimming, however, con­
fers the additional advantage of its being 
able to avoid aquatic predators. 

The Plough of the Stars 

M any "classic" radio galaxies consist of 
an optically bright galaxy situated 

halfway between two radio-emitting re­
gions. One hypothesis is that the radio 
regions represent blobs of energetic par­
ticles ejected millions of years earlier 
from the nucleus of the visible galaxy. 
Five years ago Martin Ryle and M. D. 
Windram, working with the "one mile" 
radio telescope of the University of Cam­
bridge, found that two weak radio gal­
axies in the well-known Perseus cluster 
of galaxies have a radio configuration 
reminiscent of comets in that they consist 
of a fairly bright head region and a weak 
streaming tail. Since both radio tails 
seem to point away from a much brighter 
radio galaxy (NeC 1275) in the same 
cluster, Ryle and Windram suggested 
that the tails represent gases driven out 
of the weak radio galaxies by a wind of 
energetic particles streaming out of their 
more luminous neighbor. 

When e. K. Miley and his co-workers 
turned the Westerbork synthesis radio 
telescope of the University of Leiden on 
the two head-tail galaxies in the Perseus 
cluster, they discovered a third such ob­
ject in which the tail appears to point al­
most directly toward Nec 1275. They 
propose in Nature that the head-tail gal­
axies "are radio sources in their own 
right, not causally connected with any 
other galaxy. The elongated radio tails 
are explained as trails left behind as ac­
tive radio galaxies plough through the 
cluster medium." 

A high-resolution radio map of NeC 
1265, one of the head-tail galaxies, shows 
that the radio head is semicircular in 
shape and contains discrete blobs that 
are bright at radio wavelengths. Behind 
the head two trailing ridges of emission 
are linked by a narrow radio bridge lo­
cated directly behind a radio-quiet well. 
Miley and his colleagues propose that the 
head of the galaxy is moving through 
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H yQU ever needed proof that a Rolex needs 
no pampering,watch Red Adair in action. 

Red Adair is internationally famous for fighting oil-well 
fires.  He answers alarms from all over the world. 

Probably his greatest challenge was this Sahara blowout 
that sent a geyser of flame thundering to a height of 700 feet, 
gorging 550, 000, 000 cubic feet of gas every 24 hours. 

Those who watched this spectacle dubbed it "The 
Devil's Cigarette Lighter. " John Glenn was able to observe 
it from his space capsule. 

It took five long months of punctilious preparation 
before Adair was ready to move in, perilously close to the 
raging inferno, and deftly place the specially made explosive 
charge that - boom! - , 
blew out the fire much 
as you might blow out 
a match. 

A man like this 
demands a lot of him­
self. His possessions 
must match his life­
style. That's why 
you'll find a Rolex 
on his wrist. 

It looks rugged -
and is. The case is 
carved from a solid 
ingot of 18 kt. gold or 
stainless steel. The 
Triplock winding 
crown is firmly 
screwed down into 
the case so that it 

seals like a miniature submarine hatch. The crystal is 
diamond-cut for a meticulous match with the case and 
uniquely engineered so that it actually grips more tightly 
under pressure (deep underwater, for instance). 

Inside is a Rolex movement that truly deserves all  this 
protection. Crafted skillfully in time-honored tradition by 
skilled Swiss hands. Fitted with a self-winding rotor that 
Rolex invented. Submitted voluntarily to an Official Swiss 
Institute for Chronometer Tests, where each individual 
movement undergoes two weeks of exhaustive tests 
before earning the prized "chronometer" rating. The result 

is a triumph of the 
watchmaker's art: 
a timepiece you'll 
own with pride; a 
timepiece you'll 

, never have to 
pamper. 

Ask Red Adair. 

Write for free color 
brochure. Rolex Watch 
U. S. A . ,  Inc. , 580 Fifth 
Avenue, New York, N. Y. 
10036 Dept. Q4. 

Owning one is 
almost as satisfying 

as making one. 

.�. 
ROLE X 
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Open wide 

and say ahhh. 
Books on today's health care problems 

that you'll tum to again and again. Open wide 
and discover new ways to look at psychiatric 

hospitalization, care of the chronically ill, hospitals for 
children, and organization of health care systems. 

Mental Illness and the Economy 
M. Harvey Brenner 

Foreword by August B. Hollingshead 
Mental hospital admissions rise when the economy falls. This is 
Dr. M. Harvey Brenner's deceptively simple formula. A formula 
that has far-reaching psychiatric, sociological and theoretical 
implications. Brenner, Associate Professor in the School of Hygiene 
and Public Health at Johns Hopkins University, proves the theory 
with data covering more than 1 27 years. Dr. August B. Hollingshead 
of Johns Hopkins calls Brenner's discovery "a milestone in the 
development of our knowledge regarding the functioning ot the 
economy and the use of mental hospitals . "  $ 1 5 .00 

Aspects of Medical Care Administration 
Specifying Requirements for Health Care 

Avedis Donabedian, MD., M.P.H. 
One of the first books to review basic concepts and princi­
ples - social and economic as well as medical - which 
must be dealt with in effective organization and financing 
of health care systems. An excellent reference book for 
the medical care field. 
Commonwealth Fund. $25 .00 

Changing Hospital Environments for Children 
Roslyn Lindheirn, Helen H. Glaser and Christie Coffin 

Photographs by Lise Gi¢desen 
No other book offers systematic observations and guide­
lines for the design of hospital facilities to meet the 
specific needs of children. Dr. T. Berry Brazelton says of 
this sympathetic and richly illustrated volume, "I hope it 
will be on the desk of every hospital executive in the 
country. "  
Common wealth Fund. $ 1 1 .00 

Continuing Care in a Community Hospital 
Harold N. Willard and Stanislav V. Kasl 

This community hospital's early, innovative program for 
continuing care may prove to be the model others will 
follow. Combining practical experience and theoretical 
background, this work is invaluable to anyone interested 
in health care. 
Commonwealth Fund. $8.00 

Harvard University Press 
Cambridge, Mass. 02 138 

space at a velocity of a few thousand 
kilometers per second, intermittently 
ejecting pairs of radio-emitting blobs at a 
comparable speed. They estimate that 
the outbursts come at intervals of a few 
million years. 

Zap! 

Electromagnetic radiation at micro-
wave frequencies is now widely 

used for cooking purposes. It may also 
be practical to use microwaves to "cook" 
agricultural pests in the soil: insects, 
weeds, fungi and so on. A machine is 
being developed for the purpose by a 
collaborative effort of the Agricultural 
Research Service of the Department of 
Agriculture, Texas A & M University 
and the Oceanography International 
Corporation. It has been given the plo­
sive name "The Zapper." 

The microwave method of controll ing 
pests is attractive primarily beca use, un­
like chemical pesticides, it leaves no resi­
dues that may ultimately harm orga­
nisms other than pests. The method be­
ing examined consists in exposing the 
soil (up to a depth of two feet, depend­
ing on the power level and the length 
of exposure) to radiation of a frequency 
of 2,450 megahertz, the same frequency 
that is used in microwave ovens and 
broilers. When such radiation is ab­
sorbed by the molecules of living tissue, 
the molecules are set in rapid vibration 
or rotation and vital functions are dis­
rupted. 

The Zap per can be used to eliminate 
pests from the soil either before planting 
or afterward. The microwaye energy can 
be beamed downward so that it does not 
injure plants set out in rows. In the pro­
duction model, Zapper III, the micro­
waves are produced by a pair of 3D-kilo­
watt klystron tubes powered by a diesel 
generator. The power package, supplied 
by the Bechtel Corporation, is mounted 
on a 16-ton vehicle with wheels spaced 
so that they can move down the rows 
between plants. 

In tests with earlier machines the Ag­
ricultural Research Service reports yield 
increases in "zapped" soil, compared 
with hand-weeded plots, of as much as 
60 percent with such truck crops as mel­
ons and onions. One particularly prom­
ising application , making use of small 
portable zappers, is for greenhouses and 
other horticultural enterprises where the 
cost of soil preparation per acre is not an 
important consideration. For row crops, 
the developers note, the self-propelled 
Zapper is presently economic only when 
chemical weed-control costs are higher 
than $15 per acre. 
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Premise: Pol l ut ion  
control beg i n s  w i th  effect ive 
se n s i n g  and meas u re m e nt .  

To the burning question 
of waste disposal. 
Honeywell suggests 
an answer. 
Growing quan tities of solid 
waste today pose growing 
disposal problems for most 
mun icipalities . 

Incineration is a proven 
method of disposal. But the 
question is, can incinerators 
con trol one source of pollution 
without creating another? 
Without spewing noxious 
gases, fly ash and other 
particulate matter in to the air? 

Honeywell believes that 
clean,  economical incineration 
is both possible and practical. 

The ans wer lies in automated 
systems of sensing and con trol. 
Systems well with in curre n t  
Hon ey well technology. 

Although refuse varies 
widely in BTU values, complete 
combustion can be achie ved 
consisten tly .  Sensitive 
thermocouples and draft 
gauges can read changing 
furnace conditions and signal 
prompt compensating 
adjustments of air flow to 
main tain proper combustion 
and temperatures . 

Similar sensors and 
componen ts also con trol gas 
cooling and dust collection . 
Stack emissions are checked 
con tin uously by smoke den sity 
mon itors and stack gas 
analyzers . Finally, all control 
componen ts are in tegrated in 
one total con trol system wh ich 
keeps all individual parts in 
balance for the cleanest 
possible combustion . 

Honeywell 

Could Honeywell's 
specialized products and 
systems solve a pollution 
problem for you? Ask us 
details about automated 
incineration con trol systems 
for solid wastes, sewage 
sludge, recalcin ing and 
carbon reactivation , or for 
other information . Write 
Mr. Richard Boyle, Director of 
En viron men tal Programs, 
Honey well, 2701 Fourth A venue 
South, Minneapolis, MN 55408. 

We'd like to help. 
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THE ILLS OF MAN 

The most prevalent diseases are not the well-known causes of death. 

Precisely what they are depends to a surprising degree on whether 

they are perceived by patients, by physicians or by vital statisticians 

To the average "well informed" 
reader in the U.S. today cancer, 
heart attacks and acts of violence, 

including accidents and homicides, must 
seem to be the preponderant ills of mod­
ern man. To be sure, these few afflictions 
are among the leading causes of death, 
the terminal event in the lives of all peo­
ple. They nonetheless represent only a 
small proportion of man's ills, which are 
legion and diverse in nature, varying, for 
example, with race, ethnic background, 
geographic location, time, causation, se­
verity and outcome. Some are inherent 
in man's genetic makeup; others are the 
inevitable results of conHicts with his en­
vironment; still others are man-made. 
Some ills, although seemingly minor or 
even trivial at first, can lead through re­
currence or progression to serious states 
of chronic disease and to death. Many 
ills are perceived only by the person 
himself, as a sense of "not feeling well"; 
they cannot be objectively determined 
by the physician even with his modern 
diagnostic tools, nor can they be labeled 
as "diseases" with classical physiological, 
metabolic, structural or pathologic symp­
toms. Other ills, of course, can be diag­
nosed as well-known and well-described 
diseases or syndromes, or as new or new­
ly recognized disease states. 

Clearly the ills of man could be de­
scribed and discussed from so many 
points of view that volumes, not mere 

by John H. Dingle 

pages, would be required. I propose, 
therefore, to limit the subject to four 
somewhat arbitrary general headings 
and under each heading to give exam­
ples, where they are appropriate, of the 
dynamic nature of illness as shown by its 
natural history and by the effect of de­
liberate intervention by man. The gen­
eral headings I have chosen are (1) the 
ills of man as perceived by people, (2) 
the ills of man as perceived by physi­
cians, (3) the ills of man as perceived by 
people and physicians, and (4) the ills of 
man as p�rceived by compilers of vital 
statistics. 

A community's knowledge of the 
health status of its people is vitally 

important, since healthy people are the 
community's fundamental resource and 
keeping people healthy, or restoring 
them to health, is one of its greatest 
problems. The most reliable data obtain­
able are needed not only to estimate the 
requirements both now and in the future 
for medical services and hospital beds 
but also to evaluate the human re­
sources, the economic potentials and 
many other components of a complex 
society. 

The development of health statistics 
has been and still is an extremely slow 
process, and for a good reason: the prob­
lem of measurement. To call many of the 
studies and surveys that have been done 

HEAD OF A YOUNG MAN with an unspecified skin condition was drawn in the 16th cen· 

tury by Hans Holbein the Younger. The drawing, which is in the Fogg Art Museum at Har· 

vard University, exemplifies one of the most common difficulties confronted by medical 

statisticians in seeking to catalogue the ills that flesh is heir to: the problem of classification. 

According to the Fogg Art Museum's puhlication Works of Art from the Collection of Paul 

1. Sachs, "for many years the drawing was called Portrait of a Leper. Leprosy was long a 

generic term for skin diseases. More than one distinguished dermatologist in recent years 

bas diagnosed the young man's ailment as a case of impetigo contagioso." The drawing, 

wbich measures eight inches high by six inches wide, is rendered in chalk with pen outlines. 

"health surveys" is in a sense a mis­
nomer, since they are really "sickness 
surveys" derived typically from physi­
cians' reports of communicable diseases 
(as required by many state laws) and 
from reports by hospitals, clinics, insur­
ance companies and group medical 
plans. In addition there have been a few 
large illness surveys such as those carried 
out in the U.S. from 1935 to 1936, in 
Britain from 1944 to 1952 and in Cana­
da from 1950 to 1951. 

The real problem is to define "health" 
and its attributes. Alan Gregg of the 
Rockefeller Foundation emphasized the 
difficulty when he said that if you give 
almost any literate person a sheet of 
paper and ask him to list all the symp­
toms of disease he can think of in five 
minutes, he will write down at least a 

dozen, whereas if you ask him to list the 
symptoms of health, he can seldom name 
even one or two. The constitution of 
the World Health Organization defines 
health as "a state of complete physical, 
mental and social well-being and not 
merely the absence of disease and infir­
mity." That is an elegant statement, but 
unfortunately those who drafted it did 
not define their terms nor did they indi­
cate how the terms could be made quan­
titative. So far no one else has, either, at 
least in any satisfactory way. 

The Canadian Sickness Survey of 
1950-1951 covered the 14 million Cana­
dians alive during the survey year. On 
an average day about 85 percent of the 
population reported no sickness, not 
even minor ailments. Over the period of 
a year, however, the figure was reduced 
to 19.6 percent. Over a longer period the 
figure would undoubtedly be reduced to 
zero. Clearly new concepts and more 
data concerning "health" are needed. 

The nationwide health survey carried 
out in the U.S. in 1935-1936 was an at-
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tempt to obtain comprehensive illness 
statistics for the general population. It 
was a prodigious effort, including inter­
views in 737,000 urban households, with 
the emphasis on disabling illnesses and 
chronic diseases. Although the data were 
reliable for a variety of purposes, the 
survey had the defect that it did not in­
clude rural and suburban populations. 
With the large-scale shifts in population 
accompanying World War II the statis­
tics became obsolete. 

In 1948 the U.S. Committee on Vital 
and Health Statistics was established, 
composed of the most highly qualified 
experts in the field in the country. That 
committee and its subcommittees stud-

ALL ACUTE CONDITIONS 

INFECTIVE AND PARASITIC DISEASES 

RESPIRATORY CONDITIONS 

(UPPER-RESPIRATORY CONDITIONS) 

( INFLUENZA ) 

(OTHER RESPIRATORY CONDITIONS) 

DIGESTIVE-SYSTEM CONDITIONS 

INJURIES 

ALL OTHER ACUTE CONDITIONS 

ALL CLASSES OF ACCIDENTS 

MOVING MOTOR 

WHILE AT WORK 

HOME 

OTHER 

o 

o 

ied and discussed the "problems in mor­
bidity statistics, including chronic dis­
eases and medical-care statistics, in 
order that morbidity data may be direct­
ly related to demographic factors." The 
recommendations of these committees 
led to the passage by Congress of the 
National Health Survey Act in 1956. 
That law authorized the Surgeon Gen­
eral of the Public Health Service to 
make continuing surveys and special 
studies of the population of the U.S. in 
order to determine the extent of illness 
and disability and related information, 
including the economic impact of such 
conditions. It also authorized and direct­
ed cooperation and consultation with 

50 100 150 200 

NUMBER OF ACUTE CONDITIONS 
PER 100 PERSONS PER YEAR 

10 20 30 40 

NUMBER OF PERSONS INJURED 
PER 100 PERSONS PER YEAR 

203.4 

250 

50 

HEALTH-SURVEY FINDINGS provide a picture of the incidence of disease and accidents 

in the U.S_ as perceived by the people themselves. The data summarized in these bar charts, 

published last year by the National Center for Health Statistics, are derived from a general 

survey conducted in 1970 of the population of the 50 states. The survey sample was com­

posed of approximately 37,000 households consisting of about 116,000 people_ The total 

number of new acute conditions for the year was 203.4 per 100 people, or slightly more 

than two per person. Accidents of various types accounted for about an eighth of the total. 
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other interested Federal departments 
(such as the Department of Commerce 
and the Department of Labor), with 
state agencies and with various other 
public or private agencies, groups and 
individuals. 

The primary component of the health 
survey is the household interview, which 
provides data based on a general sample 
of the population of the 50 states. The 
data thus originate with the people 
themselves, the only individuals in­
volved who have all the needed facts: 
the fact of illness, the action taken as a 
result of the illness, the duration of the 
illness and the demographic and per­
sonal details. Special studies that have 
more direct objectives, such as a survey 
for a specific disease or in a local area, 
can be related to the basic information 
from the household interviews. 

The interviewing process is continu­
ous, the questions asked are changed 
or supplemented from time to time to 
obtain pertinent contemporary informa­
tion, and the sample of households is 
changed at appropriate intervals so that 
no household is interviewed twice ex­
cept for purposes of checking reliability. 
The Public Health Service determines 
the substantive content of the ques­
tionnaires, evaluates and interprets the 
data obtained and publishes the results 
in a series of reports titled Vital and 
Health Statistics: The Bureau of the 
Census participates in planning, selects 
the sample by a highly stratified, multi­
stage probability design and collects and 
tabulates the data. The interviewers are 
specifically trained, as are their super­
visors. 

The questionnaires are all reviewed 
in Washington for errors and are then 
coded. Medical coding is one obvious 
difficulty, since many "illnesses" can be 
described only symptomatically and not 
diagnostically. To eliminate trivial epi­
sodes an illness is accepted as such only 
if medical attention was sought or if ac­
tivity was restricted for one day or more. 
Medical coding for such conditions is 
initially done independently by two 
coders; differences, if any, are umpired 
by a coding expert. The Manual of the 
International Statistical Classification of 
Diseases. Iniuries, and Causes of Death 
is used for classification. In general, al­
most all illnesses can be classified, at 
least under the broader classifications. 

Let us now examine some selected 
data for 1970, based on a sample com­
posed of approximately 37,000 house­
holds consisting of about 1 16,000 per­
sons living at the time of the interview 
[see illustration at left J. The number of 
new acute conditions was 203.4 per 100 
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DOMINANT INFLUENCE of seasonal and annual fluctuations in 

the incidence of acute respiratory conditions (lower curve) in de­

termining the shape of the curve representing the incidence of all 

new acute conditions (upper curve) is clearly demonstrated by this 

graph. The major contributors to this largest single disease cate­

gory recorded in the U.S. survey are the common cold and influenza_ 

people for the year, or slightly more than 
two per person. By far the largest com­
ponent was respiratory conditions, to 
which the common cold and influenza 
are the major contributors. This has been 
true each year since the survey began, 
and in fact the incidence of respiratory 
conditions determines the shape of the 
seasonal and annual curves for all condi­
tions [see illustration above J. The sub­
category "Other respiratory 90nditions" 
consists chiefly of pneumonia and bron­
chitis. "Infective and parasitic diseases" 
includes the common communicable dis­
eases of childhood, worm infestations 
and miscellaneous viral infections. The 
remaining categories are self-explana­
tory. 

The number of people suffering acci­
dents was large, accounting for about 
an eighth of the total. Moving motor­
vehicle accidents, however, were the 
smallest subcategory, involving slightly 
fewer than two per 100 people during 
the year, whereas house accidents oc­
curred five times more frequently. 

Days of disability from all causes re­
mained essentially stable during the 
three years from the beginning of 1968 
through the end of 1970. Limitation of 
all activity due to chronic conditions 
showed an increase of almost 1 percent 
in the total population between 1968 
and 1970, and probably reflects the in-

crease in the number of people suffering 
from chronic diseases in an aging popu­
lation. 

These data are only a small fraction of 
those that can be found in the more than 
200 reports from the National Center for 
Health Statistics based on information 
obtained from the National Health Sur­
vey and special studies and surveys. 

Most physicians gain only a narrow 
and limited view of man's ailments 

from their experience in the practice of 
medicine. This statement is perhaps 
most obviously true for those who limit 
their practice to one or another of the 
specialties. Their patients are to a con­
siderable extent referred to them by oth­
er physicians, although some undoubt­
edly select a specialist because of the 
belief that their problem and complaints 
lie within the realm of his specialty. The 
latter type of selection has become in­
creasingly prevalent in this country be­
cause of the decline in the number of 
general practitioners, or family doctors, 
to whom the patient could go with his 
early complaints and who would guide 
the patient to an appropriate specialist, 
if necessary. 

There are other factors that restrict 
the clinical experience of physicians. 
Among them are geographic location, 
ancillary medical facilities and time. 

Time may often be the most important 
factor because there is a physical limit to 
the number of patients a physician can 
see and care for in a day, a week, a year 
or a lifetime. Thus a truly comprehen­
sive view of man's ills as perceived by 
physicians must await the further collec­
tion and analysis of data from the phy­
sicians themselves. Such studies have 
been and are being made, but they are 
far from complete. 

The type of physician whose experi­
ence in practice might come the closest 
to giving us a physician's picture of 
man's ailments, although it will be based 
on an extremely small group of people, 
is the general practitioner. Accordingly I 
have chosen to discuss briefly here some 
of the obselvations made by a British 
physician, John Fry, and published in 
his book Profiles of Disease: A Study in 
the Natural History of Common Dis­
eases. Fry has been in general practice 
in a suburb of London for more than 20 
years. He reports his experience in some 
detail from the period of 1947, when his 
practice population was some 3,000, to 
1964, when it was 7,500. The median 
population, on which his calculations are 
generally based, was taken as the popu­
lation at the mid-period of 1955. 

In this population of almost 5,500 
there was only a slight excess of females 
over males from the age of 20 years on. 
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MINOR ILLNESS 

UPPER-RESPIRATORY INFECTIONS 

COMMON DIGESTIVE DISORDERS 

SKIN DISORDERS 

MINOR EMOTIONAL DISORDERS 

ACUTE OTITIS MEDIA 

WAX IN EARS 

"ACUTE BACK" 

ACUTE URINARY INFECTIONS 

MIGRAINE 

HAY FEVER 

CHRONIC ILLNESS 

CHRONIC RHEUMATISM (ALL FORMS) 

CHRONIC EMOTIONAL ILLNESS 

CHRONIC BRONCHITIS 

ANEMIA 

HYPERTENSION 

ASTHMA 

PEPTIC ULCER 

STROKES 

RHEUMATOID ARTHRITIS 

EPILEPSY 

DIABETES MELLITUS 

PULMONARY TUBERCULOSIS 

(OLD AND NEW) 

PERNICIOUS ANEMIA 

PARKINSONISM 

MULTIPLE SCLEROSIS 

MENTAL DEFICIENCY 

MAJOR ILLNESS 

PNEUMONIA AND ACUTE BRONCHITIS 

CORONARY HEART DISEASES 
(NEW CASES 7) 

ACUTE APPENDICITIS 

ALL NEW CANCERS 

CANCER OF LUNG 

CANCER OF STOMACH 

CANCER OF BREAST 

CANCER OF CERVIX 
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All socioeconomic classes were included 
in the practice population, although 
there were somewhat more "middle 
class" people in it than there were in En­
gland and Wales as a whole for the same 
period. For roughly the first half of the 
period Fry was in solo practice; after 
that he had a partner. He devised and 
maintained careful and accurate records 
of each person's illnesses and visits. 

Classifying the illnesses in the prac­
tice population into groups of diseases, 
he found the following distribution: res­
piratory illnesses 30 percent, emotional 
disorders 12 percent, gastrointestinal 
disorders 10 percent, skin disorders 10 
percent, rheumatic disorders and dis­
orders of the locomotor system 8 per­
cent, cardiovascular and blood disorders 
7.5 percent and all other disorders 22.5 
percent. On the basis of his findings Fry 
calculated the annual morbidity experi­
ence in a typical British general practice 
of 2,500 people [see illustration at left]. 
Minor illnesses clearly predominate. 

a 20 40 60 80 100 

In summing up his experience Fry 
concluded that patients will seek medi­
cal care from the general practitioner for 
only about a fourth of all the illnesses 
that occur in the community. For the 
remainder they will accept the discom­
fort or handle the problem themselves 
by self-medication. Approximately two­
thirds of the ailIl).ents that the physician 
does see in general practice are minor 
conditions that are self-limited, short in 
duration and unlikely to cause any per­
manent aftereffects. Major diseases, the 
potential killers, account for only about 
5 percent of all illnesses. Even here there 
are qualifications. For example, two­
thirds of the cases of hypertension were 
mild and merely involved elevated blood 
pressure without evidence of organ dam­
age when they were discovered, and they 
required no specific treatment at all for 
years. The remaining third developed 
the symptoms and signs of hypertension 
and required treatment. With respect to 
cancer Fry points out that it is not a 

common disease, and that overall more 
than a third of the people with cancer 
survived for five years or longer regard­
less of therapy. 

a 10 
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Considerable information regarding-

ANNUAL MORBIDITY EXPERIENCE in 
a typical British general practice of 2,500 

people is cited by the author as an example 

of how the ills of man are perceived by 
physicians. The data used to make this bar 

chart are based on observations made over 

a 17 -year period by a British general prac· 

titioner, John Fry, and published in 1966 in 
1.0 his book Profiles of Disease: A Study in 

the Natural History of Common Diseases. 
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the true occurrence of illnesses, particu­
larly minor illnesses, has been obtained 
by the careful observation and documen­
tation of illness over a period of years in 
selected and defined populations by peo­
ple themselves in collaboration with phy­
sicians. Such studies have the advantage 
of the highly accurate enumeration and 
characterization of illnesses, but they 
have the disadvantage of being limited 
to a small segment of the population. 
Thus they cannot be extrapolated to the 
population at large, except perhaps in a 
very general way. 

An example is a 10-year study of a de­
fined population of families in Cleveland 
carried out by the staff of the Depart­
ment of Preventive Medicine at Western 
Reserve University School of Medicine 
from January, 1948, through May, 1957. 
The broad objectives were to determine 
as reliably as possible how much illness 
occurred, what its causes were, how im­
portant the family was in the spread of 
illness and how specific disease entities 
behaved as indicated by clinical, epi­
demiological and laboratory evidence. 

The families included in this study 
constituted a carefully selected popula­
tion chosen for stability in the commu­
nity and for intelligent cooperation. The 
purposes and nature of the study were 
presented in detail to the prospective 
participants before they decided to col­
laborate. The families were presumably 
normal and were not selected because of 
i!lness in any member or because of ei­
ther unusual frequency or absence of ill­
ness in the family unit. The parents of 
the families were young adults who had 
at least one child. 

On admission of a family to the study 
the medical status of each member was 
determined by history, physical exami­
nation, chest X ray and examination of 
the blood and urine. Other types of ex­
amination such as electrocardiograms 
or blood-chemistry analyses were per­
formed as indicated. A specimen of the 
blood was obtained as a basis of refer­
ence for later studies. Examinations were 
repeated at six-month intervals for chil­
dren and annually for adults. 

The data used in the analysis of ill­
nesses came from records made as the 
illnesses appeared in each family. The 
mother was instructed in detail about 
record-keeping and notification of the 
department at the time of illness, how­
ever minor, in any individual in the 
household. At the beginning of each 
month the mother was given a new rec­
ord sheet for each member of the family 
on which to note symptoms as they ap­
peared on any date. Each family was 
visited weekly by a field worker or nurse 

CLASS OF ILLNESS NUMBER OF ILLNESSES PER PERCENT OF 
ILLNESSES PERSON-YEAR ALL ILLNESSES 

TOTAL ILLNESSES 25,155 9.4 100 

COMMON RESPIRATORY DISEASES 14,990 5.6 60 

SPECIFIC RESPIRATORY DISEASES 793 0.3 3 

INFECTIOUS GASTROENTERITIS 4,057 1.5 16 

OTHER INFECTIONS 1,931 0.7 6 

OTHER ILLNESSES 3,364 1.3 13 

TEN·YEAR STUDY of a carefully selected, well·defined population of families in Cleve· 

land was carried out from January, 1948, through May, 1957, by the author and his col· 

leagues at the Western Reserve University School of Medicine. This summary of the results 

of that study provides an insight into yet another way of looking at the ills of man: as they 

are perceived by people themselves in close collaboration with physicians. Such studies are 

highly accurate in enumerating the incidence of major classes of illnesses, but so far they 

have been limited to small populations. During the 10.year duration of the Cleveland proj. 

ect a total of 86 families and 443 individuals were in the study at one time or another. 

who reviewed the health status for the 
preceding week, discussed the mother's 
records with her and obtained a throat 
culture from each member of the house­
hold. Unless the complaint was trivial, 
every sick person was visited at the time 
of illness by a staff physician who re­
corded the clinical characteristics of the 
illness and the epidemiological circum­
stances surrounding it; the physician also 
obtained such specimens as were indi­
cated for laboratory examination and ar­
ranged for other special tests when they 
were appropriate. The frequency of fol­
low-up visits depended on the severity 
and duration of the illness. Patients who 
were hospitalized were seen in the hos­
pital during the period of the acute ill­
ness. The records of the mothers, the 
field workers and the staff physicians 
were reviewed regularly by members of 
the professional staff and a diagnosis was 
made for each illness. Such diagnoses 
were obviously attended by varying de­
grees of difficulty, some illnesses being 
recognized with a higher degree of reli­
ability than others. 

During the 10-year period a total of 
86 families and 443 individuals were in 
the study at one time or another for a 
combined total of 970,036 person-days, 
2,692 person-years or 556 family-years 
of observation. The population consisted 
of 172 parents, 138 male children and 
133 female children. Eighty-four chil­
dren were born into the study. The size 
of the families ranged from three to eight 
members, with the most common size 
being five. The median age of the par­
ents at the time of entering the study 
was 30 for the mother and 33 for the fa­
ther. At the time of entry the families 
were in the middle or upper economic 
groups. Except for short periods early in 
the study, each family lived by itself in 

a single house and was regarded as an 
epidemiological unit. At the time of ad­
mission to the study the general medical 
status of the population was considered 
to be excellent and no one at that time 
had an incapacitating chronic disorder. 
As time went on various individuals de­
veloped abnormalities such as diabetes 
mellitus, multiple sclerosis, gout, oto­
sclerosis and hypertension. No child de­
veloped rheumatic fever and no one had 
frank rheumatoid arthritis. Furthermore, 
no one experienced a myocardial infarc­
tion or angina pectoris, two common 
heart ailments. Malignant cancer was 
found in only one girl, who died of acute 
leukemia. 

A total of 25,155 separate illnesses 
were diagnosed, which breaks down to a 

rate of 9.4 illnesses per person-year. The 
number of illnesses and average inci­
dence rates for several broad diagnostic 
categories are shown in the illustration 
above. The term "common respiratory 
diseases," which was used to describe 60 
percent of all illnesses, included the com­
mon cold, rhinitis, laryngitis, bronchitis 
and other acute respiratory illnesses of 
undifferentiated types. "Specific respira­
tory diseases" included streptococcal 
tonsillitis and pharyngitis, nonbacterial 
tonsillitis and pharyngitis, primary atypi­
cal pneumonia (mycoplasmal), pnel,lmo­
coccal pneumonia and influenza. Labo­
ratory evidence was required for the 
diagnosis of streptococcal infection and 
influenza. 

Infectious gastroenteritis, a disease of 
the intestinal tract, constituted the sec­
ond most frequent group of illnesses en­
countered in this study. Clinical studies 
suggested that there were at least two 
types of gastroenteritis. One type was 
characterized by normal temperature, 
loss of appetite, nausea, abdominal pain 
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1900 

1. PNEUMONIA (ALL FORMS) 

AND INFLUENZA 

2. TUBERCULOSIS (ALL FORMS) 

3. DIARRHEA, ENTERITIS AND 
ULCERATION OF THE INTESTINES 

82 

4. DISEASES OF THE HEART 

5. INTRACRANIAL LESIONS 
OF VASCULAR ORIGIN 

6. NEPHRITIS (ALL FORMS) 

7. ALL ACCIDENTS 

B. CANCER AND OTHER 
MALIGNANT TUMORS 

9. SENILITY 

10. DIPHTHERIA 

1940 

1. DISEASES OF THE HEART 

2. CANCER AND OTHER 
MALIGNANT TUMORS 

3. INTRACRANIAL LESIONS 
OF VASCULAR ORIGIN 

4. NEPHRITIS (ALL FORMS) 

5. PNEUMONIA (ALL FORMS) 

AND INFLUENZA 

6. ACCIDENTS (EXCLUDING 

MOTOR VEHICLE) 

7. TUBERCULOSIS (ALL FORMS) 

B. DIABETES MELLITUS 

9. MOTOR·VEHICLE ACCIDENTS 

10. PREMATURE BIRTH 

1970 

1. DISEASES OF THE HEART 

2. CANCER AND OTHER 
MALIGNANT TUMORS 

3. CEREBROVASCULAR 
DISEMlES 

4. ACCIDENTS 

5. INFLUENZA AND PNEUMONIA 

6. CERTAIN DISEASES 
OF EARLY INFANCY 

7. DIABETES MELLITUS 

B. ARTERIOSCLEROSIS 

9. CIRRHOSIS OF THE LIVER 

10. BRONCHITIS, EMPHYSEMA 
AND ASTHMA 

o 50 100 150 200 250 

(RATES PER 100,000 POPULATION) 

300 350 400 
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and diarrhea. The other type was char­
acterized by fever, headache, nausea, 
vomiting, abdominal cramps and little or 
no diarrhea. When both types of gastro­
enteritis were transferred to volunteers, 
no cross-immunity could be demon­
strated. The presumption therefore is 
that there are at least two types of acute 
viral gastroenteritis and that they are 
caused by different agents. The disease 
could not be transmitted to animals nor 
could any virus be isolated from either 
type. 

"Other" infections included the usual 
diseases of childhood, otitis media (in­
flammation of the middle ear), viral in­
fections of the herpes type and a mis­
cellany of other illnesses, most of which 
were instances of unexplained fever 
without respiratory or intestinal symp­
toms or other evidence of localization. 
The category "Other illnesses" was made 
up of a variety of events, chiefly non­
infectious. 

Much more data of this kind could be 
presented from the Cleveland family 
study and from similar studies that have 
been carried out in the U.S. and in other 
countries in the past 15 years. Some of 
these studies have led to the isolation 
and identification of new viruses as 
causes of respiratory and other ailments 
in man. What is more to the point is the 
fact that people and physicians can com­
bine and collaborate to present a reliable 
picture of the ills of man even though 
it is in a small and selected fragment 
of the population. Continued studies in 
segments of the population will slowly 
expand the picture to include the popu­
lation as a whole. 

For more than 100 years some coun-
tries have required the reporting of 

deaths and their causes (as far as they 
could be ascertained) to local and cen­
tral authorities (usually public-health de­
partments). The reporting of the fact of 
death is highly reliable since apart from 
unusual homicides there is little reluc­
tance to give such notification. Causes of 

VITAL STATISTICS provide an additional 
vantage point for perceiving and classifying 
the ills of man. The bar charts on the op· 
posite page, for example, list the 10 leading 
causes of death in the U.S. for the years 1900, 

1940 and 1970 in order of decreasing death 
rates. Certain changes in terminology oc· 

curred during this interval. For example, 
"intracranial lesions of vascular origin" 
(1940) correspond to "cerebrovascular dis· 
eases" (1970). Concurrently with the 
changes depicted in this illustration the avo 
erage life expectancy at birth in the U.S. in· 
creased from 47 years in 1900 to 71 in 1970. 

death are less accurately reported and 
frequently cannot be determined with 
assurance. Legal requirements for the 
reporting of "notifiable" diseases, which 
are almost entirely infectious and com­
municable in character, vary from state 
to state in the U.S. Since 1928 all the 
states have submitted reports at least an­
nually to the Public Health Service. The 
completeness and accuracy of the report· 
ing varies with the nature and severity of 
the disease and with the conscientious­
ness of whatever physicians attend the 
patient. Measles, for example, is poorly 
reported because it is rarely very serious 
or fatal, and most cases are not even seen 
by a physician. In contrast, the potential­
ly more dangerous diseases, such as diph­
theria, smallpox and typhoid, if they are 
recognized as such, are usually reported. 

From data such as these and asso­
ciated demographic information the 
compiler of vital statistics composes his 
picture of the ills of man. Even though 
he never sees a patient, his picture is not 
to be deprecated, since many impOltant 
inferences can be drawn from it to aid 
evaluators and planners not only in the 
health field but also in other social and 
economic enterprises. Moreover, the 
consideration of changes in the past can 
help in estimating the possibilities of fu­
ture developments. 

For example, the 10 leading causes of 
death in the U.S. for the years 1900, 
194b and 1970 are listed in the illustra­
tion on the opposite page in order of de­
creaSing rates of death. Expansion of the 
registration areas to include all the states 
and some changes in the definition of 
causes of death occurred in this 7 1-year 
period, but for our purposes we may 
consider that the appropriate categories 
are similar in composition; for example, 
"intracranial lesions of vascular origin" 
(1940) correspond to "cerebrovascular 
diseases" ( 1970). In 1900 the three lead­
ing causes of death were infectious and 
communicable diseases (pneumonia/in­
fluenza, tuberculosis, and diarrhea/en­
teritis). The 10 leading causes of death 
also included diphtheria and nephritis 
(for the most part postinfectious). 

In the next 40 years there were major 
changes. Three noninfectious diseases 
became the three top causes of death: 
heart disease, cancer and intracranial le­
sions of vascular origin. Heart disease 
and cancer showed a marked increase; 
pneumonia and tuberculosis showed 
equally dramatic decreases. 

By 1970 the noninfectious diseases, 
particularly the diseases of aging, be­
came even more prominent. Tuberculo­
sis disappeared from the list, and influ­
enza and pneumonia comprised the only 

remalllll1g category of infectious and 
communicable diseases. 

Concurrently with the change during 
the 71·year period the average life ex­
pectancy at birth increased from 47 
years in 1900 to 71 in 1970. The average 
length of life for females exceeded that 
of males by two years in 1900 and eight 
years in 1970. Part of the increase in the 
average life expectancy of females and 
the increasing difference between fe­
males and males are apparently due to 
the decline in maternal mortality rates 
(deaths from natural causes per 100,000 
live births) from 607.9 in 19 15 to an es­
timated 27.4 in 1970. 

The reasons for the dramatic increase 
in life expectancy and changes in the 
major causes of death are multiple, over­
lapping and complex and have never 
been sharply delineated. Moreover, they 
seem to have begun slowly in the middle 
of the 19th century after the disruptions 
resulting from the Industrial Revolution 
had begun to diminish and long before 
any specific prophylaxis and therapy 
were available. Included among the re­
sponsible factors were improvements in 
environmental sanitation, particularly 
water purification and sewage disposal, 
and better housing, clothing and nutri­
tion. One factor that was and still is of 
major importance is the decline in the 
incidence and lethality of the infectious 
and communicable diseases of infancy 
and childhood, including tuberculosis. I 
shall briefly cite three examples. 

The mOltality rate from tuberculosis 
in Europe and North America was esti­
mated to be approximately 500 per 100,-
000 people per year in the middle of the 
19th century. By 1900 the death rate in 
the U.S. had fallen to slightly less than 
200 deaths per 100,000 people per year. 
Thereafter there was a strong, steady de­
cline to a rate of 2.8 in 1969. There was 
a similar decline in the death rate from 
typhoid fever [see illustration on next 
page J. No immunization against tuber­
culosis has been adopted in the U.S., 
and the effectiveness of typhoid vaccine 
is questionable. Immunization against 
diphtheria, however, has probably been 
an important factor in the decline in the 
incidence and mortality of the disease, 
although the case-fatality ratio (ex­
pressed as the percentage of recognized 
cases that die irrespective of treatment) 
has remained relatively constant for the 
past 50 years. This fact suggests that 
there has been little change in the basic 
lethality of the disease. 

Although general factors associated 
with improved standards of living have 
undoubtedly contributed to the decline 
in the incidence and mortality of the 
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communicable diseases of childhood, 
other specific measures have also been 
important, Among them are the eradica­
tion of tuberculous cattle, the various ac­
tivities of health officers in health edu­
cation and in case finding and follow-up, 
immunization campaigns to augment 
natural resistance and "herd" immunity 
and, in the past 40 years, the discovery 
of many effective chemotherapeutic and 
antibiotic drugs. The gain has been in­
creased longevity; the cost has been the 
increase in chronic and degenerative dis­
eases associated with aging. 

The ills of man have been considered 
in this article from the perspective of 

people themselves, of physicians, of peo­
ple in close collaboration with physicians 
and of keepers of vital statistics. From all 
four viewpoints the chief burden of 
man's ailments, numerically at least, 
consists of acute, benign, self-limited ill­
nesses. As longevity increases, however, 

the chronic degenerative diseases rapid­
ly come to dominate the causes of death 
and disability. Many other perspectives 
exist, such as the viewpoint of the en­
vironmentalist and his concern with the 
ills resulting from pollutioQ., and the 
viewpoint of those concerned with men­
tal illness. 

Much can be done to prevent and al­
leviate illness, but death is inevitable; in 
the final analysis the death rate is 100 
percent. As Rene J. Dubos has written 
(in his book Mirage of Health): "Life is 
an adventure where nothing is static. , . , 
Every manifestation of existence is a re­
sponse to stimuli and challenge, each of 
which constitutes a threat if not ade­
quately dealt with. The very process of 
living is a continual interplay between 
the individual and his environment, of­
ten taking the form of a struggle result­
ing in injury or disease . . . .  Complete and 
lasting freedom from disease is but a 
dream. " 
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Engineering Maintenance magazine called 
it "Indispensable . . . without doubt the 
most comprehensive book of its kind." 
And Canadian Occupational Safety de­
scribed it as "Monumental . .. it should 
satisfy the most learned engineering sci­
entist as well as the youngest safety 
supervisor." 

The two-volume set is cross-referenced 
with bibliographies, index, and appen­
dices that make it a truly valuable prac­
tical reference. 
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DECLINING DEATH RATES attributable to the infectious and communicahle diseases of 

infancy and childhood, such as tuberculosis (upper curve) and typhoid fever (lower 

curve), are a major factor in the dramatic increase in life expectancy in the U_S. in this 

century_ General factors associated with improved standards of living have contributed 

greatly to the decline in the incidence and the mortality of such diseases, although specific 

public-health measures have also been important_ No immunization against tuberculosis 

has been adopted in the U.S., and the effectiveness of typhoid vaccine is questionable. 
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HEWLETT. PACKARD: MEASUREMENI/COMPUTATION FOR IMPROVING PATIENT CARE ---

Watching 
the critically 
ill. 

As medical researchers probe 
more deeply into life processes 
and what causes them to go 
wrong, the instruments that tell 
a doctor what's happening inside 
a patient become more sensitive 
and sophisticated. Some of the 
new devices play their most 
dramatic roles in the real-time 
monitoring of critically ill patients 
in hospitals, where intensive-care 
techniques have significantly 

reduced death rates in cardiac 
and surgica I si tua tions. 

Diagnosis has traditionally 
been the most difficult of the 
medical arts. Only a generation 
or so ago, diagnosticians often had 
to piece together the vaguest of 
clues and rely heavily on exper­
ience and intuition to make 
crucial decisions. 

In critical cases such as cor­
onary occlusions, when patients 
could die in a few minutes, they 
usually did, because the doctor 
could not obtain enough informa­
tion about what was happening in 
time to do anything about it, even 
if he had had the drugs and 
resuscitation aids that are now 
available. 

The doctor's principal real-time 

diagnostic instrument was his 
stethoscope, and using it to 
analyze the sounds of a sick heart 
drew on all his skill, experience, 
and sensitivity. 

Now, in the coronary and 
intensive care units of modern 
hospitals, very sick patients are 
continuously watched by elec­
tronic instruments that flash 
warnings to nurses and doctors 
so they can use their skills in time 
to avert disaster. 

All of these instruments are 
based on the fact that life pro­
cesses are either ionic in nature 
and therefore generate electrical 
signals that can be detected and 
analyzed, or involve mechanical 
or chemical changes which can be 
transduced into electrical signals. 
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Il 
During labor, this HP Fetal Monllor records the 
mother's uterine contractions and the baby's 
heart rate. These two indices help alert the 
doctor to conditions of felal distress. 

<1 This recovering coronary patienl is being 
monitored by HP instrumentation while he moves 
about. He wears a transmitter that telemeters his 
electrocardiogram to the nurses' station. 

<1 Early signs of 
obstructive lung 
disease are hard to 
detect. This HP 
respiratory function 
analyzer makes 
the necessary 
measurements and 
analyzes them 
automatically. 
It can check 40 
patients a day. 

:, 
Vital signs of this "preemie" 
are being continuously moni­
tored by an HP system. If one 
of the parameters moves out 
of its acceptable range, an 
alarm sounds so the staff can 
take action In seconds 

-1 The nurse IS phoning an 
HP computer system which 
analyzes the patient's ECG and 
prints an interpretation for the 
physician to evatuate 

After a catheter is passed into 
this patient's heart, an HP 
computer analyzes pressure 
waveforms and displays calcu­
lafed results for the doctor's 
immediate review. 
\" 
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The lonely heart. 
It has been known for a long time 
thn t the heart is an electrical machine 
that generates its own electricity. 

Traces of the heart's electrical 
signals find their way to the surface 
of the body where they can be 
measured with sensitive equipment. 
Nearly fi fty years ago, an electro­
cardiograph was introduced by the 
Sanborn Company, which is now 
our Medical Electronics Division. 
I t  transduced a heart's faint signals 
into a squiggly line that the doctor 
could compare with those produced 
by other hearts, healthy and 
diseased, and with the sounds he 
heard in his stethoscope, to diagnose 
what was happening to the 
miraculous and inaccessible pump. 

The living heart is no longer 
inaccessible, and the primitive 
electrocardiograph has come a long 
way. It is now the central instrument 
in hospital coronary units, as well 
as in most other types of intensive­
care situations. In fact, it has 
become a large fam ily of sophisti­
cated instruments. 

Besides writing heart waves on 
paper when requested to, or storing 
them for analysis by computer, 
it will display them on cathode ray 
screens at bedside, at the nurses' 
station, in the operating room, or 
a hundred miles away to a group 
of consulting specialists. 

Cardiographic instruments can 
be programmed to sound an alarm 
if an alarming event occurs, or iUhe 
wave pattern indicates that one may 
be about to occur. They will store 
a succession of heartbeats on a 
continuous loop of tape, so if sum­
moned by an alarm the doctor can 
play it back and see what led up 
to the crisis. 

Also present in every coronary­
care unit are two lifesaving devices. 
One is a defibrillator, which applies 
a controlled electric shock to the 
heart to halt the random quivering 
(fibrillation) that often occurs in 
critical coronary cases, so the heart 
muscle's natural rhythm can get a 
fresh start. The other is an electronic 
pacemaker which can take over 
if the heart's own beat-triggering 
pulses fail in some way. 

Besides monitoring the heart, 
hospital coronary and intensive care 

units also monitor blood pressure, 
temperature, and sometimes respira­
tion. These measurements are made 
with devices that convert non­
electrical phenomena (pressure, 
temperature, chest action) to 
electrical signals. 

To monitor blood pressure, cathe­
ters inserted in arteries and/or veins 
lead to sensitive gauges which in 
turn display waveforms on an 
oscilloscope or record them on a 
chart. Continuous temperature read­
ings are recorded from tiny sensors 
called thermistors attached to 
the body. 

Baby beats. 
Mothers aren't the only ones who 
labor. The fetus labors too, in a 
struggle to be born alive. Its heart 
slows down when the mother's 
uterus s queezes, speeds up again 
when she relaxes. 

If the slowing down and speeding 
up are abnormal, the baby may be 
in grave danger from lack of oxygen, 
and the obstetrician must act quickly 
to save it. 

There are a wide variety of fetal 
heartbeat trend patterns, some of 
them encouraging, others ominous. 
Changes may occur too quickly, or 
too slowly, to be noticed by doctor 
or nurse listening at intervals with 
a stethoscope. 

Many labor and delivery rooms 
are applying the new technology of 
intensive care to the monitoring of 
mother and fetus. Sensors detect 
uterine activity and fetal heartbeats 
and show them to the doctor in their 
real-time relationship. His practiced 
eye can then quickly spot abnor­
malities, and he can take action in 
time to avert delivery of a dead or 
brain-damaged baby. 

Premature babies, and ones who 
have been through a stressful preg­
nancy or difficult delivery, are in 
danger. Sometimes they simply stop 
breathing, and are dead in a fraction 
of the time it would take an adult 
to expire. 

Monitoring these tiny people 
presents special problems, and action 
must be very quick when vital signs 
deteriorate and the alarm sounds. 
There is no time to study wave­
forms. The crucial information is 

therefore displayed as numbers, so 
nurse and doctor can see instantly 
that respiration or temperature have 
moved outside allowable limits. 

When time isn't 
quite so critical. 
We've been talking about the dra­
matic environment of intensive care 
where electronic instruments help 
doctors and nurses make quick deci­
sions when life hangs in the balance. 

But outside those tense rooms, 
electronics is rapidly complementing 
the entire field of diagnostics, doing 
what it does best - measuring, 
screening, interpreting, computing ­
so doctors, nurses and technicians 
can concentrate on what they 
do best. 

A living heart can be explored 
in detail by catheters which are 
passed through veins and arteries 
into its chambers to make delicate 
measurements of pressure differ­
entials, vascular resistance, etc. 
Sometimes two or three catheters 
are inserted at once. The procedure 
may take three or four hours while 
the doctor watches the catheters 
with a fluoroscope and asks the con­
scious patient to exert himself 
or to relax. 

A catheterization generates an 
enormous amount of data which is 
electronically recorded. This vital 
data then can be studied by the 
physician to achieve a precise 
diagnosis. 

Before breath 
gets short. 
Pulmonary disease is on a dramatic 
rise. Emphysema and bronchial 
asthma are now major killers. 

The problem is early detection 
before the condition gets so bad that 
the patient is forced into a hospital. 
A series of complex and time-con­
suming tests has been required which 
has made it impractical to do mass 
screening to spot early signs of 
trouble among the population. 

Now, however, instruments 
that eliminate most of the tedious 
chores are coming into use. The 
various measurements and 
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-1 Radioisotope imaging to 
learn how v i tal organs are 
function i ng i s  i mproved 
by t h i s  h igh spe ed HP 
Scintig raph i c  Data 
A n alyze r .  

I> 
'Calci f ications in a 

s pecimen of b reast t issu e  
show as  black specks i n  

t h i s  h ig h l y  magnif ied 
rad i ogra p h .  W i t h  HP's  

s p ecimen X- ray unit ,  a 
patho log ist ca n precisely 

l ocate s uc h  potent ial 
cancer s i tes. 

-1 H P  prog rammab l e  cal c u lalors have 
sha r p l y  reduced t h e  t ime a n d  costs 
of statisti cal analyses i n  clinical pat h­
ology l abs . T h ey p r i n t  lest res u l l s ,  
p lot g raphs, and prepare reports. 

W h en u n consc i o u s  or  inco h e rent 
pat i ents are b rou g h t  into emerg ency, 
the tox icology lab can te l l  what 
d r u g s  they m ay have take n ,  using 
an H P  mass spectrometer .  
'" 
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analyses are performed automati­
cally and the large amounts of 
data promptly reduced and re­
corded. Laboratories can now test 
a number of people in the time 
it used to take for one series on 
a single pa tien t. 

Other 
inside information. 
Sensitive analytical instruments 
- gas and liquid chromatographs, 
mass spectrometers - that 
quickly and very precisely deter­
mine the chemical composition of 
tiny samples are being widely 
employed to detect drugs and 
gases in the bloodstream, chem­
ical imbalances in the body, and 
the effects of medication. 

Nuclear isotopes are used to 
tag substances so their progress 
through vital organs can be traced 
with a special camera that photo­
graphs the radiation patterns. A 
new instrument, the scintigraphic 
data analyzer, accumulates data 
from the camera and performs a 
variety of static, dynamic, and 
time-function studies of the heart, 
liver, lungs, thyroid, brain, 
kidneys, etc. 

Specialized X-ray machines 
keep coming along. One of the 
newest is a high kilovoltage 
(350 kilovolt peak) model for 
chest X-rays. Paradoxically, the 
high power gives more detailed 
pictures while it subj ects the 
patient to a smaller radiation dose. 

There's a new system designed 
j ust for X-raying newborn babies 
in the hospital nursery, and a 
compact stereo unit for pinpoint­
ing the location of brain probes 
during neurosurgery. 

Enter the computer. 
Virtually all hospitals do their 
accounting on computers. Doctors 
bill through computers. B ut use 
of computers to improve patient 
care is still relatively new. 

Basically, what the computer 
(and its powerful companion, the 
programmable calculator) can 
do is free the medical staff from 
clerical drudgery and give them 
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better organized information 
faster. It acts as an extension 
of the doctor's experience and 
j udgment, faithfully following his 
instructions and putting him in 
closer touch with his patient's 
condition because of its ability to 
process information very quickly . 

In an intensive-care situation, 
a computer can continuously log 
all the data from the patient 
monitors, relieving the staff of 
pencil-and-paper work. It can 
show trends and prepare sum­
maries and reports in a uniform, 
easy-to-read format. It can per­
form complex calculations on the 
data to speed up decisions. It 
even has the potential to make 
a logical analysis of many 
parameters from a critically ill 
patient to warn the doctor of an 
impending crisis. 

In laboratory situations where 
large amounts of data are gener­
ated, such as heart catheteriza­
tion, a computer can reduce the 
data quickly enough to show 
results before the catheters are 
removed. Previously, patients 
have often had to go through the 
ordeal a second time because of 
faulty or incomplete data. 

One of the most dramatic bene­
fits brought by the computer to 
the world at large is its growing 
use to analyze electrocardio­
grams. Currently about 1 60 
million ECG's are run throughout 
the world every year - 70 million 
in the United States. Reading 
these is an enormous task. 

It is estimated that using 
computers to screen and help 
interpret ECG's can reduce the 
reading load from five- to seven­
fold. With the computer's aid, 
normal ECG's can be read in 1 /5 
the time, abnormals in 1/3  
the time. 

The computer can't diagnose, 
of course. Only the doctor can re­
late the ECG to his patient's 
condition, or evaluate data that 
are ambiguous. But computer 
systems can take over the j obs of 
measuring, comparing, applying 
standardized tests in logical 
sequence - and do them very 
fast, leaving the creative part of 
the analysis to the doctor. 

Where do these 
instruments come from1 
All of the equipment we've 
mentioned (and a lot that we 
haven't mentioned) is made by 
Hewlett-Packard and was de­
veloped in collaboration with 
researchers, doctors, lab techni­
cians, and hospital personnel. 
Many firms besides HP make 
medical electronic instruments, 
but we know of no other company 
which is so committed to meeting 
the total needs of the healing 
professions in the areas of 
measurement and computation. 

Our instruments are modular 
in design so that hospitals and 
laboratories may install them one 
by one over a period of time, 
expanding into a large, integrated 
system with all its elements 
working harmoniously and safely 
together. We not only make the 
electronic instruments but we 
make all the other elements of the 
systems, including the computers 
and sophisticated calculators. 

We regard training of the per­
sonnel who use our equipment as 
vital to its successful operation, 
and we do the training - not 
merely at the time of installation 
but on a continuing basis, 
whenever needed. 

We will not allow our life­
assisting equipment to be in­
stalled in locations where we can­
not provide maintenance and 
emergency-repair service 
promptly or train user personnel 
to perform such service. We have 
sales and service offices through­
out the world. 

Our commitment to helping 
improve patient care goes back 
three generations. It grows 
broader and deeper every year. 

If you have a professional 
interest in any of the equipment 
discussed, you can obtain tech­
nical information by writing 
on your letterhead to Hewlett­
Packard, 1 508 Page Mill Road, 
Palo Alto, California 94304. 

HEWLETT ?f PACKARD 

Sales, service and support in 1 72 centers in 6 5  countries. 
P a l o  A l t O ,  C a l i f o r n i a  94304 Olhces I n  p r , n C l pa l  C i t ies throughout the U S 
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Surgical Intervention 

Man intervenes in his ills with surgery, with chemical methods 
and with psychiatry. Surgery can win heroic victories, but its 
everyday practice calls for the control of quantity and quality 

S
urgery, for most people, is the word 

for crucial intervention to change 
the course of serious disease. It is 

not necessarily so, of course; there are 
many small operations and diagnostic 
procedures and there are large areas in 
which chemical, psychological and other 
kinds of medical intervention can play �t 
least as critical a role in therapy. Yet sur­
gery remains one of the most explicit 
and, for better and for worse, the most 
dramatic form of intervention. And it 
constitutes a major part of the country's 
health system. Between 40,000 and 50,-
000 major and minor operations are per­
formed every day in the 5,770 U.S. hos­
pitals with surgical facilities; about haH 
of those hospitals' beds are occupied by 
surgical patients and more than a third 
of the patients discharged from them 
every day have undergone an operation. 

Contemporary American surgery is 
very good indeed-probably the best in 
the world. It could be better, however. 
In this article I shall not dwell much on 
the advances in training, scientific in­
vestigation and technique that make 
surgery at its best so effective; rather I 
shall concentrate on issues that trouble 
me and some of my colleagues as we 
consider the ,ability of our specialties to 
measure up to their potential. Many of 
these issues involve what may be called 
quality control and. accountability: the 
need to measure, evaluate and improve 

by Charles G. Child III 

the degree of excellence achieved by in­
dividual surgeons, the hospitals in which 
they work and the operations they un­
dertake to perform. 

Surgery is a healing art that seeks to 
alleviate human suffering and pro­

long people's lives. It cannot logically be 
removed from the rest of modern medi­
cine, since it is only one therapy, fitted as 
required into the overall management of 
sick people; a surgeon is "a doctor who 
can operate." The surgeon's work re­
quires a large number of intellectual, 
mechanical and manual dexterities. His 
tools include (in addition to a lively and 
thoughtful understanding of his disci­
pline) knives, scissors, hemostats, cau­
teries, ligatures, needles, X rays, ultra­
sound and lasers; prostheses made of 
fabrics, metals and plastics; clips, nails 
and screws. With the aid of this array of 
tools he makes bold to invade almost all 
the body's tissues, organs and cavities, 
repairing, removing and replacing. By 
today's standards these activities were 
once uncomplicated and direct; now 
they have become hugely sophisticated 
and complex-and accurate. Once speed 
was of the essence; the development of 
anesthesia made that less important, and 
now improved methods of anesthesia 
mean that time can be taken to ensure 
precision, care and thoroughness in any 
procedure. 

SURGERY OF THE EYE AND THE NOSE is portrayed in the engraving on the opposite 

page, which dates from the 12th century. The Latin caption of the top drawing reads: 

"Cataracts of the eyes are cut out thus." The surgeon is probably about to "couch" a cata­

ract, penetrating the eye with a needle and turning the clouded lens down out of the line of 

sight. The patient holds an ointment jar. The lower drawing is captioned: "A polyp is cut 

from the nose thus." The patient holds a bowl for catching blood. These drawings, several 

versions of which are found in medieval medical-surgical handbooks, are from the herbal of 

Dioscorides, derived from De Materia Medica, and also prepared by the Greek physician 

Dioscorides in the first century. It is one of the Harley Manuscripts in the British Museum. 

Some of surger,y is exciting and even 
dramatic; all of it is highly visible. A 
great deal of it is plain hard work, often 
repetitive. It is essentially a team ac­
tivity; surgeons, anesthesiologists, radi­
ologists, nurses, technicians, ward maids 
and orderlies are inseparably responsi­
ble, and the entire team must be avail­
able around the clock (even though 
something less than 10 percent of sur­
gery is an emergency matter). By its very 
nature surgery is emotionally demand­
ing for the patient, his family and the 
operating team. This is in part because 
the result of surgery is generally less 
equivocal than that of some other kinds 
of intervention. When the result is good, 
the surgeon is likely to be considered a 
hero. By the same token it is easy to 
make him a villain, so that malpractice­
insurance premiums are several times 
higher for surgeons than they are for 
internists, pediatricians or psychiatrists. 
Obviously surgery does not cure every­
one, and by its very nature it may often 
be the culminating event of a terminal 
illness or a fatal accident. 

There are two things everyone knows 
about surgery today. It is specialized and 
it is expensive. As to specialization, the 
human body has been subdivided into 
precise domains, with each claim staked 
out and jealously guarded by surgeons, 
specialty boards, hospitals and even 
knowing patients; the complaint is often 
made that such specialization (as in other 
fields of medicine) results in treatment of 
a condition rather than a patient. It is 
clear, however, that the time is long since 
past when a surgeon could learn and 

, practice every known surgical pro­
cedure. There are simply too many pro­
cedures; one of the most useful current 
classifications of surgical interventions 
lists almost 1,000. And so the "general 
surgeon" now confines his efforts to the 
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DUODENUM 

SUPERIOR 
MESENTERIC 

VEIN 
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PANCREATICODUODENECTOMY is an extensive operation that pri­

marily involves removal of the duodenum (the first segment of the small 

intestine) and about half of the stomach and the pancreas and recon­

struction of the digestive tract. The extent of the operation is shown 

(color) at left, along with the sites of origin of the cancers for 

which it is appropriate: the common bile duct (a) ; the papilla 

of Vater (b), where the bile and pancreatic ducts enter the 

duodenum; the head of the pancreas (c); the duodenum (d). 

abdomen and perhaps a few other or­
gans unclaimed by other specialists. 
Neurosurgeons deal with the brain, 
spinal cord and nerves, thoracic surgeons 
with the contents of the chest, ortho­
pedists with the bones and joints. Gyne­
cologists, urologists, ophthalmologists, 
otolaryngologists and others each oper­
ate on their respective organs and tis­
sues. (Each specialty has its own tri­
umphs and shortcomings, of which its 
practitioners are uniquely conscious; it 
is surely presumptuous for one surgeon 
to speak in this article for the entire field, 
but the nature of this issue of Scientific 
American and of this article has made 
that necessary.) 

if. for expense, there are a few things 
that should be said, although the 

problem is essentially one that pervades 
all medical services and is dealt with at 
greater length in other articles in this 
issue [see "The Hospital," by John H. 
Knowles, page 128, and "The Medical 
Economy," by Martin Feldstein, page 
151]. The bulk of the cost of surgery 
is the cost of hospital care. I recently 
operated on a man with cancer of the 
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duodenum, more specifically, cancer of 
the papilla of Vater [see illustration 
above]. He was elderly and not a par­
ticularly good risk; laboratory tests sub­
stantiated a clear history· of heart disease. 
He required many days of preoperative 
preparation and then of postoperative 
treatment in the intensive-care unit to 
protect him during recovery. He was in 
the hospital for 35 days and received a 
bill for $13,488. (Needless to say, if he 
had had only a hernia repaired, his hos­
pital bill would have been much smaller. 
If, on the other hand, his stay had been 
complicated by lung, heart or kidney 
failure, his bill could have been much 
larger. And he might have died.) 

My patient is home now; his cancer 
was small, without evidence of spread­
ing, and he has probably been cured. 
Having undertaken to treat him on the 
traditional fee-for-service basis, what 
should I charge for his operation? I turn 
to Blue Shield of Michigan for advice 
and learn that "the range of charges for 
pancreatectomy, subtotal, Whipple-type 
is $500 to $1,325." What is fair-to me, 
to the patient, to society? 

Surgery appears to lend itself particu-

larly well to fee-for-service payment: it is 
a discrete event, a service rendered; why 
should not the surgeon be paid for his 
work? As a nonmedical admirer of Amer­
ican medicine has written, "Like any 
other small entrepreneur, the solo prac­
titioner lives or dies economically by 
how well he satisfies his customers." And 
yet the fee for service is difficult to de­
fend. If the patient is paying, it puts a 
burden on low-income patients or re­
quires charity on the part of the surgeon. 
If an insurance carrier is paying, the 
system limits the surgeon to an arbitrary 
and often capricious set of fees and 
makes no distinction among surgeons of 
differing quality. The system also puts 
pressure on the surgeon to operate as 
much as possible. (If he is ethical and 
careful, he will not operate unnecessari­
ly, but he may work himself to death.) In 
the face of all these disadvantages, the 
fact remains that it is not easy to design 
a completely satisfactory alternative to 
the fee for service. And yet I suspect that 
alternative systems will be in wide use 
before long. (Such systems should cope, 
incidentally, with the problem of what 
surgeons should charge for not operating 
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After exploratory maneuvers to determine the resectability of 

the cancer, the tissues to be excised (color) are removed (sec­

ond from left) _ In order to reconstitute the digestive tract a 

length of jejunum (color), the next segment of the intestine, 

is approximated (black arrows) to the bile duct, the remaining pancreas 

and the stomach (third from left)_ Thereafter end-to-end and end-to-side 

connections are made (right). Reconstruction of digestive tract shown 

in the drawings is compatible with normal digestion (colored arrows). 

on a patient. Not to operate involves de­
cisions that may well require as much 
training and judgment and considera­
tion as operating.) 

Closely related to the expense of sur­
gery is the question of its availability. 
The general public believes that medical 
manpower and resources are in short 
supply. Most thoughtful professionals 
are more likely to believe that total re­
sources are adequate and that the real 
problems are those of distribution and 
quality. There are indications that ad­
vanced surgical skills are actually under­
utilized. One study shows that even if 
all operations were done by specialists, 
their average work load would be fewer 
than five operations a week, far below 
capacity. 

As for facilities, the consensus is that 
the total number of hospital beds avail­
able for surgical patients is adequate or 
even too large. Still, the relation be­
tween supply and demand is a tricky 
one. Consider the case of kidney trans­
plantation. In 1971, 1,610 patients re­
ceived transplants, even though it has 
been estimated that some 5,000 victims 
of kidney disease die every year who 

could be saved by a transplant. The pro­
cedure is terribly expensive, however, 
and the cost has been the barrier be­
tween this form of treatment and the pa­
tients who need it. Now Congress has 
passed a law providing Medicare reim­
bursement for kidney transplantation (or 
artificial-kidney treatment) for any pa­
tient with end-stage kidney disease. Now 
there will (quite rightly) be no financial 
bar to the therapy, and so new prob­
lems will be exposed: a serious lack of 
specialized facilities and trained person­
nel-and of kidneys. Moreover, as good 
as the law is for patients with advanced 
kidney disease, it fails to provide for a 
host of other ills quite as catastrophic. 
The propriety of a law that discriminates 
in favor of a single class of patients has 
been questioned by many legislators and 
physicians. Shortages similar to'those re­
vealed by the kidney-disease legislation 
will become apparent as the country 
finally faces up to the broader problem 
of making medical care available to ev­
eryone as a right. 

Assuming that what people have a 
right to is not minimal care or mediocre 
care but good care, questions of quality 

arise: Is the surgeon skillful and are the 
other personnel well trained? Is the 
operating room clean and properly 
equipped? Is the operation justified? 

. Was the preoperative work-up thor­
ough? Does it all go smoothly and safe­
ly? The patient and his family assume 
that the answers are all yes. Medical pro­
fessionals like to assume the same thing, 
but many of them know that it is not al­
ways so. 

Who are surgeons, first of all, and by 
what sanctions, public or private, do 

they presume to cut into living tissue? 
Once they were shamans, or priests; 
then they were barbers; in this country 
even during most of the 19th century 
they were self-taught and self-anointed. 
Things are different now, but the transi­
tion from do-it-yourself training and 
qualification to licensing and certifica­
tion took more than 100 years. Surgeons 
follow their profession today under what 
is still an amalgam of private, voluntary 
and public sanctions, the basis of which 
is the American tradition that a profes­
sion regulates itself. It is only in the past 
few years, as the Federal Government 
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gets increasingly into the business of 
paying for health care, that the Govern­
ment has set standards. For the most 
part it has taken over and written into 
law the standards of private and volun­
tary agencies. 

States license surgeons to practice. 
States also license the hospitals where 
operations take place. Society has de­
manded more protection than that, how­
ever, and so a host of private and volun­
tary nonprofit boards, commissions, as­
sociations and committees have come 
into the picture, mostly without legal 
authorization but with varying degrees 
of effectiveness. During the early part of 
this century surgeons realized that li­
censure was a minimal qualification. One 
by one each surgical specialty generated 
a board that would prescribe the length 
and content of training beyond medical 
school, identify the hospitals where it 
could take place and examine and certify 
candidates as specialists. The first such 
board was formed in 1916 for ophthal-

mology, a field then plagued by quack­
ery. Others followed. The American 
Board of Surgery was established in 
1937 to certify the general surgeon. 
Even today, however, many surgeons 
are not board-certified [see top illus­
tration on page 98]. Anyone who has 
been licensed can declare himself a spe­
cialist in an exotic surgical procedure 
and operate-provided he can find a 
hospital that will let him. 

As a matter of fact sick people in the 
U.S. are quite literally at the mercy of 
the regulations and practices �f what­
ever hospital they find themselves in. 
That makes hospital accreditation im­
portant, to say the least. Accreditation is 
the province of another private entity, 
the JOint Commission on Accreditation 
of Hospitals, which was established in 
1952 by the American Medical Associ­
ation, the colleges of physicians and of 
surgeons and the American Hospital As­
sociation. It surveys almost all hospitals 
with more than 100 beds, some 75 per-

cent of those with between 50 and 100 
beds and a few of the smaller, mostly 
private hospitals. To be accredited a hos­
pital must meet standards as to equip­
ment, housekeeping, regulations and 
certain procedures, such as adequate re­
view of all operations. It need not, how­
ever, require that all operations be per­
formed by specialists, and the commis­
sion has been criticized for that. In any 
case accreditation has now been grafted 
into Federal legislation: the Medicare 
amendment to the Social Security Act in 
1965 provides that in order to qualify for 
Medicare payments a hospital must meet 
standards set by the Secretary of Health, 
Education, and Welfare-but that these 
requirements may not be higher than 
those established by the commission. In 
effect, a commission-accredited hospital 
qualifies fo.r Medicare. 

Is that the way it should be done? 
This newly focused question of how to 
coordinate public and private standards 
is not an easy one, and it tends to draw 

ABDOMINAL OPERATION is performed at Children's Hospital 

in Boston in one of the eight operating rooms in the 330·bed hos. 
pital, which is affiliated with the Harvard Medical School. The 

picture was made from a viewing gallery above a glass skylight. 
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physicians and legislators into a polite 
contest. The physicians try to impress 
their standards on government, whereas 
politicians and administrators question 
the propriety of writing into public law 
professional rules that have been written 
by nonpublic bodies. In 1969 the Health 
Insurance Benefits Advisory Council re­
ported to the Secretary of Health, Edu­
cation, and Welfare that it seemed "in­
appropriate" to delegate all Government 
authority to safeguard the quality of 
medical care to "a private agency." 

Yet that may be the only way to get 
standards into law. Two of Medicare's 
stillborn predecessors, the Forand bills 
of 1957 and 1959, stipulated that re­
imbursement would be made only to a 

surgeon who was certified by the Ameri­
can Board of Surgery or was a member 
of the American College of Surgeons. 
The bills were never passed. And when 
Medicare was enacted in 1965, the legis­
lation defined "physician" as any "doctor 
of medicine or osteopathy legally au-

thorized to practice medicine and sur­
gery by the state." Now, I am not so 
naive as to believe that the Forand bills 
failed simply because they stipulated 
that only recognized specialists would 
receive public money. I guess I am so­
phisticated enough, however, to recog­
nize that the proposed discrimination 
among practicing surgeons, many of 
whom were not certified, did not make 
friends for the bills among uncertified 
surgeons. Too many of them were mak­
ing too much money practicing as self­
declared specialists or as "general prac­
titioner" surgeons. I can also appreciate 
the fact that adopting private profes­
sional standards as the basis for the pay­
ment of public funds could create legiS­
lative and judicial problems. Moreover, 
medical licensing is a state function, so 
that the Federal standards proposed in 
the Forand bills might have seemed to 
be an invasion of states' rights. What­
ever the reasons, we now have the Medi­
care legislation, and it does not do what 
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it might have done: protect patients by 
ensuring that surgical operations (except 
for emergencies) must be performed 
by people precisely qualified to perform 
them. 

Such protection is needed, and for the 
foreseeable future it will have to be 
achieved by a combination of public and 
private standards. I suspect that as time 
passes the Government is going to have 
more to say about it. These problems 
have been more easily solved in some 
other countries with more government 
domination of medicine. In Sweden hos­
pitals are run by county governments 
and surgeons are employed by those 
governments. A Swedish physician who 
finds much to criticize in his country's 
system nevertheless writes that "no­
where in Sweden will a major surgical 
procedure be done by an unqualified 
surgeon." In Britain much the same situ­
ation applies, with all hospitals run by 
the central government. In Canada the 
Royal College of Physicians and Sur-

I-
SCRUB NURSE 

INSTRUMENT TABLE 

PERSONNEL AND EQUIPMENT in the photograph on the oppo­

site page are identified. The surgeon is assisted by a resident and an 

intern. The anesthesiologist is responsible for monitoring the pa­

tient's vital signs as well as for administering the anesthetic itself. 
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geons was established in 1929 by an act 
of Parliament. It approves hospitals and 
sets common nationwide standards and 
examinations for physicians' and sur­
geons' credentials. Moreover, Canadian 
hospitals are paid by insurance systems 
operated by the provincial govern­
ments; surgeons who are not certified are 
not likely to be paid specialists' rates. 

Surgeons, patients and the public at 
large all recognize that some kind of 

ratio of success to failure is at least one 
important index of the quality of an in­
dividual surgeon, of a specific procedure 
or method, of a hospital or hospital sys­
tem or of the total national delivery of 
surgical care. Creating such indexes is 

TONSILLECTOMY WITH ADENOIDECTOMY 

2. REPAIR OF INGUINAL HERNIA 
(EXCEPT RECURRENT) 

3. CHOLECYSTECTOMY 
(REMOVAL OF GALL BLADDER) 

4. ABDOMINAL HYSTERECTOMY 
(REMOVAL OF UTERUS) 

5. APPENDECTOMY 

6. EXTRACTION OF LENS OF EYE 
(CATARACT OPERATION) 

7 PARTIAL MASTECTOMY 
( PARTIAL REMOVAL OF BREAST) 

8. CLOSED REDUCTION OF FRACTURE 

9. TONSILLECTOMY 
WITHOUT ADENOIDECTOMY 

10. HEMORRH OIDECTOMY 

11 OPEN REDUCTION OF FRACTURE 

12. PROSTATECTOMY, TRANSURETHRAL 

13. CAESAREAN SECTION 

1 4. VAGINAL HYSTERECTOMY 
(REMOVAL OF UTERUS) 

1 5. EXCISION OF INTERVERTEBRAL DISK 

16. THYROIDECTOMY, PARTIAL OR SUBTOTAL 

17 EXPLORATORY LAPAROTOMY 
OR CELIOTOMY (OPENING OF ABDOMEN) 

18. RESECTION OF COLON 
(REMOVAL OF PART OF COLON) 

1 9. LIGATION AND DIVISION 
OF FALLOPIAN TUBES 

20. REPAIR OF CYSTOCELE 
AND RECTOCELE (VAGINAL REPAIRS) 

21 PARTIAL GASTRECTOMY 
( PARTIAL REMOVAL OF STOMACH) 

22. REPAIR OF VENTRAL 
OR POSTOPERATIVE HERNIA 

23. EYE-MUSCLE OPERATIONS 

24. REPAIRS OF JOINTS OF FOOT 

25. RADICAL MASTECTOMY (REMOVAL 
OF BREAST AND SURROUNDING TISSUE) 

o 

not easy. Professional journals are filled 
with reports of survival rates, cures, 
complications and deaths, but it is dan­
gerous and unsatisfactory to project 
these to the population as a whole. Some 
kind of overall evaluation is nonetheless 
necessary. 

To begin with, what is surgical suc­
cess or failure? Success may be quite 
simple: if an appendix is removed for 
acute appendicitis, the patient will be 
cured and will never have appendicitis 
again. The outcome is more complex 
even in the case of hernias: they. can re­
cur and require another operation. In 
cancer or open-heart surgery or kidney 
transplantation the result may not be 
clear for many years: cancers can recur, 

mechanical heart valves can fail, a kid­
ney can be rejected. As for surgical 
failure, one obvious measure is the in­
cidence of fatal outcomes or life-threat­
ening complications. This is a tricky 
business, however, and the raw figures 
can be misleading. 

If in a certain hospital no surgery is 
conducted, there will be no surgical 
mortaHty at all. If in another hospital 
operations are performed but the staff is 
overcautious and accepts only very good 
risks as patients, the mortality figures 
may be very low. There are hospitals, 
however, whose staffs are more coura­
geous and, given the proper indications, 
accept almost all comers for surgical in­
tervention; their mortality may be sub-

50,000 100,000 150,000 200,000 250,000 300,000 

NUMBER OF OPERATIONS 

TWENTY·FIVE MOST FREQUENT OPERATIONS of appre· 

ciable magnitude being performed are these. Tbe list is based on a 

tabulation, by the Professional Activity Study of the Commission 

on Professional and Hospital Activities, of the 50 operations done 

most often (as most important operation) in 1969, from which 

diagnostic procedures and those of small scope were eliminated. 
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stantially higher. Clearly mortality rates 
have to be considered with due regard 
for patient populations as well as pro­
cedures. (On the other hand, if there is a 
hospital where most patients die after 
operations, it is pretty safe to say that the 
hospital should be closed down.) 

Given these qualifying considerations, 
the fact remains that postoperative mor­
tality is a most important statistic for as­
sessing surgical quality. It is only re­
cently that we have even begun to col­
lect the necessary numbers on a national 
scale. First of all, what operations are 
being performed? Every year the Pro­
fessional Activity Study of the Com­
mission on Professional and Hospital Ac­
tivities records the 50 most frequent 
operations in its member hospitals, 
which treat about a third of the patients 
in the country's non-Federal short-term 
hospitals. I have taken the 1969 survey's 
tabulation and removed from it the pro­
cedures that are primarily diagnostic and 
those of small scope in order to prepare 
a list of the 25 most frequent surgical in­
terventions of appreciable magnitude 
[see illustration on opposite page]. 

Now let us consider the postoperative 
mortality associated with 11 of these 
procedures, which I have selected some­
what arbitrarily to illustrate the full 
range. The mortality figures are for 
hospitals covered by the Professional 
Activity Study in 1969 [see illustration 
above]. The lowest mortality, only .3 per 
10,000 operations, was for tonsillectomy 
without adenoidectomy. The highest 
mortality, 1,328 per 10,000, was for 
exploratory laparotomy or celiotomy 
(opening of the abdomen). It should be 
noted that no assumption can be made 
about the actual cause of death; these 
are simply the postoperative death rates 
associated with each procedure. 

How should one read a mortality table 
of this kind? Here are a few thoughts on 
just some of the procedures listed: 

Ligation and di'lision of the Fallopian 
tubes ("tying the tubes" that lead from 
the ovaries to the uterus) is a steriliza­
tion procedure. The operation has a low 
death rate. Is one death per 20,000 
operations acceptable in terms of pop­
ulation control and individual family 
planning? Most people seem to believe 
it is. 

Many abdominal hysterectomies, or 
removals of the uterus, are legitimate 
procedures intended to remedy an iden­
tified disease. Some-an unknown num­
ber-are nonetheless performed without 
clear surgical indications. The death rate 
is not negligible, and if the mortality is 
acceptable when the operation is justi-

NUMBER OF NUMBER OF 
DEATHS 

OPERATION PER 10.000 
OPERATIONS DEATHS OPERATIONS 

TONSILLECTOMY WITHOUT ADENOIDECTOMY 68,127 2 .3 

LIGATION AND DIVISION OF FALLOPIAN TUBES 18,195 1 .5 

PARTIAL MASTECTOMY 70,692 52 7.4 

ABDOMINAL HYSTERECTOMY 107,860 220 20.4 

APPENDECTOMY 100,946 355 35.2 

RADICAL MASTECTOMY 15,119 61 40. 3 

PROSTATECTOMY, TRANSURETHRAL 54,413 893 164.1 

OPEN REDUCTION OF FRACTURE 56,343 2,672 474.2 

PARTIAL GASTRECTOMY 16,834 975 579.2 

RESECTION OF COLON 18,975 1,607 846.9 

EXPLORATORY LAPAROTOMY OR CELIOTOMY 19,139 2,542 1,328.2 

POSTOPERATIVE MORTALITY, shown here for 1969 for 11 of the operations performed 

most frequently, varies widely with the nature of the operative procedure and the patients. 

fied medically, it is certainly quite un­
acceptable when the operation is per­
formed unnecessarily, 

Appendectomy is generally accepted 
as a necessary and rather safe operation. 
One ought, however, to differentiate 
among appendectomies. The death rate 
in operations performed in 1969 for 
acute appendicitis without peritonitis 
was nine per 10,000; for appendicitis as­
sociated with peritonitis, the rate was 
174 per 10,000. About a tenth of all ap­
pendectomies, however, are done for 
"other" appendicitis, and that is the 
controversial area. A number of those 
operations are probably unnecessary. 
Yet the death rate for this dubious 
category is fairly low: seven per 10,000. 
(After all, the patient is often quite 
healthy!) Perhaps one can argue that the 
public can afford to have some appen­
dixes removed unnecessarily for "acute 
remunerative appendicitis" by less than 
scrupulous surgeons. Most people are 
happy to be rid of their appendix. 

The highest death rate, 13 percent for 
exploration of the abdomen, is not hard 
to understand. Most of these operations 
are done on patients with some intra­
abdominal catastrophe or with undi­
agnosed abdominal cancers, largely in 
order to see if something can perhaps be 
done surgically to relieve suffering or 
prolong life. The procedure is sometimes 
little more than the last rite of a terminal 
illness (in which case its economic justi­
fication ought perhaps to be questioned). 
On the other hand, in some cases the in-

vestigation establishes an important di­
agnOSiS that converts a bleak outlook into 
a hopeful prognOSis or even a cure. 

What is most disturbing, of course, is 
not that some operations are associated 
with a high mortality but that the mor­
tality varies from hospital to hospital of 
roughly equivalent status. Five years ago 
Lincoln E. Moses of Stanford University 
and Frederick Mosteller of Harvard 
University did a study of almost 200,000 
operations performed in 35 medical cen­
ters. They found differences in crude 
death rates as high as thirty- or fortyfold. 
When the figures were corrected for age, 
the seriousness of the condition and all 
other measurable variables, the death 
rates were still four or five times higher 
in some institutions than in others. A 
major attempt to analyze further such 
institutional differences in death rates is 
now being conducted at Stanford Uni­
versity under the auspices of the Na­
tional Research Council. 

Meanwhile the American Surgical As­
sociation and the American College of 
Surgeons are making a joint study of sur­
gical services in the U.S. One objective is 
to find out how many surgical deaths and 
life-threatening complications are pre­
ventable. If the study concludes that 
only a tiny fraction might have been pre­
vented, surgeons and hospitals will be 
able to relax, reassured that U.S. surgery 
truly is the best in the world. It is pos­
sible, however, that an honest and com­
petent review will disclose that a sub­
stantial number of deaths and compli-
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Thomas 
Edison, Chemist 
by Byron M. Vanderbilt 

A new book that tells the absorbing 

story of the chemistry behind the prod­

ucts and business ventures of America's 
greatest inventor-who was, and con­
sidered himself foremost, as a chemist. 

Granted more than 1,000 U.s_ patents, 
he was the first to: make carbon fibers, 

cast concrete houses and furni ture, use 

rubber-fabric conveyor belting, and 

operate an industrial research laboratory. 

Chapters 
The Youthful Chemist 

Chemistry of the Light Bulli 
Accessories for the Electric Light 
Materials for the Phonograph 

Iron Ore Concentration 
Venture in Cement and Concrete 
The Amazing Alkaline Storage 

Battery 

Organic Chemicals and Naval 
Research 

Rubber from Goldenrod 
Edison's Place in the Chemical 

Fraternity 

Each chapter begins with the state of 

the art at the time Edison worked and 

then recounts Edison's work in detail. 

The chemistry behind the problems he 

faced is explained, and his methods and 

chemical know·how are illustrated by 

the ingenious ways he solved each diffi­

culty. The chapters conclude with re­

views of the developments in each field 

since then, showing how frequently 

Edison was ahead of his time. 

374 pages, wi th index, cloth bound 

(l971) $5.95 postpaid in the U.S. and 

Canada, plus 40 cents elsewhere. 

Order From 
AMERICAN CHEMICAL SOCIETY 
1155 16th St., N.W. 
Washington, D.C. 20036 

GENERAL PRACTITIONER S 
9,700 

X 

UNCERTIFIED 

SURGEONS 

20,600 

BOARD-CERTIFIED 

SURGEONS 

46,500 

TOTAL: 92,600 

SURGICAL MANPOWER in the U.S. in­

cludes surgeons, general practitioners who 

operate, interns and residents. About two­

thirds of the surgeons have been certified 

as surgeons; the others are self-designated. 

cations could have been avoided-if the 
surgeon had been better trained, if he 
had exercised better judgment, if he had 
had better facilities. Such a finding 
would confront American surgeons and 
surgery with a definable crisis of credi­
bility and of confidence. 

Changing conditions and attitudes 
make it clear that surgery is ap­

proaching the status of a public utility. 
As dehumanizing as it may seem, sur­
geons are the providers and patients the 
consumers; hospitals are the facilities 
and insurance carriers or governments 
are the fiscal agents. (Everyone is a po­
tential consumer; only the dead are im­
mune from surgery and today even they 
are called on to provide spare parts for 
the living.) Public utilities have got to be 

SURGICAL 

ORTHOPEDIC 

OBSTETRICAL AND 
GYNECOLOGICAL 

GASTROINTESTINAL 

OTHER SURGICAL 

�==�(11.5) 
���.(11.3) 

accountable to the public, and account­
ability requires a very clear judgment of 
performance. Studies such as those I 
have mentioned will help, and so would 
a real improvement in the routine re­
porting of cause of death on death certif­
icates. It seems to me, however, that the 
most direct way to measure the quality 
of surgery would be to establish a na­
tional registry to which every operation 
performed in the country would be re­
ported: patient, diagnosis, operation, 
surgeon, hospital, outcome. Peer judg­
ments regarding the operation should be 
included: Was it necessary? If there was 
a death or a life-threatening complica­
tion, could it have been avoided? If it 
was avoidable, was it the fault of the 
hospital, the surgeon, the community, 
the disease process or the sta ge of dis­
ease? Providing these data to the registry 
could be made a condition of licensure 
or specialty certification for surgeons 
and a condition of accreditation for hos­
pitals. 

Storage, retrieval and analysis of the 
data by computer should not be difficult; 
the cost would be great but would be 
trivial compared with that of moon walks 
or laboratories in the sky. At first, per­
haps, the results should be utilized in 
the aggregate, for an overview of U.S. 
surgery's performance. Later, as sur­
geons and hospitals become adjusted to 
the idea, the reports could be made spe­
cific. Areas of excellence could be iden­
tified and maintained, mediocre surgery 
could be improved and bad surgery 
could be eliminated under law. At long 
last the country would have the informa­
tion with which to repair some of the de­
fects in the current system of delivering 
surgical care. 

MEDICAL ••••••••• 20.5 

RADIOLOGICAL 

EMERGENCY 

ALL OTHERS • •••• 10.4 

o 10 20 30 40 50 60 

CLAIMS BY TYPE OF TREATMENT (PERCENT OF TOTAL) 

MOST MALPRACTICE CLAIMS arise from surgical procedures, and in particular ortho­

pedic surgery. The physicians most at risk are orthopedic surgeons and anesthesiologists. 
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As President, you can change that. 
What's a martini or two'! Smart businessmen like yourself 

realize the heavy drinker and alcoholism is a growing corpo­
rate problem. Today, the odds are that 5% of your employees 
are affected by alcoholism. 

Perhaps you've already instituted an alcoholism treatment 
program, but the most effective, economical treatment is 
prevention. 

Heart disease, overweight, cancer, stress and drugs are other 
personal health problems your company must cope with­
and pay for-in employee absenteeism, inefficiency and rising 
insurance costs. 

I t makes good business sense to keep your employees 
physically fit. Just figure what poor health costs your com­
pany annually. 

Now you can do something about it. 
Initiate PROJECT HEALTH, a compelling , economical 

program that will help you direct your executives to a more 
productive life-style .. .for your company and for themselves. 
T his powerful, easy to administer multi-media program pre­
sents 8 important health areas relative to business and uses 
the best learning techniques of films, monographs, and self­
administered tests, all developed with the help of over 125 
physicians concerned with preventive medicine. 

Give your company a healthier outlook. Write PROJECT 
HEALTH, Searle Educational Systems 

PROJECT� Inc., SubSIdiary of G. D. Searle & Co., 'S::tiW" 
H

EALTH 

Box 5110. ChIcago. illinOIs W680. 
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Polaroid® 

The new 

Multipu 
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We designed it to take any 
kind of picture you ever needed. 

And deliver it in seconds. 

This may be the most versatile recording camera 
ever invented. 

The new MP-4 has more things that do more things 
than any other camera made. 

Copy prints, laboratory and studio pictures, photo­
micrographs, macrophotographs. In full color. Or as 
black-and-white prints, transparencies, or simultaneous 

positive and negative. All with Polaroid instant pho­
tography, using any of 13 different self-developing 

films (or with many conventional films). 
You never saw a system so flexible. You can shift its 

lamps to any position, to get any level of light on the most 
awkward shapes. Rotate both column and camera to 

Copying. 

take any shot at any angle, anywhere. Remove the 
camera for tripod use. Even convert the system to a high­
quality enlarger. 

If records are important to you, we think this is the 
fastest-and best-way to make them. For information on 
the MP-4-or on any Polaroid photographic product or 
application-write or call collect: Polaroid Corporation, 
Dept. 57-252, Cambridge, Mass. 02139. Phone (617) 
547-5176. (In Canada: 350 Carlingview Dr., Rexdale, 
Onto In Puerto Rico: P.O. Box 2032, Ceramic a Annex, 
Carolina 00630.) 

.Polaroid Laboratory Cameras 

Macrophotography. 
Damaged transformer coil. Photocopy record' of a venogram. 

Photomicrography. 
Yeast magnified X1000. 

Small object photography. 
Penicillin growth in a petri dish. 
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CheIllical Intervention 

The chemical substances administered for medical purposes include 

not only drugs but also vaccines, hormones, anesthetics and even 

foods. All such measures lend themselves to use, abuse and misuse 

Amedical student asks: "\Vhy is it 
that most of the drugs we pre­
scribe are destroyed in the liver? 

How could nature have designed the 
liver to destroy drugs manufactured by 
man millions of years later?" The an­
swer lies in the still dimly perceived uni­
verse of chemical reactions embodied in 
all living organisms. In those organisms 
that eat, food must be turned into the 
chemicals of life. The liver plays a key 
role in this extraordinary performance. 
Most of the blood that leaves the stom­
ach and the intestines must pass through 
the liver before reaching the rest of the 
body. The liver is thus strategically 
placed to process nutrients and to de­
toxify poisons that might be ingested 
with the food. 

It is therefore not surprising that when 
a chemist manufactures a drug, which 
somehow must alter the chemistry of the 
patient, the general structure of the new 
chemical has already been anticipated 
by the liver. The chemical structure of 
a refined drug is often similar to a nat­
urally occurring substance. For example, 
alkaloids such as opium, from which her­
oin is derived, flourished in poppy plants 
that preceded man on the earth. De­
toxification of such chemicals in the liver 

by Sherman M. Mellinkoff 

can be regarded as one of the develop­
ments that enabled the species to sur­
vive. In the Garden of Eden the liver 
must have protected Adam from alka­
loids, if not from the apple. 

This relation between drugs and the 
liver illustrates two general aspects of 
man's chemical intervention in his own 
physiology. The first aspect is that life 
itself is an awe-inspiring multitude of 
natural' chemical reactions. Sir Macfar­
lane Burnet put it succinctly: "It is very 
humbling to realize that there is more 
information packed into the head of one 
spermatozoon than there is in all the 
volumes of the Journal of Biochemistry." 
The second aspect is that when man de­
liberately alters these reactions, whether 
through chemicals derived from nature 
or through those manufactured by man 
in imitation of nature, there is a simul­
taneous potential for healing and for in­
jury, sometimes for life or for death. 

It is small wonder, then, that in man's 
ancient and even recent efforts at chemi­
cal intervention the health benefits have 
been far outweighed by chemical may­
hem. In past centuries harmful agents 
were often prescribed by physicians (a 
little arsenic as a tonic) or imbibed un­
wittingly (lead in the wine goblets and 

MEDICINAL PLANTS on the opposite page are from a plate in Culpeper's English Physi. 

cian and Complete Herbal, revised by E. Silhy about 1798 and reproduced here through the 

courtesy of the Burndy Library. Written by Nicholas Culpeper (1616-1654), an English phy­

sician and astrologer, the book listed hundreds of plants that could be "applied to the cure 

of all disorders incident to mankind." For example, the inner bark from the elder (top left) 

"boiled in water, and drunk, purgeth exceedingly; berries green or dry often given with 

good success for the dropsy." Fennel was recommended to "break wind, provoke urine and 

ease the pains of, as well as break, the stone. The leaves, or rather seed, boiled in water, will 

stay the hiccough." Fern roots boiled in mead kill "worms in the body." Fern leaves, when 

eaten, purge "the belly of choleric and waterish humours, but they also trouble the stomach; 

they also cause abortion." Most of the concoctions described by Culpeper no longer have a 

place in the pharmacopoeia. One plant, however, the foxglove, is still very much in the pic. 

ture. In Culpeper's time it was used in a potion for "feebleness of tbe heart" and as an emet· 

ic. Today it is the source of digitalis, which strengthens the contractions of the heart muscle. 

When weakness of heart muscle has caused water retention, digitalis may act as a diuretic. 

cooking utensils of ancient Rome). De­
struction has been and still is sought out 
recklessly by some in opium or heroin 
addiction. Oliver Wendell Holmes was 
largely correct when he observed that 
"if all the drugs in the pharmacopoeia 
save three were dumped into the ocean, 
it would be so much the better for our 
patients and so much the worse for the 
fish." At the beginning of the 20th cen­
tury there were only about six reliable 
and effective pharmaceutical prepara­
tions, namely digitalis (still helpful in 
many kinds of heart disease), morphine, 
quinine (for malaria), diphtheria an­
titoxin, aspirin and ether. Two other 
successful means of chemical interven­
tion were also available: immunization 
against smallpox and rabies. This phar­
macopoeia remained basically un­
changed until about the time of World 
War II. Since then drugs and other sub­
stances that can, if employed wisely, use­
fully affect the chemistry of life have 
been produced in startling numbers. 

The food we eat provides the chemi-
cals the body needs to continue func­

tioning. Much remains to be learned 
about what constitutes an optimal diet. 
Except where food intake is affected by 
peculiar food customs, by poverty, by 
social upheavals such as war, by drug 
addiction, by alcoholism or by some oth­
er illness, the nutrition of man today is 
generally much better than it was at any 
time in the past. It is difficult otherwise 
to explain the increased sta ture of peo­
ple of many nations. 

This is not to say that we now have 
the best diet possible. Most of us in the 
U.S. and in many other countries eat too 
much. The ideal amounts of animal fats, 
vegetable fats, proteins, carbohydrates, 
roughage, vitamins and minerals in the 
diet are still matters for investigation and 
debate. Even with our limited knowl-
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edge, however, physicians are able to 
prescribe special diets that are clearly 
beneficial for people with certain inborn 
errors of metabolism. For example, sprue 
is an illness that often causes diarrhea 
and malnutrition because of poor absorp­
tion of food in the small intestine. The 
inborn error in sprue has not yet been 
discovered, but it is known that patients 
with sprue are intolerant of gluten, a 
sticky protein found in wheat and some 
other foods. As long as gluten is con­
sumed, patients subject to sprue suffer 
from the symptoms of the disease. The 
delicately fringed microscopic lining of 
the small intestine becomes peculiarly 
blunted and inefficient. Good health 
can almost always be restored simply by 
omitting gluten from the diet. 

Lactose, the sugar found in milk, is 
not itself absorbed in the bloodstream. 
Its molecule is first cleaved in the small 
intestine into the smaller molecules of 
glucose and galactose, two sugars that 
can be readily absorbed. The cleavage 

of lactose into glucose and galactose is 
accomplished by an enzyme called lac­
tase. After infancy some people develop 
a deficiency of lactase. When a person 
with a lactase deficiency drinks a large 
amount of milk, diarrhea and various 
kinds of abdominal discomfort often en­
sue. The remedy is a diet that does not 
contain lactose. Intolerance for lactose 
is an inherited metabolic trait. 

Sprue and lactase deficiency illustrate 
a small number of conditions in which a 
specific diet constitutes effective chemi­
cal intervention. In some other illnesses, 
probably also of genetic origin, certain 
diets can provide partial or occasional 
relief. For example, there is one kind of 
diabetes (characterized by the excretion 
of glucose into the urine) that appears in 
people who are too fat. This diabetes is 
greatly ameliorated by a diet low enough 
in calories to ensure an optimal weight. 

A number of diets that are of no 
proved value at all are widely publiCized 
and sold. For example, some diets are 

THE LIVER plays a key role in detoxifying ingested substances after they leave the stom­

ach and intestines and before they reach the rest of the body. Many drugs taken to combat 

disease are destroyed by the liver because their chemical structure is similar to that of 

naturally occurring toxic substances. The liver also converts nutrients absorbed from the 

digestive tract into forms that are easier for the rest of the body to tolerate and utilize. 
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said to be therapeutic for various mental 
illnesses, but there is no proof that this 
is so. Others are based, mistakenly but 
profitably, on the notion that low blood 
sugar (hypoglycemia) is a very common 
aifment and aim to correct it even when 
it is not present. There are individuals 
who do show various types of periodic 
lowering of the blood-sugar concentra­
tion, but these illnesses are not common 
and should be diagnosed and treated 
only by a physician. In fact, if any un­
usual diet is embarked on, it should only 
be on a physician's advice. 

The ready availability of pure vitamins 
has made it possible to halt many dis­

eases that are caused by the absence of 
certain vitamins in the diet or by the 
inability to absorb them. Pernicious 
anemia, which was once invariably fatal, 
can now be managed with infrequent 
and inexpensive injections of vitamin 
B-12. Vitamins are often taken unneces­
sarily. Vitamin C prevents or cures scur­
vy, once a lethal disease of sailors and 
others long-removed from fresh fruits 
and vegetables, but there is no convinc­
ing evidence that it cures or prevents 
colds. Fortunately it is harmless, even in 
large doses, as are the B vitamins. Vita­
mins A and D, on the other hand, are 
poisonous in very large doses [see illus­
tration on oppo.site page]. 

With some exceptions, tampering with 
ordinary nutritional habits is not bene­
ficial. Nearly everyone with an adequate 
diet thrives, in spite of wide variations in 
what normal people eat. This is in strik­
ing contrast to the difficulties that may 
be encountered when, because of illness 
or accident or surgery, a patient cannot 
eat and must be nourished intravenously. 
Depending on the conditions, the prob­
lem may be relatively simple. For ex­
ample, a patient who is otherwise well 
nourished and healthy but who cannot 
eat for a few days after surgery may re­
quire only appropriately sterile and op­
timal concentrations of glucose and salt. 

The situation is quite different when 
the patient has extensive bowel disease 
and must be nourished intravenously for 
two months. A host of problems, some of 
them well understood and others poorly, 
confront the physician. He must worry 
about the concentration of such elements 
as sodium, potassium, calcium, magne­
sium and phosphorus. He must devise 
ways of infusing adequate amounts of 
protein or of amino acids, the molecules 
of which protein is made. Intravenous 
protein is expensive and carries with it 
some risks. Constant infusions require 
exceedingly careful techniques to avoid 
inflammation of the veins and serious 
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COMMON NAME SOME CONDITIONS CAUSED BY DEFICIENCY EFFECT OF EXCESS INGESTION 

Vitamin A Night blindness, some kinds of skin disease, poor fetal development Mental disturbances, nausea, vomiting, 

skin and bone deformities 

Vitamin 6-1 Impairment of brain, nerves and heart None 

(Thiamine) 

Vitamin 6-2 Poor function of nervous system None 

(Riboflavin) 

Niacin Pellagra (diarrhea, inflamed skin, mental deterioration) None, unless taken in the form of nicotinic acid 

6-6 Poor function of nervous system, sometimes convulsions None 

(Pyridoxine) 

6-12 Pernicious anemia (fatal failure in production of red blood cells and None 

(Cyanocobalamin) platelets, brain and nerve damage) 

Vitamin C Scurvy (swollen, bleeding gums and joints, mental disturbances) None 

(Ascorbic acid) 

Vitamin D Poor absorption of calcium, poor development or maintenance of bones, Abnormally high blood calcium, depression 

irritability of nervous system of brain function, kidney damage 

Folic acid Poor growth and development, anemia None except that folic acid ingestion may 

mask pernicious anemia 

6iotin Some skin diseases None 

Pantothenic acid Some nutritional disorders None 

Vitamin E Poor red-cell survival in some infants None 

Vitamin K Abnormal bleeding None 

VITAMINS REQUIRED BY MAN are listed, along with some of 

the conditions caused by the absence of vitamins and the effect 

of their excessive intake_ The ideal amount of each vitamin (and 

most of the other essential foodstuffs) in the diet is not yet known_ 

infections. In spite of such difficulties 
chemical intervention to provide com­
plete nutrition by intravenous feeding 
has been accomplished and is a monu­
mental achievement, 

The defenses of the body against in­
vasion by bacteria, viruses and other 
microorganisms are numerous, complex 
and still not fully understood. Edward 
Jenner, an astute English physician, in­
augurated vaccination against smallpox 
in 1796. In the 1880's Louis Pasteur de­
vised a way of modifying the rabies 
virus to make possible immunization 
against that dreadful and nearly always 
fatal disease, In both cases the concept is 
similar: an agent that does not cause a 
serious illness is injected in order to 
stimulate the immune system of the 
body, The same principle now allows 
very effective immunization against po­
liomyelitis, tetanus, diphtheria and both 
kinds of measles (rubella and rubeola) 
[see illustration on next page l, 

Truly effective immunization not only 
prevents suffering, disability and death 
but also confers enormous economic ben­
efits, For example, it has been estimated 
that the savings from poliomyelitis im-

munization in the U,S, alone (hospital 
costs, disability losses and so on) amount 
to between $100 million and $180 mil­
lion per year. Savings of a similar magni­
tude have resulted from immunization 
against measles. 

r is also sometimes possible to arti-
ficially provide missing elements of 

the natural defense system, For example, 
some people lack gamma globulin, the 
protein fraction of the blood that normal­
ly plays a critical role in defense against 
most infections, To protect such individ­
uals gamma globulin can be given by 
injection, In rare circumstances trans­
plantation of normal bone marrow, 
which manufactures the lymphocytes 
that produce antibodies, can be accom­
plished to restore normal immunity. 
There is much active research in the field 
of bone-marrow transplants. Another 
substance manufactured by the body in 
response to virus infections, interferon, 
tends to inhibit the spread of viruses. 
Various means of stimulating the body to 
produce interferon are being studied ex­
perimentally, 

Many drugs have been developed that 

suppress rather than assist the body's 
natural defenses against infection, Some 
of these drugs have value when, for rea­
sons that are poorly understood, the 
body overreacts to a virus or to some 
other substance and produces antibodies 
or other destructive agents against itself, 
Common examples are severe asthma in 
reaction to plant pollen or to a virus or 
exaggerated blistering on exposure to 
poison oak. Much less common examples 
are diseases of unknown origin in which 
the immune defense mechanisms are so 
overactive as to be self-destructive_ One 
of these diseases, Wegener's granuloma­
tosis, may cause fatal ulceration of the 
air passages. Judicious use of drugs that 
suppress immune responses can bring 
the overreaction under control. 

In organ-transplant operations the 
immune system of the recipient must be 
suppressed (unless the donor is an iden­
tical twin). Here again the physician 
must steer between Scylla and Charyb­
dis. Too little immune suppression and 
the transplanted organ will be killed by 
antibodies. Too much immune suppres­
sion and bacteria or other invaders will 
kill the patient. Some drugs that are 
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used to suppress the immune system, 
and others that interfere with the normal 
use of essential nutrients (antimetabo­
lites), are helpful in suppressing certain 
forms of cancer, particularly those, such 
as leukemia, that involve the uncon­
trolled growth of white blood cells. 

Hormones are the chemical messen­
gers that regulate body functions. They 
are secreted by glands and by individual 
cells. Several of them are manufactured 
in the brain and other parts of the ner­
vous system. The hormones play a major 
role in such diverse processes as growth, 
sexual development, emotions, the tem­
po of metabolism, the regulation of body 
temperature, the contraction of the 
heart, the combustion and storage of 

CAUSATIVE 

DISEASE AGENT 

Adenovirus Virus 

infection 

Bubonic plague Bacterium 

Cholera Bacterium 

Diphtheria Bacterium 

German measles Virus 

Influenza Virus 

Measles Virus 

Mumps Virus 

Poliomyelitis Virus 

Rabies Virus 

Rocky Mountain Rickettsia 

spotted fever 

Smallpox Virus 

Tetanus Bacterium 

Tuberculosis Bacterium 

Tularemia Bacterium 

Typhoid fever Bacterium 

Typhus Rickettsia 

Whooping cough Bacterium 

Yellow fever Virus 

sugar and fats, the conversion of protein 
to sugar and the elimination of wastes 
through the kidneys. Many diseases are 
caused by a deficiency or an excess of 
one hormone or more. For example, ab­
sence of insulin (one of the hormones 
secreted by cells in the pancreas) pro­
duces a kind of diabetes with very high 
blood sugar that is fatal unless insulin 
injections are given. On the other hand, 
too much insulin may be secreted by a 
tumor of the pancreas, and the over­
supply of the hormone may cause inter­
mittent loss of consciousness' because of 
the deficiency of sugar in the blood. 

There are now satisfactory remedies 
for most of the large number of illnesses 
caused by hormonal deficiency or excess. 

TYPE OF DURATION OF 

VACCINE PROTECTION 

Killed Short-lived 

Live Long-lasting 

Killed About six months 

Live About six months 

Killed About six months 

Toxoid Long-lasting 

Antitoxin Short-lived 

Live Long-lasting 

Killed Short-lived 

Live Long-lasting 

Live Long-lasting 

Live Long-lasting 

Killed Two to four years 

Live Short-lived 

Killed Short-lived 

Killed Long-lasting 

Live Several years 

Toxoid Long-lasting 

Antitoxin Short-lived 

Live Long-lasting 

Killed Short-lived 

Killed Short-lived 

Killed About one year 

Killed Probably permanent 

Live About 10 years 

PROTECTIVE IMMUNIZATION against the 19 diseases listed here is possible. All these 

measures have come in the 20th century except two: the smallpox vaccine (introduced by 

Edward Jenner in 1796) and the rabies vaccine (developed by Louis Pasteur in the 1880's). 

106 

Improved methods of treatment and di­
agnosis are becoming available. Recent­
ly the precise chemical structure of some 
hormones (including insulin) has been 
determined, and new methods of synthe­
sizing hormones have been developed. 
No longer does the physiCian have to 
rely on crude hormonal extracts. 

Some hormones are useful not only 
for making up hormonal deficiencies but 
also for treating a variety of illnesses 
that respond to an excess of a particu­
lar hormone. For example, some of the 
adrenocortical hormones can be admin­
istered to combat an exceedingly severe 
asthmatic constriction of the airways in 
the lungs. Noradrenalin, which increases 
the force of the heart contraction, is used 
to prevent death from very low blood 
pressure caused by acute serious injury. 

The most widely used hormone pre-
scription in the world today is "the 

pill." It consists of a combination of es­
trogens and progesterones that act to 
suppress ovulation. Chemically similar 
drugs are also used for birth control and 
in some cases for treating sterility in 
women. In general this form of chemical 
intervention has been very successful. 
The perfect solution to such problems 
has not yet been found, however. Ap­
parently because of an inherited suscep­
tibility to certain actions of the female 
hormones, some women who have taken 
the pill for a prolonged time develop 
liver impairment or high blood pressure. 

In 1907 Paul Ehrlich of Germany, 
after long travail, succeeded in synthe­
sizing Salvarsan, an arsenic compound 
that would kill Treponema pallidum, the 
microorganism that causes syphilis. Like 
many before him, Ehrlich was actually 
seeking a way to exterminate all disease­
causing organisms in the body with one 
grand chemical blow. His dream is still 
not realized, but chemotherapy, the use 
of chemicals to control infections, is an 
enormously (not completely) successful 
chapter in the history of medicine. Sul­
fonamides, which are still useful in se­
lected infections, were developed in the 
1930's and 1940's. Alexander Fleming's 
discovery of penicillin and its develop­
ment in the 1940's provided for the first 
time a drug with the power to kill bac­
teria in doses virtually harmless to man 
(apart from an occasional allergic reac­
tion to the drug). Fleming's discovery 
and the subsequent work on penicil­
lin by Howard Florey and Ernst Boris 
Chain generated a great and productive 
interest in antibiotics. Many diseases 
that were once fatal, for example bac­
terial infection of the heart valves, can 
now be cured. Many kinds of pneumonia 
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HORMONE PRINCIPAL EFFECTS SECRETED BY 

Adrenocorticotropic Stimulates the adrenal cortex Pituitary 

hormone (ACTH) 

Thyrotropin (TSH) Stimulates the thyroid gland Pituitary 

Follicle-stimulating Stimulates production of egg cells by ovary and spermatozoa by testes Pituitary 

hormone (FSH) 

Luteinizing hormone (LH) Helps maturation of egg-bearing follicles in ovary or stimulates production Pituitary 

of testosterone (male hormone) in testes 

Growth hormone Governs normal growth and helps to regulate metabolism Pituitary 

Prolactin Regulates breast development and milk production Pituitary 

Antidiuretichormone (ADH), Regulates absorption of water in the kidney Neurohypophysis 
or Vasopressin (part of the pituitary) 

Oxytocin Facilitates movement of sperm in Fallopian tube, stimulates uterine muscle Neurohypophysis 
in childbirth, stimulates secretion of milk by breasts 

Cortisol and Regulate metabolism of sugar, protein, fat, minerals and water Adrenal cortex (outer layer 

similar hormones of adrenal gland) 

Aldosterone and Regulate excretion and retention of minerals, particularly sodium and Adrenal cortex 

desoxycorticosterone potassium, by kidneys 

Thyroid hormones Regulate rate o! body's metabolism Thyroid 

Estradiol 17-B Regulates development of feminine characteristics and the menstrual- Ovaries 

("Estrogen") ovulatory cycle 

Progesterone Works with estrogen to regulate ovulation cycle and pregnancy. Estrogen- Ovaries 

progesterone combinations, or similar agents, are the basis of birth-control pills 

Testosterone Regulates development of male characteristics and reproductive system Testes 

Insulin Regulates utilization of sugar, proteins and fats 
Pancreas (Islets 

of Langerhans ) 

Glucagon Helps to regulate utilization of sugar, antagonizes insulin Pancreas (Islets 

of Langerhans ) 

Parathyroid Regulates calcium metabolism Parathyroid glands 

hormone 

Thyrocalcitonin Helps to regulate calcium metabolism Thyroid 

Adrenalin Stimulates brain and heart rate, mobilizes sugar and fat Adrenal medulla (inner layer 

of adrenal gland) 

Noradrenalin Increases force of heart contraction and constricts arterioles Adrenal medulla 

Releasing factors Individual ones cause release of ACTH, TSH, LH, FSH, prolactin and growth Brain (hypothalamus) 

hormone by pituitary 

Secretin Stimulates pancreas to secrete chemicals needed for digestion of food Lining of part of intestine 

Cholecystokinin Stimulates liver and pancreas to secrete chemicals needed in digestion, lining of part of intestine 

causes gall bladder to empty 

Gastrin Stimulates stomach to secrete hydrochloric acid lining of part of stomach and 

intestine 

MAJOR HORMONES and the glands that secrete them are listed. 

Hormones are the chemical messengers that regulate hody func-

tions. They play a role in the metabolism of sugars, fats and 

proteins, and in growth, sexual development and blood circulation. 
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Inc. 
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cloth $12.95 

Dr. Robert H. Williams 
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authorities (medicine, 
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and infections of the lungs that were at 
best long and grave illnesses can now 
be cured easily and quickly if treated 
properly with antibiotics. 

With the large assortment of antibi­
otics now available the physician must 
apply skill and wisdom in selecting the 
right one or the right combination. The 
selection depends on accurate diagnosis 
of the infection, consideration of the 
toxicity of the drug and the special char­
acteristics of both the illness and the pa­
tient. A major problem with antibiotics, 
as with all useful drugs, is their injudi-

CLASS 

Sulfonamides 
Sulfisoxazole 

Penicillins 
Penicillin·G 

Ampicillin 
Carbenicillin 
Oxacillin 

Cephalosporins 

Aminoglycosides 

Polyenes 

Tetracyclines 

Lincomycins 

Miscellaneous 

DRUG 

Cephaloxin (oral) 
Cephalothin (injected) 

Streptomycin 

Gentamicin 

Amphotericin-B 

Tetracycline 

Clindamycin 

Chloramphenicol 

Isoniazid, ethambutol, 
rifampicin, cycloserine 

Sulfones 

Piperazine citrate 

Bephenium 

Thiabendazole 

Niclosamide 

Chloroquine 

Diiodohydroxyquin 

Emetine 

Metronidazole 

Quinine 

Prionaquine 

cious use. No drug is a substitute for 
good sense. For example, it would be 
foolish to give chloramphenicol, a drug 
that can be lifesaving in typhoid fever 
but that occasionally destroys the bone 
marrow, to a patient with ordinary in­
fluenza. There are more subtle varia­
tions. Some doses of penicillin given be­
fore the offending bacteria are identified 
may render the exact diagnosis difficult 
or impossible to make. The aphorism 
"First give penicillin; if the patient does 
not recover, then examine him" is, alas, 
not always a joke. 

PRESCRIBED FOR 

Infections of the urinary bladder 

Infections due to pneumococcus, 
streptococcus, gonococcus 
and meningococcus, and syphilis 

Infections susceptible to penicillin and also 
some infections resistant to penicillin-G, for 
example penicillin-resistant staphylococci 
or bacilli that inhabit the bowel 

Infections caused by bacilli in 
the bowel or on the skin 

Tuberculosis, plague, tularemia 

Severe infections caused by bacteria 
in the bowel 

Some fungus diseases, for example 
coccidioidomycosis and histoplasmosis 

Typhus, Rocky Mountain spotted fever, 
chancroid, granuloma inguinale, relapsing 
fever, psittacosis, lymphogranuloma venereum, 
atypical pneumonia, undulant fever 

Infections caused by bacilli in the bowel 

Typhoid fever 

Tuberculosis and similar infections 

Leprosy 

Roundworm infestations 

Hookworm 

Roundworm infestations 

Tapeworms 

Some forms of malaria, amoeba or fluke 
infestations 

Amoeba infections 

Amoeba infections 

Amoeba and trichomonas 
infestations 

Some forms of malaria 

Some forms of malaria, trypanosomiasis 
(sleeping sickness) 

ANTIMICROBIAL DRUGS now control many infections that were once leading causes of 

death. Sulfonamides were developed in the 1930's, penicillin in the 1940's. The best use of 

such drugs calls for accurate diagnosis and consideration of the drug's potential toxicity. 
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Periodically a new pain-relieving drug 
is announced with the claim that it is 
nonaddicting. So far no drug significant­
ly more effective than aspirin in relieving 
real pain (as distinguished from anxiety 
or Weltschmerz) has been found that is 
not addicting to some extent, particular­
ly if it is misused. Amphetamines that 
are prescribed for weight reduction or 
for depression also have some addiction 
potential and should be administered 
rarely and with much caution. 

There are dozens of non-narcotic 
agents that affect mood or induce 

sleep, and none of them should be tak­
en without the advice of a physician. 
In some circumstances such drugs are 
helpful in weathering minor emotional 
squalls, and some are used to treat major 
disorders such as schizophrenia. One re­
cent discovery deserves special mention 
because of its specificity. It is lithium 
chloride, a naturally occurring salt that 
tastes like ordinary table salt. At one 
time lithium chloride was used as a salt 
substitute by individuals with high blood 
pressure or heart failure. vVhen taken in 
large doses, it causes mental and nervous 
impairment, but in carefully regulated 
small doses it has no discernible effect 
in mentally normal people. When pa­
tients with manic-depressive psychosis 
are treated with lithium, however, their 
extreme mood swings are brought under 
control [see "Psychiatric Intervention," 
by Leon Eisenberg, page 116). 

Parkinson's disease also produces 
changes in mood as well as physical im­
pairment of the muscles and involuntary 
tremor. Pathologists had long noted that 
a part of the brain called the substantia 
nigra because of its black color was curi­
ously blanched in people with Parkin­
son's disease. All black pigment (mela­
nin) in the body is manufactured from 
the amino acid tyrosine, which is struc­
turally related to substances known to 
affect the transmission of impulses be­
tween nerve cells. From these clues 
George C. Cotzias of the Brookhaven 
National Laboratory developed a way of 
treating Parkinson's disease with a chem­
ical called levodopa, which is derived 
from tyrosine. Epilepsy is another illness 
of the nelVOUS system that usually re­
sponds to chemical treatment. Dilantin, 
phenobarbital and a variety of newer 
drugs are available for the purpose. 
These drugs tend to depress some focus 
in the brain that is periodically overly 
excitable and causes seizures. 

The circulation of the blood is beauti­
fully adjusted to changes in the pOSition 
of the body, to the level of physical ex­
ercise and to all the vicissitudes of man's 
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life and the earth's variable environment. 
A wide variety of drugs that affect the 
circulation of the blood are available. 
The contractions of the heart muscle it­
self can be affected by digitalis, which 
has a strengthening effect in some kinds 
of heart failure but not in the normal 
heart. H part of the heart muscle is too 
irritable (as it sometimes is when its 
blood supply is inadequate), the focus of 

CLASS DRUG 

General anesthetics Diethyl ether 

irritation may cause the heart to beat ir­
regularly or too fast and result in in­
efficient pumping. Quinidine (derived 
from quinine) and other drugs that de­
press the irritability of the heart muscle 
can be prescribed to restore the normal 
rhythm and speed of the heart. 

H the production of red blood cells in 
the bone marrow is inadequate, the re­
sult is anemia; if it is too exuberant, the 

PRESCRIBED FOR 

General anesthesia (inhalation) 

Nitrous oxide ("laughing gas") General anesthesia (inhalation) 

Halothane General anesthesia (inhalation) 

result is polycythemia. Both can be treat­
ed successfully with drugs. The circula­
tion of the blood can also be adversely 
affected when the kidneys do not excrete 
enough salt and water. The result is too 
high a blood volume. Many powerful 
drugs are now available for treating this 
condition. 

The peripheral blood vessels can be­
come overly constricted and cause high 

ADVERSE REACTIONS 

Explosion 

Liver damage 

Thiopental General anesthesia (intravenous) 

Sedatives and hypnotics Chloral hydrate Insomnia May be habit-forming 

Phenobarbital (long-acting) Sedation, epilepsy May be habit-forming 

Diazepam Anxiety, insomnia May be habit-forming 

Anticonvulsants Diphenylhydantoin Epilepsy (grand mal) Psychic disturbances, oversensitivity 
of gums 

Ethosuximide Epilepsy (petit mal) Disturbances of blood 

Amine precursor Levodopa Parkinson's disease 
Involuntary movements, 

Psychic changes 

Analgesics Acetylsalicylic acid (aspirin) Pain, fever, inflammation Bleeding from stomach 

Paracetamol Pain, fever Damage to red blood cells 

Narcotic analgesics Morphine Severe pain Depression of respiration, addiction 

Meperidine Severe pain Depression of respiration, addiction 

Codeine Moderate pain, cough Depression of respiration, addiction 

Methadone Heroin addiction Depression of respiration, addiction 

Narcotic antagonists Nalorphine Narcotic analgesic overdosage 

Stimulants Amphetamine Appetite suppression, treatment Habit-forming 

Caffeine 
of fatigue 

Relief of fatigue 

Acetylcholine Pilocarpine Glaucoma 
antagonists 

Peptic ulcer Acute glaucoma Atropine 

Succinylcholine Muscle relaxation during Prolonged muscular paralysis 
anesthesia 

Edrophonium Myasthenia gravis Slowing of heart 

Norepinephrine Ephedrine Asthma Rapid pulse 

antagonists 
Propranolol Disorders of rhythm of heart Heart failure, acute asthma 

Aldomet High blood pressure Liver damage, anemia, 
mental depression 

DRUGS AFFECTING THE NERVOUS SYSTEM are useful in con· 

trolling a wide variety of ills, including pain, insomnia, fatigue, 

tremor, convulsions and mood disorders. Many drugs act on both 

the central nervous system and the autonomic nervous system. 

Drugs that are antagonists of acetylcholine or of norepinephrine, 

however, tend to act primarily on the autonomic nervous system. 
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Technically intriguing items 
from TRW, guaranteed to add luster to your 

con�ersation and amaze your friends. 

Disarming a Virus You, a teenager with mono­
nucleosis, and an African girl with a cancer called 

Burkitt's lymphoma have one thing in common. Your cells 
very likely contain a "living molecule" called the Epstein­
Barr virus (EBV). But you are in no danger, the teenager 
will recover from a long and exhausting illness, and the 
African child may die. Why? 

Viruses and cancer are frequently associated, but we 
don't know much about their exact relationship. Is can­
cer caused by the virus or by a combination of factors? 
What makes people react differently to the same virus? 

We know that when an organism fights disease it pro­
duces antibodies which travel through its bloodstream 
combining with and deactivating the foreign chemicals, 
called antigens. But antigens are not only viruses or virus 
products. The virus-transformed cells themselves make 
antigens which can cause or contribute to their destruc­
tion. When cells are invaded by EBV, five different anti­
gens may be formed. 

To best study the properties of antigens, we must 
separate them from all the other materials found in cells. 
One way is to use immunoadsorbents, long-chain mole­
cules to which EBV antibodies have been chemically at­
tached. EBV-infected cells are homogenized and the im­
munoadsorbent is immersed in the mixture. The antigens 
cling to the antibodies and when the immunoadsorbent is 
removed, the antigens come with it. The antigens are then 
freed from the immunoadsorbent and concentrated. 

Scientists at the National Cancer Institute hope to iso­
late EBV antigens and those of other cancer-associated 
viruses. These antigens could be used to produce serums 
which would be catalogued and stored in a serum bank. 
Each serum would contain the antibody to one specific 
antigen. 

TRW researcher Dr. Norman Weliky has been per­
fecting the immunoadsorbent technique for the National 
Cancer Institute. His group has prepared a highly puri­
fied serum against a mouse leukemia virus, and is now 
working on EBV-associated antigens. Their work is a 
small but important step toward the solution of the cancer­
virus mystery. 

Boomerang Have you ever considered how many 
hazardous chemicals get into our environment via 

their containers alone? Paint residues left in the cans and 
carted to your local dump add 32,700 pounds of mercury, 
4.4 million pounds of lead, and 1 million pounds of 
chromium to the earth and water each year. And what 
about the packages that held pesticides like dieldrin and 
herbicides like 2,4-D? How do you clean the solvent 
that washed the can that contained the powder that killed 
the bugs that ate the wheat that farmer Jack grew? 

The Environmental Protection Agency realized that we 
don't know enough about hazardous chemicals and their 
disposal. For instance, mankind has been using the oceans 
as an ultimate disposal site for centuries without knowing 
the effects of waste materials on the ocean environment. 

TRW Systems was asked to help. In a year of investi­
gation we have compiled and studied a rouges' �allery 
of over 500 chemicals which are highly toXIC, persIStent, 
extremely flammable or explosive, or radioactive. We 
have also recommended ways of dealing with these eco­
logical menaces, usually by breaking them down com­
pletely or isolating them from the environment. 

Waste can be like a boomerang; you think you've 
thrown it away, but it returns, sometimes with destructive 
force. TRW is working with the EPA to improve waste 
management techniques in the United States. You should 
go to the dump, but the dump shouldn't come back to you. 

For further information, write on your company letter­
head to: 

TRW. 
SYSTEMS GROUP 

Attention: Marketing Communications, E2/9043 
One Space Park Redondo Beach, California 90278 
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Minolta helps you 
visit a private kingdom. 

Become part of a special  world with a camera that doesn't hold you 
back, a camera that lets you concentrate on you r  subject. 

You ' re comfortable with a M i nolta SR-T from the moment you pick it 
up. This is the 35mm reflex camera that lets you concentrate on mood and 
i nsight. Th e viewfi nder gives you all the information needed for correct ex­
posure and focusing. Beca use you never have to look away from the fi nder 
to adjust a Mi nolta SR·T, you're ready to catch the one photograph that 
cou ld never be taken again .  

And when subjects ca ll for a d ifferent perspective, Minelta SR·T cam· 
eras accept a complete system of i nterchangeable lenses, from "fisheye" 
wide a ngle to su per·telephoto. 

A M i nolta SR·T camera could be your passport to anoti)er world . 
For more i nfprmation , see your photo dealer or write Minolta Corpora­

tion , 200 Pa rk Avenue South, New York, N.Y. 10003. In Canada : Anglo-
photo Ltd . ,  P.Q. Minolta SR-T 101 SR-T 102 

When identified by a factory·sealed "M" tag, Mlnotta 35mm reflex cameras are warranted by Minolta 
Corp: against de'ects in workmanship and materials tor two years from dale of purchase, excluding 

. user·inflicted damage. The camera will be serviced at no charge provided it is returned within the war· 
ranty period, postpaid, securely packaged, i ncluding $2.00 for mailing. handling and insurance. 

•• 

blood pressure. In cases of shock the 
blood pressure falls drastically. In recent 
years many new drugs that dilate or 
compress the peripheral blood vessels 
have been developed. 

The clotting of blood is a magnificent­
ly orchestrated process. Occasionally it 
fails because of some inborn error, as in 
hemophilia, or because one of the ele­
ments essential to clotting is missing, 
as when a virus drastically reduces the 
number of platelets (the tiny particles in 
the blood that initiate clotting) or when 
certain individuals have an exaggerated 
sensitivity to some drug that tends to 
prevent clotting (aspirin, for example). 
The clotting process may also go awry in 
the opposite direction. A clot, or throm­
bosis, may form inside a blood vessel and 
cut off the blood supply to some part of 
the body. We are all aware of the high 
toll when the thrombosis occurs in one 
of the arteries supplying the heart mus­
cle (coronary occlusion) or the brain 
(stroke) .  Both bleeding and thrombosis 
can often be controlled by drugs or by 
injection of certain concentrated blood 
components . 

From even a cursory review of the pres-
ent means of intervening in the chem­

istry of the body several salient impres­
sions emerge. The body chemistry is 
exceedingly complex and usually does 
not call for intelvention. If it does re­
quire intervention, the less the better. 
No drug, however helpful, is totally lack­
ing in risk for the person who receives it. 
Since chemical intervention is a two­
edged sword, there is not much to pro­
tect the individual patient except the ex­
perience and judgment of his physician. 
Guardians of public health, such as the 
Food and Drug Administration, can un­
der the best conditions pass on the gen­
eral value of any specific drug. A chem­
ical that can save the life of one patient, 
however, may hasten the death of anoth­
er. Cortisone helps to sustain good health 
in patients who would otherwise die 
from destruction of the adrenal glands 
(Addison's disease), but Addison's dis­
ease can be confused with many other 
illnesses that are made worse by corti­
sone. In fact, more cortisone than the in­
dividual needs can cause serious illness.  
Some drugs are well tolerated by the 
large majority of people but cause grave 
illness in the few who have an inborn 
susceptibility to the substance. Thus 
when regulatory agencies approve a 
drug, they make possible use, abuse and 
misuse. It is impossible to have foolproof 
safeguards. If such agencies regulate too 
stringently, they are likely to cripple 
medical progress. 
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We want our 
products to be used as 
medicine. . . 
"Drugs".  

The very word has 
become loaded with 
implications and 
meanings : social,  
legal,  medical, 
philosophical. 

Our area of 
special knowledge 
is medicine .  And 
we intend our drugs 
to be used as 
medicine . 

Prescribed by a physician, 
dispensed by a pharmacist, 
taken as directed.  

But it would be short 
sighted and simplistic to 
stop there . Drug abuse is 
a severe national problem. 
Rooted deep in the fabric of 
our lives .  

ean-

We don't  think the answer lie 
in shifting the responsibility to 
the social scientists or the 
lawmakers or the physicians. The 
answer is for all of us to make a 

massive effort . good medicine .  
Cooperatively . 

Send for our free booklet. " 'YhcJl Ir ConIes to Rx Medicines There A re A LOl o/Questions 
YOli Should Ask. .. 1t" 1 1  give you a lot ofHnswers. Wri te to The Pharmacelllical Mallu!acftlrers 

Asso('iation, Dept. SC9, 1 155 Fifteenth St., N. W, Washington, D. C. 20005. 
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�e�cal School usually 
takes four years. But at The 
Ohio State University, a class 
recendy finished in three years. 
Sixteen of the graduates were 
part of an innovative program 
of self-paced education, which 
includes use of a computer. 

In 1970, Ohio State University 
instituted a new idea in medical 
education called the "Independent 
Study Program: '  

As a significant part of  their 
curriculum, which included regular 
laboratory work and patient care , 
students in this program worked 
with a computer for an hour or more 
each week. 

They sat at terminals 
and held question-and-answer 
dialogues with the computer. The 
computer tested comprehension, 
gave tutorial help, suggested new 
areas for study. 

In effect, it functioned like a 
private instructor. And each student 
advanced at the most productive , 
most rewarding pace for the 
individual . 

The result? The medical stu­
dents in Ohio State's first Indepen­
dent Study Program have now 
graduated. They passed the same 

tests, met the same stringent re­
quirements as the rest of their class . 

Only each of them did it at his 
or her own rate. While most of the 
graduates so far have finished in 
three years , experience has shown 
that some students can finish in as 
little as two and a half years . 

There was another result, too . 
In learning with the computer, the 
students learned about the com­
puter; its language , limitation , 
possibilities. 

Since computers are becoming 
important tools for doctors in many 
areas , this experience was in itself 
excellent training for modem 
medical practice . 

The U . S .  has a need for more 
doctors . It also has a need for 
doctors who can meet the demands 
of today's increasingly technical , 
increasingly complex medicine .  

Ohio State's program, which 
has now been expanded to include 
sixty -four students out of each 
entering class , is an important step 
toward meeting those 
needs . W:e're pleased IBM to be takmg part. 

© 1973 SCIENTIFIC AMERICAN, INC



© 1973 SCIENTIFIC AMERICAN, INC



Psychiatric Intervention 

Although enduring remedies for mental disorders are elusive, 

psychoactive drugs and community treatment programs have 

markedly reduced the number of people in mental hospitals 

T
he course and outcome of the ma­
jor mental disorders of man have 
been profoundly altered by the ad­

vent of drug treatment and by changes 
in the methods of delivering health care. 
These gains have been made in spite of 
our continuing ignorance of the basic 
causes and mechanisms of mental dis­
orders. The remarkable efficacy of 
chemotherapy has provided a major spur 
to basic research into the biochemical 
and genetic mechanisms underlying psy­
chiatric illness, and recent discoveries 
hold great promise for new and better 
means of diminishing the misery asso­
ciated with disorders of the mind. The 
potential power of this developing "psy­
chotechnology" is, however, creating 
concern about unwarranted intrusions 
into personal privacy and individual 
rights. 

Even though large gains have been 
made, there remain major areas that 
await the impetus of new ideas and bet­
ter methods. Psychotherapy (the psycho­
logical treatment of mental disorders)' 
has many sources, but in the U. S. it took 
root in the soil provided by psychoanaly­
sis. Whatever its future evolution, dy­
namic psychotherapy has had a powerful 
humanizing influence on medicine. It re­
quires the physician to listen and to try 
to understand the patient rather than 
merely to categorize his foibles while re­
maining indifferent to his suffering. 

The majority of patients with neuroses 

by Leon Eisenberg 

(disorders characterized by anxiety or 
psychic defenses that seek to ward off 
anxiety) describe themselves as being 
improved after psychotherapy. The 
symptomatic changes, however, appear 
to be nonspecific. Similar rates of im­
provement are found following treat­
ments based on theories in complete con­
tradiction to one another, and sometimes 
following the mere anticipation of treat­
ment. 

Psychoanalysis has undergone many 
changes since Freud's original formu­
lations. Its theories, however, rest on ar­
gument, in the philosophical sense, rath­
er than on evidence that meets the can­
ons of science. Behavior therapy (based 
on conditioning theory) has shaken psy­
chiatric traditionalism. Its usefulness for 
particular symptoms such as phobias 
would now be acknowledged by most 
psychiatrists, but its more general appli­
cability remains to be demonstrated. 
Family-therapy methods have adminis­
tered another jolt to conventional psy­
chiatric thought. Its practitioners refor­
mulate the problem from one "in" the 
patient to one "between" the patient and 
his family. The designated patient may 
merely be the scapegoat. The illness to 
be treated lies in distorted interpersonal 
relationships in the family. These con­
cepts have broadened the psychiatrist's 
frame of reference. Family therapy, 
however, has spread more as a messianic 
movement and not because of convinc-

"THE SCREAM" (opposite page), painted by Edvard Munch in 1893, captures the sen· 

sation of near-psychotic fear and despair. The original experience is described in Munch's 

diary: "I was walking along with two friends. Then the sun set _ .. and melancholy over· 

came me. My friends went on, I stood alone, trembling with fright. 1 felt as if a great 

scream was going through nature." Psychiatrists have long been interested by the degree to 

which an artist's work reflects his personality, and Munch's works have been a popular sub­

ject of such studies. After completing the painting, Munch himself wrote: "Only some­

one insane could paint this!" The painting now hangs in the National Gallery in Oslo. 

ing evidence from well-designed thera­
peutic trials. 

Whether the psychological treatment 
of neurotic patients is an exclusive medi­
cal specialty is dubious. Such studies as 
we have provide no evidence that psy­
chiatrists are no more effective therapists 
than psychologists, social workers and 
counselors. Therefore in this article I 
concentrate on the major responsibility 
of psychiatry: the care and treatment of 
serious mental illness. It must be empha­
sized, however, that psychological judg­
ment and personal sensitivity are indis­
pensable to the effective function of the 
psychiatrist as a physician. 

The severe mental disorders we have 
learned to deal with more effectively are 
the psychoses, the most prominent of 
which are schizophrenia and manic-de­
pressive psychosis. Psychoses are severe 
disorders characterized by profound and 
pervasive alterations of mood, disorgani­
zation of thought and withdrawal from 
social interactions into fantasy. Schizo­
phrenia is a psychosis with disturbances 
in the evaluation of reality and in con­
ceptual thinking that are often accom­
panied by hallucinations and delusions. 
It usually becomes manifest in late ado­
lescence or young adulthood. Manic-de­
pressive psychosis is marked by severe 
disturbances in mood that are self-lim­
ited in time but are recurrent and fre­
quently cyclic. Mania is manifested by 
psychic elation, increased motor activity, 
rapid speech and the quick flight of 
ideas. The stigmata of depression are 
melancholia, the slowing of thought, un­
usual thought content (for example over­
whelming guilt over imagined transgres­
sions and delusions of rotting away), 
motor retardation, sleep disturbances 
and preoccupation with bodily com­
plaints. 

The most obvious indicator of the ex-
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tent of the recent change in psychiatric 
practices is evident in the number of resi­
dent patients in the state and county 
mental hospitals of the U.S. [see illus­
tration on page 120]. The number of pa­
tients peaked at about 560,000 in 1955. 
Over the preceding decade the number 
of patients had increased at the rate of 3 
percent per year, almost twice the rate 
of growth of the population. Then the 
trend reversed sharply. The resident 
state and county mental-hospital popu­
lation fell to 276,000 by 1972, in spite 
of general population growth and in­
creased rates for both first admissions 
and readmissions. From 1962 to 1969 
first-admission rates rose from 130,000 
to 164,000 and readmission rates from 
150,000 to 216,000 as the number of 

resident patients fell from 516,000 to 
370,000. These figures reflect the dra­
matic decline in the average length of 
stay. 

Although these data convey an over­
all picture of national trends, they fail 
to portray the extent of change in some 
areas. At present California has only 
some 5,400 patients in its state hospitals, 
a reduction of 80 percent since 1961, 
and it plans to eliminate all state-hospital 
beds for mental patients by 1977. Lest 
this be mistaken for the elimination of 
mental illness in California, or even the 
elimination of inpatient care as it mode 
of treatment, it should be noted that the 
state plan projects the transfer of care 
of mental patients to the counties. Cali­
fornia counties now operate, in more or 

less adequate fashion, programs for the 
mentally ill, including psychiatric in­
patient units in general hospitals and 
beds in nursing homes. 

The total number of patient-care epi-
sodes (inpatient plus outpatient) in 

the U.S. increased from 1,675,000 in 
] 955 to 4,038,000 in 1971. In that peri­
od the number of inpatient episodes rose 
from 1,296,000 to 1,721,000, and the 
number of outpatient episodes zoomed 
from 379,000 to 2,317,000. Placed in re­
lation to population growth, inpatient 
episodes per 100,000 population rose 
marginally from 799 to 847, whereas 
outpatient episodes increased from 234 
to 1,134. The locus of care has shifted 
from the isolated and neglected wards of 

MENT AL HOSPITALS built during the past 100 years initially 

were an enlightened attempt to provide professional, institutional· 

ized treatment for the mentally ill. Insufficient funding and public 

neglect, however, turned many of these hospitals into prison· 

like institutions, with badly deteriorated facilities. This building 

at St. Elizabeth's Hospital in Washington is no longer in use. 
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the state hospital to newly created but 
not always adequate facilities in the 
community. There is growing evidence 
that some of the former hospital patients 
are not cared for by anyone; they live 
in single-room-occupancy units, kinless 
and friendless, subsisting marginally on 
welfare allotments. Given what most 
state mental hospitals once were and 
what many still are, most patients are 
better off out of them than in them. This, 
however, does not excuse our failure to 
provide for the patients lost in the shuf­
fle from one pattern of care to another. 

The net change in patient treatment 
has been enormous, with the number of 
patients in state and county mental hos­
pitals reduced by half, with the great 
majority of patients spending less time in 

the hospital for a given episode of illness 
and with far fewer of those admitted 
being condemned to an endless hospital 
stay. What factors account for these dra­
matic changes? Although a complete 
explanation is lacking, two important 
transformations in psychiatric care have 
played the major roles. They are the re­
discovery of the principles of moral (that 
is, humane) treatment and the develop­
ment of effective psychotropic drugs. 

Responding to the humanistic ideas of 
the revolutionary era of the 18th 

century, Vincenzo Chiarugi of Italy, 
Philippe Pinel of France and William 
Tuke of England pioneered in the recog­
nition that the way mental patients are 
treated affects the way they behave. 

Chiarugi wrote into the regulations of 
the Bonifacio hospital in Florence in 
1788 the statement: "It is a supreme 
moral duty and medical obligation to re­
spect the insane person as an individual." 
The famous engraving of Pinel striking 
the chains from the insane at the Bicetre 
(an accomplishment he modestly cred­
ited to his nonmedical hospital governor, 
Jean-Baptiste Pussin) symbolizes, if it 
also mythologizes, his accomplishment. 
In Pinel's words: "In lunatic hospitals, as 
in despotic governments, it is no doubt 
possible to maintain, by unlimited con­
finement and barbarous treatment, the 
appearance of order and loyalty. The 
stillness of the grave and the silence of 
death, however, are not to be expected 
in a residence consecrated for the re-

COMMUNITY MENTAL-HEALTH CENTERS have been estab­

lished in the past few years throughout the U.S. with funding sup­

port from the National Institute of Mental Health. It is expected 

that in the future the centers will obtain their operatin g funds 

from state and local sources. Typical of the new community centers 

is the one at Dumont, N. J., where this photograph was taken. 
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ception of madmen. A degree of liberty, 
sufficient to maintain order, dictated not 
by weak but enlightened humanity and 
calculated to spread a few charms over 
the unhappy existence of maniacs, con­
tributes in most instances to diminish 
the violence of symptoms and in some to 
remove the complaint altogether." 

In England, Tuke and the Society of 
Friends founded The Retreat at York. 
They chose the name to suggest "a quiet 
haven in which the shattered bark might 
find the means of reparation or of safe­
ty." Samuel Tuke, grandson of the 
founder, wrote in a description of the 
moral treatment of the insane: "If it be 
true,.that oppression makes a wise man 
mad, is it to be supposed that stripes, and 
insults, and injuries, for which the re­
ceiver knows no cause, are calculated to 
make a madman wise? Or would they 
not exasperate his disease, and excite 
his resentment?" 

These quotations convey the extent to 
which convictions about the centrality of 
human liberty gave rise to a therapeu­
tic philosophy that came to replace con­
finement and punishment. Succeeding 
waves of neglect, reform and neglect of 
institutional patient treatment led a cen­
tury and a half later to state mental hos­
pitals that were unmanageably large, 
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poorly staffed and grossly underfunded. 
These self-contained worlds became 
dedicated to self-perpetuation rather 
than to the patients to whom they were 
ostensibly dedicated. 

In the late 1940's and early 1950's 
there were two significant developments. 
First, sociologists began to examine the 
nature of mental institutions and the in­
teractions of patients and staff as these 
influenced the behavior of the patient. 
Second, innovative hospital superintend­
ents, first in Britain and then in the U. S. , 
opened locked doors, introduced a mea­
sure of patient self-government and re­
established bonds with the surrounding 
community. It soon became evident that 
the apparently deteriorated behavior of 
chronic mental patients was not a simple 
result of the mental disorder that had led 
to admission but of what has been 
termed the social-breakdown syndrome, 
that is, the alienation and dehumaniza­
tion produced by the "total institution" 
the mental hospital had become. With a 
reconceptualization of the hospital as a 
therapeutic community (the new name 
for moral treatment), many of the chron­
ic inpatients were able to be returned to 
the community, even after years of con­
tinuous hospitalization, and far fewer 
first admissions became chronic. 
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NUMBER OF RESIDENT PATIENTS at year-end in state and county mental hospitals is 
shown for the period 1950 to 1972. The resident mental-patient population peaked in 1955. 

The data were provided by the Biometry Branch of the National Institute of Mental Health. 
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The reversal of the continuous growth 
of the inpatient population began with 
the reordering of the institutional en­
vironment, the development of commu­
nity-care alternatives, changes in ad­
ministrative policy favoring early dis­
charge, and hard-won battles for com­
munity acceptance of the mentally ill. 
Although the first decrease of the in­
patient population preceded the large­
scale introduction of drug treatment, the 
continued and much higher rate of 
change would not have been possible 
unless effective chemotherapeutic means 
of managing acute psychotic disorders 
had become available at the same time. 

T he history of psychopharmacology 
can readily be made to fit Horace 

Walpole's parable of the "Three Princes 
of Serendip," but it may be more instruc­
tive to recall Louis Pasteur's aphorism 
that chance favors the prepared mind. 
Chlorpromazine, the prime example of 
the new psychotherapeutic drugs, re­
sulted from efforts to synthesize a more 
effective antihistamine. In 1949 Henri­
Marie Laborit of France used chlorprom­
azine to produce a "hibernation syn­
drome" in patients undergoing pro­
longed surgery, and he noticed that a 
side effect was a striking indifference to 
environmental stimuli. Then in 1952 
Jean Delay and Pierre DenikeI' of France 
discovered the drug's re�arkable effec­
tiveness in aborting acute psychotic epi­
sodes, both in schizophrenia and in the 
manic phase of manic-depressive disor­
ders. The confirmation of chlorproma­
zine's quite extraordinary value by con­
trolled clinical trials led to its wide­
spread use throughout the world and to 
an organized search for related families 
of compounds, a search that required 
close interaction of organic chemists, 
pharmacologists and clinicians. New 
classes of drugs now termed major tran­
quilizers or neuroleptics were discov­
ered. 

In spite of the similarity of these drugs 
in pharmacologic properties, they vary 
in chemical structure, milligram-for-mil­
ligram potency, in frequency of side ef­
fects and in their utility for the treatment 
of clinical subtypes within the schizo­
phrenic spectrum. (For example, trifluo­
perazine is thought to be more useful for 
the inhibited schizophrenic and chlor­
promazine for the overactive schizo­
phrenic.) Extensive clinical research has 
documented the effectiveness of the phe­
nothiazine class of drugs (which includes 
chlorpromazine and trifluoperazine) in 
terminating an episode of schizophrenia. 
The natural history of the disorder, how-
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ever, indicates a substantial risk of re­
currence and little residue of benefit 
from prior treatment. Studies of main­
tenance therapy, when the patient is 
willing and able to take an appropriate 
drug over a long period of time, indicate 
a definite attenuation in the rate of sub­
sequent attacks. Unfortunately unpleas­
ant side effects (sedation and symptoms 
resembling Parkinson's disease) are a 
problem for some patients and serious 
toxicity (persistent rhythmical, involun­
tary movements of tongue and face, 
abnormal pigmentation, low white-cell 
count and jaundice) afflicts a substantial 
minority. 

Ayurvedic medicine in India had for 
thousands of years made use of the 
snakeroot plant, Rauwolfia serpentina, 
for its sedative properties. When rauwol­
fia was introduced as an antihyperten­
sive agent in the late 1940's and early 
1950's, its active principle, reserpine, was 
identified. One serious side effect was 
the production of severe depression in 
some patients. The introduction of reser­
pine into psychiatry led to the discov­
ery of the drug's effectiveness in abort­
ing acute psychotic episodes in schizo­
phrenia. Once widely used, reserpine has 
been replaced by the phenothiazines be­
cause of the greater frequency of reser­
pine's serious side effects. It continues, 
however, to play an important role in 
the experimental pharmacology of the 
psychoses. 

In the same year that chlorpromazine 
was introduced into psychiatry alert 
clinicians treating tuberculosis with 
iproniazid noted that many of their pa­
tients displayed a marked euphoria well 
before there was any major improvement 
in their pulmonary disease. Subsequent 
trials in depressed patients established 
the power of this agent in relieving de­
pression. It was also discovered that 
iproniazid acted to inhibit the enzyme 
monamine oxidase. (Monamines, such as 
serotonin, norepinephrine and dopa­
mine, are believed to act as chemical 
transmitters between nerve cells in the 
brain.) At about the same time organic 
chemists synthesized the drug imipra­
mine by replacing the sulfur atom in the 
phenothiazine structure with a dimethyl 
bridge, thereby changing a six-member 
ring into a seven-member ring. Tests 
with animals had suggested that imipra­
mine should have properties similar to 
the parent compound, but the drug 
proved relatively ineffective in schizo­
phrenics. 

In 1957, however, R. Kuhn of Switz­
erland, observing that depressed schizo­
phrenics did seem to show some im-
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The rate of outpatient care has doubled since 1965, and accounts for nearly all the increase 
in the total patient-care rate. The inpatient·care rate has held steady for more than a decade. 

provement on being given imipramine, 
demonstrated that patients suffering 
from psychotic depression displayed 
marked improvement. Imipramine was 
the prototype of the tricyclic antidepres­
sants. The chemical structures of these 
two classes of antidepressants-the mon­
amine oxidase inhibitors and the tri­
cyclics-are quite different [see illustra­
tion on next page]. The drugs are effec­
tive in the management of from 70 to 80 
percent of depressive episodes and have 
much reduced the reliance on electro­
convulsive therapy, which was once the 
only known effective treatment for de­
pressive illness. In Australia J. F. J. Cade 
was pursuing the hypothesis that mania 
was the result of a toxic state that he 
sought to detect by searching for meta­
bolic products in the urine. Having em­
ployed lithium because of the solubility 
of its urate salt, he noted that the lithium 
given to laboratory animals acted as a 
sedative. He then used it in clinical trials 
that indicated the element could control 
mania. Cade's lead was ignored for more 
than a decade because of concern about 
lithium toxicity, which had become dis­
turbingly evident when its salts were im­
prudently administered in high doses as 
a substitute for sodium in the treatment 
of hypertension. With proper attention 

to dosage and careful monitoring of lev­
els in the blood serum, lithium has now 
been shown to be a safe agent for the 
treatment of mania, although it is not as 
prompt in its action as chlorpromazine. 
The most exciting development has been 
the demonstration by the Danish group 
headed by Mogens Schou that lithium is 
an effective prophylactic agent against 
the recurrence of psychotic episodes in 
patients with manic-depressive disease. 
For the first time we have an agent with 
acceptably low levels of toxicity (under 
close medical supervision), low cost and 
ease of administration that prevents to a 
significant degree the otherwise inevita­
ble recurrent attacks of a major psy­
chosis. 

Studies of the biochemistry of the 
brain, which were stimulated in large 

part by the desire to understand how 
the psychoactive drugs worked, indicate 
that selective errors in the metabolism 
of the monamines in specific areas of the 
brain may be the pathophysiological ba­
sis for psychotic disorders. Chemical and 
histological studies indicate that these 
substances are located in certain nerve 
cells and the ends of their long fibers. 
The biogenic amines (including sero­
tonin, norepinephrine and dopamine) 
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most likely function in specific regions of 
the central nervous system as chemical 
transmitters between nerve cells or as 
modulators of transmission by other sub­
stances (such as acetylcholine). 

There appears to be a close relation 
between the effects of the psychoactive 
drugs on monamine levels and on affec­
tive and behavioral states. Drugs that re­
sult in an inactivation and depletion of 

norepinephrine in the brain (such as 
reserpine and lithium) produce sedation 
and depression. Drugs such as imipra­
mine, together with monamine oxidase 
inhibitors that increase or potentiate 
norepinephrine, are associated with be­
havioral stimulation and usually have an 
antidepressant effect in man. Therefore 
abnormally high or low levels of nor­
epinephrine in functionally specialized 

NAME MOLECULAR STRUCTURE 

NEUROLEPTICS 

PHENOTH IAZINES 

TRIFLUOPERAZINE 

RAUWOLFIA 

ANTIDEPRESSANTS 

TRICYCLICS 

MONAMINE 
OXIDASE INHIBITORS 

� '�'M'D' 

'"eN""" � 
PROPHYLACTIC AGENT 

LITHIUM CARBONATE 

areas of the brain may be responsible for 
at least some types of elation and de­
pression. 

There is growing evidence that the 
metabolic substance cyclic AMP medi­
ates some of the effects of norepi­
nephrine and dopamine in the brain. For 
example, in the brain structure called 
the caudate nucleus dopamine stimu­
lates the activity of adenylate cyclase, 

PRESCRIBED FOR 

SCHIZOPHRENIA, 
MANIA 

SCHIZOPHRENIA, 
MANIA 

SCHIZOPHRENIA, 
MANIA 

DEPRESSION 

DEPRESSION 

DEPRESSION 

DEPRESSION 

MANIA, PREVENTION 

OF RECURRENCE OF 

MANIC·DEPRESSIVE 

DISORDERS 

TYPICAL DA ILY 
ORA L DOSE 

400 - 800 
MILLIGRAMS 

15- 40 
MILLIGRAMS 

4 -10 
MILLIGRAMS 

100 - 300 
MILLIGRAMS 

20 - 100 
MILLIGRAMS 

50 - 200 
MILLIGRAMS 

20- 60 
M ILLIGRAMS 

900 - 1,500 
MILLIGRAMS 

o OXYGEN 

• CARBON 

• LITHIUM 

o CHLORINE 
MAJOR CLASSES OF DRUGS prescribed for 
the treatment of schizophrenia or manic.depres· 

sive disorders are listed along with representative 
examples of each class. In addition the chemical 

o HYDROGEN 0 FLUORINE 

o NITROGEN <;) SULFUR 
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the enzyme that catalyzes the synthesis 
of cyclic AMP from adenosine triphos­
phate. Cyclic AMP is present in large 
concentrations in the central nervous sys­
tem and is known to be important in the 
induction of enzymes and the synthesis 
of other proteins. Recent experiments 
have indicated that protein synthesis 
may play an important role in long�term 
memory. When chemicals that inhibit 

SIDE EFFECTS 

DROWSINESS, HYPOTENSION, EXTRAPYRAMIDAL 

SYMPTOMS (MASKLIKE FACE, RIGIDITY, 

TREMOR), WEIGHT INCREASE, ALLERGIC 

REACTIONS IN LIVER, SKIN AND BLOOD 

NASAL STUFFINESS, NAUSEA, DIARRHEA, 

WORSENING OF PEPTIC ULCER, DEPRESSION 

HYPOTENSION, DRY MOUTH, BLURRED VISION, 

URINARY RETENTION, DROWSINESS, 

INCREASED INTRAOCULAR PRESSURE 

HYPOTENSION, DROWSINESS, HYPERTENSIVE 

CRISES AFTER INGESTION OF FOOD WITH 

TYRAMINE (SUCH AS AGED CHEESE) 

TREMOR, NAUSEA, WEAKNESS, GASTRIC 

DISCOMFORT, GOITER 

structure, typical range of dosage and pri. 
mary side effects are given for each example. 

protein synthesis are injected into the 
brain of an experimental animal, the 
formation of long-term memories is sup­
pressed, Drugs that release or enhance 
norepinephrine in the brain counteract 
this suppression, These findings, made 
by Seymour S, Kety of the Harvard 
Medical School, support a tentative mod­
el of memory in which protein synthesis 
stimulated by the release of norepi­
nephrine serves as the biochemical basis 
for the consolidation of learning. Al­
though there are no completely adequate 
theories to account for the correlation 
between biochemical change, nerve-cell 
activity and behavior, the exciting pace 
of interchange between clinical studies 
and laboratory investigations promises 
major gains in our understanding of the 
fundamental mechanisms. 

Evidence has been accumulating that 
points toward a genetic basis for schizo­
phrenia and for manic-depressive dis­
orders. The risk of schizophrenia for a 
child with one schizophrenic parent is 
about 10 times greater than it is in the 
general population, and the risk for a 
child with two schizophrenic parents is 
about 40 times greater. This empirical 
finding can be explained on either a 
genetic basis or an environmental one. 
Research on twins, however, has shown 
that schizophrenia in both twins is much 
commoner (with a range of 35 to 70 per­
cent) in monozygotic (identical) pairs 
than it is (with a range of 10 to 26 per­
cent) in dizygotic (fraternal) pairs. 

A continuing American-Danish study 
conducted by Kety, D. Rosenthal, P. H. 
Wender and F. Schulsinger has provided 
independent evidence for a hereditary 
basis for schizophrenia. They have been 
studying people who as children were 
adopted and as adults became schizo­
phrenic. A comparison of the prevalence. 
of schizophrenia among the biological 
relatives of such people and among the 
adopting families makes it possible to 
separate the genetic component from 
the environmental one. The investigators 
have found more instances of schizo­
phrenia and related disorders in biologi­
cal relatives than in the adopting fami­
lies, which offers strong support for ge­
netic (although not Mendelian) trans­
mission. 

The emergence of these mental disor­
ders probably requires a predisposition 
involving more than one gene (poly­
genic transmission) and still unspecified 
environmental precipitants. Studies of 
manic-depressive disorders in families 
indicate the need to differentiate bipolar 
disorders (with both manic and depres­
sive episodes) from unipolar ones (with 

only depressive episodes). The preva­
lence of such disorders in the parents 
and extended family of bipolar patients 
is significantly greater than it is in the 
families of unipolar patients. The rates 
for families in both groups, however, 
are higher than they are for the general 
population. 

Psychiatry, like the representation of 
the Roman god Janus, has two faces, one 
represented by treatment at the psycho­
social level and the other by treatment 
at the pharmacologic level. The two 
forms of treatment often act to reinforce 
each other. Yet on the one hand the re­
sponsiveness of psychotic states to fac­
tors in the social environment has been 
taken to support contemporary views 
that mental illness is a "myth" arising 
from labels applied by psychiatrists in 
order to rationalize the segregation of 
people who exhibit disturbing (rather 
than disturbed) behavior. On the other, 
the power of psychotherapeutic drugs 
has been used to support a vulgarized 
medical model that views psychoses as 
nothing more than biochemical derange­
ments to be corrected by a realignment 
of the biochemical machinery. Neither 
conclusion is warranted. The fundamen­
tal task of psychiatry is to understand be­
havior that results from interaction of 
stimulus (environmental) conditions and 
the response (psychobiological) capaci­
ties of the organism, capacities that re­
flect the organism's genetic endowment 
as well as its history (experience). 

The notion that psychiatrists create 
insanity simply by labeling objec­

tionable people as being insane has a 
certain charm. It implies that we can 
legislate mental illnesses out of existence 
by abolishing the myth that they are real. 
However, either this myth in one form or 
another has mysteriously proved to be 
necessary in every society or mental ill­
nesses are in fact endemic in every pop­
ulation known to us. Studies of the life­
time expectancy for schizophrenia in 
Switzerland, Iceland and Japan reveal 
rates that vary only slightly: from .73 
percent to 1.23 percent. The modal fig­
ure for all nations reporting is 1:!:: .2 
percent. 

Some have argued that the frantic 
pace of industrialization increases psy­
chotic behavior. H. Goldhammer and 
A. W. Marshall of the Rand Corporation 
compared the hospital rates for the psy­
choses of early and middle adult life in 
Massachusetts from 1840 to 1940. They 
found no substantial change. 

The major psychoses are identifiable 
in preindustrial societies, although the 
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local terms for them and the theories on 
which the terms are based differ sharply 
from our own. Both psychiatrists with 
Western training and native healers 
nonetheless identify a person with a psy­
chosis as being abnormal. Mental dis­
orders are identifiable even when the in­
digenous language has no verbal label 
for them and even when they are not de­
fined as illness, as in senility. The signs 
and symptoms of mental deterioration 
are known to the community, but they 
are ascribed to the natural course of ag­
ing. The absence of the label does not 
abolish the behavior, but it does reflect 
a difference in social management; the 
patient's family, rather than some other 
community institution, assumes the bur­
den of the affected person's care and 
protection. 

Whatever the cause of a psychotic dis­
order, be it biological or psychogenic, 
the mental content of the psychosis must 
reflect the input to the mind and how 
that input is refracted by the mind's 
history and functional state. A patient 

DOPAMINE 

NOREPINEPHRINE 

SEROTONIN 

• CARBON o OXYGEN 

o HYDROGEN o NITROGEN 

THREE CHEMICAL SUBSTANCES found 
at the ends of certain nerve fibers in the 

brain are depicted. The substances are 
thought to be involved in the transmission 
of signals between nerve cells. Drugs such as 
reserpine and lithium that deplete norepi· 

nephrine produce sedation and depression. 
Imipramine, which acts to potentiate nor­
epinephrine, has an antidepressant effect. 
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suffering from a psychosis secondary to 
drug intoxication can only verbalize his 
hallucinations in the language he knows; 
he employs the images of his culture in 
expressing his terror. A schizophrenic 
with delusions of grandeur will think 
himself Jesus in one society and Moham­
med in another. This does not say that 
the delusions were caused by the society 
but rather that the metaphors for gran­
deur are social in their origin. Moreover, 
if the psychotic abandons his insistence 
on being the deity in response to sympa­
thy and support, that in itself does not 
tell us anything about the pathogenesis 
of the autistic thought. 

Whether the patient is wildly delu­
sional or rigidly catatonic, he remains a 
person in need of human satisfactions 
and he is always responsive to cues in 
his environment. Physicians quite regu­
larly observe that the perceived pain of 
cancer, the visible tremor of neurologi­
cal disease, the symptomatic malfunc­
tion of the lungs in emphysema increase 
or decrease in response to social transac­
tions, which have awesome power to 
diminish or augment stress. The capacity 
of sedatives to diminish anxiety by 
damping physiological oscillations does 
not deny that the source of the anxiety 
lies in a psychological threat to personal 
esteem. The signs and symptoms of dis­
ordered function are a result of the state 
of the organism and the psychobiological 
forces acting on it. 

The interactions among drug effects, 
psychobiological state and social setting 
indicate the complexity of the deter­
minants of human behavior. Ampheta­
mines, which for most of us are stimu­
lants and euphoriants, are almost total­
ly ineffective in the treatment of psy­
chotic depression. Tricyclics, in spite of 
their potency in relieving depressed pa­
tients, produce nothing more than seda­
tion and unpleasant side effects (dry 
mouth, blurring of vision and the like) 
in normal people. Lithium, which limits 
the swings of mood in manic-depres­
sives, is without detectable effects in nor­
mal volunteers. An acutely psychotic pa­
tient may require for therapeutic benefit 
an amount of chlorpromazine capable of 
producing coma in a normal person. The 
perception of side effects, such as the 
dry mouth a patient has been warned to 
expect, may convince him of the potency 
and predictability of the drug and en­
hance favorable outcomes. For others a 
side effect such as sedation may arouse 
fears of losing self-control and result in 
refusal to continue treatment. 

Social context affects a person's sub­
jective response to drugs. Hallucinogens 

evoke different experiences when they 
are given as a hallowed act in a religious 
ceremony, when they are part of a care­
fully monitored laboratory experiment or 
when they are taken in the search for 
"expanded consciousness." The effect 
depends on what the seeker expects and 
on whether he is alone or with others 
(the set and setting). Epinephrine (ad­
renaline) has been shown to produce ir­
ritation and anger when it is injected 
into a volunteer who does not know what 
he is receiving and is then exposed to a 
provocative and unpleasant situation. It 
generates feelings of well-being when it 
is injected into a person who is then ex­
posed to a situation that is cheerful and 
humorous. 

What transforms a troubled person 
into a patient (someone identified by 
himself, or his community, and a physi­
cian as being sick) is a complex social 
process influenced by cultural attitudes, 
medical knowledge and the availability 
of treatment facilities. It has long been 
observed that proximity to a state mental 
hospital, belief in the efficacy of psychi­
atric treatment and administrative policy 
facilitating easy access all lead to high­
er admission rates. Conversely, shame 
about mental illness, guilt about its cause 
and fear of long-term confinement are 
deterrents to acknowledging the need 
for help. Neither set of factors alters the 
actual prevalence of mental disorder, but 
they have a marked influence on the 
cases officially tabulated. Community­
wide surveys always find disturbed in­
dividuals who are maintaining a margin­
al social existence; they indicate that 
statistics based only on hospital and clin­
ic records underestimate the actual prev­
alence of mental disorders in the general 
population. A person is as likely to seek 
psychiatric help because of a family cri­
sis, an economic misfortune or a chance 
encounter with a public agency as be­
cause of the nature of his disorder. Thus 
single, divorced, widowed or otherwise 
isolated persons are more likely to be 
hospitalized than those with family sup­
port. Life stress as a precipitant of per­
ceived illness and prolonged hospitaliza­
tion is a phenomenon of medical and 
surgical, as well as mental, illnesses. 

W ith medical progress disorders once 
crudely lumped together as insanity 

have been separated into discrete enti­
ties. One type of insanity, a dementia 
accompanied by general paralYSiS, is 
now known to be the result of pathologi­
cal changes in the central nervous sys­
tem caused by the spirochete of syphilis; 
it can be prevented by the effective 
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agents to keep tires from sticking to 
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problems that reduce production, in­
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treatment of primary syphilis. The com­
plex of mental disturbances associated 
with pellagra was shown to be the result 
of a dietalY deficiency of B-complex vi­
tamins (tryptophan, nicotinic acid and 
pyridoxine). Similar disturbances in the 
absence of dietary inadequacy have now 
been shown to be the result of an in­
herited metabolic defect (Hartnup's dis­
ease) that leads to an inability to absorb 
tryptophan from the gut. 

The fact that the remedies for schizo­
phrenia and manic-depressive disorders 
are different has given added signifi­
cance to the diagnostic differentiation of 
the two. Studies have shown that Amer­
ican and British psychiatrists have tend­
ed to make quite different diagnoses 
when they are given the same set of 
symptoms for disorders that could be 
schizophrenic or manic-depressive. A 
joint American-British diagnostic study 
has made it evident that the term schizo­
phrenia has been t\sed much more broad­
ly by American psychiatrists. With more 
precise attention to the details of the 
psychiatric examination, because of the 
therapeutic importance of the diagnostic 
differentiation, higher degrees of repli­
cability among psychiatrists can be at­
tained. As long as we must rely on clini­
cal judgments made by psychiatrists, in 
contrast to more objective laboratory in­
dicators, differences of opinion will be 
inevitable. 

It is these characteristics of a men tal 
disorder-its changing definitions, the 
variability of its course, its responsive­
ness to the social environment and im­
precision in its diagnosis-that make psy­
chiatry a center of controversy. If the 
recognition and appropriate treatment of 
psychosis can benefit the afflicted, it is 
also true that error can harm them. Hos­
pitalization, particularly when it is in­
voluntary, deprives the patient of his 
personal liberties. It can be misused by 
civil authorities and by disaffected fam­
ilies to remove unwanted persons from 
the community. 

In the past five years commitment 
laws in many states have been rewritten 
to protect civil rights, but the laws will 
be only as effective as the vigilance of 
the community, the courts and physi­
cians guarantees. There is, however, a 
nagging question that should not be for­
gotten: Are we legislating a justification 
for indifference to human welfare? If we 
wish to avoid a paternalistic society, 
must we settle for an atomistic one? 
When someone is grossly disturbed but 
refuses to seek help, what is our respon­
sibility toward him? The law recognizes 
the legitimacy of intervention when the 
patient is suicidal or homicidal. Under 

what other circumstances is intervention 
warranted? That is a major issue for par­
ents with a disturbed adolescent, for 
children with a disturbed parent and for 
friends helplessly watching a life being 
wasted. It may be that such casualties 
are the necessary price for the benefits 
of individual freedom, but the matter 
deserves more thought than it is being 
given. 

Current psychiatric knowledge is com­
patible with a stress-diathesis model for 
the genesis of psychoses: Psychobiolog­
ical stress acts on an individual with a 
genetic predisposition to psychosis and 
eventually leads to abnormal metabolic 
processes that cause disorders of mood 
and thought. Predisposition probably 
varies on a continuum. Although genetic 
factors are a prerequisite, it is unlikely 
that they are sufficient to evoke psycho­
sis in themselves. The behavior of the 
mentally disturbed person may cause 
others to reject him, so that he experi­
ences additional severe psychological 
stress. 

At any given time the power of psy­
chiatric remedies and their accessibility 
to the patient are major determinants of 
the outcome of an acute mental break­
down. Therapeutic drugs not only pre­
sumably restore metabolic equilibrium 
but also may directly affect the patient's 
perception of stress. The probability of 
further personality deterioration and the 
duration of the disorder is a function of 
the social environment provided for the 
patient by the health-care system. The 
degree of organization or disorganiza­
tion of the community where a psychotic 
person finds himself will influence his 
mood and thought directly. 

Our ability to identify the significant 
psychobiological stressors is limited, 

and it is still not possible to estimate de­
grees of genetic predisposition accurate­
ly enough to take preventive measures. 
There have nonetheless been major ad­
vances in our capacity for controlling or 
aborting mental disorders when they do 
occur. Moreover, we appear to be on the 
verge of answering some of the basic 
questions about the functioning of the 
brain. Psychiatric research is a fragile 
enterprise, yet it is currently argued in 
ruling Government circles that it should 
receive not more public support but less. 
It would be the height of folly to stifle 
fundamental investigation just at the 
time when it holds so much promise for 
revealing the basic mechanisms of psy­
chotic disorders and for developing 
rational therapies aimed at the causes 
of psychoses and not merely at their 
symptoms. 
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THE HOSPITAL 

It is increasingly where the patient sees the physician. It brings 

together the specialists, structures their collaboration, provides 

their supporting personnel and supplies materials and machines 

T
here are wide differences among 
the hospitals of the U.S. depend­
ing on their size, their type of 

sponsorship (voluntary, proprietary or 
government), their provision of services 
(general as contrasted with specialty 
services such as mental, eye, obstetrical 
or pediatric) and the nature of their af­
filiation (university teaching as contrast­
ed with community, nonaffiliated hospi­
tals). Regardless of their differences, 
they exemplify man's perpetual struggle 
against disease and suffering. 

In its present form the hospital has 
been shaped by the needs of society and 
reflects not only its attitudes, beliefs and 
values but also its economy. In the past 
half-century scientific and technological 
developments have contributed so heav­
ily to the diagnosis, treatment and pre­
vention of disease that it is no longer 
possible for the physician to work effec­
tively without the modern apparatus and 
the specialists and technicians central­
ized in the hospital. As in so much of 
modern institutional and technology­
based life, the threat of dehumanization 
of personal relationships-here between 
the physician and the patient-has in 
many instances become a reality. 

The fact remains that the steady ex­
pansion of knowledge has necessitated 
specialization and the housing of ad­
vanced technology within the walls of 
the modern hospital and that these de­
velopments have been of pronounced 
benefit to mankind. Progress in medical 
science and in the specialized division of 
medical skills has changed medicine 
from an individual, intuitive enterprise 
into a social service. The hospital is the 
institutional form of this social service. 
It has evolved from a house of despair 
for the sick poor to a house of hope for 
all social and economic classes in just the 
past 60 years. 
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by John H. Knowles 

The earliest hospitals were the healing 
temples of ancient Egypt, the public hos­
pitals of Buddhist India and the Muslim 
East and the sick houses (Beit Holem) 
of Israel. The ancient Oriental custom of 
providing hospitality for guests and trav­
elers pervaded the lands of the eastern 
Mediterranean, and houses were built 
where weary travelers and strangers 
could stop for food, lodging and, if they 
were sick, for nursing care. The deriva­
tion of the word "hospital" shows what 
an important part these travelers and 
their hosts played in the evolution of the 
hospital. "Hospital" comes from the 
Latin hospes, meaning host or guest. The 
English word comes from the medie­
val Latin hospitale, as do "hostel" and 
"hotel." "Hospital," "hostel" and "hotel" 
were at one time used interchangeably. 

The evolution of the modern hospital 
is usually associated with the advent 

of Christianity. The Christian ethic of 
faith, humanitarianism and charity re­
sulted in the establishment of a vast hos­
pital system. At the Council of Nicaea in 
A.D. 325 the bishops were instructed to 
establish hospitals in every cathedral 
city. Constantine I, the first of the Ro­
man emperors to embrace Christianity, 
ordered the closing of all pagan temples 
of healing in A.D. 335. 

During the great Crusades between 
1096 and 1291 numerous hostels for the 
sick were established along the way to 
the Holy Land. In England, St. Bartholo­
mew's and St. Thomas's hospitals were 
founded by monks in 1123 and 1215. 
Medicine was practiced by monks and 
priests in the hostels adjacent to the 
monasteries or in designated areas of 
the monasteries. Peripatetic apothecaries 
and blood-letting surgeons plied their 
trade in the homes of their patients. 
Only the destitute, weary travelers and 

those with diseases regarded as hopeless 
found their way to the hospitals. When 
the parliament of Henry VIII suppressed 
the monastery system of England be­
tween 1536 and 1539, the hospital sys­
tem disappeared with it. St. Bartholo­
mew's and St. Thomas's were refounded 
on a secular basis; the two hospitals 
cared for the entire sick population of 
London for the next 170 years. Where 
the monastery system had cared for the 
incurable, the sick poor and those with 
specific disabilities (such as the lame, 
the blind, the aged, lepers and orphans), 
the burden of patients forced the Lon­
don hospitals to limit their work to the 
curable sick. In 1700 the orders of St. 
Thomas's recorded: "No incurables are 
to be received." It was the first time in 
Western history that the hospital had 
taken up an active, curative role in medi­
cal care. This in turn accelerated the de­
velopment of the almshouse for the care 
of incurables. 

During the 18th century most of the 
care given in hospitals was nursing. The 
hospital remained an institution for the 
sick poor. The HOtel-Dieu, founded by 
the bishop of Paris, probably in the sev­
enth century, and the oldest hospital in 
existence today, had some 2,000 beds. 
In 1788 the death rate among its patients 
was nearly 25 percent, and frequently 
two and sometimes eight patients occu­
pied one bed. It was also noted that at­
tendants living in the hospital had a 
death rate of 6 to 12 percent per year. It 
was not until 1793 that the National 
Convention of the French Revolution 
ruled that there should be only one pa­
tient to a bed and that the beds should 
be separated by at least three feet. 

Not until late in the 19th century 
could hospitals be said to benefit any 
substantial number of patients. When 
Florence Nightingale returned from the 
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Crimean War (where she had demon­
strated the marked reduction in morbid­
ity and mortality that could be brought 
about by improved nursing practices), 
she wrote: "The very first requirement in 
a hospital [is] that it should do the sick 
no harm." 

With the growth of private philan­
thropy in the 18th century the first vol­
untary (privately endowed) hospitals 
were established. Thomas Guy, a wealthy 
London merchant, founded the hospital 
bearing his name in 1721. In the 19th 
century teaching hospitals were founded 
in England that served as the prototype 
of the voluntary hospitals that ultimately 
arose in America. 

The most powerful stimulus to the 
evolution of the American hospital was 
the growth of the cities. Urbanization 
concentrated the need for care and pro­
vided the talents and facilities for the' 
solution of the problem. This stimulus 
and the medical profession's need for 

teaching and research facilities led to 
the founding of voluntary urban teach­
ing hospitals. New York Hospital, char­
tered in 1771, was affiliated with Colum­
bia University and later with the Cornell 
University Medical College (1927). The 
Massachusetts General Hospital was 
founded in 1811; it is affiliated with the 
Harvard Medical School. In Canada the 
Montreal General Hospital was founded 
in 1821; its medical staff became the 
faculty of the first Canadian medical 
school, established by McGill University 
in 1829. Today most urban hospitals, 
whether voluntary or under municipal or 
state control, are affiliated with universi­
ties and their medical schools. They have 
a wide variety of teaching and research 
functions in addition to their primary 
function of patient care. 

The American hospital did not assume 
its present form until this century. 

Hospital architecture reflected the fact 

that only the sick poor came to hospitals 
and also the main danger of hospitaliza­
tion: "hospitalism," or cross infection 
among patients. Hospital wards were 
large pavilions built in blockhouse style 
for maximum cross ventilation and sun­
light and allowed for the wide separa­
tion of beds, which might number as 
many as 40. Louis Pasteur's demonstra­
tion that disease was caused by microbes 
and that microbes could be destroyed by 
heat stimulated Joseph Lister, professor 
of surgery at Glasgow, to develop anti­
septic techniques in surgery. Hospitalism 
diminished, but it was not until the in­
troduction of sulfanilamide in the mid-
1930's and of penicillin in the early 
1940's that this scourge abated suffi­
ciently to allow surgery without prohib­
itive morbidity and mortality due to in­
fection. To this day, however, hospital­
acquired infections, now from antibiotic­
resistant organisms, remain a problem. 

The use of ether as an anesthetic agent 

HOSPITALITY FOR THE SICK was the function of the Hotel· 

Dieu of Paris, a hospital probably founded in the seventh century 

and today the largest in the city. When this 16th.century wood en· 

graving was made, and indeed until the 20th century, hospitals 

cared mainly for the poor and for transients, and their services 

were limited to bed and board and rudimentary nursing. The man 

attending the bed at left is not a physician but a priest serving 
the Eucharist. Other patients are served by nuns; at left two 

more nuns sew shrouds. That some beds were occupied by more 

than one patient was not unusual; the practice continued until 1793. 
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was Rrst demonstrated at the Massa­
chusetts General Hospital in 1846 by 
W. T. G. Morton. It proved to be a tre­
mendous stimulus to the development of 
surgery. Until decades thereafter blood 
transfusion, now so necessary for the 
well-being of the patient in many forms 
of surgery, was hazardous at best. The 
discovery of blood groups and their in­
compatibility by Karl Landsteiner in 
1900 and the Rrst use of sodium citrate 
in 1913 to prevent clotting made it pos­
sible to give lifesaving transfusions with­
out disaster. Storage of blood then 
became possible, but the full develop­
ment of blood banks (with refrigerated 
blood) in hospitals did not come until 
well into the 1930's. Until that time 
"fresh" donors were bled and the blood 
was transfused while it was still warm. 

When W. K. Rontgen described his 
"new kind of rays" in 1895, the modem 
technology of radiology (or roentgenolo­
gy) and radiotherapy was born. By 1896 
X rays were used in the diagnosis of 
bone fractures and dislocations. By the 
early 1900's most of the major urban hos­
pitals in the U.S. had installed X-ray 
machines, and by 1915 most had estab­
lished separate departments of radiolo­
gy. The use of barium salts allowed vi­
sualization of the gastrointestinal tract, 
and by the 1930's a wide variety of 
radio-opaque materials made possible 
the X-ray visualization of practically all 
the organ systems of the body: broncho­
pulmonary, genitourinary, cerebrospinal 
and vascular. This allowed accurate di­
agnosis of a wide variety of diseases and 
injuries and gave further stimulus to the 
transformation of the hospital from a 
passive receptacle for the sick poor to 
an active caring institution for all social 
and economic classes. Hospital architec­
ture began to change to accommodate 
the new technology. Single rooms for the 
affluent were established in the 1910's 
and 1920's, and two-to-four-bed ("semi­
private") rooms were installed in the 
1920's and 1930's. 

I n the 1940's and 1950's the American 
hospital undelwent an even more dra­

matic transformation. The intensive use 
of antibiotics meant that infections no 
longer claimed the lives of the elderly, so 
that more of the hospital's resources 
could be used for the diagnosis and treat­
ment of the chronic degenerative dis­
eases of old age: cancer, heart disease 
and stroke, arthritis and emphysema. 
Today more than a fourth of all money 
spent on health in the U.S. (including 
payments for hospitals, physicians, drugs 
and extended-care services) is spent on 
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the tenth of our population who are 65 
or older. Antibiotics have also markedly 
diminished the need for pediatric and 
infectious-disease hospital facilities and 
freed beds for the diagnosis and treat­
ment of children with congenital diseases 
and deformities, behavioral problems 
and accidents. Streptomycin and isoni­
azid have diminished the need for state 
tuberculosis sanatoriums. They have ei­
ther been closed as the need for bed rest 
and hospitalization in the treatment of 
tuberculosis has waned or have been 
used for the increasing numbers of pa­
tients with chest diseases such as chron­
ic bronchitis and emphysema. 

The care of the mentally ill in distant 
upland sanatoriums and state asylums 
has similarly been transformed by the 
intensive use of psychoactive drugs and 
the development of a "positive" thera­
peutic environment (as contrasted with 
the traditional "passive" custodial func­
tion) and "halfway" houses [see "Psy­
chiatric Intervention," by Leon Eisen­
berg, page 116]. This has reduced the 
length of stay in mental institutions while 
markedly increasing the discharge rate 
of patients back to the community: from 
35 per 100 admitted in 1920 to 85 per 
100 by 1953. At the same time "acute" 
urban general hospitals have developed 
facilities for the short-term care of acute 
psychiatric illness. 

As chronic illness (mental and degen­
erative disease such as heart disease, 
cancer, stroke, arthritis, chronic bron­
chitis and emphysema) has increased in 
an expanding population of elderly peo­
ple, the need to develop and enlarge am­
bulatory and rehabilitation facilities has 
been met by many hospitals. By the same 
token hospitals for the care of the chron­
ically ill, bedridden patient have been 
found to be in short supply, and the ex­
isting ones (usually built and managed 
by state governments but in some in­
stances operated under religious aus­
pices) are frequently understaffed and 
underfinanced. Extended-care facilities 
and nursing homes for the care of the 
chronically ill have been developed 
largely under proprietary auspices and 
in many regions of the U.S. they either 
are substandard or do not have enough 
beds for the task. As a result many pa­
tients are kept in high-cost acute hospital 
beds when the use of lower-cost facilities 
is indicated. 

Following World War II the centrip­
etal effects of a rapidly expanding med­
ical technology that could be based only 
in the hospital and an increasing utiliza­
tion of physicians by a steadily expand­
ing population pushed both the patient 

and the physician closer to the hospital. 
Because of the maldistribution and ap­
parent shortage of overworked physi­
cians, and because of the real limitations 
of the house call, the patient and the 
physician turned increasingly in time of 
need to the ambulatory clinic and the 
emergency ward of the urban hospital. 
The emergency ward became what the 
church had been in the Middle Ages: a 
sanctuary for those with any form of dis­
ease-social, psychic or somatic. Not only 
is there an ever increasing number of 
accidents (largely related to alcohol and 
the automobile) and somatic crises such 
as heart attacks and strokes, but also 
more and more people are using the hos­
pital's emergency facilities for social and 
psychological problems: alcoholics and 
narcotic addicts, people in acute anxiety 
states, attempted suicides, people with 
venereal disease and people in crisis sit­
uations such as loss of a job or a death in 
the family. 

As health was perceived more and 
more as a birthright rather than a priv­
ilege, access to high-quality care for all 
Americans was demanded. Ambulatory 
clinics and emergency wards were ex­
panded. Outpatient visits increased from 
65 million in 1954 to more than 180 mil­
lion in 1970. Visits to physicians in hos­
pitals as a fraction of all physician visits 
increased from 10.2 percent to 21.1 per­
cent, that is, one in every five physician­
patient encounters now takes place in a 
hospital. 

Meanwhile urban hospitals expanded 
or were rebuilt to meet the increas­

ing needs and demands of the expanding 
population. Scientific and technological 
advances stimulated the need for new 
surgical facilities and the development 
of intensive-care units, complete with 
electronic monitoring devices, specialist 
nurses and technicians. Thoracic surgery 
developed rapidly during both world 
wars; the first pneumonectomy (removal 
of an entire lung) and lobectomy (re­
moval of a lobe of the lung) were accom­
plished in the 1930's. Cardiac catheteri­
zation and angiography (the use of a 
hollow tube threaded through an arm 
vein and into the heart with the injection 
of radio-opaque dye for the X-ray vi­
sualization of lung and heart vessels and 
valves) developed rapidly in the 1940's 
and made possible accurate diagnosis of 
congenital and acquired heart disease 
(largely valvular deformities due to rheu­
matic fever). That ushered in a new era 
of cardiac and vascular surgery. The 
modem era of "spare parts" surgery be­
gan with the Rrst successful transplanta-
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TYPE 

FEDERAL GOVERNMENT 

NON-FEDERAL GOVERNMENT 

VOLUNTARY 

PROPRIETARY 

SHORT-TERM (ACUTE) 

LONG-TERM (CHRONIC) 

SERVICE 

GENERAL 

PSYCHIATRIC 

MATERNITY 

TUBERCULOSIS 

OTHER SPECIALTY 

SIZE 

6-24 BEDS 

25-49 BEDS 

50-99 BEDS 

100-199 BEDS 

200-299 BEDS 

300-399 BEDS 

400-499 BEDS 

500 AND MORE BEDS 

SCHOOL AFFILIATION 

MEDICAL SCHOOL 

NURSING SCHOOL 

FACILITIES 

INTENSIVE-CARE UNIT 

CARDIAC INTENSIVE-CARE UNIT ••••••••••••• 
BURN-CARE UNIT 

PSYCHIATRIC INPATIENT UNIT ••••••• 
OUTPATIENT DEPARTMENT 

EMERGENCY DEPARTMENT 

SOCIAL-WORK DEPARTMENT 

FAMILY-PLANNING SERVICE 

o 1,000 2,000 

THE LARGE GENERAL HOSPITAL for the short·term care of 

the acutely ill appears to be growing faster than all other types of 

hospital in graphs derived from data compiled by the American 

Hospital Association for the years 1961 (gray) and 1971 (color). 
The influence of technology and the broadening of hospital ser· 

vices are suggested by the growth of intensive·care units, social· 

work departments and other specialized facilities. An apparent de· 

3,000 4,000 5,000 

NUMBER OF HOSPITALS 

6,314 

iii ••• 6,068 

I ,J II"" I 

5,61 

1971 

6,000 7,000 8,000 

cline in outpatient clinics and emergency rooms is caused in part 

by changes in reporting procedures. Vertical lines at 6,923 and 

7,097 indicate the total number of hospitals in the U.S. in 1961 and 

1971 respectively. In tabulations of hospital facilities only institu· 
tions that responded to the survey are included. For those graphs 

the totals are 6,712 hospitals in 1961 and 6,622 in 1971. Most of the 

hospital building was done by state and municipal governments. 
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tion of a kidney in 1954 and with the 
development of prosthetic devices such 
as artificial heart valves and artificial 
blood vessels with which to replace dis­
eased, worn-out or injured ones. 

These developments, along with an in­
creasing demand for surgery in cancer 
and in the correction of injuries and de­
formities of all parts of the body, have 
transformed the urban general hospital 
into a highly technical, high-cost, acute 
curative institution in which perhaps as 
much as 70 percent of the facilities and 
personnel are today related to the care 
of surgical patients. Scientific and tech­
nological developments have necessitat­
ed specialization for all health profes­
sionals, whether they are physicians, 
nurses or technicians. Intensive-care 
units for patients with heart attacks, 
strokes, severe injuries, neonatal disease, 

chronic lung disease, acute infections re­
sistant to antibiotics, and burns have 
concentrated specialists and their tech­
nology in specific areas of the hospital. 
These units have largely evolved only in 
the past 10 years. They cost as much as 
$500 per day per patient to operate. 
Today there are more than 50 job de­
scriptions in the personnel office of the 
urban general hospital. As the subdivi­
sion of labor increases, the difficulty of 
organizing such a diverse group increas­
es. Efficiency falters, costs increase and 
the atomized, fragmented "machine" ap­
proach to the patient dehumanizes what 
should be an intensely personal and hu­
mane encounter. On balance, however, it 
can be stated that the benefits of modern 
medicine far outweigh the drawbacks. 

Like everything else in our pluralistic 
country the diversity of hospitals defies 

simple description. The Federal Govern­
ment operates a wide variety of hospi­
tals: through the Department of Defense 
for servicemen and their dependents, the 
Veterans Administration for the care of 
veterans with both service- and non­
service-connected disabilities, and the 
Department of Health, Education, and 
Welfare for American Indians, Alaskan 
natives, narcotic addicts, lepers and Fed­
eral employees injured on the job. Non­
Federal, government-controlled hospi­
tals include some 2,000 municipal, coun­
ty and district hospitals. The New York 
City Health and Hospitals Corporation 
operates 19 municipal hospitals with 
15,000 beds; they provide care for more 
than 1.5 million medically indigent New 
Yorkers and employ more than 40,000 
people with an annual payroll of $400 
million. Contrast this large urban hospi-

AUTOMATED MULTIPHASIC LABORATORY at the Palo Alto 

Medical Clinic in Palo Alto, Calif., represents one application 

of new technology to hospital practice. The laboratory, which 

processes test results by computer, is used for periodic physical 

checkups and for examinations prior to hospital admission. The 

patient first has her temperature electronically recorded (I) and 

drinks a glucose solution at the registration desk. She reports her 

medical history in conversation with a computer (2). About 900 

questions are filed in a "branching logic" film memory; an affirma­

tive response to a general inquiry may call up more specific related 

questions. After completing the medical.history questionnaire the 

patient puts on a disposable paper gown and slippers. Her weight 
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tal system with the 3,500 U.S. hospitals 
having fewer than 100 beds that repre­
sent the majority of the proprietary 
(profit-making) hospitals. (We are, in 
fact, a nation of small hospitals.) 

C ertain characteristics and trends in 
the decade from 1961 to 1971 are 

notable: 
1. The number of hospitals has in­

creased because of the construction of 
larger government (non-Federal) short­
stay hospitals. Even though nongovern­
ment hospitals decreased in number, the 
absolute number of beds under these 
auspices increased. 

2. Long-term hospitals have decreased 
in number (and this fact is responsible 
for an overall decrease in hospital beds), 
partly reHecting a profound change in 
the treatment of certain diseases (tu-

berculosis, mental illness) but, more im­
portant, indicating a lack of interest in 
much-needed hospital facilities for the 
chronically ill, bedridden patient. This is 
highly undesirable from the standpoint 
not only of quality of care but also of 
cost. Many such patients have to be 
sustained in higher-cost, acute hospital 
facilities. 

3. The number of general hospitals has 
increased and the number of specialty 
hospitals has declined. This is highly de­
sirable. Specialty hospitals, unless they 
are immediately adjacent to general hos­
pitals, simply cannot provide the com­
prehensive services that are necessary 
to the complete care of the patient. 

4. Smaller hospitals have declined in 
number as the desirable trend to larger, 
general hospitals has accelerated. 

5. Intensive-care units (particularly 

and height are recorded automatically and an X.ray photograph of her chest is made (3). 
She then enters a room in the "carousel," where several more tests are performed. These 

include spirometry (4), near and distant vision (5), tonometry (6) and electrocardiography 

(71. The recorder for this last test is in the core of the carousel (8), where revolving walls 

bring instruments to each test room. Blood pressure is monitored electronically (9) and 

hearing is tested in a soundproof cubicle (10). The procedure takes two hours and costs $55. 

those for patients with heart attacks) 
have proliferated rapidly. So have psy­
chiatric inpatient services. The latter 
trend reHects both the increase in acute 
mental and social illness and the move­
ment to integrate the care of patients 
with psychiatric disorders into the urban 
general hospital and out of the isolated, 
distant asylum. 

6. The development of hospital fam­
ily-planning services bespeaks recogni­
tion of the undesirability of unwanted 
pregnancies. Similarly, a decrease in the 
number of maternity hospitals reflects 
the decrease in the birthrate and wide­
spread public acceptance of smaller 
families. 

7. An increase in hospital social-work 
departments recognizes the highly com­
plex social and economic problems sur· 
rounding illness, and the need of the pa­
tient for help in reordering this environ­
ment for his best care. 

8. As the total number of hospital beds 
decreased and admissions and length of 
stay increased, the average occupancy 
rate fell, indicating a suboptimal utiliza­
tion of high-cost hospital facilities. Over­
all, I believe we remain overbedded in 
the U.S., which means we are underuti­
lizing high-cost facilities and are there­
fore contributing to unnecessary expense. 

9. More than 2.5 million people were 
employed full time in hospitals in 1971. 
Their payroll accounted for 60 percent 
of total hospital expenses. In addition 
another 500,000 people were employed 
part time. The health field in general is 
rapidly becoming the largest "industry" 
in the U.S. as we change from an indus­
trial economy to a service one. The ma­
jority of health workers are employed 
by hospitals. The marked increase in the 
number of employees per hospital bed 
over the decade reflects the scientific and 
technical complexities of modern medi· 
cal care that have occasioned the in­
creasing subdivision of technical work 
and increased numbers of technical 
workers. The development of intensive­
care units is a case in point. The marked 
increase in the average salary reflects 
both the imbalance of supply and de­
mand for health workers and, more im­
portant, the highly desirable increased 
value placed on such workers. Service 
workers generally (for example teachers 
and letter carriers) gained marked in­
creases in pay and fringe benefits in the 
decade of the 1960's. The union move­
ment obtained a strong foothold in hos­
pitals and accelerated the trend toward 
more equitable treatment of hospital 
employees. 

10. The number of hospitals affiliated 
with medical schools has increased 
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MEDICAL HISTORY REGISTRATION DESK DATA PROCESSING 

CAROUSEL SURROUNDED BY TEST MODULES forms the 

heart of the Palo Alto Clinic's Automated Multiphasic Laboratory. 

The carousel is the hexagonal structure near the top. Every five 

minutes a three-foot-bigh section of its walls revolves 60 degrees, 

bringing new instruments to each of the six test rooms. Tbus every 

half·hour each room bas access to all the instruments. Some expen· 

sive devices, such as electrocardiogram recorders, are housed in the 
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core of tbe cawusel and connected in turn to each patient. Certain 

tests, such as X rays and audio grams, are performed in other areas 

of the laboratory; the computer.administered medical.history ques­

tionnaire is answered in the room at left at the bottom of the dia­

gram. One technician stays with the patient through most of the 

procedure. Test results are delivered to the attending physician 

as a computer printout. The design of the laboratory is patented. 
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markedly. The best medical care is 
achieved in an environment of constant 
inquiry and scrutiny by a number of 
people (medical students, house-staff in­
terns and residents, senior-staff profes­
sors and practicing physicians), where 
scientific and technical knowledge can 
be applied within the shortest period of 
time after its development. Equally im­
pOltant, the teaching hospitals provide 
for tomorrow's health needs by the train­
ing of physicians, nurses and other health 
workers through practical, supervised 
experience. Ideally all hospitals should 
be affiliated with medical schools, but 
this is not possible, at least at the mo­
ment; physicians practicing in the com­
munity steadfastly resist the controls in­
herent in medical-school affiliation. Most 
teaching hospitals are large and in an 
urban location adjacent to the univer­
sity's medical school. Although only 619 
of the nation's 7,097 hospitals are affili­
ated, they represent about half of the 
nation's hospital beds. Interns and resi­
dents account for about 15 percent of 
the nation's practicing physicians. Their 
services are essential to the hospital's pa­
tients. Some 35 percent of the interns 
and residents are recruited from abroad, 
where their training is generally inferior 
to that received in American medical 
schools. Many of these foreign medical 
graduates work in community and state 
institutions, where the quality of the 
care they give may be poor. 

1l. The number of hospitals that op­
erate schools of nursing has decreased 
precipitously as the drive to gain full 
professional status for nurses has fos­
tered the development of schools of 
nursing within colleges and universities. 
I believe there is a need for both the 
diploma (hospital) school and the bac­
calaureate programs. A balance of these 
interests should be maintained. 

N0 account of American hospitals 
would be complete without a dis­

cussion of hospital costs. In 1925 the cost 
of one day's hospitalization at the Massa­
chusetts General Hospital was $3. The 
bill was paid directly by the patient out 
of his own pocket, and he stayed for 15 
days for a total cost of $56.20. In 1972 a 
patient would stay for an average of sev­
en days at a total cost of $1,400, and the 
bill would be paid by any one of a va­
riety of third parties. Indeed, between 
1962 and 1972 the percent of hospital 
income from patients paying directly de­
clined from 38 percent to 12 percent. In 
the same decade income from the Blue 
Cross and state welfare departments 
increased, and Medicare (instituted in 
1966) assumed 27 percent of hospital in-

come. At the same time the continued 
decline of endowment income in cover­
ing the cost of free care confirms the un­
pleasant truth that voluntary hospitals 
can no longer assume the ultimate re­
sponsibility for their economic lifeline. 
That responsibility must be assumed by 
the community's (and the nation's) pub­
lic and private agencies. 

Where does the money go? Hospital 
inpatient costs are categorized under 
"routine" costs and ancillary expense. 
When the citizen hears that "routine" 
room-and-board costs are $92 a day, he 
is staggered and may demand that he 
be cared for in a hotel. He does not re­
alize that room and board includes (1) 
50 different diets of three meals a day 
served in bed (sometimes six for ulcer 
patients and diabetics), (2) the salaries 
of three shifts of nurses per day seven 
days a week, (3) the salaries of house 
staff (interns and residents) available to 
the patient 24 hours a day and (4) the 
cost of supplies, medical records and 
medical social workers. The comparable 
hotel costs in the hospital come to about 
$23 per day, which compares favorably 
with costs in the hotel industry. 

When one adds the ancillary costs, 
the average total cost (at the Massa­
chusetts General Hospital in 1972) was 
$170.45 per day. Ancillary expense 
includes operating rooms, laboratories, 
medical supplies and drugs, radiology 
and anesthesiology-much of which the 
patient never sees. It is small wonder 
that almost everyone complains about 
hospital costs when there is no valid 
comparison with any other known expe­
rience and almost no one tries to find out 
exactly what is included in the cost of 
a one-day stay in a hospital. 

The bill for staying in a teaching hos­
pital is higher than that for staying in a 
community hospital because of the add­
ed cost of training nurses, physicians 
and other health workers, and because 
of the higher cost of caring for patients 
with complex illnesses referred to the ur­
ban medical center. It is worth mention­
ing that a man suffering a heart attack 
in 1920 would have stayed for as long as 
eight weeks at the Massachusetts Gen­
eral Hospital for a total cost of $180, 
that in 1930 he would have stayed six 
weeks for $210 and that in 1970 he 
would have stayed four weeks for $3,500 
(which would have included $1,500 for 
10 days in the intensive-care unit and 
$2,000 for 20 days in a regular bed). Of 
100 men treated for heart attacks in 
1920, however, 40 died; of 100 treated 
in 1930, 30 died, and of 100 treated in 
1970 only 18 died. The benefit of 22 ad­
ditional live men per 100 in 1970-men 

who could go back to work, raise their 
families, add to the gross national prod­
uct and pay their taxes-more than justi­
fies the cost. 

Having noted these benefits, we must 
also recognize the marked inRation 

of medical-care costs over the past 20 
years, fueled particularly by the advent 
of Medicare in 1966. For the three years 
from June, 1966, to June, 1969, the con­
sumer price index rose 13 percent; prices 
for medical care rose 22.2 percent. Hos­
pital daily service charges increased 54.6 
percent; physicians' fees increased 2l.5 
percent. Price controls were inevitable. 
The Administration moved to institute 
its Economic Stabilization Program, now 
in Phase 4. 

What can be done to contain hospital 
costs? The full and appropriate utiliza­
tion of hospital beds is the single most 
important factor in holding down costs. 
Management techniques to ensure vast­
ly improved cost accounting are needed 
by many hospitals. One cannot control 
costs when they are not identifiable and 
quantifiable. Turnover rates of hospital 
employees must be reduced. (For exam­
ple, it may cost between $1,000 and 
$2,000 to bring a new nurse to fully ef­
fective performance, and present turn­
over rates are as high as 70 percent per 
year in American hospitals. ) Other man­
agement techniques to reduce overtime, 
to improve working conditions and to 
make maximal use of industrial engi­
neers, systems analysts, automatic ma­
chines and computers can help to keep 
costs down. 

All of this is required in the manage­
ment of hospitals, but factors external to 
the hospital will do far more to reduce 
the national expenditure for hospital ser­
vices. Regional planning is needed to en­
sure the full utilization of facilities and 
to avoid the duplication of costly ser­
vices. (Vascular surgery and the radio­
active-cobalt treatment of cancer are 
cases in point.) Dramatic changes in 
health insurance are needed to favor 
lower-cost services, health education and 
preventive-medicine programs, to pro­
vide incentives for improved manage­
ment and to enforce rigid quality con­
trols. Finally, far more group, prepaid 
comprehensive medical-care programs 
(such as the Kaiser-Permanente system) 
should be developed. The reduction in 
unnecessary surgery and hospitalization 
under such systems is dramatic. The 
physician can be the prime mover in de­
velopments of this kind, but all too often 
he and the American Medical Associa­
tion have been the prime resisters. 

Although almost all Americans are 
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aware of the unique contributions Amer­
ican medicine has made to their welfare, 
the cost of hospitalization has become 
an increasing source of frustration and 
outright anger to many. Rising expecta­
tions have been matched by rising costs. 
In the new age of the consumer, de­
mands for public accountability have in­
creased and resulted in the establish­
ment of state rate-review agencies, in 
more assiduous attempts on the part of 
third-party payers to control hospital 
costs and in the passage of state laws 
that require certificates of need before 
hospital construction can proceed. In­
creasingly hospitals are subject to the 
kind of regulation and control that has 
been applied to public utilities. 

The roles of the hospital trustee, the 
hospital physician and the hospital ad­
ministrator are being seriously ques­
tioned. Have trustees really exercised 
their full responsibility for prudent man­
agement and the regional planning of 
hospitals? The physician has the ulti­
mate authority in the use of the hospital, 
but has he exercised his full responsibil­
ity for efficient management, for the best 
use of the facilities and, again, for re­
gional planning? The hospital is almost 
unique among contemporary institutions 
in the number of powerful outside forces 
that exercise control over various aspects 
of the hospital's life, and one wonders 
how many hospital trustees understand 
these complexities. State departments of 
public health inspect and license hospi­
tals, usually on a biannual basis, looking 
at everything from the safety of X-ray 
machines to the cleanliness of operating 
rooms. The Joint Commission on Ac­
creditation of Hospitals (with member­
ship from the American Medical Asso­
ciation, the American Hospital Associa­
tion, the American College of Physicians 
and the American College of Surgeons) 
conducts its own (usually more rigorous) 
inspection of hospitals every two years, 
in some instances duplicating the work 
of the state. Blue Cross- associations are 
beginning to insist on regional planning, 
on the increased use of lower-cost am­
bulatory facilities and on more stringent 
cost, quality and utilization controls be­
fore contracting with or reimbursing the 
hospital. As hospitals do their best to 
serve the indigent sick, state welfare de­
partments delay the processing and pay­
ment of claims, causing the hospitals to 
complain bitterly when their receivables 
mount. The steadily proliferating state 
review boards for hospital reimburse­
ment and hospital planning have strug­
gled, often inefficiently, to enforce re­
gional planning and to contain costs. 

The A.M.A., through its Council on 
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Medical Education and Hospitals, ac­
credits the intern and residency pro­
grams of the teaching hospitals. Nine­
teen national specialty boards set their 
own requirements for hospital training 
and experience, generally in isolation 
from one another and with no apparent 
reference to the national need for vari­
ous types of specialists. For example, 
there is in the U.S. an excess of general 
surgeons and neurosurgeons and a se­
vere shortage of anesthesiologists and 
pediatric psychiatrists. Yet internships 
llnd residency programs are filled to 
overflowing with the former, and the 
well for the latter is nearly dry. In addi­
tion to the various professional medical 
unions, labor unions have gained a pow­
erful voice in the control of the hospital 
and its policies. 

The Federal Government, through a 
wide variety of programs (for example 
Medicare and the Hill-Burton Act), sets 
requirements for utilization of hospitals 
and its own unique reimbursement for­
mulas (which are different from the state 
Medicaid formulas). Federal research 
funds, largely from the National Insti­
tutes of Health, for those affiliated teach­
ing hospitals that conduct such programs 
impose another set of controls and re­
quirements on the hospital. Over a 12-
month period the teaching hospital may 
be audited by as many as five different 
public and private agencies, in addition 
to the auditors who report to its own 
board of trustees. 

Finally, the teaching hospital has to 
balance the long-term needs of the uni­
versity-indeed, of the community-for 
teaching and research with the immedi­
ate needs of the community for care. 
The two needs are frequently in conflict, 
and when one overwhelms the other, 
they both suffer. So do the patients! The 
first function of any hospital worthy of 
the name is to serve the sick and injured, 
but the quality of care is highest in an 
environment of constant intellectual fer­
ment and inquiry. Service and teaching­
research are complementary activities, 
but the balancing act remains a difficult 
one. 

Perhaps the most profound and prom­
ising development in the evolution of the 
American hospital has been its gradual 
emergence as a health center. Although 
this potential is far from being realized, 
the hospital is no longer solely a passive, 
acute, after-the-fact, curative institution. 
Through the development of emergency 
wards, social-service departments and 
ambulatory clinics, through liaison with 
extended-care facilities, nursing homes, 
chronic hospitals and home-care services 
and through the establishment of neigh-

borhood centers it has extended its in­
terests actively to the community in the 
interests of keeping down costs, reach­
ing more people in need and preventing, 
or at least containing, illness. The hos­
pital is, or should be, the community's 
major institution for the coordination of 
health planning. 

Meanwhile public clamor and political 
pressure mount for national health 

insurance, largely owing to the high cost 
of medical care and an unacceptable 
level of uneven quality and accessibility 
of service. The thunder on the right and 
left becomes deafening as the conserva­
tives call for free-market medicine and 
the liberals push for the beneficent state. 
Indeed, the major issue facing hospitals 
in the 1970's is whether or not we will 
be able to maintain a voluntary hospital 
system alongside a public system. Two 
hundred and twenty years after the 
f6unding of Guy's Hospital in London, 
the forebear of our American voluntary 
hospital, the British nationalized their 
health services. The more useful and vi­
tal a service becomes in the social order, 
the more certain it is to be identified 
with the functions of government. Yet 
our government's example in the man­
agement of its municipal, state and Fed­
eral hospitals belies any notion that 
increasing (or absolute) government con­
trol would somehow lead us to a prom­
ised land of high quality and accessible 
health services for all Americans at rea­
sonable cost. I believe we must strength­
en both private and public hospitals, 
ensure standards, quality controls and 
regional planning through legislation 
and requirements for reimbursement, 
and maintain a voluntary hospital sys­
tem that can guarantee heterodoxy and 
pluralistic approaches to problem solv­
ing. The strength of the American ex­
periment will lie in its ability to balance 
public and private interest, responsi­
bility to the public good and freedom 
to enjoy regional self-determination. A 
complete welfare state will result in a 
supine citizenry, an erosion of individual 
initiative and the steady expansion of an 
inefficient, unresponsive bureaucracy. 

Certainly much can and should be 
done to contain the staggering costs of 
medical care. Inappropriate, high-cost 
hospital utilization and appalling 
amounts of unnecessary surgery cost the 
American people billions of dollars an­
nually. Part of this is due to ignorance, 
part to avarice and part to expediency, 
and the burden of responsibility must 
rest squarely on the shoulders of the 
American medical profession. The facts 
are well established; we need no more 
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national commissions to belabor the ob­
vious. Prepayment on a capitation basis, 
with comprehensive services rendered 
by salaried groups of physicians to large 
consumer groups (as contrasted with ad 
hoc fee-for-service arrangements), can 
result in as much as a 50 percent reduc­
tion in hospitalization and surgery. Even 
as little as a 10 percent reduction could 
save $3 billion annually. With minor ex­
ceptions dictated by geographic needs, 
far fewer high-cost hospital facilities 
should be built in the U.S. Instead at­
tention should be paid to improving ex­
isting facilities and achieving their full 
utilization. New construction should fo­
cus on the desperate need for more am­
bulatory facilities, chronic hospitals, ex­
tended-care facilities and nursing homes, 
so that prolonged and unnecessary use of 
high-cost, acute hospital facilities can be 
avoided. Insurance mechanisms should 
stress those services that have a high 
benefit-cost ratio. These services must in­
clude rehabilitation, family planning, 
health education and disease prevention. 

15t me post a difficult and frustrating 
caveat. Death is inevitable, and as 

we conquer one scourge another will 
take its place. Medical science and tech­
nology will continue to prolong life, and 
the nation could expend a steadily in­
creasing percentage of its national re­
sources on prolonging life at any cost. 
Kidney dialysis, transplantation surgery, 
artificial heart-lung pumps-these and 
more to come would inevitably consume 
an ever increasing share of the national 
resources, and all attempts to reduce or 
hold down the costs of medical care 
would be doomed to failure. The heart 
transplant is the medical equivalent of 
landing men on the moon. Inevitably we 
must meet the question: Life for what, 
and at what cost? Moral, ethical and 
philosophical concerns must enter the 
decision-making process in all sectors of 
American life. 

AVERAGE DAILY COST \If hospitalization 

more than tripled in the eight·year period 

from fiscal year 1963-1964 to fiscal year 

1971-1972. The amounts shown are for a sin· 

gle institution, the Massachusetts General 

Hospital, and are higher than the national 

average; relationships of costs, however, are 

probably similar in other hospitals. "Hotel 

costs" are shown in dark color. Routine ex· 

penses include the hotel costs as well as 

those items shown in medium color. Ancil· 

lary expenses (light color) are those for 

which the patient receives an itemized bill. 

Drugs and supplies are listed twice because 

some are billed to tbe patient separately. 

DRUGS AND SUPPLIES $ 2.22 
PHYSICAL MEDICINE $ .41 

ELECTROCARDIOGRAMS $ .31 

LABORATORIES $ 5.26 

RADIOLOGY $ 2.90 

ANESTHESIA $ 2.47 

OPERATING ROOMS $ 5.54 

SOCIAL SERVICE $ .59 

MEDICAL RECORDS $ .33 

DRUGS AND SUPPLIES $ 2.92 

NURSING EDUCATION $ 2.26 

NURSING SERVICE $11.10 

PHYSICIANS' SERVICES $ 2.69 

FOOD $ 4.85 

LAUNDRY AND LINEN $ 1.61 

DEPRECIATION $ .45 

PLANT OPERATION $ 2.20 
AND MAINTENANCE 

ADMINISTRATION $ 1.99 

1963-1964 

$50.10 

-

-

-

-

-

-

-

::::: 
-

./ 

DRUGS AND SUPPLIES $10.65 

PHYSICAL MEDICINE $ 1.05 

ELECTROCARDIOGRAMS $ 1.26 

LABORATORIES $27.27 

RADIOLOGY $1Q.84 

ANESTHESIA $ 9.12 

OPERATING ROOMS $18.06 

SOCIAL SERVICE $ 1.70 

MEDICAL RECORDS $ 1.52 

DRUGS AND SUPPLIES $ 4.58 

NURSING EDUCATION $ 5.99 

NURSING SERVICE $37.81 

PHYSICIANS' SERVICES $ 7.53 

FOOD $10.13 

LAUNDRY AND LINEN $ 2.66 

DEPRECIATION $ .96 

PLANT OPERATION $ 4.71 
AND MAINTENANCE 

ADMINISTRATION $14.61 

1971-1972 

$170.45 

-

-

-

-

-

-

-

-

I 

-

-

-

-

-
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B R V X ELL ENS IS. S C H 0 L AS 

medicorum Patauin� profefforis.de 
Humani corporis fabrica. 

Libri fepton. 
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THE J\IEDICAL SCHOOI� 

The training of physicians IS In the midst of a period of rapid 

evolutionary change. The probable outcome will be the production 

of fewer specialists and nlore physicians capable of primary care 

T
he training of physicians has 
passed through two periods of 
drastic change in America, the 

first in about the middle of the 18th cen­
tury, when medical schools began re-

. placing apprenticeship as the route to 
becoming a physician, and the second 
early in this century, when medical 
schools were for the first time put on a 
firm scientific basis. Today medical edu­
cation is in another period of transition, 
which perhaps cannot be characterized 
as drastic but which is nonetheless sub­
stantial and significant. Among other 
things, it can be expected to result in a 
shorter period of training for physicians, 
an earlier exposure of medical students 
to patients, more opportunity for elec­
tive study and a different· amalgam of 
specialists among the graduates. 

Medical education reRects the per­
ceived needs of both practicing physi­
cians and the society, which utilizes 
medical services and pays the bills. The 
main link, however, is between medical 
schools and the profession, not only 
because clinical faculty members are 
heavily engaged in the practice of medi­
cine but also because teaching hospitals 
(or medical centers, as they are now 
called) are a prominent component of 
the medical-care system and dominate 
one part of it. Both medical educa­
tion and medical practice have evolved 
through a number of eras, and medical 
education often anticipates the transi­
tion from one era to another. In such a 
time there is usually tension between the 

by Robert H. Ebert 

practitioner and the educator, reRecting 
the difference between eras, and ten­
sions of this nature are much in evidence 
during the present period of change. 

I n the U. S. medical ed uca tion and med-
ical practice have evolved in a pecu­

liarly American way, and it is difficult to 
understand the current problems of med­
ical education without retracing that 
evolution. The Colonial era, which has 
been well described by the historian 
Daniel J. Boorstin, was characterized by 
nonprofessionalism and the involvement 
of lay people in medical affairs. English 
medicine in Colonial times was rigidly 
controlled by guilds and dominated by 
dogma. The English system was not im­
ported to the New·';Vorld, for a reason 
suggested in 1728 by William Byrd, a 
prominent official and landowner in Co­
lonial Virginia, who said: "The New 
Proprietor [of New Jersey 1 inveigled 
many over by this tempting Account of 
the Country: that it was a Place free 
from those 3 great scourges of Mankind, 
Priests, Lawyers and Physicians. Nor did 
they tell a word of Lye, for the People 
were too poor to maintain these Learned 
Gentlemen." The American physician, 
unlike his English cousin, did everything 
from surgery to dispensing drugs, and he 
was not constrained by legal or profes­
sional regulations. Medical education 
was equally informal, consisting mainly 
of the apprentice system. 

Beginning in the middle of the 18th 
century a number of medical depart-

EARLY MEDICAL SCHOOL was portrayed on the title page of De Humani Corporis Fab· 
rica, published in 1543 by the anatomist Andreas Vesalius. As reproduced on the opposite 

page, the scene portrays a public discussion of anatomy by Vesalius, who stands to the left of 

the cadaver and conducts the dissection himself. Formerly professors had remained aloof from 

dissection, which was done by menials. Two workers thus displaced appear below cadaver. 

ments were created in universities. The 
College of Philadelphia (now the Uni­
versity of Pennsylvania) established a 
professorship in the theory and practice 
of medicine in 1765, and similar depart­
ments were formed at King's College 
(now Columbia University) in 1768 and 
at Harvard College in 1783. It was not 
universities, however, but rather the 
proprietary medical schools (privately 
owned and profit-making), that domi­
nated American medicine during nearly 
all of the 19th century. 

The first proprietary medical school 
was started in Baltimore early in the 
19th century. In a little more than a cen­
tury 457 medical schools were founded 
in the U.S. and Canada, and most of 
them were proprietary. The proprietary 
schools were shockingly bad by modern 
standards. The only requirements for ad­
mission were the tuition and the ability 
to read and write. Education from the 
viewpoint of the students was entirely 
passive: the teachers lectured and the 
students listened. The schools had no 
laboratories, and frequently "chairs" of 
medicine and surgery were sold to the 
highest bidder. 

It is natural to wonder how such 
schools could survive for so long and to 
ask about their relation to medical prac­
tice. Although there was much justifiable 
criticism of the quality of education that 
the schools provided, it may be that they 
suited the needs of the time better than 
the university medical schools did. Pro­
prietary schools were a rather natural 
outgrowth of the informal approach to 
medical practice that had been estab­
lished in the Colonial period, and they 
complemented the apprenticeship sys­
tem of medical education. Moreover, 
they trained large numbers of physicians 
for the frontier, with the result that al­
most no small town during the 19th cen-
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tury was without its general practitioner. 
It must be remembered that there was 
very little in the way of a scientific base 
for medicine during this period and cer­
tainly little that medicine could do for a 
patient therapeutically, so that the phy­
sician's lack of a university education 
probably made little difference. None­
theless, if one is inclined toward nostal­
gia for the kindly family physician of 
that era, one should remember that 
the product of the proprietary medical 
school was badly educated and by to­
day's standards would be considered a 
menace to medical practice. 

Medical education's second era of 
sharp transition was heralded by 

the Flexner report of 1910 (Medical 
Education in the United States and Can­
ada), commissioned by the Carnegie 
Foundation for the Advancement of 
Teaching and written by Abraham Flex­
ner, who was an educator but not a phy­
sician. Probably no report, public or pri­
vate, has had a more profound effect on 
medical education than this one, but the 
Flexner report could not have been an 
instrument for change if it had not come 
at the right time. Scientific medicine had 
begun to flower in Europe, particularly 
in Germany, in the latter part of the 19th 
century. Histology, pathology, bacteriol­
ogy and physiology became fundamen­
tal disciplines that every educated phy-

1958-1959 

sician needed to understand in order to 
be more than a poorly trained techni­
cian. University medical schools were as­
suming a more important role by the be­
ginning of the present century;' the new 
medical school at Johns Hopkins Uni­
versity in particular was oriented toward 
laboratory science. Specialists were be­
coming increasingly powerful in the 
medical profession, and many of them, 
having obtained their training in Europe, 
were critical of American medical edu­
cation and particularly of the propri­
etary school. Finally, the American Med­
ical Association, through its Council on 
Medical Education and Hospitals (creat­
ed in 1904), became a force for reform of 
medical education. 

It was in this setting that Flexner 
made his scathing indictment of Ameri­
can medical education. He was a gradu­
ate of Johns Hopkins, and during a long 
sabbatical leave in Europe he was pro­
foundly impressed by the German uni­
versity system. After receiving his com­
mission from the Carnegie Foundation 
he visited each of the 155 American 
medical schools then in operation. 

In his report Flexner was vitriolic in 
his comments about proprietary medical 
schools. He recommended that they all 
be closed. As for medical schools asso­
ciated with universities, he reported that 
they were somewhat better than the pro­
prietary schools but still left much to 

be desired. Requirements for admission 
were too lax and teaching was too didac­
tic. He was particularly critical of clini­
cal departments,. expressing the view 
that there should be full-time clinical 
faculty members who were as much a 
part of the university as their preclinical 
colleagues. Only the Hopkins medical 
school escaped his criticism; he de­
scribed it as a suitable model. 

Within a remarkably short time after 
Flexner's report many of his recommen­
dations were put into effect. New state 
licensing laws were passed that defined 
in considerable detail the academic re­
quirements for admission to medical 
school and the subject matter to be 
taught there. One by one the proprietary 
schools closed. Medical schools were re­
formed. Full-time professors were re­
cruited to head clinical departments, and 
clinical medicine gradually became more 
scientific and less pragmatic. A decade 
after the Flexner report medical educa­
tion and medical practice in the U.S. 
were well launched into II new scientific 
era, which was to lead to the worldwide 
dominance of American medical educa­
tion and American biomedical science. 

One result of the Flexner report was 
a closer relationship between the medi­
cal school and the univerSity, although 
the integration envisioned by Flexner 
was never completely achieved. In some 
universities the medical school was geo-

1970-1971 

OTHER FUNDS 

$305,384,000 
OTHER FUNDS 

$68,905,000 
FEDERAL FUNDS 

$94,900,000 FEDERAL FUNDS 

$778.647,000 

INTERNAL FUNDS 

$95,577,000 

$41 ,208,000 

MEDICAL·SCHOOL FINANCING comes from a variety of sources, 

which have changed in their relative proportions in recent years. 

In the academic year 1958-1959 (left) Federal funds represented 

ahout a third of the income of medical schools. By 1970-1971 
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$384,244,000 

$244,643,000-

(right) the Federal share was about half. "Other" funds include 

state and local subsidies and various unrestricted gifts. The data 

for this chart and several others accompanying this article were 

assemhled by The Journal of the American Medical Association. 
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graphically separate from the main uni­
versity campus; in others, although the 
medical school was physically part of 
the university, the sheer size of the 
school's facilities and faculty made in­
tegration difficult. At best a kind of un­
easy balance of power developed be­
tween medical centers and universities, 
and the problem remains today. 

In part this problem is financial. It is 
not unusual for the budget of a medical 
school to equal or exceed the budget of 
the entire univerSity less the medical 
school. Salaries of medical-school faculty 
members are characteristically higher 
than the faculty salaries in other depart­
ments; indeed, in some institutions the 
differential starts at 100 percent and 
goes up from there. 

The problem also relates in part to is­
sues of educational philosophy. The ap­
prenticeship system of education has not 
disappeared from medicine, although 
the environment is totally different from 
the one that characterized medical train­
ing in earlier times. The medical student 
learns clinical medicine by caring for 
hospitalized patients, and he is very 
much a part of the hospital-ward team 
that consists of students, interns, resi­
dents and senior staff members. In this 
aspect medical education is quite dif­
ferent from education for the other 
learned professions. Law students do not 
deal with clients, nor do divinity stu­
dents have parishes, but medical stu­
dents have their own patients (for whom 
they share responsibility with more ex­
perienced practitioners). Medical educa­
tion has one foot in the university and 
one foot in medical practice, and so it 
has never become a completely integral 
part of academic life. 

�though many variants of the univer-
sity hospital developed, and none 

was the precise equivalent of the Ger­
man model admired by Flexner, all had 
certain characteristics in common. All of 
them had full-time clinical faculty mem­
bers, at least in part; all became referral 
centers for patients with complex ill­
nesses; all emphasized clinical research, 
and all were predominantly, if not ex­
clusively, interested in the hospitalized 
patient. Over a period of time these hos­
pitals became the centers for graduate 
training as well as the education of medi­
cal students. They responded admirably 
to the needs of the various medical spe­
cialties and developed the model pro­
grams for training the speCialists. 

This evolution had a profound effect 
on the practice of medicine, because the 
direct ties between academic medicine 

GENERAL PRACTICE L.l 
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UNEVEN REPLACEMENT OF SPECIALISTS is suggested by a comparison of the percent 

of all physicians in each field (gray) with tbe percent of each field represented by house 

officers (color), meaning interns and residents. In other words, general practitioners are not 

replacing themselves, whereas most other medical specialists are being replaced in excess. 

and the medical specialties hastened the 
deterioration of the status of the gener­
al practitioner. There were no general­
practitioner models in the teaching hos­
pital, nor did the hospital exhibit any 
interest in what is now called commu­
nity medicine (a new term for general 
practice). Moreover, the products of the 
graduate-specialty programs who moved 
to community hospitals attempted to re­
create there the specialty-oriented envi­
ronment of the university hospital, often 
with considerable success. 

The era of scientific medicine char­
acterized by the changes following the 
Flexner report reached a culmination in 
the establishment (in 1937) and rapid 
expansion of the National Institutes of 
Health. Biomedical research flourished 
as never before in the U.S.; important 
advances were made in the science and 
technology of medicine, and university 
medical centers dominated not only 
medical education and the graduate 

training of specialists but also the prac­
tice of specialty medicine. American 
university medical centers became the 
places to which affluent patients from all 
over the world were referred, and they 
also became huge research establish­
ments. By evolving along these lines the 
university medical centers became in­
creasingly detached from their local 
communities and their parent univer­
sities. They provided superb care for 
the people (rich and poor) who were 
fortunate enough to be hospitalized, but 
they assumed little or no responsibility 
for the communities surrounding them. 

So, notwithstanding the great successes 
of the Flexner era, there has been 

a growing public dissatisfaction with 
medical schools and the practicing phy­
sician. Family physicians have become 
increasingly scarce, so that even affluent 
people find it difficult at times to obtain 
routine medical care. Medical services 
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are poorly distributed, being concen­
trated heavily in the suburbs and rela­
tively sparsely in the central city (ex­
cept for the teaching hospitals) and in 
rural areas. As small-town general prac­
titioners retire or die they are not re­
placed, and few general internists and 
pediatricians want to take up the solo 
practice of medicine in a small town. 
Physicians are accused of being too spe­
cialized and more interested in disease 
than in people. 

I n this context it is being argued with 
increasing force that medical care is a 

right and not a privilege and that one 
class of medical care should be available 
to everyone. Indeed, in contrast to the 
pressures that brought about the Flexner 
era, the reform of medical education and 
medical practice is now being pressed by 
forces outside medicine. They include 
consumer groups, members of Congress, 
labor, corporate industry (which pays a 
significant part of the health bill) and 
such nonmedical professionals as econo­
mists, sociologists and a variety of ex­
perts in the fields of management and 
public policy. The demand is for more 
equitable distribution of medical service, 
better control of cost and a change in the 
education of physicians. 
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In the turmoil of transition medical 
schools are being asked to do a variety 
of things, few of which are consistent 
with past missions and not all of which 
are consistent with one another. The 
schools are under pressure to increase 
in size, change the patterns of training 
for the medical specialties, enroll more 
women and members of minority groups, 
train physician assistants and more prac­
titioners, provide clinical training for 
American students enrolled in foreign 
medical schools, experiment with the 
medical-care system to put more.empha­
sis on ambulatory care and comprehen­
sive care, provide primary care for com­
munities adjacent to teaching hospitals 
and participate in regional planning. 
The goal of all these missions is to pro­
vide a more equitable distribution of 
health services. Some of the missions are 
directed toward increasing manpower in 
the health field and training new types 
of health professional, and other mis­
sions deal with the organization of 
health services. In this array of missions 
lies a dilemma: one cannot define with 
any accuracy the manpower require­
ments for a system of medical care that 
has yet to be clearly defined. 

In response to social pressures and 
special Federal funding new medical 

schools have been established and exist­
ing schools have increased in size. Five 
new schools opened in the fall of 1971, 
bringing the total in the U.S. to 108. The 
108 schools enrolled 43,650 students in 
the academic year 1971-1972, which 
was an increase of 3,163 students over 
the previous year. Between 1947-1948 
and 1967-1968 first-year enrollment 
rose from 6,487 to 9,479, which was an 
increase of 2,992; then in the next five 
years it rose by 2,882, or almost as much 
as in the preceding 20 years. Such other 
groups as interns, residents and para­
medical people, which are also part of 
the teaching responsibility of medical­
school faculties, likewise increased in 
size. 

For the academic year 1971-1972 
the 12,361 first-year places in medical 
schools had 29,172 applicants. The ratio 
of 2.4 applicants per acceptance was the 
highest since 1951-1952, which marked 
the end of the postwar pressure for ad­
mission to medical schools. Of the appli­
cants accepted in 1971, 24 percent had 
an undergraduate academic average of 
A; only 6 percent had a C average. (In 
1961 12.2 percent of the applicants ac­
cepted had an A average and 17.4 per­
cent had C.) The 1971 group included 
13.6 percent who were women and 7 
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PRESSURE ON MEDICAL SCHOOLS appears in a comparison of 

the number of applicants (black) with the number of acceptances 

(color) for the period beginning with the academic year 1947-1948 

and continuing through the class that entered medical school in 

1971. Pressure for admission is also reflected by the fact that the 

number of applications made by each individual has risen from an 

average of three in 1947 to 7.2 in 1971. The ratio of applicants to ac· 

ceptances was 3.5 in 1948, fell to 1.7 in 1960 and rose to 2.4 in 1971. 
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Nikon 
In sickness and in health 

In Sickness. Helping to improve 
the human condition is perhaps 
the most rewarding occupation 
Nikon is involved in. In many ways. 
After all, when a camera is capable 
of doing just about anything pho­
tographic, it isn't surprising that it 
should be called upon to do just 
about anything. 

You'll find it at work in the lab­
oratory, often attached to a Nikon 
microscope, producing photomi­
crographs that reveal every detail 
of specimens with spectacular clar­
ity and color fidelity. 

In the operating room, the 
Nikon, equipped with Medical 
Nikkor lens records closeup views 
of surgical procedures to help 
train future surgeons. 

Equipped with an Auto Micro 
Nikkor Lens, the Nikon becomes 
a versatile tool, capable of superbly 
sharp photographs at distances 
ranging from inches to miles. Used 
at its closest focus, the lens pro­
vides lifesize (1: 1) images and be­
comes a scientifically accurate 
means of recording progress for 
surgeons, dentists and orthodon­
tists. Also ideal for copying x-rays. 

The same Nikon, fitted with 
motor drive and 250-exposure 
back can provide preCisely timed 
sequence exposures for dynamic 
scintillation scans of a patient un­
dergoing radiation therapy. 

A public health team uses the 
Nikon to document its report on 
air and water pollution. 

The local hospital enlivens its 
annual fund drive with fresh, hu­
man Nikon photos to add urgency 
to its appeal. 

In Health. Any Nikon camera 
can handle all these diverse tasks 
and countless more with ease and 
to perfection. Because, Nikon is 
more than a camera. It is the most 
comprehensive system available 
for 35mm photography, with more 
than forty superb Nikkor lenses 
and hundreds of precision ac­
cessories to adapt it to any assign­
ment, from the routine to the most 
highly specialized. 

The same Nikon, during your 
leisure hours, helps you indulge 
in your personal involvement in 
photography. And, in just as many 
ways, from spectacular close ups 
of flowers in your garden to por­
traits and candid shots of family 
and friends to memorable photos 
of whatever faraway places you 
you may be visiting. Here, too, 
you can depend on the totally 
reliable Nikon performance, the 
incomparable quality of its Nikkor 

lenses, and the accuracy of its 
unique, "center-weighted" thru­
the-lens meter system to reward 
you with the superior pictures you 
expect from the camera that pro­
fessionals choose above all others. 

Our Nikon School of Photog­
raphy, coming to your area soon, 
can help. The curriculum includes 
extensive instruction in closeup 
photography. 

Your Nikon dealer will be glad 
to tell you more about the Nikon 
system of 35mm photography. 
Or, write for literature Folio 19 
to Nikon Inc., Dept. SA, Garden 
City, N.Y. 11530. Subsidiary of 
Ehrenreich Photo-Optical Indus­
tries, Inc. (In Canada: Anglophoto 
Ltd., P.Q.)OO1l 
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percent who were members of minority 
groups. Judging from the overall attri­
tion rate of 1.34 percent in 1971-1972, 
it could be expected that nearly all the 
students who entered medical school in 
1971 would finish medical school and 
complete further training. 

Since statistics are lifeless, one won­
ders about what kind of people the new 
medical students are. They are a mixed 
group, probably less homogeneous than 
earlier classes, but they have one thing 
in common: they have been successful 
both academically and socially. They 
have succeeded in part because they 
have been competitive, and yet many 
of them are weary of the competition, 
even though they will have to compete 
again for internships and residencies. In 
general they are serious-minded, and 
many of them are concerned about social 
issues, including the lack of equity in the 
medical-care system. They want to make 
a good living, but few of them aspire to 
wealth. 

What happens to the applicants who 
are rejected? Some of them reapply or 
seek careers related to medicine. A sig­
nificant number enter foreign medical 
schools. In 1970-1971 the number of 
American students enrolled in foreign 
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medical schools was 3,922. More than 
half of them were at the Autonomous 
University of Guadalajara in Mexico 
and the University of Bologna. The med­
ical education they receive is inferior, 
and they are looked on as part of the 
pool of foreign medical graduates. 

Even with the increasing enrollment 
in American medical schools, medicine 
in the U.S. draws heavily on the pool of 
foreign medical graduates. The expand­
ing role of the hospitals, which includes 
being in effect the family physician to 
the poor, means that more internships 
and residencies are offered than can be 
filled by graduates of American medical 
schools. Many of these places (18,436 of 
the 54,359 house officers on duty in 
American hospitals in 1971) are filled 
by foreign medical graduates, a consid­
erable number of whom are from Asia. 

House officers represent a significant 
proportion (15.3 percent) of the pool of 
practicing physicians. It is noteworthy 
that at the end of 1971 only 1.4 percent 
of the house officers were taking their 
training in general-practice programs, 
although 16.3 percent of all physicians 
in the U.S. are general practitioners. 
What is perhaps more important is the 
distribution of interns and residents be-

1965-
1966 

-----� 

1967-
1968 

1969-
1970 

FOREIGN MEDICAL SCHOOLS are educating increasing numbers of Americans, reflect­

ing tbe difficulty many applicants have getting into medical schools in the U.S. Chart com­

pares number of students in U.S. medical schools (black) with number of U.S. students in 

foreign medical schools (color), according to data from Institute of International Education. 
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tween programs oriented toward pri­
mary care (general practice, internal 
medicine, pediatrics and obstetrics and 
gynecology) and programs oriented to­
ward other specialties. Only 37 percent 
of the interns and residents are in the 
specialties related to primary care, and 
not all of them will be concerned with 
primary care when they finish training. 
Yet from 55 to 60 percent of the physi­
cians in comprehensive-care programs, 
such as prepaid group practice, are re­
cruited from the primary-care special-

-ties. 
The fact is that the medical schools 

do not know how many specialists of one 
type or another are needed. The health­
maintenance organizations, such as the 
Kaiser-Permanente program, can pro­
vide an indication on the basis of their 
experience in dealing with large popu­
lations. They have found specialists such 
as surgeons to be in oversupply and phy­
sicians in such fields as internal medicine 
and pediatrics to be in short supply. In 
other words, the output of the medical 
schools has been geared more to the per­
ceived needs of the profession than to 
the apparent needs of the society. 

Medical schools are also responsible 
for training the growing numbers 

of physician assistants, who are con­
ceived of as professionals who can in­
crease the productivity of physicians and 
provide some of the primary care in 
areas of need. They would have a basic 
medical education but would not receive 
the M.D. degree. By last November the 
number of programs of this type that had 
been approved by the Council on Medi­
cal Education of the American Medical 
Association was 17, and 15 others had 
applied for accreditation. As yet there is 
no uniformity of training for these pro­
fessionals and no clear conception of the 
role or roles they will fill. 

The number of people teaching full 
time in medical schools has grown at an 
even greater rate than the student bod­
ies. Moreover, the full-time faculty of 
more than 29,000 is supplemented by 
a part-time faculty of almost 58,000. 
(Medical-school teaching is faculty-in­
tensive because so much of it involves 
small groups of from two to four stu­
dents.) Most clinical faculty members 
are specialists and many of the full-time 
clinical faculty members are sub special­
ists. Few of them are interested in prob­
lems of primary care-a fact reRected by 
the large enrollments in the residency 
programs in the medical specialties. 

The question of the financing of medi­
cal education is too complex to be treat­
ed in any detail here, but several points 
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merit emphasis. First, the financing 
comes from many sources [see illustra­
tion on page 140]. Second, the cost is 
increasing (from $319 million in 1958-
1959 to $l.7 billion in 1970-1971). 
Third, one is dealing here with joint 
costs of teaching (a cost complicated by 
the fact that the students range from 
newly admitted college graduates to 
senior residents), patient care and re­
search-and even industry has yet to find 
a satisfactory way of unambiguously at­
tributing joint costs to the production of 
different products. Fourth, the source of 
funding influences the direction of medi­
cal-school activity. For example, Federal 
funding from 1950 to 1968 came largely 
from the National Institutes of Health, 
and during this period full-time faculty 
increased 422 percent, graduate and 
postdoctoral students 208 percent, uni­
versity-hospital interns and residents 280 
percent and medical students 42 per­
cent. These patterns are changing with 
a change in the pattern of Federal fund­
ing. Fifth, a high proportion of medical 
students receive support from scholar­
ships and loans, and the amounts are in­
creaSing. (It is worthy of note that the 
U.S. is the only major country that ex-

1960 

pects the student or his family to pay for 
a medical education.) 

The trends in financing have been re­
flected in the design of the medical­
school curriculum. Two fundamental 
changes in curriculum have been pio­
neered by Case Western Reserve School 
of Medicine, namely early involvement 
with patients and integrated teaching. 
The traditional medical-school curricu­
lum separated the first two years of pre­
clinical teaching from the last two clini­
cal years, and teaching was departmen­
tal. Many schools now introduce-the stu­
dent to the care of patients much earlier 
and subscribe to the joint teaching of 
pathophysiology by both basic scientists 
and clinicians. In addition more time is 
elective (often as much as one and a half 
years), allowing the development of 
"tracks" through medical school where­
by the student can emphasize the bio­
medical sciences or the social and be­
havioral sciences. 

More striking changes are likely to 
materialize, because it is becoming in­
creasingly difficult to define the limits of 
medical education. The biological sci­
ences (including biochemistry, micro­
biology and cell biology) were once re-

1970 

FOREIGN MEDICAL GRADUATES have been playing an important role in U.S. medi­

cine, as reflected by the number of them on duty as house officers in American hospitals. In 
1960, in hospitals affiliated with medical schools (top), 17,207 house officers (gray) were 

graduates of American medical schools and 3,402 (color) were foreign medical graduates. 

The proportion of foreign medical graduates in hospitals not affiliated with medical schools 

(bottom) was higher. In 1970 both types of hospital had more foreign medical graduates. 
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garded as the exclusive domain of medi­
cal schools but are now increasingly 
taught to undergraduates. At the other 
end of the spectrum, medical faculties 
are increasingly involved in the educa­
tion of house officers. 

In addition concern is growing over 
the length of the educational process, 
particularly in the light of the growing 
debt load of students. Is it realistic to 
require four years of college, four years 
of medical school and from three to sev­
en years of postdoctoral training? Is it 
even good pedagogy? The process could 
be telescoped by shortening college to 
two or three years, shortening medical 
schools (a number of them give the M.D. 
degree after three years, although the 
time is saved mainly by eliminating va­
cations) and cutting down the period of 
internship and residency. Time could 
also be saved by various combinations of 
the student's clinical work in medical 
school and his period of work as a house 
officer. 

Two final comments should be made 
about the medical-school environment. 
First, the hospitalized patient has been 
the principal focus of clinical teaching, 
for good reasons, namely that it is easier 
for the medical student to share respon­
sibility for the hospitalized patient than 
for the outpatient and that with the hos­
pitalized patient the student can work 
at a slower pace. It is becoming increas­
ingly evident, however, that a better 
structure is needed for ambulatory care 
so that both medical students and house 
officers can gain more experience with 
such patients. Second, it has been ar­
gued that since physicians, nurses, phy­
sician assistants and social workers must 
function as a team, they should be edu­
cated together. It seems unlikely that 
they will be, however, because of the 
different levels of scientific competence 
required for the different disciplines . 

.N for the future of medical education, 
accurate prediction is impossible 

because of the influences that will be 
brought to bear by a variety of events 
that have yet to come and decisions that 
have yet to be made. The evolution of 
the nation's system of medical care will 
be a predominant factor. When national 
health insurance comes, as it will, will 
it preserve the fee-for-service system or 
will it encourage prepayment for all 
care? Will care be provided by large 
groups of medical professionals, and will 
hospitals continue to dominate the sys­
tem? The method of financing medical 
education in the future will also be a fac­
tor, particularly if direct support of med­
ical schools by tax dollars on a per capita 
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UOP TEAMWORK IN TECHNOLOGY 

,� DWINDLING BUNDLE 
OF ENERGY." 

Mr. Giuliani: . . . fortunate­
ly, however, great advances 
already are being made in 
the area of substitute nat­
ural gas. Four U.S. com­
panies have chosen Japan 
Gasoline's MRG Methane­
Rich Gas process licensed 
by UOP for manufacturing 
SNG. It's a simple, practical 
method of producing 1,000 
Btu SNG with virtually no 
pollution problems. 

Mr. Logan: Similar to the 
process to be used in the 
SNG plant now under construc­
tion out East? 

Mr. Giuliani: Slightly 
different, John, but the 
result is the same ... 

Highlights of a dialog between John O. Logan, President of 
Universal Oil Products Company, and Chester Giuliani, 
President of UOP Process Division. 

good, substitute natural gas. 
Another plant, by the way, 
will eventually furnish 

some 500 million cubic feet 
of SNG daily. A big relief 
for local utilities. 

Mr. Logan: But the en­
ergy crisis isn't entirely 
domestic. Nearly all coun-
tries are having problems. 

Mr. Giuliani: True. Japan, 
as you know, is having to 
import liquefied natural gas 

from the LNG plant in Bor­
neo. That's the one UOP 
helped design and build ... 

the world's largest. 

Mr. Logan: Fortunately, our 
coal reserves are plentiful. Good 
for the next two or three hun-

dred years, at least. And our 
technology in that field is most 
encouraging! 

Especially now that we're able 
to convert coal directly into 
pipeline-quality gas. This IGT 
Hygas® process holds great 
promise. 

Do you feel then, that al­
though the energy crisis is 
critical, Chet, it's not hopeless? 

Mr. Giuliani: Not at all 
hopeless. The technological 
capabilities to solve it already 
exist, but we're running out of 
time. As you say, it's a world­
wide problem, and every 
country is going to have to 
give it highest national 
priority. 

Write for free booklet on UOP's stake in the energy crisis, Ten UOP Plaza, Des Plaines, III. 60016. 
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THE QUESTAR SEVEN IS VERY BIG WITH R&D 
- yet its 22 - pound weight is so easiLy portabLe in its 27" 

aLuminum case that you can carry it to any site 

With the Seven, Questar's commitment 
to Quality, which has built its world-wide 
reputation, gives you the sharpest possible 
resolution for every optical need. Its super­

fine optics are used in mony special 
opplications including laser sending and re­
ceiving • solar research • closed-circuit 
television ' low light level detection ' col­
limoting • site testing • photography in 

the IR and UV • bore sighting; all this 
in addition to its original purpose as a 
photo-visual telescope for both professional 
and amateur astronomers and naturalists. 

Questar's superb optical system hos long 
had recognition for mOre than those 
"impossible" views. It has been adapted to 
instrumentation wherever the finest res­
olution is imperative and where its ver­
satility can do an otherwise "impossible" 
job. An outstonding example is in its use 
os an Autocollimator. Without any special 

modification and with just the addition of 
the Questar autocollimating device, the 
Seven becomes a most accurate check in 
testing other optical systems. And so this is 
still another bonus in awning a Seven-an 
inexpensive attachment can Quickly trans­
form this long-focus lens into a measuring 
instrument wherever parallelism, sQuare­
ness, straightness, flatness and levelness 
are necessary to a degree of precision 
difficult to obtain with other methods. 

Individual Questars are shipped the day 
your order is received. Contact us for 
special adaptations and Quantity orders. 

© OUESTAR CORPORATION 1972 

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE TELE­
SCOPE, IS PRICED FROM $865. OUR NEW BOOKLET 
CONTAINS 150 NEW PHOTOGRAPHS BY QUESTAR OWNERS. 
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basis is expanded. For example, a recent 
act of Congress authorizing capitation 
allowances to medical schools required 
expansion of enrollment as a condition 
of support. 

Public attitudes will be important. If 
medical services continue to be in short 
supply at the same time that large num­
bers of qualified applicants cannot gain 
admission to medical school, the pres­
sure to increase the size and number of 
the medical schools will be substantial. 
Moreover, both Congress and the execu­
tive branch of the Federal Government 
are likely in such a case to take the posi­
tion that medical education is too ex­
pensive for what it produces. 

The attitudes of students may also be 
a factor in the future of medical educa­
tion. How much debt will a student be 
willing to shoulder if physicians become 
salaried? How much will the student in­
sist on "relevance" in the curriculum at 
the expense of basic medical sciences? 

Having entered these disclaimers, I 
shall venture a few predictions. First, 
the total educational experience will be 
shortened so that much of what is now 
taught in the first year and a half of 
medical school will be presented at the 
undergraduate level. In addition there 
will be a fusing of clinical training at 
the medical-student level with intern­
ship and reSidency, so that the total 
amount of time spent in giving the stu­
dent clinical experience will be short­
ened. 

Second, the character of medical 
schools will be altered. The basic medi­
cal sciences will become an integral part 
of the university, whereas clinical train­
ing will become even more detached 
from the university, although it will re­
main under the university umbrella. 
Third, physician assistants will not re­
place physicians as providers of primary 
care except in remote rural areas, and 
even there the assistan ts will have cir­
cumscribed tasks and ready access to 
direction from physicians. Fourth, the 
number of medical students receiving 
the M.D. degree will rise, perhaps even 
to the point of oversupply if care is bet­
ter organized. This development would 
cut down or eliminate the importation of 
foreign medical graduates. Fifth, the 
number and quality of reSidency pro­
grams will be brought under tighter reg­
ulation, and training opportunities for 
primary-care physicians will gain pre­
dominance over programs for specialists. 
Finally, the number of women and mem­
bers of minority groups entering medi­
cine will increase, thereby aiding Jl1 the 
solutlOn of the problem of equitably diS­
tributing medical services. 
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The new wang System 2200. 
What you see Is what you get 
You get a lot for under 7k$. 

Big 1 6  Lin�s (of 64 Characters) CRT 
Display: It's hard to crowd this tube.  

You ' l l  g et ample space for mon itor ing 

prog rams, and resu lts. Remai n i ng stor­

age is automatical ly d isp layed as the 

last l ine on every p rogram. I t  te l l s  you 

where you 've bee n ,  where you a re and 

how far you can g o .  You can go a long 

way on the Wang System 2200. 

BASIC Programming With Hard 
Wired R/O Memory: You get 4K (fie ld  

expandable to 32K)  of  fu l ly accessi b l e  

memory. A n d  BAS I C  program m i n g ;  the 

easiest to work with language yet de­
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Programming Doesn't Byte Off Much 
Storage : In the Wang 2200, prog ram 

statem ents are a s i n g l e  keystroke and 
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i n at ing t h e  waiti ng , sched u l ing  and 
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They' re getti ng more done a t  lower 

cost. 

Faster Problem Solving: " Basic" pro­

g ra m m i ng on the 2200 is  a lmost l i tera l .  

Y o u  get t o  t h e  heart of p roblems a n d  
exam i n e  alternatives faster. And , t h e  

Wang special function feature g ives 

you 32 add it ional  keys that a l low you 

to "ta i lor"  the system to facts, fig u res 

and constants that are part icu lar  to 

you r  busi ness or you r company 

. . .  or  you r  department. 
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Wang 2200 For Price/Performance 
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2200 a smal l  system ,  you 've g ot to 
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Beginning w ith our development 
of oral contracep tives in the fight 
against overpopulation, Syntex 
has always had an everyday con ­
cern for the environment. 

O ur  concern has grown along 
with the expansion of our research 
efforts . 

Now we are committed to 
comprehensive research in the 
L ife Sciences.  More than ever, 

improv ing the environment is a 
natural part of our work. 

We are deeply involved in 
new approaches to contraception, 
new chemicals to suppress smoke, 
new methods of increasing the 
production of animal protein ,  new 
developments in aq uacul ture to 
increase yields of shrimp and 
lob ster, new nutritional products 
for health care .  And a new 

environmentally-sound approach . 
to insect pest control had its 
b eginning at Syntex . 

The work we are doing is 
described in greater detail in a 
recent pub lication called "Syntex 
and the Environment . "  We would 
b e  glad to send you a copy with 
our compliments . Write to Syntex 
Public Relations, 3401 Hillview 
Avenue, Palo Alto, Calif. 94304 . 
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THE MEDICAL ECONOMY 

Over 95 percent of the American people have some form of health 

insurance, but the coverage is shallow and is responsible for much 

of the 500 percent rise in the cost of hospital care since 1950 

I
nflation of costs and inequity of dis­

tribution are the central issues in the 
public debate about American health 

care today. The nature and significance 
of these problems have generally been 
misunderstood. Cost inBation is impor­
tant because it reBects the serious mis­
allocation of resources and the failure of 
the health-care system to reBect indi­
vidual preferences. Moreover, for some 
families high medical costs create finan­
cial hardship and present a barrier to 
adequate medical care. 

There is a peculiar economic charac­
teristic of medical care that is largely 
responsible for its current problems. It is 
necessary to examine this characteristic 
first if we are to understand the problems 
of medical care and to evaluate the pro­
posals for its reform. Although there are 
many ways in which medical care dif­
fers from the other goods and services 
households buy, one feature dominates 
all others. For most types of goods and 
services a family can reasonably pre­
dict its annual expenditure. In contrast, 
spending on medical care is very un­
certain. The nature of this uncertainty 
is particularly significant. 

The distribution of the annual ex­
penditure on health care among families 
is extremely skewed. Whereas most fam­
ilies spend relatively little on health care, 
a few families are obliged to spend a 
great dp,al. A study of health spending 
by Federal Government employees in 
1969 showed that slightly more than 
half of the families with two adults and 
two children spent less than $260 but 
that 10 percent of the families spent 
more than $1,500 and 5 percent spent 
more than $2,600. These annual amounts 
include both the families' direct out-of­
pocket expenditures and payments by 
insurance companies. 

The inherent uncertainty of family 

by Martin S. Feldstein 

medical-care costs creates a demand for 
health insurance. By paying a fixed an­
nual premium the family lowers the 
risk of a much higher unpredictable ex­
pense. Since insurance companies pool 
many families, they can sell insurance at 
a premium that is little more than the 
mean (or actuarial) value of the insured 
risk. For example, the mean cost of 
health expenses in the study of Govern­
ment employees just cited is about $610. 
If complete insurance were available 
(that is, insurance with no deductibles, 
no coinsurance and no limits to bene­
fits), the family could avoid all risk of 
serious financial hardship by paying 
only slightly more than $610. 

The incentive to insure becomes 
stronger as the risk of a very large ex­
penditure increases and as the distribu­
tion of expenses becomes more skewed. 
Thus insurance coverage is most com­
plete for hospital care: in 1972 private 
insurance paid about 80 percent of con­
sumers' expenditure for such care, leav­
ing only 20 percent to be paid out of 
pocket. Although insurance pays nearly 
half of consumers' expenditures for phy­
sicians' services, this reBects the fact that 
the coverage for large surgical fees is 
much more complete than it is for ambu­
latory care by specialists and general 
practitioners. 

Federal tax policy encourages the use 
of insurance by a subsidy that now ex­
ceeds $3 billion per year. Individuals can 
deduct from their income a substantial 
fraction (usually about half) of the pre­
miums they pay for health insurance. 
More important, employer payments for 
health insurance are excluded from the 
taxable income of both the employee and 
the employer. These premiums are also 
not subject to the 10.4 percent social­
security payroll tax or to state income 
taxes. Even for a relatively low income 

family the inducement to buy insurance 
can be substantial. Because of the in­
come and payroll taxes a married man 
with two children who now earns $8,000 
a year will take home only $70 for every 
$100 his employer adds to his salary. 
If his employer buys health insurance 
for him instead, the full $100 can be 
applied against the premium. In this 
case a dollar buys nearly 50 percent 
more health-care services if it is paid 
through an insurance premium than if 
it is received in wages and used to buy 
services directly. For workers in higher 
tax brackets the incentive is even strong­
er. In the aggregate the Government 
subsidy exceeds the total administrative 
costs and profits of the health-insurance 
industry. The special tax policy has no 
doubt contributed Significantly to the 
nearly twentyfold increase in non-Gov­
ernment insurance benefits since 1950 
and to the concurrent tripling of the 
fraction of consumer health expenditures 
paid by insurance [see top illustration on 
next pagel. 

In addition to providing protection 
against unpredictable medical expens­

es, health insurance substantially lowers 
the net price of care that the patient 
faces when he consumes health services. 
There is now substantial evidence that 
such changes in the net price of care 
affect how much the patient uses the 
services available. The growth of in­
surance coverage has therefore been a 
mixed blessing. Because hospital care 
is more completely insured than other 
health services, insurance distorts the 
pattern of health care toward the use 
of expensive hospital inpatient care even 
when less expensive ambulatory care 
would be equally efficient. Moreover, 
because surgical services and other spe­
cialists' care are more completely in-
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COST OF HOSPITAL CARE has risen dramatically since 1950, far 

outstripping the rise in physicians' fees. As a result tbe overall cost 

of medical care has gone up faster than the average of all goods and 

services in the consumer price index. The indexes are adjusted to 
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make 1950 equal to 100. Prescriptions and drugs bave risen tbe least 

of all bealth-care costs: from 100 to 119. The cost of over-the-coun­

ter drugs actually fell in the years between 1950 and 1972, but tbe 

drop was more tban offset by the doubling of prescription costs. 
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sured than care by general practitioners 
is, insurance distorts the use of physi­
cians' services. (The more heavily in­
sured specialties are also able to charge 
higher fees, which in turn attracts more 
physicians into those £elds.) More gen­
erally, because insured patients pay only 
a small fraction of the extra cost of more 
expensive care, insurance distorts all 
aspects of patient care toward the in­
creased use of services and toward the 
use of more expensive services. In short, 
health insurance not only pays for med­
ical expenses but also shapes the volume 
and form of medical spending. 

The fact that health insurance increas­
es the family's expected expenditure on 
medical care has three important impli­
cations. First, as insurance becomes more 
complete a point is reached where any 
additional care that might be consumed 
does not seem worth the greater total 
premiums and out-of-pocket spending. 
Families will therefore prefer to be less 
than fully insured. In the absence of 
complete insurance families are left ex­
posed to the risk of high out-of-pocket 
expenses. Second, the process of bal­
ancing a reduction of risk against the 
added cost of extra services implies that 
the more risky types of expenditure will 
be more fully insured. This leads to the 
buying of more complete insurance for 
hospital bills and surgical fees and there­
fore distorts the mix of services that are 
used. Finally, the sensitivity of health­
care demand to the extent of insurance 
coverage has been a major cause of the 
inflation of health costs. 

o vel' the past two decades medical-
care costs have risen more rapidly 

than any other component of the con­
sumer price index. Whereas the total in­
dex rose 74 percent from 1950 to 1972, 
the medical-care component rose 145 
percent. The increase in the average 
cost per patient-day in community hos­
pitals was more dramatic: from $16 in 
1950 to $103 in 1972, a rise of more 
than 500 percent. In contrast, physicians' 
fees increased at the same average rate 
as all services (excluding rent) in the 
consumer price index [see bottom illus­
tration on opposite page]. It is useful, 
therefore, to concentrate attention on 
the inflation of hospital costs. 

Perhaps the most frequently heard ex­
planation for the explosion of hospital 
costs is that hospitals are technologically 
and managerially inefficient; they get 
less output for their input than ordinary 
business £rms. But even if there are rea­
sons to criticize the current level of hos­
pital production efficiency, there is no 

reason to believe that the efficiency of 
hospital management has actually been 
rapidly declining. Inefficiency could not 
pOSSibly account for an increase of more 
than 500 percent in 22 years in the cost 
per patient-day. If hospitals are less ef­
£cient than other institutions in using 
inputs to produce services, hospital costs 
will be higher than they should be but 
they will not be rising faster. 

Rising labor costs are also often cited 
as the primary cause of hospital-cost in­
flation. It is true that wages and salaries 
constitute a large share of hospital costs 
and that hospital wage rates have risen 
more rapidly than the general level of 
wages in the economy has. Nevertheless, 
this does not adequately account for the 
inflation of hospital costs. From 1955 
through 1971 labor costs per patient­
day rose 270 percent. As a fraction of the 
total bill, however, labor costs remained 
nearly constant at about 60 percent. 
Thus nonlabor costs have risen about 
as fast as labor costs. Moreover, about a 
£fth of the increase in labor costs re­
flected a rise in the number of person­
nel per day. Only 34 percent of the in­
crease in total cost per patient-day can 
be accounted for by higher wages per 
se. Since hospital wage rates rose 160 
percent while general industrial wages 
rose 103 percent, the excess hospital 
wage increase actually accounts for very 
little of the unusually rapid rise in hos­
pital costs. 

It is nevertheless interesting to ask 
why hospital wages have risen more 
rapidly than wages in general. A fre­
quent assertion is that hospital wages 
are "catching up," implying that they 
were signi£cantly below the wages in 
industry generally and are now coming 
closer. This is correct as a description 
but misleading as an explanation. In 
order to assess the catching-up argument 
it is useful to distinguish between occu­
pations in which hospitals hire only a 
small fraction of workers (for example 
clerical and maintenance workers) from 
an occupation such as nursing, which is 
essentially confined to the hospital in­
dustry. There is no reason why the av­
erage wage for all hospital personnel 
should be equal to or close to the av­
erage wage in manufacturing. Although 
there is a general tendency for wages in 
any occupation to become equal in all 
industries, substantial differences can 
persist for a long time. The expression 
"catching up" implies that after hospital 
wages had caught up they would in­
crease at about the same rate as wages 
in other industries. There are, however, 
many examples of occupations in which 

\.. 

hospitals have recently begun paying 
higher wages than other industries in 
the same geographic area. Unless we 
understand why hospital wages have 
been going up we cannot predict how 
they will behave in the future. 

Unionization and the minimum-wage 
law are often cited as causes of rising 
hospital wages. It is difficult to estab­
lish exactly how important either factor 
has been. It has been estimated that the 
changes in the Federal minimum-wage 
law have caused hospital cost per 
patient-day to rise about $2, hardly a 
signi£cant amount. Although the uniol!­
ization of hospitals has been advancing, 
it still accounts for only a small fraction 
of personnel and an even smaller frac­
tion of hospitals. Clearly neither of these 
two factors is primarily responsible for 
the increase in hospital wages. 

Part of the wage rise is no doubt due 
to the hospitals' increased demand for 
personnel. My own feeling is that hos­
pital wages have also gone up as hos­
pitals have become better able to ab­
sorb the added costs and therefore have 
become more willing to accede to the 
pressure for higher wages. In some in­
stances hospitals have actually encour­
aged those who demand higher wages, 
knowing that the money to meet the in­
creased cost would be available from 
private insurance, Medicare and Medic­
aid. The best example of this is the rise 
in interns' salaries from token payments 
of a few hundred dollars a year in the 
1950's to more than $10,000 today. 

H
ospital-cost inflation has also been 

attributed to a low rate of technical 
progress. I think that is clearly and ob­
viously false. Hospitals have been the 
scene of extremely rapid changes in 
technology, but the character of these 
changes has been different from that in 
other industries. It has not been cost­
reducing. Technical progress in hospitals 
has not involved making the old products 
more cheaply but rather making a new 
product or a new range of products. 

Why have hospitals moved toward in­
creasingly expensive ways of doing new 
things rather than in the direction of 
providing old products more cheaply 
and efficiently? Although some of this 
undoubtedly reflects the path of basic 
scientific progress, it is our method of 
financing health services and its impact 
on demand that primarily determine the 
general pattern of technical progress that 
has developed. 

The £nal and most important expla­
nation for rising hospital costs is the 
rapid increase in demand. The steady 
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increase in family income and in levels 
of education and, more significant, the 
expansion of health-care insurance have 
led to a rapid growth in the demand 
for sophisticated hospital services. This 
growth of demand should not be misun­
derstood. It is partly an increase in the 
desired number of hospital admissions 
and in the average duration of stay per 

case. It is also, however, that people are 
willing to pay a higher price for the same 
level of service and are eager to obtain 
more expensive medical and hospital 
care. 

The usual economic analysis implies 
that prices rise because supply does 
not increase as rapidly as demand. In 
the case of hospitals it is precisely be-
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STEADY DROP IN OUT.OF.POCKET, OR DIRECT, PAYMENTS has been the outstand· 

ing feature of the way American families met their medical bills. Whereas two·thirds of all 

health·care expenditures were paid out of pocket in 1950, only a little more than a third are 

paid that way today (top). For hospital.care costs the fraction paid directly by the consumer 

was lower to begin with and has dropped even faster: from 30 percent to 10 (bottom). 
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cause supply has kept pace with demand 
that hospital costs have gone up. Hos­
pitals have responded to the increasing 
demand and the increased willingness to 
pay for sophisticated services by provid­
ing those services. 

The growth of insurance has played 
the dominant role in increasing the de­
mand. In 1950 insurance paid only 37 
percent of consumers' expenditures for 
hospital care; the balance was paid out 
of pocket. Since the average cost per 
patient-day was then $16, the out-of­
pocket expenditure came to $10. In 1972 
the average cost per patient-day was 
$103, of which insurance paid 82 per­
cent, or $84.50. The net out-of-pocket 
cost to the patient was therefore only 
$18.50. Even the small increase from 
$10 to $18.50 overstates the real rise 
in the net cost of a day of hospital care. 
Because of the general rise in consumer 
prices, $18.50 in 1972 could buy only 
as much as $10.65 could buy in 1950 
[see illustration on opposite page J. In 
real terms the net cost to the patient of 
hospital care has hardly changed in 20 
years. It is not surprising, therefore, that 
consumer demand has encouraged and 
supported the rapid growth of advanced 
and expensive hospital services. 

The emphasis I have put on the 
changing nature of the hospital product 
raises an awkward question. Implicit in 
every discussion of the inflation of hos­
pital costs is the assumption that the rise 
in cost per patient-day has been exces­
sive and should not continue at the same 
rate in the future. But if this rise primari­
ly reflects a changing product rather 
than either increasing inefficiency or a 
low rate of technical progress, in what 
sense are rising hospital costs really a 
problem? The answer in brief is that the 
current type of costly medical care does 
not correspond to what consumers (and 
their physicians too) would regard as 
being appropriate if their choices were 
not distorted by insurance . 

The effect of prepaying health care 
through insurance, both private and 
government, is to encourage hospitals 
to provide a more expensive product 
than the consumers actually wish to pur­
chase. Although the consumer pays for 
more expensive care through higher in­
surance premiums, at the time of illness 
the insured patient's demand for care 
reflects the net price, that is, the hos­
pital's charge net of the insurance bene­
fits. Because this net out-of-pocket cost 
appears so modest, the patient is willing 
to buy more expensive care than he 
would if he were not insured. It is im­
portant to recognize that the increased 
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NET COST OF HOSPITAL CARE in constant dollars (curve in 
solid color) has scarcely risen since 1950, although the average cost 

per patient·day in community hospitals has soared from $16 to $103 

(gray curve). In current dollars the out·of·pocket cost for patient· 

day has risen from $10 to $19 (black curve). Whereas private in· 

surance paid $6 of a day's hospital cost in 1950, it paid $84 in 1972. 

demand reflects the lower net price as­
sociated with insurance and not just the 
fact that without insurance it would be 
hard for some families to obtain money 
to pay for expensive care. Insurance can 
increase the demand for expensive care 
as much among affluent families with 
substantial assets as among families with 
lower incomes and small savings. 

Unfortunately the production of high­
cost hospital care is a self-reinforcing 
process: the risk of very expensive hos­
pital care stimulates patients to prepay 
hospital bills through relatively compre­
hensive insurance, while the growth of 
such insurance tends to make hospital 
care more expensive. In this way our 
current method of financing hospital care 
denies consumers the opportunity to 
register effectively their preferences be­
tween higher-cost and lower-cost hos­
pital care. 

T
oday more than 95 percent of the 
population are covered by some form 

of health insurance. Since the introduc­
tion of Medicare and Medicaid in 1966 
the aged and the poor generally have 
had more complete coverage than the 
non-aged and the non-poor. The major 

inequities that remain are due to the 
typical form of health insurance and 
the characteristic uncertainty associated 
with medical expenses. 

Although insurance in the aggregate 
pays a substantial fraction of medical 
bills and an even greater share of hospi­
tal expenses, individual coverage varies 
widely. Low-paid workers, individuals 
who are frequently jobless and those 
who are self-employed or who work in 
small firms are likely to have little in­
surance. They and their families must 
pay a large part of their medical bills 
directly out of pocket. Moreover, be­
cause the growth of insurance has raised 
the price of medical care these bills are 
larger than they would be otherwise. 

Families that are not insured through 
employer groups can buy coverage only 
on very disadvantageous terms. Insur­
ance companies know that people who 
are most likely to buy individual policies 
generally expect higher-than-average 
medical expenses. When the companies 
raise their premiums to reflect this self­
selection, some of the healthier families 
decide not to buy insurance or to buy 
less than they would otherwise. The fun­
damental asymmetry of information be-

tween the patient and the insurer leads 
to a very high premium for self-selecting 
insurees and a resulting underinsurance 
of that segment of the population. 

For most families insurance coverage 
is generally quite "shallow." The typical 
policy pays a high fraction of small and 
moderate bills but imposes a variety of 
ceilings on use and an effective overall 
ceiling on benefits. Thus families incur­
ring large medical bills often find that 
their insurance pays only a small frac­
tion. A 1963 survey by the National 
Opinion Research Center found that the 
mean annual expenditure for medical 
care among the families surveyed was 
$370, and that about a fifth of the fami­
lies had expenses in excess of $500. 
Among the insured families that spent 
more than $500 only a third received 
benefits exceeding half of their expendi­
ture, and another third received bene­
fits of less than a fifth of their expendi­
ture. In spite of the growth of major 
medical insurance since 1963 health in­
surance today still fails to provide most 
families with protection against very 
large expenses. 

The absence of deep coverage leaves 
a significant residue of financial hard-
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ship and discourages people from seek­
ing care because of its potential expense. 
That families with an income below av­
erage (but still above the poverty level) 
are most likely to be uninsured or to 
have very shallow coverage aggravates 
the inequity of the random dispersion of 
large medical expenses. In addition, 
wbereas an out-of-pocket expenditure 

1-17 YEARS 

of $500 might pose little hardship for a 
family with an income of $.10,000 and 
some savings, the same expense would 
be a severe burden for a low-income 
family. Much of the financial inequity 
of our current system occurs because in­
surance has concentrated on providing 
a method of prepaying small and moder­
ate bills instead of covering the large ex-
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MORE THAN HALF OF ALL AMERICANS SEE A PHYSICIAN at least once a year, ex· 

cept for the children of low·income families who live in the central city. Even in that age 

group 49 percent see a physician once a year (gray bar at extreme upper left). The bars in 

color represent all individuals; the gray bars represent central·city residents. More of the 

high.income elderly in the central city visit doctors than members of any other group do. 
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penses that impose a financial burden. 
To prevent such financial hardship in­
surance coverage would have to be more 
complete for lower-income families than 
for higher-income ones. 

Contrary to a widespread impression 
low-income families do not receive less 
medical care than the rest of the popu­
lation. Even in the period before Med· 
icaid (the program of Federal and state 
governments for financing health care 
for low-income families) the evidence 
indicates that the poor got as much 
hospital care as people with higher in­
comes. A Government survey for 1963-
1964 showed an age-adjusted hospital­
admission rate of 124 admissions per 
1,000 people in families with an annual 
income of less than $2,000, 142 admis­
sions per 1,000 in families with an in­
come between $2,000 and $4,000 and 
only 120 admissions per 1,000 in fami­
lies with an income of more than $10,-
000. Members of families in the highest 
income group also stayed in the hospi­
tal for fewer days per episode, on the 
average, than patients of lower income. 
The quality of care received by the high­
er-income families may have been better, 
but firm evidence is lacking. Members 
of high-income families may also have 
better health and therefore less reason to 
seek hospital care; again there is no ade­
quate evidence. 

The use of physicians' services now 
shows almost no relation to income. A 
1970 national survey for the Department 
of Health, Education, and" Welfare 
showed that 68 percent of people aged 
18 to 64 in low-income families saw a 
phYSician during the survey year; for 
middle- and high-income families the 
fractions were 69 and 70 percent. More­
over, mean visits per person were high­
est in the low-income group [see illustra­
tion on page 159]. 

The survey also contradicts the com­
mon assertion that physicians' services 
are unavailable to low-income residents 
of central cities. Seventy-one percent 
of the people between 18 and 64 in 
low-income families living in central 
cities saw a physician in the survey year, 
slightly more than the 69 percent for 
the total survey population in that age 
group [see illustration on this page]. Al­
though physician visits in the central 
city by low-income children and the low­
income aged were less frequent than 
they were in high-income families, it is 
clear that this reHects household demand 
rather than a lack of physicians in cen­
tral cities. 

The evidence thus suggests that the 
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Our Consumer 
Group members work 
hard in the leisure mar­
ket. True Temper? Big 
in fishing rods and reels, 
gardening tools, golf 
club components. 
Jacobsen? Big 
in power mow­
ers making it easy 
for lawns to be fun places. 

Other contributors? Barbecue utensils are 
often made of stainless alloys from Allegheny Ludlum Steel. T heir products 
get around ... in parts for camper trailers, boats, cars, airplanes, golf carts. 
Meanwhile, your 1V contains our Arnold Engineering's special magnetic 
materials. And your coffee pot perks with the aid of powder metal 
components from our IPM Corporation. 

Aside from leisure Allegheny Ludlum Industries is active in still other 
growth fields .. . whether you're at work or taking it easy. 

Allegheny Ludlum Industries, Inc., Oliver Bldg., Pittsburgh, Pa. 15222. 
Our other key industries: Wallingford, Special Metals, Carmet. 
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Versatile Plenco thermoset 
molding compounds and the 
screw injection process. 
You can specify the 
advantages of both. 

That's what a growing number of companies are 

doing to produce such precision parts as these: 
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Range plug 
receptacles. 

Temperature 
limiting 'devices. 
Plenco 349 H.R. 

phenolic. 

Automatic centrifugal actuator 
switches. Molding compound, 
P l enco 482G general-purpose 
phenolic containing graphite. 

Indicating 
controllers, 
Plenco 308 G.P. 
phenolic . 

A series of rocker, toggle and pad­
dle switches. Another of terminal 
blocks. Plenco 485 heat-resistant 
phenolic. 

Motor control units. Plenco 500 
improved impact phenolic. 

E lectrical relays. 
Plenco 369 
single' stage 
G.P. phenolic. 

Because a thermoset 
compound is specified 
doesn't mean you have to do 
without the extra speed and 
economy, the flexibility and 
cycle-time savings of 
injection molding. 

Certainly not if you specify 
Plenco. In virtually every 
industry and for a world of 
different applications, Plenco 
molding compounds are 
being proved conclusively 
on a varied group of screw 
injection machines. 

That's versatility. That's 
value. That's Plenco service. 
Give it a try next time you 
specify, whatever your 
product or production 
problem. We'll give you 
our best. 

PLENCC> 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wis. 53081 
Through Plenco research ... a wide range 
of ready-made or custom-formulated 
phenolic. melamine. epoxy and alkyd 
thermoset molding compounds. and 
industrial resins. 

differences among income groups in the 
use of health care are relatively un­
important. The significant inequities are 
of two types. First, all families may suf­
fer substantial financial hardship if they 
incur medical expenses that are large 
with respect to their income. Second, 
some families are prevented by their 
form of employment from buying ade­
quate insurance at a fair premium and 
are therefore much more likely to face 
large out-of-pocket costs or to be de­
terred from seeking needed medical 
care. Although the deprivation of care 
may be very small in relation to the total 
services provided, the consequences can 
obviously be quite serious. 

The general increase in the cost of 
health care and in the personal risk of 
serious financial hardship has created 
substantial pressure for changes in the 
finanCing and organization of health ser­
vices. Some form of a national health­
insurance program is the most common 
proposal. For those who currently have 
little or no insurance such a Government 
program would be of great value. For 
most of the population, however, it 
might do no more than substitute the 
financing of insurance premiums through 
the tax system for the current voluntary 
employer-employee purchase of insur­
ance. Moreover, such a substantial in­
crease in taxes cO\lld significantly distort 
the supply of work effort and give rise 
to the inefficient use of resources in the 
economy as a whole. 

U
nless the structure of the national 
health-insurance coverage were very 

different from the typical policies of 
today, national health insurance would 
not remove the risk of financial hardship 
and would aggravate the problem of cost 
inflation. To prevent financial hardship 
and the undesirable deprivation of need­
ed care the insurance coverage should 
limit the family's maximum medical ex­
penditure to a reasonable fraction of 
family income. To avoid the continuing 
inflation of hospital costs the insurance 
should concentrate on preventing large 
out-of-pocket expenses instead of pre­
paying a substantial proportion of typi­
cal hospital bills. 

In contrast, if everyone in the popula­
tion had the very comprehensive insur­
ance of the type provided by Medicare, 
hospital inflation would no longer be 
checked by limits in patients' willingness 
to pay for more expensive care. The level 
and growth of hospital costs would have 
to be determined by some type of reg­
ulatory agency. The experiences of Can­
ada and of several European countries 
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MEAN NUMBER OF PHYSICIAN VISITS PER YEAR decreases steadily with increasing 

family income. Bars in color represent visits by whites, bars in gray visits by nonwhites. The 

mean number of physician visits per year for all whites is 4.1 visits, for nonwhites 3.6. 

indicate that governments have general­
ly been unsuccessful in holding down 
hospital costs even when in principle 
they have the authority to do so. More­
over, even if the government could set 
the level of hospital costs, this would 
make the nature and quality of hospital 
care completely insensitive to consumer 
preferences. 

Preserving and improving the respon­
siveness of health care to the preferences 
of the patients is likely to be the most 
difficult task in our future health-care 
system. Until now the development of 
our health services has been guided by 
the demands of individual patients and 
their physicians. The dramatic changes 
in medical practice and the growing 
sophistication in hospital care during the 
past 50 years have reflected the individu­
ally expressed willingness to pay for 
better medical care. As we have seen, 
however, the demand signals to which 
the health system responds have become 
increasingly distorted in favor of high­
cost institutional care by the growth of 
insurance. 

The inability of our current system to 
accurately reflect the public's prefer­
ences about the level of medical spend­
ing has induced demands for a greater 
use of detailed controls and regulations. 
These could be superimposed on our 
current system of fina�cing or made an 
integral part of a comprehensive national 
health-care plan. The case for such con­
trols has often been supported by a false 
analogy to regulated industries or to 
planning in fields such as transportation. 
In the health sector there would be nei­
ther the usual problem of controlling 
profit rates nor the market information 
about consumers' preferences that char­
acterizes planning and regulation in oth­
er sectors. In contrast, the basic difficul­
ty of health-sector planning is that with 
comprehensive insurance the responsible 
authorities cannot possibly have the in­
formation required to provide reasoned 
answers to the most important questions. 

More speCifically, planners must decide 
such things as the average hospital cost 
per patient-day, the number of patient­
days per capita and ultimately the share 
of national income that is devoted to 
health care. In the short run little harm 
would result from merely maintaining 
current standards or a low rate of in­
crease. But how would the long-run 
evolution of the health sector be guided? 

Setting the quantity and quality of 
health services involves balancing health 
care against other forms of consumption 
that compete for the same national re­
sources. An appropriate allocation of re­
sources must therefore reflect consumer 
preferences. Neither medical science nor 
economic analysis can provide an ade­
quate guide. Relying on the political 
budgeting process would only make 
spending for health care as arbitrary as 
the current national outlay for defense 
and scientific research. No amount of 
consumer representation in the planning 
process could ever provide an accurate 
measure of consumer preferences if the 
financing of care is separated from this 
planning process. The more centralized 
the control is and the greater the reliance 
on general-revenue Government funds 
is, the more difficult it would be to regis­
ter consumers' preferences. 

We should not lose sight of the way 
in which our health-care system might 
instead be reformed. It is important that 
we develop an approach that is appropri­
ate to the advanced technology of to­
day's medical care and the ever increas­
ing affluence of the American people. 
Too much of the current debate relies 
on ideas about the delivery of medical 
care that have been inherited from a 
period with quite different technological 
and economic conditions. The challenge 
to public policy is to find new methods 
of organization and financing that pro­
tect families from the risk of financial 
hardship while making the future de­
velopment of health care more respon­
sive to the preferences of the people. 

"Bose is best, big or small, 
high or low." Irving Kolodin, 
Saturday Review 
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A Tektronix graphic terminal is focusing 

on microphysiology at Harvard's 

"Biotechnology Resource in Electron 

Probe Microanalysis", located in the 

Laboratory of Human Reproduction and 

Reproductive Biology. 

The "resource" represents a novel effort 

to provide a microanalytical method for 

a broad range of medical specialties. 

It's being funded jointly by the National 

Heart and Lung Institute and the Division 

of Research Resources of NIH. 

Investigators hope that this exciting 

project will do for physiology what the 

electron microscope did for anatomy. 

With graphics assistance, they will be 

able to sample and map elements at 

sub-micro levels-even at the mysterious 

moment of conception. 

For electron probe sampling, hundreds 

of picoliter fluid droplets are positioned 

automatically under an electron beam, 

with step-motors disc-commanded via 

Tektronix 4010 terminal. 

Four x-ray spectrometers then detect 

characteristic x-ray lines of any chemical 

elements in each tiny picoliter sample 

. .. a feat heretofore impossible. 

Spectrometer data comes fast and clear 

on the Tektronix screen. It appears 

instantly as analyzed, regressed curves, 

automatica11y standardized, and stripped 

Computer graphics. To probe 
the tiny places where life begins. 

Graphics. The mind's eye, 

of background signal. And a switch­

commanded hard copy unit documents 

results in seconds. 

Gone is yesterday's laborious use of 

hundreds of intermediate tabular outputs. 

Helping probe life's elemental secrets, 

graphics is speeding the medical 

researcher toward a larger view from 

less. 

For more on medical applications and 

Tektronix display technologies, write: 

Tektronix Information Display Division, 

P.O. Box 500, Beaverton, Oregon 97005. 

• 
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THE MEDICAL BUSINESS 

u.s. sales of drugs, medical supplies and medical equiprnent are 

$11 billion per year. The Food and Drug Administration closely 

supervises the drugs but has little authority over the other items 

The biggest item in the average 
American's budget after food, 
shelter, clothing and transporta­

tion is medical care. It is also the fastest­
rising major component. Between 1950 
and 1972, while the four leading items 
were increasing about 200 percent, the 
cost of medical care was increasing more 
than 400 percent. In 1950 medical care 
absorbed only 4.6 percent of the average 
budget; 22 years later it accounted for 
7.5 percent. The nation's total health bill 
in 1972 was $70 billion, or $350 per cap­
ita. In this article I shall be concerned 
with the substantial fraction of the total 
medical-care bill that supports the "med­
ical business": the $11 billion expended 
for drugs, medical supplies and equip­
ment. To put the $11 billion in perspec­
tive, it is roughly a third of what Ameri­
cans spent in 1972 on new automobiles. 

In the field of ethical pharmaceuticals 
-drugs sold only on prescription-there 
are some 22,000 trade-name products in 
the marketplace. In the field of devices, 
medical equipment and supplies there is 
no reliable estimate of the number of 
products manufactured but it almost cer­
tainly exceeds 20,000. They range from 
cotton balls, sutures and tongue depres­
sors to $100,000 blood-analysis machines 
that can measure 12 components in a 
blood sample at the rate of 60 samples 
per hour. There are more differences 
than similarities between the pharma­
ceutical industry and the industries in­
volved in the production of devices, 
medical supplies and equipment. Here 
are some of the major differences. 

Perhaps the most significant difference 
is the way in which the consumer pays 
for the products involved. Consumers 
paid directly 85 percent of the more than 
$6 billion spent at retail for 1.5 billion 
drug prescriptions filled in 1971. In con­
trast some mode of indirect payment was 

by James L. Goddard 

involved for 84 percent of the consum­
able supplies and equipment used dur­
in g illnesses in the same year. Prosthetic 
devices, including eyeglasses, which are 
paid for directly, accounted for the re­
maining 16 percent. Supplies are said to 
be paid for indirectly when they are part 
of a consolidated bill presented by a hos­
pital or clinic or when they are part of a 
bill paid by an insurance carrier or other 
third party. In either case the patient is 
usually unaware of the details. 

A corollary of the mode of payment 
leads to the second major difference 

between the drug houses and the mak­
ers of medical supplies: the degree of 
product visibility. The general public is 
aware of and concerned about such is­
sues as the safety of oral contraceptives, 
price-fixing in antibiotics and the debate 
over brand-name v. generic-name pre­
scription writing. The public has little or 
no interest, however, in such matters 
as proof of safety and effectiveness of 
equipment used for patient care or the 
unnecessary duplication of costly equip­
ment by hospitals located in the same 

.area. One thinks, for example, of the fad 
� for installing hyperbaric chambers in 

hospital operating rooms in the mid-
1960's. Costing upward of $100,000 per 
installation, their value to the patient un­
dergoing surgery now appears marginal. 

Product visibility, or lack of it, helps 
to explain the third major difference be­
tween the part of the industry that pro­
duces drugs and the part that produces 
supplies and equipment. Whereas the 
Government subjects· drug makers to 
heavy regulation, it has only recently be­
gun to regulate the makers of medical 
supplies and equipment. 

The fourth major difference between 
the two parts of the industry is in profit­
ability. The pharmaceutical houses out-

perform all other major American indus­
tries in net profit after taxes as a percent 
of stockholders' equity. The drug com­
panies regularly show a return of about 
18 percent, a figure two-thirds higher 
than the average rate of return for all 
manufacturing concerns in the decade 
1960-1970. Although the consolidated 
data are not available for direct compari­
son, it is evident from the annual reports 
of the major companies in the medical 
supplies and equipment business that 
their rates of return are closer to the 
industrial average of 11 percent than to 
the drug companies' 18 percent. These, 
then, are the two major segments of the 
medical business: one highly visible, 
highly profitable and highly controver­
sial, the other almost hidden from view, 
returning only average profits and mak­
ing few "waves." Let us now take a clos­
er look at the two segments. 

The pharmaceutical industry manu­
factures two major classes of products: 
proprietary drugs sold freely over the 
counter and ethical drugs, which require 
a prescription. Ethical pharmaceuticals 
are further subdivided into brand-name 
and generiC products. The former are 
patented products manufactured by the 
larger companies; the latter are sub­
stances on which the patent has usually 
expired and that bear a uniform chem­
ical name regardless of the source. 

In 1971, according to surveys con­
ducted by the magazine Drug Topics, 
the dollar volume of all packaged medi­
cines sold at retail without a prescription 
was $2.9 billion. Of this total cough and 
cold "remedies" accounted for $619 mil­
lion, headache nostrums for $600 million 
and mouthwashes and gargles for $240 
million [see illustration on ne:rt page J. 
Many observers question the desirability 
of this traffic in drugs that are mostly 
marginal in their effectiveness. Although 
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u.s. SALES OF NONPRESCRIPTION DRUGS increased 67 per· 

cent between 1960 and 1971. Total retail sales of all packaged medi· 

cines in 1971 was 52.9 billion. Year in, year out cough and cold 

"remedies" and internal analgesics (aspirin and the like) account 

for about 40 percent of the total sales volume. Although consump· 

tion of vitamins approximately doubled in the period, dollar vol­

ume remained almost constant because vitamins became cheaper. 

Figures are from surveys published by the magazine Drug Topics. 

they are heavily advertised as being ca­
pable of relieving and even curing vari­
ous target ailments, the claims are rarely 
supported by objective studies. The Fed­
eral Trade Commission has begun to 
look closely at the curative claims made 
for these over-the-counter drugs in tele­
vision and newspaper advertisements. 

Meanwhile the prescription drug in­
dustry is enjoying an unbroken rise in 
sales. The value of ethical-drug ship­
ments in 1971 was $4. 11 billion, an in­
crease of more than 100 percent in 10 
years, with no leveling off in sight [see 
illustmtion on opposite page]. If Con­
gress were to enact some kind of com­
prehensive national health-insurance plan 
that would include payment for pre­
scription drugs, total sales could jump 
20 to 25 percent almost overnight. 

I shall leave it to other authors in this 
issue to question whether Americans 

really need 1.5 billion drug prescriptions 
per year or an average of 20 per family. 
I shall limit my remarks to the way the 
industry uses its sales dollars. 

It is estimated that the ethical-drug 
houses currently spend $1.2 billion per 
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year on advertising and promotion. This 
represents about $1 in every $4 they re­
ceive for their products at wholesale and 
is nearly four times what they spend an­
nually on research and development. 
Virtually none of the marketing expendi­
tures are directed at the consumer who 
buys the product. They are directed at 
the physician who writes the prescrjp­
tion and at the pharmacist who, with 
increasing frequency, is in a position to 
select the brand when the prescription is 
written generically or when it allows him 
to substitute one brand for another. 

Since the marketing costs come to 
about $4,000 per physician per year they 
are deemed excessive by many critics of 
the industry. The $1.2-billion figure in­
cludes the salaries of more than 21,000 
"detail men," each of whom costs the in­
dustry an estimated $35,000 per year; 
their sole job is to make periodic calls on 
physicians, pharmacists and hospital pur­
chasing agents to push their firm's prod­
ucts. Also included in the $1.2 billion are 
such costs as advertising in medical jour­
nals, exhibits at medical conventions, di­
rect-mail pieces (including physicians' 
samples), seminars, educational films, 

brochures and the practice of allowing 
wholesalers, retailers and hospitals to re­
turn unsold merchandise for credit. How 
essential these expenditures are is a mat­
ter of judgment. That they add signifi­
cantly to the nation's drug bill is undis­
putable. 

During the past five years research 
costs in the pharmaceutical industry 
have averaged close to 6 percent of net 
sales, a figure comparable to that in oth­
er high-technology industries. In the 
same period the return on research in­
vestments, as measured by new prod­
ucts, has shown a steady decline. The 
decline followed the passage of the Ke­
fauver-Harris amendments to the Fed­
eral Food, Drug, and Cosmetic Act of 
1962, which substantially increased the 
Food and Drug Administration's regulat­
ing authority with respect to the testing 
and marketing of new drugs. The peak 
for new chemical entities (63) was 
reached in 1959; the peaks for new com­
binations (253) and new dosage forms 
(109) had been reached a year earlier 
[see top illustmtion on page 166]. By re­
quiring that new drugs be efficacious as 
well as safe, the Kefauver-Harris amend-
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SALES OF PRESCRIPTION, OR ETHICAL, DRUGS more than 

doubled hetween 1962 and 1971, increasing from $1.89 hillion to 

$4.11 billion in wholesale value. The sharpest increases were ex· 

hibited by cardiovascular drugs (up 173 percent) and by drugs 

that affect the central nervous system, the category that includes 
tranquilizertl and other mood-modifying drugs (up 136 percent). 
Oral contraceptives are included in the classification "Neoplasms, 
endocrines, metabolics," which increased about 130 percent. 

ments accelerated the decline in all three 
categories of new products. With 5,558 
new products entering the marketplace 
between 1950 and 1962 the country 
needed not more combinations, new dos­
age forms and duplicate products but 
more effective drugs. 

In spite of some predictions the 
amendments have not stifled drug re­
search. The quest for new drugs con­
tinues apace. The total industry outlay 
for research and development exceeds 
$500 million per year, and the Federal 
Government spends $1. 75 billion on 
drug testing alone. 

production costs in the pharmaceu-
tical industry average a third of the 

manufacturer's sales dollar. The most 
significant portion of this expenditure, 
however, is related not to the cost of raw 
materials or to the manufacturing process 
itself but rather to the highly complex 
quality-control procedures required by 
Federal law. More than 8,000 workers, 
16 percent of the industry's work force, 
are engaged in quality control. 

Profitability has long been the hall­
mark of the pharmaceutical industry. 

Year after year the industry ranks first 
or second in after-tax income as a per­
centage of net worth. This profitability 
has been maintained by the drug indus­
try even though drug prices have not 
climbed as rapidly as consumer prices in 
general. The drug industry has been able 
to limit price increases thanks in large 
part to the high degree of automatic con­
trol achieved in its manufacturing proc­
esses. At the same time the absence of 
price competition for most products has 
ensured continued high profits. 

When the pharmaceutical industry is 
called on to defend its large profit mar­
gins, it responds that it is in a high-risk 
business in which vast sums are spent on 
research with little or no guarantee of 
return. Spokesmen for the drug industry 
often compare the search for new drugs 
with the drilling of wildcat wells in the 
oil industry. The fact is that during the 
past 25 years no major pharmaceutical 
house has been forced out of business. As 
one economist said in testimony before 
the Senate Select Committee on Small 
Business: "The high profitability reflects 
the absence of competition; the stability 
of profits demonstrates the absence of 

risk to investors. If risks were to exist, 
one would expect to see the high gains 
of some firms accompanied by occasional 
losses-to themselves or to others-but 
such evidence of risk is virtually non­
existent." 

The industry's profitability has been 
maintained also in the face of rising 
Government interest in and control of its 
activities. Federal interest was aroused 
in the era of Theodore Roosevelt, when 
the blatant claims of many makers, of 
patent medicines led to calls for Govern­
ment regulation. Apart from the fact that 
the claims were often misleading and 
even dangerous, many of the nostrums 
contained opium derivatives, with the 
result that many people unwittingly be­
came addicted to the drug. Harvey W. 
Wiley, a chemist in the Department of 
Agriculture, was one of the leaders in 
the effort to bring patent medicines un­
der control. It was not until the publica­
tion of Upton Sinclair's novel The Jun­
gle, however, that Congress responded 
by passing the Food and Drug Act of 
1906. From this modest beginning the 
Federal role in drug regulation has 
grown to its present level. In each in-
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stance drugJegislation granting new au­
thority was precipitated by some crisis 
affecting the consumer. 

In 1938, for example, it was the elixir 
of sulfanilamide disaster, in which the 
use of ethylene glycol as a solvent by a 
chemist with the S. E. Massengill Com­
pany led to the death of more than 100 
persons, most of them small children. 
Congress swiftly enacted a law requiring 
that drugs be proved safe prior to mar­
keting. Such legislation had been sought 
by the Executive Branch of the Gov­
ernment each year since 1933, only to 

be beaten back each time in Congress 
through the efforts of the drug-industry 
lobby. 

In 1961, when the thalidomide trag­
edy struck in Europe, Richardson-Mer­
rell, a major U.S. pharmaceutical manu­
facturer, had a new-drug application for 
thalidomide pending before the Food 
and Drug Administration. Thanks to the 
vigilance of Frances Oldham Kelsey, a 
physician and pharmacologist on the 
FDA staff, the application was held up 
and ultimately never issued. Congress 
again acted swiftly by passing the Ke-

fauver-Harris amendments, which pro­
vided the FDA with an entire range of 
new' authorities, including the require­
ment that all new drugs must be proved 
not only safe but also effective before 
being allowed to enter the marketplace. 
The FDA was also empowered to re­
quire periodic reports from manufactur­
ers; to require that ethical-drug adver­
tising be honest, with sufficient balance 
to give the physician information about 
a drug's side effects and contraindica­
tions as well as its potential benefits; to 
require immediate reporting of any un-

-

AUTOMATIC ANALYSIS OF BLOOD SAMPLES is carried out by 
a $100,000 machine built by the Technicon Corporation. The in­

strument can analyze blood specimens for 12 different components 

at the rate of 60 specimens per hour. Components commonly de-

termined include calcium, inorganic phosphate, urea nitrogen, glu­

cose, uric acid, albumin, total protein, cholesterol, alkaline phos­

phatase and lactic dehydrogenase. The instrument shown here is 

in the New York City laboratory of the Life Extension Institute. 
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usual side effects during development 
work, and to review all drugs marketed 
between 1938 and 1962 to determine 
their efficacy as well as their safety. 

Some observers believe that the phar­
maceutical industry is now overregulat­
ed and that bureaucratic interference 
with the industry has reached such a 
level that the American public is being 
denied certain drugs available overseas. 
The University of Chicago economist 
Milton Friedman has recently made this 
point forcefully, and with much publici­
ty, by charging that FDA regulations are 
keeping important new drugs off the 
American market and that the U.S. is 
falling behind the rest of the world in the 
development of new drugs. Calling for 
repeal of the Kefauver-Harris amend­
ments, Friedman pointed to the avail­
ability in Europe of two new drugs for 
heart patients, Practolol and Oxprenolol, 
as prime examples of why the present 
system should be changed. 

Friedman's allegations were effective­
ly refuted during recent Senate hearings 
by spokesmen from three organizations 
that rarely find themselves in total agree­
ment about anything: the Food and 
Drug Administration, the American 
Medical Association and the Pharmaceu­
tical Manufacturers Association. Spokes­
men for these groups, along with a num­
ber of prominent heart and cancer spe­
cialists, made it quite clear that even 
though the U.S. has the most demanding 
requirements of any nation in the world, 
all safe and effective drugs, or their 
equivalents, are available here. (Practolol 
and Oxprenolol are not deemed safe.) 

The companies that manufacture med-
ical supplies, devices and equipment 

might be termed the hidden, or at least 
the unknown, segment of the medical 
business. When the patient is billed for 
blood tests or X rays, it probably does 
not occur to him that part of the fee is 
used to offset the purchase price of ex­
pensive analytical instruments or an 
X-ray camera. And who even cares that 
the doctor's bill must cover the cost of 
tongue depressors, Band-Aids, thermom­
eters, disposable hypodermic syringes 
and the almost countless other impedi­
menta of medical practice? 

In spite of their low profile, the com­
panies that make these medical goods 
are enjoying the sharply rising expendi­
tures on health care. For example, manu­
facturers of surgical dressings and in­
struments have annual sales of more than 
$500 million. This amount includes $163 
million for adhesive tape, $127 million 
for compresses, gauze and other dress-

ings, $88 million for elastic bandages 
and rolls containing plaster of Paris for 
making casts and $30 million for cotton 
balls. Sales of surgical instruments come 
to about $120 million per year. 

Manufacturers of other kinds of medi­
cal supplies have annual sales of more 
than $2 billion. Sales are expected to 
reach $2.9 billion by 1975 and $4.2 bil­
lion by 1980. Products under this head­
ing include anesthetics, parenteral solu­
tions, syringes and needles, sutures, lab­
oratory ware and reagents, thermome­
ters, stethoscopes, sphygmomanometers, 
medical linen and X-ray supplies. (More 
square feet of photographic film are con­
sumed in making X rays than are used by 
the motion-picture industry, which has 
recently led the Eastman Kodak Com­
pany to introduce a system for copying 
the standard 14-by-17-inch X-ray image 
on a "chip" about two inches square so 
that the silver in the original large nega­
tive can be recycled.) 

The introduction of new technology, 
much of it made possible by solid-state 
electronics, has led to a sharp rise in the 
sales of medical and hospital equipment. 
The magazine Electronics predicts, for 
example, that sales will increase more 
than 50 percent between 1970 and 
1975: from $530 million to $832 million. 
Sales of patient-monitoring systems will 
nearly triple in the same period: from 
$29 million to $80 million. 

Sizable increases are also predicted 
for sales of such laboratory equipment 
as automatic clinical chemistry systems, 
blood-bank equipment, blood analyzers, 
chromatography systems, electrolyte­
measuring instruments, automatic blood­
cell counters, electron and light micro­
scopes and spectrophotometers. Sales of 
these items, which were less than $200 
million in 1968, may reach $380 million 
in 1975 and exceed $570 million in 
1980, according to Electronics. 

The use of new plastics and alloys has 
led to great advances in such surgical im­
plants as artificial joints, bone plates, 
pins and arterial grafts. It is estimated 
that 100,000 arterial grafts will be in­
serted this year, along with 45,000 heart 
valves and 200,000 cerebrospinal-fluid 
shunts (mechanical devices for relieving 
excess aqueous pressure within the 
brain). It is estimated that.lOO,OOO Amer­
icans are now equipped with electronic 
heart pacemakers and that 50,000 new 
installations will be made this year. More 
than three million women have now 
been fitted with intrauterine contracep­
tive devices (IUD's) in the form of rings, 
coils, loops, bows, springs and spirals. 

During the remainder of the decade 

IMPLANTABLE PACEMAKERS for the 

heart are among the many medical devices 

not yet brought under the control of the 

Food and Drug Administration. It is esti· 

mated that 50,000 Americans will receive 

pacemaker implants this year. The two de· 
vices shown here are made by Medtronic, 

Inc., of Minneapolis. The unit at top, wbich 

uses a chemical power source, has an ex· 

pected life of two to three years. Unit at bot. 

tom, which runs on plutonium 238, may last 

10 years. Each weighs about five ounces. 

RESEARCH AND 
DEVELOPMENT 

COST OF GOODS 

35% 

BREAKDOWN OF SALES DOLLAR is es· 

timated for 1968 for 17 leading pharmaceu. 

tical houses. Although the industry takes 

pride in its large investment in research and 

development (some $400 million in 1968), 

the amount spent on marketing and promo· 

tion is nearly four times larger. The indus· 

try is second only to mining in profitability. 
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one can expect major progress in the 
development of assistive, prosthetic and 
corrective devices, such as "radar" aids 
for the blind and artificial larynxes. Sales 
of devices in this category are expected 
to reach $640 million by 1975 and $890 
million by 1980. 

M any observers believe the medical-
supply industry is in the same posi­

tion as the drug industry was in before 
the enactment of the 1938 legislation. 
There has been an enormous prolifera­
tion of medical devices (a recent FDA 
survey counted 12,000 devices made by 
1,100 companies), but no Federal agen­
cy has yet been given the responsibility 
for determining either their safety or 
their efficacy. The International Orga­
nization for Standardization has been 
pressing its member countries to exercise 
greater control over devices with the 
greatest potential for doing harm, par­
ticularly surgical implants. At the same 
time the FDA has been asking Congress 
to increase its control over the manufac­
ture and sale of medical devices of all 
kinds. 

In recent testimony before a Congres­
sional subcommittee the then Acting 
FDA Commissioner Sherwin Gardner 
noted that under the limited powers 
granted the agency in 1938 most of its 
effort, until recently at least, had been 
devoted to removing obviously danger­
ous products from the market and con­
trolling the promotion of "quack type" 
devices. "Because existing law imposes 
no statutory requirements for FDA to re­
view the safety and effectiveness of med­
ical devices prior to marketing," Gard­
ner testified, "FDA has the burden of 
proof and must accumulate evidence suf­
ficient to assure that it can sustain a court 
action." 

An indication of the seriousness of the 
problem is that, even with such limited 
powers, the FDA in the first three 
months of this year seized more than 300 
devices, ordered the recall of 35 different 
kinds of device (including several hun­
dred heart pacemakers) and issued more 
than 1,800 advisory opinions (letters of 
warning or caution to manufacturers). A 
bill that is currently before Congress 
would enable the agency to require all 
manufacturers of medical devices to be 
registered with the FDA, to disclose all 
complaints received, to maintain records 
and submit reports (including clinical 
studies of safety and efficacy) and to re­
call, replace or repair defective devices. 
One would hope that adequate control 
legislation will for once in this country 
be enacted on its merits and not in re­
sponse to a tragedy. 
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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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The Organization of Medical Care 

The benefits of lnedicine are now beyond the reach of the one-to-one 

relationship between the patient and the physician. New institutions 

of medical care are being shaped by economics and social priorities 

M
ore than 40 years

' 
have passed 

since the Committee on the 
Costs of Medical Care, estab­

lished by a group of foundations, under­
took the first and so far the only thor­
oughgoing attempt to create a national 
health policy for the U.S. Among other 
things, the committee recommended a 

change in the financing of health ser­
vices, so that prepayment for a regime of 
care would replace payment by the pa­
tient at the time of service, and a change 
in the structure of the delivery of medi­
cal service whereby the payment mecha­
nism would be combined with group 
practice. Movement in these directions 
has been so slow that today this or­
ganized type of medical care is available 
to only a small fraction of the American 
people. Nonetheless, an examination of 
present trends indicates that notable 
changes in the structure of medical care 
will materialize during the next decade, 
whether or not major legislation seeking 
to bring about these changes is adopted. 
Although the U.S. is only in the early 
stage of such changes, it seems timely to 
examine them. 

The cause of change is seldom simple. 
The structure of medical care is not an 
isolated phenomenon but a reflection of 
the social and cultural values of the so­
ciety. In this century the general trend 
in the U.S. has been toward greater so­
cial equity, although the changes are 
now so much an accepted part of life 
that one forgets how many of them there 
have been. Antitrust and labor laws, per­
sonal and corporate income taxes and the 
Social Security system all reflect the 
trend. Until about 10 years ago, how­
ever, legislative initiatives affecting the 
organization and provision of medical 
care lagged conspicuously. 

The structure of medical care involves 
not only the attitudes of society but also 

by Ernest W. Saward 

the attitude of the medical profession. In 
the U.S. the profession has had a con­
sistent record. It opposed workmen's 
compensation laws, social security and 
voluntary health insurance when they 
were in their formative stages; it vigor­
ously opposed hospitalization for the 
aged under the Medicare amendment to 
the Social Security Act; it opposed until 
its enactment last year another revision 
of the social security law creating Profes­
sional Standards Review Organizations, 
consisting of groups of physicians that 
(starting next January 1) will review the 
work of physicians in areas entailing 
Federal funds, and the profession cur­
rently opposes legislation that would fa­
cilitate the formation of Health Mainte­
nance Organizations. For years the pro­
fession opposed proposals for national 
health insurance; when it appeared that 
the adoption of Some such plan was in­
evitable, organized medicine came for­
ward with a limited and preemptory 
plan of its own. (This issue remains un­
resolved.) In short, the organized medi­
cal profession has repeatedly been on the 
negative side of social issues where the 
general public has been on the affirma­
tive side, issues that have been or appear 
likely to be resolved affirmatively by leg­
islation. 

M
any factors have helped to set in mo-

tion the changes in the structure of 
medical care. They include the long­
standing trend toward equality of re­
ward as well as toward the equality of 
opportunity that is the traditional prom­
ise of our institutions. The general level 
of education is rising, and aflluence is 
spreading. Surely, however, the main 
driving force has been the impact of sci­
ence and technology on what medicine 
can provide and what the public expects 
of medicine. 

For medicine in particular one thinks 
of the developments in bioscience and 

their effect on medical science and prac­
tice. Of equal importance, however, has 
been the effect of general scientific de­
velopments on attitudes and beliefs. Not­
withstanding the profound impact of this 
scientific advance, one finds that expec­
tation outruns the fact. 

Health as a priority is seldom high on 

the list of society's demands until other 
basic requirements have been reason­
ably well met. This order of affairs is 
characteristic of what is implied by the 
terms "developed" and "underdevel­
oped" societies, and it is equally true for 
the underdeveloped segments of our 
own society. If one examines Federal 
legislation dealing with health in the first 
century after the republic was founded 
and compares it with recent activity, one 
must conclude that health was no prob­
lem in the nation's early history, al­
though every statistic indicates just the 
opposite. Only when science and tech­
nology have produced not only today's 
content in medicine but also to day's 
standard of living is it possible for the 
President to proclaim a health crisis, as 
President Nixon did soon after taking 
office. Only when the triumphs of ste­
roid chemistry have made contraception 
easy and readily available to everyone 
who wants it is it possible for the Su­
preme Court to issue a ruling on abortion 
that reflects a turnabout in the society's 
long-standing attitude. The ability of sci­
ence to affect attitudes is indeed power­
ful. Science alone seems to have had an 
equal effect on the public and on the 
medical profession. 

To examine the changes in the struc­
ture of medical care it is necessary to 
recall the conditions of medical practice 
in the recent past. Although the charac­
teristics of the medical profession and 
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medical institutions have a long history, 
the main influence in the U.S. has been 
the attitudes of the early settlers from 
England. American concepts of local 
government, of the rights of the poor, of 
charity and the charitable hospital are all 
still fundamentally derived from those 
attitudes. 

Science has now given medicine much 
more to offer than was available as re­
cently as the beginning of this century, 
and the public has moved from expect­
ing care to expecting cures. Indeed, the 
public expectation outruns what medi­
cine is in fact able to offer. In any case 
it is clear that the public's concern with 
and voice in the structure of medical 
care have increased greatly since the be­
ginning of the century. Throughout the 
century the structure of medical care has 
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reflected this interplay: the attitudes and 
expectations of the public have been 
greatly affected by the achievements 
of science, and the medical profession, 
while rapidly making use of scientific 
and technological advances, has found 
itself adapting after the fact to the ex­
pectations of the society it exists to serve. 

The problems are not new, nor is 
the general outline of policy for solving 
them. Both the problems and the solu­
tions were well described in the report 
of the Committee on the Costs of Medi­
cal Care in 1932. Many subsequent com­
mittees have come to similar conclusions, 
but so far not even the recommendations 
of the original committee have been sig­
nificantly achieved. 

Up to now the major mechanism for 
dealing with the problems of financing 
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medical care has been voluntary health 
insurance. For all practical purposes vol­
untary health insurance started with the 
Blue Cross movement, which had as its 
aim as much the support of hospitals as 
the amelioration of hospital expenses for 
the patient. The movement has had 
many of the elements of a producer co­
operative; indeed, only in the past year 
has the American Hospital Association 
been fully separated from the Blue Cross 
Association. To describe the system as 
being similar to a cooperative is not to 
minimize its usefulness. Thirty years ago 
only 10 percent of the people in the U.S. 
had any health insurance. The policy 
alternative of having either compulsory 
health insurance or voluntary health in­
surance was debated briefly after World 
War II and quickly resolved in favor of 
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the voluntary method. Under the impact 
of collective bargaining voluntary hospi­
tal insurance became almost universal 
for the employed population, leaving 
without insurance only the people disad­
vantaged by age or poverty. 

Although health insurance has be­
come almost universal in enrollment, for 
the majority of the population it has nev­
er been comprehensive in scope. Today 
it covers less than a third of the total 
health bill for health care in the U.S. 
Without it, however, there would be 
chaos unless a similar mechanism were 
put in its place. 

B
y the early 1960's it had become clear 

to almost every element of the so­
ciety except organized medicine and the 
private insurance industry that private 
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structure consisting of the various medical 
departments operates under the chief of staff. 

health insurance had failed for the poor 
and the elderly. A great struggle ensued, 
culminating in the Medicaid and Medi­
care modifications of the Social Security 
Act in 1965. These modifications are not 
generally regarded as ideal legislation for 
health but rather as a compromise re­
flecting what was politically possible as 
a major departure from previous Federal 
policy. The changes that Medicare and 
Medicaid brought about in public atti­
tudes and expectations and in the costs 
of medical care were more rapid than 
most people had foreseen. They marked 
the arrival in the public consciousness 
of what is widely described as a health 
crisis in the U.S. 

By 1968 a number of prominent fig­
ures were calling for a program of na­
tional health insurance. Richard M. Nix­
on, campaigning for President, was 
stating that the U.S. had the best medi­
cal care in the world. He certainly was 
not advocating national health insur­
ance. Five months after his inaugura­
tion, however, he declared a national 
health crisis and stated that a chaotic 
situation would arise if fundamental 
changes were not made in the structure 
of medical care. In effect, although the 
penetration of voluntary health insur­
ance had never been greater and signifi­
cant legislation had been passed to aid 
both the elderly and the poor, the Presi­
dent perceived the dissatisfaction of the 
public. 

During 1970 the Department of 
Health, Education, and Welfare careful­
ly examined the various options. Early in 
1971 the President sent to Congress a 
health message in which he said: 

"In recent years a new method for de­
livering health services has achieved 
growing respect. This new approach has 
two essential attributes. It brings togeth­
er a comprehensive range of medical 
services in a single organization so that a 
patient is assured of convenient access to 
all of them. And it provides needed ser­
vices for a fixed-contract fee which is 
paid in advance by all subscribers. 

"Such an organization can have a va­
riety of forms and names and sponsors. 
One of the strengths of this new concept, 
in fact, is its great flexibility. The gener­
al term which has been applied to all 
of these units is HMO-Health Mainte­
nance Organization. 

"The most important advantage of 
Health Maintenance Organizations is 
that they increase the value of the ser­
vices a consumer receives for each health 
dollar. This happens first because such 
organizations provide a strong financial 
incentive for better preventive care and 
for greater efficiency. 

"u nder traditional systems, doctors 
and hospitals are paid, in effect, on a 

piecework basis. The more illnesses they 
treat-and the more service they ren­
der-the more their income rises. 

"This does not mean, of course, that 
they do any less than their very best 
to make people well. But it does mean 
that there is no economic incentive for 
them to concentrate on keeping people 
healthy. 

"A fixed-price contract for compre­
hensive care reverses this illogical incen­
tive. Under this arrangement, income 
grows not with the number of days a per­
son is sick but with the number of days 
he is well. HMO's therefore have a 
strong financial interest in preventing ill­
ness, or, failing that, in treating it in its 
early stages, promoting a thorough re­
covery and preventing any reoccurrence. 
Like doctors in ancient China, they are 
paid to keep their clients healthy. For 
them, economic interests work to rein­
force their professional interests." 

The policy set forth in the message 
quickly became known as the Health 
Maintenance Organization strategy. Al­
though more than two years have passed 
without substantive action by Congress, 
the policy apparently remains a part of 
the Administration's intentions. Public 
interest in the concept has been high, al­
though the number of people served by 
new organizations that fully qualify un­
der the definition of Health Maintenance 
Organization has not greatly increased 
in recent years. 

Looking in 1970 at the organizational 
situation of medical care and considering 
the changes that would be needed to 
shift to Health Maintenance Organiza­
tions on a large scale, Roger O. Egeberg, 
then Assistant Secretary of Health, Edu­
cation, and Welfare for Health and Sci­
entific Affairs, remarked: "You just can't 
get there from here." He meant the re­
mark in jest, but a number of serious 
considerations were embodied in it. The 
fact is that a Health Maintenance Or­
ganization, either in its centralized or in 
its decentralized form, entails substan­
tial changes in the structure of the de­
livery of personal health care. 

The centralized form usually goes by 
the name of prepaid group practice. In a 

typical arrangement the subscriber pays 
monthly premiums for comprehensive 
health-care services, which are provided 
by an organized medical group. About 
50 groups of this kind have been orga­
nized; the largest and probably best­
known one is the Kaiser-Permanente 
program, which serves 2.2 million mem­
bers in California (a tenth of the state's 
population), in Oregon, in Colorado and 

171 
© 1973 SCIENTIFIC AMERICAN, INC



in Ohio. The decentralized form of 
Health Maintenance Organization is en­
compassed by the term Foundation for 
Medical Care. Participating physicians 
agree in advance on a schedule of fees, 
and they accept review of their work by 
peers, but they continue to practice in­
dividually. Again the subscriber pays an 
annual fee for health care, and when he 
needs to see a physician, he chooses one 
from a list of the physicians participat­
ing in the foundation. The San Joaquin 
Foundation in California is an early ex­
ample of a group organized along these 
lines. 

Although the structural changes re­
quired to move from the present kind of 
organization for medical care to the 
Health Maintenance Organization are 
much more obvious in the prepaid group 
form than in the foundation form, they 
will not be insignificant in the long run 
for the foundations. Indeed, the long-
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term implications of the foundation 
movement-if the foundations are truly 
to qualify as health-maintenance organi­
zations by the kind of risk-sharing inher­
ent in operating under an annual budg­
et-are such that one wonders if the 
present advocates of the foundation form 
fully realize the structural alterations 
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In short, the Health Maintenance 
Organization significantly changes the 
structure of medical care. In the present 
environment it has proved difficult to 
launch such organizations. One might 
therefore ask what changes are needed 
to facilitate the task. 

H
ealth Maintenance Organizations are 

difficult to organize. The complexi­
ties are numerous. What will encourage 
physicians to surrender their present lu­
crative freedom for a more organized 
and disciplined structure? 
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The well-known dictum that form fol­
lows function is as true for the structure 
of pro grams as it is for physical struc­
tures. It might be added that function 
follows funding. Any serious student of 
health-care systems perceives that the 
method of financing a system casts a 
long shadow over the functions and 
therefore over the form the system will 
assume. The fee-for-service system has 
shaped the present structure of medical 
care, not only as it affects the profes­
sionals in the field but also as it affects 
hospitals. 

It is the flow of money in medical care 
that most fundamentally gains the atten­
tion of legislators and Government agen­
cies, particularly if the care is tax-sup­
ported, as is the case with Medicare and 
Medicaid. Many attempts have been 
made to oversee such care by creating 
standards and review processes to make 
certain that effectiveness is attained. 
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Whether the standards relate to hospi­
tals, laboratories, medical records or the 
performance of physicians, the aim is 
cost-containment. The Professional Stan­
dards Review Organizations represent 
another step in this direction. One of the 
aspects of the movement termed con­
sumerism is related to medical care, as 
are the efforts of Herbert S. Denen­
berg, the insurance commissioner of 
Pennsylvania, to make health insurance 
accountable. 

All such efforts are valuable and prob­
ably inevitable, but it seems unlikely 
that they will have much impact on the 
cost of health services unless there are 
other changes in the way health services 
are financed and the providers are paid. 
Trends can now be discerned that fore­
shadow changes in both health financ­
ing and the structure of personal health 
services. Indeed, it appears likely that 
the U.S. will have arrived within a dec­
ade or so at some form of entitlement of 
everyone to a basic set of personal­
health-service benefits. Whether the 
benefits will be Federally insured or in­
sured by private companies under Fed­
eral mandate and regulation is not clear. 
In any case, although the issue is an im­
portant one, it is not essential to the view 
of the future that is outlined here. 

During the same period the costs of 
health care will have risen. The rise may 
not be as rapid as it has been during the 
past decade, but by about 1984 health 
care will represent at least 8 percent of 
the gross national product and quite pos­
sibly almost 9 percent. 

Perhaps more important than the per­
centage is the way this large sum will be 
obtained. Today about 40 percent of all 
health-care costs are borne by tax funds 
(Federal and local). The figure is ris­
ing even more steeply than the costs of 
health care are, and it seems certain that 
whatever new scheme is adopted, the 
amount that is tax-funded will be more 
than half. 

The importance of this prospect is that 
when money for health care comes either 
from taxes or from governmentally man­
dated and regulated funds, health care 
must compete with other priorities of ex­
penditure that are under public review. 
It cannot be, as much of health funding 
is today, a private and open-ended sys­
tem in which the priorities are not con­
spicuous. It seems probable therefore 
that by the end of the next decade the 
percentage of the total gross national 
product devoted to health will be unable 
to rise further because of competing so­
cial priorities. The absolute amount of 
money spent on health will continue to 
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the gross national product (gray) and health expenditures (color). As a percentage of the 
gross national product health outlays rose from 4.6 percent in 1950 to 7.6 percent in 1972. 

rise, but the increase will only be parallel 
to the rise in the gross national product. 

By the end of the decade the U.S. will 
have arrived at what will be essentially 
closed-end funding, that is, there will in 
effect be total budgets for health, provid­
ed both from tax funds and from Feder­
ally mandated and regulated insurance 
programs, and it will be necessary for 
the providers of health services to oper­
ate within those annual budgets. (It is 
necessary to draw a distinction between 
a total Federal budget for health and a 
finite total allocation of resources by the 
combination of all tax support and pub­
licly mandated and regulated insurance. 
The second combination appears more 
immediately likely. It too will eventually 
produce an essentially closed-end fund­
ing, although the process will probably 
take more time.) 

It can be predicted that the costs 
of technological developments in health 
will continue to rise at least as fast as 
they have risen in the past decade. My 
impression is that they will rise faster, 
because medicine appears to be on the 
threshold of technologies even more 
elaborate than the ones that have ap­
peared in recent years. Therefore I sup­
pose there will never be enough money 

to satisfy what seem to be the rational 
needs of the health-care system. Hence 
one can predict a strong emphasis on 
cost effectiveness. 

If there is a finite budget and a com­
mitted responsibility for a defined popu­
lation, the fee-for-service payment of the 
providers of health care has inherent 
problems. The providers have an almost 
limitless ability to multiply the technical 
procedures of service that they can sup­
ply. If the fee-for-service method were 
to continue in a closed-end system, the 
need to stay within a budget would give 
rise to the proration of fees or to in­
equities in the distribution of service, 
and perhaps to both. 

In this situation it would seem to be 
irrational to simply allocate the most 
money to the providers who have given 
the most service on a fee-for-service ba­
sis. Another method of allocating funds 
will be necessary. It will probably take 
overruns of budget to bring about the 
change. Cost reimbursement is not the 
answer. It is the present method of pay­
ment to hospitals under Medicare, and 
it is essentially open-ended, since virtu­
ally any charge made by the hospital 
must be paid. 

Most likely the solution will be the 
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creation of a politically based unit of au­
thority to resolve the questions of alloca­
tion that arise in a closed-end system. It 
may be that Federally mandated insur­
ance will eventually produce a Federal 
mandate for a local authority (state or 
regional) to oversee the allocation of re­
sources. The concept will probably re­
semble the Health Care Corporation 
proposed in the American Hospital Asso­
ciation's Ameriplan, in which a regional 
organization is given both responsibility 
for the delivery of medical care and a 
budget fitted to the population being 
served. Within the region existing or 
new organizations of the Health Mainte­
nance Organization type (including pre­
paid group practice, Foundations for 
Medical Care and neighborhood health 
centers of the kind established by the 
Office of Economic Opportunity) will be 
allocated budgets in relation to the num­
bers and demographic characteristics of 
the population they voluntarily and com­
petitively enroll. 

With equal sums for demographically 
equal populations, it will be necessary 
to have a means of evaluating the pro­
vider organizations. It seems probable 
that the evaluation will be based at least 
partly on the health of the populations 
the organizations serve, as measured by 
surveys showing how closely the popula­
tions match various health indexes. Eval­
uation of the technical procedures of 
medical care will be useful but inade­
quate by itself, since the purpose of the 
Health Maintenance Organization is to 
foster health as well as to treat illness. I 
know of no evidence that merely adher­
ing to technical standards is necessarily 
equivalent to being the most efficient 
provider of health care. Unfortunately 
process evaluation tends to enshrine a 
conservative orthodoxy in which more 
service is often equated with better qual-

$8.4 BILLION 

$28.4 BILLION 

ity. The incentive in the system of equal 
sums for demographically equal popula­
tions is that the reward will go to the 
efficient provider that produces convinc­
ing measurements of the health of the 
population under its care. It can be ex­
pected that only the efficient providers 
will flourish and that the less efficient 
ones will wither away. 

If my description of what is to be ex­
pected in the structure of medical care 
a decade from now is reasonably accu­
rate, a number of questions must be 
dealt with. They include methods of 
planning, deployment of manpower, de­
termination of quality, establishment of 
adequate measurements of health and 
many other matters. At present most of 
the answers are not known or only part­
ly known. 

Health manpower offers an example. 
If one attempts to provide comprehen­
sive health benefits to a defined popula­
tion, one needs to know what combina­
tion of health professionals will be best 
when both cost and outcome are consid­
ered. In the U.S. , for example, it was 
only 10 years ago that interpreting and 
acting on an electrocardiogram was 
thought to be solely a task for a physi­
cian. Today throughout the country 
nurses in coronary intensive-care units 
interpret electrocardiographic findings 
and act on them at once, as indeed they 
must to fulfill the purpose of such units. 

Present concepts of the role of the 
physician, the nurse and other health 
professionals will change rapidly under 
fixed budgeting for defined populations 
if different delivery systems are allowed 
to compete. If a technical task can be 
done by a nurse practitioner at a third of 
the cost of its being done by a physician, 
there will be interest in the delegation of 
the task. In such conditions the present 
apparent shortage of physicians may dis-

$12.1 BILLION 

VARYING PROPORTIONS of health costs are paid from public funds, depending on the 
age of the people affected. In the group aged 19 through 64 (left) public funds (gray) cover 
23 percent of costs; for people aged 65 and over (right) the public share is 68 percent. 
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appear. Although by 1984 the U.S. may 
finally have trained enough physicians 
for the present method of delivering 
health services, the number is likely to 
be far too high for the budgeted, com­
petitive systems of that time. Moreover, 
many of the currently insoluble prob­
lems of providing health services in rural 
areas will be solved rapidly if an organi­
zation is paid a budget and is made re­
sponsible for delivering comprehensive 
service to such a population. 

E
ven with a fixed budget for a defined 

population and a highly efficient de­
livery system, the nature of medical tech­
nology is such that no system can pro­
vide every service that anyone might 
want. Priorities will have to be arranged. 
The task is formidable and can only be 
accomplished politically. At present the 
political process provides much more 
money for research on cancer than for 
investigation of heart disease, although 
more than twice as many people die of 
heart disease as die of cancer. Priority in 
Federal health insurance is given to the 
aged rather than to the young. Such de­
cisions are too difficult and far-reaching 
to be made on a medical basis alone; 
they must be made politically. 

In sum, we see the structure of medi­
cal care in the U.S. in a period of transi­
tion. The structure of medical care large­
ly reflects the interaction of the attitudes, 
culture and customs of the society with 
a traditional profession. In the U.S. the 
society prides itself on free enterprise, 
the independence of the individual and 
free institutions. Medical care has re­
flected these preferences. The individual 
practitioner usually practices alone, al­
though he may have a network of rela­
tions with other similar entrepreneurs. 
He will care for the people who come to 
him and who can pay his fee. Many 
physicians choose not to see the people 
who come but cannot pay the fee, as is 
indicated by the small percentage of 
physicians willing to participate in 
Medicaid reimbursement and similar 
programs. 

The organized institutions, of which 
the hospital is typical, also function in an 
entrepreneurial way, seeking to stand 
alone and competing with similar insti­
tutions in the same geographical area. In 
general entitlement to medical care must 
be earned, either through earning the 
money to pay the fee or through earning 
the right to be covered by health insur­
ance. The people who do not earn this 
right are usually recipients of a different 
and inferior kind of care. 

Such coordination as exists between 
the elements of the American system of 
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medical care relates to the flow of mon­
ey; if money does not flow, there is usu­
ally very little coordination. The per­
formance of the present medical system 
is hard to measure, and orily crude in­
dexes for measuring it are available. 
Clearly, however, these indexes, such as 
they are-whether age-adjusted mortali­
ty, infant mortality or the limited infor­
mation available from survey samples of 
various population groups-do not show 
that the system is producing as high a 
standard of medical care as one might 
reasonably expect in relation to the ex­
penditure or to the level achieved else­
where. 

T
o describe more rational models, such 
as the Health Maintenance Organi­

zation, does little to speed the transition 
unless the flow of funds is changed to 
favor more organized systems that take 
responsibility for the comprehensive 
care of defined populations and that are 
evaluated not only on cost but also on 
the health of the population served. A 
movement to new methods of financing 
health care seems to be foretold by the 
projection of trends that are now in evi­
dence. The greater the portion of medi­
cal care that is tax-funded and the great­
er the portion that is regulated by law 
both as to coverage and to cost from 
third-party payers, the more likely' that 
the funding of medical care will become 
closed-end (and hence budgeted) fund­
ing. There has been no reversal of these 
trends in recent years. Although the leg­
islation that has been passed and the 
regulations that have been adopted have 
not usually had the overt intention of 
changing the structure of medical care, 
they are unquestionably having that 
fundamental effect. 

The organization that effectively gives 
comprehensive care to a defined popula­
tion under a scheme of closed-end fund­
ing, and at the same time demonstrates 
good results in terms of the above-aver­
age health of the population served, will 
have a competitive advantage. Such or­
ganizations have some prototypes, in­
cluding prepaid group practice and the 
Foundations for Medical Care, and sug­
gestions have been made in legislative 
bodies and elsewhere for such organiza­
tions as Health Service Corporations and 
Health Care Corporations, which have 
similar basic concepts. The U.S. de­
mands pluralism in medical service. As 
these new forms compete, medical care 
will obtain its new structure. The new 
system will not be quite the same as any 
other country's, because it will reflect the 
attitudes and the motivations of our own 
society and culture. 

THE Reference Book for 
Audio & Video Equipment, 
Accessories and Tape-
SIGHT & SOUN TAPE 
DIRECTORY 
IS AVAILABLE TO 

SCIENTIFIC AMERICAN 

READERS at a 

30% DISCOUNT Mailed Only In U.S.A. 

The 1973174 Sight & Sound Tape Directory 

is the first complete and authoritative 

industry-wide tape directory for all audio 

and video tape products. On sa le this 

month at $10.00 per copy, you can 

DRORBAUGH PUBLICATIONS, INC. 
SIGHT & SOUND TAPE DIRECTORY 

S-A 

51 East 42nd Street. New York, N.Y. 10017 
Gentlemen: 
I wish to take advantage of your SPECIAL OFFER. 

Please send ___ copies of the TAPE DIRECTORY at $6.98 
per copy. My check in the amount of $ Is attached. 

ORDER YOUR COPY NOW 
for only $6.98. 

NAME ______________________________ __ 

COMPANY ____________________________ __ 

No reference file is complete without 

this comprehensive volume of over 

200 pages. Detailed specifications are 

given for all Audio & Video Recorders, 

Accessories and Tapes. 

ADDRESS ____________________________ __ 

CITY ____________________________ __ _ 

ST ATE, ______________________ ZIP ______ _ 

Why Do You emOS·kOp'�"j""·m'''=-
Have A Poor a complete 
Me mo ry ? ���iW:lcC!kveC!t,pm 
A noted publisher in Chicago reports 
there is a simple technique for acquir­
ing a powerful memory which can pay 
you real dividends in both business and 
social advancement and works like 
magic to give you added poise, neces­
sary s e lf-confidence and g r ea t er 
popularity. 

According to this publisher, many 
people do not realize how much they 
could i n fluence others s imp ly by 
remembering accurately everything 
they see, hear, or read. Whether in busi­
ness, at social functions or even in 
casual conversations with new acquain­
tances, there are ways in which you can 
dominate each situation by your ability 
to remember. 

To acquaint the readers of this publi­
cation with the easy-to-follow rules for 
developing skill in remembering any­
thing you choose to remember, the pub­
lishers have printed full details of their 
self-training method in a new booklet, 
"Adventures in Memory," which will be 
mailed free to anyone who requests it. 
No ob ligat ion. S end y our na m e, 
addr ess, and z ip c od e  to: Memory 
Studies, 555 E. Lange St., Dept. 858-01, 
Mundelein, Ill. 60060. Postcard wfll do. 

We went to Wetzlar, Germany (world capital 
of fine optiCS) to find such perfection at such 
a price. Remove the EMOSKOP from its fitted 
leather case.and it is a 30x microscope. 
A twist of the wrist converts it to a 3x tele­
scope (ideal for theater, f i e l d  or sky) or 
a unique 3x telescope-Ioupe. Another change 
and you have your choice of 5x, lOx or 15x 
magnifying glasses. The perfect vest-pocket 
companion for exacting professionals and 
scientists and all those who wish to observe 
anything closely and clearly. A most dis­
creet opera glass. If you make a fetish of 
quality, the EMOSKOP will do you proud. 
Coated lenses, fully achromatic, absolutely 
flat field. Modern Photography Magazine calis 
the EMOSKOP " ... the only magnifier worthy 
of the name." 
o Send me the EMOSKOP. I enclose $20.95 

(19.95 plus $1 postage and insurance). 
Calif. residents add 5% tax. Refund With· 
in 2 weeks if not delighted. 

Name' __________________________ __ 

Addressi ________________________ _ 

"2::::63::-- :::-2 -::S..,.AO::-:9:-:7:::3-----------
Zi p,---------

175 
© 1973 SCIENTIFIC AMERICAN, INC



MATHEMATICAL GAMES 
Problems on the surface of a sphere offer 

an entertaining introduction to point sets 

by Martin Gardner 

T
wo unusual problems involving 
the surface of a sphere, which 
only recently have been partly 

solved, provide an entertaining intro­
duction to some elementary topological 
properties of point sets. The ingenious 
partial solutions are not hard to under­
stand. It would, however, be hard to 
imagine two problems in combinatorial 
point-set geometry more remote from 
foreseeable practical applications unless 
one thinks of recreational mathematics 
(with its two virtues: amusement and in­
struction) as a branch of applied mathe­
matics. 

The first problem was raised by the 
Polish mathematician J. C. Mikusinski. 
(It is Problem 84 in The New Scottish 
Book, a collection of unsolved problems 
edited by H. Fast and S. Swierczkowski, 
published in Warsaw in 1958.) Is it pos­
sible, MikusiI1ski asked, to completely 
cover the surface of a sphere with con­
gruent, nonoverlapping arcs of great cir­
cles? The word congruent must be care­
fully defined. As it is used here it means 
more than equality of length and cur­
vature. Two great-circle arcs of the same 
length may differ topologically with re­
spect to their end points. There are three 
possibilities: an arc is "closed" if it con­
tains both end points, "�pen" if it ex­
cludes both end points and "half-open" 
if it contains one end point but not the 
other. Two great-circle arcs are congru­
ent when they are the same length and 
have the same topological properties. 

In a 1964 paper John Horton Conway 

Plane with hal/·open line segments 

----.... - .....----.-. - �. ---

Line with closed segments 
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and Hallard T. Croft of the University of 
Cambridge proved that the sphere could 
be covered with congruent arcs of the 
half-open type and could not be covered 
with congruent arcs of the open type. 
vVhether or not it can be covered with 
congruent closed arcs remains unan­
swered. 

Before explaining these results the au­
thors first solve the analogous problem of 
covering the Euclidean plane with con­
gruent line segments of the three types. 
If all the segments are half-open, the an­
swer is obviously yes. Divide the plane 
into an infinity of horizontal lines. Each 
line is then filled with half-open seg­
ments placed head to tail [see upper il­
lustration on this page]. In this illustra­
tion and subsequent ones a closed end is 
indicated by a dot. The head of each 
segment supplies the missing end point 
at the tail of the next segment. 

If the segments are closed, the answer 
is again yes, but a proof is less trivial. 
It is impossible to fill a line with closed 
segments even if they are allowed to 
vary in length. The lower illustration on 
this page shows part of a line divided 
into closed segments. Because segments 
are not allowed to overlap there is no 
way to join the segments without leav­
ing points uncovered at the joints. Think 
of the line as the real-number line. Each 
dot (closed end of a segment) represents 
a real number. Between any two real 
numbers, however, there is an uncount­
able infinity of other real numbers. At 
every meeting spot of two closed ends 
an uncountable infinity of points remain 
uncovered. A meeting of two open ends 
fails to cover a single point between 
them, therefore open segments on a line 
leave a countable infinity of points un­
covered. The only way to catch all the 
points is to have at each joint an open 
end meet a closed end. 

Conway and Croft succeed in cover­
ing the Euclidean plane with congruent 
closed segments by first building a verti­
cal pillar of segments, which goes north 
and south to infinity [see 1 in top illus­
tration on opposite page]. On each side 
they place horizontal pillars [2 and 3], 
one extending east to infinity, the other 

west to infinity. Each of these horizontal 
pillars is open at the finite end, so that it 
joins a side of the vertical pillar without 
leaving any uncovered pOints in be­
tween. Slanted pillars [4, 5, 6 and 7], 
open at their finite ends, are added. 
Eight more slanted pillars go into the 
gaps [only two, 8 and 9, are shown], 
then the new gaps are filled with 16 
slanted pillars, then 32, and so on, all 
going to infinity and open at their finite 
ends. After an infinite number of such 
steps every point on the plane will be 
covered by congruent, nonoverlapping 
closed segments. The plane cannot be 
covered with congruent open segments, 
but the proof is complicated and readers 
who want it should refer to the paper by 
Conway and Croft. 

The authors next turn to Mikusinski's 
sphere problem. A covering of the sphere 
by congruent half-open arcs was found 
by Conway. Assume a unit radius for the 
sphere. We choose (for a reason that will 
soon be apparent) half-open arcs of a 
length that is an integral fraction equal 
to or less than one-fifth of a great circle. 
The first step is to cover the northern 
hemisphere with such arcs, except for 
the north pole and the equator. Let the 
arcs fan outward from the pole, all with 
their open tails at the pole, thus leaving 
the pole uncovered [see bottom illustra­
tion on opposite page]. The rest of the 
hemisphere is now divided into an infi­
nite set of thinner and thinner rings, 
each covered as shown with downward­
pointing arcs. It is obvious that we can 
slant the arcs in these rings so that their 
slopes approach zero as the rings ap­
proach the equator but do not include 
it. (Does the reader see why this could 
not be done with arcs equal to one­
quarter of a great circle?) 

The north pole is covered by the fol­
lowin g trick. Select a chain of arcs from 
the pole to the equator, each arc with its 
head at the tail of the next, then reverse 
all these arcs so that they point the other 
way. The top arc covers the pole with its 
closed end. The entire northern hemi­
sphere is now covered by a cap that is 
open along its base circle. 

A similar procedure caps the southern 
hemisphere. The final step is to "put a 
girdle round about the earth" (as Con­
way and Croft write, quoting Puck) to 
cover the equator. The girdle is a closed 
chain of head-to-tail arcs. That is why 
the arcs must be integral fractions of a 
great circle. After the girdling the entire 
sphere is covered. 

For Croft's remarkable proof that the 
sphere cannot be covered with congru­
ent open arcs, which is too technical to 
give here, the reader must consult the 
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paper he wrote with Conway. Whether 
congruent closed arcs can cover the 
sphere appears to be a difficult question, 
as yet unsettled. The Conway-Croft pa­
per _ends the problem to n-dimension­
al spaces with some unexpected results. 
For example, three-dimensional space 
can be completely filled by the perime­
ters of nonoverlapping congruent circles. 

Our second problem, from Paul Er­
dos, is unpublished, although Erdos un­
doubtedly has mentioned it in one of his 
many recent lectures on unsolved prob­
lems in graph theory. We wish to color 
all points on the surface of a unit sphere 
so that no matter how we inscribe an 
equilateral triangle of side .;3 (the larg­
est such triangle that can be inscribed) 
the triangle will have each corner on a 
different color. What is the minimum 
number of required colors? 

It is easy to prove that six colors are 
sufficient by coloring the sphere as 
shown in the illustration at the left at the 
top of the next page. The polar caps, 
both open along their boundaries, have 
parallel base circles whose diameters are 
.;3. The rest of the sphere is divided 
into four congruent regions, each closed 
along its northern, southern and eastern 
borders as shown by the heavy black 
lines on the perimeter of the dark col­
ored region, that is, these three borders 
belong to that colored region. A quick bit 
of spherical trigonometry shows that 
points A and B are less than 120 degrees 
apart, so that they cannot be the vertexes 
of an inscribed equilateral triangle of 
.;3. Each of the six regions is, of course, 
a different color. 

A clever modification of this color­
ing, by Ernest G. Straus, proves that five 
colors also are sufficient. Straus's color­
ing (here published for the first time) is 
given in a paper by Gustavus J. Sim­
mons of the Sandia Corporation in Al­
buquerque, N.M. The paper, which will 
appear in the journal Discrete Mathe­
matics, is devoted mainly to Simmons' 
proof that a three-color solution to the 
problem is not possible. Before explain­
ing Simmons' elegant argument let us 
see how Straus achieved his 5-coloring 
[see illustration at right at top of next 
page]. The north polar region is covered 
by a cap identical with the north polar 
cap of the 6-coloring and is also open 
along its circular base. The rest of the 
sphere is divided into four identical re­
gions, each closed along its northern and 
eastern borders as indicated by the 
heavy black line on the dark colored re­
gion. One color is given to the cap and to 
the south pole. Four other colors are as­
signed to the four quadrant regions. 

I now give the proof of 3-color im-
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A 6-coloring 0/ a sphere 

possibility in Simmons' words. Illustra­
tions for this proof, as well as for the 5-
and 6-coloring, were supplied by Sim­
mons. "Assume that there is a 3-coloring 
of the unit sphere satisfying Erdos' prob­
lem. Choose any great circle on this 
sphere and inscribe an equilateral tri­
angle of side V3 in it. By hypothesis, the 
three vertexes are each a different color. 
Clearly the circle of radius 0/2 formed 
on the surface of the sphere by rotating 
the equilateral triangle about the axis of 
symmetry through any vertex must be 
2-colored [see illustration at left below]. 

"Furthermore, every pair of diametri­
cally opposite pOints on this circle must 
be of different colors since they are 
vertexes of an equilateral triangle having 
the fixed vertex of the generating tri-

Inscribed and rotated equilateral triangle 
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NORTH POLE 

SOUTH POLE 

Ernest G. Straus' 5·coloring 0/ a sphere 

angle as a third vertex. All circles of radi­
us 0/2 on the unit sphere, which we 
shall refer to as base circles, have these 
same properties. 

"Choose an arbitrary great circle on 
the unit sphere and inscribe a Star of 
David on it [see illustration at right be­
low]. Next rotate the equilateral trian­
gles of the star about the axis of sym­
metry through each vertex in turn to 
form the six base circles [see illustration 
on page 183]. 

"By the symmetry of the construction, 
it is easy to see that each pair of points 
connected by [colored] lines are dia­
metrically opposite each other in one of 
the base circles and hence must be of 
different colors. Now, if A has color 1 
and B has color 2, then neither G nor H 

Inscribed Star 0/ David 

can have color 3. For if G had color 3 (by 
assertions 1 and 2), J would have color 
1 and C and D would both have to have 
color 3, hence (by assertion 2) E would 
have color 1 and F color 2. But then K 
would have to have color 1, which is im­
possible (by assertion 3) since J also has 
color 1. On the other hand, if A and B 
both have the same color 1, then G and 
H cannot have a different color 2. For if 
G had color 2, say, then C and D would 
both have to have color 2 also and hence 
E would be color 3. But then J would 
have to be either color 2 or 3 (by asser­
tion 1) and at the same time would have 
to be color 1 (by assertion 2), which is 
impossible. 

"Therefore, by rotating the configu­
ration about the AB axis, it follows that 
all the points of the equatorial great cir­
cle swept out by G and H are colored by 
the same color or two colors as A and B 
are. Hence every equilateral triangle 
inscribed in the equator has two v.ertexes 
of the same color. This contradicts the 
initial assumption and completes the 
proof that a 3-coloring is not possible." 

It still, however, leaves Erdos� prob­
lem not fully resolved. We know that five 
colors are sufficient and at least four are 
necessary. How many colors are both 
necessary and sufficient? Like the un­
solved four-color-map theorem, no one 
yet knows whether the answer is 4 or 5. 

What about the analogous problem 
for the plane, that is, what minimum 
coloring of the plane ensures that every 
equilateral triangle of unit side will have 
its corners on different colors? Reflecting 
on the fact that any two corners of an 
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�=...-t-+--- Inverse trig and 
anti-log functions 

Log functions, 
common or natural, 

--�--"""'--+-t---- interpolation 
not necessary 

Standard 4-function 
calculator features plus 
scientific engineering features 

Automatic 
reciprocal key 

What's more, it's even capable of 
handling long sequential operations 
exactly a, they're written. So you don't 
have to break a problem down and 
store intermediate answers. 

All this without sacrificing the prac­
tical features of a 4-function calculator 
or the rugged dependability of a com­
pact, desk-top model. And all for $495. 

Victor's Electronic Scratch-Pad. It 
takes care of the figures while you take 
care of the problems. 

For more complete information 
on Victor's Series 1800 Scientific! 
Engineering Electronic Calculator, 
simply call the Victor office listed in your 
Yellow Pages or send us the coupon. 

�VICTOR 
ELECTRONIC 
CALCULATORS 

-----------------
( \ 

Victor Comptometer Corporation 
Business Machines Division 
3900 North Rockwell Street, 
Chicago, Illinois 60618 
Please send me full details about 
your New Series 1800 Scientific! 
Engineering Electronic Calculator. 

Name 

Title 

Firm 

Address 

City State Zip 

Victor Comptometer Corporation, Chicago, III. 60618 
Also Galt, OntariO, Canada and Zurich, Switzerland. 

SA-93 
�------------ ---� 
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L1JG Stewart, University of Kentucky 
selected in 1969 for the Navy's 

He is already qualified to operate and maintain 
one of over 100 Navy Nuclear Propulsion Plants. 

In 1973, the Navy will accept about 500 
outstanding college graduates like Bill Stewart 
for its Nuclear Propulsion Officer Program. 
Each one of these young men will have an 
incomparable opportunity to become a leader 
in the Nuclear Navy. 

For its Nuclear Program, the Navy wants 
only men who can master advanced technology. 
While they do not necessarily have to be 
engineers, many of them will be. They must 
have a solid foundation in mathematics and 

physics. They must demonstrate 
superior ability. High standards 
limit selection opportunity to only 
the most qualified candidates. 

If you qualify, you will spend 
a solid year learning all aspects of. 
nuclear propulsion plant theory 
and operation. All of this training 

will build upon your ability to solve difficult 
problems through the application of fundamental 
engineering principles. 

While this program is tough, the Navy pays 
well for the kind of ability and dedication that is 
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68, is one of only 429 officer candidates 
Nuclear Propulsion Program. 

required. Starting salary in the Nuclear Program 
is comparable with salaries given to junior 
executives by private companies; and career 
advancement is rapid. There are many other 
benefits, including, of course, the opportunity to 
see much of the world. 

If you think you have the abilities and desire 
to become a leader in nuclear engineering, call 
the Nuclear Desk, toll-free, 800-841-8000. 
A nuclear-trained officer will contact you and 
answer your questions about the program. 

Do something special with your life. 

r------------------------------------------, 
TO: LTJG William Stewart, USN, Building 157, Fourth Floor 

366 : 
Washington Navy Yard, Washington, D.C. 20374. 

Yes, I'm interested in becoming a Nuclear Propulsion Officer 
Candidate. Please send me more information on the Nuclear 
Program as it applies to: 

o nuclear-powered submarines. 
o nuclear-powered surface ships. 

If you really don't want to wait, call us toll-free, 800-841-8000. In 
Georgia, call 800-342-5855. Call collect: in Alaska-272-9133, in 
Hawaii -533-1871. 

Name' _________________ Age __ 

Address ______________ ·City ____ _ 

Slale _________ --LZip ___ -'Phone ____ _ 

College _________ ---'Majo r ___ ----'Classof __ _ 

Be someone special in the Nuclear Navy. 
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You've known us 
for our working hands 

now know us 
for our working minds 

You know Manpower. 

Working hands. Typing letters. Lifting crates. 
Always there when you need us. 

But there's more. 

Because we also have minds. Working 
minds. Ready to give you all the help you 
need no matter what you're up against. 

Case in point. 

Experienced help ... provided by skilled 
medical and paramedical personnel who'll 
take over temporarily. During staff absences 
or peak periods. 

Manpower Medical-Dental Services: 
registered nurses, licensed practical 
nurses, laboratory and X-ray technicians, 
medical transcribers, medical secretaries, 
physical and occupational therapists, 
dental assistants . 

Manpower. Working hands. Working minds. 
T hink of us that way and you'll know us 
a lot better. 

MANPeVVER" 
TEMPORARY SERVICES 

We'll give you all the help you need. 

© 1973 SCIENTIFIC AMERICAN, INC



equilateral triangle are the same dis­
tance apart, it seems intuitively clear 
that this is the same as asking for a mini­
mum coloring of the plane so that every 
unit line segment has its end points on 
different colors. The intuition is correct. 
The equivalence of the ,two problems 
follows from a beautiful theorem of Er­
dos and N. C. de Bruijn ( 1951). It states 
that a planar graph has a chromatic 
number k if, and only if, k is the chro­
matic number for all its finite sub graphs. 
(The chromatic number of a graph is the 
minimum number of colors needed for 
coloring its vertexes so that no two ad­
jacent vertexes are the same color.) 

By the same reasoning the sphere 
problem discussed above is the same 
as asking for a minimum coloring of the 
unit sphere so that every inscribed line 
segment of length y'3 has its ends on 
different colors. In graph-theory terms: 
What is the chromatic number of the 
graph on the sphere in which any two 
nodes are connected if, and only if, they 
are separated by an angle of 120 de­
grees? 

The planar problem can be expressed 
in graph-theory language as: What is 

the chromatic number of the infinite 
graph on the plane in which any two 
points are connected if, and only if, they 
are a unit distance apart? This question 
is also due to Erdos, and it too is un­
solved. Indeed, the gap between upper 
and lower bounds is even wider. See 
this department for June, 1972, for 
proofs that four colors are necessary and 
seven sufficient. 

Here is an easy but delightful prob­
lem, of unknown origin, that readers 
may wish to solve before it is answered 
next month. Simmons showed in 1971 
[see "Bibliography," page 198] that if 
the points of the plane are arbitrarily 
gi,'en a finite number of different colors, 
there will be an uncountable infinity of 
monochromatic equilateral triangles­
that is, triangles with all comers the 
same color. Long before this was estab­
lished, however, it was possible to prove 
a much weaker theorem by using only 
seven points. The problem is this: Using 
just seven points, show that if the points 
on the plane are divided arbitrarily into 
two differently colored sets, at least one 
set will contain the vertexes of a mono­
chromatic equilateral triangle. 

Six base circles from Star of David 

& 
PUZZLES 

THE UNIQUE ADULT 
MONTHLY MAGAZINE FOR 

PUZZLE ENTHUSIASTS AND 
INDOOR GAMES PLAYERS 
Current issue (No. 16) includes 
featu res on: 

THE PHILOSOPHERS GAME 
(Rythmomachy) 
- a mediaeval arithmetical game 

HEX 
- an abstract game of skill 
SIGMA FILE 
- Anew game of bluff and double bluff 
SCRABBLE, CHESS, BRIDGE, 
PENTOMINOES, GO 
Plus pages packed with PUZZLES 
and COMPETITIQNS ................. . 
Annual subscription $9.00(U.S.A.I 
Canada) Send check/money order to: 

GAMES & PUZZLES Subscription 
Department, P.O. Box 4 

London N6 4DF. 
Sample copies and all back issues 

available at $0.75 each. 
Annual subscription in U.K. £, 2.40. 

All other countries £3.00 
(Individual copies £0.25) 

"Anyone who wants to learn what 
there is to know about acupuncture 
-what it is, how it works, and 
how it should be used on a patient­
must read this book."-Walter C. 
Alvarez, M.D., Professor of 
Medicine, Mayo Foundation. 

ACUPUNCt:URE 
t:HERAPY 
Current Chinese Practice 
Leong T. Tan, M.D., 
Margaret y.-c. Tan, M.s., 
and I1za Veith, Ph.D. 
Foreword by Walter R. Tkach, M.D. 

The first text in English based on 
up-to-date sources from the People's 
Republic of China, presenting 
recent findings in traditional 
acupuncture therapy, including 
acupuncture-anesthesia. 

172 pages. Diagrams, tables, indexes 
of acupuncture points and of diseases 
and symptoms. $15.00 

'Cemple 
UNlveRSIt:y 
pReSS Philadelphia, Pa. 19122 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

F

ew amateurs make a hobby of elec­
tron microscopy, even though the 
lower magnifying power of optical 

microscopes has long fascinated lay en­
thusiasts. The failure of the electron mi­
croscope to attract a comparable follow­
ing can perhaps be explained by the cost, 
weight and complexity of the instrument. 
A commercial instrument capable of 
magnifications of up to 200,000 diame­
ters can carry a price tag in five figures. 
Such an instrument, plus its accessories, 
may stand six feet tall, fill a small room 
and weigh more than a ton. Moreover, 
the operation of the most powerful elec­
tron microscopes, including the prepara­
tion of specimens, can tax the craftsman­
ship of even professionally trained tech­
nicians. 

Seemingly brash amateurs occasional­
ly delight in accepting the challenge of 
just such projects. They have made and 
operated particle accelerators, radio tele-
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A high school physics club 
builds electron microscopes 

scopes, lasers and a host of equally am­
bitious constructions-often with signal 
success. The electron microscope is no 
exception. A case in point is provided by 
members of the Advanced Physics Club 
of Brother Rice High School in Chicago. 
The members have made both simple 
and compound electron microscopes 
with magnetic lenses of their own design. 
In the course of the project, which was 
initiated 12 years ago by Brother J. C. 
Crane, C.F.C., the members devised 
novel techniques of construction to keep 
the instruments within the limits of their 
modest budget. Two of the resulting mi­
croscopes, along with the basic princi­
ples of their operation, are described by 
Nicholas J. Crib, Jr. (10541 South Ham­
lin Avenue, Chicago, Ill. 60655). Crib, a 
recent graduate of the school and a past 
president of the club, writes: 

"The difficulty and the cost of making 
an electron microscope increase with the 
magnifying power of the instrument and 
with its reliability, meaning its tendency 
to operate tomorrow exactly as it does to­
day. The instruments we made are of 
modest power and reasonable reliability. 
We usually operate the simple micro­
scope, which can be called an electron 
'magnifying glass,' at a maximum power 

of about 100 diameters (about 20 times 
the power of an ordinary reading glass). 
Our best compound microscope has been 
operated at a maximum magnification of 
10,000 diameters. (The best optical mi­
croscopes achieve maximum powers of 
about 2,500 diameters when specimens 
are illuminated with white light.) 

"The maximum power that can be 
achieved by a microscope of any kind 
was shown in 1873 by the Cerman phys­
icist Ernst Abbe to be related to the 
wavelength of the illumination. Abbe 
thus predicted that no optical micro­
scope, however well made, could be 
used for observing objects smaller than 
2,500 angstrom units, or about a mil­
lionth of an inch. Smaller objects would 
react to light waves much as a Roating 
table-tennis ball reacts to waves in the 
ocean: the minute particles would sim­
ply ride the waves instead of reflecting 
or otherwise diverti�g them. 

"A half-century ago the French theo­
retical physicist Louis de Broglie identi­
fied a source of waves much shorter than 
those of light. The minute waves were 
associated with electrons. Within less 
than 10 years of de Broglie's discovery 
experimenters had devised appropriate 
lenses of two basic kinds, electrostatic 

Neopren� 
coupling 

� 12 v, d.c. 
Specimen section (left) and image section (right) of the simple 
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and magnetic, to focus electron waves 
and had assembled the lenses into a re­
markably powerful microscope. Electro­
static lenses consist essentially of two or 
more parallel electrodes, commonly in 
the form of metal disks with a centered 
aperture or perforation. A potential dif­
ference applied to the disks causes an 
electrostatic field to appear between the 
disks. The distribution of the field in 
space is analogous to the distribution of 
glass in an optical lens and bends the 
path of electron waves. Electromagnet 
lenses consist of a coil of wire in which 
a current establishes a magnetic field be­
tween iron pole pieces in the form of a 
ring. The shape of the resulting magnet­
ic field is comparable to the electric field 
of the electrostatic lens, and it bends the 
path of electron waves that traverse the 
device. 

"In some ways the speeding electrons 
behave simultaneously as both minute 
particles of matter and as waves. The 
lenses and other working parts of elec­
tron microscopes are therefore enclosed 
by a housing from which air is largely ex­
hausted to minimize collisions between 
the electrons and gas molecules that 
would deflect the waves and so prevent 
the formation of an image. 

"Although the eye is insensitive to 
electron waves, the waves cause fluores­
cent substances to glow and the fluores­
cence darkens photographic materials 
just as light does. Hence both of these 
materials are used in electron micro­
scopes to examine the images of speci­
mens. Electrons for illuminating speci­
mens can be obtained from either a cold 
cathode of the kind used in a gas-dis­
charge tube or from a hot filament in the 
form of an electron gun that resembles 

the gun used in a television picture tube. 
"The simple microscope made by our 

club has a cold cathode from which elec­
tron waves are projected through a tu­
bular anode and through the specimen 
[see illustration below]. The specimen is 
clamped to the stage at one end of the 
anode. A single objective lens of the 
electromagnet type bends waves from 
the specimen to focus in the image 
plane. The image plane is at a right an­
gle to the axis of the instrument. The full 
assembly, from cathode to fluorescent 
screen, is supported in alignment by a 
pair of demountable glass tubes that can 
be exhausted by a set of air pumps. We 
convert the simple instrument into a 
compound microscope by substituting an 
electron gun for the cold cathode and 
adding a condenser and a projection lens 
[see top illustration on next two pages]. 
The projection lens is equivalent to the 
eyepiece of an optical compound micro­
scope. 

"With the exception of the glass palts 
and lenses, the instruments can be made 
with ordinary hand tools. The pole 
pieces of the lenses were machined on a 
metalworking lathe. If the experimenter 
does not have access to a lathe, the job 
can be farmed out to a small machine 
shop at modest cost. Shops that manu­
facture or repair neon signs can make the 
glass parts, although such shops rarely 
stock Pyrex tubing in the required sizes. 
The glass tubing can be bought from the 
Fisher Scientific Company (52 Fadem 
Road, Springfield, N.J. 07081) or from 
distributors of the Corning Glass Works. 
We made our own glass parts. 

"The assembled microscopes can be 
supported by laboratory apparatus 
stands or improvisations of comparable 

design. To observe images on the fluOl'es­
cent screen we operate the microscope in 
a dimly lighted room. The room must be 
darkened completely when photographic 
exposures are made. Two major acces­
sories are required: a pair of air pumps 
capable of exhausting the microscope to 
a pressure of 10'4 torr or less and a set of 
direct-current power supplies for ener­
gizing the lenses and imposing a poten­
tial of at least 12,000 volts across the 
cathode and anode. 

"Although either electrostatic or mag­
netic lenses can be used, we selected the 
magnetic type because they could be en­
ergized by available storage batteries. 
Electrostatic lenses require power sup­
plies that develop relatively high voltage 
and include exotic devices to maintain 
constant output potential. Variation of 
the voltage, including 'noise,' alters the 
focal length of electrostatic lenses and 
degrades the resolution of the image. 
The voltage of fully charged storage bat­
teries remains fixed during the few sec­
onds required to make a photographic 
exposure. 

"The focal length of magnetic lenses is 
determined by the shape and intensity 
of the magnetic field and is influenced by 
the velocity of the electrons in the elec­
tron beam. All solenoids-even a simple 
coil of wire that carries a current-act as 
lenses for focusing electrons. A lens 
made by winding magnet wire into a 
simple coil would have an excessively 
long focal length. For this reason our 
lenses included spool-shaped yokes of 
soft iron that terminated in annular pole 
pieces. The pole pieces concentrate the 
magnetic flux as an intense field within 
a narrow air gap. 

"In one form the lens is made with an 

16 mm. 

access end plate with� 
O-ring seal 

electron microscope developed at Brother Rice High School in Chicago 
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hot-cathode 
electron gun 

-1'3,000 V ! anode 

specimen inside 

objective lens 

condensing lens 

annular opening of 26 millimeters. It can 
be slipped over a length of 2S-millimeter 
glass tubing to focus an electron beam 
within the tube [see illustration below J. 
We use lenses of this kind mostly as the 
condenser of the compound microscope 
and occasionally as the objective lens of 
the simple microscope. This lens design 
has a minimum focal length of about five 
millimeters. 'When it is used as the ob­
jective lens of the simple microscope at a 
distance of 50 centimeters from the im­
age plane, the magnifying power of the 
instrument is 100 diameters. (The mag­
nifying power of the simple microscope 
is equal to the distance between the lens 
and the image plane divided by the fo­
cal length of the lens.) 

"Lenses with a focal length of about 
one millimeter are used for the objective 

Magnetic lens of the condenser type 
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and projection lenses of our compound 
microscopes. The working air gap of the 
lenses lies between annular pole pieces 
of soft iron that are rigidly fastened 
together by a threaded brass coupling. 
The pole-piece assembly is magnetized 
through the glass by a surrounding iron 
yoke and coil [see bottom illustration 011 
opposite page J. 

"All parts of the yoke and the pole 
pieces are preferably machined of No. 
1020 steel, an easily magnetized mate­
rial. Most kinds of soft iron or steel, in­
cluding ordinary iron pipe and mild steel 
rod of the type commonly used as shaft­
ing, can be substituted for No. 1020 
steel, although the resulting lens may 
require more exciting current to achieve 
the same focal length as a lens made of 
this steel. The current can be controlled 
by 10-ohm, 25-watt rheostats, such as 
the Ohmite Type 014, if a lens of the 
condenser type is powered by a six-volt 
storage battery and each of the two 
lenses of the objective type by a 12-volt 
storage battery. 

"After extended experimentation, dur­
ing which club members made and test­
ed a full range of magnetic-pole geome­
tries for lenses of the objective type, 
optimum performance was observed 
with pole pieces that were bored to an 
inside diameter of five millimeters with 
a five-millimeter air gap. The same 
lenses worked best for projecting images 
to the fluorescent screen with a bore and 
air gap of three millimeters. Incidentally, 
the basic concept of employing an ex­
ternal coil and iron yoke to magnetize 
the pole-piece assembly greatly simpli­
fies the modification of experimental 
lenses. Only the pole-piece assembly 
need be altered. The coil-and-yoke as­
sembly fits over the outside of the tubing 

Elements of the compound electron 

and so can be used to magnetize pole 
pieces of any design. 

"The thin air gaps at the edge of the 
lens, where magnetic flux passes through 
the glass, have a negligible effect on the 
strength of the field and the electron 
waves. The pole pieces of the objective 
and condenser lenses and the grounded 
anode should be interconnected by a 
copper wire in the form of a helix that 
fits snugly against the inner wall of the 
tubing. The turns of the helix can be 
roughly spaced at from 10 to 20 milli­
meters. The interconnection drains to 
ground the electrostatic charge that 
would otherwise accumulate on the pole­
piece assemblies of the lenses, thus shift­
ing the position of the image. 

"As I have mentioned, we used cath­
odes of two types for the production of 
electrons, one similar in principle to the 
cold electrodes in gas-discharge tubes 
and the other in the form of an electron 
gun resembling the kind in a cathode ray 
tube. The quantity of electrons required 
for illuminating a specimen increases as 
the square of the magnification. Our in­
struments were operated at magnifica­
tions of from 10 to 10,000 diameters. 

"By experimentation we found that 
a simple electrode of the cold-cathode 
type provides adequate illumination for 
magnification up to about 100 diameters. 
vVe made cold cathodes in the form of a 
dish-shaped disk of metal, which tends 
to liberate electrons in the form of a con­
verging beam. For mechanical support 
the center of the convex side of the disk 
was soldered to a slender metal rod that 
also served as the high-voltage termi­
nal of the microscope. The rod passed 
through the center hole of a Neoprene 
stopper that made an airtight fit with the 
glass tubing of the microscope. The stop-
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projection lens 

microscope built by the Chicago group 

per supported the cathode in axial align­
ment with both the tubular anode and 
the specimen. 

"Tests indicated that the emission of 
electrons was not significantly related to 
the kind of metal used for the cathode. 
We made most of our cathodes of sheet 
zinc, which is readily bent into the dish 
shape and is also easy to solder. The dish 
shape was formed with a punch and die 
made by letting a hot steel ball, one inch 
in diameter, burn a shallow depression 
in a block of hardwood. To form the dish 
a disk of zinc the size of a dime was 

placed over the charred depression. The 
ball was then placed on the disk and 
forcefully struck with a hammer. 

"The electrons are emitted at a right 
angle to the surface of the cathode when 
a sufficiently high voltage is placed be­
tween electrodes in any vessel that is ex­
hausted to a pressure of from roughly 
one to 10.4 torr. A steep potential gradi­
ent exists in the vicinity of the cathode. 
Positive ions, formed initially by colli­
sions between cosmic rays and molecules 
of the residual air, are accelerated 
toward the cathode by the potential 
gradient. The impact of these ions on 
the metal liberates electrons. The con­
cave shape of the cathode concentrates 
the emission roughly in the form of a 
convergent beam that illuminates the 
specimen. 

"To form a good image with elec­
tron waves the microscope must liberate 
enough electrons for adequate illumina­
tion, must accelerate the slow-moving 
electrons to high velocity and must pro­
ject the speeding particles into a region 
that is everywhere at equal potential. (In 
such a region the paths of the electron 
waves are altered only by the specimen 
and the forces developed by the magnet-

12 V. d.c. 
removable access panel 

a-ring seal 

ic lenses.) These conditions are met by 
connecting the negative terminal of the 
high-voltage power supply to the cath­
ode of the microscope and the positive 
terminal to the anode, also connecting 
the anode to the ground. A steep po­
tential gradient then exists between 
the cathode and the anode; it vanishes 
abruptly at the anode. The gradient does 
not exist in the space beyond the ground­
ed anode. 

"If the potential difference between 
the cathode and the anode is on the order 
of 13,000 volts, as is the case with our 
instrument, electrons enter the tubular 
anode at a velocity of some 50,000 miles 
per second. No accelerating force acts on 

them within or beyond the anode. Hence 
they coast at constant velocity toward 
the image plane unless they are diverted 
by a specimen and the lenses. 

"In the case of the simple microscope 
we put the specimen stage of the micro­
scope at the exit end of the anode and 
placed the single lens just beyond the 
plane of the specimen. The stage consists 
of a metal disk with a centered aperture. 
The edge of the disk was soldered to the 
exit end of the anode tube. A pair of 
small spring clips can be fastened to the 
disk with machine screws to hold the 
specimen in place [see upper illustration 
onne:l.t page.]. 

"Our instruments are all demountable, 

Magnetic lens of the objective type 
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designed to be put together and taken 
apart easily not only for interchanging 
specimens and photographic films but 
also for convenience in testing experi­
mental parts. After the anode has been 
slid into the glass envelope it is locked 
in place by thrusting the ground termi­
nal through the glass side arm and insert­
ing the conical tip of the rod into the 
small hole of the anode. We salvaged the 
conical springs from discarded ball-point 
pens. 

"For higher magnifications we re­
placed the cold cathode with an electron 

nl·: �����9 rod Ij.-/ \fspring (I JI solder 
t!fJ..---/ r:-1?K 

3-mm. hole 

�' .�. " " ' .. \ \. � . ." �;:�,;�'\�",,'\� t o'::.. ,,�, "'\� '''l:� .'-'-�-----
hole to receive 
tip of spring disk to 
� " r,.> � , sleeve. I) {j�\ .'15".---spring clips 

f . .  ; .iI.\---., hold mesh. 
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Anode with specimen stage 

Adapter ring 
waxed to end or 
tube with beeswax 
and rosin. 
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Spring clips hold 
end plate in p/(!)ce. 

Details of access port 

gun, which is a more copious source of 
electrons. After trying several designs we 
made up six guns in which a filament of 
tungsten wire in the form of an inverted 
V was supported by a pair of 7/32-inch 
steel rods [see top illustration on oppo­
site page]. (Welding rod can be substi­
tuted.) The free ends of the rods were in­
serted in the holes of a Neoprene stop­
per. The filament was covered by a met­
al cap containing a centered aperture 
through which the electron beam di­
verges toward the condenser lens of the 
microscope. 

"The cap is supported by a pair of 
eight-millimeter glass tubes that also in­
sulate it from the filament terminals. The 
glass tubes are supported in part by the 
filament leads. They can also be inserted 
partway into the Neoprene stoppel' for 
additional SUppOlt by enlarging the holes 
of the stopper to a depth of a few milli­
meters from its smaller end. 

"vVe made the cap assembly from a 
one-inch length of 5/S-inch iron pipe. 
The outer diameter of the pipe was ma­
chined to 21 millimeters, a reduction of 
about .1 inch, so that the cap would slide 
into the 25-millimeter glass tubing of 
the microscope. A pair of grooves were 
milled in the inner wall of the pipe to 
mate with the supporting glass tubes. 
The perforated copper disk was silver­
soldered to one end of the pipe. (A cap 
machined from solid stainless steel 
would work better. The copper cor­
rodes.) The ends of the glass tubes were 
ground at an angle so that the glass 
would clear the filament and yet engage 
the grooves in the cap. 

"A copper lead connects the insulated 
cap to ground and to the filament of the 
gun through a two-megohm rheostat. 
The resulting bias potential causes the 
cap to act as an electrostatic lens that 
tends to concentrate emitted electrons 
into a beam along the axis of the tube. 
Our measurements indicated that the re­
sulting stream of electrons constitutes an 
electric current amounting to between 
100 and 500 millionths of an ampere, of 
which approximately 10 millionths of an 
ampere is expended to form the image. 

"We found by experiment that the 
best images were formed by making the 
aperture in the copper disk of the gun 
cap from two to three millimeters in di­
ameter and exactly centering the apex of 
the V-shaped filament two to three milli­
meters behind the aperture. The align­
ment of the gun, palticularly the center­
ing of the filament tip behind the aper­
ture of the gun cap, proved to be the 
most important operating variable in ad­
justing the instrument for maximum im­
age brightness. Both the electron gun 

and the cold cathode are aligned for 
maximum image brightness by altering 
the angle at which the supporting Neo­
prene stopper is inserted into the glass 
tubing. 

"The construction details of the film 
holder are evident in the accompanying 
illustrations. The dimensions are not cru­
cial. To replace the film we remove the 
access plate at the image end of the in­
strument and pull the coupling tube of 
the film holder from its supporting shaft. 
The film and the fluorescent screen can 
be fastened to the metal plate of the film 
holder by a pair of rubber bands. Fluo­
rescent screens in the form of phosphor­
coated sheets of clear plastic are avail­
able from distributors of X-ray supplies. 

"Substantially all our experimental ef­
forts have been devoted to building the 
microscope and improving the effective­
ness of the electron source, the lenses 
and the scheme of the instrument in gen­
eral. For this reason we did not serious­
ly concern ourselves with the prepara­
tion of specimens until we neared the 
end of the project. During the develop­
ment phase we usually observed a com­
mercially available specimen in the form 
of an accurately made copper grid with 
exactly 400 lines per inch that is 2.3 mil­
limeters wide, three millimeters long and 
.S millimeter thick. A reference mark in 
the exact center of the grid is of great as­
sistance in the adjustment of either opti­
ca-l or electron microscopes. The grids 
have a solid rim and are flat and clean. 

"The electron beam of our micro­
scopes does not have sufficient energy to 
penetrate solid specimens of appreciable 
thickness because we use relatively low 
accelerating voltages. We have nonethe­
less made a few successful specimens of 
inorganic crystals mounted on collodion 
films about 200 angstroms thick. The 
film is supported by the copper grid. 
Particles such as metal oxides are de­
posited on the film by supporting the 
coated grid in the smoke of burning 
magnesium or another metal. A highly 
dilute suspension of finely shredded as­
bestos in water can also be used to de­
posit crystals of the mineral on the plas­
tic by allowing a drop to evaporate on 
the coated copper grid. 

"To coat the copper grid with collo­
dion fill a clean glass jar to the brim with 
distilled water. Let a meniscus form 
completely around the edge of the jar. 
With a pipette place on the surface of 
the water a drop of a solution consisting 
of one part collodion in 400 parts of amyl 
acetate. After one minute drop a copper 
grid face down on the collodion film. 
Push the end of a clean glass microscope 
slide into the water near the copper grid. 
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The collodion film will adhere to the sur­
faces of the glass. The grid will be held 
against one glass surface by the overly­
ing film of collodion. 

"Let the slide dry. Then, with sharp 
tweezers, lift the grid from the glass. The 
side of the grid that faces you will be 
coated with the invisible film on which 
crystals can be immediately deposited. 
The copper grids, tungsten wire for fila­
ments and all other supplies required for 
electron microscopy are available from 
Ladd Research Industries, Inc. (P.O. Box 
901, Burlington, Vt. 05402). 

"We have worked with a variety of 
high-voltage power supplies, ranging 
from an induction coil of the kind used 
in the Model T Ford to 30,000-volt sup­
plies removed from discarded television 
sets. A convenient powel' supply for the 
beginner, who is urged to work at rela­
tively low magnifications during initial 
experiments, can be made with a neon­
sign transfmmer [see illustration below]. 
All these power supplies except the in­
duction coil develop lethal voltages. 
When power is applied to the micro­
scope, all apparatus connected to the 
cathode, including the high-voltage por­
tions of the power supply and the stor­
age battery that heats the filament, must 
be totally and inaccessibly enclosed by 
an insulating housing. 

"The anode, the lenses and all other ap­
paratus between the anode and the ac­
cess plate are grounded and therefore safe. 
Incidentally, stray electrons from the 
beam tend to charge the inner wall of the 
glass tubing, an effect that can cause the 
image to drift from its centered position. 
We cure this vexing difficulty by lining 
the tubing with grounded aluminum foil. 

"The mechanical pump (also known as 
the roughing pump or forepump) of our 
vacuum system was improvised from a 
refrigerator compressor by the methods 
described in The SCientific American 

metal cap 
� 

Elements 0/ the electron gun 

Book of Projects for the Amateur Sci­
entist (Simon and Schuster, Inc., 1960). 
The oil-diffusion pump, which is essen­
tial for attaining a pressure of 10.4 torr, 
was bought from Morris & Lee (1685 
Elmwood Avenue, Buffalo, N.Y. 14207). 

"The procedure for operating the elec­
tron microscope is essentially like that 
for operating an optical microscope. 
With the copper grid in place pump the 
air from the system. In the case of the 
simple microscope apply high voltage 
and observe the brightness of the fluo­
rescent screen. Turn off the high voltage 
and readjust the position of the Neo­
prene stopper that supports the cathode 
in an attempt to increase the brightness 
of the screen. Turn on the high voltage 
and examine the result. Repeat until 
maximum brightness is observed. 

"Next, in the case of the simple micro­
scope, energize the objective lens and 
focus it by adjusting the current to pro­
duce a sharp image of the copper grid. 
In the case of the compound microscope 
first switch on the condenser lens and 
adjust the current for maximum image 
brightness. Then focus the objective for 
the clearest image. Finally, apply still 
more current to the objective lens, so that 
the image becomes fuzzy, and adjust the 
projection lens for optimum image sharp­
ness. Maximum perfmmance can be ob­
served only by experimentally adjusting 
the objective and projection lenses with 
respect to each other for both optimum 
resolution and magnification. This oper­
ation is something of an art. On this and 
other details of the project I shall be glad 
to answer readers' questions." 
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Chec to see if the books 
you've been meaning to read are on this list below. Chances are they are­
so ioin The Library of Science· today. 

75730. SCIENCE AND SOCIETY IN 
THE 161h AND 171h CENTURIES. 
Alan G. R. Smith. A lucid and suc­
cinct account of the scientific ad­
vances of the sixteenth and seven­
teenth centuries. $8.95 

63131. MOLECULES AND LIFE .  
Joseph S .  Fruton. The interplay of 
chemical and biological ideas is pre­
sented with full documentation for 
the period from about 1800 to 1950. 
Counts as 2 of your 3 books. $19.95 

55561. THE INSECT SOCIETIES. 
Edward O. Wilson. Authoritative ac­
count of the most si gnificant facts 
and theories about insect societies. 
Counts as 2 of YOUf 3 books. $20.00 

61360. MATHEMATICAL STATIS­
TICS WITH APPLICATIONS. William 
Mendenhall and Richard Scheaffer, 
Covers statistical theory. hypothesis 
testing, linear models, and mUCh, 
much more. $12.95 

36760. BORANES IN ORGANIC 
CHEMISTRY. Herbert C. Brown. 
Counts as 2 of your 3 books. $24.50 

50291. A GOD WITHIN. Rene Dubas. 
For sCientists, particularly for ecol­
ogists and environmentalists, it cre­
ates a new, scientific theology of the 
earth which man must have if he is 
to survive. $8.95 

43210. EARTH MEDICINE - EARTH 
FOODS. Michael Weiner. An exciting 
rediscovery of the plant remedies, 
drugs, and natural foods of the North 
American Indians. $8.95 

86841. WHAT YOU NEED TO KNOW 
ABOUT FOOD AND COOKING FOR 
HEALTH. Lawrence E. Lamb, M.D. 
An eminent cardiologist and author 
of Your Heart and How to Live with 
It offers a new and scientific ap­
proach to nutrition and how it can 
improve health through diet. $10.00 

45471. ENVIRONMENTAL GEOSCI­
ENCE. Arthur N. Strahler and Alan 
H. Strahler. Masterful exploration of 
the physical and biological proc­
esses involved in interactions be­
tween Man and the environment of 
energy and matter which surrounds 
him. $12.95 

84451. TOWARD A GENERAL SCI­
ENCE OF VIABLE SYSTEMS. Arthur 
S. Iberall. Introduces a science that 
attempts to unify our understanding 
of all autonomous systems-natural, 
organic or man-made-proposing a 
continuum ranging from nuclear 
particles at one end of the scale to 
the cosmos at the other. $14.50 
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63810. NATURAL HISTORY OF IN­
FECTIOUS DISEASES. Fourth Edi­
tion. Sir Macfarlane Burnet and 
David O. White. Summarizes the 
scope of our knowledge of the dis­
eases that afflict mankind. $14.50 

84130. THERMAL PHYSICS. Charles 
Kittel. A revolutionary treatment of 
an all-important field by the author 
of the acclaimed Introduction to 
Solid State Physics. $12.95 

34630. ASIMOV'S GUIDE TO SCI­
ENCE. Isaac Asimov. The incom­
parable Isaac Asimov has done it 
again with this encyclopedic work 
of 945 pages that is meant to be 
read and enjoyed. $15.00 

62801. MO DERN COSMOLOGY. 
D. W. Sciama. "From the standpoint 
of readability, orderliness, continu­
ity, and its ability to hold one·s at­
tention, the book is three standard 
deviations above the mean." 
-PhysiCS Today $9.95 

42070. THE DEVELOPMENT OF 
MODERN CHEMISTRY. Aaron J. 
Ihde. An 850-page history of chem­
istry filling the niche between short, 
popularized works and exhaustive, 
pedantic treatment. "Scholarly and 
well written. "-Scientific American 

$14.95 

50110. GENETICS OF THE EVOLU­
TIONARY PROCESS. Theodosius 
Dobzhansky. This is the definitive 
work on the modern synthetic theory 
of evolution by the world's foremost 
geneticist. $12.50 

50281. GIANT REPTILES. Sherman 
A. Minton, Jr., and Madge Rutherford 
Minton. A storehouse of information 
01 the giant reptiles of the world. 
Illustrated. $9.95 

70240. PRE-COLUMBIAN CITIES. 
Jorge E. Hardoy. A remarkable study 
of the prehistoric civilizations of the 
Western hemisphere. Implications 
for the contemporary urban crisis in 
America. Counts as 2 of your 3 
books. $19.95 

84760. TRIAL BY FURY: The Polio 
Vaccine Controversy. Aaron E. Kline. 
Thoroughly readable record of one 
of modern science·s major triumphs: 
the vaccine that successfully im­
munizes children and young adults 
against poliomyelitis. $6.95 

r--------------, 
The Library of Science, Riverside, New Jersey 08075 2-45Y 
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Please accept my application for membership and send me the three 
volumes indicated billing me only $3.95 for all three. I agree to 
purchase at least three additional Selections or Alternates during 
the first year I am a member, at special members' prices. Savings 
range up to 30% and occasionally even more. My membership is 
cancelable any time after I buy these three books. A shipping and 
handling charge is added to all shipments. 
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(retail prices shown) 

48210. THE FAMILY BOOK OF PRE­
VENTIVE MEDICINE. Dr. Beniamin 
Miller and Lawrence Galton. Scen­
arios of more than 60 diseases. 

$12.95 

53400. HISTORY OF ROCI(ETRY 
AND SPACE TRAVEL: Revised Edi­
tion. Wernher von Braun and Fred­
erick I. Ordway I II. A remarkable 
travel through time, from medieval 
rockets to the Apollo moon-walk. 

$17.50 

36280. A BIOGRAPHICAL DICTION­
ARY OF SCIENTISTS. Edited by 
Trevor I. Williams. Over 1000 biog­
raphies of scientists in every field, 
from agriculture to zoology. $9.95 

HOW THE CLUB OPERATES . •  The 
Book Club News, describing. the 
coming Main Selection and Alter­
nate Selections, will be sent to you 
15 times a year at three to four week 
intervals . •  If you wish to purchase 
the Main Selection, do nothing and 
it will be shipped to you automatic­
ally . •  If you prefer one of the Alter­
nates, or no book at all, simply in­
dicate your decision on the reply 
form always enclosed with the News 
and mail it so we receive it by the 
date specified. The News is mailed 
in time to allow you at least 10 days 
to decide if you want the coming 
Main Selection. If, because of late 
mail delivery of the News, you 
should ever receive a Main Selec­
tion without having had the 10-day 
consideration period, that Selection 
may be returned at Club expense. • After completing your trial mem­
bership, you will be entitled to take 
advantage of our fabulous bonus 
plan which offers savings up to 70% 
and more. • (Offer good in Con­
tinental United States and Canada 
only. Prices are slightly higher in 
Canada.) 
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by Philip Morrison 

A RE QUANTA REAL? A GALILEAN DI­rt ALOGUE, by J. M. Jauch. Indiana 
University Press ($6.95). ORBITAL 

AND ELECTRON DENSITY DIAGRAMS: AN 

ApPLICATION OF COMPUTER GRAPHICS, 

by Andrew Streitwieser, Jr. , and Peter 
H. Owens. The Macmillan Company 
($5.95). Quantum mechanics, more 
clearly even than relativity, exhibited to 
our century two profound novelties. 
These are quite distinct, even contradic­
tory, entirely befitting the subtle argu­
ments of the theory itself. On the one 
hand the theory presented an unex­
pected interpretation of knowledge it­
self, a metaphysics of paradox, that 
seems to deny any certainty. On the oth­
er hand it provided a most detailed, co­
herent and consequential view of matter, 
so that the quantum chemist and physi­
cist know atom, molecule and crystal 
more intimately than their classical col­
leagues could have dreamed. Between 

. them these two fascinating slender vol­
umes display the two sides of the theory. 
They are therefore as different as they 
can be. 

Professor Jauch, the author of Are 
Quanta Real?, is a learned and reflective 
theoretical physicist at the University of 
Geneva, where he has been occupied for 
a long time with the controversy over the 
foundations of quantum mechanics. In 
this unusual, delightful, nonmathemati­
cal book he sets down his views in an 
engaging, lighthearted and yet entirely 
serious form: the record of new conver­
sations among Galileo's judicious Sagre­
do, lucid Salviati and earnest, if easily 
trapped, Simplicio. These gentlemen, 
discoursing by the Lake of Geneva, have 
assembled for the first time since the 
fourth day of the year 1638, when they 
parted in Galileo's Tuscan countryside. 

They meet in amiable, if occasion­
ally heated, discussion that continues 
through four "days," or chapters. Now 
their topic is no longer, of course, the 
kinematics and dynamics of the solar sys-

BOOKS 
The two faces of quantum mechanics: 
the metaphysical and the quantitati()e 

tem. Rather they join issue over the deep 
meaning of quantum mechanics: the 
complementarity of Niels Bohr, which 
appears as a "limitation of our ability to 
know" and yet has given us a wholly new 
domain of power and knowledge. Sim­
plicio is no longer an Aristotelian; now 
he is a well-read materialist who knows 
Einstein and Lenin (but apparently not 
much Hegel or Marx). 

The first day treats of those atoms of 
light, the photons, and of how their be­
havior can be reconciled with the as­
sumptions of an overarching determi­
nism only through the use of a network 
of unknown hidden variables. The sec­
ond day finds the men engaged still more 
closely with the question of cause and 
chance; like Max Born and Charles 
Sanders Peirce before him, Salviati 
shows that even within Newtonian me­
chanics a certain fusion of cause with 
chance, even a kind of "uncertainty prin­
ciple," must arise for dynamically un­
stable systems. The third day is still 
more modern: Simplicio recounts a sig­
nificant dream. Our century is, after all, 
the century of depth psychology, and 
Switzerland is Jung's country. 

The dream consigns the poor skeptic 
Simplicio to the dim, religious atmo­
sphere of some vast, uneasy cathedral. 
There he is beset with roulette wheels, 
librarians of the infinite and a few Jung­
ian archetypes who mutter of destiny 
and fate. The lesson drawn from all this 
by the clever Salviati is that "reality" is 
known to us only through the use of 
abstractions; we decipher the encoded 
world on the basis of criteria derived 
from images of our own choice, perhaps 
themselves archetypes of a long history 
of the human unconscious. The fourth 
day, the most conclusive, treats of both 
real and thought experiments to arrive at 
the Copenhagen consensus: that "the 
sum of the parts does not at all exhaust 
the properties of the whole," either in 
microphysics or in "the moral and social 
behavior of man. " 

No brief review can transmit fully the 
dialogue's flavor, its byplay, its apt cita­
tions of contemporary comment, its wit­
ty flow. The author's notes enlarge and 

support his conversationalists and ex­
plain the origins of their stratagems; it is 
a high compliment to say that one would 
have welcomed more brief notes like 
these eight pages. 

The reader is left in enjoyment and 
admiration. Still, a few comments are 
necessary. Like his master, the Academi­
cian of the Lynxes himself, Professor 
Jauch has not given his simple material­
ist the best possible lines. It seems quix­
otic to deny validity to the tradition of 
Hegel and Marx on the basis of a theory 
so patently dialectical as Bohr's com­
plementarity! One can believe that the 
simplicities of a clocklike mechanism 
have been covertly fathered upon those 
subtler post-Enlightenment thinkers. 
Positivism gets its comeuppance from 
both sides; for differing reasons neither 
Salviati nor Simplicio can accept that 
their grand theories are no more than the 
ordering of phenomena. 

On a more physical level the "pseudo­
realistic style" of Bohr's own accounts of 
the wave-particle duality experiments 
has been given too little emphasis; it is 
not the human mind alone but rather the 
isolating nature of all physical experi­
ment that demands the complementary 
solution. Jauch makes this same point 
very well in his discussion of Schroding­
er's famous thought experiment with the 
cat (which, it is maintained, on a quan­
tum basis must be thought of as exist­
ing half-alive and half-dead until a cer­
tain decisive measurement is made). 
Like the analogous putative reversibility 
of complex thermal systems, this asser­
tion exhibits the overidealization of iso­
lation in experiment; the world can al­
ways reach somehow into the shielded 
box to destroy the unwanted subtleties 
of our formal descriptions. 

Many a panel and seminar should 
arise from this book. It is the right start­
ing point for a general reader or for a 
mature college class with real interest in 
the meaning of physics and broad famili­
arity with its methods and results. The 
mathematical prerequisite is only a lit­
tle algebra. 

The book by Streitwieser and Owens 
is a collection of drawings through which 
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is woven a clear, brief explanatory text. 
There are about 110 pairs of perspective 
drawings and a number of simpler line 
charts and graphs. The big CDC com­
pu ter at Berkeley is the artist; more pre­
cisely, the drawings have been made by 
that computer informed by two pro­
grams. One was prepared by Enrico 
Clementi of IBM and revised and ap­
plied by Owens as a chemistry graduate 
student. It computed the quantum-wave 
functions and electron-charge densities 
of a wide variety of atoms and molecules 
according to a specified mathematical 
scheme. 

The second program was a "three­
dimensional plotting package written 
by Mr. Art Paradis. " The drawings are 
beauties. They each show in three-di­
mensional perspective a netted coordi­
nate plane, like a piece of window 
screen, carefully and subtly bent into in­
tricate peaks and hollows that resemble 
abstract sculptures. The drawings are 
meaningfully scaled, however; in the 
case of the pairs that comprise the great 
bulk of the figures, each drawing shows 
the same surface but one is done with a 
linear vertical scale for immediacy of 
meaning and the other with a logarith­
mic scheme to allow a wider range. 

Of course this is not an art book, cel­
ebrating some human artist's free choice 
of design. Rather it presents a quantita­
tive look at many atoms and molecules, 
using a well-defined technique of succes­
sive approximation and averaging. What 
one sees is fundamentally a plot of the 
electron-charge density of the atom or 
the molecule, mapped along some im­
portant plane of the structure, with 
height above the plane representing the 
electron charge at each point. It is elec­
tric charge that is the sole glue of chemi­
cal binding; the positive nuclei elec­
trostatically attract the little heaps of 
negative charge to hold together the 
two distorted hydrogen atoms of H2 or 
the tetrahedron of methane. 

The diagrams are by no means self­
evident. Their meaning comes most di­
rectly from one clever pedagogical de­
vice: a perspective that shows not the 
real charge distribution but the differ­
ence between the real one and that of 
undisturbed component atoms placed at 
the same distances. That difference plot, 
for the ionic molecule lithium fluoride as 
one example, shows clearly how one 
electron charge migrates from its spheri­
cal cloud around the lithium core to 
leave a deep charge deficiency between 
the two atoms and a broad but much 
shallower trough on the far side of the 
lithium. The nuclear positive charges 
then do the rest. 
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A second diagram shows even finer 
detail. Here the comparison is with the 
two ions, Li + and F-. If the naIve theo­
ry were complete, this plot would be an 
undisturbed plane. It is certainly not; 
we see that both bound ions acquire 
more charge close to the nuclear core 
than the isolated ions have, so that the 
bound lithium has a little less than one 
positive charge and the fluorine has 
gained a little less than one electron. 
Even the ionic symmetry has been bro­
ken. The compound can be said to be an 
ionic one with a small admixture of a 
shared "covalent" electron-pair bond. 

A molecular hydrogen bond is shown 
also, the case of HF held by its hydrogen 
end in linear union with the nitrogen 
atom of HCN. The effect is clear: the 
difference plot shows mounds and de­
pressions for each molecule. There is 
little net charge transfer. The charge 
mounds up over the fluorine and the ni­
trogen but shows a depression at the cen­
tral hydrogen and even out at the far 
hydrogen. The net effect is a weak bind­
ing, the same type of binding that mar­
shals the molecular helixes essential to 
life. 

The book has two distinct levels of 
appeal. Every scientific reader owes it 
to himself to look a little at the charge 
distributions. They are a far more con­
crete representation of the nature of the 
chemical world than either the linked 
elliptical orbits of the old Bohr theory 
or the vague electron clouds of the more 
up-to-date but still symbolic portrayals 
of quantum-charge clouds. The comput­
er makes it easy to do for cyclopropane, 
say, what not long ago was barely possi­
ble (by hand drawing, or by using photo­
graphs of spinning shapes) for a few 
simple atomic states. The appeal to stu­
dents of chemistry is strong; this is a true 
museum of the meaning of chemical 
bonding. 

The authors go into more detail (with 
very little mathematics) about the clev­
er approximation schemes they used to 
build up molecule models out of mixtures 
of modified atomic quantum states. They 
wisely emphasize, however, that the 
electron-charge distribution is a measur­
able "phYSical reality" capable of unique 
assignment, whereas the atomic and mo­
lecular orbitals used to build it up and 
into which it can be dissected in various 
simplifying ways are abstractions of an­
other order: "there are many possible 
ways of slicing up the total electron 
density pie," of naming and describing 
bonds. 

A physicist will miss a more dynamic 
approach, even in these stationary states 
in which the nuclei stand still for an 

electronic snapshot. Kinetic energy plays 
a major role, which is here kept almost 
wholly implicit, like the Pauli principle. 
These theoretical chemists work with 
computers and differential equatio�sbut 
are nevertheless bound to their noble tra­
dition. They see molecules as forms and 
matter in bulk, in flasks and bottles; it is 
logic and geometry, free from any scale, 
that draw the chemist's thoughts. All the 
diagrams are given in atomic units, but 
these are never once defined in terms of 
the gross meter bar! More important, 
perhaps, they give us no clue as to the 
error inherent in th�ir calculations: how 
close are these models to the charge 
clouds that are truly in matter? 

'CRISTOFANO AND THE PLAGUE: A STUDY 

IN THE HISTORY OF PUBLIC HEALTH 

IN THE AGE OF GALILEO, by Carlo M. 
Cipolla. University of California Press 
($7.50). In the fall of 1629 the terri­
ble news of plague around Como had 
reached the towns of Lombardy and 
Tuscany. The epidemic was blamed on 
the invading German troops, who were 
wanton and dirty and roamed "without 
health passes . . .  wheresoever they will. " 
By the end of August, 1630, more than 
60,000 of the 130,000 inhabitants of 
Milan had died. The plague spread 
steadily. 

The walled town of Prato lies among 
vines and mulberries a dozen miles from 
Florence; "their valleys indeed are like 
Gardens," wrote an English traveler then 
in Tuscany. In Prato, which acknowl­
edged the Florentine rule of the Grand 
Duke Ferdinand de' Medici, 6,000 peo­
ple lived within the walls, 11,000 more 
without, poor folk mostly, living on 
bread, wine and salads-"the riche be­
cause they love to spare . . .  the poore, be­
cause they cannot choose . . .  [the] Re­
ligious because of their vow. " A strong 
border guard was set once the plague 
had reached Bologna, with a total ban 
even on travelers with health passes. If 
strangers were seen crossing where there 
were no guards, the people were asked 
"to cry in chorus, ring the bells . . .  and 
follow the trespassers. " In vain; the piti­
less enemy found its way within the 
walls and people began to die of unad­
mitted plague in August. By October, 
the worst month, the number of deaths 
approached 100 per week. 

Prato had two physicians and two sur­
geons (barber-surgeons of lower social 
class) in salaried public service, and 
three others in active private practice. 
(One of the public physicians was to be­
come famous as physician to t!:le Grand 
Duke and to treat the blind old Galileo, 
who lived, half-prisoner, on his hill a few 
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miles away.) There were two hospitals, 
devoted mainly to the care not of sick 
people but of abandoned children. There 
was a health board of laymen of rank, 
who girded themselves and marshaled 
their resources, and there were the medi­
cal men, gravediggers (a lower but more 
competent trade), guards, messengers, 
pass officials, delivery men. They set up 
a pesthouse in one of the hospitals and 
undertook, some two dozen strong, to 
fight the plague in Prato. 

A man of prominence and intelligence, 
Cristofano di Giulio Ceffini, was selected 
as the executive director of the effort, a 
new paid public office. The tired, wor­
ried and frustrated board, alarmed at the 
lack of discipline and energy in the town 
and beset by a political conflict over the 
requisition of a new pesthouse outside 
the walls, chose him unanimously to 
shoulder their burdens. Cristofano was 
a precise and orderly man, a trained ac­
countant devoted to the public service. 
His manuscript narrative of his term in 
office is filled with figures: daily deaths, 
houses closed, disinfections, persons 
publicly subsidized with food because 
they were forcibly quarantined, and 
much more (closely approaching what 
"a social historian with a bent for quan­
titative analysis . .. imagines only in the 
rosiest of his dreams" ). 

This small, incisive book, an intimate 
mixture of statistics and documented 
personal narrative, is plainly a celebra­
tion of that Libro of Cristofano's. Around 
it Professor Cipolla, who lectures both at 
Bologna and at Berkeley, has built a 

story of "a small band, caught in a 

tragic crisis," that is more detailed than 
most histories and more objective than 
most biography. The dedication of Cris­
tofano and his colleagues is clear, yet 

. their success was small. They fought an 
invisible enemy, not knowing that the 
plague is a disease that is mutual among 
rats, fleas and men. 

Such knowledge was to arise from the 
very science then first flowering in Tus­
cany. In any case the grip of the plague 
loosened over the cold months, and by 
the following summer the siege was over. 
Prato (within the walls) had lost about 
one person in four; we must thank God, 
Father Campana preached in the duomo 
on the occasion of the closing of the pest­
house, for "in Prato the disease had not 
been as awful and severe as in other 
places." About an equal number fell 
frighteningly ill but survived. The 
plague was not at all egalitarian ("those 
who die here are all poor people"); the 
high ranks were barely touched. In the 
little army of health the gravediggers 
and pesthouse attendants died like flies; 
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one surgeon died (almost all the surgeons 
in Milan died), but not one physician or 
health officer. 

The doctors had no remedies. The 
cordon was useful only as long as it 
kept any case of the plague out of town­
hard to do in a trading, traveling soci­
ety. The only good remedy against the 
plague was said to be "pills made of 
three ingredients called cito, longe and 
tarde ... namely run swiftly, go far and 
return tardily." The plague was an eco­
nomic disaster as well; it was in fact the 
lack of resources and funds that con­
stantly caused the devoted Cristofano "to 
follow a course of action that he him­
self, in his deep ignorance of the enemy, 
intuitively felt to be tragically danger­
ous." 

Professor Cipolla is a historian for the 
scientific reader. His earlier books on 
population economics, guns, sailing ships 
and Western-world power have the same 
love of number and detailed context, but 
each of them brings out a much more 
cogent and general theme than he makes 
explicit anywhere in this small, polished 
gem of a book. One may suspect he is 
saying elliptically to us, who are now so 
attentive to the cruelties and disasters 
of our age of science and technology, 
that there is a more complex brief yet 
to be studied. 

1'HE TITtUs-BoDE LAW OF PLANETARY 

DISTANCES: ITS HISTORY AND THEO­

RY, by Michael Martin Nieto. Pergamon 
Press ($11). Like the theoretical physi­
cist who wrote this unusnal, rather per­
sonal monograph, many readers have 
been curious about Bode's law since they 
first re�d of it "in grade school." Brief, 
comprehensive, technical only in part, 
this book is an unusual miion of the his­
tory of ideas with astrophysics. 

Bode's law is unusual for two reasons: 
it isn't Bode's,.and no one yet knows 
whether or not it is a "law." It was the 
shy Johann Daniel Titius at Faust's Uni­
versity of Wittenberg, translating into 
German Contemplation de la Nature by 
Charles Bonnet, who in 1766 first set 
down the fact that the radii of the plan­
ets' orbits lie roughly in a geometric 
progression, with a missing term at the 
place between Mars and Jupiter where 
the asteroids were found after 1800. Ti­
tius interpolated the remark in his trans­
lation as a new paragraph between two 
paragraphs straight from Bonnet, with­
out any sign that it had not also come 
from the French author. Johann Elert 
Bode was just preparing the second edi­
tion of his own astronomy text for the 
press when he saw Titius' report in its 
second edition of 1772 (by that time 
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marked as a translator's note). Bode 
added the facts as a footnote in his own 
text issued that year, without mention­
ing his source, even though he described 
the result in the very words Titius had 
used· a "praiseworthy relation." 

It was all more or less settled in later 
editions, in which Titius got formal 
credit, but still Bode's name sticks the 
tighter. Bode had published the law in a 
more visible work; Bode was a much bet­
ter known scientist; Bode repeatedly de­
fended the relation, whereas Titius was 
not heard from again. When the new 
planet Uranus and the asteroids came 
along to fit the law, it was Bode every­
one thought of. Titius clearly had pub­
lished first, although, to be sure, the root 
idea of order in the orbit distances goes 
back through Christian von Wolff and 
Johann Lambert (whom Titius had read) 
all the way to Kepler's Mlfsterium Cos­
mographicum itself. 

The law is easily written in modem 
notation: T = 3M2, where r is the semi­
major axis of the planet's orbit in astro,­
nomical units (the earth's orbital dis­
tance) and n is the ordinal number of the 
planet, counting out from Mercury at -2 
to Pluto at 7. This delightfully simple 
form fits within one- or two-tenths of an 
astronomical unit out to Saturn, which 
misses by 5 percent; even Pluto is only 
20 percent off. Nieto is much taken with 
the fancier fit of Mary Adela Blagg, who 
in 1913 affixed a periodic factor to the 
basic law to take care of the residual 
errors. She and others have found sim­
ple and general fudge functions ade­
quate to describe closely not only the 
planets but also the satellite systems of 
Jupiter, Saturn and Uranus. The law, 
then, appears to have two parts: the 
grand geometric progression and a some­
what orderly set of deviations, which 
Nieto suggests represents a gravitational 
evolutionary effect. 

Since the classical times of celestial 
mechauics it has been clear that there are 
complicated temporal regularities in or­
bital periods far more precise than any 
of the Bode spatial fits. Consider three 
of the major satellites of Jupiter: it 
turns out that the reciprocal period of 
10 plus twice that of Ganymede equals 
three times that of Europa, to nine sig­
nificant figures! There are many other 
such resonances, and it seems likely that 
these are not chance coincidences. 
Bode's law would not imply such results 
even if it were exact. 

The bulk of the text swnmarizes and 
criticizes the theories for Bode's law 
in the context of an overall view of the 
origin of the solar system, an event that 
Nieto broadly periodizes along the lines 

of Sir Fred Hoyle's nebular-pius-magnet­
ic theory. Not all theories of the solar 
system lead to Bode's law, but those that 
do claim it as a result span a wide (in­
deed an implausible) range of assump­
tions and processes. Here the entire dis­
cussion is at a fairly technical level, but 
then the book quite helpfully summa­
rizes the diverse arguments for a general 
reader. The author comes out rather ten­
tatively for some kind of turbulent-eddy 
theory for Bode's law; the book's dust 
jacket (which looks rather like a diagram 
of a magnetron) seems to announce it. 

The most recent computer-model 
treatments, one due to J. G. Hills and one 
to S. H. Dole, seem to agree in deriv­
ing Bode's relation from a long-evolv­
ing gravitational interaction among the 
many bodies of a solar system that is 
assumed to have been formed with a 
much more random distribution of or­
bits. For these authors there is no unique 
meaning to the orbit-radius progression: 
their computer runs throw up such ar­
rangements as the evolved result of 
many starting conditions. Another solar 
system might show very different radii, 
all fitting some law of progreSSion. 

In spite of proper criticism of these 
somewhat tendentious models, their bur­
den is pretty convincing. The famous law 
is probably the result of long-acting res­
onances superposed on some as yet un­
clear general condition that itself follows 
from the very mechanism of planet for­
mation, which demands that initial or­
bits stay apart somehow. Perhaps it is 
the competition for the material to ac­
crete into planets. Unless this kind of 
theory works, it is hard to see why sys­
tems as distinct in scale and composition 
as the moons and the planets should 
show such similar orbit behavior. Grav­
ity, time and the economics of mass gaitl 
can provide the most general framework. 
One must agree with the cheerful author 
of this candid little book that "much 
more interesting work lies ahead before 
a finis can be written on this venerable 
(yet often damned) Law of planetary 
astronomy. " 

THE SEA CHART: AN HISTORICAL SUR-

VEY BASED ON THE COLLECTIONS IN 

THE NATIONAL MARITIME MUSEUM, by 
Derek Howse and Michael Sanderson. 
With an introduction by Rear-Admiral 
G. S. Ritchie. McGraw-Hill Book Com­
pany ($12.95). The National Maritime 
Museum, rich in seafarers' treasure, 
stands on the long slope that leads up 
from the Thames to the observatory 
where the old transit splits the zero line 
of all the world's longitudes. We see 
some of those riches in this handsome 
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book. Sixty sea charts (a few of them are 
actually maps from some general atlas, 
but the bulk are either printed or manu­
script charts meant for the grave marine 
task of making the right landfall) are 
carefully reproduced at the size of a 
sheet of typing paper, seven of them in 
attractive color reproduction. Among 
them they span the world from Corfu to 
Coromandel and the history of cartogra­
phy at sea from the year 1420 to British 
Admiralty Chart No. 24 of 1971, delin­
eating the English Channel to the Azores 
-an issue so new that Her Majesty's 
soundings are given in "metres" and 
place names such as Lisboa and A�ores 
are made to fit the foreigner's tongue! 
Indeed, one trend of the centuries is 
"the gradual move towards similarity," 
so that soon only one nation will compile 
each chart. 

It wasn't always so. For 100 years "the 
Dutch knew more about the English 
coasts than the British seamen did them­
selves." The Royal Observatory itself 
owes its being in large part to the desire 
for independence from the Dutch chart 
makers. It was founded in 1675 for "the 
finding out of the longitude of places"; in 
1681 Samuel Pepys signed the order 
commissioning the first Royal Navy 
coastal survey. A volume of charts is still 
called a "waggoner," after Lucas Jans­
zoon Waghenaer, whose The Mariners' 
Mirrour, in a translation supervised by 
the Privy Council itself, provided the 
first printed charts in English around 
1588. Here is the Baltic from that book, 
and Brittany from the Dutch original. 

American charts are praised for their 
technical innovations and good value, 
with superior features such as color and 
standardization many years ahead of Eu­
ropean practice. This leadership is as· 
cribed by the learned authors to the com­
petition between the Coast and Geodetic 
Survey, responsible for maps of U.S. 
waters, and the U.S. Hydrographic Of­
fice, which handled the rest of the world. 
The critical commentary, about a column 
on the page facing each chart, together 
with the introduction, makes the volume 
an easily read history of an entire branch 
of cartography. 

SCULPTURE OF THE ESKlMo, by George 
Swinton. New York Graphic SOCiety 

Ltd. ($18.50). There are about 20,000 
inuit-"the people" in the language they 
share from coast to coast across the Ca­
nadian Arctic. They are technical, in­
genious, adaptive. For 5,000 years, more 
or less, they and their ancestors have 
dwelled on those bitter shores, making 
them sweeter in adversity and fruitful in 
good fortune. For 500 years a whaling 
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From bed to worse? 
Some kind of national health insurance is 

inevitable. The only Question is WHAT kind? 
All current proposals would cost too much 

for their benefits and almost certainly would 
create more, different or worse problems 
than they would cure. 

Administration, AMA and insurance indus­
try plans would do little more than guarantee 
profits and empires for entrepreneurs to 
broker transactions between patients, hos­
pitals and physicians. 

Supporters of Health Security lean the 
other way and would eliminate profits and 
private empires by submitting the nation to 
a monstrous public bureaucracy to oversee 
delivery of all healthcare. 

There IS a better solution: an exquisitely 
simple, thoroughly proven system of national 
insurance that CQuid eliminate all economic 
barriers to healthcare for less than we are 
spending now, without socialist compulsion, 
pervasive bureaucracy. middleman's profit 
or third-party intervention in' medicine. 

What may well be the world's best system 
of comprehensive, voluntary, fee-for·service 
health insurance is already operating with 
extraordinary success and an annual surplus 
in British Columbia, being one of 10 different 
provincial health plans in Canada. 

The B. C. plan could provide total medical 
and hospital care for every American at 
premiums of only $3 to $15 a month (1973 
levels) and less cost to government than 
present expenditures on Medicare and Medic­
aid, which would be eliminated. It would 
preserve the patient's dignity and freedom 9f 
choice. It would reduce the doctor's paper· 
work and increase his income, give him more 
time to see patients and more incentive to 
locate in underserviced areas. 

It is not too late to persuade Congress 
to prescribe some good medicine for the 
economic ills of U. S. healthcare. 

Lea rn what CAN be done to remove a II 
money barriers and third-party interference 
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technology supported them, but it dis­
integrated as a unified culture about 
1600. Soon thereafter the kablunait 
came-the people of heavy eyebrows. 
First the Arctic was penetrated and then 
it and its people were romanticized. 
Their numbers dropped to a low of 8,000 
before World War II. They live now in 
40-odd permanent villages, "urbanized 
(slum) settlements," no.longer in the 700 
shifting hunters' camps. They work 
among radomes and airstrips; they talk 
over a satellite link; they live too often on 
a dole from the Canadian government. 

Once they had a shaman's magical art 
of small carvings, and in addition a more 
personal art, already seen and coveted 
by occasional visitors 150 years ago. In 
1948 James A. Houston saw Eskimo art, 
tirelessly encouraged the artists, sought 
buyers and made the work known. To­
day sculpture is an important source of 
livelihood among Eskimos and of a deep­
er meaning in the lives of many talented 
men and women. Much of it is worth­
while souvenir art, producing well-made 
albeit repetitive simple carvings, but a 
remarkable flowering of high art, both 
in drawing and in sculpture, has also 
blossomed over the land. This book is a 
careful documentation of the sculpture, 
most of it hand-sized pieces, some of it 
perhaps three times as big as that. There 
are some 600 passport-sized photo­
graphs, of good quality, of the work of 
individual artists, who are usually 
named. These pieces comprise a show 
that is touring the galleries of America 
under the auspices of the Canadian 
government. 

With 37 striking color plates and an­
other 100 or so special black-and-white 
photographs in addition to those of the 
catalogue, the author, a professor at the 
University of Manitoba, presents an un­
derstanding and devoted account and 
analysis of the sculpture. His text is 
aesthetic in emphasis but pays honest 
attention to individual artists, to history 
and to context. 

Nearly 400 sculptors of quality are 
represented here from the inuit. One 
sees plainly what the author wants us to 
see: this work is no automatic product of 
a cultural tradition but a fUSion, under 
the heat of creativity, of a strong tradi­
tion with the expressive needs of indi­
vidual men and women. Exotic new ma­
terials, power tools, even external themes 
will not debase living Eskimo sculpture. 
Only the failure of an artist to master his 
own aims can do that. We come away in 
admiration and wonder. These forms are 
freshly beautiful. Can it be that also 
among us one in 50 is as fine an artist, 
waiting? 
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frank lloyd wright"s fallingwater 
western pennsylvania conservancy 

The real 

A new American art form is emerging: 

Main Street Garish. 

Some of our cities have become neon nightmares. 

Billboards block out the sun. 

Graceless buildings flank artless avenues. 

Man is separated from nature. 

In our haste to build and sell, we have constructed 

a nation of impermanence. There is a feeling of built-in 

obsolescence in our cities and homes. 

The ideal 

Structures designed for beauty and long life as well 

as for practicality. Man's greatest architectural achieve­

ments are those that either blend in perfectly with 

the natural environment, or somehow create an 

environment of their own. They become as permanent 

as their natural surroundings. 

AllanlicRichfieldCompany 0 
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The past is only a beginning 

For four generations we've been making medicines as if people's lives depended on them. 
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