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4Iis chest was protected -/ttf:: � 

Drape-shape steel gave this well-dressed knight a certain 
amount of protection against stray missiles • . •  

Yet he died, not in battle, but in bed ... felled by a 
deadly dart IjlO,OOOth of an inch long-the tubercle 
bacillus. 

He and millions of others through the ages never 
knew what hit them. 

Today we know. But ignorance and indifference still 
account for most of the 50,000 people who are killed by 
tuberculosis each year. 

The germ that steel couldn't stop certainly can't be 
thwarted by a business suit or a mink coat. 

Modem science and medicine, however, can give you 

- / CHECK YOUR CHEST. 

V See your Doctor, Tuberculosis 0,, '* ' " 
, � 

" 
ifi" 

. ;( . * . . 

effective chest protection. A chest X-ray is a sure way 
to detect TB! 

If you are harboring TB germs, an X-ray can "see" 
their destructive effects long before you feel sick. If 
proper treatment is started in the early stages, the cure 
is comparatively easy. 

The later TB is found, the longer, harder, and costlier 
will be the cure. 

Remember, too, that TB is contagious. A person who 
has TB can spread it to other members of his family. 

You can find out whether or not you have TB by 
having your chest X-rayed. 

so PLAY SAFE • • •  

GET AN X-RAY TODAYI 

Association or Health Department 

© 1948 SCIENTIFIC AMERICAN, INC



Sirs: 
Yesterday afternoon I had the pleasure 

of leading a discussion in a group of per
haps twenty-five members of the Natural 
Science Faculties of Williams College 
based on George Gamow's "Origin of the 
Ice," which appeared in the October Sci
entific American_ I believe that I am re
porting the conclusions accurately when I 
say that the group felt that Gamow's ac
count of Milankovitch's computations 
gave a very satisfactory explanation of 
glaciation during the past 600,000 years_ 
They felt, however, that this was a very 
short time scale at the end of a very long 
history of intermittent glaciation on this 
planet, and questioned whether the astro
nomical explanation alone was sufficient to 
account for the very long periods of un
usually warm conditions which occurred 
during the geological ages preceding that 
covered by your article_ They rather felt 
that the article implied that "here is the 
cause and the whole cause" though it may 
not actually have said that in so many 
words_ 

Why not another article soon by some 
com petent glaciologist presenting the 
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LETTERS 
whole known history of glacial ages, to
gether with other possible explanations 
such as changing elevation or carbon 
dioxide in the atmosphere which may well 
have combined with the planetary per
turbations to produce the ancient glacial 
ages and also the very long interglacial 
ages? 

THEODORE G_ MEHLIN 

Department of Astronomy 
Williams College 
Williamstown, Mass_ 

Sirs: 
According to George Gamow-s article 

"Origin of the Ice_" which was published 
in your October issue, the ellipticity of 
the earlh's orbit is an important factor in 
the relative severity of the seasons, and in 
the occurrence of terrestrial ice ages_ Dr. 
Gamow says_ "Winters in the Northern 
Hemisphere, coming when the earth is 
closest to the sun, are at present 
milder than those in the Southern Hemi
sphere, and the summers are somewhat 
cooler." 

The astronomer F_ R_ Moulton has 
called attention to the interesting fact that 
because the earth obeys the law of areas in 
its motion around the sun, the total 
amount of radiation received during cor
responding seasons at points in equal 
northern and southern latitudes are equaL 
"The deficiency in the amount received 
per day in the Northern Hemisphere dur
ing its summer, as compared with the 
amount received per day in the Southern 
Hemisphere during its summer, is exactly 
counterbalanced by the greater number 
of days of summer in the Northern Hemi
sphere_" This being the case, only secular 
perturbations, the decrease of the solar 
mass by radiation_ and the momentum ef
fects of the radiation itself (all of which 
affect the mean distance of the earth from 
the sun) would be significant in connec
tion with mean temperatures on the earth_ 
Presumably these changes are too slow to 
account for ice ages as recent as 25,000 
years ago_ 

No mention was made, in the article by 
Dr. GamolV_ of the relatively well-known 
fact that the solar system, in its motion 
through the galaxy, may often pass 
through regions of obscuring matter. A 
small screening effect would easily cause 
the small temperature drop necessary to 
produce an ice age_ 

WILLIAM A_ CALDER 

Department of Physics and Astronomy 
Agnes Scott College 
Decatur, Ga_ 
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D
ECEMBER 1898. "The population 

of the globe, according to M. P. 
D'Amfreville, is about 1,480,000,-

000, distributed as follows: Asia, with 
825,954,000; Europe, with 357,379,000; 
Africa, with 163,933,000; America, with 
121,713,000; Oceanica, and the Polar re
gions, with 7,500,400; Australia, with 
3,230,000; or a grand total of 1,479,729,-
000 souls. It is stated that of every 1,000 
inhabitants of the globe, 558 live in Asia, 
242 in Europe, 111 in Africa, 82 in Ameri
ca, 5 in Oceanica and the Polar regions, 
and only 2 in Australia. Asia thus contains 
more than one-half of the total population 
of the earth, and Europe nearly one
fourth." 

"The question of the relative strength 
of the navies of the world, with particular 
reference to the standing of the United 
States, cannot fail just now to be of vital 
interest. In the three brief months of the 
Spanish war, the supreme importance of 
sea power was brought home to the Ameri
can people in a series of events the signifi
cance of which they have not failed to per
ceive. Great Britain easily maintains the 
position which she has set for herself, of 
being equal in power to the next two 
strongest navies, those of France and Rus
sia; and the fact that we have moved up 
to fourth place with a substantial lead 
over Germany and Italy, will be a pleasant 
surprise, and highly gratifying to all those 
who are interested (and who is not?) in 
the growth of our naval power." 

"Although New York City did not under
take the construction of lofty office build
ings until they had become a familiar fea
ture in the architecture of some Western 
cities, it has run them up in such numbers 
and to such unprecedented height in the 
last ten years that they have now become 
the most characteristic and obtrusive fea
ture of its architecture. Towering high 
above the tallest of these great structures 
is the vast bulk of the Park Row building, 
which lifts its twin towers 29 stories and 
390 feet into mid-air. Omitting the Great 
Pyramid of Egypt, it is conspicuously the 
tallest inhabited building in the world." 

"Dr. Koch has recently left Rome, after 
six weeks of study in the hospitals where 
are treated cases of Roman and Campagna 
fevers, and in which he has been aided by 
the foremost specialists of Italy. As a re-

50 AND 100 YEARS AGO 

suIt of these studies, it is now declared 
that the malarial fevers of Italy are identi
cal in cause and general character with 
those of East Africa, and it is believed 
that science is on the eve of a decisive vic
tory over this whole group of maladies by 
means of liquid injection of quinine into 
the pulse vein. The importance of this dis· 
covery to Italy will be evident from the 
fact that of the 69 departments into which 
that kingdoIp is divided, only six are abso
lutely free from malaria, and 1,200 square 
miles, including some of the most fertile 
districts of Italy, are, like the whole south
eastern coast of Corsica and much of 
Sardinia, practically uninhabitable on ac
count of malarial disease." 

D
ECEMBER 1848. "A short time ago, 

the most flattering accounts were 
received in this city from Califor

nia about the mountains of gold and the 
valleys flowing with silver. Some believed 
it was a joke, while others believed it to 
be a 'hue and cry' for some speculative 
purpose, and to the latter implication we 
must plead guilty. We believed that the 
accounts received here a short time ago 
about vessels being deserted by their 
crews and houses by their inhabitants, 
who had proceeded to the EI Dorado val
ley, was all a hoax or something worse. 
But it seems, after all, that Madam Rumor 
sometimes tells true tales. The President 
in his Message to Congress has confirmed 
the extraordinary fugitive accounts here
tofore received. We hope that the gold and 
silver that is about to flow into the treasury 
of our nation will not be the means of 
corrupting or enervating our people. Rome 
was mistress of the world until her citizens 
drank their beverages from golden bowls. 
We therefore wish better fortune to our 
potato diggers than our gold diggers, as 
we consider that land to be the Golden 
Land, which presents the greatest number 
of fields waving with golden harvests." 

"Those of our subscribers who remem
ber the description of Staite's Electric 
Light, and the first notice of this light pub
lished in America, will be pleased to know 
that the discoverer has secured an English 
patent for the same and introduced it in 
London. It was exhibited last month in 
Hanover Square Concert Room, and ex
amined by the most eminent scientific men 
in that city. It possesses the remarkable 
property of being without heat, not com
bustible, and not hurtful to the eyes, and 
that it could be conveyed by wires like 

bell wires. These are indeed remarkable 
properties, and we are almost sceptical 
upon the subject.-Were it not for the au
thority we would be apt to disbelieve it, 
but there is no doubt regarding its beauty 
and purity. This new electric light, it 
seems, is not the result of combustion, for 
no air is admitted to the light. All that is 
seen is the light in a close vase, and the 
wire that conveys the fluid from the voltaic 
battery, the circuit of which can be broken 
and closed at pleasure. The light of one 
hundred wax candles, it is said, can be fur· 
nished for two cents per hour. This is 
rather too loose a statement we think, but 
it certainly is a most wonderful discov· 
ery." 

"The entire President's Message was 
telegraphed from Baltimore to St. Louis, 
the task being completed on Wednesday 
afternoon, in just twenty-four hours from 
the commencement. The message was 
written out in full, following the copy 
verbatim, even to the punctuation and 
paragraphs, a thing not usually done in 
telegraphing. The number of words was 
50,000. The idea of such a document ap· 
pearing in print in a city nearly one thou· 
sand miles distant from Washington, 
twenty.four hours after delivery is almost 
beyond belief." 

"Messrs. Howland and Aspinwall the 
great shipping merchants of this city have 
petitioned Congress for assistance to con· 
struct a Railroad across the isthmus of 
Panama. The petition has met with en· 
couragement and at present all idea of 
Whitney's Railroad to Oregon seems to be 
out of the question. California and the Bay 
of San Francisco seem to be the climax 
of a railroad to the Pacific at present." 

"The cause of the accident to the steam· 
ship Great Britain, according to late Eng
lish papers, has been satisfactorily ascer
tained to have been the derangement of 
the compass by the iron of the vessel!" 

"The Smithsonian Institute, at Wash
ington, is progressing rapidly. The last 
wing is being finished interiorly with taste 
and beauty. The professors are making 
every arrangement for the consummation 
of their designs; and it is thought they 
will be ready for operation by the middle 
of this month.-The west wing is up and 
covered in, and the main building, whose 
heights will be the admiration of all, is 
advancing as fast as the skill and per
severance of the directors can impel it." 
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He asks an 

Radar sends out pulses of electric waves which, 

reflected from a target, return to reveal the 

target's location. 

Likewise, the apparatus pictured above sends 

electric waves over a coaxial telephone cable. 

Minute irregularities reflect the waves back 

to their origin; the echo makes a trace on an 

oscilloscope screen and so tells where to look 

for the trouble. 

Telephone messages need smooth "high

ways" over which to travel across country: 

circuits able to transmit every talking fre-

B � L L TELEPHONE 

quency, without distortion. Television needs 

even smoother highways and at many more 

frequencies. So Bell Laboratories devised 

this method of spot-testing the cable over 

the entire frequency band needed for tele

phone or television. It is so delicate that any 

possible interference with transmission is de

tected at once. Its use makes sure that every 

inch of highway is clear. 

This is another important example of how 

Bell Telephone Laboratories constantly develop 

finer communications for the nation. 

LABORATORIES 

Exploring and inventing, devising and perfecting for continued improvements and economies in telephone service. 

3 
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Your First Move 
AT THE FIRST SIGN OF CANCER 

W
HEN you suspect cancer 
-go immediately to your 

doctor for diagnosis and treat
ment. 

Don't be afraid to learn the 
truth. Your doctor may give 
you the good news your fears 

1. Any sore that does not heal, 
particularly about the tongue, 
mouth or lips. 

2. A painless lump or thickening, 
especially in the breast, lip or 
tongue. 

are groundless. Or that prompt 
treatment can bring you out 
on top. 

Remember-you can't diag
nose cancer yourself, but you 
can suspect it. Be on the look
out for cancer's danger signals. 
Watch for them in yourself, in 
your friends and in members 
of your family. Write for im
portant free booklet-today. 

3. Progressive change in the color 
or size of a wart, mole or 
birthmark. 

4. Persistent indigestion. 

5. Persistent hoarseness, unex
plained cough, or difficulty in 
swallowing. 

6. Bloody discharge or irregular 
bleeding from any of the natu
ral body openings. 

7. Any change in the normal 
bowel habits. 

MAIL COUPON FOR FREE BOOKLET 
THAT TELLS THE FACTS ABOUT CANCER 

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

Please send me free the booklet containing vital infor
mation about cancer. 

Name . . . . . . . . . . . . . . . . • . . . . . . .  ' "  . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . ... . . . . . .  � . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

City ............................ State ............. . 

�----------------------� 

THE COVER 

The painting on the cover illustrates 
the unorthodox technique used in the 
study of cancer by Pathologist Harry 
S. N. Greene at the Yale University 
Medical School (see page 40). Hu· 
man cancer tissue, shown in micro· 
scopic section in the background, has 
here been transplanted to the eye of a 
rabbit, where it develops as a growing 
pink tumor. Its ability to grow in the 
rabbit's eye is a test of its malignancy. 
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lf�u CAR E 

I
N France ... in Italy ... all over Europe and Asia . . .  there are people who need your 

help. Men, women, children who are poorly clothed and poorly fed. Hunger and disease 

are widespread. Thc Marshall Plan is slowly rebuilding foreign economies. But reconstruc

tion takes time. Thousands necd your aid right now! 

• 

Y
OU can help through CARE (Cooperative for American Remittances to Europe, Inc.), 

a non-profit, government-approved agency of 26 major Anwrican welfarc groups. CARE 

assembles food and clothing textile packages, guarantees their delivery overseas, all at 

one flat fee-SaO. Send CARE packages to relatives and friends. Send them to needy strangers 

-CARE's membcr agencics will select someone you will be glad to help. 

• 

C
ARE has a new 22lh pound standard food package, recently improved to contain more 

meats, more fats, more sweets. Other CARE packages are: British, Greek, Italian, Orien

tal, kosher food assortments; infant or baby food; baby �ayette; knitting wool; wool 

blankets; household linens; wool suiting, with the sewing accessorics to turn it into warm 

clothes. Just mail your order-CARE does the rest! 

• 

Deliveries to: 
Austria 

Belgium 

Czechoslovakia 

Finland 

France 

Germany (American, 

British, French 

zones, all Berlin) 

Crccte 

Great Britain (England. 

Scotland, Wales, 

Xonhern Ireland) 

Hungary 

Italy 

.Japan 

Korea 

Xetherlands 

Okinawa 

Poland 

New Food Package: 
1 lb. Beef in ncef Broth 

1 lb. Steak and Kidney 

11! lb. Corned Beef Loaf 

1'2 lb. Lh'cr Loaf 

Ii! lb. Bacon 

3� lb. Prcm 

2 Ibs. )Iargarinc 

] lb. Swift'ning 

1 lb. Allricot Preserves 

1 lb. Honey 

1 lb. Raisins 

] lb. Chocolate 

2 Ihs. Sugar 

% lb. Egg Powder 

2 Ibs. :Milk Powder 

2 lbs, Coffee 

2 Ibs. Flour 

2 Ibs. Rice 

] 2 oz. Soap 

CARE . 50 Broad St., New Yorl� 4, N. Y. 
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PUBLIC OPINION POLLS 
Why did they fail? A leading authority assays 

their weaknesses and suggests SOlne tested new 

techniques that would i1nprove their accuracy 

OWF.VER 
wrono' George 
Galh�) , Elmo 
Roper and oth
er pollsters may 
have been in 
their forecasts 
o( the recent 

" i  ' j  � l_1 election, no so· 
cial scientist believes that public opinion 

polling itself was thereby discredited as a 

useful tool in social research. Actually lt 

would be as foolish to abandon this field 
as it would be to give up any scientific 
inquiry which, because of faulty methods 
and analysis produced inaccurate results. 
Science �fte� learns more from mistakes 
than from successes. In this case. the poll
ino' fiasco of 1948 had at least two healthy 
re�ults: 1) it demonstrated dramatically 
that polling as it is now conducted is far 
from bein<T an exact science (which ap
parently ;eeded public demonstration), 
and 2) it will force more rigorous stand
ards upon the polling business. 

It would take an exhaustive investiga
tion to find out specifically where and how 
the election polls went wrong-if indeed 
that can ever be reliably determined. The 
poll results themselves were only partly re
sponsible for the erroneous predictions; 
errors were also made in the analysis and 
interpretation of the results. Thus in the 
Gallup Poll, when the interviews were 
analyzed, a considerable block of voters 
was ignored. This was the group, constitut
ing some eight per cent of all the voters in
terviewed. who said they were undecided 
and would give no indication of which 
presidential candidate they leaned to
ward. Gallup stated after the election 
that althou <Th four out of five of this 
group had �oted Democratic in previous 
elections. these voters were disregarded 

by Rensis Likert 

in his predictions on the assumption that 
they would not go to the polls on election 
day. If his assumption was incorrect, this 
error might explain some of the discrep
ancy between Gallup's prediction of a 
44.5 per cent vote for Truman and the 50 
per cent the President actually received. 

If the polls could be so inaccurate in 
predicting an election, what of their ac
tivities in sampling public opinion on 
complex social, economic and internation
al issues? In that field there has been 
skepticism for some time. The skeptics 
have given many reasons for their doubts: 
the samples are too small or are otherwise 
inadequate; the problems are too complex 
to be dealt with in a few simple questions; 
the investigators are biased. 

How valid are these criticisms '? Just 
how sound are the present polling tech
niques, and how reliable are their results '? 
The polls have had a great influence on 
political leaders, on the selection of candi
dates, and on the actions of legislators, 
government administrators and business
men. This is an appropriate occasion for 
an analysis of the polls. 

Polling Methods 

The polling process divides convenient
ly for study into two major parts: 1) the 
population sample used; 2) the question
naire. the method of interviewing and the 
analysis of the replies. The accuracy o( 
any poll obviously depends upon tbe accu
racy of each of these parts. 

Let us consider first the sample. Its im
port(IllCe was made plain by the dramatic 
failure of tbe Literary Digest Poll in 1936. 
That poll focused attentiun on the fact 
that the design of a sample is as important 
as its size. With a sample of more than two 
million persons. the Literary Digest Poll 

still ilad an error of 20 percentage points. 
This error had two sources. First. the poll 
was restricted to Literary Digest and tele
phone subscribers. Second, it obtained a 
biased sample of those subscribers, i.e., 
only those people who answer mailed 
questionnaires. The final sam pIe therefore 
was not representative of the total pop
ulation. So long as the voters who 
were not represented by the sample voted 
like those who were represented, the poll's 
predictions were borne out. But in 1936 
this condition did not hold, and the poll 
accordingly went far astray, 

The present public opinion polls use 
sam pIes based on the so-called quota
controlled method. This m'ethod depends 
for its accuracy on finding those variables 
that have a bigh correlation with the be
havior being studied, Thus to design a 
sample for predicting an election, the 
pollsters determine how voting correlates 
with party affiliation, age, economic status, 
and so on. They then attempt to find out 
how these variables are distributed in 
the whole population, and finally they 
assign to each interviewer quotas based 
on this distribution of variables: the in
terviewer must poll a certain number o( 
persons in each age group, socio-econom
ic group, etc. 

For maximum' accuracy, however, a 
pollster would need to know all of the 
variables correlated with voting behavior, 
such as previous voting behavior. educa· 
tion. income, occupation, religion. party 
affiliation of the voter's father, mother 
and close friends, and so forth. He would 
also need precise information on the dis
tribution of all these variables in the popu
lation. Unfortunately for public opinion 
polling, these two conditions almost never 
exist. In the first place. many of the 
variables that affect voting or other be-
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.P.5.1'1. 
POLLING MACHINERY features the latest in business methods, such as 
punch tapes (foreground), tabulators (center) and meebanical sorters 
(rear), but sampling and interviewing techniques used arc not so up to date. 
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havior are unknown. In the second place. 
no data are available on the distribution 
in the population of most of the variables 
that are known. 

In spite of these difficulties, pollsters 
using the quota method have usually been 
able to make surprisingly accurate pre· 
dictions. The methods generally employed 
are, briefly, as follows. Quotas are set. 
usually on the basis of geographical 
region, size of community, age, sex and 
socio·economic level. In some parts of the 
country, race also is included. In making 
election predictions, the results that these 
quota samples yield are generally tested 
by asking respondents how they voted 
in the previous presidential election and 
checking the percentages obtained with 
the actual election figures. Any dis· 
crepancy that exists is eliminated by 
weighting the results. For example, in a 
poll taken in Maine in 1944, 38 per cent 
of the persons interviewed said they 
planned to vote for Franklin D. Roosevelt. 
An analysis of the replies showed that the 
sample contained an under.representation 
of persons who had voted for Roosevelt in 
1940. When a ratio correction was applied, 
a weighted estimate of 48 per cent for 
Roosevelt in 1944 was obtained. 

This type of weighted correction has 
apparently sufficed to remedy the de· 
ficiencies in quota samples in most elec· 
tion polls in the past. There is always 
a possibility, however, that the high cor· 
relation between past and present voting 
behavior may charige substantially for 
some important group not correctly rep· 
resented in the sample, and in that case 
the error in the prediction may be large. 
It is conceivable, although there is no 
evidence on the point, that such a change 
may have occulTed among some farm 
and labor groups in the 1948 elections. 

Errors in the Samples 

A major source of bias in quota samples 
is the fact that interviewers. in a per· 
fectly human fashion, endeavor to fill 
their quotas in the easiest manner pos· 
sible. They go to places where people are 
readily available and seek any who will 
fill the age, sex and socio·economic speci· 
fications of their quotas. They tend, there· 
fore, to secure a sample which is biased 
in that it includes more people who are 
easily contacted than a truly representa· 
tive sample should include. Tbere is evi· 
dence also that some of the controls-for 
example, the socio·economic level-are 
vaguely defined. 

An analysis of samples obtained witb 
the quota.controlled metbod shows that 
this method tends to obtain data with 
biases which at times may be serious. For 
example, quota samples tend to include 
too few respondents from high income 
families. Thus analyses have shown that 
in typical quota samples in 1946 less than 
10 per cent of the interviews were wit h 
persons in families with an income of 
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$5.000 or more. Census data for the same 
year show that actually about 15 per cent 
of the families had incomes of at least this 
amount. Quota samples also tend to have 
too few interviews with people of very low 
incomes. Another bias that often exists is 
the inclusion of too many persons who 
have at least completed high school and 
too few persons with grade.school educa
tion or less. Thus in typical quota samples 
about one third of the respondents have 
only a grade-school education or less, 
whereas census data indicate that the cor
rect figure is about one-half. 

The basic weakness of the quota-con
trolled method is that it does not em ploy a 
random sample. A general human failing 
among interviewers. or errors in the fixing 
of quotas. may produce a sample which is 
systematically biased in the same direc
tion. In other words, when deliberate hu
man choice enters into the final selection 
of respondents, the usual laws of probabil
ity governing the sampling phenomenon 
do not apply; the errors or deviations may 
not balance one another as they tend to do 
in a purely random sample, but at times 
may become cumulative and produce a bias 
of large and unpredictable dimensions. 

A More Accurate Method 

All this indicates that a method which 
rigorously follows random procedures will 
produce more accurate samples than the 
quota method can. Acting on this basis, a 
few Government and university grou ps 
have developed new methods of sampling 
which do indeed produce much more 
reliable results. These methods are called 
probability sampling. The fundamental 
requirement of probability sampling is 
that the final determination of just which 
persons are to be polled must be left to 
chance. Because this procedure is in con
formity with statistical laws, it is possible 
to calculate precisely the probability that 
the margin of error in any sample will not 
exceed a given amount. 

A method based on these principles is 
now being used by the U. S. Bureau of the 
Census, the Bureau of Agricultural Eco
nomics, Iowa State College Statistical 
Laboratory, the Survey Research Center 
of the University of Michigan, and other 
agencies. It is known as the area sample. 
The basic princi pIe of this method is that 
each person in the population is given an 
equal. or known, chance to come into the 
sample. This is done by associating each 
person with one. and only one, very small 
geographic area and then selecting a ran
dom sample of the small geographic areas 
into which the country is thus divided. 

The first step is to make a purely ran
dom selection of counties and metropoli
tan areas. Then within each of these areas 
a sub-sample of small geographic seg
ments is selected. again by random meth
ods. The final sample may Include all the 
dwellings in each selected segment, or 
every k'h dwelling. depending on the size 

of sample desired. The selection of per
sons actually interviewed in each dwell
ing will then depend on the purpose of the 
survey; if its purpose is to predict an elec
tion. the sample will consist of all the 
eligible voters in the designated dwellings 
or certain voters selected at random. 

When this method is used. the inter
viewer has no choice whatever. He goes to 
the specified dwelling and interviews the 
specified person or persons. If a respond
ent is not at home he calls again and again 
until he gets the interview; if he finds it 
impossible to do so, he reports that fact to 
headquarters. 

Results 

Area sampling eliminates the sources 
of bias present in quota-controlled sam
ples. We do not need to know the variables 
affecting voters or their distribution in the 
population. We avoid human biases in se
lection of the persons to be interviewed. 
We can compute with confidence the lim
its or range of error for any result ob
tained-which is not possible in the case 
of quota samples. 

The greater accuracy of the area sam
pling method has been amply proved in 
practice. The Survey Research Center at 
Michigan, using small nation-wide sam
ples (500 to 3,500 persons) based on th is 
method, has obtained results which check 
closely with census data and other reliable 
criteria. For example, a series of five 
sampling surveys was made between 
June, 1946, and October, 1948. The five 
samples were analyzed for certain charac
teristics-the percentage of white persons 
in the sample, the proportions in various 
age groups, the amount of schooling, and 
so on. To determine whether the samples 
were typical for the nation as a whole. 
the results obtained were then compared 
with U. S. Census figures. Comparing the 
survey of October. 1948, with the most 
nearly com parable census data, these 
were some of the results: 

The data on racial distribution were 
close to the census figures. In the Survey 
Research Center sample. 91 per cent of 
the persons interviewed were white; 
the census figure for white persons in the 
whole population is 90.6 per cent. 

With regard to age distribution. 23 per 
cent of the sample turned out to be in the 
grou p aged 21 to 29, and the census figure 
for the same group is 22.8 per cent; in the 
other age groups the correspondence was 
equally or almost equally close. 

In the results on schooling. the propor
tion who had gone no farther than grade 
school was 44 per cent in this survey and 
46.1 per cent in the census; those who had 
finished high school were 23 per cent of 
the sample. 22.9 per cent in the census; 
those who had finished college,S per cent 
of the sample,S per cent in the census. 

These results were obtained with a 
random sample of only 1,151 persons 
widely distributed around the country. 

The four other surveys in this series, 
using even smaller sam pIes (about 600 
persons each). yielded approximately the 
same results; for example, the range in 
percentage of white persons in the four 
samples was from 89 to 91. Similarly con
sistent findings have been obtained in va
rious area-sample surveys of family 
incomes and other variables in the popu
lation. 

Another kind of check has been made 
by expanding the results from a sample 
to an estimate for the nation as a whole. 
Thus in an area-sample survey made for 
the Federal Reserve Board in January and 
February, 1948, the Survey Research Cen
ter asked 3,562 households the amount of 
their 1947 money income; as a check, the 
average family income in this sample was 
multiplied by the number of private house
holds in the nation, as estimated by the 
Census Bureau. The estimate of national 
income obtained in this way proved to be 
10 per cent less than an estimate by the 
Department of Commerce based on aggre
gate data. As is to be expected, expansions 
of this kind show somewhat greater errors 
than direct com parison of percentages 
and frequency distributions. 

The chief disadvantage of the area sam
ple method is that it is more expensive. It 
costs more to design the sample and it 
costs much more for interviewers to take 
time to locate each designated respondent. 
But the increased accuracy of this method 
outweighs its additional cost. Because of 
the grea ter cost, most pollsters ha ve resisted 
using probability samples and have ad
hered to the quota-sample method. Until 
the best available methods of sampling 
are used by those making election predic
tions and publishing polling results, it will 
be well to keep in mind that the sampling 
methods now employed can have a sub
stantially larger error than is claimed. The 
formula now used by pollsters to compute 
the probable error in their polls is not ap
plicable to quota samples; the formula is 
actually based on the assumption that the 
sample is truly random. 

Intervicwing 

Now let us consider the other part of 
the polling process-the questions that are 
asked. the quality of the interviewing and 
the competence shown in the analysis and 
interpretation. Since these problems are 
somewhat different in a poll for predicting 
elections than in a poll measuring opinion 
and knowledge on social and economic is
sues. it will be well to discuss these tWI) 
uses of polling separately. 

In asking people how they plan to vote, 
there is little problem about the wording 
of the questions. People know the parties 
involved and know the major candidates. 
The names of the parties and the candi
dates have substantially the same meaning 
for all. There is a very real problem, how
ever. in obtaining frank. unrestrained an
swers. Several different procedures have 
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been used to encourage respondents to an
swer accurately_ 

One of these is publicity, intended to 
inform people about the poll so they will 
be prepared to be interviewed_ Gallup at 
times has had his interviewers wear badges_ 
This publicity has incidentally produced 
a problem for the polls_ People expect to 
be interviewed, and many become con
vinced, because neither they nor their 
friends are ever approached, that the poll 
results are fictitious and not based on 
actual interviews_ Polls, however, use a 
sample of cities and counties, as well as a 
sample of people within these communi
ties_ Obviously, people who do not live in 
these particular sam pIe points will never 
be interviewed_ Moreover, only a very 
small proportion of the total U_ S. popu
lation falls into any of the samples. No one 
should be surprised if he or his friends are 
never polled. 

The pollsters also try to win the cooper
ation of respondents by assuring them that 
their answers will be treated as confiden· 
tial; the answers are not identified by 
name, but are used only to compile statis
tical totals. Sometimes the polls use a se
cret ballot. The interviewer carries a 
ballot box conspicuously locked with 
a padlock, and the respondent deposits his 
"ballot" in the box. The evidence varies 
on the usefulness of this method. In some 
tests it seems to have obtained more accu
rate answers, in others less satisfactory 
ones. Generally it appears to encourage 
voting by some of the persons who would 
otherwise answer "don't know." 

One of the most useful
" 

devices is the 
indirect approach. Instead of asking the 
voter bluntly whether he is going to vote 
and, if so, for whom, the interviewer first 
asks a series of questions, such as how the 
voter feels about each of the major issues 
in the campaign, which of the candidates 
can best handle farm problems, high 
prices, the housing shortage, foreign poli
cy, and so on. People who are reluctant to 
say whom they expect to vote for will 
almost always tell how they feel about the 
issues, how strongly they feel, and which 
candidate they believe will handle each of 
the different problems best. The answers 
to all these questions can then be analyzed 
to predict the probable proportion of each 
group who will vote and how they will 
vote. 

The prediction of elections involves a 
particularly knotty problem which often 
is neglected. This is the "turnout prob
lem"-predicting who will vote. To pre
dict an election it is not sufficient to know 
what candidates are favored; it is neces
sary to know what candidates are favored 
by those persons who will actually go to 
the polls. This means that the pollster 
must know which voters are most likely to 
vote and which most lik

'
ely to stay home. 

Unfortunately, the pollsters have made 
few attempts to develop questions to meas-
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ure the intensity of the determination to 
vote, and the results consequently have a 
large possible error. 

After the recen t election, Gallup is re
ported to have stated that his polls indi
cated a relatively small turnout, but that 
he did not mention this large factor of 
uncertainty because his newspaper clients 
would have accused him of "hedging." As 
a rule, the larger the turnout, the greater 
the Democratic vote, but this rule may 
not have applied in this year's elections. 
In any case, it appears likely that the 
"undecided" vote and the size and charac
ter of the turnout played a large part in 
the miscalculations of the pollsters. Had 
they obtained more data on these factors 
and analyzed them adequately, their pre
dictions might have been less positive and 
less wrong. 

The Questions 

The measurement of opinion on social, 
economic and international issues, and of 

INTERVIEWER often biases sample 
by polling only people easy to reach. 

public knowledge about these issues is 
more difficult, as a rule, than the predic
tion of elections. The problems in this field 
of polling are still so serious that opinion
poll results should be taken with even 
greater caution than predictions about 
elections. 

Perhaps the greatest of these problems 
is that of meaning. Most of the issues of 
the day involve words and concepts that 
have different meanings for different peo
ple. On some issues large sections of the 
population may have no understanding of 
the major dimensions of the issue or the 
terms used. To understand the meaning of 
the percentages obtained in a poll, it is 
essential to know what respondents meant 
when they answered each question. Un
fortunately, such data are not available. 
Yet polling results are often presented and 
discussed with the implicit assumption 

that each respondent understood the ques
tion and answered it from precisely the 
same point of view as that of the person 
conducting the poll. 

An indication of the inadequacy of the 
usual polling questions can be obtained 
by asking a very small sample of respond
ents a question taken from any poll on a 
complex current problem and permitting 
these respondents to answer in their own 
words and to elaborate their answers. 
Several tests of polling questions have 
been made in this fashion. Quite consist
ently evidence has been obtained that 
questions on complex issues have different 
meanings for different people who are 
called upon to answer them. 

Richard L. Crutchfield and Donald A. 
Gordon of Swarthmore College ran a test 
on the following Gallup Poll question 
which appeared in news releases of Au
gust 22, 1943: 

"After the war, would you like to see 
many changes or reforms made in the 
United States, or would you rather have 
the country remain pretty much the way 
it was before the war?" 

To test interpretations of this question, 
the investigators interviewed a cross-sec
tion sample of 114 New York City resi
dents. After recording the respondent's 
initial reaction to the question, "the inter
viewer then encouraged the respondent to 
enlarge upon his answer in an informal 
conversational manner." The interviewers 
found that the initial response of their 
New York respondents gave substantially 
the same results as those obtained by 
Gallup for the country as a whole. But 
they also found that their respondents had 
seven different frames of reference in 
mind when answering the question. Some 
persons thought the question referred to 
"domestic changes or reforms"; others 
"technological changes"; others changes 
in the "basic political-economic structure 
of the U. S."; and still others thought it 
referred to changes in "foreign affairs of 
the U. S." 

Respondents also had quite different 
meanings in mind when they answered 
"change" or "remain the same." For ex
ample, among those who answered in 
terms of "domestic changes and reforms" 
the word "change" for some persons 
meant shifts in a more liberal direction, 
such as "increases in social security," 
"higher pay levels," and "greater social 
equality for members of minority groups." 
Other persons meant a shift in the con
servative direction, such as "change to a 
Republican administration," "less gov
ernment control of business," and "more 
control of labor unions." Similarly, some 
of those who answered "remain the same" 
had in mind conservative aspects of our 
economy; others giving the same answer 
referred to liberal aspects, sllch as "main
taining high wages." It is obviously impos
sible to interpret percentages which 
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combine into single totals answers which 
have such widely different meanings. 

This study of what the respondents real· 
ly meant by their answers substantially 
altered the interpretation of the poll. Thus 
in their first answers, 49 per cent of the 
New York City respondents said they 
wanted the country to "remain the same." 
and 46 per cent voted for "changes or reo 
forms." But further questioning of those 
who were thinking in terms of domestic 
changes showed that 60 per cent wanted 
"changes or reforms," and 40 per cent 
favored "remain the same"-a direct reo 
versal of the results with respect to this 
phase of the question. Most of those who 
thought the question meant technological 
change favored such change, while those 
who thought it referred to the basic politi. 
cal-economic structure of the U. S. did 
not want change. 

Many of the polls dealing with complex 
current issues use questions which are 
very likely to be as misunderstood as was 
the question tested by Crutchfield and 
Gordon. The importance of knowing whal 
questions mean to respondents and whal 
the latter mean by their answers i", 
illustrated by the following two questions. 
which seemed similar in wording but pro
duced substantially different results. The 
Gallup Poll asked: "Do you think tlie 
U. S. and all the Western European coun
tries participating in the Marshall 
Plan should join together in a permanent 
alliance-that is, agree to come to 
each other's defense immediately if any 
one of them is attacked?" The answers: 
Yes. 65 per cent; No, 21 per cent; 
No Opinion, 14 per cent. At about 
the same time (the results of both polls 
were published in the same week-May 31 
and June 2, 1948), the National Opinion 
Research Center asked: "As you rna,· 
know, England, France and other coun· 
tries of Western Europe recently signed 
an agreement to defend each other against 
attack. Do you think the U. S. should 
promise to back up these countries with 
our armed forces if they are attacked by 
some other country?" The answers: Yes, 
51 per cent; No, 39 per cent; No Opinion. 
10 per cent. Thus on what was essentially 
the same question-the formation of a 
military alliance-there was a difference 
of 14 percentage points in the Yes an
swers and 18 points in the No answers. 
Unless data are obtained showing what 
respondents in a pon actually mean by 
their replies, the percentages obtained are 
of limited significance and sometimes may 
be seriously misleading. 

The problem becomes even more diffi
cult when attem pts are made to take polls 
on complex issues in several different 
countries at the same time. The language 
and cultural di fferences. added to all the 
other difficulties, are likely to make the 
results seriously inaccurate. In an inter· 
national poll it is virtually impossible to 

have a complex question mean the same 
thing to all respondents. 

There is no simple solution to this prob
lem of the meaning of questions. One 
essential step is to analyze the problem in 
terms of psychological theories. This step 
works best when combined with a method 
of intensive interviewing using fixed ques
tions and free answers. In using this tech·
nique. the polls would ask the respondent 
to select one of a number of alternative 
answers to a question. or would ask open 
questions, such as. "How do you feel aboul 
such and such a situation?" Interviewers 
would be trained to record the respond
ents' answers fully. and in the case of a 
question with alternative answers would 
encourage the respondent to elaborate his 
choice, using follow-up questions such as, 
"What do you have in mind?" The open
question method and the fixed question. 
free answer technique have demonstrated 
their usefulness in many tests. The major 
disadvantage of these methods. as with 
area sampling, is that they are somewhat· 

STRATEGY BOARD in pollster's 
headquarters shows areas polled. 

more expensive than the more conven
tional polling techniques. Here again. tbis 
disadvantage is outweighed by greater ac
curacy. 

The Future of the Polls 

Public opinion polling is a very young 
technique. None of the present polls was 
in existence 15 years ago. In less than 15 
years the public opinion poll has become 
thoroughly established in this country, 
and it is gaining status rapidly in most of 
the rest of the world. The leaders of the 
polling business, particularly Gallup and 
Roper, are chiefly responsible for this 
achievement. The polls have been widely 
used by the public. by business and by 
government, and they affect many impor
tant decisions. Year by year their impor
tance and use have increased. In spite of 
such failures as that in the recent election, 
their use is likely to continue to increase, 

because polls employing sound methods 
can obtain essential information which is 
obtainable otherwise only at a pwhibitive 
cost-as by a referendum-or not obtain
able at all. 

The public opinion polls therefore have 
a tremendous responsibility. Their read· 
ers. includ ing all those persons who make 
important policy and administrative deci-
5;,'n.-; Oil the basis of their results. rely on 
the pons for accurate information. The 
poll s must use methods which will assure 
that their results are reasonably accurate 
on all issues and at all times. In terms of 
their own self-interest. the polls must as
sume this responsibility. Indeed. their 
ability to regain public confidence may 
now depend on their willingness to restudy 
and improve their methods. 

Among the methods now available 
which would permit them to measurc 
opinion more accurately are probability 
sampling, the fixed question-free answer 
method of interviewing. open questions. 
questions employing an indirect approach, 
and Ihe use of a series of interrelated 
questions covering the same phase of a 
particular issue from several different 
approaches. By using the best methods 
available, the polls will discharge more 
adequately their responsibility to the pub
lic. government officials and businessmen. 

The public opinion poll is only one 
area of application of a far more impor. 
tant instrument: the sample interview sur
ve�·. The sample interview survey is onl' 
of the research tools of the social sciences. 
It is being used increasingly to study such 
widely different problems as the behavior 
o)f consumers, the distribution of income, 
pr.inciples of organization and manage
ment. religious behavior. the factors affect
in)! political behavior, the production 
plans of farmers, and the processes of 
propailanda. Either alone or in combina
tion with experimental methods. this tool 
enables the social sciences to deal with 
their problems in a quantitative manner. 
Consequently. social scientists have taken 
a keen interest in this technique. 

A great deal of research on improve
ments in the technique is now going on. 
Some of this research is being done by the 
public opinion polling agencies. More. 
however. is being done by the Federal 
government and educational and research 
organizations. Important methodological 
advances are flowing and will continue to 
flow from this research on all phases of 
polling. such as sampling. interviewing 
and research design. Social science i" 
making available to the polls improved 
methods. It is to be hoped that the polls 
will accept and utilize them. 

-

Rensis Likert is the director 
0/ the Survey Research Cell tel' 

at the UlliL"ersity of Michigan. 
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EARTH-MOVING MACHINE working on a slope at the 
Medicine Creek Reservoir in Nebraska is an indication 
of the archaeologists' haste. Here they have uncovered 
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the sites of three dome-shaped houses built hy Indians 
some 500 to 600 years ago_ The original post holes made 
by the inhahitants have been dug out again by hanel. 
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A CRISIS IN U. S. 

ARCHAEOLOGY 
The damming of rivers will shortly flood the valleys 

where lived the aboriginal Americans. Archaeologists 

must work fast to save what they can of the remaIns 

D
URING the past two years archae

ologists have been scraping away 
at the river basins of the U_ S_ 

with an anxious haste that suggests 
Noah's preparations for the Flood_ Their 
search parties have prospected thousands 
of miles of the North American water
shed, searching for traces of its prehistoric 
inhabitants, and have staked out hundreds 
of sites for excavation. They are so pressed 
for time that in some places they are dig
ging with bulldozers instead of with the 
customary archaeologist's spade. The ob
jective of this activity-perhaps the most 
massive and most unleisurely excavation 
project in archaeological history-is to 
unearth as much as can be saved of North 
America's prehistoric remains before it is 
too late. For the archaeologists are actu
ally working against the deadline of a 
series of impending floods that soon will 
bury the civilizations of the aboriginal 
Americans beyond recovery. 

The reason for this state of affairs is 
the Federal government's nation-wide 
river development program. Its numerous 
projects for flood control, irrigation, hy
droelectric power and navigation will in
undate most of the archaeological sites in 
the U. S., many of which, unfortunately, 
are still com pletely unexplored. The 
American aborigines, like the inhabitants 
of other lands, generally lived along river 
banks, where there were fields for raising 
crops and good locations for camps and 
villages, where game, fowl and fish 
abounded and where easy transportation 
by water was at hand. For this reason, 
about 80 per cent of the archaeological 
remains in this country are located in 
places where the damming of rivers and 
the formation of reservoirs will obliterate 
them for all time. 

The archaeologists of the U. S. have 
thus been suddenly presented with a prob
lem of appalling dimensions. The con
struction of dams is going ahead so rapid
ly that they have only a few short years 
to carry out explorations which would or
dinarily take several generations. 

Early in 1945 they began to organize 

by Frank H. H. Roberts 

their forces. Within a year there was 
mobilized a large cooperative enterprise 
supported by the Army Corps of Engi
neers, the Bureau of Reclamation, the Na
tional Park Service (which is charged by 
law with responsibility for the preserva
tion of archaeological sites) and the Smith
sonian Institution. The National Research 
Council's Committee on Basic Needs in 
American Archaeology, the Society for 
American Archaeology, the American An· 

PROJECTILE POINT is brushed by 
archaeologist working in Angostura 
Reservoir area of South Dakota. 

thropological Association and the Ameri
can Council of Learned Societies formed 
an independent Committee for the Re
covery of Archaeological Remains (in
cluding also paleontological remains) to 
serve in an advisory capacity and to assist 
in planning a nation-wide survey and dig
ging program for all the river basins 
where dam projects were in prospect. As 
the program progressed the committee 
helped to enlist scientists from many 
universities, museums and state societies 
in the cooperative effort. The Smithsonian 
was given chief responsibility for the 
scientific work, and the National Park 
Service agreed to keep it informed of all 

dam and reservoir projects and to make 
arrangements for surveys of the areas in
volved. 

The archaeologists went to work first in 
the Missouri River Basin, where 105 river 
development projects had already been 
authorized. From field headquarters at 
the University of Nebraska, survey par
ties reconnoitered more than 13,000 miles 
of the basin and covhed 94 reservoir 
areas. Meanwhile other parties began ex
plorations in the Columbia-Snake Basin in 
Oregon, on the Etowah River in Georgia, 
the Roanoke in Virginia, the Brazos and 
Neches rivers in Texas, and in the Central 
Valley of California and the Arkansas 
drainage basin in Oklahoma. And other 
surveys, sponsored by individual univer
sities, have been started or planned in a 
score of states from Florida to Oregon. 

Thus far the central survey staff alone 
has located some 1,800 archaeological 
sites and recommended digging operations 
at 250 of them. Because of limited funds, 
large-scale digging has actually been 
undertaken at only nine sites: the Addicks 
Reservoir in Texas, Medicine Creek Res
ervoir in Nebraska, Angostura Reservoir 
in South Dakota, Heart Butte Reservoir 
in North Dakota, Boysen Reservoir in 
Wyoming, McNary Reservoir in Oregon, 
O'Sullivan Reservoir in Washington, Fort 
Gibson Reservoir in Oklahoma and the 
Tucumcari project in New Mexico. The 
cooperating universities, however, have 
undertaken a number of other excavations, 
and at many additional sites there has 
been preliminary test digging. 

Some of these excavations are being 
made, with great haste, in places where 
the destruction of the sites by the engi
neers is imminent or, indeed, already un
der way. An example is the Medicine 
Creek project on the Republican River in 
Nebraska. There, for the first time in 
archaeological history, power machinery 
has been used on a large scale. Time and 
man power were so short that the archae
ologists decided to risk utilizing heavy 
equipment, provided by the Bureau of 
Reclamation, to scrape away the earth 
covering buried villages. The experiment 
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SKELETON of a 70-year-old man is carefully uncovered in the same 
Medicine Creek Reservoir area that is shown on page 12. This region 
has been the most thoroughly worked of all those that will be inundated. 

FLOORS of Indian llouses are exposed in the Medicine Creek Reservoir 
area. Posts placed in the holes supported an earth-covered structure. The 
entrance was at rear center. The larger holes were employed for storage. 
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surpassed expectations; it was found en
tirely feasible to remove the overburden 
from large areas with practically no dam
age to the underlying remains. In five 
months this group accomplished as much 
work as would normally have taken a 
much larger crew two full seasons_ It was 
therefore decided to use machinery at 
other sites. 

The diggings have already yielded im
portant and interesting information 
about the little-known prehistoric peoples 
of North America_ Among the most sig
nificant finds have been those in the 
Columbia River Basin of the Northwest. 
There the diggers have unearthed at suc
cessive levels the buried remains of vil
lages ranging in time from 4,000 years ago 
to the time of the Lewis and Clark expedi
tion in the early 1800s_ The two seasons of 
preliminary exploration in this relatively 
unknown area have turned up many camp 
and village sites, rock shelters and burial 
grounds. From the great wealth of buried 
material archaeologists hope to recon
struct a continuous history of the aborigi
nal occupation covering several thousand 
years_ The Columbia Basin was the most 
important prehistoric travel route in the 
West; there is evidence of aboriginal trad
ing up and down the river from the West 
Coast to the upper Missouri Basin_ 

In the Missouri Basin there have been 
finds of cultures much older than those on 
the coast. Indeed, some of the deep strata 
which have been exposed by streams cut
ting through the terrain promise to yield 
material belonging to the so-called P aleo
Indian, who is believed to have migrated 
from Asia to North America in the late 
Pleistocene period_ Most of the sites in 
the Wyoming-Montana area contain no 
pottery-an evidence of very primitive 
culture. Farther east, in the western 
Dakotas, pottery begins to appear. 
In both areas great numbers of 
stone circles or tipi rings, marking tent 
sites, have been unearthed_ But to 
the south, in northwestern Nebraska and 
northern Kansas, the predominant dwell
ings were pit houses, and in the eastern 
Dakotas there are many mounds and re
mains of villages-all suggesting a more 
sedentary, agricultural type of civilization_ 

S
OME of the largest, best preserved and 

most impressive fortified Indian sites 
in the U. S. have been found along the 
main stream of the Missouri in the Dako
tas_ In some of the sites there are records 
of prehistoric floods, of silting and soil 
erosion, of recurrent droughts and of fluc
tuations in climate. The excavation and in
terpretation of the data contained in such 
sites should not only contribute to the 
story of the growth and development of the 
Plains Indians but also add considerably 
to our understanding of how the aborigi
nal people met and overcame climatic and 
other environmental conditions not unlike 
those of the present day_ Part of this study 
has already been made at the Medicine 
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Creek Reservoir in Nebraska and at the 
Angostura Reservoir in western South 
Dakota. 

The Medicine Creek area, thanks to the 
help of earth-moving machinery, to date is 
the most thoroughly explored of all 
the projects. Its remains consist mostly of 
house pits, middens (dumps for debris 
and refuse), cache pits where crops were 
stored, and burial grounds. The material 
already uncovered indicates that archae· 
ologists will have to revise some of their 
long. held theories about the Indians of 
that area and their relationship to thei r 

environment. The finds show that these 
Indians practiced community planning 
and varied their housing architecture. 
They also shed new light on early develop. 
ments in horticulture. 

The Medicine Creek villages which 
have been excavated probably were occu· 
pied about 500 to 600 years ago. They cer· 
tainly were never visited hy white ex· 
plorers, and so far it has not been possible 
to connect them with the Indian tribes 
that have lived in the area in more recent 
times. Each village consisted of a half 
dozen or more earth·covered, dome-shaped 
houses. The. floors were slightly below 
ground level. Near the center of the large 
chamber in each house was the fireplace. 
with the smoke passing out through a hole 
in the roof. The entrance to the house was 
a tunnel-like passage, placed on the side 
away from the prevailing winter winds. 

Each house probably was occupied by 
two or more families. Small underground 
pits inside and outside the houses were 
used for storage, and later as dumps for 
refuse. The remains show that these peo· 
pIe raised corn, squash and beans, gath. 
ered wild fruits, berries and tubers, and 
hunted bison, deer, antelope and small 
game. They also depended a good deal on 
aquatic food; bone fishhooks have been 
found, and vast numbers of fresh-water 
mussel shells. 

Just above these archaeological depos· 
its is a thick layer of dust-evidence that 
the area suffered a period of severe 
droughts comparable to those which oc· 
curred in the Plains area a decade ago. 
During the drought period the Indians 
withdrew from the region. Later the 
weather improved and layers of good soiL 
now covered with sod, were deposited over 
the dust. This is just one of many proofs 
that cycles of good and bad times have 
been not uncommon in the area. 

The fact that when white men first came 
to North America from Europe they found 
a virgin wilderness, apparently very 
sparsely populated, has fostered a wide 
impression that the continent had only a 
scanty human history. The current digging 
is amply demonstrating how wrong that 
impre.ssion is. It shows, as archaeologists 
have long suspected, that what is now the 
U. S. was peopled in apcient times by 
many diverse tribes occupying almost 
every region on the continent. 

In California the present survey has un· 

PIT DWELLING is dug out at the O'Sullivan Reservoir in Washington_ 
This region was one of the most important prchistoric travel routes in 
U. S. Remains of villages dating from 4,000 years ago have becn unearthed. 

INTERIOR of pit house in the picture at the top of the page shows 
structural plan. Many such houses had a fireplace in thc center, with a 
hole in the roof for a chimney. Man in rear sifts earth for small objects. 
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TIPI RINGS, circles of stones set on the ground to anchor Indian tip is, 
are plainly visible in the Tiber Reservoir area of Montana. These rmgs 
locate the sites of some comparatively recent settlements of the Indians. 

FORTIFIED VILLAGE huilt hy the Indians is still a rough outline he
side the muddy main stream of the Missouri River. This site, visible at 
hottom center of this aerial view, will he inundated by the Oalte Reservoir. 
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earthed village sites. soapstone quarries. 
pictographic wntlllg and pottery o[ 
peoples previously unknown. In Texas. 
camp and village sites have been 
found in many new areas. In Virginia 
and North Carolina there are a 
number of signs of what seems to be an 
eastern phase of the famous Folsom cuI· 
ture which flourished in the Western 
Plains during the closing days of the last 
Ice Age. At the Fort Gibson Reservoir site 
in Oklahoma there are valuable remain, 
which are attributed to the great mound· 
building era. the period of cultural 
effiorescence which swept across the 
southern U. S. in the late pre·Columbian 
a nd early historic period. 

T
HE flooding of river basins will of 
course bury many deposits o[ fossils 

as well as those of aboriginal cultures. 
Thus far reconnaissance in this field has 
been confined mostly tn the \lissolJri 
Basin, but it is now bein!! extended 
to other areas. On the whole

�
the loss to 

paleontology will not be so serious as that 
facing archaeology. for fossils similar to 
those that will be inundated can 
in most cases be found in other locations. 
A few unique quarries will be flooded. 
however, and there are many valuable 
fossil remains in the Indian sites them· 
selves. Archaeologists frequently find 
fossil bones and leaves which the Indians 
apparently collected as curiosities. They 
used them as ornaments and sometimes 
carved implements from them. 

The nation·wide effort to sah'age ar· 
chaeological and paleontological mate
rials, the largest coordinated project of 
the kind ever undertaken in this country. 
has made a good start. but a staggeriJ;g 
amount of work remains to be done, and 
time is running out. The great problem is 
l ack of funds. So far the work has been 
financed mainly by funds transferred 
from appropriations of the Department 
of the Interior and the Army Corps 
of Engineers. The money available 
has been so limited that in many 
critical areas where sites are about to be 
destroyed the necessary surveys and ex

cavations cannot even be attempted. As 
the Federal river development program 
proceeds, the emergency will become more 
and more acute. The Committee for the 
Recovery of Archaeological Remains is 
making a yeoman attempt to obtain the 
increased financial backing that is greatly 
needed. Unless more active support is pro
vided, much of the archaeological story of 
\T orth America will be lost. It will take a 
great combined effort by Federal, state 
and local institutions to achieve even a fair 
sampling of the nation's archaeological 
resources and to save a minimum of its 
prehistoric record. 

-

Frank H. H. Roberts is Associate Di
rector oj the Smithsonian Institution's 
Bureau oj American Ethnology and 
Director oj the River Basin Surveys. 
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EXPLORATORY TRENCHES are dug in the lee of a 
cliff in the Oregon Basin Reservoir area. Indian villages 
were very likely estahlished here for shelter. Layers of 

CAVE IS WORKED hy a group of archaeologists in the 
Boysen Reservoir region of Wyoming. Deposits on the 
floor of the cave are carefully removed in layers. Each 

earth in village sites indicate that Indians lived under 
climatic conditions much the same as those of today. 
One layer indicates a long period of severe drought. 

layer is separately sifted for artifacts. This process 
insures the segr.egation of characteristic at·tifacts left 
hy the inhahitants of different periods and cultures. 
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How do they find their way In their 
vast ·migrations over land and water? 
Some new evidence on an old mystery 

F
EW natural phenomena have so en

chanted and puzzled men in all ages 
as the migrations of birds_ The 

oracles of Homeric Greece and the augurs 
of the Roman Empire wove the seasonal 
appearance and disappearance of wild 
birds into their everyday religion and 
mythology. After the Romans, for many 
centuries birds received less sophisticated 
attention. Nevertheless their annual com
ings and goings have always intrigued 
all sorts of men from dilettantes to pro
fessional specialists. Perhaps there is a 
common denominator in the interest dis
played by the augurs of ancient Rome and 
by the Audubon societies of today. No 
naturalistic conception of the universe 
seems really complete unless it deals with 
bird migration, and even in the most 
mechanistic modern climates of opinion 
this has been a phenomenon demanding 
special explanation. The attempted ex
planation may be a mechanistic one, but 
even so it is likely to be less mechanical 
than explanations of other phenomena. 
This is as true in these days of relativity, 
radar and mesons as it was in the time 
of James Clerk Maxwell and Charles Dar
win. Bird migration is still something of 
a mystery even to those who deny the ex
istence of mysteries. 

I must disclaim at once any attempt in 
this article to offer a solution of the mys
tery, but it does seem worth while to de
scribe the progress that has recently been 
made toward an understanding of bird 
migration. During the past century the 
patient work of ornithologists has fur
nished a rather adequate description, if 
not an explanation, of the main features of 
bird migrations: their extent, the times of 
departure and arrival, the approximate 
routes followed by most species, the speed 
with which a whole population moves from 
winter to summer range, or vice versa. Re
peated observations have established cer
tain interesting facts, such as that some 
species migrate by night while others 
travel in the daytime; that in some species 
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by Donald R. Griffin 

the young and old birds travel together, 
while in others they may migrate by en
tirely different routes or at different dates. 
The success of this description intensifies 
the urge to understand how the long jour
neys are accomplished. Of all the ques
tions that have been asked about bird mi
grations, the most baffling and the most 
critical is the matter of orientation-how 
do the birds find their way? 

To appreciate the dimensions of this 
problem one must consider the vast dis
tances that birds often travel in their sea
sonal flights. While some birds are non
migratory or travel only a few miles, as 
from a mountain-top to a neighboring val
ley, others span a major portion of the 
globe. One typical example is the tiny 
ruby-throated hummingbird (Archilochus 
colubris). This species, a familiar one in 
the eastern U. S., has wide summer and 
winter ranges, which are shown in the map 
on page 20. While the summer and winter 
ranges overlap somewhat, as they do with 
many birds, it is clear that individuals 
nesting along the Canadian boundary dur
ing the summer must migrate many hun
dreds of miles to reach even the northern 
edge of the winter range. The humming
birds' summer and winter ranges are 
similar to those of many common song
birds, so that migrations of this length are 
the rule rather than the exception. A more 
extreme and spectacular case is that of 
the golden plover (Pluvialis dominica), 
a shore bird or wader slightly larger than 
a robin. Two closely related subspecies of 
this bird nest in the arctic latitudes of 
North America and Siberia and migrate 
to the Southern Hemisphere in winter. In 
addition to its great length, this migra
tion route presents other features of inter
est. First, the adults seem to leave the 
breeding grounds before the young, so 
that many of the latter must make the 
entire journey without guidance from 
other golden plovers that have previously 
flown the course. Also, the golden plover 
does not swim on the water's surface, or 

at least has very seldom been observed 
to do so; it appears highly probable that 
the bird's extensive overwater flights, such 
as those to the Pacific islands or that from 
Nova Scotia to the Lesser Antilles, are 
made without stops for food or rest. 

These migration routes are merely ex
amples; many more are known to be just 
as extensive and to involve equally diffi
cult feats of navigation. There are oceanic 
birds such as albatrosses, boobies, petrels, 
shearwaters and fulmars, which spend 
most of their lives at sea but must fly hun
dreds of miles to islands to lay their eggs 
and raise their young. The kingfisher or 
halcyon was believed in Aristotle's time to 
lay its eggs in a floating nest and to re
quire a calm sea and fine weather for the 
safety of the eggs-hence the expression 
"halcyon days." Modern ornithology has 
found no birds which build nests floating 
on the open sea, but it has observed very 
remarkable habits among such birds as 
the petrels and shearwaters. Although 
highly adapted to a life at sea, these birds 
protect their nests from predators by dig
ging burrows to shelter the eggs and 
young. Some species come ashore to enter 
these burrows only under cover of dark
ness. It is difficult even to guess how they 
find the islands on foggy nights. Petrels 
nesting on islands in the Bay of Fundy 
seem to prefer foggy nights, when they are 
safer from gulls, for their visits to the 
burrows, but tremendous problems of 
navigation must be posed by this search
ing for the nests. 

ALL of these migrating birds must 
guide their flight by means of some 

aspect of their environment which is re
lated in a reasonably reliable fashion to 
the direction of the goal. We must also 
take as certain, unless we are to fall back 
on extra-scientific theories, that this en
vironmental cue must be perceived by the 
birds; it must stimulate some sense organ 
or receptor cells, for these ate the only 
functional contacts between a bird's nerv-
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MIGRATING BIRDS, here illustrated by a flight of sensc of direction has been variously ascribed to effects 
swallows, often span a major portion of the globe in of the earth's magnetic field or its rotation, but thesc 
their journeys from summer to winter ranges. Their theories seem to he disproved by experimental evidence. 
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HUMMINGBIRD, the smallest of all the feathered 
�pccics, flies huge distances in its seasonal migrations. 
lts summer and winter ranges are here shown by shaded 

areas. The summer range covers the central and eastern 
U. S. to the Canadian border; the winter range, which 
is mostly in Central America, overlaps the summer. 

ous system and its outside environment. 
Our problem, then, is to find tl�e environ· 
mental cue, and also to find the sensory 
mechanism by which this environmental 
('ue is recognized and channeled into the 
central nervous system. where it can reo 
sult in the appropriate actions to move the 
bird in the right direction. 

�o one has yet succeeded in solving 
this problem, and all attempts to do so 
have been impaled on one or both horns 
of a dilemma: either the proposed environ
mental cue has seemed altogether too un· 
reliable, or it has been impossible to 
demonstrate that the birds could per· 
ceive it. 

On the first horn of this dilemma we 
find those who try to account for bird 
navigation in terms of the known sensory 
mechanisms. which are much the same in 
all higher vertebrates. Some have sug
�e8ted that migrants are guided by visual 
landmarks. But the ovenvater routes such 
as those of the golden plover are devoid of 
topography for hundreds of miles, al
though some guidance mi�ht be obtained 
from the ocean swell5. which tend to be 
rather constant in direction over anv one 
part of the ocean. Other, feel that wind 
direction may offer a guidin� cue. but 
wind, are notoriously changeable, and 
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only if the bird knew the wind direction 
characteristic of each type of air mass 
and weather condition along its route 
could it guide itself from arctic to tropics. 

The sun or other celestial points of ref
erence might be guides, but a bird navi· 
gating by them would be obliged [rom hour 
to hour to change the angle between its 
flight path and the azimuth of the heavenly 
body upon which its attention migh be 
fixed. Additional but smaller shifts would 
be made necessary by changes in longi
tude and latitude as the migration pro· 
gressed. An even more obvious objection 
is that the birds migrate during: overcast 
weather and even on cloudy nights. An· 
swers are possible to these objections, 
such as the fact that even on heavily 
overcast days the sun's position is to some 
extent revealed by the pattern of sky 
brightness, the sky being slightly brighter 
in that half containing the sun. Yet it is 
difficult to be at all satisfied with any of 
the attempts to find environmental cues 
which would be adequate as a basis for 
the navigation of migrants and yet which 
lie within the sensitivity range of the 
known sensory mechanisms. 

Turning then to the other horn o( the 
dilemma. we find a variety n( ingenious 
theories hung: up on formidable nbjectinns 

hom the point of view of the sensory 
physiologist. Best known, perhaps, is the 
idea that birds have the equivalent of a 
magnetic compass-tbat they can perceive 
the earth's magnetic field in some manner 
and guide their migrations accordingly. 
This theory bas assumed many forms. 
Some postulate that birds can tell the di· 
rection of magnetic north, wbile others 
argue that they can judge the intensity of 
the earth's field, or the horizontal or verti· 
cal components in it. One of the most 
elaborate theories holds that birds can 
sense the angle of dip in the lines of force 
constituting the earth's magnetic field. 
The numerous but quite unconfirmed re
ports that birds' navigation is affected by 
the electromagnetic waves from radio 
transmitters are usually linked to the 
theories of magnetic sensitivity, though 
not in any precise manner. 

The tendency of these theories is to 
postulate that the birds are aware of two 
effects. one of which informs them of their 
latitude and the other of their longitude. 
The migration is conceived of as a move· 
ment resulting from some type of simple 
reaction or "tropism" (automatic orienta· 
tion) of which even one·celled protozoans 
are capable. By assuming sufficiently sen· 
sitive receptors. one can thus picture the 
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GOLDEN PLOVERS of America and of the Pacific mi
grate tremendous distances over water. In America, 
young plovers fly south to winter range by way of Mis-

sissippi Valley and Brazil; adults fly 2,000 miles over 
Atlantic by way of Lesser Antilles. Pacific plovers make 
even longer ocean flights from Siberia to New Zealand. 

actual reactions of the birds in very simple 
terms. But these theories rilUSt face the 
fact that no one has shown that birds can 
sense a magnetic field as weak as the 
earth's, any more than we can ourselves. 
Birds have been subjected to very intense 
magnetic fields in the hope that they 
would exhibit some response-indicating 
that they felt the magnetism. But no such 
response has ever been demonstrated, and 
we must then:!!tlre discard the magnetic 
theories unless and until such a sensitivity 
can be shown. 

A really new theory was advanced re
cently, namely that birds orient them
selves by means of mechanical forces aris· 
ing from the earth's rotation. These forces 
might take many forms, such as 1) an in
crease in the apparent weight of a flying 
bird depending on the direction of its 
flight, 2) a lateral force exerted on fluids 
flowing through its arteries, or 3) the so
called "Coriolis force," which causes a 
body traveling with uniform velocity 
through the air to trace a slightly curved 
path over the earth's surface, owing to the 
fact that while the flying object is in the 
air the earth rotates unde

'
rneath it. These 

effects are of a type which might be within 
the range of a bird's sense organs, since 
they involve mechanical accelerations for 

which the bird has specialized receptors in 
the inner ear labyrinth. But the difficulties 
in the way of a bird's being able to make 
quantitative distinctions in such effects 
are enormous. The variation in weight is 
only one part in several thousand, and it 
could easily be masked by the much larger 
acceleratiors resulting from flight itself, 
to say nothing of the slightest turbulence 
of the air, or even the bird's own breathing 
and heartbeat. Similarly, the lateral forces 
on arteries are infinitesimal compared 
with the effects of turbulence within the 
blood and the waves of pulse pressure 
traveling from the heart. Thus this hy
pothesis seems scarcely more plausible 
than the magnetic theories. 

ONE reason for our persisting igno
rance concerning the sensory basis of 

bird navigation is the difficulty of making 
detailed observations of an individual bird 
while it is actually setting its course. One 
can watch wild birds leave their breeding 
grounds; one can observe them passing 
various points on their way south; one can 
note the time of arrival and departure of 
a species in any region; and by observing 
where the birds are concentrated during 
migration one can map with fair accuracy 
the chief routes traveled. But birds can 

seldom be followed from the ground for 
more than a mile or two, and such obser
vations disclose birds flying in all direc
tions even during the height of a migra
tion. Thus one can very seldom be sure 
that at a given moment any particular bird 
is actually starting a migratory flight in 
the correct direction. Birdbanding-the 
fixing of numbered metal bands about the 
legs of birds-has demonstrated the 
extent of many individual journeys, but 
for our purposes this method suffers from 
several limitations: the percentage of re
coveries at significant distances from the 
point of banding is extremely small, and 
almost invariably several weeks or months 
elapse before the birds are recovered at a 
distance, so that one has little assurance 
from the results of banding alone that a 
bird traveled directly from the point of 
banding to the point of recovery. Nor can 
one tell anything of the route followed, or 
the conditions under which the migration 
was performed. much less the sensory 
mechanism employed. 

Direct experiments with migrating birds 
are extremely difficult, but some have been 
performed, notably by William Rowan in 
Canada and Werner Ruppell in Germany. 

Rowan kept young crows in captivity in 
Alberta until November, when all wild 
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HOMING EXPERIMENTS show wild birds' remarkable ability to find way 
hack to nests. Here Manx shearwaters were released at various distances from 
home in Wales. One hird returned from Venice hy sea route in 14 days. 

1 ___________ _ ., ___ ._ .•. ___ •• _._ ••.• _ • •  _ . ...• _ ••. ___ _ 

DIRECTIONAL SENSE of birds is illustrated in famed crow experiment. 
Crows which normally summer northeast of Rossitten were trapped during 
migration and released at Flenshurg. Their summer range was displaced. 
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crows had left the area for their winter 
range 1,000 miles or so to the sou theast. 
Then the young crows were banded and 
released with a widely publicized reward 
for their recovery, dead or alive. Several 
were shot and reported within the next 
few weeks. All of those that had traveled 
any distance were recovered within 30 de· 
grees of the normal migration route. This 
showed that young crows could take the 
correct direction without adults to guide 
them. 

Riippell's experiments involved a Euro· 
pean species of crow which could be cap· 
tured in large numbers during spring 
migration on the Baltic coast of East Prus· 
sia. In his most clear·cut experiment some 
500 crows ,vere captured at Rossitten on 
the Baltic and released 465 miles to the 
west at Flensburg, a locality which this 
population of crows had never visited pre· 
viously. The normal summer range of 
these crows, as revealed by the recovery of 
many birds banded over a period of years, 
was an area northeast of Rossitten. When 
the crows displaced to Flensburg were reo 
taken during the following spring and 
summer, all recoveries came from the area 
to the northeast of Flensburg; in other 
words, the crows had shifted their summer 
range westward. Evidently these crows 
continued their spring migration in 
roughly the normal direction even though 
they were displaced into different terri· 
tory. 

SUCH experiments with migrating birds 
are valuable, but they are also very 

laborious. One still does not know much 
about the actual routes flown by individual 
birds, nor is there much opportunity for 
direct experimentation. Another proce· 
dure has therefore been widely used to 
study bird navigation. It is a sort of arti· 
ficial migration which can be arranged 
experimentally in many species by catch· 
ing adult birds at their nests, while they 
are incubating eggs or caring for young, 
and transporting them to a distance be· 
fore release. Birds treated in this way 
often return hundreds of miles, behaving 
somewhat like homing pigeons. These ar· 
tificial homing experiments, as they are 
called, bring one a step closer to the di· 
rect observation of the individual navigat. 
ing bird. Here one knows at least the be· 
ginning and end points of the journey; by 
watching the nest, one can observe the 
bird's return and accurately measure the 
total elapsed time for the homing flight. 

The homing performances of various 
wild birds in these experiments seem al· 
most as spectacular as their natural mi· 
grations. The first experiments of this type 
were those of John Watson and Karl Lash· 
ley with noddy and sooty terns (Anoii� 
stolidus and Sterna fuscata) nesting near 
Key West, Florida. Some of these birds 
returned even when carried 855 miles 
northwest to waters where these two spe· 
cies are seldom seen. More recent experi. 
ments have involved swallows (Hirundo 
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mstica) which returned 1,200 miles from 
Greece and Spain to nests near Berlin. In 
another series of experiments, four out of 
six herring gulls (Lams argentatus) nest· 
ing on the Massachusetts coast returned 
from Chicago, 870 miles inland. The most 
startling case is that of a strictly marine 
species-the Manx shearwater (Puffinus 
Jiuffinus) -which returned in 14 days 
from Venice to its nest on an island near 
Wales. Presumably it flew all the way 
over water (since shearwaters are almost 
never seen inland), using a roundabout 
route of at least 3,700 miles by way of the 
Mediterranean, the Straits of Gibraltar 
and the Atlantic. 

So striking are these homing perform. 
ances of wild birds that they have been 
widely cited as experimental evidence for 
the theories of special sensory mechanisms 
-evidence which to many has seemed 
fully as important as the natural migra. 
tions. Thus the magnetic theorists describe 
tbe behavior of a homing bird as a return 
towards the latitude and longitude of the 
home area by the simple following of 
gradients in the magnetic sensations. This 
theory does not appear to be supported by 
experimental test, however, for when 
small magnets are attached to a homing 
bird or when it is exposed to a strong 
magnetic field its performance does not 
seem to be affected. 

Certain other studies of homing birds 
have led to an unexpected conclusion: that 
when released in really strange territory 
birds are not able to head directly home 
but explore wide areas, often flying in 
quite the wrong direction until they reach 
territory which they have visited before 
and where they can presumably find fa· 
miliar landmarks to guide them, home. 
Birds do not return as quickly or in as 
high percentages from unfamiliar terri· 
tory as from equally distant areas which 
they have visited before. Moreover, tbe 
average speed of return in homing experi. 
ments is far below the birds' known veloci· 
ties of flight. Even allowing considerable 
time for resting and feeding along the 
route, there remains time for wide devia· 
tions from the straight line connecting the 
release point and home. Occasional spec· 
tacular cases like that of the shearwater 
released at Venice w�uld be expected as a 
result of chance; significantly, a second 
shearwater carried to Venice did not reo 
turn until a year later. 

To test the hypothesis that birds find 
their way home by exploration, it was 

necessary to learn something about the 
actual routes they flew. By learning to fly 
ligbt airplanes, Raymond J. Hock and I 
were able to achieve this objective. We 
managed to follow a group of gannets 
(Morus bassanus) in the air for a consid· 

erable part of their homing flight. Gannets 
are sea birds, feeding on fish. A large num· 
bel' nest on Bonaventure Island in the Gulf 
of St. Lawrence. Their large size and white 
color render them easily visible from the 

0·1 000 ft. 

1000-2000 ft. 

Qver 2000 ft. 

, 

, 
ACTUAL FLIGHT PATHS of homing gannets released at Carihou and fol· 1 

lowed in airplane show that hirds explored in all directions hefore finding 
correct direction to their island nests, where they eventually arrived safely. 
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air. Several were transported about 215 
miles west southwest from the island and 
l'eleased on fresh water near Caribou, Me. 
They were su{rounded by completely un
known territory; to reach their nests they 
had to fly for at least 100 miles over land. 
Yet they displayed a homing ability quite 
comparable to that of other wild birds_ 
Those released at Caribou averaged al
most 100 miles per day during the return 
flio-hL The significant advance over pre
vi�us homing experiments was our ability 
to follow the return routes of eight of the 
seventeen birds released at Caribou for 
periods as long as nine and a half hours 
and distances as great as 230 miles. The 
map on page 23 shows the initial portions 
of these eio-ht return routes, and I think 
that the ex

"
ploratory nature of the flight 

paths is clear. 
One naturally asks whether the pres

ence of the airplane did not cause the 
birds to behave abnormally. The gannets 
showed no fear of the plane even when it 
was within 500 feet; at least they did not 
turn away from their previous course at 
our approach, as many birds do when an 
airplane comes near. Nevertheless we kept 
1,500 to 2,000 feet above the gannets dur
ing these obesrvations in order to min i
mize the chances of influcncing their 
choice of route_ But the best indication 
that the airplane did not disturb the gan
nets was that the homing performance of 
a control group which was not followed 
was almost exactly the same with respect 
to average speed and percentage of re
turns as the performance of the eight 
birds we observed from the air. If the 
airplane influenced or frightened the gan
nets, it did not prevent them from return
ing to their nests at the llormal speed. 

These observations seem to confirm sev
eral lines of indirect evidence that the 
homing ability of both wild birds and 
domestic homing pigeons is based largely 
on visual landmarks, or on exploration 
when the birds are released in unfamiliar 
territory. Such a conclusion leaves us in 
something of a quandary. The homing ex
periments argue strongly that birds do not 
possess any special sensory mechanism 
that can guide them home or inform them 
of their latitude and longitude. Yet in the 
case of natural migrations it is preposter
ous to suggest that the oirds are merely 
exploring. Even young birds without 
guidance begin their first migration in 
roughly the correct direction, as shown by 
the experiments of Rowan and others. In
dividual young birds may deviate 20, 30 
or even 40 degrees from the average direc
tion for the species, but virtua:ly none go 
north in the fall. 

There remains the possibility that mi
gratory birds can determine the direction 
appropriate for a partisular migration. 
But this is of no help when they are artifi
cially transported into unknown territory, 
for then they cannot know whether home 
lies north, east, south or west. If this be 

24 

GANNETS NEST on Bonaventure 
Island in the Gulf of St. Lawrence. 
Taken to unfamiliar territory in 
Maine, birds flew hundreds of miles 
over land to return to their home. 

true, then clearly the homing experiment 
would not reveal the basis of navigation by 
migrants. For this reason, among otbers, 
the best hope for future progress seems to 
be offered by experiments with actual mi
grations, particularly if the routes flown 
by individual birds can be traced as we 
were able to trace the routes of homing 
gannets_ 

The late Werner RiippelJ, who was the 
leading European investigator of these 
phenomena until his death during the war, 
originally postulated that the homing of 
wild birds depended upon a mysterious 
and unidentified "sense of direction." But 
in his last paper. describing the experi
ments with migrating crows which I have 
cited previously, Riippell suggested that 
the position of the sun might be the guid· 
inp: cue. Such a theory is certainly ren
dered more plausible by the recent demon
stration of the Austrian zoologist Karl yon 
Frisch that bees locate sources of food 
with reference to the position oE the sun 
in the sky [SCIENTlF[C AMEmcAN, Au
gust]. 

These questions cannot be settled with
out specially devised experiments. which 
should include prolonged following of in
dividual birds from the air and a close 
correlation of the birds' behavior with 
meteorological data. For instance, it 
would be most valuable to learn whether 
birds begin a migratory flight in the cor
rect direction under heavilv overcast skies 
when no celestial objects are visible. 
The fact that birds are observed migrating 
under such conditions is not conclusive 
evidence, fo,' the overcast may be a local 
one and the birds might have started their 
flight 50 or 100 miles away under clear 
skies, holding their course in thick 
weather by means of local cues such as 
topography or wind direction. 

The novelty and the expense of airplane 
observations of individual birds have pre
vented such work from being undertaken 
on any extensive scale, but I hope that the 
increasing practicability of light airplanes 
(and eventually helicopters) will serve as 
a stimulus for such work in the future. 
Perhaps we can look forward in the next 
few years to the emergence of a group of 
air-minded ornithologists who will tr::ce 
significant portions of the migration 
routes of individual birds with a simul
taneolls understanding of the ocean o� air 
in which they move. Such research, wisely 
conducted and on an adequate scale, 
might well provide the key to these an
cient and baffling questions_ 

-

Donald R_ Griffin is associate profes
sor of zoology at Cornell University_ 

© 1948 SCIENTIFIC AMERICAN, INC



© 1948 SCIENTIFIC AMERICAN, INC



"Atomic Storage Battery" 

A 
NOVEL idea for an "atomic storage 
battery" which conceivably could be 

used to drive automobiles was suggested 
in a recent speech by Lewis L. Strauss of 
the Atomic Energy Commission. Atomic 
power has been considered out of the ques
tion for small vehicles because it has been 
assumed that the power would have to be 
provided by a chain-reacting pile, requir
ing bulky shielding. But Commissioner 
Strauss suggested that radioactive isotopes 
might be used as a portable source of 
power. They would be produced in a cen
tral-station pile and put up in containers 
to generate heat wherever desired. 

A similar idea was advanced two years 
ago by George Gamow, the George Wash
ington University physicist, in his book, 
Atomic Energy in Cosmic and Human 
Life. He proposed using for this purpose 
radioisotopes which give off only non
penetrating alpha or beta radiation. They 
would need no other shielding than their 
own container and thus would provide a 
compact heat source. 

Atomic storage batteries would be a 

wasteful utilization of atomic energy, how
ever. Radioisotopes cannot be turned on 
or off at will, but decay continuously; the 
storage battery, therefore, would run on 
whether or not it was in use. Moreover, 
isotopes are produced in a pile only at 
the expense of other pile reactions. Each 
neutron used in forming a radioisotope 
means one neutron less for forming fis
sionable material or for the fission reac
tion itself. And the energy yield of the 
alpha- and beta-decay processes is at most 
a hundredth (usually much less) of the 
yield of the fission process. 

Another Meson 

A
s the investigation of mesons pro

ceeds, the picture seems to become 
more complicated instead of clearer. At 
least five of these atomic particles have 
already been generally accepted by nu
clear physicists. They are the positive and 
negative mesons of mass 200 times that of 
the electron, positive and negative mesons 
of mass 300 and a neutral meson of mass 
88. Some physicists think there is also 
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SCIENCE AND 
evidence for the existence of three other 
varieties-positive, negative and neutral 
mesons of mass 800 to 1,000. Now the 
discovery of still another meson is re
ported. E. G. Cowan of the California 
Institute of Technology has announced 
evidence for a particle with a mass of 
about lO-by far the lightest meson yet 
found. 

In a Wilson cloud chamber photograph 
of the results of cosmic-ray collisions with 
atoms, made in a plane at an altitude of 
27,500 feet, Dr. Cowan noticed a highly 
unusual track. The amount of ionization 
indicated that it was that of a meson, yet 
the particle had been markedly deflected 
in collisions with two electrons, indicating 
that it was extraordinarily light in weight. 
Dr. Cowan's calculations from its angle 
of deflection give 1l.5 as the upper limit 
of its mass. Its charge is unknown; the 
photograph yielded no information on that 
point. 

Chemical Trends 

T
WICE a month the American Chemi

cal Society publishes a compact 
journal, Chemical Abstracts, which might 
be considered the Domesday Book of 
chemistry. Sooner or later practically 
everything in scientific literature of in
terest to chemists is summarized in its 
pages. 

E. J. Crane of Ohio State University, 
its editor, surveys his journal every few 
years to analyze trends in chemical re
search. His latest canvass has yielded 
these interesting facts: 

Germany has dropped precipitously 
from a position of leadership in chemical 
research (which is no great surprise) ; its 
output of scientific papers is only one 
sixth of what it was before the war. The 
leading nation is the U.S., which ac
counted for 40 per cent of all chemical 
research reported last year. Next were the 
British Empire and the U.S.S.R., each 
producing roughly an eighth of the world 
total of published papers. India is in 
eighth place; its chemists are making as 
many contributions as the chemists of all 
of South America. 

During 1947 some 30,000 papers were 
abstracted, as com pared with 46,000 in 
1938. This drop represents not a decrease 
in research, but a change in its character. 
The single researcher is being replaced 
by the team, which prepares fewer but 
more comprehensive papers. The individ
ual abstracts are now one third longer on 
the average than they were 10 years ago. 

Major changes have also taken place in 
the relative importance of different 
branches of chemistry. Papers on organic 
chemistry now outnumber inorganic pa-

pers by four to one. Within organic 
chemistry, the greatest relative increase 
has come in research on cellulose. 

Nobel Awards 

T
HE Nobel prizes for 1948 in medicine, 
chemistry and physics have been 

awarded to: 
Medicine: Paul Mueller, research 

chemist for the Swiss pharmaceutical 
firm of J. R. Geigy Co., for discovery of 
the insecticidal powers of DDT. 

Chemistry: Arne Tiselius of the Insti
tute of Physical Chemistry, Upsala Uni
versity, Sweden, for his invention of an ap
paratus to separate complex mixtures of 
proteins, such as blood, and for other 
discoveries in biochemistry. 

Physics: Patrick Maynard Stewart 
Blackett of the University of Manchester, 
England, for improvement on the Wilson 
cloud chamber and for cosmic ray re
search. 

Geological Institute 

A
N American Geological Institute is be

ing formed by II scientific socie
ties in the field of geology. It will repre
sent the earth sciences in the same way 
that the recently formed American Biolog
ical Institute represents the biological sci
ences. 

The Geological Institute will maintain. 
an information center and serve as a point 
of contact between the geological pro
fessions and the government. It will be 
affiliated with the National Research 
Council. Among the II founding societies 
are the Geological Society of America, the 
Mineralogical Society of America, the 
American Association of Petroleum Ge
ologists, and the American Institute of 
Mining and Metallurgical Engineers_ 

Television for Farm Areas 

T
ELEVISION is growing much more 
rapidly than radio at a comparable 

stage 25 years ago. By next summer there 
will be transmitting stations in most large 
cities and receiving sets in nearly two 
million homes. But the short range of tele
vision transmitters, which currently have 
an effective radius of only about 25 miles, 
remains a serious limitation. 

The publicized attempts to extend the 
radius of transmitters by rebroadcasting 
from high-flying planes have not been 
particularly successful so far. A recent 
effort to telecast a football game from a 
plane flying over Cleveland, for example, 
was a failure. 

Another approach has been suggested 
to the Federal Communications Commis-
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sion by Kenneth A. :\Torton of the Bureau 
of Standards' Central Radio Propagation 
Laboratory. Norton said that interference 
could be reduced and coverage greatly 
increased by systematic spacing of sta· 
tions and by requiring all stations on a 
<riven channel to use the same amount of 
�ower and antennas of the same height. 

Norton suggested that each station use 
100 kilowatts of power and a 1,000·foot 
antenna. and thal stations on the same 
channel be located 280 miles apart in an 
equilateral triangle. According to studies 
by the Central Radio Propagation Lab· 
oratory, stich an arrangement, with the trio 
angles properly overlapped, would make 
it possible to cover the principal rural 
areas and most metropolitan centers with· 
out interference. 

Fertilizer for Fish 

I
N response to the twin pressures of 
world food needs and severe overfishi ng 

in many areas, fishery experts are now 
advocating the wide use of fertilizer to 
speed up the growth of fish. About two 
years ago a Scotch biologist fertilized a 
closed-off arm of the North Sea with 
superphosphate and sodium nitrate. The 
fertilizer greatly increased the plant food 
supply and the number of fish. 

Similar experiments have been con
ducted with fresh-water fish l�y Earl F. 

Kennamer of the Alabama Polytechnic 
Institute. Kennamer seeded two one·acre 
Alabama ponds with bluegill bream. One 
pond was fertilized at two- to four-week 
intervals with 20 pounds of a nitrogen. 
phosphorus-potassium mixture. The other 
pond, not fertilized, was used as a control. 
At the end of the season, the treated pond 
yielded 200 pounds of fish averaging four 
to six ounces apiece-a good size for this 
species of pan fish. The control pond, 
on the other hand, yielded only 40 pounds 
of fish averaging one ounce each. Thus 
at a cost of roughly $20 for fertilizer the 
yield of fish was increased fivefold. 

X Disease 

A 
NEW diseas� �bout which s? little is 
known that It IS called X DIsease by 

Department of Agriculture veterinarians 
is killing many cattle. It was first recog· 
nized in a dairy herd in upstate New York 
in 1939 and now has been found in 32 
states. About one third of the animals in 
diseased herds become sick; 60 per cent 
of these die. 

The first recognizable symptom is a 
thickening and hardening of the skin. 
whence the disease was first' called hyper. 
keratosis. The mouth. tongue. throat and 
stomach soon become badly inflamed, with 

the result that the animals cannot eat. 
Death usually occurs in a few weeks. Only 
the Pacific coast states are free of the 
disease. Beef cattle are affected more often 
than dairy animals. No cure is known. The 
cause is suspected to be a nutritional im
balance or a poison in commercial ferti
lizers. 

X Disease does not compare in economic 
destructiveness with brucellosis or masti
tis. Its cost to farmers is probably no more 
than $4 million a year. But its rapid 
spread during the past decade makes it a 
seriuus threat for the future. The Depart
ment of Agriculture has started an emer
gency research program to identify the 
ca u se and find a cure. 

Technology and Cancer 

B
IUTISH researchers in cancer have 

long believed that the rise of this dis
ease is not due simply to improved diagno
sis or the aging of the population. but is in 
part a result of industrialization. They 
place the blame on new materials used in 
modern technology and industry which can 
produce cancer. This view is now gaining 
acceptance in the U.S., partly as a tesult 
of a U.S. Public Health Service study two 
years ago which proved that lung cancer 
was a specific hazard of the chromate in
dustry. 

Last month. accordingly, the National 
Cancer Institute initiated a comprehen
sive new program of research on this 
problem. It established an Environmental 
Cancer Research Laboratory at the 
Georgetown University Medical School. 
Other studies in the program are under 
way in Ohio, New Jersey and New York, 
where a joint Occupational Cancer Com· 
mittee has been set up by industry and 
the state government. 

The list of suspected carcinogens 
among modern materials is long. In ad· 
dition to chromates and petroleum hydro
carbons, it includes nickel carbonyl (a 
widely used catalyst), arsenicals, asbes
tos. benzol. amines, creosote and other 
wood-tar products, and dye intermediates. 
Many other materials may also be car· 
cinogenic. Charles S. Cameron. medical 
director of the American Cancer Society. 
told a meeting of the Society last month 
that it "cannot be categorically denied 
that pollution of the air by smoke. chemi· 
cally treated water supplies and other 
artificial impediments of modern living 
may increase the incidence of cancer." 

Mission to Liberia 

D
URING the late war the President of 
Liberia, William S. Tubman, asked 

President Franklin D. Roosevelt for 

American help in improving the health 
of the Liberians. At the time large num
bers of American troops were stationed in 
or passing through Liberia en route to the 
North African front. Roosevelt responded 
to the appeal by sending a U.s. Public 
Health Service mission. Senior Surgeon 
John B. West, the mission chief, has now 
reported on the results of the mission. 
The report is a demonstration of what can 
be accomplished by even a small group of 
experts in a so-called backward tropical 
country. 

In three years, the mission effected a 
virtual revolution in Liberia's health. At 
the time of the mission's arrival, Liberia, 
with a population of two million, had a 
total of about 200 hospital beds, six doc
tors and four nurses with first-class train
ing. Some of the hospitals were without a 
physician. Only two rubber company hos
pitals were reasonably well equipped. The 
annual government appropriation for pub. 
lic health was only $40,000. Malaria. 
venereal disease and helminthiasis (an 
intestinal worm disease) were widespread. 

The mission concentrated its first efforts 
on Monrovia. the capital, near which was 
located the major American air base. An 
intensive DDT-and-drainage program reo 
duced the incidence of malaria by nearly 
95 per cent. By cutting the fly population 
in half, it also lowered the incidence of 
intestinal disease. A simple chemical 
treatment all but wiped out helminthiasis. 
The success of the attack on veneral dis
ease so impressed the Liberian Govern· 
ment that it appropriated funds for com
pulsory periodic examinations and free 
treatment for the entire population. 

The mission organized the first clinical 
laboratory Liberia had ever had. It 
launched a program to train Liberians in 
mosquito control. The U.S. State Depart· 
ment sent a mission to start nursing edu
cation. These educational activities grew 
into the Tubman National Institute of 
Medical and Allied Sciences. Because 
there are few college graduates in Liberia. 
the courses are geared to the needs of 
high-school graduates. Although the pro
gram is far below European or American 
standards, it has proved an effective step· 
ping.stone between jungle witchcraft and 
modern medicine. Meanwhile, the mission 
has sent back to American laboratories for 
study a steady 'stream of specimens of 
tropical disease. 

Meetings in January 

S
OCIETY of Automotive Engineers. An
nual meeting. Detroit_ January 10-14. 

American Physical Society. New York 
City. January 27-29. 
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A PURE ENZYME is isolated as crystals. The crystals 
shown here are pepsin, the enzyme that breaks down 
proteins in the stomach. The laborious process of iso· 
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lating a few such crystals was first accomplished in 
1930 by J. H. Northrop of the Rockefeller Institute at 
Princeton, N. J. Here they are enlarged 180 diameters. 
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They are the catalysts of life. Long known for 

their ability to turn sugar into alcohol, they 

engLneer a host of other biochemical reactions 

SOME three million of your red hlood 
cells die every second. Or. to look at 
it another way, three million red cells 

are born every second, because the body 
continuously calls up reserves to keep the 
total count the same. The entire I'ed-cell 
population is replaced in about three 
months, and cycles of birth and death turn 
even faster among the molecules in the 
plasma of the blood. Cell-free plasma con
tains countless protein molecules; every 
four weeks all of them have disappeared. 
They have been broken down and new 
molecules have been rebuilt at the precise 
rate needed to keep the body functioning 
efficiently. 

This rapid molecular turnover goes on 
in relatively solid tissues as well as in the 
circulating blood. Deposits of fat, which 
were once believed to serve as warehouses 
for the storage of food reserves, are more 
like department stores during the Christ
mas rush. They seethe with biochemical 
acuvlty, decomposition and synthesis 
neatly balancing each other so that within 
a few months entirely new fat deposits are 
created. The same goes for connective tis
sue, tendons and ligaments, blood-vessel 
walls, muscles. Swift changes occur even 
in the bones as the links of molecular 
chains are split and welded again in the 
ceaseless round of metabolism. 

These facts, many of them determined 
by the modern technique of labeling 
molecules with isotopic tracers, were not 
known to earlier biologists. They con
ceived of the body as a machine. Food 
was the fuel. and the energy of combustion 
kept the machine going. All of this took 
place within tissues that had to be re
paired from time to time as they wore out. 
Otherwise they were relatively firm and 
unchanging structures. When the body 
was active, of course, it needed extra reo 
sources of energy. but during rest metab
olism idled until the next spurt of activity. 
Biologists now know that the actual situa
tion is far different: living things must 
work ceaselessly merely to exist. 

So life is more like a whirlpool than a 
machine. There is nothing machinelike 

hy John E. Pfeiffer 

about the vortex formed when water 
spirals downward. In one sense, an en· 
tirely new whirlpool comes into being 
every few seconds as the rotating center 
replenishes itself from the surrounding 
waters. But through it all the form does 
not change. The position of the vortex, the 
space it occupies, the shape of the spin
ning funnel, preserve their integrity over 
long periods of time; the system has an 
identity and structure of its own. Similar
ly the human body and every other organ
ism known to be is a vortex of continual 
change. 

Yet the cycles of breakdown and syn· 
thesis proceed in the face of an apparent 
paradox. The great majority of biochemi
cal reactions do not take place spontane· 
ously. When they are tried in laboratory 
glassware. most chemical constituents of 
life combine or decompose at a rate far 
too slow for the pace of metabolism. The 
average protein must be boiled for 24 
hours in a solution of 20 per cent hydro
chloric acid to be thoroughly broken 
down. The body does the same thing in 
four hours or less, and without high tem
peratures and strong acids. 

The phenomenon that makes life possi
ble is catalysis-the action of certain sub· 
stances that speed up chemical reactions 
thousands of times without themselves be· 
ing changed. Industrial chemistry uses 
catalysts in the cracking of petroleum, in 
the synthesis of ammonia, and in many 
other processes; organisms use them to 
help build tissues and to degrade food
stuffs to simpler materials, as in the case 
of the four-hour breakdown of proteins. 
The catalysts of life are called biocata
lysts, or enzymes, and the rise of biology 
has come with an increased understanding 
of what they are, what they accomplish, 
and how they work. 

Enzymes are unaffected by the reactions 
that they work; they are destroyed only 
by wear and tear or poisoning. They op
erate in amazingly small concentrations. 
A single cell has been estimated to contain 
about 100,000 enzyme molecules to ac
celerate its 1,000 to 2,000 chemical reac-

tions-an average of only about 50 to 100 
molecules for each process. A single mole· 
cule of the enzyme that splits hydrogen 
peroxide into water and oxygen (and 
creates the white foam when the antiseptic 
is placed on a wound), can transform 
more than 5 million peroxide molecules a 
minute. Other enzymes transform from 
1,000 to more than 500.000 molecules in 
the same time. 

Investigation has shown that these bio· 
chemical middlemen play a significant 
role in every vital process. They are key 
substances in the photosynthetic reactions 
that build plant tissues from water, carbon 
dioxide and sunlight. Enzymes turn leaves 
red and yellow in the fall, make the fresh· 
ly cut surface of an apple or potato brown, 
convert grape juice into wine, and grain 
mash into whiskey. But the chemical proc
esses in which they partici pate are so 
obscure that it has taken centuries to elu
cidate a few fundamental principles, and 
every month new facts are published 
which promise to alter many currently ac· 
cepted ideas. Although perhaps as much 
as three quarters of our knowledge has 
come within the last 40 years, some of the 
first scientific studies of enzymes were 
made in the 18th century in connection 
with the study of digestion. 

Early Advances 

Until early in the 18th century men be
lieved that the digestive system was a kind 
of meat grinder that accomplished diges. 
tion by contracting vigorously and rub· 
bing food particles together. This was dis· 
proved when the French scientist Rene 
de Reaumur made a falcon swallow pieces 
of meat enclosed in a perforated metal 
tube to protect them from stomach fric
tion. When Reaumur pulled the tube up a 
few hours later, he found that the tube was 
intact but that the meat had been digested. 
Lazaro Spallanzani, an Italian physiolo
gist, performed roughly similar experi· 
ments on hawks-and later on himself!
using wire cages instead of tubes. In a 
treatise published in 1780, he suggested 
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that food is decomposed by substances in 
the gastric juices. One of the substances 
was found to be hydrochloric acid. In 
1835, the German physiologist Theodor 
Schwann discovered a non·acid substance 
in gastric juice which he called "pepsin." 
But although it had been named, pepsin 
was still a chemical mystery. 

The next advance in enzyme research 
came 25 years later, whe� the French Gov
ernment commissioned the great Louis 
Pasteur to investigate a national catastro
phe: the mysterious souring of entire 
batches of fine wine. Pasteur showed that 
the souring never took place under sterile 

DE REAUMUR ( 1683-1757) fed fal. 
cons meat in tubes to show friction 
was not the only agency of digestion. 

conditions; he proved that it was a "dis
ease" caused by bacteria that produced 
lactic acid. This work led him to a thor
ough investigation of the entire process of 
alcoholic fermentation, first in wine and 
later, after France had been defeated in 
the war of 1870, in beer, to benefit "a 
branch of industry wherein we are un
doubtedly surpassed by Germany." Pas
teur discovered that fermentation was 
"life without oxygen": the work of yeast 
cells digesting sugars for their own nour
ishment. 

Pasteur was a vitalist, believing that 
biological phenomena were the result of 
non-physical forces, and he went beyond 
the evidence of his experiments. The ex
periments informed him that living cells 
were capable of producing fermentation; 
from this he jumped to the incorrect con
clusion that only living cells could accom
plish it. On the basis of this theory Pasteur 
established two categories: 1) "organized 
ferments," the live organisms whose meta
bolic processes yielded alcohol, and 2) 
"unorganized ferments," lifeless sub
stances like pepsin that <;:ould be isolated 
from living cells. 

This terminology, plus a lack of exact 
knowledge as to the chemical nature and 
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action of ferments,-led to much confusion. 
Some biologists argued that substances 
like pepsin should not be called ferments 
because the name properly belonged to 
yeast cells and other microorganisms. 
Others twisted the argument another way. 
Yeast cells were not ferments, because all 
organisms, including man, harbor intri
cate chemical processes, and surely a man 
was not a ferment! 

In 1878, to provide at least a semantic 
solution to the controversy, the German 
physiologist Willy Kiihne suggested the 
new name "enzyme." Literally translated, 
the word means "in yeast," but Kiihne 
suggested it for unorganized ferments, the 
substances that had already been known 
to exist apart from yeast. Thus until 1897 
biologists had two words-"enzymes" for 
substances such as pepsin, and "ferments" 
for the processes in the living organism. 

Then the distinction, and many of the 
vitalists' arguments, were broken down by 
a lucky accident in the laboratory of 
Eduard Buchner, another German scien
tist. Buchner wanted to determine whether 
cell·free yeast extracts had any medical 
value, and to obtain such extracts he had 
to kill the yeast organisms. First he 
ground yeast cells to a pulp in a mixture 
of quartz sand and fine abrasive. Then he 
put the material in a canvas bag and sub
jected it in a special hydraulic press to 
pressures up to 7,500 pounds per square 
inch. Finally he collected the juice that 
trickled out. 

At this stage of the work Buchner was 
not concerned with ferments, enzymes or 
scientific debates. His problem was to pre· 
serve the extract for lengthy experiments 
with laboratory animals. One of the meth
ods he attempted was adding large 
amounts of sugar to the extracts. This 
failed to produce the result he wanted. In 
fact, the mixture soon reacted to form al· 
cohol; fermentation occurred in the abo 
sence of living yeast cells. This accidental 
finding ultimately won Buchner a Nobel 
prize. It demonstrated that there was no 
longer a need for the two words ferment 
and enzyme. They were the same. 

But Buchner's experiment did not satis
fy the vitalists. For 30 years some of them 
continued to dispute Buchner's findings. 
The vitalists also found new arguments in 
other experiments; enzymes are often en· 
tangled with philosophy. Ironically, one 
of the most ingenious and painstaking bio
chemical experimenters, Richard Will
statter of Munich, did as much to obscure 
as to clarify the nature of biocatalysts. 
Again it was chiefly a matter of conclud
ing too much from too little. 

The German investigator set out to de
termine the chemical structure of en
zymes. Colloidal particles such as enzymes 
adhere to finely divided powders of China 
clay and other substances. By patiently 
filtering and centrifuging such powders 
and their attached particles, Willstatter 
succeeded in obtaining relatively pure en
zymes. But his method was wasteful; to 

isolate one enzyme he began with abolJt 20 
pounds of brewer's yeast and lost 91 per 
cent of the enzyme it contained in the 
process. His final solutions were so dilute 
that experiments to reveal the nature of 
the purified enzyme yielded only negative 
results. Yet, sadly, the negative findings 
were used to draw positive conclusions. 

Willstatter did not know-and appar
ently he did not consider the possibility
that certain substances are biologically 
active at concentrations of one part in a 
thousand million million. Their identifica· 
tion lay far beyond the sensitivity of his 
chemical tests. So Willstatter announced 
that enzymes were substances of a compo
sition unknown to chemists. In 1925 one 
of the leading enzyme texts took up the 
theme in a section called "Enzymes Not 
Proteins" and, citing the German findings, 
went on to indicate that they were not car
bohydrates or fats either. Conclusions of 
this kind were pleasing to the vitalists, but 
they were of little help in the further un· 
derstanding of enzymes. 

"The First Enzyme" 

Yet the year after the textbook was pub
lished the first enzyme was obtained in 
pure form and identified chemically. For 
nine years James B. Sumner of Cornell 
University had worked to isolate an en· 
zyme from the jack bean. The enzyme was 
urease, which decomposes the metabolic 

SPALLANZANI (1729-1799) swal· 
lowed meat in tiny cages to prove 
that it was digested by gastric juice. 

waste product, urea. Urease, like many 
other enzymes, is named after the sub
stance on which it acts. Willstatter's re
sults had often been cited to persuade 
Sumner that he should choose a more 
promising project, but the work went on 
despite occasional financial pinches and 
inadequate equipment. (In those early 
days Sumner used an old-fashioned coffee 
mill to grind the beans, and a window 
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ledge as a refrigerator.) The problem was 
to find a solvent that would dissolve urease 
and not other chemicals, and a substance 
that would then pre<;ipitate the enzyme. 

The final process was, in Sumner's 
words, "absurdly simple." One day in 
April of 1926 he mixed jack-bean meal 
with acetone, a solvent that had been sug
gested by his former biochemistry profes. 
sor at Harvard, and allowed the solution 
to filter overnight. Next morning he ex· 
amined a drop of the filtrate under the 
microscope and saw something he had not 
seen before-tiny octahedral crystals. 

PASTEUR (1822-1895) found that 
yeast cells were responsible for fcr
menting batches of fine French wine. 

Then he centrifuged the crystal� out of 
solution, concentrated them and found 
that the new solution possessed very strong 
urease activity. That afternoon Sumner 
telephoned his wife with the news that was 
to win him a Nobel prize 21 years later: 
"I have crystallized the first enzyme." 

Urease turned out to be a protein with 
a molecular weight of 483,000. (One unit 
of molecular weight equals the weight 0 [ 
one hydrogen atom.) Despite Willstatter's 
bitter disagreement, the fact was con· 
firmed. Researchers finally had positive 
evidence that the elusive substances they 
were attempting to purify were proteins. 

But there is no single process for the 
crystallization of all enzymes. Aside from 
the useful guide that the experimenter 
should work with large amounts of mate· 
rial. at least several grams and several 
hundred grams if possible, each enzyme 
calls for special chemical techniques. 
U rease, once the correct proced ure had 
been found. was easy to isolate. But to 
puri fy pepsin John H. Northrop of the 
Rockefeller Institute for Medical Re· 
search in Princeton, who with Wendell M. 
Stanley of the same instituti,on shared the 
1947 Nobel prize with Sumner, needed a 
far more complex process. He announced 
the method in 1930. nearly a century 

after pepsin had been named by Schwann. 
The process began with a dilute prepa

ration of cmde pepsin, and involved five 
exceedingly sensitive precipitations. The 
delicacy of the technique was dictated by 
the very nature of proteins. Each protein 
is built up of amino acids, which come in 
20·odd varieties and are relatively simple 
in structure. The proteins they form. how· 
ever, are the most complex molecules 
known to chemistry. Amino acids can be 
hooked to one anothel· in millions of di f· 
ferent ways. They may form long struc
tures called peptide chains, but biochem· 
ists have not yet learned the exact arrange
ment of the links in the chains or of the 
chains in the protein molecule. The mag
nitude of the problem is indicated by the 
fact that a single molecule of the pan· 
creatic hormone insulin contains more 
than 400 amino·acid units, while other 
proteins contain as many as 125,000. 

One of Northrop's chief problems was 
to precipitate proteins without destroying 
them. Protein molecules may exist as 
tiny spheres wrapped around by peptide 
chains, as amino acids strung out in deli
cate branches, or as a latticework of criss· 
cross strands. Since protein structures are 
maintained by a balance of electrical 
forces between atoms, a slight chemical 
shift in their environment may distort 
them into tangled masses which cannot be 
j'estored to the original patterns-which 
happens when an egg is boiled and the 
white coagulates. 

This "denaturing'· is one of the pitfall, 
in the crystallization of pepsin. Northrop's 
successful precipitation technique was 
used at the Rockefeller Institute in Prince· 
ton by Wendell M. Stanley to isolate the 
tobacco·mosaic virus, and by M. Kunitz to 
crystallize several enzymes. Of the 40-odd 
enzymes isolated to date, all are proteins. 

The Work of Enzymes 

The fermentation of sugar, yielding al· 
cohol, is an admirable illustration of the 
detailed chemical processes engineered by 
enzymes. In the days when Buchner 
thought his cell-free yeast juice contained 
the single enzyme zymase, the glucose-to. 
alcohol reaction was represented by the 
following uncomplicated formula: 

CH"O, 
zymase ) 2 CO,+2 CH"CH,OH 

This is a chemical statement to the ef· 
fect that one molecule of glucose, cata· 
lyzed by zymase, yields two molecules of 
carbon dioxide and two of ethyl alcohol. 
But if fermentation were such a single. 
step process. it has been calculated. most 
of the resulting energy would appear as 
useless heal. Actually fermentation direct
ly involves at least 12 enzymes-and it 
took hundreds of research workers from 
more than a dozen countries to unravel 
nature's scheme for altering glucose. 

The molecule of glucose is built around 
a chain of six carbon atoms, the splitting 
of which is a crucial step in the fermenta-

tion process. Before this step can be taken, 
however. glucose must be suitably pre
pared for its destruction. Three enzymes 
transform glucose for the splitting, and 
nine more are involved in the remaining 
steps which lead to ethyl alcohol. This out· 
line of the process is a poor reflection of 
the detailed chemical processes that pro
pel it. These are presented in greater de
tail by the drawing on page 34. 

This splitting of the carbon chain of 
glucose involves one of the most significant 
of all biochemical cycles. It requires a 
large amount of chemical energy. and the 
source is adenosine triphosphate, or ATP. 
The energy is obtained from one of ATP's 
potent phosphate groups, indicated by the 
two right.hand Ps in the following simpli
fied formula: 

Adenosine-· ® ""-' ® ""-' ® 
The two right.hand phosphate groups 

are attached by chemical bonds which 
yield 12,000 calories of energy when they 
break. (The left·hand group yields only 
2,000 calories.) The bonds may be con· 
sidered a sort of "cement" of electrons 
holding the phosphate grou ps. Oscillating 
back and forth at high speed, the electrons 
endow the phosphate groups with an extra 
reactivity. The specific usefulness of ATP 
is that enzymes can transfer its phosphate 
groups to other substances-along with 
the energy of their oscillating bonds. 

The energy that drives the cycles of -
fermentation is first obtained, by splitting 
off the right·hand phosphate group and 

BUCHNER discovered in 1897 that 
lifeless juice of yeast cells had pow
er to ferment sugar to ethyl alcohol. 

attaching it to glucose; this step, catalyzed 
by the enzyme hexokinase, leaves adeno
sine diphosphate (ADP) and a glucose 
phosphate which is catalyzed to a fructose 
mono phosphate. Transforming this latter 
substance to fructose diphosphate means 
splitting another section from another 
ATP molecule. 

At this stage the process leaves two 
ADP molecules wandering about with 
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HEXOKINASE, an enzymc involved in the fermenta
tion of sugar, was crystallized in 1946 by M. Kunitz and 
M. R. McDonald of Rockefeller Institute in Princeton. 

ACETYL PEPSIN is a modified form used in the study 
of pepsin activity. It was crystallized in 1934 by R. M. 
Herriott and J. H. Northrop of Rockefeller Institute. 

missing groups. Unless they are rebuilt as 
ATP, the entire cycle will grind to a stop. 
The deficit is made up during the next 
steps of fermentation when the six-carbon 
chain is finally split and two inorganic 
(non-ATP) phosphates are taken up into 
an intermediate compound. These inor
ganic phosphates, however, are low in en
ergy content, and ATP will only accept the 
high-energy variety. The cell therefore 
use, an enzyme called triosephosphate de
hydrogenase to remove two hydrogen 
atoms, which transform low-energy phos
phates into high-energy phosphates. 

The potent phosphate groups are then 
split off by another enzyme and attached 
In the two dismembered ADP molecules, 
forming ATP. The energy supply is thus 
sustained-but the cell does better than 
that. During the next stages two extra 
high-energy phosphate groups are created 
and passed back to other ADP molecules. 
This bonus may be used to accelerate fer
mentation or to provide the energy needed 
for the growth and reproduction of yeast 
cells. 

There is still one biochemical loose end. 
During the manufacture of high-energy 
phosphate bonds, two hydrogen atoms 
have been lost. These are picked up by a 
special hydrogen carrier called coenzyme 
1. This substance now cannot participate 
in later reactions and, again, the entire 
cycle would break down unless it included 
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a mechanism for freeing coenzyme I of its 
hydrogen. The opportunity comes at the 
very last step of fermentation, after pyru
vic acid has been converted to acetalde
hyde and carbon dioxide. Carbon dioxide 
goes off as a gas. Acetaldehyde, which re
mains, is just two hydrogen atoms short of 
being ethyl alcohol, the final product of 
the fermentation. The missing atoms are 
naturally presented by the hydrogen-bear
ing coenzyme I, and the latter is restored 
to perform its function. 

Enzymes and Muscles 

This completes the fermentation process 
and some of its interrelated systems. 'Ethyl 
alcohol can then be taken internally and 
used to interfere with human enzyme sys
tems. Incidentally, for every 99 parts of 
ethyl alcohol, yeast produces one part of 
fusel oil, a mixture of various higher alco
hols which is not only responsible for most 
of the flavor of liquor but also for hang
overs. 

While some biologists traced the intri
cate cycles of fermentation, others studied 
the mechanism of muscle. Gradually, first 
from fragments of evidence and finally 
from an imposing structure of knowledge, 
both groups began to realize that the 
workings of yeast and muscle cells were 
very much alike. In fact, the processes 
that change malt and hops to beer, and 

those that provide the energy for an Olym
pic sprinter have 14 steps-and 11 of the 
14. are exactly the same for the two types 
of process. The workings of the great ATP 
cycle and the wheel-within·a·wheel coen· 
zyme I cycle are the same in both cases. 
One important difference is that in muscle 
contraction pyruvic acid is broken down 
to lactic acid instead of ethyl alcohol. The 
lactic acid is then carried by the blood
stream to the liver, where the reverse of 
the 14.step process builds it into animal 
starch, or glycogen. (Muscles cannot uti· 
lize glucose.) Another important differ
ence is that the breakdown of glycogen 
yields three instead of two "bonus" ATP 
molecules. Muscles attain an efficiency of 
60 per cent or better, as compared with the 
50 per cent efficiency reached in modern 
steam turbines. . 

ATP not only supplies energy in muscle 
contraction, but also plays an important 
role in the workings of the nervous system. 
Nerve cells build up one of their essential 
chemicals, acetylcholine, with the aid of 
the enzyme choline acetylase, and the syn· 
thesis requires energy from ATP. Recent 
studies at Johns Hopkins University sug
gest that ATP is also the energy source 
for the reaction that enables fireflies and 
other organisms to produce light. That it 
may also be associated with the enzyme 
systems necessary for the movement of 
single-celled organisms is indicated in at 
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GAMMA CHYMO-TRYPSIN is one of Eeveral enzymes 
produced in the pancreas that have function of breaking 
down proteins. It was crystallized in 1938 by M. Kunitz. 

RIBONUCLEASE is another pancreatic enzyme that 
has the spccific function of breaking down a protein in 
yeast. It was crystallized in 1940, also by M. Kunitz_ 

least one case. the wriggling of sperm to
wards the unfertilized egg. 

How They Function 

Water is the medium for the majority of 
biochemical processes. In water the mole
cules of life are in ceaseless thermal mo
tion, occasionally reacting when they col
lide with one another. Essentially the 
function of an enzyme is to increase the 
rate of reaction. In a solution withont en
zymes the chance that a molecular colli
sion will resnlt in a reaction may be a 
trillion to one. If the appropriate enzyme 
is present, the probability will be much 
increased. To use the gambling term, en
zymes lower the odds. The question is how 
they perform this mathematical feat by 
chemical means. 

Any explanation of the phenomenon 
must account for certain experimental 
[acts. One of the most obvious is that a 
given enzyme does not speed reactions 
among all the molecules of protoplasm. If 
this were the case, the result would be 
biochemical chaos. Actually enzymes are 
highly specific, producing reactive colli
sions only among the molecules of selected 
compounds. These compounds are gener
ally known as substrates. 

A spectacular example of enzyme speci
ficity involves molecules that are made up 
of exactly the same atoms in different 

structural arrangements. Such close chem
ical relatives are known as isomers. In 
1860 Pasteur discovered that tartaric acid, 
a by-product of wine fermentation, exists 
in two forms. When a beam of polarized 
light was transmitted through crystals of 
tartaric acid, some crystals turned the 
plane of polarization to the right, while 
others turned it to the left by exactly the 
same amount. Since both types of tartaric 
acid are identical in chemical composi
tion, the difference must be in the arrange
ment of their atoms. 

It has been shown that such pairs of 
crystals-called dextrofotary and levoro
tar'y-are found among many compounds, 
and al'e related to one another as an ob
ject to its mirror image or as a right-hand 
to a left-hand glove. Enzymes can make 
the subtle distinction between isomers. 
The muscle enzyme lactic dehydrogenase, 
[or exam pIe, acts on levorotary lactic acid 
but has absolutely no effect on its mirror 
image, dextrorotary lactic acid. 

Some enzymes are even more selective. 
The so-called hydrolytic enzymes, as an 
example, are involved in the following 
general type of reaction: 

A-B+H20 -'? AOH+BH 
Here A-B represents a molecule consist
ing of two parts connected by a chemical 
linkage. Some enzymes will break down 
any molecule with a particular linkage 
regardless of the nature of the linked 

structures; others demand not only the 
right linkage but also the right part, say 
the B structure. Still other enzymes, the 
most specific of all, operate only on mole
cules that satisfy the three-way require
ment that both the A and B parts and 
their linkage must be of a particular kind. 

A more detailed explanation of what 
specificity means is furnished by the phe
nomenon of competitive inhibition. The 
enzyme succinic dehydrogenase catalyzes 
the breakdown of succinic acid and noth
ing else. Its effectiveness is considerably 
reduced, however, i[ malonic acid, tbe 
structure of which closely resembles that 
of succinic acid, is added to the solution. 
Experiments show that malonic acid, 
while not being changed itself, apparently 
attaches itself to the enzyme and takes it 
out of circulation by occupying a position 
on its molecule that would normally be 
filled by succinic acid. In other words, 
malonic acid seems to compete with suc
cinic for an active region of the enzyme 
molecule. 

These and other experiments suggest an 
attractive analogy to explain specificity. 
It is a theory which some protein chemists 
label "philosophy," although they con
cede that philosophy can be useful. The 
enzyme molecule can be visualized as a 
"lock" with notches and indentations of a 
particular pattern; the substrate mole
cule, in this case succinic acid, is the 
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"key," and its configurations mesh into 
the enzyme pattern. Malonic acid, a very 
similar key, will fit the lock, but not per· 
fectly. The fit is good enough to keep out 
succinic acid, but not good enough to un
lock the door-hence the door stays 
closed. Perhaps the most brilliant experi
mental evidence for such a concept, ad
duced by E. S. G. Barron and his asso
ciates at the University of Chicago, in
volves three closely similar substances: 
acetic acid, monofluoroacetate and mono
chI oro acetate. The only difference among 
them is that one hydrogen of acetic acid 
is replaced by a fluorine atom in mono
fluoroacetate, and by a chlorine atom in 
monochloroacetate. The effect of this sub
stitution is shown in the drawing at the 
bottom of page 37. The links between each 
of the three atoms and the rest of the mole
cule to which they are attached are of dif
ferent length. For hydrogen the link is 
1.09 Angstrom units (one Angstrom unit 
equals one hundred millionth centi
meter); for fluorine it is 1.4 1  A.; for 
chlorine it is 1.76 A. 

An enzyme catalyzes the oxidation of 
acetic acid (a process involved in fat 
metabolism) and presumably its molecule 
contains "notches" into which the acid 
fits. The addition of monofluoroacetate to 
the solution completely inhibits the oxida
tion, meaning that this compound also fits 
the enzyme molecule. Monochloroacetate, 
however, appears not to fit, for it has no 
effect on the enzyme's ability to oxidize 
acetic acid. In other words, the tiny dif
ference in length between the link of the 
fluorine-containing inhibitor and that of 
the ineffective chlorine compound (.35 A., 
or about 1/762,000,000 inch) is enough to 
prevent a sufficiently close lock-key fit. 

Fitted Molecules 

The lock-key theory implies that there 
is some sort of fleeting union between en
zyme and substrate, an implication which 
has been backed by many experiments. As 
a matter of fact, the spectroscope has per
mitted biologists to "see" the union taking 
place. This was attempted for the first time 
12 years ago by Kurt G. Stern, then at 
Yale University. Using the enzyme cata
lase and a hydrogen peroxide derivative 
as substrate, he observed first the spectral 
light pattern characteristic of catalase and 
then a new pattern, presumably that of the 
enzyme-substrate union. A short while 
afterward, however, the original catalase 
spectrum appeared again, indicating that 
the enzyme had performed its duty and 
was ready for more work. 

What is the purpose of the brief com
bination of an enzyme with its substrate? 
The answer to the question hinges on a 
fact mentioned earlier: that not all colli
sions between molecules produce chemical 
reactions. In a 100-cubic-centimeter solu
tion of ethyl bromide and' diethyl sulfide, 
for instance, there are 1.6 X 1034 (16 
million billion billion billion) collisions a 

second, but fewer than one out of every 
billion billion collisions results in a chemi
cal reaction. The reason for this low pro
portion of successful hits is that molecules 
are relatively stable structures, and most 
of them bounce off each other a bit jarred 
but essentially unscathed. 

Now enzymes do not increase the speed 
of molecules in solution, nor do they in
crease the frequency of collisions. In
stead they increase the number of fruitful 
collisions by weakening the structure of 
substrate molecules so that they react 
more readily. In combining briefly with 
its substrate (in the case of catalase the 
combination lasts less than one 85,000th 
of a second), an enzyme somehow distorts 
the architecture of the substrate molecule, 
converting it from a relatively stable to a 
highly reactive state. There is evidence 
that in some cases this effect is achieved 
by removing electrons and transforming 
the substrate molecule into a charged ion. 

Chemical changes, however, do not 
necessarily take place simply because a 
substrate molecule has fitted itself into its 
enzyme mold and has been activated. With 
certain enzymes like pepsin, to be sure, 
this two-molecule union seems to be suffi
cient for completion of the substrate-con
verting process. But more often than not 
a third substance that is not a protein is an 
added requirement. Catalase, peroxidase 
and other enzymes seem to have such ac
cessory substances more or less perma
nently attached to their proteins_ These 
substances are therefore called "prosthetic 
groups_" Many enzymes, however, appar
ently require only that the accessory sub
stances be available in solution as so
called coenzymes. This field of inquiry is 
one of the most active and controversial in 
enzyme research, and the entire question 
of enzyme auxiliaries needs considerable 
clarifying. This much is known: in most 
enzyme processes the protein alone is not 
enough to speed chemical reactions. Un
less coenzyme I is present in the alcohol 
fermentation system previously described, 
the process breaks down, and many other 
coenzymes have been discovered. 

Taking a three-way, enzyme-coenzyme
substrate reaction as a case in point leads 
to the following rough sketch. The enzyme 
and its substrate combine in such a way 
that the molecular structure of the sub
strate is distorted sufficiently to increase 
its susceptibility to change. Almost simul
taneously the enzyme may attract a coen
zyme molecule to one of its unoccupied 
parts. A reaction between coenzyme and 
substrate may then occur, forming new 
compounds. Finally the temporary union 
breaks up, and the enzyme molecule is 
free for further action. Something of this 
sort happens during the first step of al
coholic fermentation, when the enzyme 
hexokinase synthesizes glucose phosphate 
from glucose and ATP. Both of these mole
cules are attached to a hexokinase mole
cule in such a position that one of the 
high-energy phosphate groups is trans-

ferred from ATP to glucose. Then the 
three-cornered union flies apart, leaving 
ADP, glucose phosphate and an un
changed enzyme. 

Enzymes and Hormones 

Even more obscure than the mechanism 
of enzyme action are the factors that con
trol enzyme reactions. What is it that de
termines when and how quickly enzyme 
activities shall take place in nerve cells, 
muscle cells and all of the other special
ized units that make up the higher plant 
and animal organisms? 

There is reason to believe that hor
mones play an important part in control
ling and coordinating the workings of 
enzyme systems. The most significant find
ing along these lines was made about two 
years ago by W. H. Price, Carl Cori and 
S. P. Colowick at Washington University 
in St. Louis. They discovered that hor
mones play an essential part in the enzyme 
system that maintains the balance between 
sugar in the blood and glycogen in the 
liver. There is a delicate equilibrium be
tween the hormone insulin, which tends to 
lower the amount of sugar in the blood by 
promoting the storage of glycogen in the 
liver, and a presumed diabetogenic hor
mone secreted by the pituitary gland, 
which promotes the metabolism of glyco
gen and hence tends to raise the concen
tration of sugar. Diabetes may be the 
result either of too little insulin or too 
much of the pituitary hormone_ The Wash
ington University group suggested that 
this upset in hormone balance was direct
ly connected with hexokinase, the same en
zyme that initiates alcoholic fermentation. 

Hexokinase is utilized in the liver to add 
a phosphate group to glucose, a prelimin
ary step essential to the storage of sugar. 
The pituitary hormone, however, inhibits 
hexokinase activity. Whether it is over
produced or insulin is under produced, the 
effect is the same: a relative excess of the 
diabetogenic hormone, subnormal storage 
of glycogen in the liver, and rising sugar 
levels in the blood. The discovery of this 
process is one of the first connections es
tablished between hormones and enzymes. 
Other hormones, including those that pro
duce dwarfs and giants, probably influ
ence growth and metabolism in a similar 
manner. 

Such speculation brings us again to the 
notion of enzymes that can be inhibited 
and activated. Does the diabetogenic hor
mone inhibit hexokinase by providing sub
stances that occupy strategic parts of the 
enzyme molecule and thus prevent it from 
working on its normal substrate? And 
does insulin counteract the inhibiting ef
fect by removing these substances and 
"unmasking" the enzyme? Only further 
investigation can answer these questions, 
but it is known that the unmasking effect 
plays a significant role in the control of 
enzyme action during many biological 
processes. For example, pepsin, the func-
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tion of which is to digp-st proteins, does 
not enter the stomach ready to act ; it is 
secreted by the stomach walls as the inert 
substance pepsinogen, which is promptly 
converted to pepsin by the hydrochloric 
acid of the gastric j uices. The conversion 
is accompanied by a drop in molecular 
weight from 42.000 to 38.000, and this may 
be interpreted as the removal of a protein 
fragment that masks pepsin action. 

An example of mass unmasking is fa
miliar to embryologists. An unfertilized 
egg cell is fully prepared for the most 
spectacular burst of biological energy 
known. It contains structural materials, 
ATP as a source of energy, and hundreds 
of enzymes that will engineer the building 
of a tree or a man from a tiny blob of 
protoplasm. The enzymes. however, are 
blocked, probably by specialized coatings, 
until fertilization takes place. Then, by an 
unidentified mechanism, the blocking sub
stances are dissolved, hundreds of reac
tions are set off at once, and the cell be
gins to grow and divide. 

Enzymes in Health and Disease 

The patient investigation of enzyme ac
tion and enzyme control has brought add
ed insight to a whole constellation of 
biological and medical problems. En
zymes not only speed the vital processes 
of the developing egg, but play a fascinat
ing part in the act of fertilization. An un
fertilized egg is protected by a tough coat
ing of cells cemented with a substance 
called hyaluronic acid. The sperm carries 
the enzyme hyaluronidase specifically to 
break up the barrier and penetrate within. 

There is evidence that the single sperm 
which accomplishes fertilization does not 
contain enough of the enzyme to break 
down the barrier by itself. and that the 
unsuccessful sperm cells must contribute 
their hyaluronidase. This explanation ac
counts for the fact that perhaps millions 
of sperm are necessary for fertilization, al
though only one penetrates the egg. Work
ing on the theory that some cases of hu
man sterility may be due to a lack of hya
luronidase, some physicians have recently 
administered extra amounts to a few se
lected patiol1ts and, according to prelim
inary announcements, normal pregnancy 
has resulted. Whether or not this simple 
treatment proves effective in a significant 
number of cases, any successful treatment 
for sterility will require an intimate un
derstanding of the enzymes concerned. 

Enzymes have also been identified with 
the toxins of infectious diseases. Thus 
Clostridium welchii, the rod-shaped organ
ism most commonly found in gas gangrene, 
releases an enzyme called lecithinase. This 
destroys red blood cells by disintegrating 
the su bstance lecithin in their walls. (The 
same lecithinase is one of the poisons in 
cobra and rattlesnake venom. ) The germ 
also liberates an enzyme that dissolves the 
protein connective tissue of muscle, and 
the "gas" of gas gangrene is produced by 
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a grou p 0 [ enzymes that accelerate a 
pathological form of fermentation. The 
effects of many drugs and poisons are 
similarly tied up with enzyme reactions. 
Prostigmine. which is used in treating 
several diseases that paralyze muscles, 
strongly inhibits the enzyme cholinester
ase. Strychnine also acts on cholinesterase. 
Cyanide affects cytochrome oxidase. 

The chemical study of certain coen
zymes has had unexpected medical conse
quences. In 1932 it was found that an 
essential part of the coenzyme I molecule 
was nicotinic acid. and three years later 
C. A. Elvehj em and his associates at the 
University of Wisconsin identified the 
substance as the anti-pellagra vitamin. 
Other vitamins definitely known to be 
part of coenzyme molecules include B-l ,  
B-2 and B-6. Whether all vitamins are 
parts of coenzymes remains to be seen, 
but the possibility is particularly strong 
for those factors of nutrition that are need
ed in "trace" quantities. In amounts of 
less than one ten millionth of an ounce the 
new B-12 factor is sufficient to produce 
measurable rises in the blood counts of 
anemia patients. 

Vitamins are as necessary to some harm
ful bacteria as they are to human life. This 
fact has opened the way for putting the 
competitive inhibition of enzymes to medi
cal use. The possibility was discovered by 
accident after the introduction of sulfa 
drugs, though for a long while their ef
fectiveness in curbing germs was a mys
tery. Then it was observed that the abili
ty of the drugs to inhibit the growth of 
bacteria was considerably reduced in the 
presence of para-aminobenzoic acid 
(PAB), a member of the vitamin B com

plex and an essential factor in the growth 
of many organisms. A comparison of the 
molecular structures of sulfanilamide and 
the acid soon indicated the reason for the 
phenomenon. 

Germs that need the vitamin presum
ably incorporate it into their metabolic 
processes as part of a coenzyme, and 
things go beautifully until sulfanilamide 
comes upon the biochemical scene. This 
sulfa drug is a very close chemical relative 
of P AB, which is the secret of its medical 
effectiveness. The resemblance is so close 
that the bacterium cannot tell the differ
ence and takes up sulfanilamide as if it 
were a real food factor. By the time the 
mistake is discovered. the false "vitamin" 
has been drawn into the enzyme system 
and jammed the works. 

Antivitamins 

Sulfanilamide, the first "antivitamin," 
was discovered accidentally, but new 
drugs may be discovered by a planned 
offensive against this Achilles heel of 
bacterial metabolism. , There is already 
quite a list of antivitamins ( see drawing 
on page 39 ) . There is also some evidence 
that the polio virus needs vitamin B-l ,  and 
the discovery of a B-1 antivitamin that 

would inhibit the virus without irrepar
abl y damaging cells is another possi bili ty 
that awaits further research. 

The part played by vitamins and other 
accessories in enzyme action also throws 
new light on the importance of trace 
elements in plant and animal Ii fe. In 1895 
thousands of sheep on Australian ranches 
were dying of "bush sickness." Since the 
disease closely resembled anemia. ranch
ers tried feeding the animals large doses 
of iron. The treatment worked in some 
cases and not in others. the difference de
pending on the source of the iron. 

So the Australian Government imported 
iron ores from all over the world and 
com pared the sam pIes. After a series of 
elaborate analyses, it was found that the 
iron which helped to cure bush sickness 
contained tiny amounts of cobalt. A 
sheep's daily requirements were calcu
lated, and it was found that about a 
millionth of an ounce of cobalt was enough 
to prevent the malady. 

The need for such elements may be con
nected with the efficient working of 
enzyme systems, for many enzymes are 
known to contain or to require the pres
ence of metallic elements in small 
amounts. One of the key steps in alcoholic 
fermentation involves an enzyme called 
enolase, which requires the presence o f  
magnesium ions before i t  can take effect. 
Hexokinase, similarly, cannot work with
out magnesium. 

Industrial Uses 

Enzymes have still other practical ap
plications. By breeding improved strains 
of microorganisms and investigating their 
enzymes. research workers have increased 
the efficiency of alcoholic fermentation in 
the beer, wine and liquor industries. The 
fermentation process can also be re
directed to produce industrial chemicals. 
Liquor chemists developed various bio
logical methods to help relieve the severe 
fat shortage in Germany during the war . 
The Germans found that the addition o [  
sodium bisulfite prevented yeast from 
transforming glucose into alcohol and 
detoured the process to yield glycerin. 
This they used in the manufacture of soap 
and explosives. The current potato surplus 
may provide extra work for bacterial 
enzyme systems which can break starches 
down to simpler compounds. An example 
of the latter is butyl alcohol, an industrial 
solvent and one of the chemicals utilized 
in producing synthetic rubber. 

Enzymes are also used to obtain heating 
gas, fertilizer and many other valuable ma
terials from sewage and industrial waste. 
They tenderize meat, tan leather, turn 
cornstarch into syrups and sugars, and 
help in the making of dozens of products 
in the cosmetic, textile and baking indus
tries. There is even an enzyme-containing 
spot remover, based on the theory that 
protein-destroying enzymes might be ef
fective in dissolving stubborn egg stains. 
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HOW ENZYME MAY WORK is illustrated by theoret
ical example. Here the enzyme, drawn in black, has two 
active parts. These fit the molecule on which they act 

LOCK AND KEY T
'
HEORY is supported by experiment 

involvin g  three similar compounds. An enzyme works on 
acetic acid '( left ) . When one hydrogen atom of acid is 

(1 ) . When they combine with the molecule (2) , they 
deform it in such a way (3 ,  4) that it is broken down 
into two molecules ( 5 ) , in this case a sugar and alcohol. 

replaced with fluorine ( right ) ,  chemical bond is length
ened but enzyme still works. \Vhen enzyme is replaced 
with chlorine ( bottom ) ,  the enzyme no longer works. 
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W ARBURG APPARATUS is an important tool of enzyme research. The 
cup above, which is part of the apparatus, contains substrate at the bottom 
and enzyme at right. The two are mixed after warming in bath ( below ) . 

ROW OF MANOMETERS, each attached to a cup of the type shown above, 
moves from side to side as cups are shaken in warm b ath. Manometers then 
measnre the amounts of gas taken lip by the enzyme reactions in the cups. 
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TWO MANOMETERS show amount 
of gas taken up hy reaction in short 
time. Note drop in right manometer. 
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From the lofty perspective of science 
the fundamental problem is not industrial 
utility or even the artful crystallization 
of pure enzymes. The most challenging 
question is how the human body, or any 
organism, manufactures enzymes. An 
enzyme is a protein built up by the body 
from amino acids and peptide chains. If 
we assume that an enzyme may be synthe
sized as simply as possible, it is created 
when two protein fragments are pieced 
together by a single enzyme. If that is the 
process, how is the ultimate enzyme itself 
syn thesized ? 

The only way of surmounting the 
difficulty is to assume that certain mole
cules are capable of forming exact replicas 
of themselves. This is to say that they act 
as enzymes for their own synthesis. This 
is reproduction at the molecular level. 
Genes, the units of heredity, have been 
assumed to be such substances. Viruses 
likewise are autocatalytic. There is some 
speculation that genes are the ultimate 
enzyme.makers. 

The red bread mold Neurospora 
[SCIENTIFIC AMERICAN, September] is an 
experimental organism used in the study 
of this problem. In a whole series of ex
periments in which mutated Neurospora 
strains were created by ultraviolet radia· 
tion that knocked out a single gene in each 
case, each missing gene resulted in the 
organism's inability to synthesize a specif
ic foodstuff, indicating that the heredity
transmitting molecules are directly con
nected with the production of enzymes. In 
fact, it has recently been indicated that a 
strain of Neurospora lacking a particular 
gene actually lacks an enzyme which can 
be extracted from strains having a full 
complement of genes. 

To proceed from Neurospora to man, 
there are certain human diseases that are 
due to the deficiency of single enzymes. 
Significantly, these diseases also are in
herited according to strict Mendelian 
laws. The lack of a single enzyme in the 
metabolism of the amino-acid phenyl
alanine is sufficient to cause a form of men· 
tal defectiveness, while another missing 
link in the same system is responsible for 
albinism. Since each of these diseases can 
ultimately be traced to the hereditary de
fect of a single gene, and the agency in 
each case is a missing enzyme, circumstan· 
tial evidence argues strongly for the theory 
that each gene is associated with the mak
ing of a single enzyme. 

So enzymes bring us finally to the 
very core of the cell, and to the core of 
all biological problems. The solution of 
these problems depends more and more 
on our understanding of proteins, and 
particularly of enzymes, self-duplicating 
and otherwise. 

-
John E. P feifJer was formerly science 
editor of Newsweek and science director 
of the Columbia Broadcasting System. 
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HUMAN LUNG TISSUE grows under the cornea of a rabbit's eye. The tis· 
sue was originally transplanted from a human embryo. Cells became spe
cialized later. Transplantability of embryonic tissue may relate it to cancer. 

HUMAN BRAIN TISSUE is also transplanted hom an embryo into the eye 
of a rabbit. Cells now have chamcteristic organization of brain tissue. They 
cven exhibit some nerve activity when tested with electroencephalogt·aph. 
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ON THE 

T

HE problem of cancer is primarily a 
problem of behavior. A pathologist 
who examines tumor tissue under the 

microscope may observe significant de· 
tails of form and structure, but he can 
never determine its malignancy from its 
appearance atone; only by its behavior in 
the living body can malignant tissue be 
unmistakably identified. Of two tumors 
with cells that look exactly alike. one may 
remain static or even disappear while the 
other inexorably spreads and kills the pa· 
tient. Un fortunately many kinds and con· 
ditions of tissue which are not malignant 
bear a remarkable resemblance to cancer, 
and the pathologist often cannot distin· 
guish hetween them. The diagnosis of can· 
cer today does depend mainly on the 
analysis of cell morphology or appear· 
ance. but it is an imperfect guide. A 
judgment of the character of tissues from 
their appearance may indeed be as falla· 
cious as an assessment of a man's qualities 
from his facial features. 

We have been studying the behavior of 
living tissue in our laboratory by the de· 
vice of transplanting it from one animal to 
another. The discovery many years ago 
that malignant tissue could be trans· 
planted from its host to normal animals of 
the same species gave strong support to 
the idea that cancer is an independent, 
autonomous growth which can continue to 
grow even when it is removed from the 
conditions that originally produced and 
developed it. This concept in turn sug· 
gested the exciting possibility that a tu· 
mol' might be transplanted from one 
species of animal to another; thus human 
cancer might be transferred to lower ani· 
mals and experiments could be performed 
that would not be permissible in a human 
patient. 

Many attempts at such transplantations 
were made; all failed. A study of these 
attempts suggested that it was not the con· 
cept but the methods used that were at 
fault. In our laboratory we had for some 
time been using the chamber of the eye 
behind the cornea in animals as a trans· 
planting site, and the physiological con· 
ditions in this organ suggested that it 
might be a peculiarly favorable site [or 
human cancer transplants. Our experi. 
ments proved successful; we found that 
we could grow many types of human can· 
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DEVELOPMENT OF CANCER 

Transplanting tissue from one species to 

the eye of another yields a new insight 

into the nature of the malignant process 

by Harry S. N. Greene 

cer in the eyes of guinea pigs and rabbits. 
iii as cancer tissue unique in this prop· 

erty. or could other types of tissue also be 
transplanted from one species to anotber'? 
Here was a means of comparing the be· 
havior of cancer tissue with that of other 
kinds. We tested and compared four dif· 
ferent types: normal adult tissue, normal 
embryonic tissue, benign and precancel" 
ous tumor tissue, and full· fledged cancer 
tissue. For each tissue three kinds of trans· 
plantation were tried: autologous (from 
one site to another in the same individu· 

TISSUE 

Normal Adult 

Normal 
Embryonic 

[ 
I' Benign and 

Precancerous 

Cancer 

TYPE 

Autologo'us 

ge"ted a biological test for human cancer: 
If a specimen of the suspected tissue can 
be transplanted to the eye of a guinea pig. 
it is either embryonic tissue or cancer. and 
even surgeons can easily distinguish be· 
tween the two. 

When this test was made. the significant 
fact developed that results of our biologi. 
cal test often disagreed with the diagnosis 
of the same tissue based on its microscopic 
examination. An illustrative case follows: 
A middle·aged man entered the hospital 
with a large tumor in his chest. X·ray ex· 

OF TRANSFER 

Homologous Heterologous 

SUCCESS OF TRANSPLANTING tissne in the eye of an experimental ani
mal depends on source of tissue and type of transfer. Here eyes containing 
tissue show successful transfer; eyes withont tissue, unsuccessful transfer. 

al); homologous (from one animal to 
another of the same species) ; and heterol
ogous (to an animal of a different spe· 
cies). The results are shown in the chart 
above. 

Thus it was found that all four types of 
tiswe could be transplanted back in the 
same animal; all but benign tumor and 
precancerous tissue could be transplanted 
to normal. unrelated animals of the same 
fpecies; only embryonic and cancer tissue 
could successfully be transferred to an 
alien species. This finding at once sug· 

amination showed no evidence that the 
tumor had metastasized (spread to other 
sites) and the growth was removed by sur· 
gery. On the basis of morphological ex· 
amination of the tissue, it was diagnosed 
as a fibrosarcoma (cancer of the connec· 
tive tissue). But transplants of the tissue 
in guinea pigs' eyes failed to grow, which 
indicated that by our biological definition 
t he lesion was nodulI.fledged cancer. Six 
l1lontbs later the patient returned with a 
recurrence of the tumor at the same site. 
There was still no evidence of metastasis; 

the appearance of the tissue had not 
changed; transplants still failed. An at· 
tempt was again made to remove all tbe 
tumor tissue, but again the operation was 
apparently inadequate, for eight months 
later the patient had another recurrence 
of the tumor. This time X.ray studies 
,howed that the growth had metastasized 
to the lungs. The morphological appear· 
ance of the tissue had not changed. but 
the biological test of its behavior pro· 
duced sharply different results: trans· 
plants of the tissue now grew in all of the 
guinea pigs used. 

This is not an isolated case; similar 
tests of tissue specimens from other cancer 
patients show an identical course of de· 
velo"pn�ent. It is significant that all tumors 
which possess the ability to invade and 
metastasize to other tissues in the body 
can be transplanted to animals of alien 
species, while many lesions judged to 
be cancerous on purely morphological 
grounds cannot be transplanted. More· 
over, patients with disorders diagnosed as 
cancer by morphologists not infrequently 
make a complete recovery, whereas a diag· 
nosis of cancer based on the behavior of 
the tissue is invariably followed, in spite 
of all attempts at treatment, by the death 
of the patient. 

T
HESE disagreements in diagnosis 
have led to considerable controversy 

among pathologists. The bone of conten· 
tion is, of course, the definition of cancer. 
The morphologist defines cancer as a 
group of cells with certain specific charac· 
teristics of structure and arrangement; the 
biologist. on the other hand, considers 
that the distinguishing feature of cancer 
is its ability to invade and metastasize. 

The biological view suggests a funda· 
mentally new concept of the entire cancer 
process. It has long been supposed that 
cancer is the result of a sudden transfor· 
mation of normal cells into malignant. 
ones. Some unknown factor or set of fac· 
tors, according to this view, changes the 
character of previously healthy tissue so 
that it grows rapidly and malignantly. The 
new evidence on the behavior of various 
types of tissue, however, strongly indicates 
that cancer is not the result of a sudden 
transformation, but is the final product of 
a developmental process. The tumor goes 
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through evolutionary stages during which 
it does not change in appearance, but does 
change profoundly in its biological be· 
havior. In the case which I have described, 
the tumor tissue, although it had the mor· 
phological appearance of cancer, did not 
at first behave like cancer tissue in the 
patient. Moreover, it was not transplant. 
able to another species of animal. As the 
tumor developed, however, it acquired the 
ability to invade and metastasize and the 
attainment of these properties was asso· 
ciated with the ability to grow in an alien 
species. This change was demonstrated 
only in its behavior; it could not be de· 
tected by any alteration in the appearance 
of the cells. 

What caused the change in behavior? 
Some light on this question may be ob· 
tained from a study of the reactions of 
tissues to homologous transplants from 
one animal to an unrelated animal of the 
same species. As we have seen, precan· 
cerous tumor tissue, i.e., tissue in the proc· 
ess of development to cancer, cannot be 
transplanted to a normal animal of the 
same species, although all other types of 
tissue can be. If, however, the second ani· 
mal is not normal, but itself has a spon· 
taneous tumor of the same nature as the 
first animal's, homologous transplants of 
tumor tissue can easily be made to it. 
Evidently, then, tumor growth and devel· 
opment are dependent on certain specific 
biological factors which are present in the 
original animal and in other tumor·bear· 
ing animals. but which are not supplied by 
normal animals. In its developing stages, 
the tumor requires these factors to survive 
and mature. When its development is com· 
pleted, however, the tumor becomes an in· 
dependent growth that can thrive in the 
absence of such factors. and transplants 
will grow in normal animals. 

In the case of the patient with a chest 
tumor, the tumor appears to have been in 
a dependent phase during the period when 
the first two operations were performed. 
If the tumor tissue had been completely 
removed at that stage, the patient would 
have survived and the case would have 
been recorded as a "cancer cure," despite 
the fact that from a biological point of 
view the tumor was not a cancer at all. It 
is not improbable that all instances of so· 
called cancer cures are of this kind. Actu· 
ally small fragments of tumor were missed 
in both operations, and they eventually 
became autonomous, metastasized, and 
killed the patient. 

The conception of a dependent phase in 
the development of cancer suggests sev· 
eral fields of inquiry. The most obvious 
question is: What are the factors on which 
the biological development of a tumor de· 
pends? A detailed search for constitu· 
tional differences between the normal 
animal and the tumor.bearing animal is a 
logical approach to the problem. Such an 
investigation has been undertaken in can· 
cers of the uterus and mammary glands in 
rabbits. Here the problem is relatively 
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simple, for the affected animals show ob· 
VIOUS evidence of an endocrine disorder 
involving the estrogenic hormone. To test 
the influence of this factor, an endocrine 
disturbance was artificially produced in 
normal animals, and dependent (precan. 
cerous) tumor tissue was then trans· 
planted into their eyes. The transplan ts 
were successful; transplants attempted in 
untreated control animals, on the other 
hand, did not succeed. The experiment 
demonstrated that the endocrine disorder 
was an essential factor in development of 
this type of tumor. 

Tumors of the breast and uterus are 
special cases, for endocrine disorders are 
not associated with all tumors. Yet con· 
stitutional disturbances of a different or· 
der do accompany other tumors. It seems 
highly probable that, in a similar fashion, 
they con�titute the factors essential for 
the tumor's growth and development. An 
investigation of these factors is of the ut· 
most importance for the rational treat· 
ment of tumor patients; if the {actors can 
be discovered and eliminated, the develop· 
ment of tumors to cancer may be stopped. 
This does not apply, of course, to the fully 
evolved cancer, for in such cases the 
growth has attained autonomy and is com· 
pletely independent of the factors con· 
cerned in development. 

For the present, heterologous transplan. 
tation provides a reliable test {or cancer. 
If the specimen of tumor tissue can be 
transplanted successfully to a normal ani· 
mal which contributes none of the factors 
known to be involved in tumor develop. 
ment, it means that the tissue has attained 
independence and is a true, autonomous 
cancer. This test gives information that 
cannot be obtained through the micro· 
scope, and, further, is a considerable aid 
to the microscope in the classification of 
cancer. 

N
OT infrequently the first sign of can· 
cer in an individual is the appearance 

of a metastasis. This may occur as an en· 
larged lymph node in the immediate vicini· 
ty of the primary growth, or it may be far 
distant from the involved organ. In such 
cases, the surgeon removes a portion of 
the metastatic growth and sends it to a 
surgical pathologist. who attempts by a 
microscopic study of its appearance to 
determine in what organ or tissue the 
growth originated. If the metastasis reo 
tains the characteristic architecture. of the 
differentiated or specialized cells in the 
original ,organ, the task is relatively sim· 
pIe. But if, as frequently happens. the cells 
are poorly differentiated and disorganized, 
and the picture is complicated by the 
death of cells or obscured by reactive proc· 
esses. microscopic study is of little help 

. in locating the primary site. Fortunately 
when such cancers are transplanted to 
normal lower animals they develop a 
higher degree of cellular differentiation 
and structural organization than they pos· 
sessed in the patient; thus it becomes pos· 

sible to classify the cancer and identify its 
place of origin more precisely than from a 
study of the original specimen. 

The following cases illustrate this use 
of heterologous transplantation: 

A 45.year.old woman appeared for ex· 
amination with a greatly enlarged lymph 
node in the groin. The node was removed 
and on microscopic examination showed a 
preponderance of dead cells, with scat· 
tered cancer cells of nondescript appear· 
ance. There was nothing to indicate the 
proper classification or the site of the pri. 
mary tumor. Fragments of the tissue were 
transplanted to guinea pigs; after 20 days 
the animals were killed and specimens of 
the growing transplants were examined 
under the microscope. The cells now 
showed such well·marked characteristics 
of structure and organization that the 
growth was readily diagnosed as malig. 
nant melanoma (cancer arising in a nevus, 
or birthmark). When questioned, the pa· 
tient then recalled that she had had a 
birthmark removed from her foot several 
years before; the tissue had not been ex· 
amined, however, and both the doctor and 
the patient had assumed that it was en· 
tirely benign. 

The second case is that of a young 
woman of 24 who had a growth removed 
from her upper backbone. The growth was 
diagnosed as hemangioblastoma (tumor 
of blood vessels) ; the microscopic picture 
showed the classical signs of such a tumor. 
The growth was not completely removed 
by the operation; three years later the pa· 
tient re·entered the hospital with a recur· 
rence of the tumor. A second operation 
was performed. The tumor tissue had be· 
come more disorganized in structure, but 
its appearance was still consistent with 
hemangioblastoma and it was again so 
diagnosed. When grafts of the tissue were 
made to guinea pigs' eyes, however, the 
transplants in 12 days developed a well· 
Ol"ganized growth of cells which showed 
the characteristic signs not of a tumor of 
blood vessels but of a cancer of cartilage. 
The surgeon in the case was understand· 
ably very skeptical of this new diagnosis. 
But when the patient died, about a year 
later, microscopic examination of the pa· 
tient's metastasis at autopsy confirmed the 
guinea pigs' veracity. 

The use of heterologous transplantation 
as an aid in cancer diagnosis is a simple 
procedure. The technique requires only an 
elementary knowledge of surgery. Inter· 
pretation of the results is almost foolproof. 
Although the grafting test itself fails to 
distinguish between cancer and embryonic 
tissue, which, as was noted at the begin. 
ning of this article, can be transplanted to 
an alien species just as cancer can, this 
fact does not invalidate the test, for the 
differences between an embryo and a can· 
cer are fully apparent on gross examina· 
tion. 

On the other hand, the similarity in the 
reactions of cancer and embryonic tissue 
is itself of great theoretical interest. The 
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resemblance between the two types of tis
sue is not limited to transplantation reac
tions, but is also observed in biochemistry, 
immunology and morphology_ Indeed, the 
only major difference between the two tis
sues is that, in the primary host and in 
experimental animals, embryonic tissue 
progresses to differentiation or specializa
tion of function, while cancer does not_ 
Embryonic tissue may be transplanted 
from any organ of the fetus. And all trans
plants of this tissue, whether homologous 
or heterologous, undergo differentiation 
into the organs that would have evolved 
had the tissue remained in its original site. 
Thus mammary tissue, when transplanted 
from any animal to a guinea pig's eye, de
velops into small mammary glands and 
can actually be seen to produce milk. The 
cells of cancer tissue, in contrast, simply 
reproduce themselves and show no changes 
indicating specialization. 

These facts suggest that the step from 
embryonic tissue to cancer is relatively 
short, and that this step is probably con
cerned with the process of differentiation. 
Accordingly, one of our endeavors has 
been to inhibit or modify the differentia
tion of embryonic tissue transplants with 
the hope of thus producing a cancer. Vari
ous methods have been tried; to date, suc
cess has been attained only through use of 
the well-known cancer-producing chemi
cal, methylcholanthrene. 

The technique is easily explained. A 
minute crystal of methylcholanthrene is 
added to a specimen of embryonic tissue 
and the tissue is then transplanted to an 
adult animal. In from 30 to 40 days, a can
cer develops in the transplant. This is a 
significantly short period, for ordinarily it 
takes from four to six months to produce 
cancer in the same tissue of an ad ult ani
mal. Moreover, all attempts to produce 
cancer in certain adult organs by means 
of this chemical have proved unsuccessful, 
whereas cancer is readily induced in their 
embryonic counterparts. Any organ-the 
eye, the abdominal cavity, the kidney, a 
lung, the deeper layers of the skin-can 
be used as a transplantation site for treat
ed embryonic tissue without changing the 
result. 

The close relationship between cancer 
and embryonic tissue opens a promising 
field for further investigation, and many 
additional experiments are under way or 
planned. The experiments already per
formed appear to establish pretty definite
ly that cancer is not a sudden transforma
tion of normal cells, but on the contrary 
represents the final step in a develop
mental process. And the constitutional ab
normalities present in tumor-bearing ani
mals suggest that cancer is not simply a 
local tissue disease, but rather. a local 
manifestation of a generalized disorder. 

-

Harry S. N. Greene is profes
sor of pathology at the Yale 
University School of i\I/edicine. 

CANCER TISSUE mounted on a microscope slide is from a lymph node of 
45-year-old woman mentioned in text of this article. Nondescript organiza
tion of cells made it impossihle for pathologists to identify original tumor_ 

SAME TISSUE, after transplantation in the eye of a guinea pig, developed 
recognizahle cell organization. From this slide pathologists were ahle to 
identify original tumor as a melanoma, or a cancer arising from a hirthmark. 
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STONE AGE MATHEMATICS 
The earliest comprehension of number and 

geometry appears to go back farther than 

the time of the Egyptians and Babylonians 

W
-HEN did mankind begin to use 
mathematics? It has long been 
customary to attribute the inven

tion of this science to the Egyptians and 
Babylonians of the fourth or perhaps fifth 
millennium B.C. But if we assume that 
mathematics was born when men began to 
have some understanding of numerical 
and geometrical relations, then mathe
matics is much older than those ancient 
peoples. Its history goes back to the primi
tive races of neolithic times, and even the 
Old Stone Age. Indeed, there is some ques
tion wnether we should stop there. Charles 
Darwin in his De
scent 0/ Man was 
sure that some of 
the prerequisites for 
mathematical r e a 
soning, such as mem
ory and imagina
tion. exist among 
the higher animals. 
We may take it that 
man in his early 
s t a"es borrowed 
som� mathematical 
notions from his ani
mal ancestors. 

by Dirk J. Struik 

self. He invents tools. His labor slowly de
velops into a social activity. Very 'early 
in this process. certainly by the Old Stone 
Age some hundreds of thousands of years 
ago, he begins to acquire his first con
scious understanding of numerical and 
spatial relations. 

We can get some idea of the nature of 
this early paleolithic culture from studies 
by modern anthropologists of primitive 
tribes in Australia and Polynesia. These 
tribes were primitive hunters and fisher
men; they had no agriculture and only 
the simplest tools; they lacked even the 

iil Australia: their word for 1 is mal; 
for 2, bulan; for 3. guliba; for 4, bulan 
bulan (2 plus 2) ; for 5. bula guliba 
(2 plus 3) ; for 6. guliba guliba (3 plus 
3) . 

The earliest number concepts among 
primitive tribes are qualitative rather 
than quantitative. Just as we speak of one 
book as "a" book, primitive peoples think 
in descriptive terms rather than in nu
merical abstractions in designating two 
or even more objects. This frame of ref
erence, which is reAected in their gram
mar, has come down in some modern 

languages; for ex
ample, in Greek and 
Celtic there are spe
cial terms for two 
objects, and Ger
man still uses ein 
both for "one" and 
for the article "a" 
(ein Ballin) and de
clines the word as i E 
it were an adjective 
(eines Baumes). 

Even in his primi
tive stages, however, 
this man is already 
a m a t h e m a t i c a l  
prodigy compared 
to the higher apes. 
He begins to de
velop an articulated 
language. in which 
hardly any generali
zations or abstrac-

GEOMETRICAL PATTERNS, generally drawn on pottery, are neolithic 
expressions of interest in mathematics_ Those at left and right show attempt 
to develop triangular numbers, later important in Pythagorean mathematics. 

When primitive 
peoples made the 
transition from be
ing mere food gath
erers to becominO' 
food producers, the; 
progressed consid
erably in the under
standing of numeri
cal values and space 
relations. This great 
event in the emanci
pation of man, which 
marked the transi
tion from the Old tions occur, each ex-

pression being associated with some ob
ject or set of objects. He can express at 
least the difference between a single spe
cific object and many such objects. Some 
conscious knowledge of order, size and 
form begins to appear. And above all, he 
introduces a new element into the evolu
tion of living beings, an element which 
endows him with the potentiality for fur
ther development. 

This new element can, be defined as the 
process of labor. By means of labor man 
enters into a new form of active and con
scious contest with nature; he begins to 
change nature and thereby changes him-
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bow and arrow, which some tribes of the 
Old Stone Age are known to have pos
sessed. But the Australian and Polynesian 
tribes already had the beginnings of a 
number system. Their languages had 
words for "one" and "two"; many of them 
counted up to 3 or 4, expressed as the 
sum oE 1 plus 2 and 2 plus 2. Their 
language rarely went beyond the num
ber 4. A few, however, had a special 
term for 3, and this step apparently rep
resents a considerable advance beyond 
the primitive method of pairing. The ear
ly development of numbers is illustrated 
by the language of the Kamilaroi tribes 

Stone Age (Paleolithicum) to the New 
Stone Age (Neolithicum), occurred in
dependently in various parts of the earth 
at different times, beginning perhaps 
10,000 years ago. As neolithic man set
tled down to primitive farming and semi
permanent dwellings and villages, he de
veloped pottery, carpentry, weaving, bak
ing, brewing; and the smelting of cop
per and bronze. Invention followed in
venti on: the potter's wheel, the wagon 
wheel, the hammer, the hoe, tents, huts, 
rafts, boats. These inventions did not al
ways spread widely; the American In
dian, for instance, did not know the wagon 
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INDIAN DESIGNS are another example of the geomet
rical imagination of prehistoric cultures. Those shown 
on this pa�e, recorded by the anthropolo!!ist Leslie 

Spier, were made by the Plains Indians. The designs 
were used to decorate parflcches, big envelopes that the 
Indians made by foldin� rectangular pieces of rawhide. 
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POTTERY DESIGN of an early cul
ture in western Hungary shows a 
certain degree of geometrical sophis
tication. At left is an urn; at right is 
a two-dimensional representation of 
its decoration. Of principal interest 
to the mathematician are the trian
gular designs at the bottom of the 
decoration. Such designs often led to 
the development of geometrical ideas. 

wheel until the coming of the white man. 
Nevertheless, in comparison with paleo· 
lithic times, the tempo of technical im
provement was enormously accelerated. A 
spur to the development of arithmetic was 
the rise of trading among neolithic settle
ments. Number systems had to be devel
oped to keep track of catches of fish, the 
size of the herds and harvests, the require
ments of barter and the beginnings of a 
calendar. 

The first step was to bundle numbers 
into larger units. This is the principle 
of the old innkeeper's tally stick, which 
everyone adopts who has, to count coins 
or votes: he takes groups together and 
considers each group as a new unit. One 
would naturally assume that man began 
to cOllnt on his fingers-an assum ption 
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which seems to be supported by the now 
almost universal decimal system. Actually 
counting by 5s and lOs did not appear 
until a relatively advanced state of civi
lization. The most primitive peoples 
bundled things in pairs, counting them in 
groups of 2, 4 and 6. An occasional varia
tion was the ternary number system 
(groups of 3), which was used by a num
ber of American tribes. 

H
OW difficult it is for primitive man 

to progress to counting on his fingers 
is illustrated in an account of the Damara, 
a Bantu tribe of southwest Africa, by the 
British anthropologist Francis Galton: 
"When inquiries are made about how 
many days' journey off a place may be, 
their ignorance of all numerical ideas is 
very annoying. In practice, whatever they 
may possess in their language, they cer
tainly use no numeral greater than three. 
When they wish to express four, they take 
to their fingers, which are to them as 
formidable instruments of calculation as a 
slide rule to an English schoolboy. They 
puzzle much after five, because no spare 
hand remains to grasp and secure the 
fingers that are required for units. Yet 
thev seldom lose oxen: the way in which 

they discover the loss of one is not by the 
number of the herd being diminished, but 
by the absence of a face they knew." 

The quinary (counting by 5s) and dec
imal systems are biologically so inevit
able, however, that they eventually ap
pear among primitive peoples in many 
parts of the world. Of 307 number systems 
among primitive American tribes which 
were investigated by the Stanford Uni
versity mathematician Walter C. Eells, 
146 were decimal, 106 quinary and qui
nary decimal, 81 binary (counting by 
2s), 35 vigesimal (by 20s) and quinary 
vigesimal, 15 quaternary (by 4s), three 
ternary and one octonary (by 8s). The 
vigesimal system occurs in its most char
acteristic form among the Mexicans, the 
Mayas and the Eskimos. On the continent 
of Europe it is typical for the Celtic lan
guages, and traces of it are left in French 
-80 is quatre-vingts. 

In the ancient Greek. the word pempa
zein (literally counting by 5s) stands 
for cOllnting in general. It seems likely 
that as primitive peoples developed the 
need for larger numbers they progressed 
from counting with one hand to using: 
both hands and then in some cases using 
both hands and feet. From this method of 
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bundling to the introduction of special 
symbols for 5, 10, 20 and so on was a 
natural next step. We find exactly such 
symbols in use at the beginning of written 
history-the so· called dawn of civilization. 

Once the principle of a number system 
is grasped, there is little to prevent the 
extension of the system to large numbers. 
This may happen, for instance, among 
peoples in possession of large herds, or 
wherever a well-developed agriculture re
quires the beginning of a calendar system. 
The Sioux, Iroquois, Muskoghean and 
some Algonquin Indiaus were reported 
capable of counting in the hundreds of 
thousands, and occasionally they had 
words for even higher numbers. Eells re
marks that they had developed this ability 
even though before they came into con
tact with European civilization these In
dians had little occasion to use numbers 
beyond 1,000. Primitive peoples loved 
very large numbers, a fondness which 
was perhaps stimulated by the desire 
to exaggerate the extent of herds or the 
number of enemies slain. The ancient 
Hindus occasionally dealt with no less 
than 18 powers of 10. In true primitive 
fashion, they had a special term for each 
power. Their prowess in counting has 

occasionally been presented as evidence 
of the superiority of ancient Hindu mathe
matics, but in view of the counting 
achievements of other peoples their 
mathematical understanding cannot be 
considered unique. 

An important step in the development 
of arithmetic is the keeping of numerical 
records. The primitive methods of doing 
this all used the bundling or grouping 
system: pebbles or shells arranged in 
heaps of 5, knots on a string, nails pressed 
into a board. With the invention of a spe
cial token for 5 and 10 a real arithmetic 
began. Addition started when numbers 
were written as sums of other numbers 
greater than 1; in other words, when 4 
was expressed, not only as 1 plus 1 plus 
1 plus 1, but also as 2 plus 2 or as 3 
plus 1. From this it was but a step to 
subtraction; the number 14, for example, 
being expressed as 15 minus 1, and 30 as 
40 minus 10. The beginning of multiplica
tion came when 20 was expressed as 2 
times 10 instead of 10 plus 10. This sim
ple doubling operation, a middle road be
tween addition and multiplication, was 
used for thousands of years; it was espe
cially prominent in Egyptian mathe
matics. The use of fractions appears to 

be a fairly sophisticated development, for 
it was rare among primitive tribes. In
deed, our words for 1/2, such as half, semi, 
demi, have no relation to the number 2, 
which indicates that this concept was not 
consciously introduced as a fraction. 

E
QUIPPED with these improvements 

in counting ability, primitive peoples 
begin to develop a livelier interest in 
measuring things. The standards for 
length are usually taken from parts of the 
body: the finger, the foot, the thumb, the 
hand, the forearm, and so on. Volume 
is measured by shells or by buckets of 
fairly standardized size. When houses are 
built, as among the agricultural Indians 
or the pole house dwellers of prehistoric 
Central Europe, rules for building along 
straight lines and at right angles are 
laid down. 

On the coast of British Columbia, for 
example, the Indians use as the principal 
measures the width of a finger, a long span 
(from thumb to tip of fourth finger), a 
short span (from thumb to tip of first fin
ger) and a cubit (from elbow to tip of sec
ond finger). The Hupa of southern Cali
fornia measured their dentalium shells by 
the length of the finger joints and by 
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NETTING made witllout knots by a 
number of primitive tribes, notably 
those of South Pacific, requires high 
order of geometrical imagination. 
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marks tattooed on the forearm according 
to certain accepted standards. The Kwa
kiutl. an Indian tribe of Vancouver Island 
in British Columbia, had a well-developed 
procedure for laying out the lines for a 
square house_ From a point which was to 
be the middle of the front line of the 
house, they stretched a rope to the middle 
of the rear line. After staking these two 
points, they halved the rope and stretched 
one half to the right and the other to the 
left of the front stake. Then, using an
other rope to measure the distance from 
the rear stake to the ends of the front 
rope, they adjusted the latter until the 
distances between the rear stake and the 
two front corners were equal. In this way 
the front line was placed exactly at right 
angles to the middle line. The rear cor
ners were determined in the same way. 

Neolithic man showed an early interest 
in geometrical patterns. This was the re
sult of the growth of handicrafts: the 
turning. baking and coloring of pottery, 
the plaiting of rushes, the weaving of 
baskets and textiles, and later the working 
of metals. Neolithic decoration abounds 
in examples of congruence and of various 
forms of symmetry. Numerical relations 
may enter and blend with plane and 
spatial patterns; certain prehistoric orna
ments show triangular numbers, others 
"sacred" numbers. 

A STONISHING examples of very com-
1"\. plica ted geometrical figures in a very 
primitive society were discovered by the 
British anthropologist A. B. Deacon 
among tribes in the New Hebrides. A few 
of these drawings are shown on the op
posite page. They were apparently once 
connected with religious ceremonials, but 
they are now drawn in the sand. as a pas
time with no deep symbolism, by tribes
men gathered for amusement. 

Some authorities hold that the deter
mining factor in the growtb of mathe
matics was its magical aspect. There is 
no reason, however, to assume tbat ra
tional mathematics grew out of mysticism, 
as some contend. The social roots of 
mathematics may become obscured in 
modern times, but they lie clear in earlier 
ages. There are, to be sure, plenty of in
dications that mathematics has always 
been associated with magic; remnants 
still exist in the belief in lucky and un
lucky numbers and in the pseudo-science 
of numerology. 

The number 4 was given mystical pow
ers by many primitive peoples. This super
stition found expression in cults which 
attributed a mystical significance to the 
four quarters of the compass and in the 
widespread cults of the swastika and other 
cruciform symbols. Other mystical num
bers were 6, 7 and 13. The German an
\bropologist Leo Frob..-nius reported on 
the connection of certain numbers, such 
as 2 and 3, with sex relations. Many 
of the geometrical patterns in primitive 
pottery, weaving and basketmaking prob-

ably contained some magical meaning_ 
The development of mathematics was 

most strongly influenced. however, by 
natural science, especially astronomy. 
Even among very primitive tribes there 
was some knowledge of the sun. moon and 
stars, and with the expansion of agricul
ture this knowledge deepened. Almost 
universally primitive peoples adopted a 
lunar calendar, for the lunar period of 
almost a month is a practical unit for 
farming. Thus most of the phases of the 
moon are named for the changing aspects 
of vegetation or the ripening of wild 
fruits; other agricultural names were 
given to the phases of the position of beav
enly bodies, the rising of tbe Pleiades. the 
solstices of winter and summer. The 
Micronesians used the constellations as 
guides in navigation. The Egyptians, In
dians and Chinese all ascribed some 
knowledge of astronomy to their prehis
toric periods. 

The mathematical interests of neolithic 
men were not all of what we now con

sider an elementary nature. Many as
pects of their geometrical patterns were 
so complex that they have found an ade
quate mathematical analysis only in mod
ern group theory and in topology. The 
evidence shows that the historical growth 
of mathematics did not follow tbe se
quence used in modern instruction on the 
subject. Some of the oldest mathematical 
topics belong to what we consider modern 
science, while some of our "elementary" 
mathematics. such as graphical represen
tation, developed only in relatively mod
ern times. Of course primitive peoples 
made no abstract or systematic study of 
their geometrical patterns and knots, to 
say notbing of group tbeory or topology. 
What did exist was a widespread search 
for new and varied forms. Tbeir groping, 
are perhaps comparable to the mode of 
work of painters, architects and sculptors 
in modern times; modern science has not 
succeeded even yet in analyzing all the 
mathematical elements in art. 

We can sum up tbe evidence by sayinf!; 
that the beginning of arithmetic and 
geometry is found in the Stone Age civili
zations of hunters and early farmers. It 
was based on the necessities of their 
social and economic life, was influenced 
by magic and religion. and was perhaps 
already inspired by a sense of the sheer 
charm of mathematical order. Certain 
rudimentary beginnings of a more ab
stract approach can be discovered in prim
ItIve peoples' systems of numbering, 
addition, multiplication and measurement, 
in the formation of geometrical symme
tries of varied character. and in the 
beginnings of a calendar. 

-

Dirk J. Struik, author of the recent 
book Yankee Science in the Making, 
is professor of mathematics at the 
Massachusetts Institute of Technology. 
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GEOMETRICAL FIGURES drawn by the natives of the 
New Hehrides are ex�mples of unusually complicated 
designs made by the people of a very primitive culture. 
Originally these figures were worl¥ed ou t for religious 

ceremonies, but now they arc drawn by the New Hehri
Jeans mainly for amusement. The mathematical analysis 
of many figure s  such as these requires a knowledge of 
modern mathematics such as group theory and topology. 
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" 

ALCOHOLICS 

AND MET ABOLISM 
Individuality, points out the author, has a basis in 

biochemistry. The study of such variations may help 

In determining what creates cOIllpulsive drinkers 

E
ACH of us is born with a certaiu 
color of eyes and of skin"a certain 
ultimate limit of body size and cer

tain facial features that stam p him as the 
child of his forebears-and also as a 
unique individual. The genes that control 
our inheritance are capable of so many 
different combinations that no two persons 
are exactl y alike. This uniqueness extends 
throughout our whole morphology, from 
the gross and microscopic structure of 
each endocrine gland, each sense organ 

by Roger J. Williams 

and each internal organ to the micro
scopic texture of our hair and the tiny 
ridges that cause our fingers, toes. hands 
and feet to yield distinctive prints. 

But inheritance and dIstinctiveness do 
not stop there. Recent studies in genetics 
have shown that our genes control not 
only our structure but our physiological 
pattern. Every human being inherits 
from his forebears the intricate mechan· 
isms which go to make up his entire 
metabolic machinery or, more specificalh. 

the potentiality for producing the ex
tremely numerous enzymes and enzyme 
systems about which biochemists are 
learning more each month and each year. 
George W. Beadle and his co-workers at 
the California Institute of Technology, 
using the technique of knocking out by 
X-rays the individual genes in the spores 
of the relatively sim pIe organism N eltro
spora, have established in several cases 
a one-to-one relationship between genes 
and enzymes. It becomes inescapable that 
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METABOLISM OF ALCOHOL is outlined. Small blue 
triangles in first drawing represent alcohol taken into 
the stomach and intestines. From them it passes into 

the bloodstream and is carried to the liver. There 
alcohol is broken down into acetic acid, represented by 
open triangles. The broken triangles represent acetic aei d 
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wherever there is a difference in inheri
tance, there is likewise a difference In 
the enzymes. And of course, a difference 
in enzymes means a variation in the course 
of the chemical reactions associated with 
metabolism. 

These facts suggest that disorders of 
metabolism may be hereditary, and indeed 
we know of a few in which the connection 
between the genes and the disorder has 
been proved beyond any doubt. This ar
ticle is concerned with the specific prob
lem of alcoholism, or compulsive drink
ing. Is alcoholism the result of a 
peculiar metabolism? Is the tendency 
toward a craving for alcohol inherited? 
There is considerable evidence to suggest 
that it is. 

To the layman, metabolism often 
represents simply the number of cal
ories an individual consumes per day. 
Actually the term embraces a mil
lion chemical processes, more or less, 
which forerun and accompany the con
version of the chemical energy of food 
into the energy used by the body and that 
liberated as heat. 

The general course of metabolism is the 
same in all human beings, but this does 
not mean that the process is identical in 
all. From a general point of view, indeed, 
the metabolism of men is much like that 
of.rats. The same types of food are utilized 
and the same major end products are 
formed. When we compare the details of 
rat metabolism closely, however, we rec-

ognize certain marked differences 1t is 
quite easy to concoct an excellent diet for 
rats upon which human beings will surely 
die. All that is required is to leave out one 
of the vitamins-ascorbic acid. This lack 
does not affect the rats, but it will kill 
human beings. 

It is well known that individual human 
beings differ as to the amount of fat they 
can tolerate in their food, the amount of 
salt they require, and in their tendency 
toward obesity or its opposite. Further· 
more, the ability of animals, notably dogs, 
to distinguish people by their odors, can 
be based only upon the fact that each in
dividual produces his distinctive blend of 
metabolic products. 

If the metabolism of individual people 
is distinctive, then there must be differ
ences in the chemical processes taking 
place within them. Decades ago it was 
discovered that certain people exhibited, 
for some reason then unknown, metabolic 
peculiarities which were manifested by the 
presence of unusual chemicals in the 
urine. These conditions were not accom· 
panied by disease; they were found to be 
inherited and were classified as "inborn 
errors" of metabolism. 

Investigations being carried on cur
rently at the University of Texas indicate 
that inborn differences (the term "error" 
is unfortunate) are commonplace rather 
than rare, and that individuals taken at 
random exhibit distinctive metabolic traits 
which become evident as a result of a 

careful analysis of the body fluids. The 
possession by each of us of a distinctive 
"metabolic personality" appears then to 
be established. It is inescapable from the 
standpoint of genetics; it is demonstrated 
by the fact that animals can distinguish 
us by our odors, and it is corroborated by 
laboratory findings as well as general ob
servation. 

O
UR development as human beings is 

dependent not only upon our in
herited metabolic patterns but upon nu· 
merous indispensable and modifying en· 
vironmental influences. An individual may 
inherit the potentiality for producing an 
excellent and durable set of teeth. This 
potentiality can never become an actual
ity, however, unless proper nutrition is 
furnished and infective agents which 
might kill or damage the organism are 
avoided or overcome. It seems certain that 
metabolism is markedly affected even by 
psychological influences. Through fear, 
anxiety and worry people can poison 
themselves, develop ulcers and knot them· 
selves into all sorts of other physiological 
difficulties. It appears that the autonomic 
nervous system which serves the visceral 
organs is functionally more or less set 
apart from the nervous tissue involved in 
the higher intellectual processes. The bar· 
riers between the two systems vary in their 
effectiveness in individuals, so that in 
some people the digestive and other in
ternal organs are readily upset by any 

that has broken down illto carbon dioxide and water. 
In third drawing the heart has pumped the remaining 
alcohol to the brain. There it first affects surface areas 

(black shading in fourth drawing). Higher concentra
tions successively affect areas from front to back. Uncon
sciousness results when cerebellum at base is affected. 
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unfavorable mental event, and vice versa, 
while in other individuals trouble in one 
domain has little effect on the other. 

If physiological individuality exists, 
there are a number of consequences which 
merit examination. One of these concerns 
the need for vitamins. Since many of the 
vitamins are used for the building of en
zymes, and since our enzyme systems are 
not identical in make-up, it follows that 
we should expect quantitative differences. 
at least, in the vitamin requirements of 
individuals. While relatively little experi
mental work has been performed with hu
man beings to test this idea, there is am pIe 
evidence to suggest that it is true. Even 
in inbred animals such as white rats and 
white leghorn chickens, it has been pos
sible to produce by breeding substrains 
which differ in their requirements for cer
tain vitamins. 

Another evidence of individual differ
ences in metabolism is the varying effect 
of drugs. It is definitely known that the 
specific physiological action of certain 
drugs is due to their ability to interfere 
with or modify specific enzyme systems in 
the body. There is good reason to assume 
that drugs generally act in this way. It 
follows that drugs should not have identi
cal effects when administered to different 
people. Experience has shown that they 
do not. Morphine (from Morpheus, the 
Greek god of dreams) got its name be
cause it puts most people to sleep. For 
some individuals, however, it acts as an 
excitant; it keeps them awake with 
thoughts rushing madly through their 
minds. Novocaine, widely used as a local 
anesthetic, does not work on some indi
viduals. Anesthetics in general show var
iable effects; they cannot be adminis
tered in fixed quantities but are given by a 
skilled anesthetist, who carefully watches 
the reactions of the patient and grades the 
dosage to suit the particular case. 

Caffeine is sold in drug stores for use in 
keeping people awake while driving auto
mobiles at night, and so on. The amounts 
required by individuals vary widely_ 
Nicotine sometimes produces a diseased 
condition of the retina of the eye, known 
as tobacco amblyopia, which results in 
blind areas. Most people, however, are not 
affected. In other individuals nicotine may 
produce Buerger's disease, which involves 
serious spasms in the blood vessels, par
ticularly in the extremities, and often re
sults in gangrene. The fact that these 
diseases are rare makes possible the con
tinued wide sale of tobacco. Our interest 
is in the scientific fact that nicotine has 
widely different effects upon different peo
ple-a further evidence of physiological 
individuality. Many other examples might 
be cited. Individuality in response to drugs 
is the rule rather than the exception. 

Still another evidence of physiological 
individuality is variation in taste and 
smell reactions. For some people saccha
rine is 2,000 times as sweet as sugar; for 
others it is only 32 times as sweet. For 
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some, qUlllllle is 256 times as bitter as 
cascara; for others it may be only half as 
bitter. The common sugar mannose, which 
is a close relative of glucose or dextrose, 
tastes first sweet and then later bitter to 
most people (about 55 per cent). To 20 
per cent, however, it tastes sweet only; to 
10 per cent bitter only; and to 15 per cent 
it is perfectly tasteless. Such differences 
are widespread but have been little in
vestigated. Curt P_ Richter of Johns 
Hopkins University even found among 
children some who could not taste a 20 
per cent solution of ordinary sugar! 

There are a great many reasons for 
thinking that physiological individuality 
as we have described it has an important 
bearing upon the problem of alcoholism. 
The most critical phase of the problem 
centers in the fact that some people, as a 
result of drinking, develop an intense 
craving for liquor which is never 
satisfied. Such an individual, unless his 
condition is remedied, becomes wholly 
useless to society and a tremendous prob
lem [or his relatives and friends. Com
pulsive drinkers who are found incurable 
usually die at a relatively early age. 

H
UMAN beings show enormous varia

tion in their responses to alcohol. 
Some people are protected from drunken
ness and from alcoholic addiction by the 
fact that even a small amount of alcohol 
when taken into the stomach induces 
spasms of the pylorus and vomiting. Those 
who can tolerate liquor vary tremendously 
in the degree of their tolerance and in the 
concentration in the blood required to 
produce drunkenness. An appreciable 
number of individuals show signs of in
toxication when the alcohol content of the 
blood is .05 per cen t, while others have 
been reported sober on the basis of or
dinary criteria when the concentration is 
eight times this high, or .4 per cent. The 
rate at which alcohol is capable of being 
burned in the body also varies with 
individuals. 

A similar wide variation is noted in reo 
sponses to the injection of a minute, 
standard dose of alcohol beneath the skin. 
In all individuals a small red spot devel
ops at the point of injection, and in about 
18 per cent of the cases this is the only 
result. In the other 82 per cent, however. 
an inflamed area develops around the 
spot. This area varies in size and degree 
of inflammation from individual to indi
vidual. The most severe response is a 
highly inflamed area more than an inch 
and a half in diameter. 

A study made of young children from 
four to ten years of age gave further 
evidence of inherent differences in the 
taste for alcohol. Most of them did not 
find the taste pleasant, but eight per cent 
of the children actually liked solutions 
submitted to them which contained as 
much as 50 per cent alcohol. 

When people become intoxicated, the 
results are widely diverse; one may be-

come drowsy, another sad, another happy. 
another pugnacious, and so on. The most 
striking example of individual behavior is 
so-called "pathological intoxication," an 
unusual form which should not be con
fused with ordinary intoxication. In these 
bizarre cases, the individual usually goes 
berserk and is likely to commit all sorts 
of crimes and damage before he is over
powered and brought into custody. After 
a long sleep, lasting perhaps as much as 
24 hours, he awakes with no memory of 
what has gone before. Such a response as 
this must have its basis in the metabolic 
peculiarities of the individual affiicted. 

The tendency to develop psychoses as 
the result of continued alcoholic consump
tion is absent in some and present in 
others-and the types of psychoses are 
many. Some become psychotic and inca
pacitated with very slight provocation, 
while others show impressive resistance. 
An authentic case is known of a man who 
died at the age of 93, having consumed a 
quart of Scotch whiskey every day during 
the last 60 years of his Ii fe-all the while 
managing a successful business. 

Another striking example of individual 
response, which fortunately appears to be 
restricted to a relatively small percentage 
of people, is the development of an intense 
craving for alcohol. In such cases the 
craving generally builds up over a period 
of years. Yet many people can drink 
regularly without ever reaching a state 
where it is impossible to stop or where 
the thirst for liquor becomes in any sense 
overpowering. 

Alcoholic craving and compulsive drink
ing must have a physiological basis, and 
their development in certain individuals 
must be due to distinctive metabolic traits 
which the !Jnfortunate individuals possess. 

O
THER cravings are known to have a 

physiological basis. Herbivorous ani
mals and some African tribes living where 
salt is scarce develop an intense craving 
for salt, which clearly is based upon a 
physiological need. This craving may be 
induced by dietary means or by damaging 
the adrenal cortex. The sense of taste of 
such salt-hungry animals is so sharpened 
that they can detect salt in a solution 16 
times as dilute as other animals can detect. 
Cravings for calcium and phosphorus like· 
wise have a physiological basis. These 
cravings can be modified by damaging 
the parathyroid glands or by supplying 
the parathyroid hormone. Cravings for B 
vitamins, for protein, for fat, all have a 

basis in the physiology of the experimental 
animals used. 

The existence of a craving with a physi
ological basis does not necessarily mean. 
however, that the craving is based upon a 

legitimate physiological need. Diabetes 
is a metabolic disease, the tendency to 
which incidentally is inherited as a 
Mendelian recessive. Accompanying it 
there is sometimes an intense cravina 
for sugar, even though the diabeti� 
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cannot make use of sugar in the lH'ual 
fashion. This may'be regarded as a "false 
appetite," but it has a physiological basis 
nonetheless. 

An example of a developed craving 
which is not based on any real 
physiological need is drug addiction. 
It is significant that the same treat· 
ment does not produce drug addiction in 
all individuals. When morphine is given 
over a long period of time to induce rest 
in those with severe heart ailments, it can 
as a rule be discontinued without unusual 
effects. Some patients, however, develop 
an intense craving-the craving of mor
phine addiction. Without much doubt this 
has its basis in physiological individuality. 

One of the strongest reasons for think
ing that alcoholic addiction depends on 
the metabolic personality of the individual 
concerned is the fact that a case has never 
been known in which an alcoholic re
verted to moderate drinking. An alcoholic 
must either remain an alcoholic or give up 
drinking entirely; there is something in
escapable in his make-up that rules out 
the middle ground of moderation. Mem
bers of Alcoholics Anonymous may be
come very well adjusted-but they never 
become moderate drinkers. 

Another striking fact bearing out the 
idea that physiological individuality is at 
the basis of alcoholism is the existence of 
wide differences among racial and na
tional groups. The susceptibility of Ameri
can Indians to alcohol, which is the basis 
for prohibition as it applies to all Indian 
reservations, is traditional. Dependable in
formation or statistics on the extent of this 
susceptibility appear to be lacking, how-· 
ever. The most impressive information 
with respect to group differences has to do 
with persons of Jewish origin. In spite of 
frustrations and intense psychological 
stresses, coupled with some use of alco
holic beverages, Jewish people are 
seldom drunk-ards. That Jews possess 
common factors of inheritance is shown 
by the fact that diabetes susceptibility, 
which is definitely inherited, is far more 
prevalent among them than among non
J ews_ The difference between Jews and 
other racial stocks in respect to alcoholism 
is not slight. Alcoholic psychoses have 
been reported to be 75 times more prev
alent among the Irish than among Jews. 

A study of physiological individuality, 
ultimately including physiological changes 
of psychogenic origin, offers a real hope 
for understanding the causes underlying 
alcoholism. There is every I'eason to hope 
that once we understand the causes, suit
able preventive and remedial measures 
can be taken. Unless we take physiological 
individuality into account, we can fight 
alcohol addiction only as an unknown 
enemy, and in the dark . 

• 

Roger 1- Williams 'is director 
of The Biochemical Institute 
at the University of Texas_ 
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HARVARD'S PRESIDENT J ames Bryant Conant in his latest hook consid
ers the chemistry of international relations and the role of the U. S. therein. 
His proposal: cducationalrefol'llls to stl'cngthen the appeal of democracy . 
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by James R. Newman 

EDUCATION IN A DIVIDED WORLD, 
by .J ames B. Conant. Harvard Univer· 
,ily Press ($3.00). 

T
HIS is a reasonable and therefore valu
able book. Its outstanding merit, in my 

opinion, lies less in wnat Dr. Conant has 
to say about the necessary overhauling of 
our educational system-although these 
suggestions deserve careful attention
than in his rational views on the subject 
of a divided world. At a time wheli it is 
safe to peddle any brand of jingoism if 
only the peddler makes it vebemently 
plain that he is more anti·Soviet than any· 
one else ever thougbt of being, it is no 
."mall matter to write disinterestedly about 
U. S.·Soviet relations. If you consider fur· 
ther that even the more disturbed of our 
professional patriots would hesitate be· 
fore accllsing the president of Harvard 
University of being a Soviet "sympa. 
thizer:' you will recognize the far-reach
ing importance of Conant's enlightened 
utterances. 

What special responsibilities does the 
world situation lay upon our educational 
'ystem? Assuming, as Conant does. that 
war with Russia can be averted, how can 
our schools, colleges and universities con· 
tribute most effectively not only to the 
preservation but to tbe steady improve· 
ment of our form of society under the in
tensely unfavorable conditions of a global 
armed truce and incessant military prepa· 
rations? These are tbe matters which 
Conant discusses. 

The urgency of his recommendations for 
�lrengthening our educational system and 
extending "equality of opportunity for all 
children" stems from his conviction that 
our kind of democracy must increasinglv 
put its ideals into practice if it is to sur· 
vive the crises of the next decade. What 
Americans face. he points out, is the re
doubtable challenge of a competing philos· 
ophy-a faith which. aided by hunger, 
misery and oppression, has won millions 
of converts the world over. It is a challen!!e 
more formidable than a challenge at arn;,. 
because hunger mllst be appeased, misery 
relieved and oppression lifted; because 
ideas must be fought with ideas, doctrine, 
with more compelling doctrines, not with 
bombs, poisons and bacteria. Thus whil" 
favoring an adequate military f',tahli,h· 
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BOOKS 
Two reVLeWs: the rationalism of James B. Conant; 

Marjorie Nicolson's collection of old-time aeronauts 

ment against the catastrophic possibility 
that the world may "drift" into conflict, 
Conant asserts that "a global war is non
sense for both sides," and denounces as 
"criminal folly" the proposals for a pre
ventive war_ His appraisal "of the men 
who now rule so ruthlessly behind that 
Iron Curtain" deserves to be repeated: 

"There are roughly three points of view 
current in the U. S. which in their extreme 
forms may be summarized as follows: 
There are those who think the dwellers in 
the Kremlin are Slavic followers of Thom
as Jefferson and the enlightenment of the 
18th century, or at worst the early social
ists of the 19th century, that all their 
aggressive actions are based on fear of 
the capitalistic and imperialistic United 
States. The second viewpoint, the antithe
sis of the first, is ... that the rulers of 
Soviet Russia are equivalent to the men 
who once surrounded Hitler and Musso
lini, that they are military gangsters plan
ning to conquer the world by war. ... The 
third position, to which I am inclined, lays 
far greater emphasis on the ideology of 
Soviet Russia and of the parties which 
follow the Soviet line. According to this 
view, the leaders of Soviet Russia and the 
governors of their satellite countries are 
fanatic supporters of a philosophy based 
on the writings of Marx, Engels and Lenin. 
While military force would be used by the 
totalitarians whenever it was found ad
vantageous, the chief reliance would be on 
the efficacy of their own doctrine .... The 
Russian military might based on ground 
troops hidden behind the Iron Curtain is 
to my mind but a secondary component of 
the two-pronged offensive, the Communist 
ideology and the tight-knit political or
ganizations which are its vehicles being 
the primary source of strength." 

In the defense against this "thrust of 
ideology," education has a leading part, 
for our youth are the heart of our strength. 
No hostile stockpile of atomic bombs can 
so seriously threaten the nation's survival 
as the failure to meet the problems of edu
cation; no stockpile of our own can com
pare, as a safeguard of democratic values, 
with a strong, healthy educational sys
tem. Unfortunately, as Conant makes 
clear, neither the methods nor the oppor-. 
tunities of education have kept pace with 
our changing and increasingly complex 
social order. 

The.process of refurbishing educational 
methods requires re-examination of the 
relative weights to be assigned to the 11U
manities, the social and the natural sci-

ences. There is, of course, a real place for 
the humanities-but what is it? The aver
age humanities program is no more appro
priate for the average student than courses 
in fencing or crocheting. The social sci
ences are perhaps of the first importance. 
There is, in our day, no need to make a 
case for the natural sciences, but here 
there are dangerous distortions of empha
sis (not, I regret to say, mentioned by 
Conant), including a growing lack of in
terest in teaching and a frenzy to get 
aboard the military research gravy train. 

The decision as to who shall be taught 
what must be guided not merely by prin
ciples of social equality, but by considera
tions of actual social and economic re
quirements. Educational programs must 
be made to reflect the "diversity of occu
pational goals," since it is pure folly, how
ever well-intentioned, to attempt to turn 
everyone who wants an education into an 
intellectual or a country gentleman. The 
emphasis of what is taught must be first 
on "democratic living," second on giving 
every pupil what he deserves and what he 
needs to make him most useful within "a 
social structure as mobile as possible, and 
becoming more fluid every year." 

Federal aid to education is essential in 
view of the inadequate resources-not to 
speak of the unwillingness-of many 
states to provide the kind of training 
which should be a minimum for all 
American youth. Conant is as impatient 
of the meretricious argument that federal 
aid entails dangerous, "bureaucratic" fed
eral control as he is of high-flown nonsense 
about the adequacy of existing educational 
opportunities. "The oft-repeated state
ment in certain smug circles that 'any boy 
who has what it takes can get all the edu
cation he wants in the U. S. A.; " he ob
serves, "is contrary to the facts." 

Above all, Conant insists, the higher 
schools must remain sanctuaries for free 
discussion and "unmolested inquiry." The 
university must be a representative con
course of diverse views if it is to fulfill its 
function in society. This means the study 
of all things and all philosophies, includ
ing the study of communism, for "to my 
mind, Soviet philosophy is something nei
ther to be laughed off, nor to be treated 
as a vile obscenity; we cannot afford to 
pass it by in contemptuous silence ... " 

Many of Conant's conclusions will 
doubtless be regarded as dubious. To 
some it will appear that he is tainted by a 
brand of liberalism which the majority of 
the press, not to speak of other makers 

and leaders of opinion, now seem de
termined to extirpate. Others, I am sure, 
will be unhappy about his comments on 
the existing educational order, and in par
ticular his suggestions for reform. Too 
often his generalizations are a good deal 
better than his specific advice. For in
stance, I am not convinced that he has 
adequately thought through the plan for 
two-year "terminal colleges" to take the 
place, for many students, of the undenia
bly random and unsatisfactory four-year 
liberal arts course. There is also some 
backing and filling, perplexing to the 
reader, as to just where Conant stands on 
the subject of military training. On the 
one hand he endorses the Compton report 
favoring such training; on the other, ac
knowledging that even six months of 
traini ng "wrecks a college educational 
year," he seems to prefer a national mili
tia. It is not clear how one can reconcile 
either view with his criticism of "those 
who talk in terms of armaments" for fail
ing to see "that an ideological thrust can 
be answered only in ideological terms." I 
cannot sympathize with his "worry ... 
that we may educate more doctors, law
yers, engineers, scientists, college profes
sors than our economy can support;" nor 
am I altogether persuaded by his judg
ment that "the wisest and fairest course 
would seem to be to graduate somewhat 
too few rather than too many from our 
universities in any given year." 

Nonetheless, these are the convictions of 
a sincere and independent mind. The en
tire book sets Dr. Conant apart from the 
timid mediocrities who head so many in
stitutions of higher learning; there is 
much here that deserves the consideration 
of thoughtful men and women everywhere. 
No one is required to agree with his con
clusions, but no citizen can afford to dis
regard the urgency of the problems which 
he has fairly and courageously set forth. 

• 

VOYAGES TO THE MOON, by Marjorie 
Hope Nicolson. Macmillan ($4.00). 

M
ARJORIE HOPE NICOLSON here 

continues her scholarly work in a 
field which she has made peculiarly her 
own: the response of the literary imagina
tion to the speculations of science, in this 
case on the subject of human flight. Some
what wider in appeal than such of her 
earlier writings as The Microscope and 
English Imagination and Newton De-
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DAEDALUS AND ICARUS, the most famous of the legendary fliers, are 
here depicted in a 1493 woodcut. Icarus is losing feathers and altitude. 

FIRST DOGFIGHT between British and Gemlan aviators was described by 
an 18th·century satirical poet. The Briton (left) lost his wings and crashed. 
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mands the Muse, this book is still some· 
thing of a learned monograph. Neither the 
elimination of footnotes-for which all 
thanks-nor Miss Nicolson's pleasant at
tempts to enliven the text are sufficient to 
offset the effect of the many quotations 
and allusions and of the material itself, 
which. contrary to what one might expect, 
is, as Miss Nicolson herself admits, fre
quently as dull as it is antiquated. 

Man's aspirations to fly found early ex
pression in ancient tales and myths, but 
Miss Nicolson does not pursue her theme 
in detail until she comes to the "cosmic 
voyages" of the 17th century. At this point 
science and literature, for reasons which 
are not altogether clear, begin to travel 
"hand in hand." Each new suggestion of 
a method of flight; each occasion when 
some intrepid clown soared from a roof
top only to break his bones, or worse; each 
of the flying-machine proposals of Francis 
Bacon, Leonardo da Vinci, Robert Hooke 
and the lesser fry, had its repercussions in 
fiction, drama and poetry. These adven
tures inspired a few good lines here and 
there-in Milton, for example-but much 
of the contemporary writing of this kind 
hardly merits exhumation, except by way 
of illustrating the thesis of the book. On 
the whole, the better-known writers
Rabelais, Cervantes, Donne, Swedenborg, 
Rousseau, Burton, Ben Jonson, Voltaire 
and Samuel Johnson-were not at their 
best on the fantasy voyages, and as for the 
lesser writers, some of whom made their 
entire reputations on moon and planet 
travel books, it is fair to say that the ad
jective "lesser" is too kind. Most of their 
conceptions seem more deficient in im
agination than the science pulp fiction of 
our modern period. 

Miss Nicolson divides the journeys into 
four main classes: "Supernatural Voy
ages," "Flight by the Help of Fowls," 
"Wanton Wings" and "Flying Chariots." 
Among the better-known of the 17th cen
tury items in this literary genre is Francis 
Godwin's The Man in the Moone: or A Dis
course 0/ a Voyage Thither by Domingo 
Gonsales. A precursor, according to Miss 
Nicolson, of Robinson Crusoe and Gutti
ver's Travels, this volume describes a voy
age of 12 "daies" in which the hero 
rides to the moon behind a team of trained 
"ganzas" or wild swans. On the dawn of 
the first lunar day Domingo felt himself 
"first dulle, then heavy and willing to 
sleepe ... "-which happens also to de
scribe my reaction to his adventures. 
However, since Defoe and Swift were un
doubtedly both in Godwin's debt, it is 
appropriate to acknowledge our own indi
rect indebtedness to him. The Man in the 
Moone, one may note further (as justifi
cation for Miss Nicolson's interest), was 
translated into several languages

' 
and 

served as inspiration for scientific popu· 
larizations by Wilkins, Fontenelle, Huy. 
gens and others. The "ganzas" became, for 
two centuries, catchwords and "symbols of 
gross exaggeration." It might still be well, 
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in fact, to think back on Samuel Butler's· 
lines: 

So when our speculations tend 
Above their just and useful end, 
Altho' they promise strange and great 
Discoveries oj things far Jet, 
They are but idle dreams and fancies, 
And savor strongly of the ganzas. 

John Wilkins' Discovery of a New 
World, which appeared the same year 
(1638) as Godwin's fable, was. says Miss 
Nicolson, "the first im portant book of 
modern 'popular' science." a document 
mingling the "web and woof of old legend 
and new science in the mid·century." Pre
Newtonian in its scientific conceptions. it 
kept alive numberless wrong ideas, which 
was unfortunate, since its lucid style made 
it accessible even to the "meaner capaci
ties" of ladies. A Voyage to Cacklogalli
nia, author unkown, which came a century 
later, was the next successful work on the 
"harnessing of birds." It was a satire 
based on that fantastic speculative scheme, 
the South Sea Bubble. Cacklogallinia was 
a land inhabited by birds, and so impover
ished by a chain of victorious but ruinous 
wars that the Chief Minister spent his en
tire time thinking up new sources of reve
nue. "The Tax he approved of most, was 
on the Light of the Sun, according to the 
Hours it was enjoyed; so that the poor 
Peasant, who rose with it, paid for Twelve 
Hours Daylight, and the Nobility and 
Gentry, who kept their Beds till Noon, 
paid only for Six." 

• 

Of the relation between aviation and 
love, a connection which does not leap to 
the eye, there are two diverting items in 
Miss Nicolson's chapter on "Wanton 
Wings." Sitting before the "fyre" one eve
ning in October of 1653, Dorothy Osborne 
was listening to a "desultory" conversa
tion between her brother and a Mr. Gibson 
when they "fell into a discourse of ffiyeing 
and both agreed that it was very possible 
to finde out a way that people might fly 
like Birds and dispatch theire Journy's 
soe. I that had not said a word all night 
r she continues in a letter to her lover. Sir 
William Temple] started up at that and 
desyr'd they would say a little more in it, 
for I had not marked the beginning, but 
instead of that they fell both into soe 
Violent a Laughing that I should appeare 
soe much concern'd in such an Art; but 
they little knew of what use it might have 
bin to mee. Yet I saw you last night, but 
twas in a dream." 

Sixty years later, Miss Osborne's idea 
having apparently occurred to others, Ad
dison commented on the danger to public 
morals of private flying: "It would fill the 
world with innumerable immoralities. and 
give such occasions for intrigues as people 
cannot meet with who have nothing but 
legs to carry them. You should have a cou
ple of lovers make a midnight as,ignation 
upon the top of the monument. and see the 
cupola of St. Paul's covered with both 
sexes like the outside of a pigeon-house. 

Nothing would be more frequent than to 
see a beau flying in at a garret window, or 
a gallant giving chase to his mistress, like 
a hawk after a lark. There would be no 
walking in a shady wood without sprin"
ing a covey of toasts. The poor husban

o
d 

could not dream what was doing over his 
head; if he were jealous, indeed. he mi"ht 
clip his wife's wings, but what \�ould t" lis 
avail when there were flocks of whore
masters hovering over his house?" 

When it comes to flying chariots, it 
would not do to overlook Cyrano's "dew 
machine," nor his later, firecracker-im
pelled vehicle which, as Miss Nicolson 
suggests, made him "the first flier in lit
erary history to reach the moon by means 
of a rocket ship." The flying canoe propo
sal of Francesco Lana in 1670 made a real 
contribution to aviation, since the craft 
was to be borne aloft by the lifting power 
of four evacuated globes. European scien
tists debated his theories with enthusiasm. 
Robert Hooke, in his famous role of 
modelmaker to the Royal Society, ana
lyzed the plan most carefully and only 
reluctantly concluded that it was not feas
ible, because the materials available for 
constructing the globes would have to be 
so light in weight that they could not 
withstand the atmospheric pressure. Nev
ertheless it remained a somewhat more 
plausible machine than Pier J acopo Mar
tello's amber magneto-electric chariot, 
which was to be rowed to the moon by a 
hundred blue and yellow apes attached 
like galley slaves to their oars, or Daniel 
Defoe's aerial chariot, held up and steered 
by exactly 513 feathers and driven by an 
"ambient flame." The main part of the 
history is concluded (except for an 
epilogue which brings the account right 
up to Buck Rogers) with the first balloon 
flights of the Montgolfiers. 

The material here unearthed is not, of 
course, a highroad of literature but rather 
a bypath for occasionally entertaining ex
cursions. I have said little about the pic
tures of the moon and planets given by the 
several voyagers. Their descri ptions are 
characterized by a sameness and lack of 
ingenuity akin to the fantastications of 
magic. They are less exciting or hOITi fy
ing, so far as I am concerned, than Orson 
Welles' famons Mars broadcast; Jules 
Verne and H. C. Wells dreamed up much 
better worlds of "all monstrous, all prodi
gious things which fables yet have 
feigned," and C. S. Lewis' "insect-like 
vermiculate or crustacean abominable, 
twitching feelers, rasping wings, shining 
coils, curling tentacles" and "monstrous 
union of human intelligence and insatia
ble cruelty" make me feel considerably 
more uneasy than anything to be found in 
the earlier works. This is not to deny that 
Godwin, Wilkins and company were able 
to fascinate and frighten their contempo
raries. But to a generation which has seen 
the mushroom cloud over Bikini there 
isn't much of that kind of stuff, old or 
new_ which is likely to be unnerving_ 

FLYING LOVER in a popular 18th 
century French romance devised bat
like wings to rescue and elope with 
his highborn, forbidden mistress. 

CYRANO DE BERGERAC is shown 
in attempt to reach moon by lettino
himself be sucked up hy sun ac; 
ing upon strapped-on vials of dew. 
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MAKE THIS AMAZING 
ASTRONOMICAL TELESCOPE 

5" Diameter 67" Focal Length 

Same Principle as 200 inch Mt. Palomar 
See the mounta ins of tile :'110011, 
Saturn's dngs, Jupiter's moons, 
nebulae, clusteJ's, tile companion 
of Polaris, iJnd other heavenly 
wonders. 

Xow :VOU l'an JlIalw <I huge-size, 
high powered rctieding telescope 
of grcnt light. gathering power for 
vcry little money-all the hard 
tedious work eliminated . .  \ mirror 
of this size has novel' before been 
offered commercially al :such a 
price. Two years of intclIsi\"c re
search �ave LIS tile secret of 
MACHINE PJlOCE:;:;l�G a I'C
Hector to a porfection cqllillling or 
bettor than the arcl'ag-C hand
finished mirl'or of this :size. 

This reflector clement is absolutely 

optically ('ontered. The surface i� accurate to 

bettor than 1A, wave length as inch citL c d by tcst, 

I.lgainst a master plate, aluminized with hard 

aluminum coating of high reflect ivity and 10llg 

life, gwnantced a�ain�t peeling 01' blistering. 

Glass is annealed, straw-free. 

Thousands of amateurs hare huilt tile:-;e :-;COl)C:-;. 
So ('an �-ou ! 
Send $15.00 and receive it ,j" m ir ror, a "Mal" 
mirror, 3 eyepiece lellses, full diref'tiolls and a 
r('print of all artide from 11. rC('cnt issue of a 
well knowll scientific Ilwgazinc telling how this 
telescope is built in four hours. Hcprillt alollo 
10e 

This instrument is also ideal as a spottiJlg scope 
and foJ' bird study. 

5" Jlcftccl0l' Kit ...... . .... 67" F.L . . .. .. .. .. .. $15.00 
4" " " ............ 51)" }'.L.. 10.00 
:;" ............ 39" F.I�... 6.00 

STEAM ENGINE 
)lilliaturc Steam 
]�ngil1e ('olllpletely 
iI:-:sclllbJed 1"1..';1(1\
for :-iteam. �trullgI �' 
made of bronZt'. 
brass and irotl .. \ 
))":H'I il':1 I worldllg 
moucl lhat 1)01'
forlll:-i anll OIH'I'iLIC:-i 

lil.:(' n real st.eam engine. :'\lade to exact scale. 
:Educatiolla.l, instructivc, clltcrtaining and del'
orath-e. FOl' studellts, experimenters , displ<lY. 
Can be clllployed as :lel'atin� IHlmp for tl'opit-al 
n�h tank . )[nn.v othcr uses. Specitkations : Bore 
!II Hi" ; Stroke IllIG" ; length of base G"; height 
�'" weight 2 pounds. ltinished in red enamcl 
with brass trim. 'Yith Ij ]))s. pressure ellg-ine 
dCAth'er:; almost % H.P. Price $17.50 

STEAM BOILER 
)[i n i a t u l'e real 
j)tl\\'CI' Steam ]30iler 
o f ca s t 
Lronzc end 
1)latcs sll
\'cr soldercd 
to brass 
t ub i n g .  
Tested to 
wi t h.stand 
30 0 l b s . 
J) r e s s UI' e, 
�afe! En
dosed ill 
sileet iron 
IIOlis i ng. 
r�es onc 01' two "Sterno" cans for hcat. 
H imensiolls 8"xS"x3�{:". Weight -l 110UtHls. Fit
tings include safety valve, IJressure gauge, 
throttle: connecting steam pipe with oil 
\-ent: wrenches. :Katul'al rolled iron, bronze, 
brass and enamel finish. One pint waiC!' will 
run it 2 hours, giving steady volume of steam 
fit Iti lbs. pressure. l' ril -e $22.50 

MICROSCOPES 
t:sed. Guaranteed in excellent op
tical and mechanical condition. 
Ready to usc Standard size Bausch 
& Lomb, Spencer, Leitz, etc. 
� Object ires, 2 Oculars, power 
GOx. 100x, 2iOx and 450x now 
$65.00 net, with only one objec 
tin: and one ocular, any power 
you select as above only $45.00 
net. Express Collect. 

Include Postag�-Remit with Order 
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IIARRY,ROSS 
MICROSCOPES-TELESCOPES 

Scientific and Laboratory Apparatus 

70 West Broadway, New York 7. N. Y. 

Conducted by Albert G_ Ingalls 

READERS of this department often 
inquire about plastic optics-mir
rors and lenses of plastic material". 

Will they supplant glass or are they a 
passing fad? The answer is neither. In 
what follows, John M. Holeman of Rich
laneL WasiL assesses the good and bad of 
plastic optics and tells how to work these 
materials. 

Optical elements may be formed from 
any transparent substance and. due to 
their unusual properties. plastics may 
prove superior to glass in some a pplica. 
tions. Possible advantages of plastic optics 
are: 

Light weight. In a portable instrument 
using large or numerous optics this saving 
of weight may be considerable. 

Breakage without shattering. Many 
plastics do not break into sharp pieces, an 
often valuable feature in lenses used near 
the eye. 

Unusual combinations in index of re
fraction and dispersion. Some plastici' 

THE AMATEUR 
have combinations of values different from 
any known glass. This permits the lens 
designer an additional degree of freedom 
with. in some cases. a simpler, cheaper 
and optically superior product. 

Transparency to various radiations_ 
Different plastics have a greater range of 
Iransparency than the glasses and may be 
llsed in scientific work where unusual 
transmission properties are needed. 

Ease of working. While at present it is 
more difficult to produce an optical sur
face on plastics than on glass. the ma
chinability of plastics permits the produc
tion of odd sha pes and mold ability allows 
the production of unusually large and 
deep lens elements that would be imprac
ticable in glass. 

Thermal insulating properties. Many 
plastics are such good heat insulators that 
they make excellent windows into appara
tus operated at very low temperatures. 

Ease in production of aspherical sur
faces. Molding procedure produces any 
curve in quantity. 

Corrosion resistance. Certain plastics 
resist agents that attack glass and can be 
used where hydrofluoric acid fumes_ for 
example, are present. 

On the other hand, there are several prop
erties of plastics which may make them 

Plastic optical elements by Polaroid (small achrolll(Lt at center) 
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ASTRONOMER 
inferior to glass in most applications: 

Softness. Most plastics are so soft that 
an optical surface cannot be cleaned with
out scratching. 

Variation with tem perature. A small 
change in temperature will change the in
dex of refraction of most plastics several 
times as much as glass. Also, variation in 
dimensions is considerably greater. 

Dimensional instability. Many plastics, 
depending on their chemical constitution, 
may lose solvent and become brittle, 
check, crack, or develop a crazed surface, 
discolor or crystallize and become opaque 
with age. 

High cost. At present it is more expen
sive to make plastic elements than glass 
of the same degree of precision. 

The following optical elements have 
been successfully made of plastic mate
rials: lenses (simple and achromatic to 18 
inches aperture and to exceedingly deep 
curves) ; prisms (right-angle, special, and 
infrared-transmitting, some of unusual 
size); mirrors (flat and concave, first
surface-aluminized); Schmidt correcting 
plates; plane-parallel windows; filters in
corporating organic dyes. 

In general, two methods of fabrication 
have been used-molding to shape and 
forming by cutting and abrasion. 

The casting process has been highly 
developed by the Polaroid Corporation of 
Cambridge, Mass. and details are avail
able from them in a paper by Edwin H. 
Land, director of research for that organi
zation. The casting process is particularly 
adapted to mass production and conse
quently will be only of academic interest 
to the amateur who wants to make only 
one or a few elements. Two plast{cs are 
generally used, polycyclohexylmethacry
late with an index of refraction of 1.5064, 
which makes it similar to crown glass, and 
polystyrene with an index of 1.5916, simi
lar to flint glass. A mold is made of Pyrex 
and, for casting a biconvex lens, two con
cave molds are made. Liquid plastic is 
poured into the mold and allowed to 
harden, taking the shape of the mold. The 
mold is opened and the finished lens re
moved_ The surfaces are perfect and need 
no polishing. The lenses produced by this 
process are of good optical quality and 
may be used for any except the most exact
ing applications. They have not been suit
able for astronomical telescope mirrors or 
objectives. This process is

· 
feasible only 

where a large number of identical ele
ments are justified. Even then the cost per 
element is as high as that of glass elements 
of the same quality. The reasons for this 
are stated in Land's paper. This is dis
tinctly not a cheap process_ ' 

Plastic optics may be shaped out of 
stock blanks by processes similar to those 
used in making glass elements. This pro-

�' �c� 
.........", 

SERVING 

OPTICS to ORDER r Manufacturers 
Laboratories 

L Schools 
Colleges 

Experimental or Production runs 
For Scientific Apparatus 

Fabricated in Glass, Quartz, 
Fluorite, Salt, Stainless Steel 

Established 30 years 
A. D. JONES OPTICAL WORKS 

2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40, MASSACHUSETTS 

EVERYTHING Co, the AMATEUR 

Telescope 
PRECISION WORKMANSHIP. QUALITY 

SUPPLIES, MONEY BACK GUARANTEE 

KITS - OUR SPECIALTY 
COMPLETE 6" KIT . . . . . . . $5.50 up 
PYREX KIT. 6" . . .  . . . .  $7.50 up 

Other Sizes. Proportionately Low 
PYREX Made to order, correctly 

MIRRORS �f�::�' a��
li
�'le�;"I���':�: 

ALUMINIZING 
We guarantee a Superior Reflecting Surface. 
Optically Correct Finish. Will not peel or 

blister. Low prices. 

MIRRORS TESTED FREE 
PRISMS·EYEPIECES-ACCESSORIES 

FREE CATALOG 

Precision Optical Supply Co. 
1001 East 163rd St .• New York 59, N. Y. 

TELESCOPE BLANKS-

PYREX BRAND GLASS 
Manufacturer's Loss-Your Gain 

NORMAL COST $50.00 
Size 16" Diameter 3" thick 

IN ORIGINAL CASES 

Limited Supply 

ONLY $12.50 EACH 
plus transportation 

BINSWANGER-HENKIN INDUSTRIES 
641 Un ion Avenue Memphis, Tennessee 

KITS OUR SPECIALTY 
4" kit ... $ 4.25 Pyrex . . . . $ 5.50 
6" kit.. 5.75 Pyrex 7.95 
8" kit.. 10.95 Pyrex 13.95 

10" kit... 17.50 Pyrex 24.95 
12" kit.. 23.95 Pyrex 42.50 

KITS CONTAIN: 1. Two specially selected well 
annealed glass discs. 2. EIGHT GRADES OF 
GENUINE CARBOLON (Silicon C .. bide) abra
sive. Due to its fast cutting and scratchless qualities 
CARBOLON was selected to grind the 200-Inch 
Mirror for the world's largest telescope. 3. Tern
pe.ed Pitch with CERIUM OXIDE 0' BARNESITE 
for polishing. 4. Free copy of our UBeginners In
structions"-an eight page pamphlet. 

Motley-back guarantee that 
THESE KITS ARE SECOND TO NONE 

REGARDLESS OF PRICE 

CERIUM OXIDE ....... . .4 oz. tin.. . ...... $1.50 
BARNESITE .. .. . .. . .. ..... . .  .4 oz. tin .. ......... $1.50 

WE DO POLISHING, PARABOLIZING, AND 
ALUMINIZING 

M, CHALFIN OPTICAL COMPANY 
G. P. O. Box 207 New York, N. Y. 

WAR SURPLUS 
BARGAINS 

GOVERNMENT'S 7 x 50 BINOCULARS 
ASSEMBLE THEM YOURSELFl 

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

METAL PARTS-:;:'ct 

includes all Metal }:Jarts 
-completely tinished

for assembly of 7 x 50 
Binoculars. No machin
ing required. Bodies 
ha\"e been factory hinged 

and covered. A sturdy 
Binocular Carrying Case 
is optional with each set 
of ::\letal Parts. 

Stock :it842-S ...... $39.40 
Postpaid plus 54.80 for 
Case-Total 544.20. 

OPTICS-Set includes all Lenses llnd Prisms yoU need for 
assembling 7 x 50 Binoculars. 'l'hese OPtics are in excellent 
condition-I)erfect or near perfect-and ha\'e new low re
Hection cOllting, 

Stock #5102-S ... ........ 7 x 50 Optics ........... $25.00 Postpaid 

(These are standard American-made paris • . •  1101 
Japanese, French or German.) 

NOTICE! Add 20% Federal Excise Tax to abo\'e prices if 
YOU order both Binocular Optics and Binocular )letal Parts. 

ARMY'S 6 x 30 BINOCULARS 
COMPLETE OPTICS & METAL PARTS-Model M-13AI. 
Waterproof Model. 6 x 30 Bi noculars. Everything yOU need 
-ready for assembly. When finished will look like a regular 
factory job costing $102 to $120. The Optics are new. in 
perfect or near-perfect condition. Hare new low reHection 
coating. :Metal parts are new and perfect, all completely 
finished. No machining required. Bodies factory hinged and 
co\'ered. Complete assembly instructions included. 

Stock :/: 830-S .................................................. $40.00 Postpaid 
plus 58.00 tax-Total $48.00. 

8 POWER ELBOW TELESCOPE 

Gov't Cost 8200.00 I Our Price $1.7.50! 
Big 2'" diameter objecti,'e, All lenses Achromatic. Amici 
prism erects the image. 4. built-in filters-clear, aillber. 
neutral and Teu. Slightly used condition but all guaranteed 
for perfect working order. Weight;) Ibs. Can be carried hut 
a trifle bulky. ]�xcellent for finder on Astrollomical Tele
scope. 

Stock .ti"943-S..... . . . ...... $17.50 PostlJaid 

6 POWER GALILEAN TELESCOPE-(ColllmerciaJ Sur
plus) 28mm dla. Aehromatic Objective Lens. Slurdily con
structed of Aluminum. 7" long, extends tl) 0". COIllI)letc 
with carr:yillg case. 

Stock #941-S... . ....... $3.00 postllaid 

20X PRISM SPOTTING SCOPE SET-Consists of all 
lenses and prisms (slightly ehipped) YOU need to make a 
good, standard 20X Spotting Scope. Low reflection coated. 
57 mill. dia. Achromatic objective. Direction sheet includ.ed. 

Stock #5145·S .................................................. 522.00 Postpaid 
(Also sUfl)lus RHlescopcs-Write for Bulletin 18-S) 

TELESCOPE EYE-PIECE-Consists of 2 Achromatic 
Lenses, F.L. 28 mill. 

Stock;: 5140-S . . . ............ $4.50 Postllaid 

ANNOUNCING! 194R Annual Gadget 
Contest. IT'S FUN! IT'S EASY! BIG CASH 
PRIZES for Optical Gadget IDEAS! W .. ite 
fol' Entry BLANK and Complete Details! 

POLARIZING OPTICAL RING SIGHT 
(Unmounted) Used in gun sights-especially for shot
guns. As you look through, you see a series. of rings . that 
you superimpose on your target. No front SIght reQUlred. 
Increases degree of accuracy. 

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

SLIDE PROJECTOR SETS-Consist of all unmounted 
lenses you need to make the following sIze projectors: 

Stock #4038-S ........ 2V4"x2'/4... .... . ........... 53.35 Postpaid 
Stock #4039-S ........ 2'i2"'x3'i2'" ... ........................ $3.35 Postpaid 
Stock #4029-5 ........ 35 mm. ... . . ........ ........ $2.85 Postpaid 

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

Stock :# 1061-S ........ 6V2" dia .• 9'" F.l. ............ $2.50 Postpaid 
. Stock :It 1080-S ........ 5" dia .• 7" F.L . .............. $1.00 Postllaid 

WE HAVE LITERALLY MILLIONS OF WAR SUR

PLUS LENSES AND PRISMS FOR SALE AT BAR

GAIN PRICES. WRITE FOR CATALOG "S" -

SENT FHEE. 

Order by Stock No. • Satisfaction Guaranteed 

EDMUND SALVAGE co. 
P. O. AUDUBON, NEW JERSEY 
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WAR SURPLUS 
"TERRIFIC" BARGAINS 

3X ELBOW TELE
SCOPE - Brand 
new. has 1" Achro
matir Ol.decti'e , 
Amid rrlsm Erect
ing System, 1%" 
Achromatic E,re and 
Field Lens. Small, 
c o m p a c t .  l i g h t  

weight. � ILs. Con. Cost $ 200. Our Price $6.50 
OPTICAL PEEP SIGHT-Lse 
as camera rlew finder. etc. Image f
appears on bullseye reticle. No 
parallax for any distance. Same 
principle commercially lIsed by 
shotgun sight mfg. Dia. 3i mill . 
Weight Ilh'" ozs. Go\'crnment 
cost $10.75. 

$ _l_ Our price Postpaid........ 1.50 � 
POWER 

TELESCOPE _1_ 
Coated Optics ... 

40X-WONDER-
F U l for Astronomy 
30X-SUPERB 
for Long Distance 
20X-EX CELLENT 
Spotli ng Scope 
lOX-FINE for Close Study 
FOUR TELESCOPES ;n ONE 
because of Adjustable Power Eye
piece. (Kot War Surplus.) One of 
the Finest Precision American-made 
Telescopes. Achromatic Objectire Lens 
21AJ" diameter. Length closed. 9'h"; Ol}en. 

:H%". Genuine Leather co,ered. Weight, 28 ozs. 

[lIAM!;!TElR 

ACHROMATIC TELESCOPE OB
JECTIVES-Perfect :\(agnesilllll Flu
oride Coated and cemented govern
ment surp Ius Achromats. Made of 
finest Crown and Flint optical glass, 
are fully corrected and haye tremend
ous resol,ing power. Guaranteed well 
suited for Astronomical Telescopes. 
Spotting Scopes. etc. 

FOCAL LE�GTH !;!ACH 

48m/1ll (1 'l8") 
73m/1ll (2'l8") 
7Gm/rn (3") 
81m/Ill (3ib-") 

600m/m (23%") . ........ .... $1 0.75 
876m/m (34%") . ... ..... ... $25_00 
�81m/m (15 ") ... .. .... $19.00 
622m/m (24 %") ............ $22.50 

TANK PERISCOPE-Brand 
Xew; contains two optical 
systems, one power and six 
power which l1a\'e many 
lenses and prisms. All coat
ed optics, focusing wide an
gle eyepiece, 'l'his is one of 
the latest Army designs in 
periscopes. \\'eight 18 Ibs. 
Postpaid $29.50 

RIGHT ANGLE PRISMS. for direct positive 
photograJ)liy or a Slronomical telescopes. � 8 mm Face .. ea.$ .75 _I_ 

t! 23 mm Face .. ea. 1.25 T 
30 mill Fare, . ea. 1.75 If' 38 Illill l'..ee . .  e. 

.
. 1_75 

'- .--SPE����;!·!·!
e
,
. 

3_00 

f-
SPOTTING SCOPE or MONOCULAR LENS 
SETS-Con Sists of c.:etnented Achrolllatic Objee
ti,·e. two Prisms. F.ye and Field Lens and Dia
gram. 

S l'ower Set. $5.25 1
3

S��,,:
e
� . . . ..... $ 7_75 

11 Power Set. 6.00 
2i 

i:���:
er 

11.85 
ASTRONOMERS ATTENTION! AIUIY 'I-U
rLl'� smooth working worm and gear mechanism 
with fast motion clutch. Has a 2%" calibrated 
f"irdf'. Adaptable for slow motions on equatorial 

����I�ll�:ll�f� I t)�OII�� �i��� ... .  � .I.i. ���.
t
.��: . . .. �I���tP��IJ $5.00 

F 1.9 ANASTIGMAT LENS SYSTEM mounted. 
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:�\\1�: $3.00 

KODACHROME PROJECTOR LENS SET-For 

�;��l��:)in
S
�
i
�f:ss !:��r����

l
��uctlf�;�s

e
.�� . .. .. I.l.�.�.��. $1 .9 S 

Send 3c starn I) for Big "Bargain" List 
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GRAIN OF WHEAT LAMPS 
Used for illuminating 
meters, compass 
dials, airplane instru
ments, etc. Soldering 
iron removes lamp 
from base to use in 
models, doll houses, 
miniature trains, 
Xmas trees, etc. 

Mazda G.E. 3233\" .. 19 A Mazda C. E. 328 6V . . 2A. 

Photograllhs 3 times actual size. Glass Bulb 141" x '}S". 

Either O'pe $1.50 doz. $75.00 per M. 

ALNICO FiElD MOTOR 
This is perhaps the 

WORLD'S 
SMALLEST 

MOTOR 
I'" x 11;4'" x. 2" made for 21 Volts DC $350 runs on 4 Flashlight batteries • 

RE'PERSIBLE Dri,e it as a generator 
SUNSPOT VIEWERS. GO\·t. Surt)lus. Well made. 
J ... ots of run for young and old! 

GOc postoaid, 3 for $1.00. While they last! 
BLAN. 64-P Dey Street. New York 7, N_ Y. 

16 power NKI spyglass from the U. S. 

Navy Bureau of Ships with a beautiful 67 mm 

obiective of 21112 F.l. and focusing eyepiece. 

Made of light brass: black finished vinylite, 

lacquered string and crinkle paint fitted in a 
very fine oak case. The navy used them for spot4 

ting small lights at sea so you can imagine how 

fine this telescope really is. 

$35.95 postpaid 
please remit 

with order 

A. Cottone & Co. 
340 Canal St., New York, N_ Y_ 

REFLECTORS 
Cassegrainian, New4 

tonian for amateurs, 
professionals by the 
West's largest manufac
turers of observatory 
instruments. 

REFRACTORS 
Lightweight portable. 
Immediate delivery, 3 
and 4 inch. Write for 
catalog on other port
able & equatorial 
mounts. LENSES & MIR
RORS UP TO 
SO" DIAMETER. 

200-INCH 
TELESCOPE KIT 

display model-lis" scale 
-;...rEW_IN'sTHUCTl\·E_ _AUTHE;...rTIC APPEARANCE

Kit includes blueprint. 
mat('l·jais. paint. glue. 

$2_50 pp. 
S. E. HUBBARD Dept. C 
1463 N. Leavitt. Chicago 22 

cedure seems more applicable to amateur 
needs and small production. A process for 
making optics where great exactness is not 
required is useful for making mockups, 
condenser lenses_ magnifiers and simple 
systems where only low power is to be 
used. Since such optics are not usually 
achromatic_ a single material such as Lu
cite or Plexiglas may be used in sheets or 
rods. This is not made for optical use and 
ma y show striae and other obvious optical 
defects; hence each piece should be se
lected by eye_ 

The procedure for making a three-inch 
plano-convex condensing lens will be de
scribed with the assumption that the 
reader is familiar with common glass lens
making methods. 

Out of a plastic sheet of adequate thick
ness saw a disk somewhat larger than the 
desired lens_ Attach to it a support for 
holding in the lathe. It is recommended 
that the blank be attached to a hard wood 
or plastic backing with pitch_ using hot 
water to warm the surfaces and to melt 
the pitch. With the blank rotating on the 
lathe cut the curved side to shape with a 
sharp tool and water lubrication. Check 
the curve with a template. Sandpaper or 
steel wool may also be used to bring the 
curve to sha pe. 

Now make a concave lap of opposite 
curvature from the lens. MetaL plastic or 
wood may be used_ Satisfactory laps have 
been made by the unorthodox process o[ 
casting blocking plaster against the turned 
surface of the plastic lens_ Coat the lap 
with melted pitch and cover with ordinary 
department-store felt. Shape the felt-cov
ered la p to the lens. When cooL saturate 
the lap with rouge paste and polish the 
lens as it rotates on the lathe or trans
ferred to a spindle_ Hold the lap in the 
hand and oscillate it over the lens surface_ 
Comparatively deep scratches and tool 
marks will polish out quickly_ 

The process is complete when the sur· 
face is polished and all marks are re
moved. The surface will appear rather dull 
due to minute scratches produced by the 
felt hairs_ Coat the palm of the hand with 
dry rouge and stroke the rotating lens a 
few times, using the palm in a manner 
similar to a Jap_ A dozen strokes should 
put a beautiful pol ish on the lens_ 

Detach the lens from the blocking piece 
by heating in water. Turn it over and fin
ish the other side. A special concave back
ing block may be helpful in holding the 
curved face. If the second surface is to be 
flat. machine it flat on the lathe and polish 
with a flat lap made by covering a flat tool 
with felt and forming this lap against an
other flat surface while warm_ Edge the 
Jens_ separate it from the backing_ and 
clean it. 

Any kind of polishing abrasive is suit
able-ordinary_ cerium or Barnesite_ 
though cerium is preferred_ For final pol
ishing, a lap covered with rayon or silk 
velvet may be used instead of the palm. 
Ordinary rouge or precipitated chalk may 
be used in this step but best is precipitated 

© 1948 SCIENTIFIC AMERICAN, INC



titanium oxide, the pigment of good white 
paint. DuPont Ti-pure R-300 is good, 
though available only in 50-pound quanti
ties, but Universal Shellac and Supply Co., 
Brooklyn, N. Y., furnish it in one-pound 
cans as "White Glassite." 

To make a precision surface on plastics 
a different procedure is followed. For a 
precision lens or prism optical quality 
plastic must be used and this is as hard 
or harder to obtain than optical glass. 
Each piece must be inspected by the meth
ods used for glass. You can obtain the raw 
unpolymerized plastic from the manufac
turer and mold it yourself in simple molds 
or buy second-hand plastic lenses and cut 
them up for material. At present, three
inch plastic achromats may be had from 
salvage companies at low prices due to 
scratched surfaces. 

Turn the blank on the lathe to approxi
mate shape and check by template. Make 
a lap similar to a brass "true-tool" (see 
Twyman, Prism and Lens Making, or 
Deve, Optical Workshop Principles) or a 
glass one. Both male and female are cut to 
templates and worked together with fine 
emery to get true surfaces on the laps. 
Now grind the surfaces to the lap. This is 
the hardest part because the abrasives 
sink into the soft plastic and it grinds the 
lap, instead of vice versa. Some means of 
anchoring the abrasive is almost a neces
sity. For rough grinding, sandpaper, pref
erably the waterproof kind, may be cut, 
gored, and cemented to the lap. For fine 
grinding the lap is cleaned, painted with 
a thin layer of rubber cement and sprin
kled with abrasive. 

For fine grinding emery is a better ab
rasive·than Carbo, but best of all is cuttle
fish powder. Cuttlefish bones in ground 
form make a most peculiar abrasive. These 
are sold in pet stores to canary owners. 
Cuttlefish powder and paper, which looks 
like sand paper, are on the market and 
have long been used by cabinet makers to 
polish lacquer ware. These materials are, 
however, so hard to find that personal 
preparation will be described. 

A cuttlebone is pounded in a mortar and 
sieved through screening. Several grades 
may be obtained and the finest washed 
with water and graded like emery by elu
triation or levigation. Plastics are so soft 
that, in grinding, several grades may be 
skipped, and no definite recommendations 
may be given. Incidentally, cuttlefish pow
der will polish quartz and many other 
hard materials. Some brands of scouring 
powder can be used as fine abrasives on 
plastics, but they are so likely to contain 
coarse particles that they cannot be used 
without levigation. 

Grinding of the plastic is done with a 
metal lap and various grades of abrasive, 
using ru bber cement when necessary 
to anchor the abrasive. Lead, brass, 
copper and wood laps have been used 
without discovering any sp'ecial advantage 
in any. 

Polishing is done with a pitch or bees
wax-coated pitch lap. Unfortunately, pitch 

"ticks to many plastics to an extent that 
is most surprising to a worker used to 
glass. The only way to prevent this is to 
first work the pitch surface full of rouge. 
To do this, a glass dummy exactly like the 
plastic surface is made up and the pitch 
lap formed to it, channeled, and the glass 
polished, using rouge that is almost dry. 
This grinds rouge deep into the lap. When 
the Jap is thoroughly impregnated and no 
pitch shows, it is cold-pressed to the plas
tic surface and used as a polisher with 
little rouge and plenty of water. Slow pol
ishing speeds must be used, as the thermal 
expansion of plastic is high. 

Using the above procedure, plane-paral
lel windows showing Haidinger's fringes 
equal to good glass samples have been 
made. Plastic flats have been made that 
have retained a quarter wave figure for 
one year. 

Plastic optics are cemented with butyl 
methacrylate obtainable from the Ea,t
man Kodak Company. The liquid is placed 
between the elements and set by heating 
in an oven to 60 degrees Centigrade (140 
degrees Fahrenheit) for one half hour. 
During the war a great many glass lenses 
were cemented with this material instead 
of balsam. Such lenses are almost impos
sible to separate. 

At present plastic optics leave much to 
be desired, especially in cost and perma· 
nency. When we have been making plastic 
lenses as long as we have been making 
optical glass, big improvements will have 
arrived. Today its most promising appli
cations are those where glass cannot be 
used but there are more of these than is 
generally known. The full possibilities 
have not been explored, nor can they be 
in a short length of time_ The possibili ties 
of glass haven't been exhausted in 400 
years of optic manufacture. 

A NEW process, publicly announced, 
has been developed for economicallv 

coating the surfaces of plastic lenses and 
first-surface mirrors with quartz. Such sur
faces are harder than glass and of excel· 
lent optical quality. Details may be had 
by sending $3.00 for the John R. Whi pple 
Report No. P.B. 4158 to the Office of 
Technical Services, Department of Com
merce, Washington, D. C. This report was 
summarized by N. W. Scott, Engineer 
Board, Fort Belvoir, Va., before the Op
tical Society of America. The method l·e
sembles aluminizing, except that the 
material evaporated is silicon monoxide 
which on exposure to the air becomes sili
con dioxide, or quartz. The evaporation is 
carried on in a very good vacuum and 
coatings as thin as a few millionths of all 
inch give surprising protection to soft sur· 
faces. Silicon monoxide is used, instead 
of quartz directly, because of its com
paratively low boiling temperature_ The 
material is made by vacuum distilling a 
mixture of powdered silicon and silica to1-
gether. Large lumps which oxidize only 
superficially may be saved and used as 
desired. 
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" 

BELIEVE. rrOR Nor. 

-HOPE HAS AN 

INTELLIGENT lOEA! 

says CROSBY 

Folks, this is fantastic, but old Hope has a great 

idea. He thinks everybody ought to give U. S. 

Savings Bonds for Christmas presents! 

tfoP£. : 

Thanks for the kind words, son. But no kidding, 

ladies and gentlemen, those Bonds are sensational. 

They're appropriate for anyone on your list. On 

Christmas morning, nothing looks better in a 

stocking-except maybe Dorothy Lamour. 

Old Ski Nose is correct. And don't forget how easy 

it is to buy bonds-you can get 'em at any bank 

or post office. 

tfop£,: 

How about it, Mr. and Mrs. America? This 

Christmas let's all give U. S. Savings Bonds! 

1/ 
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