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Clipping the wings of flying glass 
No matter how you travel-by land, sea, or air

you are protected by a sandwich of shatterproof glass 

Birds flying in the airways ... pounding waves at sea ... 
emergencies on the highway or railroad-these are among 
the many things that can cause broken windshields and 
windows while you are traveling. 

That's why the windshields of America's sky giants today 
are made to withstand hail, wind pressure ... and collision 
with even an eight pound bird at the plane's cruising speed., 

ELIMINATING A SOURCE OF DANGER - Today the 
danger of razor-sharp pieces of flying glass has been vir
tually eliminated. Most cars, trucks, trains, and ocean 
liners now have safety glass as standard equipment. 

In making safety glass a sandwich of glass is made with 
a tough, clear plastic spread called vinyl butyral resin. It's 
this plastic that holds the razor-sharp pieces safely in place 
if the glass is broken. 

PLASTICS SERVE YOU IN MANY WAYS - Other 
forms of highly versatUe plastics go into your newest 

home furnishings, kitchenware and appliances. They are 
also essential to modern rain wear, paint, electrical insula
tion, and high-strength adhesives and bonding materials. 

UCC AND MODERN PLASTICS-The people of Union 
Carbide, working with the glass industry, developed this 
plastic for modern safety glass. This and a variety of other 
plastics are but a few of many better UCC materials that 
help industry serve all of us. 

FREE: Learn more about the interesting things you use every day. 
Write for illustrated booklet "Products and Processes" which tells 
how science and industry use the ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLASTICS made by Union Carbide. Ask for booklet J. 

UNION CARB'IDE 
AND CARBON CORPORATION 

80 EAST 42ND STREET 00 N E W Y O  R K 17. N. Y. 

______ UCC's Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include -----

BAKELITE, KRENE, and VINYLITE Plastics· DYNEL TEXTILE FIBERS· LINDE Oxygen . SYNTHETIC ORGANIC CHEMICALS 

ELECTROMET Alloys and Metals· HAYNES STELLITE Alloys· PREST·O-LITE Acetylene· PYROFAX Gas 
EVEREADY Flashlights and Batteries· NATIONAL Carbons· ACHESON Electrodes· PRESTONE and TREK Anti-Freezes 
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BUSINESS IN MOTION 

Everyone who has to deal with water and steam is 
concerned with the reduction of corrosion. Power 
plants, for example, spend large sums annually to 
treat boiler feed water, and condenser operation is 
watched carefully. Because of this, the Revere Re
search Department over a long period of years has 
studied intensively the causes of corrosion, and how 
corrosion can be reduced, as it usually can. 

Recently the Revere Research Department was 
asked to investigate the failure of Admiralty metal 
tubes after some five years of use in a condenser. 
The user felt such tubes should 
last longer under average con
ditions. Samples from failed 
tubes were sent to the labora
tory, and subjected to physical, 
metallurgical, chemical and mi
croscopic tests. It was found 
that the outer surfaces were 
pitted, thinned, grooved and 
cracked. In some places corro
sion had completely destroyed 
the tube wall. Inside, there was 
but little pitting of the underly
ing metal. Thus, it was evident 
that the destructive process 
took place on the outside, or steam side of the tube. 

The 'chemical analysis of the outside scale was 
evidence that the excessive corrosion was due to car
bon dioxide and other non-condensable gases carried 
along with the steam. It is not unusual to have these 
and other cor rodents present in damaging amounts 
in the air-ejector system, whereas they are not in
jurious elsewhere. 

Photomicrographs were then taken of sections 
through the cracks. It was found that the cracks 
originated in corrosion pits on the outside of the tube, 
and progressed inward. In doing so they broke across 
the grains of the metal rather than following the 

grain boundaries. This transgranular pattern showed 
that the pits created stress-concentration points of 
weakness. Other characteristics of the microstructure 
confirmed that failure was due to a combination of 
corrosion and fatigue. The conclusion was, of course, 
that not only were there corrodents in the steam, but 
that in addition the tubes were subject to vibration. 

Given these facts, the remedies were not difficult. 
The copper-base tube alloy that generally possesses 
the greatest resistance to the non-condensable gases 
responsible for such corrosion is 5 % aluminum 

bronze. This is somewhat more 
expensive per pound than Ad
miralty metal, but in this case 
when balanced against the ex
pected extension of life, the ul
timate cost became favorable. 
It was also recommended that 
steps be taken to reduce tube 
vibration materially by instal
ling a baffle in the steam inlet. 
Finally, it was pointed out that 
many operators find it good prac
tice to discharge the after-con
denser drain to the sewer, instead 
of returning it to the system, 

thus substantially reducing the amount of carbon di
oxide, ammonia and other corrodents in the system. 

This report provides a typical example of the 
thoroughness with which the Revere Research De
partment attacks the problems that are brought to it. 
If you have questions concerning the selection, fabri
cation, or service of Revere Metals, get in touch with 
the nearest Revere Sales Office, through which the 
experience of our Technical Advisors, and if neces
sary, of Research, can be made available to you. And 
do not forget that other suppliers to industries of all 
kinds also operate laboratories upon whose knowledge 
you can call. It will pay you to do so. 

REVERE COPPER AND BRASS INCORPORATm 

Founclecl by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 

SEE REVERE'S "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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Stop oxidation 
in oils, fats, 
waxes with 

DBPC 

• The oxidation of oils, fats and waxes 
causes rancidity and discoloration and 
frequently impairs the usefulness of a 
product. Koppers DBPC (Di-tert-butyl
para-cresol) after careful testing and 
long usage, is now recognized as a most 
practical and economical answer to this 
problem. In many cases, by controlling 
oxidation and preventing waste, it more 
than pays for its cost. Actually, many 
users have claimed that it's too expensive 
not to use DBPC. 

In Transformer Insulating Oils 
DBPC cuts oil and maintenance costs,. 
reduces sludge and peroxide formation. 

In Wax Paper and Paper Board 
Fractional percentages of DB PC (0.01 
to 0.05 ).prevent oxidation and increase 
stability of color and odor. 

In Petroleum 
DBPC inhibits the formation of gums 
and acidic products. 

In Rubber 
DBPC is useful as a "non-coloring" and 
a "non-staining" rubber antioxidant. 

A phone call or a letter will put you in 
touch with one of our technicians who 
will be glad to consult with you on your 
problem, and will demonstrate the effec
tiveness of DBPC in solving it. 

We will also be glad to send you Kop
pers Technical Bulletin C-9-115. It de
scribes the properties and reactions of 
DBPC. 

KOPPERS COMPANY, INC. 

® 

Chemical Division 
Dept. SA-112 

Koppers Building 
Pittsburgh 19, Pa. 

�",,",-"------------, 
Koppers Company, Dept. SA·1l2 
Pittsburgh 19, Pa. 

I 
I 
I 

Please send Technical Bulietin C-9-115. I 
Name. I ........................ 

I 
Company. . . . ..... . ... . ........ . I 
Address. I 

I 
�----------------� 
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Sirs: 
Congratulations on your September 

issue devoted to automatic control. The 
process of scientific research itself is 
analyzable in terms of feedback loops. 
Perhaps feedback engineering will feed 
back a stimulus to other research? This 
seems especially likely once we are 
�.ware of the topological "structure" in
herent in the development of science. 

Ernest Grunwald and I have injected 
this idea into our chapter on the strategy 
of elucidating reaction mechanisms, to 
appear in the forthcoming Volume III of 
Technique of Organic Chemistry. We 
find several distinct stages in the com
plete evolution of a reaction mechanism: 
study of the reagents and products, 
kinetic analysis and study of the transi
tion state. The stages are not distinct in 
time, however, because the'later ones 
stimulate further experiments belonging 
to the earlier stages, which in turn lead 
to further development of the later 
stages. This is undoubtedly a feedback 
network, a feature that decreases the 
predictability of the final state, but in
creases the fun in getting there, As 
yet there does not appear to be even 
one such network in which all circula
tion has ceased. 

JOHN E. LEFFLER 

Department of Chemistry 
The Florida State University 
Tallahassee, Fla. 

Sirs: 
As one actively interested in automatic 

control, I am deriving pleasure and 
benefit from your September issue. It is 
a pity that I have to disagree with some 
of your definitions, admittedly the most 
difficult and controversial part of all 
science. 

I will not be finical enough to find 
fault with the feedback definition, al
though information or energy may be 
returned to the input of the same stage 
as well as to an earlier stage, 

But how about hunting? If it really is 
a characteristic of all feedback systems, 
why attempt to eliminate it? That sounds 
like the logiCian's paradox: "All philo
sophic statements are lies, including this 
one. True or false?" Call hunting a tend-

LETTERS 
ency of all feedback systems and we'll 
let it go at that. 

Now to information, We consider in
formation a reduction of freedom of 
choice, hence it corresponds to negative 
entropy. 

Finally noise, This term stems from 
acoustical engineering, prior to radio, 
It means a disturbing or interfering 
sound (or energy, signal or message in 
the derived sense), The most important 
type of noise is of a random character, 
like hissing steam. 

I hope these minor adjustments will 
help some of your fans who may be be
wildered enough by the novelty of auto
matic control, even without logical pit
falls. 

W AL TER J. ALBERSHEIM 

Bell Telephone Laboratories 
Deal, N. J, 

Sirs: 
I compliment you on the general ex

cellence of Scientific American during 
the past few years but hope that you 
will not publish numbers, like that for 
September, so fatly concentrating upon 
a tedious technology, 

The diversity of subjects within each 
issue has been enjoyable, and each arti
cle has usually been broad, I hope that 
you will continue your refreshing and 
stimulating diversity of good articles. 

This country has enough fat, technical 
engineering journals bulging with manu
facturers' advertisements and technical 

Scienti6c American, November, ]952, Vol. 187, 
No. 5. Published monthly by Scientific American, 
Inc., 2 \Vest 45th Street, New York 36, N. Y.; 
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Post Office as second·dass mutter J line 2U, 1879, 
under act of l\larch 3, 1879. Additional entry at 
Greenwich, Conn. 

Editorial corrl��polldcncc should be addressed to 
The Editors, Scn:NTIFlc AMEIIICAN, 2 West 45th 
Street, New York 3&, N. Y. l\larHiscripts are sub· 
mined at the author's risk and will 1I0t be returneJ 
IIlllcss accompallieu by postage. 

Ad"cl'tising cOl'l'cspolHlcncc should be adJressed 
to Martin l\'L Davidson, Advertising l\'1anager, 
SCIENTIFIC Al\lEIlIt:AN, 2 West 45th Street, New 
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all address imprint from a recent isslIe. Be slIre tu 
give both old lind new addresses, inciuJiug Jlostal 
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THE MOST'IMPORTANT BOOKS 
list 

Price 
5.00 in the Sciences • • • 

List 
Price 
3.75 

Members' 
Price 
1.89 

list 
Price 
5.00 

List 
Price 
3.75 

Members" 
Price 
1.89 

It costs you nothing to belong to the 

Book Find Club. You pay only for the 

books you want and you may take as few 

as four (from the more than 25 offered) 

in the entire membership year. Since it is 

almost certain that you will read at least 

. four Book Find Club selections during 

the year anyway, why not get them from 

the Club at the tremendous savings we 

are able to effect through our large print

ing orders. 

list 
Price 
5.00 

• • 

Members' 
Price 
1.89 

Members' 
Price 
1.89 

in Literature 
The Book Find Club was started about eleven years ago "to select the very 
best books-and at the same time to realize substantial savings for its members." 

How well we have succeeded in our aim can be seen by noting the quality of the 
books pictured and listed on this page. These include such notable works as WHEN 
DOCTORS ARE PATIENTS, edited by Max Pinner, M.D. and Benjamin F. 
Miller, M.D., in which thirty· three eminent physicians write medical and psychic 
case histories of their own experience with shattering illness; PATTERNS OF 
SEXUAL BEHAVIOR by Clellan S. Ford and Frank A. Beach, one of the most 
comprehensive studies ever made of the sexual behavior of human beings and 
animals, and based on a detailed analysis of one hundred and ninety contemporary 
societies; OEDIPUS·MYTH AND COMPLEX by Patrick Mullahy, a brilliant 
analysis of all the major psychoanalytic theories from Freud to the present; and 
GENETICS AND THE RACES OF MAN by Dr. William C. Boyd, characterized 
as "the best book on race ever published." 

... at only $1.89 regardless of list price 
Now for a word about the substantial savings our members realize-and how you, 

too, can save on each book purchased. 
You will readily note thal the publishers' list prices of the books pictured and 

listed on this page range up to $6.00, but as a member of the Book Find Club you 
pay only $1.89 (plus 24¢ postage and handling) per book, regardless of higher 
publishers' prices. Actually, this means an average saving of more than 50% on 
the books you buy. 

SPECIAL INTRODUCTORY GIFT OFFER 
And now, as your introduction to the Book Find Club, you may select any two 
books from those pictured or listed on this page-one as your Introductory 
Gift Book and the other as your first selection. You can thus receive UP TO 
$12.00 RETAIL COST OF BOOKS FOR ONLY $1.89. 

THE BOOK FIND CLUB • • THE BOOK FIND CLUB 0 ANNE FRANK: Diary af a '
Young Girl I h Y k 3 § LAMENT FOR FOUR VIRGINS 

I 215 Fourt Avenue, New or 
WHEN DOCTORS ARE PATIENTS I Please enroll me as a member and A LAND I send me the Introductory Gift Book 0 MAIN STREAM OF MATHEMATICS I and first selection I have indicated. 8 PATTERNS OF SEXUAL BEHAVIOR 

I (Check any 2 books listed at the WHERE WINTER NEVER COMES I right.) I om also to receive each 8 GENETICS and the RACES of MAN I month the Club's literary magazine, MALE AND fEMALE 
the Book Find News. I understand 8 OEDIPUS·MYTH AND COMPLEX I I may accept as few as 4 books a LISTENING WITH THE THIRD EAR I year at the SPECIAL MEMBERSHIP 0 MATHEMATICS and the IMAGINATION I PRICE OF ONLY $1.89 A BOOK (plus 8 MEANING OF EVOLUTION I 24¢ postage and handling) and may BALLAD OF THE SAD CAFE I cancel my membership at any time 8 RISE OF SCIENTIFIC PHILOSOPHY I after purchasing" selections. EVOLUTION OF PHYSICS I o THE AMERICAN MIND 

I I I �� I (Please print) 
Members' I I Price AOORESS, _______ � ________________ _ 

1.89 I I CITY ZONE ___ STATE . 

FILL OUT THE COUPON AND MAIL "L (Prices slightly higher in Canada) 0.21.12.1 
------------------
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OMPLEX WORD 

THE CONTAMINATING CAliON 

Magnified a million times a cation might look like this -
but probably doesn't. No one has ever actually seen one. Yet, 
practically every solution contains metal cations some of whic 
are contaminating and therefore undesirable. They exist in t 
blood stream, tap water, process water, formula fluids, almost 
any other kind of liquid you can name. Unless copJtr'()lled, these 
undesirable cations can cause all kinds 0 S�l1' u 'trouble. This may 
range from heavy metal poisonin . lllwi'Ilg tissue to insoluble soap 
curds in the fam�il�y�w;a�sb"��-

VERSENE :::�O QUEROR OF CATIONS 

Originated, developed and manufactUI'ed to give mole-for-mole control 
over cations in solution, the Versenes are exciting new "tools" of 
research. They are exceptionally stable at elevated temperatures and 
throughout the pH range. Unduplicated in quality and uniformity of 
complexing power, they are the most powerful chelating agents known. 
The Versenes are made only by the Bersworth Chemical Company, 
under processes originated, developed and patented by F. C. Bersworth. 

VERSENES*-WHAT THEY CAN DO 

These are some of the things the Versenes can do: revitalize iron deficient 

citrus trees, control growth of micro-organisms, decalcify bone structure, 

detoxify heavy metals, safely remove radioactive contamination, increase 

yields of cold rubber and plastic polymerization reactions, prevent iron 

and lead sulfide stains on viscose fiber, promote level dyeing, control 

enzyme action, stop reactions catalyzed by metal ions, purify and 

stabilize drugs and foods, clarify wines and beverages, completely 

and permanently soften hardest water without precipitation. 

VERSENE* IS FOR YOU 

Those of you who have a problem in Cation Control please 
write us about it in outline. We will be glad to share our 
generation of experience. Also, be sure to ask for Technical 
Bulletin #2 and any necessary samples. There is no 

&;r 
obligation. Address Dept. J. • 

(; }0L" .. "o"f..,,'l 
1/ 

�r?Md-� � 
BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 

'Trade Mark Registered 
Copyright 1952 Bcrsworth Chemical Co. 

articles written in appropriate jargons, 
Please don't permit Scientific American 
to become one of these, or the world 
will be the poorer. 

The troubles with your September 
number were that the articles were all in 
one field; the treatments technical rath
er than scientific; the articles redundant; 
the level of complexity high enough to 
bore a general reader (my wife, for 
instance, who reads all other issues avid
ly) yet not advanced enough for even 
a half-specialist (me, for instance, in 
charge of the world's biggest collection 
of large digital machines: ENIAC, 
EDV AC, ORDV AC, Bell Relay Calcula
tor). Frankly, I found little in many of 
the articles that was new to me, 

You write editorially on page 43, 
"Automatic control will further liberate 
man from the routine tasks of mere sur
vival. It can only give him more time for 
the creative enjoyment of life and for 
the exploration of the universe." Ex
cellent-the creative enjoyment of life 
",nd the exploration of the universe! 
Please permit your magazine to help its 
readers to enjoy life by assisting them 
in exploring the universe. Please don't 
let your magazine degenerate into mere
ly one more journal in which to find ex
positions of tedious technologies. Please! 

THEODORE E. STERNE 

Bel Air, Md. 

Sirs: 
I am perturbed by the bland assump

tion of your authors that the human 
organism is going to be able to assimilate 
the complexities of life under automatic 
control. I think a review of the record 
will show that as man employs more and 
more automatic control his own homeo
stasis becomes more and more disor
ganized. In other words, as we strive to 
attain perfection to the point of eliminat
ing "noise," our humoral machines seem 
to absorb this noise. 

There is no question that there is an 
absolute increase in the diseases that 
may be blamed on stress. If we progress 
logarithmically in becoming automa
tized, we may expect to have the inci
dence of hypertension, angina, peptic 
ulcer, colitis, etc., to increase likewise. 
How are we going to prevent it? The 
answer is to apply the methods of auto
matic control to our own physiology as 
it progressively breaks down. 

Let us make a device that will mea
sure blood pressure continuously and 
strap it to the patient's arm. Let it in
corporate a transmitting unit so that im
pulses can be received and recorded at 
a central location. Let us also make a de
vice for recording skin temperature, res
piration, gastric acidity, electrocardio
gram and electroencephalogram. 

As we select our crew and have a well
integrated plant in operation we' will 
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Special Instruments and Components 
for a variety of applications 
THESE PRODUCTS are representative of the thousands of 
modifications of the ElectroniK Potentiometer and the 
great number of Brown Electronic Components which are 
being utilized as precision measuring devices and as in
tegral elements of various analytical systems. Perhapll your 
research program can benefit from such specialized instru
mentation ... your inquiry is invited. New Data Book 15-14, 
pictured above, is available upon written request .. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., Industrial 
Division, 4580 Wayne Ave., Philadelphia 44, Pa. 

Honeywell 
BROWN I-NSTR UMENTS 

�tw..,� 
Write today for a copy of new Data Book 15-14 • • •  "Instruments accelerate research" 
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The ancient Chinese legend tells of Lin Fu, most powerful of 
all the dragons. Spewing smoke and flame, he lashed 

unscathed and victorious through combat after combat. 

One day, his beady eyes spied a dragon's tail, and with a fuming, 
roaring rush, Lin Fu attacked. When the air had 

cleared he stretched in the sun to admire his own beautiful tail. 
To his horror, it was.gone-and with it his strength. 

,Today, much of industry's strength is in its capital reserves. 
With little or no opportunity to acquire and perpetuate 

capital funds from plant operations under the present tax 
structure, a company's decisions must be based on assured 

profitable production-or bit by bit chew off its own tail. 

Industry can ill afford mistakes of judgment-especially 
where capital investment in major equipment 

and process improvement is concerned. 

Therefore, management's evaluation of major expenditures 
includes not only the expressed profits or savings from 

the investment, but the experience and integrity of 
the manufacturer of the equipment. 

Hundreds of companies over the years have come to depend 
on The Sharples Corporation for sound, economical 

centrifugal equipment and well-engineered centrifugal 
processes-backed up by guaranteed performance. 

THE SHARPLES CORPORATION 
2300 Westmoreland Street· Philadelphia 40, Pennsylvania 

Associated Companies and Representatives throughout the World 

sooner or later see evidence of human 
breakdown. If the labor market is limit
ed we may decide to set feedback mech
anisms into operation. Blood·pressure
lowering or -raising drugs, sedatives, 
stimulants, cardiac tonics, cardiac de
pressants, cerebral stimulants and seda
tives, diuretics, laxatives, etc., can be 
injected automatically through jet hypo
dermics with little sensation as they are 
needed. 

It would be important to have all of 
the controls on our men completely auto
matic. (Watch Jones' electroencephalo
graph; he just left here to talk to Smith. 
See those wide fluctuations. When the 
time-amplitude integrals reach a certain 
value his prefrontal lobes will be de
pressed and his overt mental activity 
reduced for as long as necessary.) It 
would not do to have a physician or 
plant manager at the controls. (Jones is 
the slowest vice-president I have. Zip! 
There, that's better.) 

As men develop their environment
· 
to 

the point of needing automatic control 
they will be in the category of refin
eries. They won't work without it. As 
their dependency increases the natural 
functions involved will increase until 
we find pulsing devices for respiration, 
heartbeat and motor activity. It will 
eventually mean that men will have to 
ride in little scooters, and be properly 
plugged back in, every time they leave 
them. (We lost Jones yesterday; he 
plugged urination into respiration.) 

I can foresee buttons for "general 
plant morale," "automatic polling" by 
recording skin temperatures when Eisen
hower is mentioned over the loudspeak
er, "sensual depression," ad infinitum. (I 
think Miss Brown will have to be moved 
to a female division, she produces too 
much noise in the men in Division A.) 

Seriously, I want to ask the editors 
where the stopping point is. If we can't 
make gasoline without automatic con
trol, how long will it be before we can't 
make food? I think we will finally realize 
that in copying our physiology we will 
find that cost and efficiency are not the 
determinants for automatic control, and 
that there are many physiologic func
tions that are not automatically con
trolled simply because the organism 
doesn't absolutely need it that way. 

PAUL REASER, M. D. 

Longview, Texas 

Sirs: 
Your issue on automatic control is a 

vivid portrayal of a materialistic culture 
in which bright young men study en
gineering instead of philosophy. Only 
two authors (the first and last) weigh 
the tremendous problems that will fol
low the advances described by the other 
six. Each of these two speaks with the 
circumspection of one who elects to 
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WANTED! 
Applications for General Electric's 

NEW WATER SOLUBLE SILICONE, SC-SO 

COMPOSITION AND PROPERTIES OF SC-50 
Total solids . • • • • • • • • • • . • • . • . • . .  31.2 ±2.8% 
Total base (titrated as No ,0) . • . .  9.5 ±0.5% 
Total silicone (as' CH,SiO •. 5) • • • • • •  20.0 ±0.5% 
SpeciAc gravity .. ... ........ . . .  1.23-1.25 
pH • • • • • • • • • • • • • • • • • • • • . • • • • •  about 13 
Color • • • • • • • • • • • • • • • • • • • . . . . .  Gardner 3 max. 

Solubility ..................... Miscible in all 

proportions with water, methanol, 

ethanol, aqueous formaldehyde. 

Slightly miscible with n -propanol, 

i-propanol, acetone, d,ioxane, higher 

alcohols, ketones and ethers. 
Solvent • • • • • • • • • • • • • • • . • • • • • . .  Water 

WHERE CAN !2!! USE 5C·501 
Technical data on SC-50 is now 
available. If you think you might take 
advantage of the SC-50 properties in 
your manufactured products, write us 
on your company letterhead or 
enclose the attached coupon. 

G·E SILICONES FIT INTO YOUR FUTURE 

GENERAL . ELECTRIC 

Where can you use a new General Electric sili
cone with these unusual and original proper
ties? SC-50, a reactive chemical intermediate, 
is a water solution of sodium methyl siliconate. 
It offers new possibilities "for manufacturers in 
the field of silicone water repellents. It may be 
applied from water solution; it is nonflam
mable; and it may be cured without heat. 

POSSIBLE USES 
Applications for SC-50 might include its use-

1. as the active agent in masonry water-repellent formulations. 
SC-50 is more effective on gypsum and limestone. than previous 
silicone water repellents. 
2. in integral mixes of cement paint, gypsum, and concrete. 
3. as an additive to water-base paints to improve washability. 
4. to make water-repellent aerogels. 
5. as a water repellent for textile and paper products. 

REACTIVITY 
In addition to its water-repellent properties, SC-50 has marked pos
sibilities as a chemical intermediate. With salts of other metals such 
as calcium and lead, it forms relatively insoluble, easily hydrolyzed 
salts, e.g., calcium methyl siliconate. Quaternary ammonium salts 
react similarly, giving quaternary ammonium methyl siliconates with 
a variety of solubility and hydrolytic characteristics. With aluminum 
salts it forms neutral solutions which are stable at use dilutions and 
which are effective water repellents. Experimentally, it has been used 
to make copper methyl siliconate to impart water and mildew resist
ance to textiles. 

-----�---�------------------ , 

General Electric Company 
Section 130-5E. Waterford. N. Y. 

Please send me, without obligation, technical data on SC-50. 

Name ______________________________________ _ 

Firm ______________________________________ __ 

Street. ___________________________________ _ 

City _________ -LZone __ State' ______ _ 

lin Canado, moil '0: Canadian General EI,dr;c Company, Ltd., ToronloJ 
L ____________________ � _______ � 
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�!dMIJa"j �.A1tlJL¥&..� "1.,\.' �.r ... � 
AMBLER PENNA. 

Technical Service Data Sheet 
Subject: RUST PROOFING WITH 11F.IIMilIJINE ® 

8 

INTRODUCTION: 

Ferrous metal parts that have been Permadized in a zinc phosphate chemical 
solution and then "sealed" with a rust-preventive oil such as "Granoleum" 
are effectively protected from rust-damage. In addition, if the surface is acci· 
dentally chipped or scratched, rusting is confined to the exposed area. 

Rust proof coatings find many practical applications. During World Wars 
I and II most small arms were rust proofed by phosphate coating and impteg
nated with chromic acid and a rust preventive oil, or cutback petrolatum. This 
not only provided excellent corrosion resistance but also yielded a dull black 
non-reflecting surface. Rust proof finishes are now used widely on hardware, 
firearms, cartridge clips, metallic belt links, miscellaneous forgings and cast
ings, tools, unpainted replacement machine parts, and many other similar 
items such as bolts, nuts, and washers. 

THE PERMADIZING P ROCESS: 

For the most effective rust proofing of large or small work in large or small 
production, "Permadine" is used in tanks in an immersion process, with the 
bath heated to 190°-210°F., coating time 20 to 30 minutes. The coated parts 
are then rinsed in clean water, and then in a controlled dilute acidulated 
solution. After drying, a suitable corrosion-resistant oil such as "Granoleum" 
is applied. 

Operations can be carried out with the work in crates, or hung from 
hooks, utilizing an overhead rail and hoists. For large volume production, 
automatic equipment can be used to mechanize the line. Small parts can be 
treated in tumbling barrels. 

"PERMADINE" DATA CHART 

"PERMADINE" 

MEETS 

SERVICE 

SPECIFIC;ATIONS: 

The protective "Permadine" 

finish meets U.S.A. 57-0-2e; 

Type II, Class B, and equiva

lent requirements of: 

MIL-C-16232, 

Type II 

U.S.A. 51-70-1, 

Finish 22.02, Class B 
AN-F-20 

Navy Aeronautical M-364 
JAN-L-548 

Type of coating 

Object of 
coating 

Typical products 
treated 

Scale of 
production 

Method of 
application 

Equipment 
notes 

Chemicals 
required 

Pre-cleaning 
methods 

Bath 
Temperature 

Coating time 

Coating weight 
range 

Mgs./Sq. Ft. 

Technical 
Service 

Data Sheets 

Zinc phosphate 

Rust and corrosion prevention 

Nuts, bolts, screws, hardware items, 
tools, guns, cartridge dips, fire con-
trol instruments, metallic belt links, 
steel aircraft parts, certain steel pro-
jectiles and many other components 

Large or small volume; 
large or small work 

Dip 
Barrel tumbling, racked or hasketed 
work 

Immersion tanks of suitable capacity. 
Cleaning and rinsing stages can be 
of mild steel. Coating stage can be of 
heavy mild steel or stainless steel. 

"Permadine" No. 1 
Any common degreasing method can 
be used, Alkali cleaning (·'Rido-
sol"), Acid cleaning ("Deoxidine"). 
Emulsion·alkali cleaning (·'Ridosol"· 
··Ridoline'·) ; vapor degreasing, sol· 
vent wiping, etc., a,e examples. 
Acid cleaning may need to follow 
other cleaning methods if rust or 
scale is present. 

190' - 210'P. 
20 - 30 minutes 

1000 - 4000 

No. 7-20-1-2 
T. M. No.5 

CHU41CAlS 

r!Dlij 
PROCESUS 

WRITE FOR FURTHER INFORMATION ON "PERMADINE" 

AND YOUR OWN METAL PROTECTION PROBLEMS 

drift with the current rather than inquire 
too critically as to its direction. Less in
hibited philosophers-say Bertrand Rus
sell, Karl Menninger, Julian Huxley, 
Henry Thoreau and Philip Wylie-have 
been genuinely worried that so much 
genius is directed at producing more and 
better gadgets rather than improving the 
aims, morals and happiness of man him
self, a field commonly left to opportun
ists and superstition-mongers. Is it not 
cause for alarm that Nobelists in peace
unlike those in physics or medicine
have often been conspicuous only by 
their absence? Or that such a basic Im
man urge as pride of achievement (the 
family piano) is steadily giving ground 
to pride of ownership (the family tele
vision) ? 

Y[any psychiatrists blame the ma
chine age for the growing neuroticism 
in America. City people, though often 
possessed of greater wealth, feel less se
cure than country folk; the agrarian 
worker, assured at least of a continuing 
roof over his head, faces the natural 
hazards of health and weather with a 
confidence the industrial worker cannot 
muster toward sophisticated economic 
aggression and an uncontrolled eco
nomic cycle. The subsistence homestead, 
which effectively cushioned the occa
sional shocks of living, is gone, and no 
really effective substitute has been de
vised. Children, no longer a family asset 
hut rather a tremendous liability, tend 
to become unwanted children, who 
eventually take their revenge on society 
in ways well known to psychologists. Is 
this progress? 

The idea that the machine creates 
more jobs than it destroys-while perhaps 
true in certain very special cases-is in 
the broad view ludicrous as it offers the 
curious spectacle of man working him
self to death as he becomes cleverer. It 
would be encouraging to see less extenu
ation of the evils of industrialization and 
more thought poured into the basic 
problem of how to maintain a healthy 
exchange economy when large numbers 
of people, unendowed by nature or 
training with the ability to build enor
mously productive machines, are faced 
with the necessity of "trading" with a 
very small group of people who are so 
endowed-that is, how to maintain trade 
when the greater part of the people have 
nothing to exchange. Lord Keynes re
marked that it seemed "an extraordinarv 
imbecility that a wonderful outburst ;f 
productivity should be the prelude of 
impoverishment and depression." It is 
similarly shocking to note that so much 
effort is being poured into devising new 
machines when it is evident that we are 
already lagging behind on the problem 
of learning to live with those we already 
have. 

ROBE B. CARSON 

Miami, Fla. 
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1':0. THR"EE OF A SERIES 

• 
• 
I 
.... : 

• p,oneers • • • 

In precIsIon 

Lear, Incorporated 

Manufacturers of Precision Engineered Products, 
Lear"has pioneered in the miniaturization 

of aviation instruments since 1930. 
Lear designed and produced automatic pilots 

have been accepted for use in jet fighter planes 
as well as in commercial aircraft for single engine or 

multi engine airplanes. The Lear Automatic Pilot 
and Approach Coupler permits safe landings 

despite. extreme weather or visibility conditions . 

" \ , Miniatnre Precision Bearings 

:' . I d h .. d . f f d' I /" mcorporate , are t e ongmators an pIOneer manu acturers 0 ra la 
balJ/ bearings in miniature sizes. For and with Lear, MPB designed the first 
m�iature £lange bearings and has supplied many thousands of this and addi
ti<lnal types . 

• , ,Rioneer in other designs and dimensions now being internationally stand
ardized'- RB has also originated many precision manufacturing techniques. 
High speed bo;e· grinding was first explored and finally perfected in this planL 

• 
For nearly ten year • this recently publicized method has been standard practice 
at MPB. In fact, th original concept of practically every development in this 

• 
field has been by �PB. 

Regularly. s .. l!>P "lied in more than 120 types, sizes, and materials, from 1/10" 
to 7 /16". ,p-e'cial designs are supplied where specifically indicated. They are fully 

•• 
grou. d, lapped, honed, and/or burnished to ABEC 5 tolerances or better. 

•• MPB ball bearings have been installed in more than a million preCision 
• 

flechanisms. Design engineers are assured of full cooperation. ''''rite, requesting 
�atalog 52B-shows complete range and selection data - engineering sheet SA 11·' 
• . 
", " 

' . 
•• 

"" • , , • • 
: • • • • · • • • • • • 

Quality improveme'lt, continued tlJru all extensive expansion 
program has prompted a demand greater thall ever. Enlarged 
facilities however, and newest exclusive processes will SOOIl 
enable us to selVe YOII betler than ever_ 

• �: iniature precision Bearings 
; Incorporated Keene, New Hampshire 

� • · "pioneei precisionists to rl.e World's foremost instrumenr 
· 
· 

manufacturer." .EHJ.ceh {_ave we'g t 
Jricdon 
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SOMAC, INC., ONE OF U. S. A/s LEADING MAKERS OF 

ELECTRONIC TUBES AND MICROWAVE COMPONENTS 

WHY This New Production Line is 

100% NATIONAL RESEARCH 
High-Vacuum-Equipped 

Vacuum Gauging. National Research Type 710 incorporates Vacuum Gauging. The Alphatron* is a rugged Vac u u m  Connections. 

two thermo-couple gauges (1-1000 microns) and one ionization metal ionizotion type instrument which con be Vacuum seals for connect 
gauge (lO,smm to lO-8mm Hg. range) in one control. Provides adapted for recording, controlling gas filling and ing manifold to the pumps 
one instrument for scientific and industrial vacuum gauging. leak detection. Accurate gauging from 10 mm 

to 1 micron. 
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As one of the U.S.A.'s fastest growing elec

tronic tube manufacturers, Bomac specializes 

in the difficult ... the hard to make. When 

building their new plant Bomac established 

the severest standards for selecting production 

equipment. Free to select any make of high 

vacuum equipment, National Research was 

their exclusive choice. 

Diffusion Pumps to produce high vocuum 
at rates up to 50 litres per second from 
10·smm to 10-6mm range against forepres· 
sure os high os .300 mm. 

Since then, this National Research equip

ment has met their rigid standards so well that 

Bomac again specified it c::xclusively in a recent 

expansion of facilities. 

When you want the same - a single source 

for all your high vacuum equipment needs ... 

with a single unexcelled standard of quality

look to National Research. 

Vacuum Furnaces for heat treating, melting, 
degassing with speed and economy. Furnaces pictured are packaged 
units that perform all functions under high vacuum or controlled atmos
pheres with temperatures up to 20000C. 

INDUSTRIAL RESEARCH, PROCESS DEVELOPMENT �;. METALLURGY . DEHYDRATION . DISTILLATION 

HIGH VACUU M ENGINEERING A.ND EQUIPMENT -::: -
COATING . APPL.IED PHYSICS 

National Research 
Corporation 
Equipment Division 

'SEVENTY MEMORIAL DRIVE, CAMBRIDGE, MASSACHUSETTS 

• Reg. U. S. Po,. Oft'. 
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Whenever You Need 

REDUCED VOLTAGE 
STARTERS 
ALLEN-BRADLEY 
" ,�tIte� 

Bulletin 640 
A-C Manual Resist
ance Type Starter 

A-C Magnetic Re
sistance Type Starter 

Manual Autotrans
former Type Starter 

Bulleti"'746 
M,,'g netic Trans
former Type Starter 

To prevent damage to machines or 

to materials in process in laboratories 

or pilot plants, squirrel cage motors 

often need smooth, gradual accelera

tion. For such applications, one of the 

broad line of Allen-Bradley reduced 

voltage starters, either manual or auto

matic, will provide the desired starting 

characteristics. 

12 

ALLEN-BRADLEY 
MOTOR CONTROLS 

Allen-Bradley Co. 
134 W. Greenfield Ave. 

Milwaukee 4, Wis. 

N
OVEMBER, 1902: "Word has just 

been received from Paris that 
Henri Fournier has once more ac

complished the feat of breaking the 
world's automobile record for the mile 
and the kilometer. His speed of 75,9 
miles per hour is scarcely exceeded by 
the new Twentieth Century Limited 
when spurting to make up lost time be
tween New York and Chicago. At the 
present rate of increase it will be a very 
short time before the automobile capable 
of developing a speed of one hundred 
miles an hour will be an actual fact." 

"At the recent opening of the Copen
hagen Exhibition a letter was made 
public from Thomas A. Edison on the 
future of electric traction. Mr. Edison, 
asked as to his opinions concerning 
electric traction and aerial navigation, 
replied: 'I believe that within thirty 
years nearly all railways will discard 
steam locomotives and adopt electric 
motors, and that the electric automobile 
will displace the porse almost entirely. 
In the present state of science, there are 
no known facts by which one could 
predict any commercial future for 
aerial navigation.' '' 

"The much-talked-of, much-obstruc
ted and long-delayed Anglo-Pacific 
cable has at last been actually opened 
for the transmission of messages. Con
gratulations were exchanged on October 
31 between Canada and Australia over 
the new line." 

"Mr. Peary has devoted practically 
the whole of the last twelve years to 
Arctic work. He announces that he has 
now retired from Arctic exploration and 
will hereafter devote his energies to his 
profession, civil engineering. The re
sults of his long labors in the Far North 
are most important. He has proved 
Greenland an island and mapped its 
northern coastline; he has defined and 
mapped the islands to the north of 
Greenland known as the Greenland 
Archipelago; he has shown that an ice
covered Arctic ocean probably extends 
from the Greenland Archipelago to the 
North Pole; he has accurately defined 
the lands opposite the nOl'thwestern 
coast of Greenland, Grant Land, Grin
nell Land, and Ellesmere Land; he has 
reached the most northerly known land 
in the world; he has gained the most 
northerly point yet reached on the West
ern Hemisphere, 84 degrees 17 minutes; 

50 AND 100 
YEARS AGO 

he has studied the Eskimo as only one 
can who has lived with them for years; 
he has added much to our knowledge of 
Arctic fauna and flora; of the musk ox, 
the Arctic hare, and the deer." 

"What is popularly known as the 'fly
ing machine' is literally a machine, 
without gas to support it, in no way 
resembling a balloon, and which its 
inventor has called the aerodrome (sia
nifying 'air runner'), The aerodrome �, 
then, the name given to this apparatus 
by Mr. Langley to indicate the principle 
of its action. A balloon floats because 
it is lighter than the air; the aerodrome 
is hundreds of times heavier than the 
air. The weighty machine owes its sup
port to another principle-that like a 
skater on thin ice. The, balloon in a 
calm remains indefinitely suspended 
over one spot. This machine, built al
most entirely of steel, is far heavier in 
relation to the air than a ship of solid 
lead would be in relation to the water, 
and could not remain in the air if still. 
It is not generally known that several 
of Langley's machines have actually 
flown considerable distances. The first 
successful flight was made on May 6, 
1896, at a private trial at which Dr. 
Alexander Graham Bell was the only 
\vitness," 

"Professor Charles Frederick Holder, 
reporting on the abilities of various fish 
to make vocal sounds, writes: 'One of 
the most remarkable sound producers 
1 have ever heard is a Haemulon in 
the Gulf of Mexico. When 1 took one 
of these fishes from the water it began 
to grunt: "Oink-oink-oink"; now with 
one prolonged "o-i-n-k," then strung 
along rapidly, as though to intensify 
its agony; all the while it rolled its large 
eyes at me in a comical manner. No 
one in listening to such a remarkable 
outcry from a fish could refrain from 
wondering whether it had any signifi
cance; in other words, the impression 
was created that it was barely possible 
that the sounds were repeated in the 
water, and that they represented a very 
primitive attempt at vocal communica
tion among fishes.' " 

N
OVEMBER, 1852: "Among the ar

ticles to be taken on the Japanese 
Expedition are the following: A 

locomotive and ten miles of railroad 
iron; a telegraphic apparatus with wire 
sufficient to lead from the Emperor's 
palace to one of the principal towns; an 
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THIS 

Starting electronic nose on 

its way. It is pulled from pole 

to pole by line extending 

toward the ground. Previously 

workmen had to paint the 

cable with soap solution, so bubbles 

would disclose leaks. 

ELECTRONIC NOSE 

SNIFFS OUT 

LEAKS 

AFTER years of buffeting by the wind, even 

tough telephone cable sometimes shows its age. Here 

and there the lead sheath may crack from fatigue or 

wear through at support points. Before moisture can 

enter to damage vital insulation, leaks must be located 

and sealed. 

To speed detection, Bell Laboratories scientists 

constructed an electronic nose which sniffs out the leaks. 

Using an electrically operated element developed by the 

BELL TELEPHONE 

General Electric Company, the device detects leaks of 

as little as 1/100 cubic foot per day. Sheath inspection 

can be stepped up to 120 feet per minute. 

Thus Bell scientists add findings in other fields to 

their own original research in ways to make your tele

phone system serve you better. On the other hand their 

discoveries are often used by other industries. Sharing 

of scientific information adds greatly to the over-all 

scientific and technological strength of America. 

LABORATORIES 
Improving telephone service for America provides coreers for creative men in scientific and technical fields 

13 
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PRODUCT CONTROL 
BY INFRARED ANALYSIS 

One of a Series of Doto Sheets for Better Process Control from The Perkin-Elmer Corporation, 

Manufacturers of Infrared Spectrometers, Flame Photometers and Electro-optical Instruments. 

• 

• 

• 

14 

(1) Control of finished graphic arts products; 

(2) Raw material selection and control. 

PLANT: 

A. B. Dick Company, Niles, Illinois. 

SOLUTION: 

Infrared analyses on raw materials and finished 

products for: 

a) presence of aldehyde impurity in alcohol 
(shown in few minutes at 5.8 micron band) 

b) differentiation between technical and 99% grades 

of ethyl acetate (by intensity of hydroxyl 
absorption band) 

. 

c) identification of oils on purchased oiled papers 
(IR analysis saves 2 days' time) 

d) composition of plasticizers in sheet plastics 
e) composition of paper coatings 

f) identification of natural waxes (reference 
spectra used for d, e, f, g) 

g) quality control of .finished inks and stencil 

sheet coatings 

DISCUSSION: 

Most infrared controls completed in 2 minutes 

compared with 2 days for classical methods. 

INSTRUMENTATION: 

Commercial infrared spectrometer and 

standard accessories. 

REFERENCE: 

Anal. Chem., 23, 4, 1951. 

CONCLUSIONS: 

• 

• 

Infrared analysis on a variety of complex raw 
materials and finished products proves timesaving 
and accurate. 

Prod uct Control with 
Perkin· Elmer Spectrom. 

eter at A. B. Dick Co. 

We will be glad to discuss your product control 

problems with you. A brochure of product control 

data sheets is yours for the asking. 

The Perkin-Elmer Corporolion, 875 Moin Avenue, Norwolk, Conn. 

Southern Regional Office: New Orleans, louisiana 

For Optical Design and Electro-Optical Instruments 

PERKIN '\!!JJ1/ ELMER 

apparatus for taking daguerreotypes; a 
magnificent barge for the Emperor, and 
some fifty boxes of domestic goods of 
all kinds and descriptions." 

"Dr. Schofield asserts that 1,000 
pounds of opium are sold by retail in 
New York weeklv. This amounts to 
52,000 pounds p�r annum, and does 
not embrace the quantities that may be 
purchased wholesale by some of those 
who daily use it. Dr. Schofield states 
that 'its use is fearfully on the increase 
in New York and it is constantly reo 
ceiving recruits from the alcoholic ranks 
a, a cheap means of producing intoxi· 
cation. Opium inebriation is productive 
of the greatest evils; it is a fearful species 
of drunkenness. It drowns care for a 

while, and is therefore very seductive 
in its influence, but it bringeth forth 
tears, disease, and death. It is regretted 
that its use should be on the increase 
among us; something should at once be 
done to meet and arrest the evil.' " 

"It has always appeared to us that in 
many parts of our country the rich beds 
of iron, coal, and lime, lying so near 
to one another, afforded advantages for 
the manufacture of iron of as good a 
quality, and at as little cost, as it can 
be made in any country in the world. 
One of the most important iron makers 
of Great Britain, while on a visit to 
this country a few years ago, made it 
a special part of his business to travel 
cxtensively and examine the different 
ironworks in several states. The con
clusion at which he arrived was that 
we were perfectly blind to our own 
interests in the mode of conducting the 
making of iron, and that it could be 
made as cheap, if not cheaper, in var
ious places in America than in England, 
if the business was well managed." 

"Photography is still but little prac
ticed in America. The difference be
tween it and the daguerreotype consists 
simply in the former embracing sun
drawn pictures on paper, while the lat
ter relates to sun-drawn pictures on 

metal plates. Let us explain how photo
graphs are taken: Treated paper is 
placed in the camera obscHra like a 
daguerreotype plate. The time required 
to take an impression is from one up 
to thirty minutes, as experience de
termines, which time depends on the 
character of the light and the object, 
the picture of which is to be taken. The 
hest light to work with for obtaining 
good pictures on the prepared paper is 
under a clear sky, when the sun is shin
ing, and when the light falls chiefly on 
the darker shades of the object, or scene, 
leaving such as are of light color under 
the influence of diffused light only. It 
requires practice to judge by the eye 
how to manage the time in the camera, 
according to the kind of light, and the 
object or objects to be represented." 
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DuMoNT 
gives you more! 

• • •  in television programming as in all electronics 

MODERN TELEVISION STUDIOS 

Du Mont is building new studios for 
company·owned stations in New York, 
Washington, D.C., and Pittsburgh, 
employing most advanced production 
and broadcasting equipment. 

II 

Televiewers today receive a wealth of entertainment, information and 
education from their television screens. To a large extent this is due to one man -

and to the research of the company he founded. 

The Allen B. DuMont Laboratories operate the first television 
network, and have pioneered many new types of programs, new 

methods of staging and production. In a 21·year history of research, 
DuMont has established many "firsts" in all phases of television as 

well as industrial electronics. 

This is the company to which young men with 
ideas will he drawn to realize their ambitions in the field of 

electronics • . .  the company which will give 
Americans more in every way. 

Anen s. DuMon' Laboratories, Inc., 750 Bloomfield Ave., Clifton, New Jersey 

15 
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QUICK LOAD MEASUREMENTS 
PREVENT PRESS BREAKDOWNS 
• Easy testing of operating parts and Structures with Brush Strain 
Analyzers simplifies preventive maintenance. 

Here, in the plant of a large manufacturer of automotive parts, 
periodic checks are made on this l50-ton mechanical press to spot 
possible overloading. With resistance-type strain gages mounted on 
the press, the signal is amplified and recorded by the Brush Strain 
Analyzer . . .  producing an immediate chart record

' 
of press strain. 

Since measurements can be made quickly and easily, the Brush 
Strain Analyzer furnishes a practical method of preventing overloading 
and costly breakdowns, and lengthening press life. 

You can use Brush Recording Analyzers to save time and solve 
problems . . .  in measurement of strain, torque, vibration,pres
sure, d-c or a-c voltages or currents, and other variables. Brush 

representatives are located throughout the United States. In Canada: 

A. C. Wickman, Limited, Toronto. 

For catalog write The Brush Development Company� 
Dept. 1!-34, 3405 Perkins Avenue, Cleveland 14, Ohio. 

PUT IT IN WRITING WITH A IIRUSH RECORDING ANALYZER ••• 

OEVELOPMENT COMPANY 
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Piezoelectric Crystals and Ceramics 

Malnetic Recordinc Equipment 

Acoustic Duices 

Ultrasonics 

Industrial' Research InslluM.lls 

THE COVER 

The picture on the cover shows the 
cathode-ray tube of an oscilloscope, 
the sensitive electronic instrument 
that is used to study the tiny elec
tric currents associated with the 
impulse that travels along a nerve 
(see page 55). On the face of the 
tube is a luminous line that traces 
the shape of an "action potential" 
traveling along the nerve of a frog. 
To oDserve this potential the nerve 
is dissected from the frog and 
mounted on two pairs of electrodes. 
One pair of electrodes stimulates 
the nerve, causing the small break 
in the left side of the oscilloscope 
trace. The tall peak in the trace rep
resents the action potential passing 
the first electrode of the second 
pair. The valley in the trace repre
sents the reversal of the potential 
as it passes the second electrode. 

THE ILLUSTRATIONS 

Cover by George Giusti 

Page 
21 
22 
23 
24-25 
26 
28-29 

30-31 
32 
33 
34 
35 
36 

37 
38 
55-56 
57-59 
60 

61 
62-64 
66 
67-70 
77-80 
94-100 

Source 
Sara Love 
Christiana D. Morgan 
Marie M. Kaufmann 
Sara Love 
Paul Weller 
Courtesy Joseph L. Mel

nick, Yale University 
School of Medicine 

Eastman Kodak Company 
Sara Love 
Eastman Kodak Company 
Bernarda Bryson 
Sara Love 
Ray Scott, National Park 

Service 
Bernarda Bryson 
Sara Love 
Paul Weller 
Eric Mose 
Courtesy Bernhard Katz, 

University College, Lon
don 

Eric Mose 
Courtesy Bernhard Katz 
David Stone Martin 
Sara Love 
James Egleson 
Roger Hayward 
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What do YOU want to protect? 

PROTECTION AGAINST FIRE is vital. Here, school children have safely 
returned to building after fire has been extinguished. Fenwal rote
compensated DETECT-A-FIRE® Thermostats, installed with carefully 
engineered alarm or release systems, react the instant temperature of 
surrounding air reaches danger point. No delays - no false alarms. 

THE NATION'S SWEET TOOTH responds to tempting chocolate coating 
that is quality-controlled. Economical Fenwal THERMOSWITCH Thermostats 
help protect quality in candy manufacture by controlling chocolate tem
peratures in machine-cooting or hand-dipping. Dependable performance 
of these thermostats assures uniform results. 

MILITARY VEHICLES OF ALL KINDS depend on Fenwal THERMO
SWITCH ® Thermostats for accurate control of heater units. These 
hermetically sealed thermostats are also highly resistant to shock and 
vibration. So, they give precise, dependable control despite rugged con
ditions. They react instantly to temperature changes. 

THIS HIGH-TEMPERATURE LABORATORY is one of several specialized 
laboratories ot Fenwal. In these laboratories, Fenwal engineers are con
stantly developing new devices and improving existing ones to help pro
tect products, processes, property, and people. Fenwal engineers may 
help you solve your problem. Why not write us? Fenwal, Incorporated, 
3011 Pleasant Street, Ashland, Mass. 

ELECTRIC TEMPERATURE CONTROL 
AND DETECTION DEVICES 

PROTECTllG PRODUCTS AND PROCESSES ... PROPERTY AND PEOPLE 

17 

© 1952 SCIENTIFIC AMERICAN, INC



Versatile Ceramic Fiber- insulates, 

makes superfine filter, 

resists 2300°F (and more) 

This cotton-like material is FIBERFRAX ceramic fiber, a new 
synthetic with dozens of possible uses. Brand new, this 
remarkable fiber easily withstands 2300 F without loss of 
properties, and up to 3000 F without melting - temperatures' 
far higher than possible with existing mineral or glass 
fibers. Applications already tested range from - use as a 
superfine filter (even fine enough to filter bacteria) - to 
blankets for insulating combustion and exhaust systems of 
jet engines - to dielectric papers (with electrical losses Y4 
those of Kraft paper). 

FIBERFRAX fiber is made by melting, pouring, and then 
air blasting a molten stream (3300 F) of aluminum oxide 
and silica - both, non-critical materials. Instantly, a random 
mass of fluffy white fibers is formed. These fibers are as long 
as 3", yet average only 4 microns in diameter (about 1/25 
the diameter of a human hair). As blown, this material 
weighs just 2 Ibs per cu ft. Physically, it is very resilient. 
Chemically, it is highly stable. Electrically, it is inherently 

an excellent insulatOr. 

GET COMPLETE INFORMATION - MAIL THIS COUPON 

�----------------------

Dept. T-112, Refractories Division 

The Carborundum Co., Perth Amboy, N. J. 

Please send free folder on FIBIiRFRAX fiber. 

N am e' ______________________________________ ___ 

Position' ___________________ Company' ____________ _ 

Streetr __ ______________________________________ _ 

City· ______________________ --S.z o n e __ Stote' _____ _ 

- ----------------------
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Besides those applications mentioned, other possible uses 
for FIBERFRAX fiber are: As a furnace insulating material 
(tests on certain furnaces proved it even more efficient than 

high grade insulating brick). As a reinforcing agent for low 
pressure laminates (e.g. radomes), battery plates, etc. As a 
wick - as catalyst carrier. As a heat-resisting, cushioning or 
packing material. 

When made in batt form, it might be used as a fire wall 
(which would also deaden sounds). In bulk form, or made 
into paper, it makes an excellent gas or liquid filter and can 
be burned clean and reused. It can undoub�edly be used 
with or substituted for, critical asbestOs. 

Presently available only in bulk form (sample on request), 
FIBERFRAX fiber has been made experimentally into felted 
rolls, bonded batts, and paper. Work is under way, however, 
to produce all forms commercially. 

Do any applications occur to you? If so, 
please write or phone us. There must be 
scores of profitable possibilities as yet 
undiscovered. We would like to work with 
you in developing these new uses. 

CARBORUNDUM 
Tr"de Mark 

"Carbortmdum" and "Fiberfrax" are trademarks whicl:J 
indicate 1111l1lttfacture by The Carborundum Company 
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What's Happening at CRUCIBLE 

about scm'ing cHId wtting ,'ule steel 

lengths of cutting rule steel after edging 

Some examples of the many shapes of bends needed 

Scoring and cutting rule steel is a cold-rolled 

spccialty stcel for use in preparing dies for cutting 

paper, leather, ruhber amI other materials. 

It is a pre-tempcred product manufactured hy 

skillcol workmen, using precision rolling and hard

CITing equipment, to close limits for chemistry, 

grain size amI hardness. This product must also be 

cap able of meeting intricate hcnd requirements in 

the hardened and tempered condition. 

This specialty is furnished with round edges and 

in coil form to the rule manufacturer who grinds 

the edp;es - the one edge square and the other to a 

knife edge as well as cutting thc matcrial into de

sireJ lengths. This is sold to a die-maker who helHls 

the rule to the required shape. This is thcn thc 

nucleus of a pre·hardened die, which when properly 

hraze fl and supported is used to cut out material for 

display cards - aircraft parts - pocketbooks 

wallets - gloves - gaskets - washers. 

engineel'ing sel'vice available 

Since there is a great diversity of cold·rolled prod

ucts, our staff of field metallurgists can help you 

apply what you require. Take full advantage of 

Crucihle's more than 50 years experience as the first 

nallle in special purpose steels. Crucible Steel Com

pany of America, General Sales and Operating 

Offices, Oliver Building, Pittshurgh, Pa. 

CRUCIBLE first name in special purpose steels 

Midland Works, Midland, Pa. Spaulding Works, Harrison , N. J. Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East Liverpool, Ohio Sanderson·Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy, Wisconsin 
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A PSYCHOI�OGIST EXAMINES 
64 EMINENT SCIENTISTS 

The present shortage of qualified scientific workers raIses 

the question of how they are made. Sonle interesting answers 

are given by the techniques of modern psychological testing 

W
HAT elements enter into the 
making of a scientist? Are there 
special qualities of personality, 

mind, intelligence, background or up
bringing that mark a person for this 
calling? Besides the natural interest in 
these questions, they have a practical 
importance, because the recruitment of 
qualified young people into science is a 
growing problem in our society. Where 
and how shall we find them? 

During the past five years I have 
been making a study of the attributes 
of a group of scientists and the reasons 
why they chose this field of work. The 
most eminent scientists in the U. S. were 
selected as subjects, since they are most 
likely to exemplify the special qualities, 
if any, that are associated with success 
in research science. They were selected 
by panels of experts in each field of sci-

by Anne Roe 

ence. The study finally settled on a group 
of 64 eminent men who agreed to par
ticipate-20 biologists, 22 phYSicists and 
22 social scientists (psychologists and 
anthropologists). A high percentage of 
them are members of the National 
Academy of Sciences or the American 
Philosophical Society or both, and 
among them they have received a stag
gering number of honorary degrees, 
prizes and other awards. 

Each of the 64 individuals was then 
examined exhaustively by long personal 
interviews and tests: his life history, 
family background, professional and 
recreational interests, int�lligence, 
achievements, personality, ways of 
thinking-any information that might 
have a bearing on the subject's choice of 
his vocation and his success in it. Each 
was given an intelligence test and was 

examined by two of the modern tech
niques for the study of personality: the 
Rorschach and the Thematic Appercep
tion Test (TAT). The Rorschach, pop
ularly known as the inkblot test, gives 
information about such things as the 
way the subject deals with problems, 
his manner of approach to them, the 
extent and effiCiency of his use of ra
tional controls, his inner preoccupations, 
his responsiveness to outside stimuli. 
The TAT gives information about at
titudes toward family and society and 
self, about expectations and needs and 
desires, and something about the de
velopment of these. 

My study was financed during the 
first four years by grants from the Na
tional Institute of Mental Health and is 
being continued this year under a Gug
genheim Fellowship. It has developed 

AVERAGE AGE AT 

AGE AT TIME OF STUDY TIME OF RECEIVING COLLEGE DEGREES 

FIELD Average Range 

Biologists 51.2 38-58 

Physical scientists 44.7 31-56 

Social scientists 47.7 35-60 

AVERAGE AGE of the subjects at the time of the study 
and at the time they received their degrees is given in 

B.A. Ph.D., Sc.D., M.D. 

21.8 26.0 

20.9 24.6 

21.8 26.8 

this table. The upper age limit was set at 60; the lower 
limit was determined by the eminence of the subjects. 
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THE THEMATIC APPERCEPTION TEST 

One of the projective psychological tests used by the author in hcr 
i�lterviews with the 64 scientists is the Thematic Apperception 
lest, commonly called the TAT. In this test the subject is given a 
set of large cards, one blank and 19 bearing pictures. One of the 
pictures is shown above. The subject is asked to write a story about 
each of the cards; the stories are then studied by a trained inter

�reter as � method of revealing some of the subject's drives, emo
tIOns, sentIments, complexes and conflicts of personality. 

The test was devised by Henry A. Murray of Harvard University, 
who obs

.
erves ahout it: "The �AT will he found useful in any com

prehenSIve study of personalIty, and in the interpretation of be
havior disorders, psychosomatic illnesses, neuroses and psychoses. 
The fact that stories collected in this way often reveal sirrnificant 
components of personality is dependent on the prevalenc� of two 
psychological tendencies: the tendency of people to interpret an 
ambiguous human situation in conformity with their past experi
ences and present wants, and the tendency of those who write stories 
like�vise to draw on the fund of their experiences and express their 
sentIments and needs, whether conscious or unconscious. The sub
�ect's interest, together with his need for approval, can be so involved 
m th

.
e ta

.
sk th�t he forgets

. 
his sensitive se�f and the necessity of de

�endmg It agamst the probmgs of the exammer, and, before he knows 
It, he h�s said t�lings about an invented character that apply to him
self, tlungs wluch he would have been reluctant to confess in re
sponse to a direct question." 

The picture, copyrighted in 1943 by the President and Fellows of 
Harvard College, is reproduced by permission of the Harvard Uni
versity Press. 

a great deal of material, much of which 
has been published in technical detail in 
special journals. In this brief article 
it is possible only to recapitulate the 
high points. 

THERE IS no such thing, of course, 
as a "typical" scientist. Eminent 

scientists differ greatly as individuals, 
and there are well-marked group dif
ferences between the biologists and the 
physicists, and between the natural 
scientists and the social scientists. Cer
tain common patterns do appear, how
ever, in the group as a whole, and the 
most convenient way to summarize these 
generalizations is to try to draw a picture 
of what might be called the "average" 
eminent scientist. 

He was the first-born child of a mid
dle-class family, the son of a professional 
man. He is likely to have been a sickly 
child or to have lost a parent at an 
early age. He has a very high I.Q. and 
in boyhood began to do a great deal of 
reading. He tended to feel lonely and 
"different" and to be shy and aloof from 
his classmates. He had only a moderate 
interest in girls and did not begin dating 
them until college. He married late 
(at 27), has two children and finds 
security in family life; his marriage is 
more stable than the average. Not until 
his junior or senior year in college did 
he decide on his vocation as a scientist. 
What decided him (almost invariably) 
was a college project in which he had 
occasion to do some independent re
search-to find out things for himself. 
Once he discovered the pleasures of 
this kind of work, he never turned back. 
He is completely satisfied with his 
chosen vocation. (Only one of the 64 
eminent scientists-a Nobel prize win
ner-says he would have preferred to do 
something else: he wanted to be a farm
er, but could not make a living at it.) 
He works hard and devotedly in his 
laboratory, often seven days a week. 
He says his work is his life, and he has 
few recreations, those being restricted to 
fishing, sailing, walking or some other 
individualistic activity. The movies 
bore him. He avoids social affairs and 
political activity, and religion plays no 
part in his life or thinking. Better than 
any other interest or activity, scientific 
research seems to meet the inner need 
of his nature. 

This generalized picture represents 
only majority traits; there are, of course, 
many exceptions to it, not only in in
dividual cases but by groups; the social 
scientists, for instance, tend to be by no 
means shy but highly gregarious and 
social. Let us now consider the dif
ferences between groups. I have sep
al'ated the physicists into the theorists 
( 12) and the experimentalists (10), 
because these two groups differ sharply. 
The biologists (physiologists, botanists, 
geneticists, biochemists and so on) are 
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sufficiently alike to be grouped together, 
and so are the social scientists. 

No STANDARDIZED intelligence 
test was sufficiently difficult for 

these eminent scientists; hence a special 
test was constructed by the Educational 
Testing Service. To provide ratings on 
particular intellectual factors, the test 
was divided into three parts: verbal 
(79 items) , spatial (24 items) and math
ematical (39). (The mathematical test 
used was not difficult enough for the 
physicists, and several of them did not 
take it.) 

While the group as a whole is charac
terized by very high average intelli
gence, as would be expected, the range 
is wide (see table on page 24). Among 
the biologists, the geneticists and bio
chemists do relatively better on the non
verbal tests than on the verbal, and the 
other biologists tend to do relatively bet
ter on the verbal. Among the physiCists 
there is some tendency for theorists to 
do relatively better on the verbal and 
for the experimentalists to do relatively 
better on the spatial test. Among the 
social scientists the experimental psy
chologists do relatively better on the 
spatial or mathematical than on the 
verbal test, and the reverse is true of 
the other psychologists and the anthro
pologists. 

On the TAT the social scientists tend
ed to give much longer stories than the 
other groups did-verbal fluency is 
characteristic of them. The biologists 
were inclined to be much more factual, 
less interested in feelings and, in gen
eral, unwilling to commit themselves. 
This was true to a lesser extent of the 
physical scientists. The biologists and 
physical scientists manifested a quite 
remarkable independence of parental re
lations and were without guilt feelings 
about it, while the social scientists 
showed many dependent attitudes, 
much rebelliousness and considerable 
helplessness, along with intense concern 
over interpersonal relations generally. 
The biologists were the least aggressive 
(but rather stubborn) and the social 
scientists the most aggressive. The most 
striking thing about the TAT results 
for the total group, however, is the rarity 
of any indication of the drive for 
achievement that all of these subjects 
have actually shown in their lives. 

On the Rorschach the social scientists 
show themselves to be enormously pro
ductive and intensely concerned with 
human beings; the hiologists are deeply 
concerned with form, and rely strongly 
upon a non-emotional approach to prob
lems; the physicists show a good deal 
of free anxiety and concern with space 
and inanimate motion. Again the social 
scientists, particularly the anthropolo
gists, are the most freely aggressive. 

Early in the course of the work it 
became apparent that there were some 

RORSCHACH TEST, in which the subject describes the pictures he is 
able to perceive in a standard set of inkblots, also was used in the study. 

differences in habits of thinking, and 
a special inquiry was instituted along 
these lines. The data are unsatisfactory 
from many standpoints-there are no 
objective tests for such material, and 
I had to ask many leading questions in 
order to convey any idea of what I was 
after. Nevertheless rather definite and 
meaningful patterns did appear. The 
biologists and the experimental phys
icists tend strongly to dependence upon 
visual imagery in their thinking-images 
of concrete objects or elaborate diagrams 
or the like. The theoretical physicists 
and social scientists tend to verbaliza
tion in their thinking-a kind of talking 
to themselves. All groups report a con
siderable amount of imageless thinking, 
particularly at crucial points. Men whose 
fathers followed talkative occupations 
(law, ministry, teaching) are more likely 
to think in words. 

THE LIFE histories of these 64 men 
show some general similarities, and 

there are patterns characterizing some of 
the subgroups. Geographical factors 
seem not to be particularly significant, 
except that only a few came from the 
South. The economic level was varied, 
ranging from very poor to well-to-do; 
among the anthropologists and the theo-

retical physicists a somewhat higher per
centage came from well-to-do homes. 

In several respects the scientists' back
grounds differ very much from the popu
lation at large. There are no Catholics 
among this group of eminent scientists; 
five come from Jewish homes and the 
rest had Protestant backgrounds. Only 
three of the 64 now have a serious inter
est in any church; only a few even main
tain church memberships. 

Another striking fact is that 53 per 
cent of the scientists were the sons of 
professional men; not one was the son 
of an unskilled laborer and only two 
were sons of skilled workmen. Why do 
more than half of our leading scientists 
come from the families of professional 
men? It seems to me most probable, from 
more knowledge of the family situations 
of these men than I can summarize here, 
that the operative factor is the value 
placed by these families and their asso
ciates on learning-learning for its own 
sake. Most of the scientists developed 
intellectual interests at an early age. 

Another remarkable finding is how 
many of them were their parents' first 
children. This proportion is higher than 
chance expectancy in all of the sub
groups. Thirty-nine were first born; of 
the rest five were eldest sons and two 
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I 
Experimental Theoretical 

Psychologists I Anthropologists II Biologists physicists 

PROFESSIONS 9 5 

Research Science 0 1 

Physician 0 2 

lawyer 0 0 

Engineer 0 0 

Clergymen 2 0 

Editor 2 0 

College teacher 4 0 

School teacher 0 2 

School superintendent 1 0 

Pharmacist 0 0 

BUSINESS 8 1 

Own business 4 0 

Clerk, agent, salesman 4 1 

FARMER 2 4 

SKILLED LABOR 1 0 

TOTALS 20 10 

PER CENT PROFESSIONAL 45 50 

OCCUPATIONS OF THE FATHERS of the 64 emi
nent scientists showed a strong bias in favor of the pro
fessions. This was especially true of the 12 theoretical 
physicists, 10 of whose fathcrs had been professionals. 

VERBAL TEST 

Number Average Range 

Biologists 19 56.6 28·73 

Experimental physicists 7 46.6 8-71 

Theoretical physicists 11 64.2 52-75 

Psychologists 14 57.7 23-73 

Anthropologists 8 61.1 43·72 

TOTAL 59 57.7 8-75 

APPROXIMATE 163 121·177 

IQ EQUIVALENTS 

INTELLIGENCE TEST RESULTS revealed minor 
variations alllong the specialties of the scientists. The 
theoretical physicists did hest in the verbal test; the 
experimental physicists rated lowest. Both theoretical 
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physicists TOTALS 

10 7 I 3 1 34 

0 0 0 II 1 

1 2 0 rl 5 

1 1 3 !I I, 5 

3 2 0 [I 5 

1 0 0 II 3 

0 0 0 II 2 

3 2 0 II 
" 

9 

0 0 0 fl 2 

0 0 0 II 1 

1 0 0 fl 1 

2 4 5 rl 20 

2 2 4 I: 12 

0 2 1 1.1 8 

0 2 0 i 8 

0 1 0 2 

12 14 8 I-I 64 

84 50 38 rl 53 

The anthropologists were an exception: five out of 
eight came from husiness hackgrounds. Four of the 10 
experimental physicists were the sons of farmers. None 
of the scientists were the sons of unskilled lahorers. 

SPATIAL TEST MATHEMATICAL TEST 

Average Range Average Range 

9.4 3-20 16.8 6·27 

11.7 3-22 

13.8 5-19 

11.3 5·19 15.6 8·27 

8.2 3·15 9.2 4·13 

10.9 3-22 15.9 4-27 

140 123·164 160 128-194 

and experimental physicists did not take the mathemat
ical test hecause it was not sufficiently difficult. Two an
thropologists who took the verhal test did not take the 
other tests on the ground that they could not do them. 
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who were second born were effectively 
the eldest because of the early death of 
the first child. For most of the others 
there is a considerable difference in age 
between the subject and the next older 
brother (averaging five years). It seems 
probable that all this may point to the 
most important single factor in the mak
ing of a scientist-the need and ability to 
develop personal independence to a high 
degree. The independence factor is em
phasized by many other findings: the 
subjects' preference for teachers who let 
them alone, their attitudes toward reli
gion, their attitudes toward personal re
lations, their satisfaction in a career in 
which, for the most part, they follow 
their own interests without direction or 
interference. It is possible that oldest 
sons in our culture have a greater amount 
of independence or more indulgence in 
the pursuit of their own interests than 
other children have. On the other hand, 
there is some psychological evidence 
that first-born tend to be more depend
ent, on the average, than other children, 
and a good case could be made out for 
a hypothesis that reaction to this over
dependence produced the scientists' 
strong drive to independence. 

The early extracurricular interests of 
these men were varied, but here, too, 
there are some general patterns. More 
of the physicists than of the other groups 
showed early interests directly related to 
their later occupations, but this seems 
quite clearly to be due to the common 
small-boy preoccupation in this country 
with physical gadgets-radio, Meccano 
sets and so on. The theoretical physicists 
were omnivorous readers, the experi
mentalists much less so. Among the so
cial scientists many went through a 
stage of considering or even working 
toward a literary career. Half of the bi
ologists showed some early interest in 
natural history, but for only five was it 
of an intense and serious sort, involving 
keeping field records of birds and flow
ers, and so on. Many of the biologists did 
not know during childhood of the pos
sibility of a career in biology. This was 
even more true' of the psychologists and 
anthropologists, since there are almost 
no boyhood activities related to profes
sional social science. 

IT IS of considerable interest that over 
half of these men did not decide up

on their vocations until they were juniors 
or seniors in college. More important, 
perhaps, than when they decided, IS why 
they decided. It certainly was not just a 
matter of always following an early bent. 
From fiddling with gadgets to becoming 
a physicist may be no great leap, but the 
attractions of theoretical physics are not 
so obvious or well known, nor are those 
of the social sciences or advanced bi
ology. In the stories of the social scien
tists and of the biologists it becomes 
clear that the most important factor in 

FIELD 

II Visual Verbal Imageless 
II TOTALS 

Biologists 10 4 3 17 

Physicists 10 4 4 18 

Psychologists and anthropologists 2 11 6 19 

TOTALS II 22 19 13 II 54 

IMAGERY OF THE SCIENTISTS was correlated with specialty. The natu
ral scientists were strong in visual imagery; the social scientists, in verhal. 

the final decision to become a scientist 
is the discovery of the joys of research. 
In physics the discovery may come so 
gradually as not to be noticed as such, 
but in the other sciences it often came 
as a revelation of unique moment, and 
many of these men know just when and 
how they found it out. A couple of quota
tions will illustrate this: 

"I had no course in biology until my 
senior year in college. It was a small 
college and the teacher was about the 
first on the faculty with.a Ph.D. It was 
about my first contact with the idea that 
not everything was known, my first con
tact with research. In that course I think 
my final decision was really taken. It 
was mainly that I wanted to do some
thing in the way of research though I 
didn't know just what, but working out 
something new." 

"One of the professors took a group 
of us and thought if we wanted to learn 
about things, the way to do it was to do 
research. My senior year I carried 
through some research. That really sent 
me, that was the thing that trapped me. 
After that there was no getting out." 

That research experience is so often 
decisive is a fac� of very considerable 
importance for educational practice. The 
discovery of the possibility of finding 
things out for oneself usually came 
through experience in school with a 
teacher who put the students pretty 
much on their own. 

There are other things in the. general 
process of growing up that may have in
fluenced the choice of career in subtle 
ways. One fourth of the biologists lost 
a parent by death or divorce at an early 
age. This may have tended to shove 
them to greater independence. Among 

the theoretical physicists there was a 
high incidence of serious illness or physi
cal handicaps during childhood, which 
certainly contributed to the feelings of 
isolation characteristic of them. Among 
the social scientists there is an unusually 
intense concern with personal relation
ships, which often goes back to family 
conflicts during childhood. A relatively 
large proportion of them seem to have 
come from homes in which the mother 
was dominant and the father inadequate 
in some way. The divorce rate among 
the social scientists in this study was re
markably high-41 per cent. 

Whereas the characteristic pattern 
among the biologists and physicists is 
that of the shy, lonely, over-intellectual
ized boy, among the social scientists the 
characteristic picture is very different. 
They got into social activity and inten
sive and extensive dating at an early age. 
They were often presidents of their 
classes, editors of yearbooks and literary 
magazines, frequently big shots in col
lege. This contrast between the natural 
and social scientists was still evident 
after they grew up. It is true only in gen
eral, of course; even among the theOl'eti
cal physicists there are some ardent 
party-goers. 

. 

The one thing that all of these 64 
scientists have in common is their driv
ing absorption in their work. They have 
worked long hours for many years, fre
quently with no vacations to speak of, 
because they would rather be doing 
their work than anything else. 

-

Anne Roe is a clinical psychologis t 
and the wife of the eminent paleon
tologis t GeoTge GayloTd Sim pson. 

PROFESSION OF FATHER 

II 
Visual Verbal Imageless 

II 
TOTALS 

Verbal 5 10 3 18 

Non·verbal 8 2 2 12 

TOTALS II 13 12 5 II 30 

IMAGERY OF THE FATHER'S PROFESSION was strongly influential. 
The numhers on the right side of this table refer to the imagery of the sons. 
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TEST TUBES contain small pieces of Illonkey tissue 
growing in a culture medium. The test tuhe at the left 
contains tissue that has just heen implanted. The bits 

26 

of tissue in the test tuhe at the right are fuzzy hecause 
they have had time to grow Illany tiny strands. When 
polio virus is placed in tuhe, these cells deteriorate. 
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A New Era 

In Polio Research 
• 

Until recently the VLrus that causes the disease was grown 

by the expensive and inconvenient procedure of inoculating 

monkeys with it. Now it can be cultivated in the test tube 

T
HE discovery of a way to grow polio
myelitis virus in tissue culture-made 

three years ago by John F. Enders, 
Thomas H. Weller and Frederick C. 
Robbins at the Children's Hospital in 
Boston-has given a tremendous impetus 
to the study of this disease. It means the 
end of the "monkey era" in poliomyelitis 
research and opens the way to a much 
wider attack on the problem. Now that 
experimental work in poliomyelitis is no 
longer dependent mainly on the infec
tion of monkeys, many more investiga
tors can work on the problem and new 
kinds of experiments can be undertaken. 
Advances are already being made on 
many fronts. 

Before considering these advances 
and the prospects for the control of polio
myelitis let us see how the new tech
nique has changed the laboratory pic
ture. The chief obstacle to experimental 
investigation of the disease has been that 
it attacks only man and the other pri
mates (although rare strains of the virus 
can infect certain rodents). To detect the 
presence of the virus in tissue specimens 
and to grow it for laboratory purposes, 
experimenters have had to use monkeys 
as experimental animals. The monkeys 
had to be trapped in Asia or Africa and 
transported to this country. The supply 
was irregular, and research sometimes 
was held up for weeks awaiting a new 
shipment. Furthermore, a poliomyelitis 
laboratory had to be equipped with fair
ly extensive quarters, and needed a siz
able staff, to care for the large numbers 
of monkeys. Much of its time was con
sumed in dealing with the monkeys' 
special nutritional needs and their sus
ceptibility to such diseases as tubercu
losis, dysentery, and parasitic infections 
-diseases acquired in nature before the 
animals entered the laboratory. And at 
best the monkey assay method was 
cumbersome and slow. For example, 

by Joseph L. Melnick 

when monkeys were inoculated with a 
specimen suspected of containing polio
myelitis virus, they had to be closely 
watched and their temperatures taken 
each day for a period of four weeks. 
If and when the signs of the disease 
developed, the animal was sacrificed and 
the diagnosis of poliomyelitis was con
firmed by microscopic examination of its 
spinal cord. 

In short, monkeys are in every way an 
exceedingly expensive laboratory ani
mal. Not many institutions had the 
money or equipment to handle polio
myelitis research, and relatively few in
vestigators could work in this field. 

The tissue-culture method has 
changed things. The monkeys have been 
replaced by test tubes in which the virus 
is grown in cultures of tissues. We now 
have a relatively simple and rapid test 
for detecting the presence of poliomy
elitis virus or its antibodies. 

The new method stems directlv from 
the discovery that poliomyeliti; virus 
may grow in cultures of human tissues 
other than those of the brain and 
spinal cord. Together with other evi
dence, this suggests that in the body 
also, poliomyelitis virus can grow in 
other than nervous-system cells. If this 
concept is true, it is indeed fortunate, 
for such cells presumably are not dam
aged. Actually there is often no sign of 
disease, and yet the body gains an en
during immunity. Such multiplication of 
virus without producing disease means 
that the body, when it meets the vi
rus again at some future date, is able 
to thwart its attack, and prevent the 
virus from moving to the nervous sys
tem-for it is only in this latter tissue that 
the damaging lesion is produced. This 
concept of virus growing in cells outside 
the nervous system and conferring an 
immunity to subsequent paralytic infec
tion is opening up new channels for in-

vestigation, from which may come a 

means of preventing the disease. 
The materials used in the new culture 

technique are certain monkey or human 
tissues, the latter being available after 
some types of surgical operations. They 
are cut into tiny fragments about 1/25-
inch square. When such a piece is bathed 
in a suitable nutrient medium, long 
strands of cells grow out from it within 
a few days and continue to grow for 
several weeks. If virus is added to the 
test tube, the strands of cells are broken 
up and destroyed, usually within a few 
days. That these destructive changes are 
specifically associated with the growth 
of virus is shown in two ways. The first 
is that they fail to occur in uninoculated 
tubes. The second is that the addition 
to the culture tube of serum containing 
specific antibodies for poliomyelitis 
virus prevents this destruction of cells. 
From this may come a laboratory diag
nostic test for poliomyelitis infection in 
man. The method is already useful for 
the classification of poliomyelitis viruses 
and for the quantitative measurement 
of antibodies to each type. 

A huge program of research at sev
eral universities, in which vast numbers 
of monkeys were used and more than 
$1 million was spent, has established that 
three different species or types of polio
myelitis virus exist in nature. Each of 
the three can cause the human disease. 
It has been found in monkeys that 
infection with one type confers little 
or no immunity against the other two. 
This may explain why paralytic polio
myelitis is sometimes contracted more 
than once by the same person. 

In order to gain a better understand
ing of poliomyelitis epidemics, it is 
necessary to know just which types are 
prevalent during a single outbreak, and 
the tissue-culture method is ideally 
suited for such work. For example, in 
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Easton, Pa., during the summer of 195·0 
tissue-culture analysis showed that all 
three virus types were present in polio
myelitis patients sent to the hospital, but 
Type 1 accounted for most of the cases. 
Whether all three types occur in every 
epidemic, with one type in ascendancy, 
is a question for future investigation to 
answer. At least it shows that as far as 
the poliomyelitis family of viruses is con
cerned, "birds of a feather flock to
gether." 

In addition to the three types of polio
myelitis virus, three other viruses were 
isolated in tissue culture in Easton. They 
were found in patients diagnosed as hav
ing mild poliomyelitis. They did not be
long to the poliomyelitis virus family, 
for none of the three poliomyelitis anti
sera neutralized their capacity to destroy 
cells in tissue culture. Further study has 
shown that two of the agents can be 
grouped with the poliomyelitis fellow
travelers-the Coxsackie or C viruses. 
The remaining agent is as yet unidenti
ficd. The following summer there were 
isolated three similar viruses with the 
capacity to produce cellular damage in 
monkey-tissue cultures, but not, as far 
as could be determined, with the capaci
ty to canse diseasc in monkeys or other 
laboratory animals. Thus a whole new 
ficld is opening up in which heretofore 
unrecognized human viruses may be de
tected bv the tissue-culture method. 

For m
'
any infectious diseases the pres

ence of specific antibodies is generallv 
believed to mean that the individual is 
immune to that disease. If this assump-

tion is correct for poliomyelitis, tissue 
culture may provide a simple tool to tell 
who is immune to poliomyelitis and who 
is not. This may have great practical 
significance. By sampling the population 
periodically to determine the prevalence 
of antibodies' to the three poliomyelitis 
viruses, health officers may be able to 
predict the occurrence of epidemics. 

Recent studies carried out in the Yale 
Poliomyelitis Laboratory illustrate the 
kind of information that can now be 
obtained. Antibody tests have shown that 
children in Cairo, Egypt, who live under 
conditions of sanitation far more primi
tive than ours, acquire poliomyelitis 
antibodies much more rapidly than do 
children in U. S. cities. More than half 
of the children of Cairo are already in
fected and presumably rendered im
mune by the age of two. This much 
"immunity" is usually not reached in 
U. S. cities until the age of 10 or so. 
Because exposure to virus is frequent 
in Egypt, the level of infection, with 
resultant immunity, in the Cairo popu
lation is high. Thus there are few cases 
beyond infancy, and large epidemics 
have never been reported. To learn more 
about how poliomyelitis strikes in the 
U. S. , the city of Winston-Salem, N. C. , 
was selected for study during the 1948 
epidemic of the disease in North Caro
lina. The virus strains isolated from 
paralyzed patients were found to be
long to Type l. During the summer this 
type also infected about 25 per cent of 
those children who were devoid of anti
bodies at the start of the outbreak with-

out glvmg them symptoms of the dis
ease. Type 2 also was prevalent in 
Winston-Salem, infecting 17 per cent of 
the apparently well children. There was 
no evidence that Type 3 virus was active 
during the summer of 1948, although the 
antibody measurements showed that 
Type 3 had been present in 'Winston
Salem in earlier years. 

The new test-tube method for identi
fying poliomyelitis viruses and measur
ing antibodies is not yet available to 
practicing physicians and health officers. 
At this writing its use is confined to 
research laboratories, but it is our hope 
that in the near future the test will be
come a practical tool and available on a 
large scale. 

Immunity to poliomyelitis cannot be 
left to chance, and two approaches to 
possible immunity and control of epi
demics are currently being made. One is 
based upon the fact that the virus can 
be grown in cultures of non-nervous 
tissue, and the other relies on the use of 
a human blood fraction called gamma 
globulin, obtained from large pools of 
human plasma and rich in antibodies 
to all three poliomyelitis viruses (as well 
as to other infectious agents). 

When some viruses are cultivated in a 
medium different from the one to which 
they are accustomed in nature, they 
sometimes change in their ability to 
cause the kinds of diseases they once 
produced. The new virus is still a living 
agent and causes infection, but this in
fection does no damage to tissue. And 
it will produce antibodies which render 

UNINFECTED TISSUE is shown in this photomicro
graph of a test tuhe culture. From the surface of the tis-

sue grow fine strands of cells. Tissue protected hy anti
hodies has the same appearance in the presence of virus. 
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the subject resistant to subsequent in
fections by a wild, disease-producirig 
related virus. In this way such diseases 
as smallpox and yellow fever have been 
conquered and it appears that rabies will 
be next on that list. Even though we do 
not yet possess any attenuated strains of 
poliomyelitis virus which can be con
sidered safe for human trial, there is 
good evidence that the viruses being 
propagated generation after generation 
in tissue culture already differ from the 
viruses grown in the spinal cord of labo
ratory animals. Some of the cultivated 
strains confer immunity in monkeys even 
after their capacity to produce paralysis 
in laboratory animals has almost dis
appeared. 

As it may be a long time before in
vestigators find strains of live virus 
which can be safely administered to 
children, work is going forward with 
vaccines containing killed virus. Monkey 
spinal cords could never have been en
tirely safe for this purpose, even if 
adequate supplies had been available, 
because the inoculation of nervous-tis
sue material all too often produces aller
gic encephalitis, a very serious disease. 
Test tube-grown viruses which are killed 
before being incorporated into the 
vaccine obviate this danger. 

Killed viruses have been shown to be 
effective in producing immunity in ani
mals. Virus particles have an exquisite 
architecture, characteristic of. large nu
cleoprotein molecules. If this architec
ture is altered by chemical or physical 
means, certain properties of the virus are 

also altered. Several investigators are 
studying the most effective ways to de
stroy only that part of the virus responsi
ble for the production of disease. As the 
rest of the particle, now harmless, would 
be similar in architecture to a virulent 
virus, it might be expected to stimulate 
the production of antibodies and thus 
confer immunity on a susceptible indi
vidual. 

The other approach to immunity, in
volving the use of gamma globulin, was 
tested in the field last summer under 
the direction of William McD. Hammon 
of the University of Pittsburgh. The re
sults are not yet published at this writ
ing. In the laboratory, gamma globulin 
protects animals if injected before the 
virus has begun to multiply in the brain 
or spinal cord. People are naturally in
fected at different times during an epi
demic, and it was therefore hoped that 
injections of gamma globulin in thou
sands of children in an epidemic area 
might reach some early enough to fur
nish a supply of poliomyelitis antibodies 
at a crucial period. The effect of the in
jected gamma globulin is temporary, and 
its duration would depend on the 
amount injected. There is a possibility 
that some children may achieve a more 
lasting protection by contracting a low
grade or silent infection of poliomyelitis 
while they are still protected by gamma 
globulin antibodies; such a child would 
then produce his own antibodies, which 
would remain for years, if not for life. 
But obviously acquisition of immunity in 
this way depends on chance. 

It is not yet known whether gamma 
globulin will be effective, and physicians 
should refrain from injecting it until they 
know whether and how it should be 
used. It would be unfortunate if the 
stocks of human gamma globulin were 
depleted for no good purpose, leaving it 
in short supply for use in susceptible 
persons exposed to measles and infec
tious hepatitis, two diseases in which it 
has proved its value. 

'Lissue-culture methods have provided 
virologists with a simple in vitm method 
for testing a multitude of chemical and 
antibiotic agents for their effect on the 
multiplication of viruses in living cells. 
Some workers in the poliomyelitis field 
have already found that certain anti
metabolites suppress the growth of the 
virus in tissue culture. These organiC 
chemicals are structural analogues of 
compounds found within normal cells, 
and for this reason they interfere with 
the normal pathways of metabolism. It 
is thought that if these pathways can be 
temporarily blocked, the parasitic virus 
within the cell may find itself in an en
vironment unfavorable for its propaga
tion. 

Altogether the arrival of the tissue
culture technique has greatly encour
aged investigators of poliomyelitis. The 
day when the disease will be brought 
under control now seems closer. 

-

Joseph L. Melnick is associate pro
fessor of micmbiology at the 
Yale Univel'sity School of Medicine. 

INFECTED TISSUE has strands that are in the process 
of heing hroken up and destroyed. This effect occurs a 

few days after the virus is placed in the culture. The 
uninfected strands are capahle of growth for weeks. 
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Photographic Development 
Although picture-making today 1,S a highly refined art, 

chem,ists still do not jitlly understand the basic process 

whereby an image is fonned and developed in an emulsion 

P
HOTOGRAPHY is more than 100 
years old, but its chemistry is still 
something of a mystery. Although 

photographic materials have been re
fined to a high degree of technical effi
ciency, we do not yet understand the 
basic process-exactly what happens in 
an emulsion when a picture is made and 
developed. Many people have worked 
on the problem, and some of their theo
ries and researches will be outlined in 
this article. 

The development of photography has 
been a: triumph of empiricism-which is 
often a polite word for accident. Its 
origin goes back to 1727, when a Ger
man chemist, J. H. Schulze, noticed that 
silver nitrate mixed with chalk darkened 
when it was exposed to light. Using 
stencils laid on a background of this 
sensitive material, Schulze made fugi
tive copies of letters, but he did not 
know how to "'fix" the darkened letters 
and apparently had no thought of using 
his discovery as a means of making pic
tures. It was not until 75 years later that 
an Englishman, Thomas Wedgwood, 
took the next step of combining light-

t. - --

by T. H. James 

sensitive silver nitrate with a light-focus
ing lens to make an image. He reported 
in 1802 that he had photographed some 
profiles by this means. But the discovery 
of a process for fixing the image had to 
wait for another 37 years. 

It was the French painter Louis Da
guerre who made this discovery. He was 
working with a chemist named J. Nice
phore Niepce, who had fixed some crude 
images on an asphaltum coating by dis
solving away the unexposed part of the 
coating. Daguerre experimented with 
silver plates fumed with iodine. By long 
exposures of such plates in the camera 
he was able to obtain faint but unsatis
factory images. One day he happened 
to place an exposed plate in a dark cup
board. ,,yhen he later removed it, he 
found a beautiful, strong image upon the 
plate. Investigation showed that the cup
board had contained some spilled mer
cury, and th.e mercury had "developed" 
the image. Daguerre had discovered the 
phenomenon of "development." 

Daguerre's method required relatively 
long exposures and development with 
mercury fumes. A simpler and more ef-

s 
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fective method was soon discovered by 
the Englishman William Henry Fox Tal
bot, working without knowledge of 
Daguerre's experiments. He took pic
tures on paper imprcgnated with silver 
chloride and developed them in a solu
tion of gallic acid and silver nitrate. An 
exposure of about three minutes was 
sufficient to obtain a good photograph. 
Whereas Daguerre's process yielded a 
direct reproduction of the image, i.e., a 
"positive," Fox Talbot's gave a "nega
tive," reversing the light and dark parts 
of the picture. Fox Talbot made positive 
prints simply by waxing or oiling the 
paper to render it transparent and trans
felTing the image, reversed, to a second 
piece of sensitive paper beneath the 
negative. To make the picture perma
nent he dissolved the undeveloped silver 
chloride in a strong solution of sodium 
chloride. 

Thus Fox Talbot was the inventor of 
the modern negative-positive method of 
photography. Subsequent improvements 
in the photographic materials reduced 
the required exposure time from three 
minutes to a small fraction of a second. 
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GRAINS of a photographic emulsion are tiny crystals 
of silver salts suspended in gelatin. The grains of a 

high-speed negative emulsion are ahout .001 milIimeter 
across; those of a low.speed positive emulsion, .0001 mm. 
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And the fixer used today is sodium thio
sulfate ("hypo") instead of sodium chlo
ride. 

I
N THE modern photographic RIm the 

light-sensitive layer, or emulsion, 
consists essentially of very small crystals 
of a silver salt, chiefly silver bromide, 
embedded in a layer of gelatin. In the 
more sensitive emulsions the crystals also 
contain small amounts of silver iodide 
and certain important impurities-silver 
sulfide, sometimes metallic silver and 
gold, and organic dyes which sensitize 
RIm to light of the longer wavelengths. 

The silver bromide crystal is made up 
of an array of positive silver ions and 
negative bromide ions arranged in the 
same pattern as are the sodium and 
chloride ions of common table salt, i.e., 
positive ions alternating with negative. 
Most of the crystals in an emulsion, 
called "grains," are visible through a 
high-powered microscope. They vary in 
shape and size (see page 30). 

When a photographic RIm is exposed, 
a subtle alteration takes place. No visi
ble change in the RIm can be detected, 
but it contains a "latent image." The 
image appears when the RIm is placed 
in the developing solution, where some 
of the silver bromide grains are con
verted to particles of silver. The impor
tant fact is that the number of grains 
converted into silver on any particular 
area of the RIm depends on the amount 
of light that has struck that area. Areas 
of the RIm which have received little or 
no light, corresponding to dark areas of 
the object photographed, yield compara
tively few developed silver grains; areas 
which have received relatively large 
amounts of light, corresponding to the 
bright areas of the object, yield a high 
percentage of developed grains. The 
bromide ions are dissolved away in the 
developer solution, and the fixed silver 
grains form the image. 

What has the light done to the silver 
bromide to bring about this result? We 
have reason to suspect, from various 
kinds of indirect evidence, that the brief 
exposure to light produces tiny, unde
tectable amounts of atomic silver in the 
emulsion, but this does not explain how 
the light triggers the much more exten
sive conversion to silver that occurs 
when the image is developed. We know 
that the formation of a few silver atoms 
during exposure is sufficient to make a 
grain developable into a silver particle 
containing as many as 100 billion silver 
atoms. We have here a process of tre
mendous amplification! It is this fact that 
makes possible the making of a picture 
in a fraction of a second, in contrast to 
the six hours Wedgwood needed to pho
tograph his proRles. 

T
HE FIRST substantial theory about 
how the latent image is formed was 

proposed by S. E. Sheppard, A. P. H. 
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DEVELOPMENT of a typical photographic emulsion is shown in these two 
photomicrographs. The illustration above shows the silver hromide grains of 
the emulsion hefore exposure. The illustration helow shows the same grains 
after exposure and development. The grains are enlarged 2,500 diameters. 
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CRYSTAL of silver bromide is a lat
tice of silver and bromine atoms. 

Trivelli and R. P. Loveland of the Kodak 
Research Laboratories in 1925. On the 
basis of several experimental discoveries, 
they suggested that in the preparation of 
a photographic emulsion submicroscopic 
specks of silver sulfide are formed in the 
silver bromide grain. They called these 
"sensitivity specks," and they postulated 
that when the grain is exposed to light, 
the silver atoms so created are concen
tratcd at these specks. The grain be
comes developable when one of the 
specks reaches a certain critical sizc. De
velopmcnt starts at the speck. Sheppard 
and his associates did not explain, how
ever, just how the sensitivity speck acted 
to concentrate the silver. 

The next important step was made by 
J. H. Webb, also of the Kodak Labora
tories, in 1936. Reasoning from the fact 
that the electrical conductivity of a 
silver-salt crystal increases markedly 
when it is exposed to light, he suggested 
that electrons are liberated within the 
crystal and wander through it until they 
enter the region of a sensitivity speck. 
There they are trapped and are no longer 
free to move. This suggestion went part 
of the way toward explaining how silver 
might be concentrated at the speck. To 
convert silver bromide to silver two 
things are needed: a silver ion and an 
electron-the combination makes a sil
ver atom. Webb's idea suggested how 
electrons, liberated by the action of light, 
could concentrate at the specks. 

It remained only to explain how silver 
ions collected at the specks. This expla
nation was supplied by the English in
vestigators Ronald Gurney and N. F. 
Mott in 1938. In a silver-salt crystal, 
experiments had shown, a few silver 
ions are not locked in place but are free 
to move around and conduct electric cur
rent; it was believed that such ions oc
cupied "interstitial" positions in the crys
tal lattice. Gurney and Mott suggested 
that the negatively charged sensitivity 
speck with its trapped electrons attracts 
the positively charged interstitial silver 
ions. These ions move up to the speck 
and are neutralized by the electrons to 
form silver atoms. 

32 

Thus a reasonable theory about how 
the latent image is formed was put to
gether. The action of light on the silver 
bromide crystal liberates electrons, 
which are trapped at sensitivity specks 
on the crystal. They combine there with 
silver ions to make atoms of silver, which 
in turn become the nuclei of the image. 

This theory has suggested many new 
experiments which have substantially in
creased our knowledge. But it has also 
run afoul of some puzzling facts which 
it fails to explain. For instance, it has 
been shown that a latent image can be 
formed inside the rigid lattice of silver 
bromide crystals, whereas the Gurney
Mott mechanism suggests that the silver 
nuclei must grow on the surface of the 
crystals. Moreover, there are now sensi
tive emulsions prepared in such a way 
that they cannot have any sulfide sen
sitivity centers. Again, there is the ques
tion of the fate of the bromine atom 
which is formed when a quantum of 
light removes an electron from a bro
mide ion in the first stage of latent image 
formation. Bromine reacts readily with 
silver; why, therefore, does it not destroy 
the latent image? The Gurney-Mott the
ory has little to say on this point. 

T ET US shift now to the problem of 
L how a picture is developed. The 
early workers in photography were con
tent for the most part to accept develop
ment for what it could do and not worry 
too much about why it took place. The 
first theory of any importance was pro
posed in 1893 by one of the great 
chemists of the 19th century, Wilhelm 
Ostwald. He suggested that the silver 
bromide went into solution in the de
veloper, and the silver ions from it were 
immediately converted to silver atoms. 
Since the solubility of silver in water is 
extremely small, the resulting solution 
of silver was highly supersaturated. 
Wherever latent image nuclei were pres
ent, silver condensed out upon them, and 
they grew in size in much the same way 
as sugar crystals grow in a supersatu
rated solution of sugar. But within the 
past decade Ostwald's theory has been 
shown to be untenable. 

Sheppard long ago suggested a theory 
of development along entirely different 
lines. He had observed that sodium sul
fite in solution reacted with silver nitrate 
in solution to form metallic silver. The 
reaction was slow. Its rate increased as 
time went on, however, and it became 
evident that some product of the reac
tion was acting to accelerate the process; 
that is, some product was acting as a cat
alyst. Sheppard soon showed that this 
product was the silver itself. When he 
added very finely divided metallic silver 
to a freshly mixed solution of sodium 
sulfite and silver nitrate, the reaction 
proceeded much more rapidly than it 
would have in the absence of the silver. 

Sodium sulfite will not develop a pic-

ture. But Sheppard, arguing from this 
analogy and certain other known facts, 
suggested that a developing agent is ad
sorbed by the silver bromide grains in 
an emulsion and combines with silver 
ions on the surfaces of t�e grains to form 
a complex analogous to that formed be
tween the silver ions and the sulfite ions. 
This complex would eventually decom
pose into metallic silver. While ordinar
ily the reaction is slow, in the presence 
of metallic silver the decomposition takes 
place much more rapidly. Hence grains 
which have been exposed to light and 
therefore contain nuclei of silver react 
much more rapidly with the developing 
agent than do unexposed grains. 

It must be borne in mind that develop
ment is a matter of preferential rates. 
Even an unexposed grain of silver salt 
will be converted to silver if the devel
oper acts on it long enough, but an ex
posed grain is converted from 10 to 100 
times faster. In practice we stop the de
velopment process at the point where a 
strong image has been formed and be
fore any significant amount of unexposed 
silver bromide has broken down. 

Sheppard's theory has received exper
imental support from several sources. 
The writer and W. Vanselow have dem
onstrated by indirect methods that 
some developers are adsorbed strongly 
by the silver bromide in an emulsion, 
and others are adsorbed by the silver 
itself as well as by silver bromide. 

The reaction that develops the grain 
occurs at the interface between silver 
and silver bromide. Adsorption of the 
developing agent by the silver bromide 
facilitates the reaction. Adsorption by 
the silver, when it occurs, may serve 
the same end. As the reaction proceeds, 
more and more silver is formed, and 
development spreads as the boundary 
between the silver bromide and the 
newly formed silver spreads. Micro
scopic studies of developing grains have 
shown that the rate of development in
creases with the increasing area of that 
boundary. 

S
EVERAL other theories about the 

process of development have been 
suggested within the past decade. While 
they have not been able to account satis
factorily for some of the experimental 
findings, it is possible that one or more 
of these suggested mechanisms does op
erate under some conditions. 

It is well known that if two strips of 
a nonreacting metal are placed in a solu
tion of a silver salt, and an electric cur
rent of sufficient voltage is passed be
tween the two electrodes, silver will be 
deposited upon the negative electrode. 
In this process electrons supplied by the 
source of current combine with the silver 
ions at the electrode and form silver 
atoms. Now if a strip of the same metal 
is placed in a solution of a developing 
agent, electrons will pass from some of 
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the ions or molecules of developing 
agent to the metal, leaving behind a 
corresponding number of ions or mole
cules which are deficient in electrons arid 
hence are in an "oxidized" state. The 
developing agent is acting here as a 
source of electrons. The British investi
gator H. Baines has shown experimen
tally that a developing agent can supply 
electrons to a silver electrode and that 
these electrons can reduce silver bro
mide. It may be that the silver atoms of 
the latent image accept electrons from 
the developing agent and transmit them 
to the silver ions of the silver bromide. 
Several writers have suggested detailed 
mechanisms based on this simple idea. 
Gurney and Mott used it to extend their 
mechanism of latent-image formation to 
cover development. They suggested that 
in development the negative charge 
which the latent-image nucleus acquires 
from the developer attracts interstitial 
silver ions to that nucleus. The silver 
ions then combine with the electrons to 
form silver atoms. 

When developed photographic grains 
were examined for the first time under 
the high magnification of an electron 
microscope, a surprising discovery was 
made. The grains had hair-like threads 
or filaments protruding from them. How 
were they formed? It is now believed 
that they are built up by crystal growth. 
Many crystals are known to grow in 
long, needle-like chains, and experiments 
proved that silver crystals can grow in 
this shape (bottom 1'ight) . 

It is easy to see how the silver atoms 
produced during development could mi
grate out to form filaments. Atoms newly 
formed on a solid surface do not imme
diately assume the properties of a solid 
but have a surprising mobility; they act 
in many ways like a two-dimensional 
gas. For example, E. N. da C. Andrade 
of University College, London, prepared 
some very thin continuous films of silver 
on glass by condensation of silver vapor. 
After a few hours' storage at 250 degrees 
Centigrade, the films had bro�en up, 
and the silver now appeared in a num
ber of crystals, well separated from one 
another. To accomplish this crystalliza
tion, the silver atoms had migrated over 
distances easily seen through the micro
scope, and this migration had occurred 
at a temperature 700 degrees below the 
melting point of silver! It is not at all un
likely that at room temperature silver 
atoms can travel far enough to form the 
development filaments. 

There are still many unsolved prob
lems in the theory of the photographic 
process, and it has not yet had any satis
factory quantitative analysis. But prog
ress has been made . 

• 
T. H. James is a chemist in 
the Research Labomtories of 
the Eastman Kodak Company. 

UNDEVELOPED GRAINS are shown by electron micrograph. The grains 
have the same characteristic crystal shape as those shown on pages 30 and 31. 

DEVELOPED GRAIN is revealed by electron micrograph to be a twisted 
filament of metallic silver. The width of the grain is about .000025 inch. 
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SLEEP 
The diurnal rhythm of man's life is significantly reflected 

in his physiology. To the physiologist the question of why 

we sleep is perhaps less interesting than why we stay awake 

W

HY sleep? Must we waste one 
third of our life in sleep? What 
makes us sleep? Will a pill some 

day enable us to do without it? Such 
questions evidence a fundamental mis
conception of the nature of the alter
nation of sleep and wakefulness that 
characterizes our existence. They put 
the emphasis in the wrong place, for 
it is doubtful that we shall ever find 
a specific physiological mechanism that 
puts us to sleep; much more to the point 
is to find out what it is that keeps us 
awake. 

If we turn the usual question around 
and ask, "Why wake up?" anyone can 
give a ready, and essentially correct, 
answer: to go to school or to work, to 
eat or drink, to take care of one's natural 
wants-in short, to do the many things 
that even kings and millionaires must 
do for themselves. But it is not the 
whole answer. In modern civilized so
ciety these necessary chores do not take 
more than seven or eight hours per day, 
and yet we remain awake twice that 
long-to play, read, attend shows, lis
ten to the radio or watch television, visit 

by Nathaniel Kleitman 

with family and friends, contemplate the 
wonders of nature, meditate and ask 
questions. 

This supplementary wakefulness of 
choice is the result of anatomical de
velopment and physiological maturation 
of the highest organ of our nervous sys
tem-the cerebral cortex. A newborn in
fant-for practical.purposes an animal 
without a cortex-remains awake onlv 
for short periods, adding up altogethe"r 
to about eight hours out of each 24. But 
the influences to which it is subjected
largely social-soon condition it to a 
daily rhythm which Arnold Gesell, the 
famed investigator of child develop
ment, has called acculturation. The 
baby tends to consolidate the short peri
ods of sleep into one continuous sleep 
phase during the quiet night hours (but 
with all too frequent departures, alas, 
from this ideal!). Daytime sleep is re
duced to two naps after a few months 
and to one afternoon nap by the end of 
the first year. The nap is usually given 
up at kindergarten age or a little later. 
The wakefulness phase is gradually 
lengthened, and by the time one be-

comes an adult, he spends twice as much 
time awake as asleep, instead of the 
other way around. 

We can see the connection between 
the cerebral cortex and sleep in a labo
ratory animal such as the dog, which 
has a sleep-wakefulness pattern similar 
to our own. When an adult dog is sur
gically deprived of its cerebral cortex, 
it reverts to its puppyhood state. It loses 
its regular daily pattern of sleep and 
awakens only from time to time when it 
is hungry. Almost immediately after it 
is fed, it stops activity and soon falls 
asleep. A decorticated dog is blind to 
specific objects, has forgotten everything 
it knew and is practically unable to learn 
or profit from experience. Except while 
it is being fed (the food must be put 
into its mouth), its emotional expres
sions are those of displeasure. 

In nature's own laboratory human in
fants occasionally are born without a 
cerebral cortex and survive for a year 
or two. Like decorticated dogs, such in
fants awake from time to time and they 
can nurse, but they do not develop a 
diurnal sleep-wakefulness pattern. They 

SLEEPERS WERE STUDIED in the author's labora
tory at the University of Chicago. In the hackground 

is part of a photoelectric-cell device that was used 
to record the twistings and turnings of the suhject. 
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fail to learn to recognize those who take 
care of them, and their emotional ex
pressions resemble those of decorticated 
dogs. 

Thus it is clear that the cerebral cortex 
i�. needed for wakefu1ness of choice and 
for adaptation of the sleep-wakefulness 
pattern to the cycle of night and day. 
On the other hand, the primitive, un
learned wakefulness of necessity de
pends on lower parts of the nervous Sys
tem. If we remove an animal's entire 
cerebrum, we get a "preparation" which 
never wakes up. The animal, however, 
cannot be said to be asleep, for sleep as 
we know it is a tempoTa1"Y suspension of 
the waking state and clearly involves re
versibility, or the capacity to be awak
ened. A decerebrated cat or dog can 
never be roused, though it may be kept 
alive for several days by keeping it warm 
and ministering to other needs. Again, 
an injury to the hypothalamus (a region 
in the brain stem), whether by disease 
or artificial destruction, produces "sleep
ing sickness" -another case of permanent 
inability to maintain the waking state. 

WHAT is the physiological mecha
nism for waking up-the "alarm 

clock" of the organism? Certainly it does 
not lie in the cerebral cortex alone. 
The Belgian neurophysiologist Frederic 
Bremer showed this by investigating the 
activity of "decatted" brains (instead of 
deb rained cats). He found that brain 
waves (electroencephalograms) from a 
cat's cerebral cortex showed patterns 
characteristic both of sleep and of wake
fulness as long as the cortex was con
nected with the subcortical regions of 
the nervous system, but when these con
nections were cut, the only pattern from 
the cortex was that of sleep. 

The inescapable conclusion is that 
sustained wakefulness of any kind is im
possible without the active participa
tion of a subcortical center. This "wake
fulness center" not only radiates im
pulses upward to the cerebral cortex and 
downward to the rest of the central 
nervous system but is itself capable of 
being aroused and kept active by ex
citations from either or both of those 
directions. Conduction of nerve impulses 
is not one-way but recurrent over feed
back circuits. Sleep is a peaceful resting 
state, although the body's "household 
activities," such as circulation, respira
tion, digestion, metabolism, excretion 
and so on, go on unabated. When a 
stimulus is strong enough to irritate the 
wakefulness center, it disrupts the vege
tative state of the organism and ushers 
in animalistic activities required to cope 
with the situation. In the absence of a 
cerebral cortex this primitive wakeful
ness of necessity is sustained only long 
enough to satisfy the internal needs or 
remove the external annoyances. As al
ready mentioned, in a young animal or 
infant the interruption of sleep leads to 
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BODY TEMPERATURE of two subjects was measured during the normal 
and two abnormal cycles of sleep. In these two charts the blue lines indi
cate the variation in body temperature. The vertical bands denote sleep 
periods. The chart above shows that the temperature cycle of one subject 
changed readily to conform to the abnormal sleep cycles. The chart below 
indicates that the temperature cycle of the other subject changed little. 
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MAMMOTH CAVE EXPERIMENT enabled the au
thor and Bruce Richardson to change their sleep cycles 

in surroundings constant in temperature and darkness 
and free from disturbances of the normal cycle of life. 

expressions of displeasure. The peaceful 
state has been disturbed and must be re
stored as promptly as possible. 

The cerebral cortex can prolong the 
waking state, but not beyond certain 
limits. Sixteen hours of wakefulness in 
24 is probably near the physiological 
limit of tolerance over the long run for 
most of us. But the proportion, not the 
duration, of sleeping time is what counts. 
Our pattern of 16 hours of wakefulness 
followed by eight hours of sleep is dic
tated by the earth's 24-hour period of 
rotation rather than by physiological 
needs; a person can adjust himself to a 
routine of staying up 18 hours and sleep
ing nine, or being awake 12 hours and 
sleeping six. 

'vlany sleep theorists, it seems, dis
regard this obvious explanation of our 
sleep pattern. They figure that we must 
sleep eight hours because it takes that 
long to restore some depleted substance 
in the body or to get rid of some accu
mulated poison. If this body-chemistry 
theory were correct, we should expect 
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people to be most alert and efficient on 
waking up in the morning, but in fact 
their scores on mental and physical tests 
are no higher, and sometimes even 
slightly lower, in the morning than just 
before going to bed. This does not mean 
that no benefits accrue from sleep, as 
one can quickly discover by going with
out sleep for any length of time. 

EXPERIMENTAL sleep deprivation 
has been a favorite method of at

tacking the sleep problem. vVhen an in
dividual is kept awake for 60 to 90 hours 
-four to six times the usual daily span 
of wakefulness-the most prominent ef
fect is extreme muscular fatigue and 
lassitude. The subject of the experiment 
wants nothing more than to lie down 
and close his eyes. Yet that is exactly 
what the watcher must not permit him 
to do. Keeping a person awake involves 
making him move about, keep his eyes 
open and use some of his muscles at all 
times, even if no more than to talk or 
sing. As soon as he relaxes his muscles, 

he promptly falls asleep. Among the ef
fects of prolonged wakefulness are irri
tability and mental disorganization, 
leading to daydreaming and automatic 
behavior, occaSionally bordering on 
temporary insanity. 

One striking aspect of the effects is 
that they fluctuate in a daily cycle; the 
subject reaches his lowest ebb during 
the early hours of the morning, roughly 
from 2 to 6 a.m. Quite by accident we 
discovered that the daily ups and downs 
in the ability to remain awake ran paral
lel to fluctuations in the body tempera
ture. 

Temperature affects life processes in 
many ways. Most protoplasmic activi
ties, being chemical in nature, are 
speeded up by a rise in temperature and 
slowed down by its fall. Our bodies have 
a thermostatic mechanism which keeps 
the internal temperature fairly constant, 
but it can and does fluctuate normally 
within a range of one or two degrees; 
the neat and precise marking of 98.6 de
grees Fahrenheit as the "normal" tem-
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EXPERIMENTERS RESPONDED DIFFERENTLY to the changes in 
cycle. Richardson (left) could adjust to them; Kleitman (right) could not. 

perature on the ordinary clinical ther
mometer is rather meaningless. Our 
tE:mperature regularly goes up and down 
each day on a fairly smooth, wave-like 
curve, with a peak or plateau in the 
middle of the waking period and a mini
mum at night during sleep. This diurnal 
temperature variation is not present at 
birth. It is acquired by each of us in the 
process of acculturation during the first 
year of life and thereafter is reinforced 
by our daily cycle of activities. 

Our body temperature is about the 
same just before we go to bed at night 
as when we rise in the morning, which 
explains why there is no difference in 
efficiency of performance. During pro
lcnged deprivation of sleep, a subject's 
alertness in each 24 hours waxes and 
wanes with the rise and fall of the tem
perature curve, his greatest sleepiness 
coinciding with the temperature trough 
in the wee morning hours. 

To use a crude analogy, water in its 
liquid state may be likened to wakeful
ness, and, when frozen, to sleep. These 

two states of water can be distinguished 
from each other by direct inspection, 
as can frank sleep from wakefulness. 
But by feeling the water or ice with the 
hand, or, still better, by using a ther
mometer to determine its temperature, 
one can detect considerable gradations 
of cold in ice and of warmth in water. 
The freezing point and thawing point are 
identical and correspond to the drowsi
ness level of body temperature. The 
greater the agitation of the molecules, 
the higher the temperature of the water, 
which now represents increasing alert
ness with a rise of body temperature. 
The boiling of water at a certain tem
perature may be compared to the hyper
activity of a maniac. Quite a number of 
everyday expressions pertaining to hu
man behavior are couched in temperature 
terms: cold reception, warm greeting, 
feverish activity, boiling mad and so on. 

INDEED, the temperamental make-up 
of the individual (note that tempera

ture and temperament have a common 

etymological derivation) seems to in
fluence his ability to adjust himself to 
the community pattern of living. The 
social anthropologist W. H. Sheldon, 
who has exhaustively studied the rela
tion of temperament to physical con
stitution, reported that the athletic, or· 
"somatotonic," type is a "voluntary 
early riser." "Somatotonics feel good in 
the morning. They love to jump out of 
bed, take a shower, make a lot of noise 
and greet the sun." Sheldon also found 
that for "cerebrotonics," or thin people, 
"the process of getting up in the morn
ing is often an extremely painful busi
ness." They "often become most alert 
and do their best work in the evening 
of the day. They are usually wide awake 
at bedtime, and they are often worthless 
in the early part of the morning." 

Without passing on the validity of 
Sheldon's classification of temperaments, 
we can say that what distinguishes these 
two extremes of personality is the de
gree of ability or willingness to conform 
to the social pattern of living, which is, 
simply stated: first work, then leisure. 
By convention the usual hours of work 
are roughly between 9 a.m. and 5 p.m., 
and the evening hours are free. Thus 
the time of arising in the morning is in 
most cases community-fixed, whereas 
retiring for the night is a matter of per
sonal choice. Going to bed early permits 
one to get enough rest-hence the dic
tum "early to bed, early to rise, etc." 
Late to bed and late to rise would be 
just as satisfactory physiologically, but 
is harder to manage in practice. The 
conformists who adjust themselves most 
easily to the group routine are the early 
birds who spontaneously wake up rather 
early in the morning and get sleepy at 
a fixed early hour in the evening. These 
individuals do their best creative work 
in the morning, and they characteris
tically reach their body temperature 
peak shortly before or after noon. The 
"night owls"-Sheldon's cerebrotonics
seldom get enough sleep and depend 
upon alarm clocks or other artificial 
promptings to wake them in the morn
ing. They do not reach their temperature 
maximum until late in the afternoon or 
evening, and that is the part of their 
waking period when they are most alert. 
Night-owl types sometimes deliberately 
choose occupations that involve night 
work and permit them to sleep late in 
the morning. Naturally there are many 
gradations between these extreme types. 
The majority of the population appar
ently approaches the up-bright-and
early conformist type. 

Can one, by changing his routine of 
living, switch from a morning to an 
evening alertness( Yes, under duress, but 
usually the shift is temporary. An eve
ning-type housewife may conform as 
long as her children are little and have 
to be seen off to school early in the 
morning, but after her children are 
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TWO TEMPERAMENTAL TYPES are reflected by the difference in the 
physiological cycles of two subjects. The chart above shows the daily varia
tions in their temperature, averaged for 20 days. The temperature of one 
subject (black line) was highest at noon; the temperature of the other 
(red line) reached its peak late in the afternoon. The chart below shows 
the daily variations in "steadiness" for the same two subjects, also averaged 
for 20 days. The steadiness was measured by having the subject try to place 
a stylus in a small hole without touching its sides; when the stylus touched 
the sides of the hole, an electric circuit was closed. The numbers at the left 
in the bottom chart are units of an arbitrary scale. Here again one subject 
made his best steadiness score at noon; the other, late in the afternoon. 
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grown she will revert to the evening 
type. Of course it is relatively easy to 
shift the peak of body temperature and 
nlertness to conform with a change in 
sunrise. Ship travelers crossing the At
lantic eastward find themselves getting 
up later and going to bed later from day 
to day as they pass to new time zones. 
When a traveler crosses the Atlantic by 
plane overnight, adjustment to the sud
den five-hour shift in time is harder, but 
it tnkes only a day or two for his diurnal 
body-temperature curve to swing to the 
new time schedule. 

WHAT is the mechanism by which 
this rhythm is established and 

maintained? It cannot lie solely in the 
nervous system, for the fluctuations of 
body temperature are far too small to 
influence markedly the rate at which 
the nervous svstem performs. The fluc
tuations arise' mainly from variations in 
muscular activitv. The bodv muscles and 
the cerebral cortex act as ; mutual feed
back circuit, for the muscles are not only 
doers but feelers. Muscle sense, truly a 
sixth sense, signals'to the brain informa
tion about the position and activity of 
the body. Messages concerning the tonus 
of the muscles, which are under tension 
even when they merely maintain the 
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body's posture, heighten the brain's level 
of activity and lead to a greater dis
charge from the cortex to the muscles. 
This in turn stimulates the muscles fur
ther. As muscle tonus rises, so does body 
temperature. Sooner or later, however, 
muscular fatigue stops this crescendo. 
The muscles begin to relax, and the cy
cle turns downward, bringing a dim inu
endo in cortical activity, alertness and 
body temperature. In fact, at any time 
of the day muscular relaxation, inten
tional or accidental, will cause a fall in 
body temperature and make it hard to 
stay awake. 

In going to bed at night we lie down 
on a soft couch to relax our muscles, but 
this does not necessarily shut off stimula
tion. Anv sort of emotional excitement, 
worry, a;lxiety or just thinking serves to 
keep the muscles tense. Under these con
ditions "trying" to go to sleep only makes 
matters worse. To fall asleep we must 
relax the muscles by laying aside dis
turbing thoughts. For this there are 
manv familiar and tested devices: tak
ing � hot bath, prolonged grooming (by 
women), reading indifferent material, 
reciting familiar prayers, counting imag
inarv sheep and (for children) the reas
sura'nce of being tucked in and kissed 
goodnight by a kindly parent or nurse. 

What makes the conformist wake up 
every morning at preCisely the same time 
and become sleepy at his customary bed
time? To put it another way: What regu
lates his diurnal rhythm of muscle tonus? 
It is tempting to suspect the pituitary 
gland, which is conveniently located 
close to the hypothalamus and is known 
to control several other daily rhythms in 
vertebrates. For example, the University 
of Wyoming zoologists H. Rahn and F. 
Rosendale found that removal of this 
gland from the Anolis lizard, which is 
usually bright green at night and dark 
brown in the daytime, makes the animal 
permanently green. The pituitary, often 
called the master gland of the body, in
fluences the activity of nearly all the 
other endocrine glands, among them the 
adrenal cortex. There is some evidence 
of a diurnal variation in the functioning 
of the adrenal cortex. Our rhythm of 
wakefulness and sleep is started by con
ditioning of the nervous system, but it 
may end up as an endocrine rhythm, 
which both fortifies and is fortified by 
the nervous rhythm. 

It is interesting to note that the sea
sonal disappearance of the cycle of 
darkness and light in the Arctic has lit
tle or no effect upon this rhythm. In civ
ilized communities of northern Norway, 
where for weeks the sun does not set in 
summer nor rise in winter, the sleep
wakefulness pattern of the population 
remains unchanged. The only variation 
is that people tend to go to bed an hour 
later in summer than in winter and man
age to get through the day on an hour's 
less sleep. 

THE round-the-clock needs of society 
of course require that many people 

follow an unconventional routine, work
ing in the hours when most of us sleep. 
The number of night workers is not 
small: it includes myriads of people in 
transportation, communications, police 
and fire protection, hospitals, public 
utilities, industry and the military serv
ices. Some individuals prefer to work at 
night, but for most people this separa
tion from the community pattern of liv
ing is unacceptable as a regular thing. 
As a result, it has become common prac
tice to rotate workers between day and 
night shifts. Such a scheme will work 
well, however, only if a worker changes 
shifts no oftener than every four or six 
weeks, as it sometimes takes a week or 
so to swing into a new diurnal rhythm . • 

It is essen tial to give him time to ad just 
to the new routine, for not only will he 
be more alert on the job, but the reversal 
of his body temperature rhythm will 
make it easier for him to sleep during the 
daytime. 

-

Nathaniel Kleitman is pro
fessor of physiology at 
the University of Chicago. 
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IIALATH O N 11* 

makes flexible pipe that's light in weight-resists chemicals 
- won't corrode 
Many users of pipe can now profit two ways 

with pipe made from Du Pont "Alathon" 

polythene resin. 

First, this pipe is quick, easy and econom

ical to install because of the flexibility and 

light weight of "Alathon." Second, pipe ma�e 

from "Alathon" is long-lasting because It 

won't rust, rot or corrode-is unaffected by 

acids, alkalis and most other chemicals. Also, 

because "Alathon" is odorless, tasteless and 

non-toxic, it is ideal for a variety of uses. 

Pipe of "Alathon" is being used, for 

example: to carry water or corrosive flui�s, 

gases, vapors and wastes in plants makmg 

paints, dyes or polishes-in coal, salt and 

other mines-in food processing plants-and 

for irrigation on farms and ranches. 

The outstanding properties of Du Pont 

"Alathon" are being put to work, too, in 

flexible bottles, closures, coatings for paper, 

battery parts, insulation for wire and cable 

and other applications. Possible new uses 

include shoe components, and binders for 

non-woven fabrics. 

Your business, too, may find opportunities 
for profitable use in Du Pont "Alathon"

or in other Polychemicals products. There 

are more than 100 of them-amides, alco

hols, ammonia, organic acids, resins, esters, 

solvents and plastics. 
*Reg. U. S. Pat. Off. 

Write for technical booklet on Polychemicals products for your industry 

Technical bulletins on "Alathon" polythene resin and the chemi
cals and plastics used in your industry are available. Each product bulletin in the booklet presents physical and chemical properties, 
description, specifications, uses and possible applications, bibli
ography and other data. Write us on your business letterhead for 
your copy-and please tell us the type of application that you 
have in mind. 

E. I. du Pont de Nemours & Co. (Inc.) 
Polychemicals Department, 15115 Nemours Building 
Wilmington 98, Delaware 

D 000GJ !JJCUcu{J\y@C?6G:JC?f7 
BETTER THINGS FOR BETTER pVING 

Polychemicals 
DEPARTMENT 

PLASTICS • CHEMICALS 
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Are you UP 
on today's 

developments 
,in "working" 

plastics? 

r- _____ J 

• Extraordinary new developments are ex
panding the industrial importance of phenolic 
plastics these days. Materials possessed of 
"working" properties in combinations un
heard of 5 years ago ... even a few months ago 
... are furnishing new answers in product im
provement and development programs. 

Suppose you are looking for impact strength 
up to 20 ft. lbs. per inch (!zod), yet readily 
moldable into finished shapes with high sur
face luster? We've developed this at Durez by 
using glass fibre as a filler. How about an op
posite class of material ... a flexible type, rub
ber-filled, for service where shock is severe? 
Or one that eliminates corrosion of silver con
tacts in electrical devices? Or a conductive 
material you can mold, then plate with copper, 
nickel, or other metals? 

Inherent in such Durez developments as 
these are potential savings in production time 
and cost worthy of investigation now. New 
urility for your product, new beauty and sales 
appeal too may well come out of a conference 
with your custom molder of Durez phenolics. 
The counsel of Durez phenolics technicians is 
always at your service. 

Ollr monthly "D,treZ Plastics News" will 
keep YOll informed on indllstry's tlses of 
Dllrez. Write, on office letterhead, to 
DUREZ PLASTICS & CHEMIC ALS, INC. 
811 Walck Road, N. Tonawanda, N_ Y. 

PHENOLIC PLASTICS that fit the job 

Insufficient Funds 

M
ORE than half of the hospital beds 

in the U. S. are occupied by 
mental patients. Yet the nation 

spends only about $5 per hospitalized 
patient for research in mental health, as 
against nearly $100 per patient in polio
myelitis. In the fiscal year 1951 the Fed
eral government provided $1.5 million 
for mental health research while it was 
spending $30 million on the study of 
hoof-and-mouth disease. Indignantly re
capitulating these figures, the Yale Uni
versity psychiatrist Lawrence S. Kubie 
exclaimed in a recent issue of Science: 
"Research in psychiatry is starving to 
death. " 

Kubie documented his thesis by com
paring the research facilities available 
in psychiatric and medical units in hos
pitals. In one case the medical service 
had two-and-a-half times as many scien
tists and one-and-a-half times as many 
technicians per bed as a comparable psy
chiatric service, and allocated twice as 
much of its total budget to research. In 
another comparison the medical group 
had four times as many scientists and 13 
times as many technicians per bed and 
spent 15 times as large a proportion of 
its budget for research. 

Psychiatric research should receive 
much more money than other services 
instead of much less, said Kubie. He 
explained that a full research investiga
tion of a single case could usefully occu
py 15 to 20 psychiatrists, clinical psy
chologists and psychiatric social workers 
for at least a year. They would make 
simultaneous observations, take and 
analyze continuous recordings of the 
patient's conversation, observe him 
around the clock and investigate mem
bers of his family group and his home 
situation. 

To reinforce his point that research 
is neglected, Kubie asserts that not one 
of the important discoveries in psychia-

SCIENCE AND 
try during the past 50 years was made 
in the U. S, 

Infant Training 

THE idea that breast-fed babies grow 
up better adjusted than bottle ba

bies, or that severe toilet training makes 
a child neurotic, gets no support from 
objective study of the matter. So reports 
William H. Sewell, professor of rural 
sociology at the University of Wisconsin, 
who examined 162 Wisconsin farm chil
dren to seek evidence on such questions. 

Sewell's subjects were a group of chil
dren between five and six years old from 
similar family backgrounds. Information 
on their infant training was obtained 
through interviews with their mothers, 
and estimates of their personality adjust
ment came from a battery of psycho
logical tests and from talks with their 
mothers and teachers. 

The chief training practices with 
which Sewell concerned himself were: 
bottle v. breast feeding; schedule v. de
mand feeding; abrupt v. gradual wean
ing; early v. late bowel and bladder 
training; punishment v. no punishment 
for toilet accidents; sleeping with mother 
v. sleeping alone during the first year 
of life. He reports in The American 
foumal of SOCiology that he could find 
no correlation between the way children 
had been reared and their general per
sonality adjustment. There were a few 
specific correlations, some of them sur
prising, between certain practices and 
later behavior: children fed on demand 
had less feeling of belonging than those 
fed on schedule; those weaned gradu
ally rated high in social standards and 
the feeling of belonging; late toilet train
ing made for better tempers and less nail 
biting, but poorer school relations; lack 
of punishment for toilet accidents result
ed in better social standards, school re
lations and social adjustment; sleeping 
with mother led to poorer self-adjust
ment and family relations and to more 
disturbed sleep. When Sewell rated each 
child's total training pattern, giving one 
point for each supposedly favorable 
training practice, he found no significant 
personality difference between children 
with high indices and those with low in
dices. 

These results, Sewell concludes, "cast 
serious doubts on the validity of the psy
choanalytic claims regarding the impor
tance of the infant disciplines and on the 
efficacy of prescriptions based on them. " 
Possibly, he concedes, "the crucial mat
ter may be not the practices themselves 
but the whole personal-social situation 
in which they find their expression, in-
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THE UITIZEN 
cluding the attitudes and behavior of 
the mother." He suggests that this ques
tion needs further investigation. 

I.Q. Order of the Professions 

THE physical sciences attract the 
largest percentage of the best brains 

among college graduates in the U. S., 
according to a survey by the Commission 
on Human Resources and Advanced 
Training. 

The Commission reviewed the scores 
made on the Army General Classifica
tion Test by graduates in 20 fields of 
specialization. On the basis of the me
dian scores of those with bachelor's de
grees in the various fields, the special
ties ranked in the following order: 
physical sciences (except chemistry), 
chemistry, engineering, law, English, 
foreign languages, psychology, eco
nomics, geology and the earth sciences, 
biological sciences, fine arts, nursing, 
history, agriculture, business and com
merce, humanities (except English and 
the foreign languages), social sciences 
( except history and economics), educa
tion, home economics, physical educa
tion. In graduate school the specialties 
lined up in approximately the same or
der, except that agriculture moved up 
to sixth place. 

Considering only the very superior 
intellects (the top fifth of all graduate 
students), the physical sciences again 
get the lion's share. One out of every 
three physicists is of this caliber, com
pared with one of four in the arts and 
humanities and only one of 36 in physi
cal education. On the other hand, of the 
lowest fifth of the graduate students 
nearly half are in education. This fact 
is attributed to the "low salaries and low 
prestige �ccorded to the nation's school
teachers. 

The report observes that while the 
fields reputed to demand the most ab
stract and rigorous thinking attract a 
higher average grade of students, every 
field receives some mediocre people and 
some of the very brightest. 

J 00 Billion Volts? 

P HYSICISTS at the Brookhaven Na
tional Laboratory have developed a 

new synchrotron technique which they 
believe may make possible the accelera
tion of particles to energies as high as 
100 billion volts. Their method involves 
an improved means of controlling the 
path of particles as they are accelerated 
in the circular synchrotron. It will be 
described in a forthcoming paper in The 
Physical Review by Ernest D. Courant, 

• •  solve problems in design 

"BRINGING the mountai n to Mohamet might 
best describe Dow Corning Corp:s traveling 
exhibit. .. Free standi ng panels . . .  separate 
the exhibit into nine bays, each .emphasiz· 
ing a property of silicones and showing 
where that property brings a benefit to an 
actual end product or operati ng unit .. ," 

INDUSTRIAL MARKETING (June 1952) 

"NEXT TO THE GREATEST SHOW ON 
EARTH . . . We could go on ... reciting the 
fantastic properties of Silicones. but just as 
breathtaking as the materials were the 
display techniques used to demonstrate 
them . • .  " 

CIRCUIT RIDER (Vol. 6. No.2. published by 
Electrical Construction and Maintenance) 

"IF YOU HAVEN'T already seen it, don't 
miss it when it comes around .. ," 

POWER ENG I NEERING (May 1952) 

"'I n Boston . Chicago. Cleveland . Dayton 
Detroit • Fort Worth • Houston 
Indianapolis • Los Angeles • New York 
Philadelphia • Pittsburgh • Seattle 
Washington, D.C . •  or Wichita. 

Dow Corning Corporation, Dept.; W�23'"'� 
Midland, Michigan -" 
I $hould like to see the Dow Corning Silicon-e Exposition in 
o Cincinnati 0 Newor\< D 8ol-timore 
o Buffolo " 0 New Hoven 0 Winston·So(em 

" NAME TlTlE ___ _ 

I C�IOTDyM����+.--�-----+r---------4------I ____________ -'-ZON E-STATE--

and production! 
Oct. 29, 
through 
Oct. 31. 

DOW CORNING 
SILICONES • • •  are no longer a 
mystery or a "future possibility" to the 

17,000 executives and engineers, representing 

more than 4600 plants, who have 

already seen the Dow Corning Silicone 

Expositi on. * 

They learned that silicones are fluids 

and resins that keep clothes and shoes 

and brick walls dry in the rain. They're 

fluids Ihal polish wilhoul rubbing, 

They're rubber that won't melt on 

hot aircraft engine cylinders or freeze 

on switches that operate bomb bay doors 

01 1000 below zero. 

They're electrical insulating resins and 

varnishes that double the power of 

electric molars, or multiply by 10 Ihe life 

of electric machin.es. 

They're paints that protect metal at 

10000 F. They're foam killers and 

release agents. They're a whole family 

of new engineering materials that 

can help you to improve your product or 

to cut production costs. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlanta. Chicago . Cleveland. Dallas . los Angeles 
New York • Washington, D.C. 

CANADA: Fiberglas Canada Ltd., .sO SI. Clair Ave. W .• 
, Toronto, Ontario. ENGLAND: Midland Silicones Ltd., 49 

Park lane, london, W.l 
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Models available 
(numbers indicate 
V A capacities) 
150S 
250S 
500S (.2S also) 
1000S (·2S also) 
20005 
30005 (.2S also) 
5000S (.2S also) 
100005 (.2S also) 
15000·2S 

1001 
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SORENSEN ISOTRONIC 

AC LINE REGULATORS ARE 

YOUR BEST CHOICE FOR 

PERFORMANCE PLUS ECONOMY 

Men who use instruments prefer Sorensen AC Line Regula
tors because of regulation accuracy, clean waveform, in
sensitivity to frequency fluctuation, load range. 
Men who maintain instruments prefer Sorensen AC Line 
Regulators because of circuit simplicity, conservatively 
rated tubes (only 3 in all), built-in ability to deliver 
trouble-free performance for months on end. 
Men who pay for instruments prefer Sorensen AC Line 
Regulators because of reasonable price and the fact that 
there are no extras for installation and special wiring. 

OTHER SORENSEN ISOTRONIC PRODUCTS INCLUDE: 

B-NOBATRONS (high-voltage, low-current DC Supplies' 
FREQUENCY CHANGERS VARIABLE AUTO TRANSFORMERS 

SATURABLE CORE REACTORS AC LINE REGULATORS 

ELECTRICAL SPECIFICATIONS 

Input 95·130 VAC, 1;,50·60-;190.260 VAC in ".2S" models 

Output 115 VAC ±50/0; 230 VAC in ".2S" models 
Regulation ±0.1 % against line or load 

accuracy 

Distortion 2% • 3% maximum 

P. F. range Down to 0.7 

Load range o to full load 

Mod<lls 150S, 250S, 500S, 10005, 5000S, 10000S, and Miscellaneous 
15000· 2S are self·contaiDed. Cabinets available 
for others. 

Regulation accuracy .0.010/0, load range 0 • 1000 V A, output 115 V AC 
±5%, other char'acteristics similar to those given above. 

* ISOTRONIC=Regulation and control of voltage, 
current, power, and ftequency by electronic means. 

For Complete Information Write -

SORENSEN & COMPANY, INC. 

Stamford, 2 Conn. 

M. Stanley Livingston and Hartland S. 
Snyder. The article, called "The Strong
Focusing Synchrotron," will present 
plans for a 30-billion-volt machine. 

What the Brookhaven workers pro
pose is to change the nature of the mag
netic field that guides particles around 
the synchrotron. Instead of making the 
magnetiC field uniform around the whole 
track, they plan to split the field into 
many short sections of alternately con
verging and diverging force, whose net 
effect is strongly convergent. With this 
system of "magnetic lenses" they believe 
they will be able to keep particles within 
a pipe only one inch by two inches in 
cross section, whereas Brookhaven's cos
motron, the most powerful present ac
celerator, requires a pipe six inches high 
by 27 inches wide. The sharper beam 
will also greatly decrease the size of thE; 
magnet. The magnet of the three-billion
volt cosmotron weighs 2,200 tons; only 
half as large a magnet will be needed, 
the Brookhaven men estimate, for the 
new 30-billion-volt machine they pro
pose. The circular track, however, will 
have to be 10 times as long as the 190-
foot doughnut of the cosmotron. The 
machine also will need 72 oscillators to 
kick the particles along instead of only 
one. Its designers estimate that a 30-
billion-volt model could be built for 
about twice the $8 million cost of the 
cosmotron. 

Jumbo 

FROM Stanford University comes 
word of a new 'vacuum tube that 

looks like a fire hydrant, consumes ener
gy at the rate of 100 million watts and 
puts out as much power (in short bursts) 
as the entire supply of the city of San 
Francisco. The monster is a klystron, an 
ultra-high-frequency oscillator. Stanford 
plans to use 20 such tubes to speed the 
electrons in a billion-volt linear accel
erator it is building. 

The new klystron, with 400,000 volts 
applied at its cathode, puts out millionth
of-a-second pulses of energy at more 
than 15 million watts-some 10 times as 
much as the output of any other tube. 
The Stanford engineers believe that the 
power potential of a tube of this type is 
"practically unlimited." 

Breeder Reactor 

THE first description of the experi
mental breeder reactor of the Atomic 

Energy Commission at Arco, Idaho, was 
made public last month by W. H. Zinn, 
director of the Argonne National Labo
ratory. 

The reactor's core of fissionable mate
rial is no larger than a football. It is sur
rounded by a blanket of U-238 which, 
by capturing excess neutrons from the 
core, is converted to fissionable pluto
nium. The chain-reacting core has no 
moderator; it operates with fast neu-
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TO HIT TARGET 
from unstable decks of ship 

\ \ 
I . \ . 
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A rolling, pitching ship . . .  under attack from speedy, diving 
aircraft . . .  counts on its anti-aircraft guns for protection . . .  
these guns must be able to stay on the target regardless of 
sea conditions. That's why the Ford Instrument Company 
was called on to design and build a control system that tracks 
and holds the target range with deadly accuracy. 

You can see why a job with Ford Instrument offers 

young engineers a challenge. If you can qualify, 

there may be a spot for you in automatic control 

development at Ford. Write for illustrated brochure. 

This is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, 
hydraulic, electro-mechanical, magnetic and electronic instru
ments that bring us our "tomorrows" today. Control prob
lems of both Industry and the Military are Ford specialties. 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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SPECTROPHOTOMETRIC CURVES 
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••• 60 per second 

_NEW 
.Japid SCfJlflinMU/-

SPECTROPHOTOMETER 

Imagine it! Here is a way of following rapid color changes 

and transient phenomena. Here is a way of monitoring 

flowing processes. Here is a useful tool for rapid comparisons 

of transparent or opaque materials; gaseous, liquid or solid. 

The AO SPECTROPHOTOMETER traces 60 separate 

curves per second on the face of a cathode ray tube fusing 

them into a "moving picture" of color changes over the entire 

visible spectrum from 400 to 700 millimicron wavelength. 

A roomy sample chamber accommodates transparent 

samples up to 100mm thick. A reflection attachment will 

produce data from opaque surfaces as small as 1 inch square. 

Permanent records can be made with any of the standard 

5" oscilloscope cameras. 

Be sure to see the new AO Rapid Scanning 
Spectrophotometer demonstrated at your earliest 
convenience. For illustrated literature 
write Dept. L 178. 

American" Optical 
co M PA./II Y 

INSTHUl\1ENT DIVISION · BUFFALO IS, NEW YORK 

trons. Heat is taken from the core by a 
coolant consisting of an alloy bf sodium 
and potassium which is liquid at room 
temperature. Because this alloy ignites 
on contact with air and explodes if mixed 
with water, it must be handled very 
carefully. The coolant flows through the 
blanket and then through the core. It 
leaves the core at a temperature of 660 
degrees, flows to a heat exchanger and 
is pumped to a storage tank from which 
it returns to the reactor. The pump is 
electromagnetic and has no moving 
parts, packing gland or seal. From this 
system, which is enclosed in a concrete 
shield because of its high radioactivity, 
a second circuit of sodium-potassium 
coolant carries the heat to a steam gen
erator. The steam runs a turbogenerator. 

The capacity of the unit is 250 kilo
watts. Zinn computes that this represents 
four kilowatts per cubic inch of reactor 
core-a far higher power output in pro
portion to space than in conventional 
combustion chambers. The neutron flux 
in the core is the highest of any known 
reactor: 650 million million fast neutrons 
per square inch per second. 

New AEC Contractor 

IN line with its policy of bringing addi
tional U. S. industries into the atomic 

energy program, the Atomic Energy 
Commission has announced that the 
Goodyear Tire and Rubber Company 
will operate the uranium separation 
plant to be built in Pike County, Ohio. 
The Union Carbide and Carbon Corpo
ration, which operates the Oak Ridge 
and Paducah plants, will assist Good
year in setting up the new facility and 
in training key personnel. 

Building Proteins 

BIOCHEMISTS have supposed that 
the body builds proteins by com

bining amino acids, the so-called "build
ing blocks" into which a protein mole
cule breaks down. Researchers at Wash
ington University in St. Louis now find 
that this may not be the case. The plant 
physiologist Barry Commoner reported 
recently to the American Institute of Bio
logical Sciences that the tobacco mosaic 
virus, a large protein molecule, repro
duces itself with nitrogen atoms ob
tained directly from the simple inorganic 
compound ammonia. He said: "The stud
ies show that the living cell must pos
sess hitherto unsuspected machinery" 
that puts together "the enormous and 
elaborate virus molecule in one blow 
instead of by hitching up previously as
sembled amino acid sub-units. " 

Chemists in Atlantic City 

AT its 122nd national meeting last 
month the American Chemical So

ciety heard more than 1,000 papers in 
19 specialized sections. The Society's 

© 1952 SCIENTIFIC AMERICAN, INC



A candle 100 feet away 

can fog Kodak Linagraph Pan Film in one second 

All the exposure it takes to produce a measurable density on Kodak Linagraph 
Pan Film is 1/1000 of a meter-candle-second_ 

This extreme sensitivity to light helps a great many people in laboratories 
who make it a practice to depend on photography instead of memory and eye
sight to capture significant oscillograph traces. They need it for the analysis of 
high speed transients displayed on RMA Type PII screens, where writing 
rates of hundreds of inches per microsecond are common. 

For recording fast transients from other types of screens too, particularly 
when filters are used to cut out the persistent portion of the phosphor emission, 
the great sensitivity of this emulsion is an advantage. On the other hand, when 
it is desired to record the persistent, or yellow, component of the image, the 
panchromatic sensitivity of Kodak Linagraph Pan Film is a necessity. 

For recording repetitive patterns, Kodak Linagraph Ortho Film is often pre
ferred because it is virtually unaffected by the reddish cathode glow that may 
otherwise cause fogging in "time" or "bulb" exposures. It has maximum sensi
tivity to the green light which predominates in the double-duty screens used 
for both photographic recording and visual observation. 

Both these films, in 35mm and 16mm widths with standard double perfora
tion, are sold by your Kodak dealer. If you need detailed technical information 
about them, write Eastman Kodak Company, Industrial Photographic Division,. 
Rochester 4, N. Y. 

PHOTORECORDING . . .  a function of photography 
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UTOMATIC 
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Hommel-Dohl 8" Angle 
Valve (onlrolling oil level on 
Seporolor inslollolion in 
Saudi Arabia. 

HAMMEL -DAHL 
eOn/rO! Valves are serving . • •  

Refineries, Chemical Process 
Industries and Pipe Lines 

Write for your copies of our new illustrated 
Bulletins Nos. 101, 104 and 104-A. 

HAMMEL-DAHL COMPANY 
175 POST ROAD. WARWICK PROVIDENCE 5, R. 1., U. S. A. 
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chief concern, however, was the increas
ing shortage of chemists. Its Committee 
on Manpower reported that the number 
of students receiving bachelor's degrees 
in chemistry next year will drop to 5,300 
-less than half the 1949-50 peak, and 
many of the new graduates are slated for 
military service. Ralph A. Connor, chair
man of the Committee, urged industry 
and the armed services to make the most 
intelligent and economical use of tech
nical personnel. Local chapters of the 
Society were asked to make efforts to 
recruit more high school students into 
chemistry. 

The technical sessions featured a 
number of large symposia on such topics 
as nuclear and paramagnetic resonance, 
very fast reactions, methods of screening 
large numbers of compounds for tumor
inhibiting properties, new weed killers, 
chemistry of fluorine compounds and 
catalysis in petroleum chcmistry. 

Waclaw Szybalski and Vernon Bryson, 
of the Cold Spring Harbor biological 
laboratories, reported that in laboratory 
experiments tuberculosis bacilli devel
oped resistance to the new drug isoniazid 
1,000 times faster than they did to strep
tomycin. Szybalski suggested that both 
drugs should be used together to wipe 
out the bacteria and prevent resistant 
strains from developing. 

Astronomers in Rome 

THE International Astronomical 
Union held its eighth general assem

bly in Rome last month, with 35 coun
tries represented. 

Harlow Shapley of Harvard Univer
sity reported that the Milky Way may 
be larger than has been supposed. Ob
servers have found a sparse "corona" of 
stars extending out to 25,000 light-years 
beyond the previously seen limits of the 
galaxy. The corona does not rotate with 
the inner disk, but it is nevertheless a 
part of our galaxy. It extends the total 
diameter of the Milky Way disk to about 
150,000 light-years. 

The first radio stars to be seen with 
a telescope were reported by Walter 
Baade, chief observer on Palomar Moun
tain. He said the 200-inch telescope had 
photographed two of the most important 
radio stars, one in the constellation·Cyg
nus and the other in Cassiopeia. Some 
100 sources of radio radiation have been 
detected in the sky; until Baade's ob
servation it was not known whether such 
radiation comes from stars or clouds of 
interstellar material. 

Soviet astronomers at the congress de
clared that their country is free of flying 
saucers. Boris Kukarkin called them "op
tical illusions" and products of "pure war 
psychosis." 

The congress considered a proposal 
from the International Bureau of 
Weights and Measures to change the 
standard of time, The present astronomi
cal check period is the mean solar clay. 
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metal that cloe'sn'. 

The buckets in a jet engine have a mighty 
urge to stretch ... the combination of 
1500° of heat plus the centrifugal force 
generated at 10,000 rpm makes almost 
any metal want to grow, or "creep". But 
the hairbreadth tolerances in the moving 
parts of jet engines just don't get along 
with any creep in the buckets. 

And so, because we are the largest 
producer of buckets and blades and 
rotating asse�blies for jets, Thompson 
metallurgists and engineers investigated 

'''creep'' until they have become leading 

authorities on it and its solutions. 

Processes developed by Thompson in the 
use of heat-resisting alloys are helping 
American-built jet engines to fly faster 
and longer and "higher • • •  and with longe 
intervals between blade replacement. 

The day is coming when the things we 
know about metals and parts to operate 
at high temperatures and high speeds can 
be important to you. We'd like to discuss 
Thompson engineering leadership with 
you soon. When may we call? 

lET DIVISION 

YOU CAN COUNT ON THOMPSON FOR ENGINEERING LEADERSHIP Cfhompson Ptoducts.lnc. 
Euclid, Ohio; Harrisburg and Danville, Penna. 

Buckels for Turbine Wheel. 

Turbine Wheel for Jet Engine. 
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The Hannifin "Air Warden" filter-regulatOr
lubricatOr for air-driven equipment has 
bowls of tough, transparent BAKELITE C-l1 
plastic. One holds water with impurities 
collected from the air. The other, lubricat
ing oil for atomizing into air stream. They 
withstand temperatures up to 125°F., air 
pressure of 150 psi. 
Molded by E. Mills Corp., Chicago. 
Hannifin Corp .• Chicago. Ill. 

These sturdy, colorful dishes molded of 
BAKELITE C-ll plastics are light in weight, 
low in cost. They resist breakage, staining, 
attack by foods, soaps and detergents, heat 
and cold. 
Made by Gits Molding Corporation, Chicago, 
Illinois. 

Thermostat housings, injection-molded 
BAKELITE Cll plastic, have good detail, 
impact strength, smooth finish. Easily spray
coated with metallic paint. Easy moldabil
ity reduces production cost and mold main
tenance. 
Made by Minneapolis-Honeywell RegulatOr 
Co., i"Iinneapolis. Minn. 

This transparent protective cover use on 
levels made by the Empire Level Mfg. Co. 
is BAKELITE C-II plastic. It provides a neat, 
�ttractive appearan ce, high mechanical 
strength, less chance of breakage if dropped. 
Made by National Lock Co., Rockford. Ill., for 
Empire Level Mfg. Co .• Milwaukee. Wis. 

C-11 plastics present new fields 
for improved product design 

BAKELITE C-ll acrylonitrile-styrene copo
lymers fill a void in the plastic material 
structure. They offer you a range of new 
properties, new uses, new service rec
ords not obtainable with other types of 
plastics. 

BAKELITE C-ll materials resemble both ac
rylic and styrene plastics in some respects, 
yet have distinct advantages over both. Their 
chemical resistance is excellent. They with
stand contact with soaps, detergents, oils, 
food chemicals, coffee, tea, citrus peels, and 
cosmetics. Tensile and flexural strengths are 
45% higher than those of standard poly
styrenes. 

In addition to the applications illustrated, 
C-ll materials are employed for high-quality 
drafting instruments requiring dimensional 
stability. Other uses include containers and 
closures for the packaging of products made 
with essential oils mixed with non-volatile 
diluents. 

Possessing good color, clarity, and light
ness in weight, BAKELITE C-Il plastics pre
sent the opportunity {or many new applica
tions in widely varied fields. For more infor
mation, write Dept. EP-42. 

BAKELITE 
C-ll PLASTICS 

----�T.-.D�.� �M.�.-. .......... --

BAKELITE COMPANY 
A Division of 

Union Carbide and Carbon Corporation 
lIm 

30 East 42nd Street, New York 17, N. Y. 
In Canada: 

Bakelite Company (Canada) Ltd., Belleville, Onto 
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This standard is unsatisfactory because 
of a gradual slowing up of the earth's 
rate of rotation (about one hundredth of 
a second per century) and because of 
periodic unexplained and unpredictable 
variations. The astronomers recommend
ed that the sidereal year be adopted as 
the standard. This is the time of one 
complete rotation of the earth about the 
sun as measured with respect to the fixed 
stars. 

The British astronomer R. A. Lyttle
ton outlined a new theory about double 
stars. He said they begin as widely sepa
rated pairs of small stars, pick up inter
stellar hydrogen in their passage through 
space, draw closer together as they be
come heavier, and eventually merge into 
a single star. Lyttleton's view opposes 
an older theory by James Jeans, who 
thought that binaries resulted from the 
rupture of a single star. 

World's Oldest Town 

WHEN the Israelites leveled the 
walls of Jericho they were merely 

adding another layer of rubble to a site 
whose. history goes far, far back of 
Joshua's time. The British archaeologist 
Kathleen M. Kenyon has recently un
covered evidence that Jericho is prob
ably the oldest town in the world. 

Writing in the British journal Antiq
uity, Dr. Kenyon reports that her group 
excavated a stone-age town whose in
habitants, though they had not yet 
learned to make pottery, built mud-brick 
houses and surrounded their settlement 
with a substantial stone wall. Dr. Ken
yon places the settlement "well back in 
the fourth millennium, if not earlier." 
Similarities in technological develop
ment suggest that the town may have 
been roughly contemporaneous with the 
village at Jarmo, in Iraq, described in 
last month's SCIENTIFIC AMERICAN 
("From Cave to Village," by Robert J. 
Braid wood) . 

Good Race Relations 

BRAZIL, with a mixed population of 
. European whites, African'Negroes, 

aboriginal Indians and mixtures in be
tween, has long been regarded as an 
almost ideal example of interracial har
mony. Last year UNESCO undertook a 
broad study of Brazil's race relations "to 
draw a lesson" for other countries. The 
results were summarized in the last issue 
of its journal, CouTier. 

The investigators found that discrimi
nation is not unknown in Brazil, but it 
is based primarily on economic and edu
cational distinctions. The Negroes de
scend from a slave class that was not 
freed until 1888 and are just emerging 
from the poverty, ignorance and menial 
occupations of their forefathers. Those 
who succeed in getting an education find 
that the opportunity for economic ad
vancement and social acceptance by 
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Scan this picture of a new idea ..• 

11%"; Width, 914"; 
14"; Weight, 311bs. 

: Two Tone Gray. 
Will accumulate and print 

a full keyboard entry 
in Y2-second or less. 

Prices start at $387.50 

The CLARY Digital Read-Out Machine 
This Device has Hundreds of Time- and Money

Saving Applications in Plant and Lab ... Perhaps 

your operation can benefit from it 

The Clary Digital Read-Out Machine is a practical, flexible and inexpen
sive device for printing electrical data. Already in use by many laboratories 
for a wide variety of projects, the Clary Digital Read-Out Machine, in con

junction with electronic computing equipment, is now being enthusiastically 

adopted by industry for solving complex problems of inventory and prod

uct control and the recording of statistical data. This Read-Out Machine 
when connected with the Clary Scanning Counter and Analogue Digital 
Converter can immediately transform an analogue value such as a variation 
in pressure, temperature or voltage into a printed digital number. You may 
have a problem which the extremely versatile Clary Digital Read-Out 

Machine, on a modern adding machine base, can help you solve. Why 

not write Clary, giving details? Our engineers will furnish free information 

and cooperate in a practical application of the machine to your problem. 

CLARY MULTIPLIER CORP. 
SAN GABRIEL, CALIFORNIA 

Also makers af Electronic Sconning Counters· Analogue Digital Converters 
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if _ �/iJ is important 
spectroscopy is essential 

DETROIT 

In any analysis problem, the tougher an element is to detect and 
measure, the more important the spectrograph becomes. Here are just 
a few examples of trace analyses that are made possible through 
spectroscopy: 

electronics - elements in concentrations as low as 0.0001 % 
are important in the germanium used in those electronic marvels, 
transitors . . .  JAco Equipment, with its outstanding resolution 
and dispersion, does the analyses with ease. 

metallurgy - 0.0006% boron makes the tougher steel now 
demanded by industry ... an exacting analytical problem - but 
a JAco Spectrograph does it quickly and accurately. 

nutrition - 0.001 ppm of cobalt, boron, copper, iodine, iron, 
magnesium, manganese, molybdenum and zinc have lately been 
found of dietary importance ... difficult analyses and only the 
spectrograph can do them! 

.. . and so the story goes .. in medical research atomic 
energy . . . dozens of manufacturing industries . . . JAco 
Spectrochemical Equipment is on the job wherever quicker, 
easier and more precise trace analyses are required. 

How much time and money can JAco Spectrochemical Equipment 
save for you in the detection and measurement of trace elements? 
Your JAco Technologist has the answer - write, wire or phone 
for his help today. 

JARRELL·ASH COMPANY 
165 NEWBURY ST., BOSTON 16, MASS. 

BRANCH OFFICES: 
EL CERRITO, CAL. 

13680 Capitol Avenue 1344 Devonshire Drive 

CHA TT ANOOGA 

1431 Broad St. 

QUEENS VILl., N.Y. 
8056 • 230th St. 
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white society is much greater than in 
most other countries. 

Brazil has no color line but an almost 
continuous racial spectrum from white 
to black. Brazilians are intensely con
scious of color. They speak of "that dark 
mulatto" as people in the U. S. might 
say "that tall, thin fellow." But this in
tense awareness of pigmentation is not 
accompanied by a corresponding inten
sity of prejudice or discrimination. Social 
intercourse and marriage between close 
neighbors in the color spectrum is com
mon. 

ConRicts and active prejudice have re
cently cropped up in some of the larger 
cities, notably Sao Paulo and Rio de 
Janeiro. These tendencies are being 
countered, says sociologist Alfred Me
traux, "by a strong resistance based on 
liberal and open-hearted traditions." 

The Birds and the Flowers 

T HAT the length of day-photope
riodism-governs Rowering and re

production in plants has been known for 
some time ("The Control of Flowering," 
by Aubrey vV. Naylor; SCIENTIFIC 
AMERICAN, May). Biologists have won
dered whether photoperiodism also con
trols the reproductive life of animals. 
Charles M. Kirkpatrick and A. Carl Leo
pold of Purdue University concentrated 
on the bobwhite quail. They are now 
able to report that the quail is indeed 
photoperiodic. It is a long-day bird: 
it matures sexually only when the 
light period is long and the dark period 
is short. 

Their research technique was the 
same as that used in studying plants
interruption of the dark period. Their 
birds were divided into five groups: one 
kept on a long day (17 hours) , one on a 
short day (10 hours), the other three 
on a short day (9 hours) with an hour's 
interruption of light at different times 
during the night. After 37 days the birds 
were examined for sexual development
the females for eggs, the males for 
spermatozoa. The only birds that had not 
produced these cells were those kept on 
a short day with an uninterrupted period 
of 14 hours of darkness. 

Noble Experiment 

INVESTIGATORS at the Stanford 
University Medical School recently 

conducted an experiment with three men 
and a woman as subjects. Every hour for 
several days they served alcoholic drinks 
to their subjects. At night, to avoid un
due inconvenience, they served triple 
doses and woke the subjects only twice. 

The purpose of this strenuous regime 
was to determine how much alcohol an 
average man can metabolize in 24 hours. 
The best performer, a 39-year-old alco
holic weighing 68.2 kilograms, disposed 
of the equivalent of 760 milliliters of 
bottled-in-bond-just about a fifth. 
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. . .  t o  E n g i n e e r s  
a n d  S c i e n t i s t s  
You tlln now lill vitlll positions 
in our guided missile projetts 
Chance Vought  Aircraft, a suppl ier  of high 
performance Navy aircraft for 35 years,  i s  
presently engaged in  h igh ly  cl assified work 
on g u i d e d  m i s s i l e s  u n d e r  N a vy c o n tr a ct.  
These missi les are in  restricted production for 
i ntensive experimental  use. They are flyi n g  
a n d  their  performance h a s  been excellefi,,' 

E n g i n e e r i n g  a n d  scientific p e r s o n n e l  with 
backgrounds in  Aerodyn a m ics or  Electro nics 
wi l l  find e x c e p t i o n a l  op portu n ities for em
ployment on  these i nterest ing projects.  Open
ings  are avai lab le  to personne l  with Ph.D.  and 
M.S .  deg rees, o r  B.S.  degrees with related 
miss i le  experience.  

For further  i nformation write Engineer ing Per
sonnel  S e c t i o n ,  C h a n c e  V o u g h t  Aircraft, 
P. O. Box 5 907, Dal las ,  Texas. 

* 

CHANCE VOUGHT AIRCRAFT 
Division of United Aircraft Corporation 

DALLAS, TEXAS 
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C O M E  

IMAG I NE E R  

"'l T D  U S  

The Worlds Fastest Printing 
If you could chop off j ust one second of pr int ing t ime from 
each copy of LJ FE magazine,  you'd  save over 1 ,400 work 
hours each wee k .  One way is to red uce the weight of pr int ing 
p lates .  Ti me I nc .  saw such possi b i l i t ies in  o u r  s uggest ion to 
back pr int ing p lates  with a l u m i n u m  i n stead of lead . 

O u r  i dea was to res i n-bond a th i n  Electrotype pri nt i n g  
plate to a precisely formed a l u m i n u m  base plate. E i ght  crude 
samples were sent to Time ] nco  for press tryo uts.  
One performed encouragingly wel l .  

We contin ued searching for better res in-

DevelopIllent Division 
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Made Faster . . .  A Clue to IIllproving your Product or Process 
bond i n g  m ateria ls .  Tested new alloys and tempers. Devel
oped a new way to rol l  a l u m i n u m  plate .  T ime I nc . ,  mean
. while, designed and b u i l t  radical ly new 'eq u i pment for 
prepari ng these plates for pr int ing.  

L l FE p u b l i shes over 5 , 200,000 magazi nes each week with 
the help of 500 of these a l u m i n u m  backed plates,  that weigh 
% less . . .  are 20 t imes stronger. They pri nt  3 ,000,000 im
press ions  with fewer replacements.  Result-fewer plates are 
made . . .  presses are stopped less often for plate changes . . .  
less paper i s  wasted . This  is  dramatic proof that lmagi n eering 

pays  off when you use Alcoa's  research, test and fabrication 
fac i l i t ies  . 

Y o u ' l l  get a deta i l ed picture of these fac i l i t ies from our 
booklet, " Road Map to a Better Product ."  It can be your 
first step toward putti n g  64 years of a luminum experience 
to work on a l ong-range proj ect that could effect a major  
change i n  your  company's competitive position. May we 

send you several copies ? 

A L U M I N U M  COMPANY OF AMERICA 
2 1 82-L G u l f Bui ld i ng, Pittsburgh 1 9, Penna. 

ALUMINUM CORPaBY 01' aMERICA 
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3000 yenrs of experietlCe . . .  

Had the A ssyria n s h o w n  h er e  lived 3000 -,'ears II n l il l o r/ay, u lI l)' 

t hen would he have acq u ired I he years of experience represented 

by Ihe resea rch slaff of T h e  Upjoh n  C o m pa llY - 425 men a l l d  

w O lll e n  w i t h  a n  average o f  7 y ea rs o f  t ra i n i n g  fl ll d  experience. 

I f  O llr m edicines t oday are better than I h ose of yesterday, i t  is 

b eca use a vast accil / n l l iation of scie n t ific experience can be bro llgh t 

to bear on their developm e n t .  

/ n  t h e  new Upjo lm pla n t  a ll d  labora t ories, every care i s  t a k e n  t o  

produce medicines of I h e  h igh standfl rd of q ,wlity fi n d  p o t e n cy 

r/f'ln a n r/ed by Y O l l r  doclor a n d  yo l i T  r1ruggi.'i / .  

MellieiJu! . . .  Protl.,eed .-vitl, eare . . .  Design etl for I. e alll. 

I lJpjohn I 
© 7952 The Upjohn Company, Kalama�oo, Michigan 
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TI-IE NERVE IMPULSE 
How do living things transmit electrical signals with equipment 

composed largely of water? Although there is disagreement on 

some features of the process, much has been learned about it 

T
HE LIFE of an organism, like that 
of organized society, depends upon 
its system of communication. The 

remarkable instruments of communica
tion that integrate our civilization-the 
telephone, telegraph, radio, television
are much less remarkable than the com
munications system that integrates a hu
man being. Our nervous system has 
powerful transmitting equipment, sensi
tive receivers, trunk lines connecting dis
tant points in the body, a central ex-

by Bernhard Katz 

change which sorts and coordinates mes
sages. It transmits messages to all parts 
of the body reliably and rapidly-often 
in a small fraction of a second. Yet na
ture has managed to produce this elab
orate and efficient signaling system in a 
most peculiar and implausible way: it is 
a system built up in minute spaces out 
of seemingly unsuitable materials (most
ly water) and completely devoid of elec
tric wires, radio tubes or the like. 

How the human nervous system 

works is still largely a mystery. But one 
feature of it is now fairly well under
stood, and this article will concentrate 
on that feature. We shall consider how 
the nerves carry a message-what is com
monly known as the "nerve impulse." 

The story begins on that September 
evening in 1786 when Luigi Galvani, 
professor of anatomy at the University 
of Bologna, discovered accidentally that 
a frog's leg touching an iron railing prop
agated an electric current. The mean-

SCIATIC NERVE of a frOI! is mounted for the study 
of its electrical properties. The apparatus consists of 10 
electrodes set in transparent plastic. In the hooked ends 

of the electrodes at the hottom lies the nerve. Tied with 
thread, it extends from the second electrode to ahout 
halfway he tween the ninth and tenth (at the right). 
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OSCILLOSCOPE is used at the Columbia University 
College of Physicians and Surgeons to study the frog 
sciatic-nerve preparation depicted on the preceding 
page. The electrodes holding the nerve have been set 
in the transparent plastic box at the bottom. In order 
to establish the electrical circuit necessary to study the 
nerve, two pairs of electrodes must be connected to it. 

56 

Here eight electrodes are in contact with the nerve, but 
only four of them are connected to the oscilloscope by 
the wires at the lower left and the lower right. The other 
electrodes may also be connected, however, to study 
various segments of the nerve. The trace on the cathode
ray tube at the top indicates a monophasic nerve im
pulse (see photographs of nerve potentials on page 62). 
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ing of this observation became a matter 
of fierce dispute between Galvani and 
the physicist Alessandro Volta, and not 
until some 60 years later was it clearly 
proved that nerve and muscle cells actu
ally possess electrical charge and are 
capable of generating an electric cur
rent. Carlo Matteucci of Pisa and Emil 
Du BOis-Reymond of Berlin managed to 
measure and study these tiny electric 
currents with galvanometers. But the 
transient electrical changes that take 
place at any one point of a nerve fiber 
are so brief (no more than a few thou
snndths of a second) that no really pre
cise measurement of them was possible 
until the development of the modern 
mpid oscillograph and the cnthode-ray 
tube. 

The Nerve Signal 

What do we see when we take an 
electric record of a nerve impulse? The 
usual procedure is to dissect a frog nerve 
and place it on two pairs of electrodes. 
One pair, the "transmitter," is used to 
stimulate the nerve with an electric 
pulse; the other pnir, the "receiver," is 
applied at various remote points nlong 
the nerve to find out what happens to 
the velocity and strength of the signal 
as it travels along. Nowadays we employ 
an electrostatic cathode-ray tube on 
which the Signal appears as a deflection 
of some point on a horizontal luminous 
line which serves as a "time base," so 
that we get an accurate measurement of 
the elapsed time of the signal's journey 
from the transmitting to the receiving 
point. 

We apply a brief electric shock to the 
nerve from our stimulating electrodes 
nnd gradually increase its strength. 
'When it reaches a certain strength, 
known as the "threshold," we suddenly 
see an electric wave recorded on the os
cilloscope. It arrives after a delay which 
represents the time the Signal has spent 
in traveling along the nerve from the 
first to the second pair of electrodes. The 
signal travels at constant velocity, as we 
can show by receiving it at various dis
tances from the source. In a frog's motor 
nerve the speed of travel is about 60 to 
100 feet per second; in the fastest fibers 
of warm-blooded animals the nerve im
pulse may travel as fast as 300 feet per 
second. 

;-..row if we strengthen the electrical 
stimulus, the strength of the signal trans
mitted by the nerve will also increase
up to a certain maximum. This would 
suggest that the response of a nerve may 
vary in degree. But the frog nerve in our 
experiment is made up of thousands of 
small nerve fibers, packed tightly to
gether in a bundle. Many years ago some 
physiologists suggested that the variable 
size of the response might be due sim
ply to variations in the number of fibers 
brought into play; they argued that an 

NERVE is composed of many fihers, each the axone of a nerve cell. This 
drawing shows the fihers in a section across the sciatic nerve of a cat. 

individual fiber probably responded in 
an "all-or-nothing" fashion-as a match, 
on being struck, either lights or does not 
light, depending on whether it has 
reached the kindling point. Clearly the 
question could be settled only by investi
gating the reaction of a single, isolated 
nerve fiber. Among the first to do this 
were E. D. Adrian and B. C. Matthews 
of Cambridge University and D. W. 
Bronk of Philadelphia, who managed to 
isolate single fibers under the dissecting 
microscope. Later it was discovered that 
some animals, notably the squid, pos
sessed giant nerve fibers which could be 
studied more easily. And in recent years 
the physiologist R. W. Gerard and his 
colleagues at the University of Chicago 
have developed an ingenious technique 
for studying the responses of single fibers 
without going to the trouhle of dissect
ing and isolating them; they use as elec
trodes submicroscopic micropipettes 
which can be inserted into a small indi
vidual fiber. 

What does the experiment on a single 
fiber show? We insert the tip of a micro
pipette into the surface of the fiber and 
find that the fiber interior is electrically 
charged-some 80 to 90 thousandths of 
a volt negative with respect to the out
side hath. We now apply a hrief electric 
stimulus. Up to a certain strength, there 
is no response. But as soon as the 
strength of the stimulus exceeds the 

"threshold" of our fiber, we observe a 
large electrical wave. The strength of 
the response is about 130 thousandths 
of a volt. Now no matter how much we 
increase the strength of our stimulus, the 
size and shape of the electric response is 
always exactly the same. It is either there 
in full strength or not there at all. Clear
ly, then, the propagated impulse in a 
single fiber is an all-or-none event-a 
triggered process which is set off like an 
explosion when the stimulus exceeds the 
"ignition point" of the fiber. 

Thus we have our first solid clue to 
the nature of the nerve message. It is a 
standard impulse which in many ways 
resembles the dot of an elementary com
munication code. All complicated mes
sages are composed of patterns of the 
standard dots. To overcome the limita
tions imposed by this rather rigid and 
stereotyped system, we have been sup
plied with a vast number of separate 
communication channels-many thou
sands of nerve fibers running side by 
side in each bundle. The meaning of a 
composite nerve message depends pri
marily upon the particular "private 
lines" that have been selected and upon 
their peripheral and central connections. 
Within any single fiber the meaning can 
be varied only by selecting a suitable 
pattern of intervals between successive 
dots. 

By a variation of our experiment we 
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SENSORY NERVE CELL is composed of a cell body (left), the long process 
of the axone and nerve endings (right). The cell shown in this schematic 
drawing is medullated, i.e., its axone is covered with a segmented sheath. 

can elucidate a second important fact 
about the nerve impulse. 'vVe apply two 
electric shocks to a nerve fiber in rapid 
succession. If the second stimulus comes 
within one or two thousandths of a sec
ond after the first, our nerve fiber does 
not respond: it must have a little rest 
pause after one impulse to be able to 
conduct the next. This short period of 
enforced silence, known as the "refrac
tory period," imposes some interesting 
limitations upon the practical use to 
which we may put our nervous commu
nication channels. For example, because 
of the refractory period a nerve fiber 
normally can carry only one-way traffic. 
Any impulses that happened to travel in 
opposite directions would be stopped 
and extinguished at the point where they 
met, for each impulse would have left in 
its wake a refractory region which could 
not be traversed by its advancing oppo
site number. But of course our nervous 
system is designed to overcome this dif
ficulty; it is supplied with a multitude of 
channels, so that messages can Row with
out embarrassment in different direc
tions and to many diverse stations. 

The nerve impulse, then, is an electri7 
cal signal fired along a nerve fiber. What 
is the source of electricity? How do we 
keep the batteries of our cells charged 
throughout the years of our life? And 
how exactly does the electric current 
propagate itself along the whole length 
of a nerve? During recent years much 
work has been devoted to these ques
tions in many countries, and we have a 
good part of the answer. 

A Relay System 

Some 80 years ago a German physi
ologist named L. Hermann put forward 
a remarkable theory. It was known that 
an electric current could excite nerve 
tissue and that excited nerve tissue could 
generate electric current. Putting these 
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two facts together, Hermann suggested 
that a nerve message travels by steps: 
a stimulated portion of nerve generates 
electric current which in turn excites the 
next portion of nerve which again gene
rates current, and so a wave of electric 
excitation travels right down to the end 
of the nerve, much as the process of ig
nition travels along the length of a fuse 
by local point-to-point excitation. Her
mann's intuitive idea is now known to 
be correct, and much recent research 
has been done on the mechanism of the 
process by which the wave of excitation 
propaga tes itself. 

A nerve fiber, or axone, is a very long 
thin tube which grows as a tentacle from 
a cell body in the brain or spinal cord 
to make contact with some distant point, 
such as a muscle or the skin. The fibers 
vary from less than a 30 thousandth to a 
thirtieth of an inch in diameter; most 
human motor and sensory fibers are 
about a thousandth of an inch thick. In 
the limbs of large animals the fibers 
reach a length of several feet. To the 
electrical engineer this is nothing out of 
the ordinary; transmission wires or ca
bles are of course many millions of times 
as long as they are thick. But it is quite 
a different matter for a microscopic cell 
body to grow such enormously extended 
processes and to be responsible for their 
continued care and maintenance! And 
there is no doubt that the small cell 
body, hidden somewhere in the spinal 
cord, continues to look after the long 
fiber that belongs to it, for any injury 
which interrupts the connection to the 
parent cell causes the whole of the fiber 
beyond the cut-off point to become in
excitable and die within a few days. 
Evidently the life of a nerve fiber de
pends on some physical or chemical prin
ciple continually transmitted from the 
parent cell, but what this is we do not 
know, and it remains one of our baffling 
problems. 

The key to the electrical activity of 
a nerve fiber lies in the chemistry of the 
fiber and of the tissue Ruid around it. 
The nerve tube is filled with a jellylike 
material, and apparently the degree of 
"solidity" of this material can be altered 
by certain substances, in particular cal
cium ions. Like most jellies, the proto
plasm of the nerve fiber owes its solidity 
to proteins embedded in it. Apart from 
its jellylike consistency, the physical 
properties of the fiber material are very 
similar to those of the outside Ruid. Both 
consist mostly of water with a small 
quantity of salt dissolved in it, and both 
are fairly good electrolytic conductors: 
ions move about at nearly the same 
speed in both materials. A nerve fiber is 
usually in osmotic equilibrium with its 
surroundings; that is, the concentration 
of dissolved particles inside and outside 
the fiber is approximately the same. If 
the salt solution on the outside is di
luted a little, water enters the fiber and 
causes it to swell until a new osmotic 
equilibrium is re-established. 

But in spite of this physical resem
blance, the chemical make-up of the fi
ber interior differs greatly from that of 
the surrounding Ruid. For example, the 
salt in the surrounding Ruid is com
posed mostly (90 per cent) of sodium 
and chloride ions, whereas inside the 
fiber the ions are mainly potassium and 
various positively charged organiC ions, 
with sodium and chloride amounting to 
less than 10 per cent. We are not sur
prised to find organiC ions, for we know 
that the cell is a chemical factory which 
can manufacture various organiC sub
stances. But how are we to explain the 
nerve cell's preference for potassium 
over sodium? Naturally there have been 
several theories about this, and we are 
still far from final agreement on the mat
ter. The most obvious thing to suggest 
is that potassium may have a special 
chemical affinity to the cell structure 
and be firmly bound by some of the pro
tein material. This, however, cannot be 
the correct explanation, because potas
sium ions must be present as "free 
agents" inside the cell; otherwise it 
would be difficult to explain how the in
terior of the cell

" 
can exert its relatively 

high osmotic pressure or possess its rela
tively high electric conductivity. The 
Cambridge physiologists A. L. Hodg
kin and R. D. Keynes have recently 
proved the mobility of the potassium 
ions by means of radioactive potassium 
tracers. A small drop of Ruid containing 
radioactive potassium was placed on a 
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nerve fiber and the tracers were allowed 
to soak into the fiber. This, by the way, 
took a very long time, many thousands 
of times longer than a simple process of 
diffusion would take. Evidently the ions 
had to overcome some barrier in moving 
from the outside solution into the fiber. 
But once they had penetrated the fiber 
surface, the tracer ions spread along the 
inside of the tube with the speed of or
dinary free diffusion; that is, they be
haved as free, unbound ions. The matter 
was subjected to a further test by apply
ing an electric potential difference along 
the axis of the nerve and watching the 
speed with which the labeled ions 
moved toward the cathode. The result 
of this experiment confirmed that the in
ternal potassium ions were free electrical 
agents and moved without hindrance 
once they had got inside the cell. 

Now there are two main classes of 
nerve fibers: one kind is enclosed in a 
"medullary" sheath, and the other lacks 
such a sheath. This experiment was per
formed on non-medullated fibers. These 
fibers are almost naked, and their sur
face is freely exposed to the surrounding 
tissue fluid. Yet the experiment shows 
that they must have some kind of mem
brane that acts as a highly resistant bar
rier to the movement of ions. 

The Membrane 

This nerve membrane is a fascinating 
object; it is probably the most delicate 
and most important part of the nerve 
cell, and the one most intimately con
nected with the transmission of signals 
along the fiber. It has vexed many sci
entists, however, and some have ques
tioned its existence, because it has not 
been possible to demonstrate or identify 
it by direct optical means. It is probably 
a very thin surface layer made of fatty 
material only one or two molecules thick 
-so thin that it would be impossible to 
examine it even with the most powerful 
optical instruments. In spite of this dis
ability several of its physical properties 
have been measured, and most nerve 
physiologists regard it as just as real, and 
just as indispensable to an understand
ing of nerve activity, as are the equally 
invisible atoms and electrons to under
standing the properties of matter. 

We know, for instance, that the sur
face membrane of the nerve fiber is "se
lectively permeable": it allows some 
chemical substances to pass much more 
readily than others. At the beginning of 
this century the German physiologist S. 

Bernstein put forward an ingenious ex
planation of the electrical activity of 
nerve fibers. He argued that the nerve 
membrane might be relatively perme
able to potassium ions but completely 
impermeable to sodium, chloride or 
other ions present in and around the 
cell. Such a situation would indeed ex
plain how the cell manages to preserve 
and maintain large differences of con
centration and of electric potential across 
its surface boundary. According to this 
theory, potassium ions concentrated in
side the cell would tend to diffuse out 
of it, but they are held in by the electro
static attraction of the organic negative 
ions, which cannot pass out through the 
membrane. On the other hand, sodium 
ions cannot enter to make up for any 
deficit of positive charges inside the cell. 
Thus the inside of the cell is more nega
tive (by about one tenth of a volt) than 
the surrounding fluid. In a nerve cell at 
rest the pressure of the potassium ions to 
get out is balanced by the electrical 
pressure inward. Bernstein imagined 
that this balance of forces is.a delicately 
poised affair. Whenever an electric cur-' 
rent is passed through a nerve, decreas
ing the strength of the electric field 
across the membrane at the cathode, the 
balance is upset. Bernstein suggested 
that the excitation is a breakdown of 
stability of the membrane which might 
take the form of a sudden increase in its 
ion permeability. For a moment other 
ions besides potassium could pass 
through it relatively freely. As a result 
the electric field across the fiber mem
brane would suddenly collapse. Such a 
temporary "depolarization" of the elec
trically charged membrane could ac
count for the action potential, or excita
tion, of the nerve. 

The Bernstein theory was bold and 
ingenious, and for some 40 years was 
accepted by most physiologists as a very 
satisfactory explanation of the electrical 
phenomena in nerve fibers. But by 1940 
the investigations of research workers 
began to disturb the theory. The first 
shock came when E. J. Conway, profes
sor of biochemistry at Dublin, showed 
that the surface membrane of muscle 
fibers is certainly permeable to chloride 
ions, much as to potassium. And when 
investigators began to test the perme
ability of the membrane with radioactive 
tracers, they discovered that it was per
meable to sodium ions as well, though 
less so than to potassium. While the con
centration of potassium ions inside the 
cell and of sodium ions outside remains 

constant, there is a steady flux of these 
substances in and out of the cell. All 
three species of ions-potassium, chlo
ride and sodium-move continually to 
and fro across the membrane. 

The embarrassing question that now 
confronts us is: How does the nerve cell 
manage to hold down its concentration 
of sodium ions against the combined 
forces of diffusion and electrical pres
sure? We do not yet know. It is generally 
believed that the resting cell may oper
ate a "sodium pump" which continually 
drives out sodium ions as fast as they 
enter. When we speak of a "resting" 
nerve fiber, all we mean is that the fiber 
is resting from its usual business of con
ducting impulses. It is not completely 
idle; on the contrary it is continually 
turning over chemical energy and pro
ducing heat, even in the absence of sig
naling activity. No doubt one reason for 
this continuous turnover is that the cell 
could not maintain its chemical compo
sition and structure without some ex
penditure of energy. Fortunately the 
rate at which sodium ions tend to leak 
in through the membrane is extremely 
low, so that the energy required to pump 
it out is small-well within the working 
capacity and chemical resources of the 
resting cell. 

The Cable 

Let us stop and sum up what we 
know about the resting nerve. We have 
an electrically charged cell, and the 
source of its electricity appears to be the 
twofold process which ( 1) keeps posi
tive sodium ions outside, by pumping 
them out, and (2) builds up and retains 
fairly large negative ions inside. In this 
way a separation of electric charges oc
curs at the cell surface, the inside being 
made negative relative to the outside. 
The potassium and chloride then dis
tribute themselves according to this 
force: potassium is electrically attracted 
by the interior of the cell, chloride is re-
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12-channel 

Oscillograph Recorde.r 
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jected, and this goes on until the con
centration gradients of these ions bal
ance the electrical force. So long as the 
cell is capable of pumping out sodium 
and building up and retaining its organic 
negative ions, this state of affairs will 
continue unimpaired. 

Now one interesting aspect of this set
up is the fact that the surface membrane 
offers a very high resistance to the move
ment of ions in general. We are inevi
tably reminded of a communication 
cable. Measurement of the electric con
ductivity of the various components of 
a nerve fiber shows that the interior of 
the fiber behaves like a reasonably good 
electric conductor, while the membrane 
has high resistance to direct current 
(though it allows high-frequency alter
nating current to pass readily). This set
up bears a rather remarkable resem
blance to an electric sUQmarine cable: 
in both cases we have long cylindrical 
transmission lines containing an elec
trically conducting core which is sepa
rated from the conducting outside fluid 
by an insulating sheath. The resem
blance, however, is only superficial. 

Since the days of Hermann some of 
the foremost nerve physiologists have 
considered it worth while to study and 
analyze the properties of nerve fibers 
from the point of view of the cable en
gineer-to find out what the possibilities 
and deficiencies of a nerve, regarded 
simply as a passive length of miniature 
cable, really are. The purpose of a ma
rine cable is to transmit a signal over a 
very long distance, without fading or 
loss of clarity. To achieve this a thick 
insulating sheath is needed, of low ca
pacity and high resistance, so that no 
leakage of signal strength can occur be
tween the metal core of the cable and 
the surrounding ocean. It is equally im
portant to provide thick, well-conduct
ing copper strands inside the sheath, so 
that the electric signal does not lose too 
much energy as it travels along the core. 
In all these respects-the dimensions, the 
gauges and quality of material-our 
nerve fibers do not seem particularly 
well endowed for the purpose of long
distance communication. It is true that 
our nerve signals are not required to 
travel across the Atlantic Ocean, but a 
brief subthreshold Morse dot applied to 
a nerve fiber becomes blurred and inclis
tinguishable after traveling only a tenth 
of an inch along the fiber, and at a dis
tance of a fifth of an inch from its point 
of origin the signal has almost com
pletely vanished! Our nerve fibers are 
very bad cables and could not be used 
for communication over the long dis
tances in our body, were it not for the 
fact that they have a booster mechanism 
which constantly regenerates the signal 
as it passes along. 

The nerve fiber is in effect a chain of 
relay stations-a device with which the 
(;ommunications engineer is thoroughly 
familiar. Each point along the fiber re-

ceives an electric signal from the preced
ing point, boosts it to full strength and 
so enables it to travel a little farther. It 
is a peculiar combination of a cable (of 
very defective properties) with an au
tomatic relay mechanism distributed 
all along the transmission line. Before 
the electric signal has had a chance to 
lose its strength it stimulates the fiber, 
releases local energy resources and is 
renewed. The electric potential differ
ence across one point of the fiber mem
brane serves to excite the region ahead, 
with the result that this region now con
tributes, at its own expense, a greatly 
amplified electric signal, capable of 
spreading to and exciting the next re
gion. 

Experiments have fully confirmed this 
concept of how a nerve fiber transmits a 

signal. To prove it experimentally one 
question that must be put to a test is: 
Does the excitation of a point on the 
fiber actually generate enough current 
to excite the next? Direct measurement 
shows that it does indeed-several times 
as much as is needed. Hodgkin at Cam
bridge and R. Lorente de No at the 
Rockefeller Institute for Medical Re
search investigated this question in an
other way; they undertook to find out 
what it would take to block the passage 
of the signal. They did this by anesthe
tizing a stretch of nerve with cold or a 
drug. Anesthesia makes nerve fiber in
excitable but does not interfere with its 
ability to conduct a signal cable-fashion. 
As we have seen, the nerve is a poor 
cable and the signal quickly loses 
strength as it travels. The experimenters 
found that to block a signal they had to 
anesthetize a sufficiently long stretch of 
nerve so that the signal lost 90 per cent 
of its strength before it reached the next 
excitable point; otherwise it would jump 
the block. In other words, just a little 
more than 10 per cent of the current 
generated by nerve is sufficient to excite 
normal nerve fiber. 

The Explosion 

After the proof that the nerve impulse 
has ample power to regenerate itself 
from point to point, the next question is: 
How is the regeneration accomplished? 
We have already likened nerve excita
tion to an explosion, and it may be help
ful to consider the analogy of the reac
tion of an explosive gas mixture. Let us 
take a mixture of hydrogen and oxygen 
and heat it. If we supply heat at a cer
tain near-threshold rate, here and there 
a few molecules of hydrogen and oxygen 
will become excited and react, produc
ing additional heat and raiSing the tem
perature further. We have the begin
nings of an incipient explosion. But the 
process is not yet self-sustaining; if we 
turn off the outside heat supply at this 
stage, the gas will cool. If we heat the 
gas to a slightly higher temperature, it 
may for a little while burn slowly by 
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ACTION POTENTIAL W AVE (top) spreads along the surface of a nerve 
fiber (bottom). During the rise of the action potential, sodium ions (N a) 
enter the fiber and make it positive; during the resting state of the nerve 
the outward pressure of potassium ions (K) keeps fiber interior negative. 

itself (without outside heat) at a rate 
which exactly balances the loss of heat 
to the cooler surroundings. At this point 
a very minute addition of heat will cause 
the whole gas to explode and burn itself 
out. 

Now a similar reversible process oc
curs when we apply a pulse of current 
to a nerve membrane. The current tends 
to reduce the electric potential across the 
membrane. Up to a certain strength of 
applied current, the nerve recovers its 
original potential as soon as the pulse of 
current ends. But just below the thresh
old of excitation of the nerve, we see 
signs of a partial reaction, like the begin
ning of an explosive process. And above 
the threshold the process becomes self
generating: the applied current reduces 
the membrane potential; this starts some 
reaction in the membrane which reduces 
the potential further, and the chain pro
ceeds rapidly in an explosive manner. 

The Ions 

What is this reaction, and how does 
it operate? Bernstein had suggested that 
the electric nerve impulse makes the 
membrane permeable to ions other than 
potassium, as a result of which the po
tential across the membrane drops to 
zero. In 1938 K. S. Cole and H. J. Curtis 
at Columbia University and the Marine 
Biological Laboratory in Woods Hole, 
Mass., obtained some exciting evidence 
which at first seemed to provide enor
mous support for Bernstein's theory: 
they found that the passage of an im
pulse through a nerve membrane re-

duced its electrical resistance 40-fold, 
i.e., made it 40 times more permeable to 
the passage of ions. But within a year 
Hodgkin and A. F. Huxley 'at Cam
bridge discovered a disconcerting fact: 
that the potential across the membrane 
does not become zero but is reversed, 
the interior becoming positive instead of 
negative. This ruled out the theory that 
the membrane simply "breaks down" 
and becomes equally permeable to all 
ions. If all ions coilld pass equally freely 
through the membrane, the charges on 
both sides of it should become neutral
ized, not reversed. 

Eventually Hodgkin and Huxley sug
gested a way out of the dilemma. Sup
pose, they proposed, that during the ex
citation of the nerve the membrane mo
mentarily becomes much more perme
able to sodium ions than to any other 
ions. Then the pressure of sodium ions 
rushing into the nerve interior will re
verse the membrane potential, which in 
the resting state is determined by the 
potassium pressure from the inside out. 

This modern "sodium theory" assumes 
that the sodium permeability of the 
nerve membrane is a delicately balanced 
affair and depends upon the electric 
field to which the membrane material is 
subjected. When a current passes 
through the membrane, partially dis
charging the membrane surface and thus 
reducing the electric field, this makes the 
membrane more permeable to sodium. 
Positive sodium ions begin to flow in
ward and further reduce the negative 
charge on the inside. Thus the electric 
field across the mem�rane is further re-
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702 has a lower boiling point and 
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their resistance to decomposition, 
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manufacture. 
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ACTION POTENTIAL of a frog nerve is made visible by the oscilloscope. 
At the top is a diphasic potential: the peak represents the potential passing 
the first of two electrodes; the valley, the reversal of the wave after it passes 
the second electrode. At the bottom is a monophasic potential, which is ob
served when the fiber is interrupted between the electrodes. The amplitude of 
the monophasic wave is about .02 volt; its duration, about .0015 second. 

duced, the sodium permeability contin
ues to rise, more sodium enters, and we 
have the elements of a self-reinforcing 
chain reaction. The flow of sodium into 
the fiber continues until the fiber interior 
has been charged up to such a high posi· 
tive level that sodium ions are electro
statically repelled. This new equilibrium 
is precisely the reverse of the resting 
potassium potential. Now we can under
stand the basis of the all-or-none reac
tion.of nerve cells: they generate no cur
rent until the "ignition point" is ap
proached. Once this point is passed, the 
production of "sodium current" proceeds 
toward saturation and runs through a 

cycle of its own no longer under the 
control of the original stimulus. 

It would take too long to describe all 
the experiments that have been carried 
out to test the "sodium story." For one 
thing, it has been proved that many 
types of nerve fibers require sodium in 
the tissue fluid to conduct impulses. Sec
ondly, the height of the action potential 
can be varied over a wide range by alter
ing the amount of sodium on the outside 
of the membrane, and quantitatively it 
follows the predictions of the theory. 
Third, measurements of the passage of 
sodium into the fiber interior during a 

series of impulses have shown that it is 

© 1952 SCIENTIFIC AMERICAN, INC



REFRACTORY PERIOD of nerve is illustrated by applying two stimuli 
to frog nerve in rapid succession. At the top are two diphasic action poten
tials resulting from stimuli about .007 second apart. At the bottom is the 
record of two stimuli .003 second apart: the nerve is unable to respond to 
the second stimulus. The small break in the record before each of these 
potentials ill an "artifact" caused by current used to stimulate the nerve. 

sufficient in quantity to account for the 
strength of the action current. Finally, 
in an ingenious series of experiments 
Hodgkin and Huxley have been able to 
measure the rate of sodium transfer 
across a cylinder of nerve membrane, 
when the electric field as well as the ex
ternal sodium concentration was varied 
cver a wide and carefullv controlled 
range. A number of inte;'esting facts 
emerged. When the electric field was 
suddenly reduced from the normal rest
ing level to zero, a sudden rush of so
clium ions occurred down their concen
tration gradient; normally they flowed 
into the fiber, but when the outside con-

centration had been reduced to a level 
below that inside the fiber, the flux of 
sodium was reversed! It seems clear, 
therefore, that the critical change during 
electric stimula tion is indeed an increase 
of permeability to sodium ions-perme
ability in either direction. Another im
pOltant fact which emerged is that the 
sudden flow of sodium ions is only a 
transient change: after one or two thou
sandths of a second it is automatically 
"switched off" again and converted into 
an increased flow of potassium ions! 
Why this is so remains mvsterious, but 
it certainly serves an extremely useful 
purpose. The accelerated outflow of po-
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SINGLE NERVE FIBER from the limb of a crab is mounted on four elec
trodes consisting of agar wicks. Diameter of fiber is about .003 millimeter. 

tassium allows the membrane potential 
to return rapidly to the original resting 
level, so that the nerve can repeat the 
firing of its brief, sharp electric signal al
most immediately. 

We do not yet know why the perme
ability of the membrane to sodium varies 
with the electric field. It is quite prob· 
able that sodium moves across the mem
brane in several steps, not as free ions 
but perhaps attached to molecules with
in the fatty material of the membrane. In 
other words, a sodium ion may first com
bine with a negatively-charged "carrier 
molecule," which acts as a guide through 
the membrane, and then may jump off 
as a free ion again into the water on the 
inner surface. According to this theory, 
which is still only speculative, the nega
tive carrier molecules may be held im
mobilized to the positive outer mem
brane surface when the electric field is 
large, and may become mobile when the 
electric field is reduced. 

It hardly needs to be said that nerve 
physiologists do not all agree on these 
new ideas concerning the mechanism of 
the nerve impulse. Some distinguished 
experimenters prefer the idea that so
dium and potassium act merely as "lu
bricants," rather than as direct carriers, 
of the transfer of charge across the fiber 
membrane. Others consider it possible 
that the charge may be transported 
across the membrane by hydrogen ions, 
or even by electrons, rather than by so
dium and potassium ions. No doubt 
these issues will remain controversial for 
years to come. 

The Sheathed Cable 

There is, however, complete agree
ment on one matter: namely, that nerve 
signals are propagated step by step 
along the fiber by some electrochemical 
relay mechanism. In the case of non
medullated fibers the signal is relayed 
from point to adjacent point. The type 
of fiber that is enclosed in a thick medul-

lary sheath operates its signal service in 
an even more interesting fashion. It has 
its relay stations distributed at relatively 
few points, namely at gaps in the medul
lary sheath, known as the "nodes of 
Ranvier." These points are spaced rather 
regularly along the fiber at intervals of 
one or a few millimeters. The sheathed 
sections between these points form a rel
ntively good passive cable, as biological 
materials go. The development of a med
ullary sheath occurred at a relatively 
advanced stage of evolution and brought 
with it a great increase in the speed and 
economy of nerve-signal traffic. A med
ullated nerve fiber passes messages some 
10 times as quickly, and with about a 

tenth of the expenditure of energy, as a 
non-medullated fiber of the same diam
eter. By providing an insulating, low
capacity sleeve, it restricts the expensive 
and time-consuming process of relaying 
to a few points along the line. 

It is interesting to speculate on the 
alterhative means that evolution might 
have chosen to speed up the rate of sig
naling in our nerve fibers. There could 
really have been only one alternative: to 
increase the diameter of the fibers. But 
its disadvantages are obvious. We need 
an enormous number of parallel private 
lines to pass the large number of vital 
messages between our brain center and 
the innumerable points on the periphery 
of the body. The eye alone has one mil
lion private telephone lines in the optic 
nerve. Without a medullary sheath, their 
diameter would have to be increased 
some 50-fold to retain their speed; but 
at 50 times their present size there would 
not be enough room in our head to ac
commodate this vast number of com
munication channels. It is fortunate in
deed that nature managed to invent the 
segmented medullary sheath for us! 

• 

Bernhard Katz is profes
sor of biophysics at Uni
versity College in Londo n .  

© 1952 SCIENTIFIC AMERICAN, INC



ROCK- STEADY 

FORTRE S S  
. '  

- on ATings l 
N ew A i Re s e a r c h  E l e c t ro n i c  C o m p u't e r  k e e ps 

rocket f i r e  " o n  t a r g e t "  w i t h  m a g i c a l  prec i s i o n  

A tiny Elevation Computer in the 
nose of the F-94 Lockheed Starfire 
makes this new j et in effect a rock· 
steady p l atform at the i n stant its  
rocket guns are fi red. 

It was devel oped by AiResearch as 
a vital part of the comp lete Hughes 
E l e c t r o n i c  F i re C o n t r o l  S y stem,  
which directs the F-94 to the target . 
The computer continually and auto· 
m a t i c a l l y  c a l c u l ates  the a n g l e  o f  

attack b y  correcting for a half· dozen 
or m o re variable  a i m - influencing 
factors. They include the burning of 
fuel, disposal of ammunition, shift
ing of weight when rockets are fired, 
dropping of wing fuel tanks, rocket 
j ump, and swift acceleration of the 
p l ane itself .  

The Elevation Com p uter i s  j u st 
one of the many types of airborne 
e l ectron i c  c o n t r o l s  p i o n eered and 

manufactured by AiResearch. Today 
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"CI· C d" lent- entere 
Psychotherapy 

In which a new approach to the treatment of troubled 

and neurotic people has led to an interesting series 

of objective studies in the effect of such treatment 

D
URING the past dozen years a 

growing group of psychothera
pists have been developing a new 

approach called client-centered therapy. 
As an integral part of our work, we have 
tried to develop objective ways of meas
uring the results of psychotherapy and, if 
possible, to ascertain some of the "laws" 
of human nature. By now we have made 

by Carl R. Rogers 

more than 60 such studies of the thera
peutic process and its outcomes, and this 
article will report some of our results. 

Clien t -cen tered therapy is built on 
two central hypotheses: (1) the individ
ual has within him the capacity, at least 
latent, to understand the factors in his 
life that cause him unhappiness and 
pain, and to reorganize himself in such 

a way as to overcome those factors; (2) 
these powers will become effective if the 
therapist can establish with the client a 
relationship sufficiently warm, accepting 
and understanding. From these two con
victions it follows that in practice we do 
not try to do something. to the clien t. 
We do not diagnose his case, nor evalu
ate his personality; we do not prescribe 

CLIENT TALKS TO THERAPIST across a desk, rather 
than from a couch, in client-centered therapy. A feel-

ing of equality between the therapist and the client is 
considered the central feature of this form of therapy. 
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treatment, nor determine what changes 
are to be effected, nor set the goal that 
shall be defined as a cure. Instead the 
therapist approaches the client with a 
genuine respect for the person he now is 
and with a continuing appreciation of 
him as he changes during the associa
tion. He tries to see the client as the 
client sees himself, to look at problems 
through his eyes, to perceive with him 
his confusions, fears and ambitions. The 
therapist in such a relationship is not 
concerned with judging or making sug
gestions, but always strives to under
stand. In this atmosphere of complete 
psychological security the client can lay 
himself bare with no danger of being 
hurt. Protected by the conditions of 
therapy, he begins to reorganize the 
structure of self in accordance with real
ity and his own needs. We take this ap
proach because we have found it to be a 
deeper and more effective method than 
any interventive procedures we might 
use to help the individual deal with life. 

IT WAS in 1940 that this way of deal
ing with people in difficulty began 

to crystallize in the minds of our group, 
then at Ohio State University. From the 
outset we sought to bring a rigorous and 
objective point of view into psychothera
py. We wished to apply to our work the 
methods of psychology and the behav
ioral sciences. But how were we to do 
it? The process of psychotherapy is ex
tremely subtle. Few experiences are 
more disturbingly complex than the re
lationship between an individual in 
need of personal help and the psycho
therapist who is working with him. Can 
one measure the warm feeling that the 
therapist has toward his client? Is it pos
sible to weigh the significance of a cli
ent's sobbing or of his long silences, or 
to gauge the meaning of an emotionally 
laden flow of words? In the nature of 
things psychotherapy and its results are 
subjective and seem immeasurable. 

Moreover, we lacked even the raw 
material to study. The voluminous litera
ture of psychiatry and psychoanalysis 
offers little in the way of objective data 
on the therapeutic process or the devel
opment of patients during treatment. 
Our first step, therefore, was to begin 
collecting such material in a form that 
would permit us to analyze it. \Ve de
cided to make machine recordings of the 
sessions with clients. We were told that 
this was unethical, that no therapist 
could be genuine while being recorded, 
that what we proposed would ruin thera
py. Nevertheless we recorded, at first 
single interviews, then the whole series 
of interviews covering a single case. To
day we make dozens of recordings every 
week at the Counseling Center at the 
University of Chicago, and the practice 
has become by no means uncommon in 
psychotherapy. 

To analyze the recorded material, we 
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RESPONSES OF CLIENT to ther
apist at various stages of therapy 
were studied by the author's col
league Julius Seeman. The responses 
of 10 clients are plotted in diagram. 
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•..........•••• 
NEGATIVE ATTITUDE TOWARD SELF 

POSITIVE ATTITUDE TOWARD SELF 

ATTITUDES OF CLIENT also were 
studied by Seeman. Only attitndes 
stated in present tense are given. 

67 
© 1952 SCIENTIFIC AMERICAN, INC



TAKE A GOOD LOOK! 

VICTOREEN 
POCKET 

DOSIMETERS 
FOR 

EVERY 
PURPOSE 

LOOK at the Victoreen dosimeter$ 
that have served the medical pro
fession for over twenty-five yeo rs. 

LOOK at the Victoreen dosimeters 
that serve Government and Atomic 
Energy Industrial Laboratories. 

LOOK at the Victoreen dosimeters 
in "Olive Drab" and in "Navy Gray." 

A dosimeter is an instrument which 
measures the total accumulated quantity 
(dosage) of X or gamma radiation. The 
reading is in roentgens regardless of 
exposure lime. Pocket dosimeters, some· 
times called pocket chambers, are 
either direct reading or indirect reading. 
Direct·reading pocket chambers have a 
built-in optical system and electrometer, 
which permits the wearer to periodically 
observe the dosage which has accumu
lated since the chamber was last 
charged, thus enabling him to retreat 
from a hazardous area when the dosage 
approaches the average daily toler
ance. Indirect reading dosimeters re
quire a Minometer (charger-reader) to 
observe the reading. This reading is 
usually checked at the end of the work
ing day by a competent technician. 

Full Scale 
Model Type Sensitivity Conditions 
362 Indirect 0.2, AI 0' below dgny Toler· 

once Rote 
541 Dire,t 0.2 r AI 0' obove daily Tolot-

once Rate 
547 Dired 5. , Emergency 
548 Direct �O. r Trained personnel 

534 Dired 5. and 
-Emergency 

SO. Civil defense, etc. 
506 Indirect 1QO. Untrained personnel 

507 Indirect 200. r 
-Emergency 
Untrained personnel 
-Emergency 

Write for Bulletin 3012 W 

5806 HOUGH AVE. CLEVELAND 3, OHIO 
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IDEAL OR 

WANTED SELF 

SELF 

DIAGNOSTIC 

REPRESENTATION 

BEFORE 

THERAPY 

AFTER 

THERAPY 

FINAL 

FOLLOWUP 

TIME 5Y2 MONTHS 12 MONTHS 

Q TEST consisted primarily of having clients sort cards hearing statements 
ahout themselves into piles according to how closely the statements agreed 
with their own opinions. This diagram represents three Q sorts hy a female 
client: one hy the client with respect to her ideal self, a second hy the client 
with respect to her real self and a third hy a diagnostician with respect to 
the client. The letter I stands for the ideal-self test; S, for the real-self test; 
D, for the diagnostic test. B stands for hefore therapy; A, after therapy; F, 
for final follow up a year later. The numher on the line hetween each 
pair of circles indicates the correlation hetween the two sorts in per cent. 

hegan by establishing categories to clas
sify the client's statements or attitudes. 
We defined and re-defined these cate
gories until we found that various re
searchers, working independently, could 
classify the amorphous, often incoherent 
statements from the interviews with a 
high degree of consistency. The instru
ment was then ready for use. 

William Snyder conducted one of our 
first studies and I can still recall the ex
citement with which we examined his 
results. Analyzing the several thousand 
client statements in six recorded cases, 
he found that an orderly process was 
evident in this material. Statements la
beled as discussion of "problems" de
clined steadily from the beginning 
to the end of counseling, while state
ments of insight rose irregularly, with 
an upward spurt at the end. Discussion 
of plans, decisions and goals remained 
close to zero during the first half of 
therapy and increased sharply toward 
the end. 

Such work as Snyder's, though it now 
seems crude and inadequate, gave the 
proof we needed that the unstructured 
material of the interviews could be meas
ured, that the statements both of the 
client and of the counselor could be re-

liably categorized and analyzed. We 
could thus show that psychotherapy, far 
from being just "talk," had its own dis
coverable laws. Also, though we were 
not then clearly aware of it, the need for. 
reliable categories was forCing us to use 
the "internal frame of reference," the 
client's view, as a basis for a scientific ap
proach. We had to stay close to the 
client's own perception of his experience, 
because we could not agree among our
selves as to categories when we made in
ferences from his statements. Thus we 
embarked on a search for the laws that 
prevail in the client's private world of 
perception, and this has proved a fruit
ful exploration. 

A S THE work progressed, client-cen
ft tered therapy developed a theory of 
personality which is based on the image 
that a person holds of himself. By this 
"concept of self" we mean the individu
al's perceptions of his own characteristics 
and his relations to others, and the values 
he attaches to these perceptions. This 
conscious scheme of the self has a regu
latory and guiding influence on be
havior. Anxiety and maladjustment oc
cur when it is threatened by a dim 
awareness of experiences contradictory 
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At a meeting of scientists in 1938, several were discussing 
the use of nuclear energy as a possible source of large 
amounts of energy. Before the meeting was over, others 
joined in and the subject really became "hot". Among 
those engaging in the discussion was Dr. W. E. Shoupp, 
then a Research Fellow at the Westinghouse Research 
Laboratories. 

Dr. Shoupp went back to the Laboratory, determined to 
find some answers to the subject. Making use of the new 
Westinghouse atom smasher, he and other nuclear scien
tists did some pioneering research, culminating in the 
discovery that a uranium atom could be split into two 
equal fragments by the impact of high·speed gamma rays, 
with commensurate release of large amounts of energy. 
This they called "photo· fission" . 

His work on the subject also included the determina
tion of the amount of neutron energy required to cause 
uranium and thorium to fission. This contributed to the 
basic understanding of the nuclear fission process and to 
the development of the atomic bomb and atomic energy. 

Adventurers 
in Research 

Dr. W. E. Shoupp 
SCIENTIST 

After graduation from Miami University, Oxford, 
Ohio in 1931, he served as graduate assistant and 
instructor in physics at the University of Illinois 
where he received his degrees of Master of Arts in 
1933, and Doctor of Philosophy in 1937. He joined 
Westinghouse in 1938 as a Research Fellow. In 
1941, he became a research scientist in the Labora· 
tory at East Pi ttsburgh and was made Manager of 
the Electronics Department at the Laboratory in 
1943. Four years later, he was appointed Director 
of Research of the Westinghouse A tomic Power 
Division. He is now Director of DeveloJlment of 
this Division. 

Incidentally, the Lamp Laboratory of Westi nghouse sup
plied pure uranium for the first nuclear reaclor. 

At the beginning of World War II, when radar was 
being considered, Dr. Shoupp and some associates built 
from scratch, a radar laboratory where tubes and applica
ti'On techniques were developed. They made a major con
tribution to radar, and equally important, radar jamming. 

Dr. Shoupp is continuing his work regarding atomic 
energy as Director of Development of the Westinghouse 
Atomic Power Division. Current research work under his 
supervision includes developments in connection with an 
atomic energy plant for the first atomic submarine and 
another plant suitable for the propulsion of large vessels 
such as aircraft carriers. 

A man of engaging personality, Dr. Shoupp has a keen 
sense of humor and the ability· to inspire and develop 
those who work with him. He is particularly proud of the 
fact that Westinghouse has been able to attract to the 
work of atomic power development, scientists of the highest 
caliber. Westinghouse Electric Corp., Pittsburgh, Penna. 
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YOU CAN BE SURE ... IF ITS �stinghouse 
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Be a 

�LI�INO 
Engineer! 

If you meet Boeing's exacting standards, 
you will share the prestige of Boeing's 
engineering leadership. And you'll work 
with men famous for their pioneering 
contributions to both civil and military 
aviation. You'll be aided by the finest 
research facilities in the industry. 

At Boeing you'll work on such chal
lenging projects as supersonic research, 
guided missiles, the B-47 (world's fast
est jet bomber), the still-classified B-52, 
and other exceptional programs. You'll 
find a rewarding, long-range career 
here, in a company that has been' grow
ing steadily for 35 years. 

There are opportunities at Boeing, 
right now, for experienced and junior 
engineers for aircraft 

• DESIGN • DEVELOPMENT 
• RESEARCH • PRODUCTION 

• TOOLING 
also for servo-mechanism and electron
ics designers and analysts, and for 
physicists and mathematicians with 
advanced degrees. 

Openings are available at Seattle, 
Washington, and at Wichita, Kansas. 
Boeing provides generous moving and 
travel allowances, gives you special 
training, and pays a good salary that 
grows with you. 

You'll be proua to say, ''I'm a Boeing 
engineer!" 

Write today to the address below or use 
the convenient coupon 

r---------------, 
JOHN C. SANDERS, St.ff Engineer-Pe, .. nn.1 
DEPT. C-Il 
Boeing Airplane Company, Seattle 14, Wash. 
Engineering opportunities at Boeing interest 
me. Please send me further information. 

Name ______________________ ___ 

Address ______________________ _ 

Cily and 510Ie __________________ _ 
L _______________ � 
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, to it. vVe view therapy, therefore, as the 
process by which the structure of the 
self is relaxed in the safety of the rela
tionship with the therapist, and pre
viously denied experiences are perceived 
and then integrated into an altered self. 

We soon asked ourselves whether this 
theory of personality, which seemed to 
fit our subjective experiences in therapy, 
could be tested objectively. We found 
that certain measurable patterns did in
deed emerge. For example, Julius See
man, analyzing statements about the self 
in 10 recorded cases, discovered that 
during the first fifth of therapy clients 
expressed almost four times as many 
negative as positive self-attitudes, but 
by the last fifth of therapy positive state
ments were twice as frequent as nega
tive ones. 

Elizabeth Sheerer, in a more elaborate 
study, showed that not only did accept
ance of and respect for the self rise dur
ing therapy, but this change was accom
panied by an improved acceptance of 
and respect for others. In 10 recorded 
cases that she analyzed, there was a con
sistent, though slightly irregular, in
crease of self-acceptance, paralleled by 
a similar rise in the acceptance of others. 
The relevance of such findings to social 
psychology is evident. Do an individu
al's attitudes toward others-minority 
groups, foreigners and the like-reflect 
his attitudes toward himself? And can 
changes in such attitudes come about 
only through changes in his feelings of 
self-respect and acceptance? Sheerer's 
work does not answer these questions, 
but it blocks them out clearly for others 
to study. 

As our work became known, many 
psychologists expressed concern because 
most of our research was based simply 
upon what the client said. This criticism 
overlooked the fact that what a client 
says may reveal patterns as significant 
as in anv other mode of behavior. Vole 
were oU;'selves eager, however, to test 
the changes in clients by external cri
teria, and we made several such studies. 

Natalie Haimowitz gave the Ror-

I- 5 
U W 0.. V) 
li14 u.. 00 z 

:tl <{ 3 ..... 
.- -ex C)W 

wU oz 
_. � •• 

;:': 2 0.. W 
U 
U <{ 1 

==--' 

2 3 4. 5 

schach inkblot test before and after 
therapy to 56 clients, 32 in individual 
therapy and 24 in group therapy, at 
the Counseling Center. Thirteen coun
selors were involved, all of them client
centered in their orientation. The study 
also included a control group of 15 sub
jects, similar to the therapy group in 
age, sex and education, who were not 
under treatment. Haimowitz developed 
10 scales by which the Rorschach results 
could be evaluated objectively. They in
cluded the degree of anxiety, degree of 
dependency, relationship to reality, de
gree of spontaneity, and so on. She also 
applied an index of neuroticism devel
oped by another worker. 

Her research produced interesting re
sults. After therapy the group of 56 cli
ents showed an appreciable decrease in 
neuroticism and a significant improve
ment in nine of the 10 personality factors 
(all except the degree of spontaneity). 
On the other hand, the control group ex
hibited little or no change. Thus thc 
Haimowitz study indicates that the al
teration of basic personality produced by 
client-centered therapy can be measured 
by a technique that taps the unconscious 
aspects of personality. 

Ten clients were retested a year after 
the end of therapy, and six of them 
showed further improvement at that 
time. The other four had either not 
gained or had regressed. These varia
tions in development after therapy of 
course raise questions for further study. 

William Thetford tried another type 
of objective measurement. He reasoned 
that the physiological responses of an 
individual's autonomic nervous system, 
reflecting his state of tension or anxiety, 
might provide a measure of the results of 
therapy. Thetford devised a standard 
frustration experience-failure to remem
ber a long series of numbers-and set 
up equipment for measuring various 
physiological functions (e. g., the heart 
rate) of the subject before, during and 
after this simple frustration. A group 
of 19 clients was tested before and 
after therapy, and their performance was 
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RESPECT of the client for himself and for others was shown 
to improve during therapy in a study made by the author's col
league Elizaheth Sheerer. The results from 10 cases are plotted. 
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Take a number -

any atomic number 
from 22 to 97 ... 

X .. ray spectrography - with GE's XRD .. 3S -
will give you fast, accurate, direct quantitative analysis 

There's no guesswork when you handle quantitative 
analyses with the GE XRD-3S x-ray spectrometer. Take 
any sample - you get a direct chart record of com· 
position by element in the 22-97 range_ 

Accuracy is maintained over a wide range of con· 
centration - from hundreths-of-a-percent to 100%. 
It's fast - only one to five minutes per element -
and non-destructive_ 

Basis for this outstanding performance is GE's patent. 
ed curved focusing mica 
crystal. Because it permits 
a high degree of resolution 
coupled with very high in
tensities, accuracy and speed 

exceed those possible with conventional flat crystals_ 
General Electric XRD-3S spectrometers are provo 

ing their value in all fields - chemical, petroleum, 
ceramic, mineral, metallurgical. "Metallurgical Ap. 
plications of X-Ray Fluorescent Analysis" points out 
how Allegheny Ludlum Steel Corporation applies this 
method. For a copy and descriptive literature, write 
X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin. Request Pub. IT·It. 

You can put your confidence in -

GENERAL . ELECTRIC 
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STRESS measurement I, 
simplified with the Model SG-l 
unbonded resistance wire 

, Strain Gage. It may be used 
, repeatedly without destruction 

and is ready for immediate 
operation upon engaging its knife 
edge contacts to the specimen. 
Two active bridge arms are 
employed. The gage factor of 
approximately 2.0 permits 
operation with conventional 
existing resistance Strain 
Gage equipment. Two sets of 
knife edges provide strain 
measurement ranges of ± 0.003 
and ±0.012 In.lIn. 
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Engineering De�pcirlment 
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• Los Angeles 64, Calif. 
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compared with that of a control group. 
The reactions of the two groups were 

significantly different in two measures
heart rate and galvanic skin response. 
The therapy group after treatment de
veloped a higher threshold to frustration 
and recovered their physiological bal
ance more quickly after the emotional 
stress. 

FROM necessarily crude beginnings 
our studies have improved steadily 

both in the refinement of technique and 
in the importance of the findings. In the 
first place, we have improved our con
trols. The usual scientific concept of the 
matched control group is not always ap
plicable to research in psychotherapy. 
How does one match a client with a con
trol whose j:>ersonality and desire for 
therapy are substantially identical? It 
cannot be done, so we have overcome 
this obstacle by what we call the "own 
control" group. A client who requests 
therapy is tested in the ways demanded 
by a specific project on which we are 
engaged. He is then asked to wait for a 
period-perhaps 60 days-before begin
ning his interviews. He is tested a second 
time before therapy, again at its end and 
finally a year later. The period of delay 
between the first two tests provides us 
with a control subject, perfectly matched 
in every detail with the client who later 
enters therapy. 

Another trend is the increasing 
breadth and depth of our hypotheses. 
For example, we suppose that if therapy 
alters the perception of self, of others 
and of the environment, it must alter the 
whole process by which an individ
ual perceives. We are now subjecting 
this hypothesis to a series of tests which 
range from response to the simplest vis
ual stimuli (where perception is a phys
iological characteristic of the organism) 
to more and more complex stimuli in
volving social factors. If our hypothesis 
is upheld, it will have implications for 
many fields, from optics to sociology. 

We are also adopting testing methods 
more appropriate to our interests. One 
of these is the Q technique expounded 
by William Stephenson, formerly of Ox
ford University, which we have used to 
compare the internal and external frames 
of reference. One of our hypotheses is 
that therapy should produce an increas
ing agreement between the client's per
ception of himself and a psychologist's 
outside view of his personality. The Q 
technique operates as follows: We have 
printed on separate cards 100 self-de
scriptive statements, drawn from many 
interviews and covering the whole 
range of attitudes toward self. Some ex
amples are: "I often feel guilty"; "I ex
press my emotions freely"; "I am worth
less"; "I am self-reliant"; "I usually like 
people"; "I am afraid of sex." The client 
is asked to sort these cards into nine 
piles, arranged according to how closely 
he thinks they describe him. This gives 
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us a detailed picture of the self as per
ceived by the client. His second task is to 
re-sort the cards to represen t the person 
he would like to be, his ideal self. The 
client does these two jobs of sorting be
fore and after therapy and again a year 
later. Each time he evaluates himself, he 
is given a Thematic Apperception Test
a projective personality test composed of 
ambiguous pictures and designed to re
veal the unconscious and conscious ele
ments in his personality. These TAT re
sponses, the stories he makes up to fit 
the pictures, are then turned over to a 
psychologist who knows nothing of the 
client or of the order in which the tests 
were given. The psychologist is asked to 
sort the Q cards into nine piles to repre
sent his diagnosis of the client from each 
TAT test. We thus obtain a detailed and 
objective picture of the personality to 
correlate with the client's self-picture. 

One of the first cases to which we 
applied this method was a woman in her 
late thirties, with many conflicts within 
herself and poor relationships with her 
husband and daughter. The results of 
the technique in her case are plotted in 
the diagram on page 68. Her ideal, the 
kind of person she wanted to be, was 
much the same before and after therapy. 
Before therapy there was no relation
ship between her picture of herself and 
that of the psychologist, and the psy
chologist's estimate of her was very dif
ferent from her ideal. After therapy both 
the client's and the psychologist's esti
mate changed radically. A year after 
therapy her picture of herself and the 
diagnostician's picture of her were sub
stantially the same, and there was also 
substantial agreement between his pic
ture and her ideal. 

In short, we may say that the client 
came to be substantially the person she 
wanted to be, both in her own estimate 
and that of the psychologist who read 
her TAT test. Here for the first time we 
have comparable measures of the person 
as he seems to himself, as he wants to 
be and as he is diagnosed by a psycholo
gist. This detailed information contains 
some surprises: for example, one would 
not expect that the diagnostic picture 
would change more radically than the 
perception of self. 

OUR 12 years of research have led us 
to the following conclusions about 

client-centered therapy: An effective re
lationship is one in which the therapist 
participates in the client's communica
tion, meeting him with understanding 
and acceptance. The process is orderly; 
many of its elements can be specified. 
During therapy the attitudes toward the 
self change from predominantly negative 
to predominantly positive. Self-esteem 
improves; the personality becomes better 
integrated and more comfortable; the 
basic personality structure becomes 
more unified, less nemotic, more accept
ing of emotionality, more tolerant of 

how 
fast 

e IS 
et" I e 

The speed of any relay, including the Sigma 

Series 41 Sensitive Relay pictured above, 

varies widely depending on circuit conditions. 

Here are two test circuits. In each case, th! some relay is used, the coil current is the 
same and the oscillogram shows the opj"ating time. 

IN THIS CASE-
The oscillogram shows a gradual rise of coil cur� 

rent, based on Ihe signal derived across the 500 
ohm resistor. The first downward step is caused 
when the relay contact in closing grounds the load 
and removes some of the input voltage from the 
'scope. Reverse curvature in the trace is due to bock 
emf induced in the relay winding by the armature 
motion. The next and much larger downward step 
is the result of opening coil circuit by the interrupter. 
The small dot at its lower end indicates the delay in 
breaking the load cricuit, after which the trace 
moves upward from reappearance of voltage 
across open contacts. The whole cycle shows a sub· 
stantial operating delay, and a period of contact 
closure much shorter than that in which voltage is 
applied to the coil. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

HERE HOWEVER-
Although the final relay current is identical, as is 

the relay, it is obvious thai the electrical time constant 
is much shorter, the current rises fasler, and the 
contacts close sooner. Another "wrinkle" has been 
introduced in the diode shown across the coit. It is 
polarized so as not to pass battery current; but 
upon interruption of the circuit, il provides a low 
impedance path for dissipation of the stored 
energy in the relay, which in the other case was 
dissipoted in on arc at the interrupter contacts at 
high voltage without significant current flow. In this 
case, the current flow is appreciable and holds the 
relay on for a considerable length of time. 

Not only is the relay now much foster, but the 
contacts are now closed for a time approximately 
equal to that during which the coil is energized. 

Thus it is evidently difficult to state operating time of a relay unless circuit conditions are 
prescribed - and this is no academic qualification. (Those wishing to duplicate the 
above displays will recognize that the two resistors shown as 1.0 megohm should be 
varied to give a desirable relative magnitude to the two signals, and may in fact toke 
the form of a potentiometer.) 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS. 
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Penndro makes diagnosis easier 
"Virginia" PENNDRo-adjusted zinc hydrosulphite-figures 
importantly in the Kligman Method of visualizing micro
scopic fungi. It is now easy to identify the fungi in a solution 
dyed red with acid fuchsin. 

A solution of ZnS204 bleaches the background color so 
that the fungi are clearly seen as a dark red mass. PENNDRO is 
packaged in individual capsules designed to impart proper 
strength when added to 100 milliliters of distilled water. 

This important diagnostic advance in medical science has 
been reported in the Journal of the American Medical Asso
ciation. It is typical of the way in which over 40 industries 

are indebted to "Virginia" 
prod ucts for noteworthy 
progress. 

Perhaps the properties of 
our major industrial chem
icals-S02, ZnS?04' ZnSOh 
Na2S204-can play a prom
inent par t in improving 
your products or processes. 
Our Research Department 
will go all out to help you 
develop profitable applica
tions, such as bleaching, 
reducing or neutralizing 
agents, antichlor, preserva
tive or pH control. Send 
us your problems today on 
you r business letterhead. 

VIRGINIA SMELTING COMPANY 
Dept. SA, West Norfolk, Virginia 

stress, more objective in dealing with 
reality. The person adjusts better to 
training situations and on the job; he 
exhibits less tension. 

There is objective research evidence 
for all of these statements, but a number 
of the studies' need to be repeated with 
larger groups and better methodology. 
Like all statements based on scientific 
investigation, ours are open to stronger 
proof or later disproof. 

We must, however, admit a major dis
appointment. Profitable as our research 
has been, it has not contributed impor
tantly to our practice of psychotherapy. 
We had realized that knowledge of re
search could not, of itself, make thera
pists; but we had hoped that it would 
influence the way in which we carry on 
therapy. So far it has not worked out that 
way. Our research has often confirmed, 
but almost never initiated, elements of 
our practice. The major contribution of 
the research has been to increase our 
knowledge of the dynamics of person
ality and of the extent to which pcr
sonality and behavior may be altered. 

Put in simplest terms, we have been 
testing a general view that confidence 
in the human organism is justified. We 
have hypothesized that, if a person is 
given a psychological climate sufficient
ly warm and sympathetic to his private 
world, his previously latent perceptive
ness, creativeness and capacity for deal
ing with reality will be released. Our 
studies to date indicate in a limited way 
that this hypothesis is valid. There is 
even a hint that the most striking char
acteristic of personality may be, not its 
stability, but its capacity for change. 

A moment's thought will suggest some 
of the broad implications of such a po
sition. If the individual can meet life's 
problems constructively when a suitable 
psychological atmosphere is provided, 
can the same capacity be expected of thc 
group? If confidence in the individual 
is justified in therapy, is it justified in 
education? In industry? In government? 
What does it mean in situations of lead
ership? What are its implications for our 
philosophy of the nature of man? For 
our reliance upon the democratic proc
ess? Psychotherapy opens a window 
into the deepest chambers of the human 
personality. That is wby many and var
ied groups are watching the theory, re
search and practice growing out of our 
basic hypothesis. And that is why we 
are soberly aware of our responsibility to 
test and retest each aspect of our think
ing; to perfect increasingly rigorous 
methods; to make each study available 
for proof or disproof by workers in 
our own and other fields. It is a challeng
ing pathway of scientific exploration. 

-

Carl R, Rogers is profes
sor of psychology at the 
University of Chicago. 
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are headed for a better future 
. - when you collie '0 RCA 

Jf you want to work where you enjoy the 

highest professional recognition among 

your colleagues, come to RCA. Here 

your accomplishments are recognized 

and rewarded. Here your future is bright

er, through challenging assignments that 

lead to better opportunities, better posi

tions. Here you set goals for future at

tainment at advanced levels. 

If your talent and skill are not being 

used in a way for which your education 

and expe rience has equipped you, come 

to RCA. Here you will find unusual op

portunities to work in close association 

with distinguished scientists and engi

neers in research • • •  development . . .  

design . • .  and application of specialized 

electronic equipment for military proj

ects as wel l  as for an ever-i ncreasing line 

of diversified commercial products. 

Positions open are lifelong career op

portunities. They are not "temporary" 

jobs. Unlike "feast or famine" industries, 

RCA has forged ahead regardless of war 
or depression. You can continue ad

vanced study at recognized universities 

under RCA's modern tuition refund plan. 

You and your family enjoy outstanding 

Company benefits. Yes, your future is 
better at RCA. 

LIFETIME OPPORTUNITIES FOR 
E N G I N E E R S - El e ctro nic • • •  El ectrical • • •  Communication • • •  

Mechanical • • •  Computer • • •  METALLU R G I STS a n d  PHYS I C I STS 

In Research -Development-Design -Applicati o n :  in the following fields : 

RADAR . M I S S I L E  G U I D A N C E . SERVO M E C H A N ISMS . COMPUTERS . TRANS FORMERS A N D  

C O I L S  • N A V I G A T I O N  A I D S  • T E L EV I S I O N  • ELECTR O N  T U B E S  • C O MMU N I CA T I O N S  

T E C H N ICAL SALES . ELECTR O N I C  E Q U I PM E N T  F I E L D  S E R V I C E  

S e n d  a complete resume o f  
y o u r  education and experience. 

Personal interviews 
arranged in your city. 

r 
Mr 

S en d resUm e to ' 1 • R OB ER T E. Mc QUISTO • Ie. 
Sp ecialize d Ern I 

N, Manager p oyrnent Division Dept. II J K ' 
R adio Corporatla 3 0 R ockefeller PI 

n of America 

RA DIO CORPORA TION of A MERICA �, 
aza, New York 20, N. Y. 

75 
© 1952 SCIENTIFIC AMERICAN, INC



Is There an InfInity? 
The great German mathematician Georg Cant.or proved that, 

so far as mathematics is concerned, there "s. Presenting 

a celebrated account of his ideas and their consequences 

Since ancient times philosopheTs, theologians and mathe
maticians have occupied themselves with the subiect of 
infinity. Zeno of Elea invented a gmup of famous paradoxes 
whose difJicltlties are connected with the concept; in their 
time such leading thinkers as ATistotle, Descartes, Leibnitz 
and Gauss grappled with the infinity problem without making 
any notable contTfl;nttions to its claTification. The subiect is 
admittedly complex and undeniably important. A fiTm grasp 
of the pmblems of infinity is essential to an undeTstanding 
of the revolution in ideas that paved the way for the tTi
umphant advance of modem mathematiCS, with important 
consequences to physics, cosmology and l'elated sciences. 

infinity by a noted Austrian mathematician, Hans Hahn, de
livered a few years ago before a general audience in Vienna. 
This is the first translation of the lectuTe into English. Hahn 
was a member of the celebrated Vienna Circle, a group of 
philosophers and scientists adhering to the philosophy of logi
cal positivism, among whose founders were Otto N eurath ana 
Rudolf Camap. The Circle annually presented popular lec
ftu'es on science, and this sW'vey by Hahn of the concept of 
infinity is one of the best of the series. 

Hahn began his lecture with a historical resume (here 
omitted) and then launched his discussion with a description 
of the W01'k of the founder of the modem mathematical theol'y 
of infinity, Georg Cantor. The following article is a condensed version of a lecture on 

I
T WAS Georg Cantor who in the 

years 1871-84 created a completely 
new and very special mathematical 

discipline, the theory of sets, in which 
was founded, for the first time in a thou
sand years of argument back and forth, 
a theory of infinity with all the incisive
ness of modern mathematics. Like so 
many other new creations this one began 
with a very simple idea. Cantor asked 
himself: "What do we mean when we 
say of two finite sets that they consist of 
equally many things, that they have the 
s�me number, that they are equivalent?" 
Obviously nothing more than this: that 
between the members of the first set and 
those of the second a correspondence can 
be effected by which each member of 
the first set matches exactly a member 
of the second set, and likewise each 
member of the second set matches one 
of the first. A correspondence of this kind 
is called "reciprocally unique," or sim
ply "one-to-one." The set of the fingers 
of the right hand is equivalent to the set 
of fingers of the left hand, since between 
the fingers of the right hand and those of 
the left hand a one-to-one pairing is pos
sible. Such a correspondence is ob
tained, for instance, when we place the 
thumb on the thumb, the index finger on 
the index finger, and so on. But the set 
of both ears and the set of the fingers of 
one hand are not equivalent, since in this 
instance a one-to-one correspondence is 
obviously impossible; for if we attempt 
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to place the fingers of one hand in cor
respondence with our ears, no matter 
how we contrive there will necessarily 
be some fingers left over to which no ears 
correspond. Now the number (or car
dinal number) of a set is obviously a 
characteristic that it has in common 
with all equivalent sets, and by which 
it distinguishes itself from every set not 
equivalent to itself. The number 5, for 
instance, is the characteristic which all 
sets equivalent to the set of the fingers 
of one hand have in common, and which 
distinguishes them from all other sets. 

Thus we have the following defini
tions: Two sets are called equivalent if 
between their respective members a one
to-one correspondence is possible; and 
the characteristic that one set has in 
common with all equivalent sets, and by 
which it distinguishes itself from all 
other sets not equivalent to itself, is 
called the (cardinal) number of that 
set. And now we make the fundamental 
�ssertion that in these definitions the 
finiteness of the sets considered is in no 
sense involved; the definitions can be 
applied as readily to infinite sets as to 
finite sets. The concepts "equivalent" 
and "cardinal number" are thereby 
transferred to sets of infinitely many ob
jects. The cardinal numbers of finite sets, 
i.e., the numbers 1, 2, 3 . .. are called 
natural numbers; the cardinal numbers 
of infinite sets Cantor calls "transfinite 
cardinal numbers." 

But are there really any infinite sets? 
We can convince ourselves of this at 
once by a very simple example. There 
are obviously infinitely many different 
natural numbers; hence the set of all 
the natural numbers contains infinitely 
many members: it is an infinite set. Now 
then, those sets that are equivalent to 
the set of all natural numbers, whose 
members can be paired in a one-to-one 
correspondence with the natural num
bers, are called denumerably infinite 
sets .. .. According to our definition all 
denumerably infinite sets have the same 
cardinal number; this cardinal number 
must now be given a name, just as the 
cardinal number of the set of the fingers 
on one hand was earlier given the name 
5. Cantor gave this cardinal number the 
name "aleph-null," written �o. (Why he 
gave it this rather bizarre name will be
come clear later.) The number �o is thus 
the first example of a transfinite cardinal 
number. Just as the statement "a set has 
the number 5" means that its members 
can be put in one-to-one correspondence 
with the fingers of the right hand, 01'
what amounts to the same thing-with 
the integers 1, 2, 3, 4, 5, so the state
ment "a set has the cardinal number �o" 

means that its members can be put in 
one-to-one correspondence with the to
tality of natural numbers. 

If we look about us for examples of 
denumerably infinite sets, we arrive im
mediately at some highly surprising re-
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suIts. The set of all natural numbers is 
itself denumerably infinite; this is self
evident, for it was from this set that we 
defined the concept "denumerably in
finite. " But the set of all even numbers 
is also denumerably infinite, and has the 
same cardinal number Xo as the set of 
all natural numbers, though we would 
be inclined to think that there are far 
fewer even numbers than natural num
bers. To prove this proposition we have 
only to put each natural number oppo
site its double (see below) . It may clear
ly be seen that there is a one-to-one cor
respondence between all natural and all 
even numbers, and thereby our point is 
established. In exactly the same way it 
can be shown that the set of all odd num
bers is denumerably infinite. 

Even more surprising, perhaps, is the 
fact that the set of all pairs of natural 
numbers is denumerably infinite. In or
der to understand this we have merely 
to arrange the set of all pairs of natural 
llumbers diagonally, whereupon we at 
once obtain a one-to-one correspondence 
between all natural numbers and all 
pairs of natural numbers (see table at 
top of page 78). From this follows the 
conclusion, which Cantor discovered 
while still a student, that the set of all 
rational fractions (i.e., fractions in which 
the numerators and denominators are 
whole numbers, such as 1/2, 2/3, etc.) 
is also denumerably infinite, or equiva
lent to the set of all natural numbers, 
though again one might suppose that 
there are many, many more fractions 
than there are natural numbers. What 
is more, Cantor was able to prove that 
the set of all so-called algebraic num
bers, that is, the set of all numbers that 
satisfy an algebraic equation of the form 
aox" + a1x"·1 + . . .  + an-IX + an = 0 
with integral coefficients ao' al ... an, is 
denumerably infinite. 

At this point the reader may ask 
whether, in the last analysis, all infinite 
sets are not denumerably infinite-that 
is, equivalent. If this were so, we should 
be sadly disappointed; for then, along
side the finite sets there would simply 
be infinite ones which would all be 
cquivalent, and there would be nothing 
more to say about the matter. But in the 
year 1874 Cantor succeeded in proving 
that there are also infinite sets that are 
not denumerable; that is to say, there are 
ot,her infinite numbers, transfinite 
cardinal numbers, differing from aleph
null. Specifically, Cantor proved that the 
set of all so-called real numbers (i.e., 
composed of all whole numbers, plus all 

1 2 3 4 5 6 
t t t t t t 
2 4 6 8 10 12 

Set of even numbers=all integers 

fractions, plus all irrational numbers) is 
non-denumerably infinite. 

[The essence of Hahn's account of 
Cantor's proof is that no comprehensive 
counting procedure can be devised for 
the entire set of real numbC1's, nor even 
for one of its proper subsets, such as all 
the real numbers lying between 0 and 1. 
While the members of a specifically 
described infinite set, such as all ration
al fractions or all algebraic numbers, 
can be paired off with the natltral num
bers, every attempt to constmct a fOTnw
la for counting the all-inclusive set of 
Teal numbers is invariably frustrated. No 
matter what counting scheme is adopt
ed, it can be shown that some of the 
real numbers in the set so considered 
Temain uncounted, which is to say 
that the scheme fails. It follows that 
an infinite set for which no counting 
method can be devised is non-count
able, in other words non-denumerably 
infinite.} . 

It has thus been shown that the set of 
natural numbers and the set of real num
bers are not equivalent; that these two 
sets have different cardinal numbers. 
The cardinal number of the set of real 
!lumbers Cantor called the "power of the 
continuum"; we shall designate it by c. 
Earlier it was noted that the set of all 
algebraic numbers is denumerably in
finite, and we just now saw that the set 
of all real numbers is not denumerably 
infinite; hence there must be real num
bers that are not algebraic. These are the 
so-called "transcendental" numbers, 
whose existence is demonstrated in the 
simplest way conceivable by Cantor's 
brilliant train of reasoning. 

IT IS well known that the real num
bers can be put in one-to-one corre

spondence with the points of a straight 
line; hence c is also the cardinal number 
of the set of all points of a straight line. 
Surprisingly Cantor was also able to 
prove that a one-to-one pairing is possi
ble between the set of all points of a 
plane and the set of all points of a 
straight line. These two sets are thus 
equivalent; that is to say, c is also the 
cardinal number of the set of all points 
of a plane, though here too we should 
have thought that a plane would con
tain a great many more points than a 
straight line. In fact, as Cantor has 
shown, c is the cardinal number of all 
points of three-dimensional space, or 
even of a space of any number of di
mensions. 

We have discovered two different 
transfinite cardinal numbers, Xo and c: 
the power of the denumerably infinite 
sets and the power of the continuum. 
Are there yet others? Yes, there certain
ly are infinitely many different trans
finite cardinal numbers; for given any 
set M, a set with a higher cardinal num
ber can at once be indicated, since the 
set of all possible subsets of M has a 

Cantor's aleph-null 

higher cardinal number than the set M 
itself. Take, for example, a set of three 
things, such as the set of the three figures 
1, 2, 3. Its partial sets are the following: 
1; 2; 3; 1, 2; 2, 3; 1, 3-thus the number 
of partial sets is more than three. Can
tor has shown that this is generally true, 
even for infinite sets. For example, the 
set of all possible point-sets of a straight 
line has a higher cardinal number than 
the set of all points of the straight line; 
that is to say, its cardinal number is 
greater than c. 

What is now desired is a general view 
of all possible transfinite cardinal num
bers. As regards the cardinal numbers 
of finite sets, the natural numbers, the 
following simple situation prevails: 
Among such sets there is one that is the 
smallest, namely 1; and if a finite set M 
with the cardinal number m is given, a 
set with the next-larger cardinal num
ber can be formed by adding one more 
object to the set M. What is the rule in 
this respect with regard to infinite sets? 
It can be shown without difficulty that 
among the transfinite cardinal numbers, 
as well as among the finite ones, there is 
one that is the smallest, namely Xo, the 
power of denumerably infinite sets 
(though we must not think that this 
is self-evident, for among all posi
tive fractions, for instance, there is 
none that is the smallest). It is, 
however, not so easy as it was in the 
case of finite sets to form the next
larger to a transfinite cardinal number; 
for whenever we add one more member 
to an infinite set we do not get a set 
of greater cardinality, only one of equal 
cardinality. But Cantor also solved this 
difficulty, by showing that there is a 
next-larger to every transfinite cardinal 
number .. . and by showing how it is 
obtained. vVe cannot go into his proof 
here, since this would take us too far 
into the realm of pure mathematics. 
It is enough for us to recognize the fact 
that there is a smallest transfinite car
dinal number, namely Ko; after this there 
is 'a next-larger, which is called Xl; after 
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The denumerable infinity of pairs of numbers 

this there is again a next-larger, which is 
�2' and so on. But this still does not ex
haust the class of transfinite cardinals; 
for if it be assumed that we have formed 
the cardinal numbers �o, �1' �2 . • .  �10 
• • •  �100 • • •  �l 000 . • •  that is, all alephs 
(�n) whose index n is a natural number, 
then there is again a first transfinite 
cardinal number larger than any of these 
-Cantor called it �w-and a next-larger 
successor �w-l' and so on and on. 

The successive alephs formed in this 
manner represent all possible transfinite 
cardinal numbers, and hence the power 
c of the continuum must occur among 
them. The question is which aleph is 
the power of the continuum. This is the 
famous problem of the continuum. We 
already know that it cannot be �(j, since 
the set of all real numbers is non-de
numerably infinite, that is to say, not 
equivalent to the set of natural num
bers. Cantor took �l to be the power of 
the continuum. The question, however, 
remains open .... 

On the basis of this rather sketchy 
description of the structure of the theory 
of sets, the answer to the question, "Is 
there an infinity?" appears to be an un
qualified "Yes." There are not only, as 
Leibnitz had already asserted, infinite 
sets, but there are even what Leibnitz 
had denied, infinite numbers, and it can 
also be shown that one can operate with 
them, in a manner similar to that used 
for finite natural numbers. 

S
O FAR we have dealt only with the 

question whether there are infinite 
sets and infinite numbers; but no less 
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important, it would appear, is the ques
tion whether there are infinite extensions. 
This is usually phrased in the form: "Is 
space infinite?" Let us begin by treating 
this question also from a purely mathe
matical standpoint. 

We must recognize at the outset that 
mathematics deals with very diverse 
kinds of space. Here, however, we are 
interested only in the so-called Riemann 
spaces, and in particular in the three
dimensional Riemann spaces. Their ex
act definition does not concern us; it is 
sufficient to make the point that such 
a Riemann space is a set of elements, 
or points, in which certain subsets, 
called "lines, " are the objects of atten
tion. By a process of calculation there 
can be assigned to every such line a 
positive number, called the length of the 
line, and among these lines there are 
certain ones of which every sufficiently 
small segment AB is shorter than every 
other line joining the p-oints A,B. These 
lines are called the geodesics, or the 
straight lines of the space in question. 
Now it may be that in any particular 
Riemann space there are straight lines 
of arbitrarily great length; in that case 
we shall say that this space is of in
finite extension. On the other hand, it 
lllay also be that in this particular Rie
mann space the length of all straight 
lines remains less than a fixed number; 
then we say that the space is of finite 
extension. Until the end of the 18th 
century only one kind of mathematical 
space was known, and hence it was 
simply called "space." This is the space 
\vhose geometry is taught in school and 

which we call Euclidean space, after 
the Greek mathematician Euclid, who 
was the first to develop the geometry 
of this space systematically. And from 
our definition above, this Euclidean 
space is of infinite extension. 

There are, however, also three-dimen
sional Riemann spaces of finite exten
sion; the best known of these are the 
so-called spherical spaces (and the close
ly related elliptical ones), which are 
three-dimensional analogues of a spher
ical surface. The surface of a sphere can 
be conceived as a two-dimensional Rie
mann space, whose geodesics, or 
"straight " lines, are arcs of great circles. 
(A great circle is a circle cut on the 
surface of a sphere by a plane passing 
through the center of the sphere, as for 
instance, the equator and the meridians 
of longi tude on the earth.) If l' is the 
radius of the sphere, then the full cir
cumference of a great circle is 271'1'; that 
is to say, no great circle can be longer 
than 2·7/'1'. Hence the sphere considered 
as two-dimensional Riemann space is a 
space of finite extension. With regard 
to three-dimensional spherical space the 
situation is fully analogous; this also is 
a space of finite extension. Nevertheless, 
it has no boundaries; one can keep walk
ing along one of its straight lines with
out ever being stopped by a boundary of 
the space. After a finite time one simply 
comes back to the starting point, ex
actly as if one had kept moving farther 
and farther along a great circle of a 
spherical surface. In other words, we 
can make a circular tour of spherical 
space just as easily as we can make a 
circular tour of the earth. 

Thus we see that in a mathematical 
sense there are spaces of infinite ex
tension (e.g., Euclidean space) and 
spaces of finite extension (e.g., spherical 
and elliptical spaces). Yet this is not at 
all what most persons have in mind 
when they ask: "Is space infinite?" They 
are asking, rather: "Is the space in which 
our experience and in which physical 
events take place of finite or infinite ex
tension?" 

So long as no mathematical space 
other than Euclidean space was known, 
everyone naturally believed that the 
space of the physical world was Euclid
ean space infinitely extended. Kant, 
who explicitly formulated this view, 
held that the arrangement of our obser
vations in Euclidean space was an in
tuitional necessity; the basic postulates 
of Euclidean geometry are synthetic, a 
priori judgments. 

But when it was discovered that in a 
purely mathematical sense spaces other 
than Euclidean also "existed " (that is, 
led to no logical contradictions), men 
began to question the position that the 
space of the physical world must be 
Euclidean space. And the idea de
veloped that it was a question of ex
perience, that is, a question that must 
be decided by experiment, whether the 
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space of the physical world was Euclid
ean or not. Gauss actually made such 
experiments. But after the work of 
Henri Poincare, the great mathematician 
of the end of the 19th century, we know 
that the question expressed in this way 
has no meaning. To a considerable ex
tent we have a free choice of the kind 
of mathematical space in which we ar
range our observations. The question 
does not acquire meaning until it is de
cided how this arrangement is to be 
carried out. For the important thing 
about Riemann space is the manner in 
which each of its lines is assigned a 
length, that is, how lengths are measured 
in it. If we decide that measurements 
of length in the space of physical events 
shall be made in the way they have 
been made from earliest times, that is, 
by the application of "rigid " measuring 
rods, then there is meaning in the ques
tion whether the space of physical 
events, considered as a Riemann space, 
is Euclidean or non-Euclidean. And the 
same holds for the question whether it 
is of finite or infinite extension. 

The answer that many perhaps are 
prompted to give, "Of course, by this 
method of measurement physical space 
becomes a mathematical space of infinite 
extension," would be somewhat too 
hasty. As background for a brief dis
cussion of this problem we must first 
give a short and very simple state
rnent of certain mathematical facts. 
Euclidean space is characterized by the 
fact that the sum of. the three angles 
of a triangle in such space is 180 de
grees. In spherical space the sum of 
tbe angles of every triangle is greater 
than 180 degrees, and the excess over 
180 degrees is greater the larger the 
triangle is in relation to the sphere. In 
the surface of a sphere, the two-dimen
sional analogue of spherical space, this 
point is presented to us very clearly. On 
the surface of a sphere, as already men
tioned, the counterpart of the straight
line triangle of spherical space is a 
triangle whose sides are arcs of great 
circles, and it is a well-known proposi
tion of elementary geometry that the 
sum of the angles of a spherical triangle 
is greater than 180 degrees, and that the 
excess over 180 degrees is greater the 
larger the surface area of the triangle. 
If a further comparison be made of 
spherical triangles of equal area on 
spheres of different sizes, it may be seen 
at once that the excess of the sum of the 
angles over 180 degrees is greater the 
smaller the diameter of the sphere, 
wllich is to say, the greater the curva
ture of the sphere. This gave rise to the 
adoption of the following terminology 
(and here it is simply a matter of 
terminology, behind which nothing 
whatever secret is hidden): A mathe
matical space is called "curved" if 
there are triangles in it the sum of 
whose angles deviates from 180 degrees. 
It is "positively curved" if the sum of 

the angles of every triangle in it (as 
in elliptical and spherical spaces) is 
greater than 180 degrees, ::md "neg
fltively curved" if the sum is less than 
180 degrees-as is the case in the "hyper
bolic " spaces discovered by Bolyai and 
Lobachevsky. 

From the mathematical formulations 
of Einstein's General Theory of Rela
tivity it now follows that, if the pre
viously mentioned method of measure
ment is used as a basis, space in the 
vicinity of gravitating masses must be 
curved in a "gravitational field. " The 
only gravitational field immediately ac
cessible, that of the earth, is much too 
weak for us to be able to test this as
sertion directly. It has been possible, 
however, to prove it indirectly by the 
deflection of light rays-as determined 
during total eclipses-in the much 
stronger gravitational field of the sun. 
So far as our present experience goes, 
we can say that if, by using the measur
ing methods mentioned above, we turn 
the space of physical events into a 
mathematical Riemann space, this 
mathematical space will be curved, and 
its curvature will, in fact, vary from 
place to place, being greater in the 
vicinity of gravitating masses and small
er far from them. 

To RETURN to the question that 
concerns us: can we now say wheth

er this space will be of finite or infinite 
extension? What has been said so far 
is not sufficient to give the answer; it 
is still necessary to make certain rather 
plausible assumptions. One such as
sumption is that matter is more or less 
evenly distributed throughout the en
tire space of the universe. The observa
tions of astronomers to date can, at least 
with the help of a little good will, be 
brought into harmony with this assump
tion. Of course it can be true only when 
taken in the sense of a rough average, 
in somewhat the same sense as it can be 
said that a piece of ice has on the whole 
the same density throughout. Just as 
the mass of the ice is concentrated in a 
great many very small particles, sepa
rated by intervening spaces that are 
enormous in relation to the size of these 
particles, so the stai'S in world-space are 
separated by intervening spaces that are 
enormous in relation to the size of the 
stars. Let us make another quite plau
sible assumption, namely that by and 
large this average density of mass in the 
universe remains unchanged. We con
sider a piece of ice stationary, even 
though we know that the particles that 
constitute it are in active motion; we 
may likewise deem the universe to be 
stationary, even though we know the 
stars to be in active motion. 

'With these assumptions, then, it fol
lows from the principles of the General 
Theory of Relativity that the mathe
matical space in which we are to inter
pret physical events must on the whole 
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Non-Euclidean triangle (top) and Euclidean triangle (bottom) 

have the same curvature throughout. 
Such a space, however, like the surface 
of a sphere in two dimensions, is neces
sarily of finite extension. In other words, 
if we use as a basis the usual method of 
measuring length and wish to arrange 
physical events in a mathematical space, 
and if we make the two plausible as
sumptions mentioned above, the con
clusion follows that this space must be 
of finite extension. 

I said that the first of our assumptions, 
that of the equal density of mass 
throughout space, conforms somewhat 
with observations. Is this also true of the 
second assumption, as to the constant 
density of mass with respect to time? 
Until recently this opinion was tenable. 
Now, however, certain astronomical 
observations seem to indicate-again 

speaking in broad terms-that all heaven
ly bodies are moving away from us with 
a velocity that increases the greater their 
distance from us, the velocity of those 
farthest away being quite fantastic. But 
if this is so, the average density of mass 
in the universe cannot possibly be con
stant in time; instead it must continually 
become smaller. Then if the remaining 
features of our picture of the universe 
are maintained, it would mean that we 
must assume that the mathematical 
space in which we interpret physical 
events is variable in time. At every in
stant it would be a space with (on the 
average) a constant positive curvature, 
that is to say, of finite extension, but 
the curvature would be continually de
creasing while the extension would be 
continually increasing. This interpre-
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NEW MERCURY VAPOR DETECTORS 

These new, completely redesigned detec
tors can determine harmful concentra
tions of vapor for laboratory or industrial 
users of mercury compounds. The new 
G-E Mercury Vapor Detectors are avail
able in either electronic or chemical 
models. Photo above shows operator 
placing a selenium sulphide paper in the 
chemical detector at a silicon rubber plant. 
See Bulletin GEC-312.· 

NEW ELECTROMAGNETIC PUMP 

Designed to pump liquid metals and 
other low-resistance conducting fluids, 
the G-E Electromagnetic Pump can be 
used to move any conducting fluid that 
has a specific resistance equal to or less 
than type 347 stainless steel. Liquid 
metals such as sodium, sodium-potassium 
alloys, and lithium can be pumped 
successfully at temperatures as high as 
1000 F. More information is given in 
Bulletin GEC-876. * 

EASY LEAK DETECTION 

Detection of leaks in closed systems is 
easy with the G-E Type H Leak De
tector. This new tool for fast laboratory 
or production testing is so sensitive it 
finds leaks of one ounce per century in 
tanks, boilers, piping and other closed 
systems into which halogen compounds 
can be introduced as tracers. Photo above 
shows Leak Detector in use at an aircraft 
manufacturer's plant. For more informa
tion see Bulletin GEA-5610. * 

* To obtain these publications, contact 
your nearest G-E Apparatus Sales Office, 
or write to General Electric Co., Section 
687-102, Schenectady S, N. Y. 

COMPARATOR i. demonstrated by Division Engin£er Dr. G. W. Dunlap, of G. E.'s General Engineering Lab. 

G-E Metals Comparator provides 
fast test of metal quality 

The G-E Metals Comparator was developed to 
perform fast, nondestructive tests of the quality 
of ferrous and nonferrous metal parts. 

By calibrating the comparator on a reference 
specimen, parts can be compared for such char
acteristics as composition, heat treatment, hard

ness or permeability. Testing to meet perme
ability standards of fabricated parts is a rapidly 
expanding application. Users find it tests equally 
well on raw or finished stock. 

Used by manufacturers of aircraft, refrigerator 

and electrical parts for gradation of metals, it is 
also used by the tool and die, machine tool, and 
automotive industries for identification of cor
rect heat treatment. 

Here is an example of the type of developmental 

engineering . . • a specialty at General Electric 

which provides more and better instruments and 

processes for modern industry. 
COMPARATOR used with test head 
on large or hard-to-get-at surfaces. 

GENERAL _ ELECTRIC 
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Spectroscopy . . . Precision Electronics 

Optics . . .  Physics . .. Electromechanics 

Mechanics . . .  Feedback Systems 

Men who combine fields will find our 
proiects especially interesting. Typical ' 
developments include spectrophotome
ters at all wavelengths, pH meters, elec
trometers, flame photometers, comput
ers, radiation instruments, titrators and 
others to be announced. 

Unusual opportunities in all divisions: 
Helipot and Beckman Instruments-So. 
Pasadena, California; Berkeley Scientific 
-Richmond, California. Our company 
is a leader in the fast growing instrument 
industry, which is not dependent for its 
future on military contraefs, but is of 
fundamental importance to all types of 
research and industry. 
Write for application and informa

tion about our company. 
; Personnel Department 

BECKMAN INSTRUMENTS, INC. 
1001 EI Centro St., South Pasadena 48, California 

tation of physical events turns out to be 
entirely workable and in accord with the 
General Theory of Relativity. 

But is this the only theory consistent 
with our experience to date? I said be
fore that the assumption that the space 
of the universe was on the whole of 
uniform density could fairly well be 
brought into harmony with astronomical 
observations. At the same time, these 
observations do not contradict the en
tirely different assumption that we and 
our system of fixed stars are situated in 
a region of space where there is a strong 
concentration of mass, while at increas
ing distances from this region the dis
tribution of mass keeps getting sparser. 
This would lead us-still using the orcli
nary method of measuring length-to 
conceive of the physical world as situated 
in a space whose curvature becomes 
smaller and smaller at increasing dis
tances from our fixed star system. Such a 
space can be of infinite extension. 

Similarly the phenomenon that the 
stars are in general receding from us, 
with greater velocity the farther away 
they are, can be quite simply explained 
as follows: Assume that at some time 
many masses with completely different 
velocities were concentrated in a rela
tively small region of space, let us say 
in a sphere K. In the course of time 
these masses will then, each with its 
own particular velocity, move out of this 
region of the space. After a sufficient 
time has elapsed, those that have the 
greatest velocities will have moved far
thest away from the sphere K, those with 
lesser velocities will be nearer to K, and 
those with the lowest velocities will still 
be very close to K or even within K. 
Then an observer within K, or at least 
not too far removed from K, will see 
the very picture of the stellar world that 
we have described above. The masses 
will on the whole be moving away from 
him, and those farthest away will be 
moving with the greatest velocities. We 
would thus have an interpretation of the 
physical world in an entirely different 
kind of mathematical space-that is to 
say, in an infinitely extended space. 

IN SUMMARY we might very well say 
that the question, "Is the space of our 

physical world of infinite or of finite ex
tension?" has no meaning as it stands. 
It does not become meaningful until we 
decide how we are to go about fitting 
the observed events of the physical 
world into a mathematical space, that 
is, what assumptions must be made and 
what logical requirements must be satis
fied. And this in turn leads to the ques
tion, "Is a finite or an infinite mathe
matical space better adapted for the 
arrangement and interpretation of 
physical events?" At the present stage 
of our knowledge we cannot give any 
reasonably well-founded answer to tl1is 
question. It appears that mathematical 
spaces of finite and of infinite extension 
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A simple die-cut shape from Spongex sheet stock, 

gives DeJUR owners a projector that has less 

motor vibration, sits more firmly and will not 

era w I on smooth surfaces_ 

This inexpensive extra wins thousands of friends 

for DeJUR_ Perhaps your product could use 

Spongex to increase its efficiency, reduce costs or 
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specification_ 

If you need cellular rubber with special qualities 

-such as flame resistance, oil resistance -per

formance under high or low temperature-there's 

a Spongex sheet stock compounded for the job. 

used for cushioning, insulating, shock absorp

tion, sound and vibration damping, gasketing, 

sealing, weatherstripping and dust proofing. 

THE SPONGE RUBBER PRODUCTS COMPANY 575 Derby Place, Shelton, Conn. 
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TO M A N U FACT U R E  A N D  M ARKET 

We are looking for a new engi
neered product to manufacture in 
our plant and market through our 
sales channels. 

It must be capital goods equip
ment and fill a definite need in one 
or more of the process industries.  
We prefer a unit that involves heat 
exchanging, or combustion, or a 
combination of both, and can be 
completely assembled at the fac
tory. 

The market potential for it must 
be sufficiently large to eventually 
justify production line manufac
turing methods. 

We are an old established manu
facturing concern prepared to pur
chase patent rights or negotiate on 
a royalty basis. Write us o utlining 
the type of product, its distinctive 
advantages, and other pertinent 
facts. If it meets our requirements 
for further investigation, we will 
arrange for a personal interview. 

W R I T E  TO 

Box 10, Room 500 

2 West 45th Street. New York 3 6 .  N .  Y . 

are almost equally well suited for the in
terpretation of the observational data 
thus far accumulated. 

Perhaps at this point confirmed "fi
nitists " will say: "If this is so, we prefer 
the scheme based on a space of finitc 
extension, since any theory incorporat
ing the concept of infinity is wholly un
acceptable to us." They are free to take 
this view if they wish, but they must not 
imagine thereby to have altogether rid 
themselves of infinity. For even the 
finitely extended Riemann spaces con
tain infinitely many points, and the 
mathematical treatment of time is such 
that each time-interval, however small, 
contains infinitely many time-points. 

Mus t this necessarily be so? Are we 
in truth compelled to lay the scene of 
our experience in a mathematical space 
or in a mathematical time that consists 
of infinitely many points? I say no. In 
principle one might very well conceive 
of a physics in which there were only 
a finite number of space points and a 
finite number of time points-in the lan
guage of the theory of relativity, a 
finite number of "world pOints." In my 
opinion neither logic nor intuition nor 
experience can ever prove the impos
sibility of such a truly finite system of 
physics. It may be that the various 
theories of the atomic structure of mat
ter, or to day's quantum physics, are the 
first foreshadowings of a future finite 
physics. If it ever comes, then we shall 
have returned aft!:'r a prodigious cir
cular journey to one of the starting 
points of Western thought, that is, to 
the Pythagorean doctrine that every
thing in the world is governed by the 
natural numbers. 

If the famous theorem of the right
angle triangle rightly bears the name of 
Pythagoras, then it was Pythagoras him
self who shook the foundations of his 
doctrine that everything was governed 
by the natural numbers. For from the 
tf,eorem of the right triangle there fol
lows the existence of line segments that 
are incommensurable, that is, whose re
lationship with one another cannot be 
expressed by the natural numbers. And 
since no distinction was made between 
mathematical existence and physical 
existence, a finite physics appeared im
possible. But if we are clear on the point 
that mathematical existence and phys
ical existence mean basically different 
things; that physical existence can never 
follow from mathematical existence; 
that physical existence can in the last 
analysis be proved only by observation, 
and that the mathematical difference be
tween rational and irrational forever 
transcends any possibility of observa
tion-then we shall scarcely be able to 
deny the possibility in principle of a 
finite physics. Be that as it may, whether 
the future produces a finite physics or 
not, there will remain unimpaired the 
possibility and the grand beauty of a 
logic and a mathematics of the infinite. 
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U. S. Navy's new 
long-range 

Built for the Navy, and now undergoing 
tests, the carrier-based Douglas A3D is 
designed to add new striking power to 
the Naval air arm. 

Performance data on this plane is still 
secret, but no aircraft of comparable size 
-now in service or contemplated for 

__ the Douglas A3 D 
early service introduction-will be able 
to carry an equivalent bomb load as 
high or as fast as the Douglas A3D. 
Powered by twin jets, slung in pods 
below the wing outboard of the fusela ge, 
A3D will be in the 600 to 700 mph class 
. . .  yet its planned range, from aircraft 

?t. " 

Depend on D O UGLA S 

twin-jet 
bomber 

carriers, will let it strike across wide ex
panses of water at enemy targets. 

Selection of Douglas to huild the A3D 
is another example of this company's 
aviation leadership. Faster and further 
with a bigger payload is the basic concept 
of Douglas design. 

First in Aviation 
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--mE- PRESIDENCY 
By STEFAN LORANT 

A Pictorial History of Presidential Elections 

from Washington to Truman 

Over ' 000 Photos and Illustrations - 715 pages - Large Size 7 '12 " x ' 0 "  

In the original $ 1 5  edition 
Here is the full ,  vivid and colorful story of the most 

distinct and most treasured of all our American traditions 

free elections ! A subject of perennial interest, but more timely, 

more significant this year than ever before. In 42 graphic chap

ters, one for each election since 1 789 is the drama of  each cam

paign, its action and ballyhoo, the characters of the opposing 

candidates , the battles for political supremacy, and the outcome 

of each. Portraits of the major candidates for the presidency 

and vice presidency from 1 789 to 1948 precede each chapter. 

"THE PRESIDENCY" is indeed a volume that will make for 

itself an honored and often turned-to place in every really fine 

collection of Americana. 

"Here is a valuable history. Here is more - a challenge to 
the historical imagination of e very reader." 
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- Allan Ne vins, T h e  N e w  York Times. 

Retai l  price $ 1 5 .00 fREE 10 new members 
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TH E AMERICAN 
CONST I TU T I O N  

Its OrIgIn 
and Developm.enl 

By ALFRED H. KELLY and 

WINFRED A. HARBISON 

From faraway origins in 
England, Europe and the 
c o l o n ies,  t h r o u g h  t h e  
birth of American lib
erty, through times of 
national crisis and times 
of c o m p l e x  i n d u s t r i a l  
growth, the authors trace 

the Constitution as a basic fact of our national 
life. The text is superbly lighted with quotations 
from congressional debates, court opinions and. 
other documentary material .  Said the San Fran
cisco Chronicle: " . . .  a cl�ar picture of the factors 
which make ou', government a living and dy
namic organism." 

Retai l  Value . • .  $1 2 .50 
In a handsome; special two-volume edition available 
only to members of the AmerIcan History Publication 
Soclely • • •  $5.75 

J�!lOUf' - ENJOY FULL MEMBERSHIP  PRIVILEGES 

The American History Publication Society was founded to 
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charge. If you do not want a fort.hcoming selection, you sim
ply return a printed form which is always supplied. 

It costs nothing to j oin and you may cancel your member
ship at any time after accepting four Society selections. Just 
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by J. Bronowski 

MODERN COSMOLOGY AND THE CHRIS
TIAN IDEA OF GOD , by E. A. Milne. 
Oxford University Press ($4.25) . 

To grasp the universe as a single 
coherent structure has been the 
dream of speculative thinkers since 

Greek times. It inspired Ptolemy and 
Galileo, the mechanics of Newton and 
Kant's theory of the evolution of the 
solar system. In the 19th century the 
problem of cosmology in the large al
most dropped out of sight. It was re
vived by Einstein in 1916 when he at 
once (and characteristically) asked of 
his new theory of general relativity 
what model of the universe at large it 
implied. 

No sooner had the question been 
asked than it was given dramatic force 
by the discovery in the 1920's that the 
universe is altogether less compact than 
we had even supposed. It is bigger and 
patchier, and it is on the move. The 
nebulae do not lie in our galaxy but far 
beyond, and each is a galaxy of its own. 
These galaxies seem to be racing away, 
faster as they are farther from us, to 
all the corners of space. 

I say "seem to be racing away" be
cause beneath many of the new cos
mologies (and Milne's among them) is 
still hidden the feeling that this move
ment cannot be real. And of course it 
is right to remember that all such evi
dence is farfetched. We judge the dis
tance of a nebula by the way its sup
posed brightness has dimmed on the 
journey to us. We judge the speed of 
the nebula away from us by the shift 
of its spectrum toward the red, which 
we interpret as a Doppler fall in pitch. 
On these remote grounds Hubble cal
culated in 1929 that the nebulae seem 
to be moving as if they had all left us, 
in random directions and with random 
speeds, about 2,000 million years ago. 
No one has since suggested a better way 
to read the evidence. 

Milne was perhaps more determined 
than most astronomers not to be sur
prised by this result. He was a pupil of 
Eddington, and Eddington had been 
one of the first English champions of 
relativity and had taken part in the 
famous eclipse expedition of 1919 which 
confirmed that light is bent toward the 
sun. Eddington had been deeply im-

BOOKS 
The unusual and seductive unLverse 
of the late cosmologist E. A. Milne 

pressed by Einstein's elucidation of the 
essential place held in all physical theory 
by the observer himself. As time went 
on this formed in Eddington the con
viction that much of what we think we 
discover in the structure of nature is in 
fact imposed by the structure of our own 
thought. In some form this outlook 
passed from Eddington to his pupils, 
and, although much changed, it is pow
erful in Milne's work. Master and pupil 
were more sensitive to the change than 
to the likeness, and for a long time they 
were estranged. Indeed, when Milne 
called his work "kinematic relativity," 
Eddington said to me in conversation 
that Milne had forgotten what relativity 
was. The criticism was not unjust, for 
the hypothetical observers of Milne's 
theory are quite alien to the observa
tional realism of relativity. Yet it missed 
the graver search for the content of hu
man reason within all theories, which 
Eddington and Milne shared. It is there
fore pleasant to find in this, Milne's last 
book, a warmth of manner toward 
Eddington's last work which shows that 
the breach between them was healed. 

Even before 1930 Eddington had 
been trying to find relativity models of 
the universe, and distributions of mat
ter in them, which expand of them
selves. When another of his pupils, 
Georges Lemaitre, found such a model 
(it is still the best relativity model) 
Eddington at once linked it with the 
Hight of the nebulae, and wrote a bril
liant book on the subject, The Expand
ing Universe, in 1932. 

Milne took it for granted, as we all 
now do, that the Hight of the nebulae 
is not merely away from us. In his own 
phrase, the theory "does not mean that 
we occupy a specially unpopular posi
tion in the universe." It would in fact 
be as difficult to persuade our cen tury 
that we are the center of creation as 
it was once for Copernicus to avow that 
we are not. Milne held that our place 
in space is in every way typical; or, 
more cogently, that the universe would 
look the same to us, in the large, no 
matter where we happened to be in it. 
This is now called the cosmological prin
ciple. Milne was proud to acknowledge 
that it had been held earlier by Giordano 
Bruno, who insisted "that the eye being 
placed in any part of the Universe, the 
,l.ppearance would be still all one as 
unto us here." From this prinCiple Bruno 
had deduced, very soundly, that there 

must be an infinity of worlds, and in 
consequence he was ceremonially burn
ed as a heretic in 1600. 

The cosmological principle, or, as I 
like to call it, Bruno's principle, has 
been most tersely put by Sir Edmund 
Whittaker: "It is impossible to tell where 
one is in the universe." Milne's theory 
is formed entirely on this. But before we 
can enlarge the prinCiple to a theory, 
we must give some meaning to the word 
"where" and introduce the word "when." 
Milne took the second word as funda
mental. He broke with relativity by re
fusing to give any meaning at all to 
"where" (that is, to distance) which 
does not derive from "when" (that is, 
from the comparison of times) . There 
is only one fundamental operation in 
Milne's physics: it is looking at a clock. 
His geometry is built upon this, with 
the single assumption that we can tell 
one direction from another. 

But looking at a clock is a tricky 
operation, and it took Milne and his 
pupils 15 years to work it out fully. 
Naturally we cannot assume that the 
clock keeps regular time. What mean
ing has the word "regular"? And is the 
meaning the same for the earth's orbit 
and for the orbit of an electron? Milne's 
theory, formed precisely to answer these 
questions, could not begin by begging 
them. He therefore supposed only that 
his observer marks the events that hap
pen to him, one after another, with somc 
arbitrary succession of increasing num
bers. That is his clock. To measure the 
distance of any point from him, he 
watches how long it takes light to get 
there and back. 

Plainly the central problem of Milne's 
theory now is: Can the arbitrary clocks 
of different observers, in different 
places, be made to tally in any sense 
at all? The observers can flash lights 
at one another's clocks and so see what 
time they showed when the light reached 
them. A pair of observers can then 
graduate their clocks afresh so that they 
tell, not indeed the same time, but sym
metrical functions of each other's time. 
But in what kind of a universe can this 
be done, not merely for one pair of ob
servers, but for all possible pairs of 
observers-that is, for the whole uni
verse? 

The question has an answer, and an 
elegant one. The answer is Milne's cos
mology. But the answer is not easy to 
state, for we must describe a universe 
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by distance as well as time, and in 
Milne's cosmology distances ( and 
speeds) change of themselves when we 
change the scale of time. Therefore the 
important thing about the answer is 
not what it looks like, but the simpler 
fact that it is unique. There is only one 
kind of network of observers whose 
clocks hold together so that they con
tinue to give consistent comparisons of 
times. 

The time-scale in this remarkable re
sult still has a degree of arbitrariness; 
it can be fanned out or furled by grad
uating one clock afresh, and the others 
will follow. Each scale at once imposes 
its own distances and speeds, and with 
them both the appearance and the his
tory of its universe. Thus there is a 
scale of time t which gives a universe 
expanding uniformly from some definite 
zero or beginning of time. The nebulae 
in flight may be held to have this as 
their model. Or again there is a scale 
of time T which gives a universe at rest; 
and since T keeps step roughly with the 
logarithm of t, this universe goes back 
through infinite time. 

On the t-scale the classical constants 
of nature no longer are all fixed: the 
constant of gravitation, Planck's con
stant and even angular momentum, 
increase with t. The Lorentz transfor
mation holds in t-time, and Milne there
fore took this to be the fundamental 
time-scale for electromagnetic and 
atomic processes. He linked T-time 
with the more usual results of dynamics. 
For example, he showed that, on this 
time-scale, if a moving set of par·ticles 
is to look the same to all observers, then 
it must obey both Newton's first law of 
motion and the law of inverse squares. 
And indeed, he derived a concept of 
mass from this analysis. 

We are plainly discussing a theory 
on the grand scale, and Milne by no 
means stopped here, but carried it over 
to most of physics. On the day he died 
two years ago he had arrived in Dublin 
to lecture on possible relations between 
rotation and magnetism in the light of 
his theory. It is therefore natural to 
ask why Milne's work, in many ways so 
broad and powerful, has continued to 
leave astronomers uneasy and rather 
uninterested. 

One of their criticisms is indicated 
by Eddington's remark that the language 
of Milne derives from relativity, but 
the thought does not. Relativity asks 
that real observers, moving at will and 
carrying out real operations, shall frame 
the laws of nature in the same way. By 
contrast Milne's observers are unreal, 
are carriec;l. along in the stream of the 
universe and watch not its laws but its 
appearance in the large-which is a 
tricky concept. 

And yet I think this criticism of Milne 
is mistaken. For Milne was not trying 
to set up an operational system, in which 
the laws of nature are deduced only 

from feasible observations. He was mak
ing an axiomatic system, and the test 
of his axioms is not whether they them
selves are practicable, but whether the 
theorems which flow from them check 
with the facts of nature. Huygens said 
this clearly long ago of his own work: 
"Here principles are tested by the con
sequences derived from them." 

Milne often obscured this point by 
taking as either physically or logically 
evident what was in fact a hidden axiom, 
although a reasonable one. In the book 
under review here he insists that the 
universe must be so made that all ob
servers can maintain consistent compari
sons of time. This is a plausible axiom, 
but it does not become less an axiom for 
being grounded on the plea that only 
so can the universe be rational-that 
"God Himself is limited by reason in 
the divine act of creation. God cannot 
do the impossible." 

I do not find fault with Milne's system 
because it is axiomatic, but I share with 
his critics a nagging feeling that it is 
unsettled and improvised. Milne was on 
the council of my college when I was a 
young lecturer, and I learned to admire 
his speed of mind whenever we talked of 
mathematics. Yet in his own work he 
seemed to me then, and seems now, too 
quick to find an explanation for an effect 
rather than build up an understanding 
from the inside. He lacked the power 
of self-criticism, and his theory went 
through too many experiments and 
changes to command confidence. 

There is a sad postscript to this even 
in Modern Cosmology. For the only 
new work it presents is a correction of 
Milne's earlier explanation of the shift 
in the nebular spectra toward the red, 
in t-time and in T-time. The correction 
does not greatly change Milne's first 
thoughts. In t-time, the shift is a true 
Doppler effect. In T-time, the nebulae 
are at rest, but the frequency of the 
light is running down, so that it is 
redder when it is received than when 
it left its atom. The correction, I have 
said, is perhaps no great matter, though 
it makes labored and muddy reading. 
But this was once a high point of Milne's 
theory-the elegant demonstration that 
whether we look at the universe on the 
atomic or on the terrestrial scale of time, 
we shall see the same shift to the red 
with different eyes. In a sense Milne's 
cosmology was born from the red-shift, 
and took its stature from this duality. 
To have it touched up now is a sad 
confession of haste in the past. 

Nevertheless the book as a whole is a 
handsome exposition, well argued, fresh 
from the pen (Milne died within a few 
days of finishing it) and full of good 
ideas. It gives no mathematics to speak 
of, and since Milne was not good at 
putting a mathematical argument into 
words or pictures, the argument is thin. 
But the main lines of thought are sharp, 
and their consequences are clearly 
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stated. The book was to have been given 
as a course of lectures to an unspecial
ized public. They would have under
stood less than Milne hoped, but they 
would have liked the quick, absorbed, 
almost boyish lecturer with the big head 
and the big heart. 

Like Eddington, Milne was a devout 
man. In the theme of his book he car
ries through what his title promises and 
relates his cosmology to the idea of God. 
In this context the idea has for him two 
parts: God the creator, and God the 
rational mind. He sees the Creator as the 
necessary cause at the zero of t-time; 
without Him time and space (that is, 
the flying apart of the galaxies) could 
Eot have begun. But the Creator is also 
bound by His nature to be rational : 
"Divine omnipotence itself would be 
impotent to select any one direction in 
preference to any other, or any one state 
ol motion in preference to any other, 
iE the divine act of creation." Such pas
sages occur again and again, but it is 
difficult to see what the concept of the 
rational means in them, other than the 
need to conform to Milne's cosmology. 
The most pleasing . argument is one 
based on the discovery, which I have 
already underlined, that there is essen
tially only one network of observers 
who can compare times consistently by 
Milne's method. Of this Milne says: "I 
think that the argument that the unique
ness of the universe implies an absence 
uf rational alternatives in creation is a 
genuine argument for both the rational
ity and the oneness of God." 

I cannot pretend much sympathy 
with such reasoning. In it the concept 
of creation (on one scale of time among 
an infinity) seems to me forced, and the 
concept of the rational seems to me hu
man and even personal. Milne's outlook 
here is orthodox 18th-century deism. 
Like Bolingbroke and Paley, he sees the 
universe as God's clockwork, now 
wound and running on its own. Milne 
does allow God to experiment in biology 
and evolution, but I feel that this is be
cause they are safely somebody else's 
subjects. And it is odd that so warm a 
man should have called these cold con
structs "the Christian idea of God." The 
poet W. B. Yeats, finding philosophers 
in debate about such a godhead, once 
cr,lIed it "an abstract Greek absurdity" 
-absurd to him, because passionless. 
Like Milne, I am fond of abstract Greek 
ways of thinking, but I do not think that 
they have the power to fashion a God in 
the image of the expanding universe. 

• 

J. Bronowski is Director of the 
Central Research Establishment of 
the British National Coal Board. 
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search. Bondi, lecturer in mathematics 
at Cambridge University, describes the 
major cosmological theories: Newton's 
system, relativistic cosmology, kinematic 
relativity, the theories of Eddington, 
Dirac and Jordan and the "steady-state" 
theory put forward by Bondi and Gold 
in 1948. Besides giving a balanced and 
lucid (but not simple) explanation of 
each theoretical framework, the book 
furnishes full information on the obser
va tional aspects of the several cos
mologies. An authoritative manual, ably 
written and well thought out, it offers 
r. coherent view of a lively, important 
and healthily controversy-ridden branch 
of science. 

O PTICKS, OR A THEATISE OF THE RE
FLECTIONS, REFRACTIONS, INFLEC

TIONS AND COLOURS OF LICHT, by Sir 
Isaac Newton. Dover Publications, Inc. 
($4.00) . This masterpiece has suffered 
remarkable vicissitudes, finally to emerge 
as one of the most enduring of Newton's 
creations and certainly the most 
prophetic. Some of its main ideas (for 
example that white light is a mixture of 
rays of every variety of color) were 
vehemently attacked by Hooke when 
first uttered, with the result that New
ton, always morbidly sensitive, was al
most persuaded to forego all further re
search. The first edition of the book, 
published in 1704, was based upon a 
work completed 20 years earlier but de
stroyed by fire because Newton left a 
candle burning in his rooms when he 
went to chapel. Newton's corpuscular 
theory of light was so discredited by the 
middle of the 19th century that Opticks 
was regarded as possessing merely his
torical interest, yet today it is an under
pinning for the entire edifice of physics. 
"In one person," says Einstein in a fore
word to this volume, "he [Newton] 
combined the experimenter, the theorist, 
the mechanic and, not least, the artist 
in exposition." In none of his other 
writings are all these qualities as clearly 
displayed as in this essay, large parts of 
which any intelligent layman can enjoy. 

THE CREATION OF THE UNIVERSE, by 
George Gamow. The Viking Press 

( $3.75) . Gamow's report of the event 
runs something like this: About three 
billion years ago there was a "gigantic 
collapse" resulting in a super-dense cos
mic mass. When this mass began to cool 
and expand, its primordial substance, 
which he calls ylem, underwent a brief 
period of "nuclear cooking" during 
which the elementary particles (neu
trons, protons and electrons) began to 
stick to one another and to form the 
prototypes of all the atomic nuclei we 
know today. The ingredients of the uni
verse were cooked in less than an hour 
under conditions "closely approximat
ing those existing in the center of an ex
ploding atomic bomb." The atomic gas 
continued to spread out in space but 

after a time, as the intense radiant 
energy diminished, the forces of gravity 
came into play. The homogeneous gas 
formed into clouds, the "proto-galaxies," 
and the "ponderable" matter in the in
terior of galaxies condensed into in
numerable "proto-stars." Further con
traction raised the temperature of the 
stars to a point where nuclear reactions 
between hydrogen and the lighter ele
ments took place, and space, which had 
been dark, "became bright again, being 
illuminated by myriads of stars." The 
planets were formed from the material 
"left over" in the vicinity of the evolving 
proto-galaxies. Planetary bodies, being 
too small to generate their own nuclear 
energy, cooled off and developed rocky 
crusts and in due time organiC life. That 
is where we come in. Gamow's excellent 
account is neither too difficult nor too 
easy and has the usual complement of 
Gamow jokes, none of which is parti
cularly funny but most of which help the 
understanding. Perhaps the most strik
ing thing about his book is the fact that, 
even with the discipline introduced into 
cosmology by systematic observation 
and the use of mathematics and other 
sciences, its hypotheses are as high, wide 
and handsome, not to say as varied and 
ingenious, as the breath-taking flights 
of poets and philosophers who have 
speculated on the subject since ancient 
times. 

THE PHYSICAL BASIS OF LIFE, by J. D. 
Bernal. Routledge and Kegan Paul, 

Ltd. ( $1.50) _ This book, based on a 
widely noticed lecture delivered in 1947 
before the British Physical Society, has 
been properly described as a "brilliantly 
speculative survey" of a fascinating 
problem: the conditions under which 
inorganic substance was first trans
formed by physical and chemical action 
into living matter. It has been called "a 
physicist's approach to biology." Pro
fessor Bernal makes only the modest 
claim that he wrote it to get his own 
ideas clear "so as to be able to work out 
a more rational programme for biophy
sics." His conjectures, incorporating the 
writings of other workers-Haldane, 
Lwoff, Oparin, Dauvillier, among them 
-emphasize the problem of origin rather 
than such matters as form, growth and 
behavior. Once the earth had cooled 
sufficiently for water to condense, and 
atmospheric conditions were propitious, 
the stage was set, we are told, for the 
appearance of life, which, in Mole
schott's classic phrase, "is woven out of 
air by light." The creation of primary 
photosynthetic life was in a sense an 
accident which could not occur again 
today, since the active agent-"the influx 
of solar radiation out to the far ultra
violet of 2,000 angstroms or less" -is no 
longer in operation. One of Bernal's most 
interesting speculations is that clay and 
quartz provided the adsorptive bed in 
which the concentration, polymerization 
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and other processes of synthesis neces
sary for the evolution of the primitive 
molecules out of which life is con
structed could take place. His book, 
though brief and difficult, is one of the 
most stimulating scientific essays of re
cent years. 

A GUIDE TO THE HISTOHY OF SCIENCE, 
by George Sarton. Chronica Bo

tanica Company ($7.50) . Professor 
Sarton's book is in two parts, the first 
consisting of three lectures on the mean
ing and purpose of the history of sci
ence; the second presenting a biblio
graphic summary, together with certain 
related data, of the essential literature 
of the subject. The lectures add nothing 
really fresh to one's understanding. The 
bibliography is on the whole a disap
pointing effort from a scholar renowned 
for his broad and meticulous erudition. 
The section on scientific methods and 
the philosophy of science, for example, 
is an indiscriminate medley of important 
and trivial items, with notable omis
sions; the listing under "science and so
ciety" is so incomplete as to be almost 
valueless; the information offered on 
historical atlases and gazetteers is un
satisfactory; most regrettable of all, the 
bibliography is not annotated, which 
drastically limits its usefulness to the 
beginner. Sarton, apparently aware of 
the inadequacies of his bibliography, 
offers the explanation that the listings 
are based primarily upon his own library 
and his personal reading experience; 
errors and gaps are also ascribed to the 
fallibility of his memory. Despite its 
defects, it is the best available guide of 
its kind. 

A SOURCE BOOK IN CHEMISTRY: 1400-
1900, by Henry M. Leicester and 

Herbert S. Klickstein. McGraw-Hill 
Book Company, Inc. ($7.50) . A new 
member of an established series of 
source books on the history of science. 
The selections are landmarks in the 
development of chemical theory rather 
than descriptions of the discovery of in
dividual elements, compounds or proc
esses. While this is a reasonable stand
ard of selection, the result is a less com
. prehensive and interesting anthology 
than others in the series. 

PLAYER PIAI\O, by Kurt Vonnegut, 
Tr. Charles Scribner's Sons ($3.00). 

The subject of this novel of the future 
is automatic control, which was also the 
subject of the September SCIENTIFIC 
AMERICAN. In the magazine, the elec
tronic computer and the feedback circuit 
were seen as new engineering tools of 
nlmost incalculable potentiality. In the 
novel, the possibilities have been large
ly realized and computers and feedbacks 
have become monstrous despots, served 
with religious awe by a small elite and 
hated by the demoralized and obsolete 
populace. This does not mean that the 
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Linguaphone Set in:-
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The thrilling story of 
science's victory over 

epidemic disease 

MAN and 
EPIDEMI�S 

By C.-E. A. WINSLOW 

THE conquest of epidemic diseases is one 

of the outstanding achievements of man in 

the past century. In the United States the once· 

dreaded terror of uncontrolled outbreaks of 

such diseases as cholera, typhoid fever, bu· 

bonic plague, yellow fever, and malaria is a 

thing of the past. 

This book presents for the general reader 

the fascinating account of the modern methods 

of control that make it possible for the aver· 

age citizen. to draw pure water from the 

faucet, enjoy a sanitary milk supply, and eat 

food without fear of infection. It also provides 

a historical and philosophical background for 

the professional worker in the field of public 

health. 

Dr. Winslow, professor emeritus of public 

health at Yale, is special consultant to the 

World Health Organization. Illustrated, $4.00 
Order from YOllT bookstore, 

PRINCETON UNIVERSITY PRESS 
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• It keeps England warm 
and Texas profitable 

• It helped Columbus dis
cover America 

• It bore devils to the an
eient lands 

THE 
OCEAN 

RIVER 
By Henry Chapin, 
noted historian 
and anthropologist 
and F. G. Walton 
Smith, director 
of the Marine 
Laboratory in Coral 
Gables, Florida. 

The fascinating story of the 
Gulf Stream through the ages 
- its causes, its course, its 
effect on currents and winds, 
its influence on plant and ani· 
mal life - and the daring voy· 
agers who risked their lives 
because of it. 

$3.50 at all booksellers 
SCRIBNERS 

author of PlayeT Piano hates science in 
general or engineers in particular. Nor 
does he assert the inevitability of his 
grisly utopia. He offers it simply as a 
logical possibility. The U. S. of PlayeT 
Piano-perhaps 50 years hence-is a 
thorough despotism in which the people 
are slaves, not because they are useful, 
but because they are utterly useless. 
They walk the treadmill of a humiliating 
WP A or they serve time in an unarmed 
army. The hard-pressed elite, on the 
other hand, watch vigilantly that the or
ders of the master computer (lodged in 
Carlsbad Caverns) are faithfully ob
served, guard the automatic factories 
8.gainst sabotage and place love of the 
machine above love of God, of man or 
of the flesh. There are some flashes of 
hope in the closing pages, but on the 
whole it is a bleak optimism. Compared 
to such utopians as Huxley and Orwell, 
Vonnegut is moderate: there are no 
obscenities in his book, no psychotic 
cruelty and not much villainy. For that 
reason his particular version of the hell 
we may get if we don't watch out is as 
convincing as any yet conceived. 

THE PAPERS OF THOMAS JEFFERSON: 
Vol. 5, ed'ited by Julian P. Boyd, 

Lyman H. Butterfield and Mina R. 
Bryan. Princeton University Press 
($10.00) . This volume of 700 pages, a 
new installment of the Princeton project, 
covers just three months of Jefferson's 
governorship of Virginia, from February 
to May, 1781. Jefferson was incapable 
of being dull, and the editors, as able 
exponents of enlightened scholarship, 
know how to make even routine corres
pondence interesting. The bulk of the 
book consists of letters to and from the 
Governor and deal mainly with the con
duct of the war. Other correspondence 
touches on the affairs and complaints 
of the prickly Baron von Steuben, the 
famous Westover imbroglio (involving 
the charming and dubious Mary Willing 
Byrd) , Lafayette's campaign, Clark's 
intended expedition against Detroit, in
vestigations of hanky-panky in the War 
Office, the depredations of British troops 
in Virginia, the purchase by Governor 
Jefferson, for 15,068 pounds of tobacco, 
of an encyclopedia for public use, rati
fication of the Articles of Confederation, 
disaffection and disloyalty, and assorted 
matters that filled the days of this in
exhaustible man. 

THOMAS JEFFERSON: SCIENTIST, by 
Edwin T. Martin. Henry Schuman, 

Inc. ($4.00) . This astigmatic biography 
fails to prove its title. Indeed, the author 
does not seem himself convinced that 
Jefferson was a scientist, for he stops re
peatedly to assure us of his subject's right 
to the title. Jefferson never assumed it; 
he was an exact man and he called him
self an amateur of science. The book 
meticulously describes Jefferson's inven
tions, systematic observations and scien-

tific correspondence. It contains a 
genuinely intere§ting and entertaining 
account of his vigorous response to the 
charge by the Comte de Buffon that 
America's climate and soil could not sup
port a vigorous fauna and that every
thing was small and puny there: in reply 
Jefferson shipped him a moose-in a 
doubtful state of preservation. The por
trait of Jefferson here is that of a science
minded country gentleman, who invents 
an excellent plow, rigs his house with 
amusing gadgets, reads the thermometer 
conscientiously, is fascinated by large 
fossil bones-but is only a piece of the 
Jefferson who actually lived. 

RUSSIA'S LOMONOSOV: CHEMIST, 
COURTIER, PHYSICIST, POET, by 

Boris N. Menshutkin. Princeton Uni
versity Press ($4.00) . A worshipful 
biography of Mikhail Vasilyevich 
Lomonosov (1711-1765) , a man of tal
ent, versatile interests, unflagging 
bumptiousness and unrivaled self
esteem. Born in the White Sea region, 
Lomonosov was trained in Germany as a 
metallurgist and returned to Russia as a 
teacher and experimenter in chemistry 
and physics. But these were not the half 
of his trades. He wrote poetry (most of 
it bad, judging from the excerpts in this 
book) ; contributed to the founding of 
scientific research and education in St. 
Petersburg; published a considerable 
number of books and papers on Russian 
grammar, philosophy, history, geog
raphy, mineralogy, thermometry, navi
gation, meteorology and philology; de
veloped formulas for making colored 
glass; established a factory for mosaics; 
helped a colleague electrocute himself 
by erecting a machine to catch the light
ning; and engaged in an almost endless 
succession of quarrels with his col
leagues and superiors. Professor Men
�hutkin, a well-known Russian chemist 
who died in 1938, devoted a large part 
of his life to gaining recognition for what 
he considered to be Lomonosov's pio
neering achievements in physical chem
istry and other scientific theories. His 
biography is pleasant and interesting, 
but it offers no real proof that its subject 
was anywhere near as important as 
Menshutkin insists. 

SPECIALIZED TECHNIQUES IN PSYCHO
THERAPY, edited by Gustav Bychow

ski and J. Louise Despert. Basic Books, 
Inc. ($5.00) . Because the expense and 
length of psychoanalysis, and the scar
city of trained analysts, severely limit 
the number of people who can be given 
the full treatment, certain psychiatrists 
have developed shorter specialized 
techniques to make treatment available 
to more people. The articles in this book 
deal with some of these methods and 
developments: narco- and hypno-analy
sis, telepathy (from a psychodynamic 
viewpoint) , art and group therapy, psy
chosomatics and special techniques for 
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A delightful 
introduction to the 
magic world of numbers 

Fun With 
Mathematics 

written and illustrated 
by JEROME S. MEYER 

A treasure chest of simple 
mathematics that will amuse your 
son while giving him a new 
appreciation of figures. Here are 
simple, easy-to-understand ways to 
tell the height of a tree without 
measuring, to make a shadow stick 
that gives the correct date, amazing 
magic squares that work upside
down, backwards and in the mirror, 
and many other pleasant sidelights 
of a fascinating subject. The right 
book to delight and astound the 
whiz-and the slowpoke. Full of 
surprises, yet so easy the teen-
ager can easily understand 
all of it. ®...... AI your bookseller, $2.75 

., �.- THE WORLD PUBLISHING COMPANY 
Cleveland and New York 

1m Recent 

Iti Publications 
THE ANNUAL SURVEY 

of PSYCHOANALYSIS, Vol. I 

A complete survey of the entire psycho

analytic literat ure, consisting of long ab

stracts of all articles and books published 

during the year. An indispensable refer

ence book. 

Edited by John Frosch 
$10.00 

PSYCHOANALYTIC 

EXPLORATIONS IN ART 

By Ernst Kris 
70 illustrations $7.50 

THE PSYCHOANALYTIC 

STUDY of THE CHILD, Vol. VII 

Edited by Ruth S. Eissler, A nna Freud, 
Ernst Kris, Heinz Hartmann 

$7.50 

At your book store, or order directly 

INTERNATIONAL 

UNIVERSITIES PRESS, INC. 

227 West 13 St • •  New York 1 1 , N. Y. 
SA 

children, schizophrenics, stutterers, al
coholics, the disabled, sex offenders, 
depressives and borderline cases. The 
contributors to the book maintain an 
unusually high level of clarity and com
petence. 

THE HAND IN PSYCHOLOGICAL DIAG
NOSIS, by Charlotte Wolff. Philo

sophical Library ( $7.50) . A pioneering 
study in psychodiagnostics by the author 
of The Human Hand. Dr. Wolff has used 
her method of hand-diagnosis in the 
study of various mental disorders of 
psychic and organic origin. The shape 
and markings of the hand, its mobility 
and such products of its use as draw
ing and writing are the essential tools of 
her method. Dr. Wolff has reformulated 
many ideas expressed in her previous 
book to conform with new information 
she has gathered. 

THE CONTRIBUTIONS OF HARRY STACK 
SULLIVAN, edited by Patrick Mul

lahy. Hermitage House ($3 .50) . This is 
a eulogistic collection of essays on the 
philosophy and clinical practices of the 
late Dr. Sullivan, who was a superb 
clinician with independence of mind and 
method, and whose contributions broad
ened psychiatry to include treatment of 
psychotics and obsessionals at a time 
when Freudian theory rejected these 
groups. He based his premises on social 
rather than biological phenomena, thus 
making the data of the social sciences an 
integral part of psychiatric thinking. The 
articles cover Sullivan's theoretical, 
clinical and social ideas. They are strik
ingly uneven. The most noteworthy are 
Clara Thompson's brief piece on Sulli
van and psychoanalysis ; Dr. White's pa
per on Sullivan's methods of treatment, 
which illustrates his ingenuity, inven
tiveness and unorthodoxy, and articles 
by Gardner Murphy and Elizabeth 
Cattell and by Charles S. Johnson which 
indicate the direction and breadth of his 
approach. 

C HILDREN WHO HATE : THE DISOR
GANIZATION AND BREAKDOWN OF 

BEHAVIOR CONTROLS, by Fritz Redl and 
David Wineman. The Free Press 
( $3 .50) . A reader willing to plow 
through pages of introductory material 
and to digest a style unusually rich in 
jargon will be rewarded by valuable 
new material on the dynamics of be
havior in delinquent children. Children 
who hate are those who have been so 
deprived by family and society that 
their personalities are disorganized and 
shredded almost before they are formed. 
Thus they can find no refuge in mere 
neuroses and cannot be treated by the 
methods used with neurotic children. 
The authors have had wide experience 
with such children in a full-time envi
ronment, and present new clinical evi
dence and theories regarding the best 
methods of cure. 

NOW 'T'S EAS Y !  

LEARN ANOTHER 
LANGUAGE 

' N  YOUR O WN HOME 

with NATIVE SPEAKERS 
�es. you too can learn to speak 
a foreign language l ike a na
tive-faster, more easily than 
you ever dreamed possible 
with the amazingly successful 
books and records originally 
developed for the U. S .  Govt. 
and State Dept. Already used 
and endorsed by thousands of 
schools and colleges. business 
firms and home students ! 
DOUBlE TRAVEL ENJOYMENT AND 

On 
Long-Playing 

or 78 RPM 
Vinylile 
Records 

CAR E E R  OPPORTUN I T I ES!  

• FRENCH 
• SPANISH 
• ITALIAN 
• GERMAN 
• RUSSIAN 
or any one of 

21 valuable 
languages 

The Holt SPOKEN LANGUAGE 
Courses start you speaking 
immediately - with accurate 
pronunciation, natural inflec
tion. You simply listen t o  na� 
tive speakers-and then repeat. 
bull ding your command of the 
language from simple practi
cal phrases to fluent and natu-

!�����ik�:�t�rh.�· ;S����Wv�� J,=-;;;;;c"""�:1 
WRITE  FOR FRE E BOOKLET 
and discover how you, too, can 
learn a forefgn lan guage easily 
at a fraction of the cost you 
would pay for a tutor or lan
guage class. 

Please send me, wi thout obl igation, the tree 
illustrated booklet describing the famous Holt 
Spoken Language Courses. 

Name • • • . . • • . • . • . . • . . • . . • • • • • • • • • • • • • • • • • • • • • • • •  

! �::�e�o�: .. · �;�;�: : : : : : : : : : : : : : : : : : : : : : : : :  ::'. : :: '. :: 
.. _ - - - - - - - - - - - -

P U B LICATIONS O N  
COMPUTERS & ROBOTS 
P 2 :  T H E  C O M P U T I N G  M A C H I N E R Y  F I ELD. Quartel·ly. 
Contains: up· to-date roster of over 1 20 organizations mak
ing 01' developing computing machinery; list of recent 
publications; articles, etc. Anl1ual subscription . . . . . . . . $ 3 . 5 0  

P 6 :  C O N S T R U C T I N G  E L E C T R I C  B R A I N S .  Reprint of 
thh·teen published articles. Explains simply how an auto
matic computer is  constructed; how to make it :ldd, sub
tract, multiply, d ivide, and solve problems automatical ly .  
USing relays 01' electronic tubes or other devices. Contains 
m:lI1y examples of circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 2 . :.1: 0  

P 1 :  C O N ST R U CT I O N  P L A N S  F O R  S I M O N ,  the Small  1\Ie
ct:aani<�ul Brain. Complete plans, circuits, essential w;I'ing 
diagrams, pal·ts list. etc . ,  l'nabling S imon to handle num
bers up to 255, and to pel'fOl'm nine mathematical aud 
logical opel·ations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 5 . 5 0  

P 3 :  C O N S T R U C T I O N  P L A N S  F O R  SQU E E .  the Robot Squir
rel. Complete plans, circuits, wiring diagrams, parts l ist, 
etc. Squee rolls over the floor, p icks up " nuts" in his 
" han:1s" , takes thel11 to his · ·nest" . there leaves them, 
ami then goes hunting for more nuts. . . . . . . . . . . . . . . .  $ 4 . 0 0  

P 1 0 :  T H E  CO N ST R U C T I O N  O F  L I V I N G  R O B O T S .  P:lmphlet. 
J)iscussl'S the pl'operties of robots and of l iving beings, 
und outlines how to constl'uct robots made out of hal'd
ware which wil l  have the essential properties of living 
beings. Gives circuit diagrams. . . . . . .  � :a. . o oJ  

S Y M B O L I C  L O G I C  
P 5 :  B O O L E A N  A L G E B R A  ( T H E  T E C H N I Q U E  F O R  M A 
N I P U LA T I N G  ' A N D ' ,  ' O R ' ,  ' N O T ' ,  A N D  CO N D I T I O N S )  A N D  
A P P L I C A T I O N S  T O  I N S U R A N C E ;  a l s o  D I S C U S S I O N .  He' 
print. Explains in simple language; what Boolean algebra 
)s; how to I'ecognizc the relations of Boolean algebra 
when eXp!'essed in o,'dinury words; and how to calculate 
with it. Contains pl'oblems, solutions, comments, dis· 
('USS ion. .•  . . . . . .  $ 1 .  20 

P 4 :  A S U M M A RY O F  S Y M BO L I C  LOG I C  A N D  I T S  P R A C 
T I C A L  A P P L I C A T I O N S .  Pamphlet. Rules for calculating 
with Boolean algebl·u. Other parts of symbolic logic. Ap
pl ications of Boolean ulg-ebl'a to computing muchinel'Y, 
circuits, and contracts. Muny complete problems and so· 
lutions. . . . . . . . . . . . • . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 . 50 
P 1 4 :  C I RC U I T  A L G E B R A- I N T R O D U CT I O N .  Pamphlet. Ex
plains simply a new algeb,·u (Boolean alJ7ebra modified to 
include time) that appl ies to on-off cirCUits. using relays, 
electron ic tubes. rectillers, gates, fl�p-tIOPS, delay lincs. 
etc. Covers both static and se4uentlal circuits. Appl ica
tions to �ntr�I ,  program�in�. and computing. PrOblems 
and solutIOns InvolVIng CirCUits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 . 5 0  

P 1 6 ;  S Y M B O L I C  LOG I C-TW E N T Y  P R O B L E M S  A N D  S O 
L U T I O N S .  Report. Contains some problems by Lewis Car
" 0 1 1  and John Venn (out of print), and many other l1CW 
problems. Guide to using symbolic logic in actual situa-
tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 .80 
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Conducted hy Alhert G. Ingalls 

A T ONE time or another nearly ft everyone starts a rock collection. 
It may begin with a curiously 

shaped stone picked up at the beach, 
a glittering fragment found along a 
mountain trail-any eye-catching bit 
from anywhere. Perhaps the specimen 
is clear, glass-like and Recked with yel
low. Could it be gold? Stone after stone 
is lugged home and the collection grows, 
sometimes into a dust-catcher of con
siderable size. Then interest wanes and 
one fine day, about the time of spring 
house cleaning, the whole assortment is 
dumped on the trash pile, or, at best, 
becomes an ornamental border for the 
Rower bed. 

How different the history of such col
lections might be if those who do the 
collecting would spend a few hours 
learning how to read the stories written 
in the. rocks. Thousands of amateur 
mineralogists have mastered this easy 
language, many with little more equip-

The study of rocks and the making 
of two relatively simple telescopes 

ment than a keen pair of eyes, normal 
curiosity and any of a dozen or more 
excellent reference books. Collecting, 
studying and experimenting with min
erals can be enjoyed throughout the 
year, and few avocations offer as much 
variety, activity and interest. 

It has been said that a stone, when 
examined closely, will be found to be 
a mountain in miniature. Of many 
stones this is indeed true. If a fragment 
of common granite, for example, is 
viewed under a magnifying glass of 
reasonable power, its uniform gray or 
pink surface breaks up into innumerable 
discrete features. Some take the form 
of exquisitely shaped crystals, almost 
as hard as gem stones. Others are soft 
and can be split into thin sheets. Still 
others present a milky appearance and 
break into fragments that assume the 
spiral shape of a sea shell. In some 
specimens the minute mountain of 
granite appears to have been folded, 
cracked and cemented together again
features reproduced on a giant scale by 
real mountains. Once in a great while 
you may have the good luck to find a 
mineral ore and thus, in miniature, strike 
it rich. Incidentally, by the time the 
beginner has analyzed a half dozen 
stones he will develop much respect for 
the equipment that the lowly prospector 

carries beneath his hat. As Miss Eliza
beth Morley, a school teacher and ama
teur mineralogist now living in retire
ment near Philadelphia, says, "There's 
a lot more to prospecting than a geolo
gist's pick and grub stake!" 

Miss Morley's mineral collection, 
which includes specimens ranging from 
talc to diamond, got its start one day 
in 1922 when one of her eighth-grade 
pupils asked for permission to demon
strate a crystal radio set before his 
class. Its galena crystal captured Miss 
Morley's imagination. When the wire 
"cat's whisker" was adjusted, music 
came out of the rock! Miss Morley never 
quite recovered from the astonishment 
of that moment, and she decided then 
and there to learn the how and why of 
the silvery bit of stone which at that 
time she could not even name. 

In the course of learning that galena 
shares with a number of other minerals 
the curious property of conducting 
electrical currents more readily in one 
direction than the other, she also learned 
that it breaks into cube-shaped frag
ments when struck a sharp blow, that 
chemically it is a compound of sulfur 
and lead, that it has a hardness of 2.5 
(it can be marked by the fingernail) 
and a specific gravity of 7.6. But the 
discovery that converted her to amateur 
mineralogy was the fact that the min
eral kingdom, like the animal and vege
table kingdoms, has a taxonomy of its 
own which draws a dIstinction between 
individuals quite as sharp as that which 
locates man in one biological category 
and his pet fish in another. 

Minerals today are classified accord
ing to their chemical composition, and 
beginners in mineralogy are urged to 
learn the classification system. Under 
this system most minerals can be labeled 
as a member of one of the following 
species: sulfide, oxide, halide, carbonate, 
borate, phosphate, sulfate, tungstate, 
molybdate, uranate or silicate. In each 
species there are thousands of individual 
minerals-metallic or non-metallic. 

The tool kit of the amateur mineralogist 

All minerals are chemical compounds 
made up of two or more of the 92 natu
rally occurring elements. Nine elements 
account for the great bulk of minerals, 
and indeed for 95 per cent of the earth's 
crust. They are oxygen, silicon, alum
inum, iron, calcium, sodium, potassium, 
magnesium and hydrogen. In addition 
three others, though quantitatively 
small, are important components of min-
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erals. These three are carbon, chlorine 
:1I1 d sulfur. 

Because most minerals are composed 
of a very few elements, many specimens 
can be identified at a glance. More than 
99 per cent of the specimens collected 
by the average amateur can be analyzed 
without elaborate equipment or meth
ods. Others require detailed examina
tion. This usually begins with a test 
for hardness. The standard scale of hard
ness, ranging from 1 to 10, is based on 
the relative hardness of a selected group 
of minerals. From the softest to the 
hardest it runs: 

1. Talc 
2. Gypsum 
3. Calcite 
4. Fluorite 
5. Apatite 
6. Orthoclase 
7. Quartz 
8. Topaz 
9. Sapphire (Corundum) 

10. Diamond 

Kits containing the first nine of these 
minerals in sizes handy for use in the 
field can be procured for a dollar or 
so from firms specializing in mineralog
ical equipment, such as Ward's Natural 
Science Establishment of Rochester, 
N. Y., and Eckert Mineral Research Co. 
of Florence, Colo. With a little ex
perience the amateur can make a good 
estimate of hardness with the aid of quite 
ordinarv materials. :vIinerals of hard
ness 1: for example, crush easily be
tween the fingers and usually have the 
greasy feel of talcum powder. Those of 
hardness 2 can be scratched by the 
fingernail. A common pin will scratch 
the hardness 3 group and those of hard
ness 4 yield readily to the blade of a 
penknife. Members of group 5 are dif
ficult to scratch with a knife. Those in 
group 6 will scratch a knife. The hardest 
particles in granite (quartz) are of hard
r.ess 7. Thus a specimen of granite is 
useful in estimating the hardness of ma
terials lying beyond the range of 7. The 
hardness test should be made on a 
fresh surface exposed by chipping a 
small corner off the specimen, as weath
ering processes soften the surfaces of 
exposed rocks. 

Having noted the specimen's hard
ness, the mineralogist next tests for 
streak. The specimen is rubbed against 
a small plate of unglazed porcelain or 
an equivalent material.  Usually it makes 
a streak on the white porcelain surface 
This enables the mineralogist to see the 
true color of the specimen: thus a rock 
that appears brown to the eye may make 
a distinctlv red mark on the white 
porcelain. 

�
This color. together with the 

specimen's hardness and other tests, will 
guide the collector to the identity of 
the specimen as tabulated in a reference 
text. 

Next an estimate should be made of 

the specimen's general physical charac
ter. Some minerals can be flattened by 
a hammer, and thus are said to be mal
leable. Others, such as copper, can be 
stretched and therefore are ductile. If 
the specimen can be cut by a knife, like 
a piece of hard tar, and yet shatters 
under a sharp blow, it is sectile. Those 
that bend easily and remain bent are 
called flexible. Some forms of sand
stone exhibit this characteristic. Others 
are brittle and shatter like glass when 
struck with a hammer or when bent be
yond their yield point. Finally, many 
minerals, such as mica, are elastic. 

The next clue to identification is the 
mineral's density, which can often be 
estimated simply by hefting it; no one 
needs a sensitive balance to tell a block of 
lead ore from one of gypsum. An advanced 
amateur can easily construct his own 
balance for determining specific gravity 
with reasonable accuracy. Suspend a 
pan from a hook by a spring or rubber 
band. Put the rock specimen on the 
pan and measure the distance between 
the pan and the table over which it 
hangs. This distance is designated as 
N,. Then carefully raise a wide
mouthed jar of water from below until 
the pan and the specimen are fully im
mersed in the water. The pan of course 
will rise higher above the table, as the 
weight on the spring is reduced by an 
amount equal to the weight of the dis
placed water. This higher position is 
measured and designated as N2. The 
specific gravity of the specimen is found 
by subtracting N L from N2 and dividing 
Nl by the difference. 

Alc.oho' 
lamp 

Bunsen burner tip 
with blowpipe. re.5t 

Specific gravities of minerals range 
from 1.7 (borax) to 8.1 (cinnabar) or 
more. The specific gravity of sulfur is 
2.05; gypsum, 2.3; quartz, 2.66; feld
spar, 2.6 to 2.75; talc, 2.8; diamond, 
3.5. The densities of metals extend over 
a much wider range. Some of the com
mon ones: magneSium, 1.8; aluminum, 
2.5; zinc, 7.1; silver, 10.6; gold, 19.3; 
platinum, 21.5. Comparing the specific 
gravity of gold with that of quartz, the 
major constituent of sand, it is easy to 
see why the grains of precious metal 
settle so readily in the bottom of the 
prospector's pan and why the Jolly 
balance for determining specific gravity 
became almost the symbol of the as
sayer's office during the days of the 
great gold rush. 

Other readily ascertained clues to a 
mineral's identity are its appearance 
under light (daylight and ultraviolet), 
its electrical and magnetic properties, 
its crystal structure, its taste and its 
odor. 

Minerals reflect, absorb and transmit 
wavelengths of light according to their 
chemical structure. Hence each presents 
a characteristic surface texture and color. 
Some, like the silvery mineral galena, 
show a pronounced metallic luster; the 
color may range from light gray through 
silver, yellow and dark brown to purple. 
Others, chiefly the non-metallic min
erals, show a glass-like luster that 
ranges through pearly and silky to 
glistening. Some are as transparent as 
clear glass; others appear milky or 
translucent, opalescent or iridescent. 

One of the most striking optical prop-

Sources of flam.e for the blowpipe test 
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STEREO Re al i s t' 
in Science and Industry 

For visible records 
stereo is supreme 

WHENEVER a visible record of concrete 
fact is desired, stereo photogra phy 

has proven superior. Designers ... pro
duction engineers . .. civil and mechanical 
engineers ... scientists ... mathematicians 
mineralogists . . .  builders and architects 
... doctors ... all are employing stereo 
successfully in their fields. 

Stereo, or third dimension photography, 
has been tested and proved in the labora
tories and plants of American science and 
industry. The camera universally acclaimed 
for this successful application of stereo is 
the Stereo-REALIST, which introduced the 
world's most completely integrated system 
of stereo-photography for taking the pic
tures . . . mounting them properly . . . 
viewing them correctly ... and projecting 
them comfortably. 

REALIST pictures, because of their true
to-life depth and full, natural c% ", produce 
an unmatched realism. They are autbel1tic 
reproductions of the original scene or 
object. The REALIST is also the ideal per
sonal camera. 

If you haven't seen REALIST pictures, ask 
your camera dealer or commercial photog
rapher to show you some. Or, for further 
information, write DAVID WHITE COMPANY, 
395 W. Court Street, Milwaukee 12, Wis. 

TilE CAMERA TIIAT SEES TIlE SAME AS YOU 

Stereo-REALHIT Camera" Vicwer$. Projector,. and Accc,· 
!Jode, are product, 0/ the David White Company 

96 

" 

>.,:.�:. '" .... . : 

-- :. -

Test for magnetite 

erties of many minerals is that of 
fluorescence: they glow in vivid, 
characteristic colors when exposed to 
ultraviolet light. The phenomenon was 
first observed as a property of fluorite 
many years ago. Unfortunately fluores
cence is not very useful analytically. 
Some specimens of a given mineral 
fluoresce readily while others show little 
if any activity. Some respond to a limited 
range of wavelengths in the ultraviolet 
spectrum and others to the whole spec
trum. Save for rare examples such as 
willemite from the vicinity of Franklin, 
N. J., which emits a bright green glow, 
fluorescence cannot be depended upon 
as an analytical test. Nevertheless, most 
amateur mineralogists own inexpensive 
ultraviolet lamps for use in displaying 
their collection. 

A number of minerals exhibit elec
trical qualities. Galena, as mentioned 
previously, presents greater resistance to 
the flow of current in one direction than 
in the other. Thus it is a rectifier and 
can be used for the detection of radio 
waves and related electrical applica
tions. This same property is character
istic of certain compounds of copper, 
silicon, germanium, uranium and others. 
Quartz and tourmaline in their crystal
line forms show what is called piezo
electricity-an electrical effect produced 
by squeezing the specimen. This prop
erty, plus the fact that quartz is one 
of the most elastic materials found in 
nature, accounts for the extensive use 
of this mineral for generating small al
ternating electrical currents of constant 
frequency. Thin wafers of quartz, 
properly mounted in electrical circuits, 
can be made to vibrate at rates of 50 
million pulses per second, and electrical 
clocks driven from quartz crystal oscil
lators keep time accurately to less than 
a second's deviation per year! 

Lodestone is the classic example of a 
magnetic mineral. This naturally oc
curring magnet will pick up bits of iron 

or steel and in other ways behave like 
a horseshoe magnet. When powdered, 
its particles cling together, and iron fil
ings sprinkled on paper covering a lode
stone arrange themselves in the form of 
the specimen's magnetic pattern. Other 
minerals, containing iron, nickel or co
balt, also show magnetic properties
some being attracted to a magnet and 
others, like lodestone, behaving as a 
magnet. 

As for taste and' odor, halite (the 
prospector's name for ordinary salt) of 
course tastes salty; many potassium com
pounds taste bitter; those of aluminum 
cause the mouth to pucker; many iron 
compounds have a sour taste; a few 
varieties of limestone and other com
pounds of sulfur give off the odor of 
rotten eggs when crushed; some shales 
have a distinctive earthy odor; some 
minerals of arsenic smell like garlic. 

A pencil, notepaper and a reference 
book are all the equipment a beginner 
needs to start in mineralogy, but as he 
goes on he will add certain other simple 
articles and tools. One is a light, strong 
collecting bag, either of the knapsack 
type or with hand grips. Then he will 
want a trimming hammer, with a flat 
head for cold-chisel work and a sharp 
edge for trimming specimens; a cold 
chisel of tempered steel, about six inches 
long with a 5/8 inch cutting edge; a 
magnifying glass with a power of 7 to 
14 diameters; a pocketknife; a streak 
plate of unglazed porcelain; chemical 
reagents, including dilute hydrochloric 
acid and cobalt nitrate or chloride, and 
a record book. This last is perhaps the 
most important item in the mineralogist's 
entire kit. An exceptionally good record 
book is available from the Eckert Co.; 
it provides for entering the complete 
history of each specimen, including the 
location where it was found, the date, 
its characteristics, a description of any 
experimental work made on the speci
men and the results. 

Unless one has access to a museum 
or other institution owning comprehen
sive collections, a good reference book 
listing the characteristics of the principal 
minerals is ·indispensable. For begin
ners in mineralogy an excellent work is 
Minerals and How To Study Them, by 
E. S. Dana and C. S. Hurlbut, published 
by John Wiley & Sons, Inc. 

Many amateurs add a camera to their 
field kit. Often the geological character 
of the locale from which a specimen is 
taken helps in its identification. More
over, photographs taken in the field and 
associated with the written history of 
specimens add greatly to the interest of 
collections. 

As the collection grows it invites more 
elaborate experimental analysis, rang
ing from the detailed study of each 
specimen's crystallography to chemical 
and physical tests with the advanced 
techniques of the modern laboratory. 
Some of these may be undertaken suc-
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cessfully by the beginner who has a bit 
of spare room on his workbench. The 
simple blowpipe test, for example, 
yields powerful results. It requires a 
flame (candle, alcohol lamp or Bunsen 
burner) , a small block of charcoal, a 
little powdered borax, a short length of 
nichrome wire and a tapered blowpipe. 
Blowing into the tube, the worker directs 
the flame onto a small fragment of the 
specimen lying on the charcoal block. 
The fusibility of the mineral is a clue 
to its identification; some minerals are 
readily fusible and others resist the hot
test flame. The flame of the blowpipe 
is made up of two concentric cones, the 
outer one pale violet and the inner a 
bright blue. The inner cone is deficient 
in oxygen. When subjected to the heat 
of this cone, many metallic oxides give 
lip their oxygen to the burning gas and 
are thereby reduced, or refined. Con
versely the outer cone is rich in oxygen 
and will, therefore, oxidize many min
erals. Such oxides differ in color from 
the original mineral, and reference books 
list these changes along with the other 
clues to the specimen's identity. 

Similarly many specimens react char
acteristically when immersed in a solu
tion of hot borax. To make this test a 
small loop is formed at the end of the 
nichrome wire. The loop is brought to 
a yellow heat with the blowpipe, dipped 
into the powdered borax and returned 
to the flame, where the powder adhering 
to the loop is melted. The red-hot glob
ule of melted borax is then dipped into 

Ccdena (top), quartz (middle), snow 

For Christmas and all of 1953, you couldn't choose a more perfect 

gift for your science-minded friends and associates than a 

subscription to SCIENTIFIC AMERICAN. Whether they are professionals 

in science, students, or informed laymen, they will be enjoying 

their issues and thanking you for them long after most people 

have forgotten other gifts. 

Take advantage of these low gift rates by sending your gift list today. 

Each of your friends will receive an attractive Christmas Card 

to inform him of your thougbtful gift. 

P. S. If you are not now a subscriber, this is a timely opportunity for 

you to take advantage of this Christmas subscription offer. 

Spe ci al Ch ristma s Gi ft Rates: 

Your own renewal or first gift $5.00 
Second subscription 4.00 
Additional subscriptions 3.50 

1 1 
Please ENTER the following Gift Subscriptions to lJ SCIENTIFIC 

'-------' II AME RI CAN 
OJ 

To 
NAME 

STREET ADDRESS, CITY, ZONE, STATE 

TITLE, BUSINESS CONNECTION 

From - ----------
GIFT CARD TO READ 

To 

STREET ADDRESS, CITY, ZONE, STATE 

TITLE, BUSINESS CONNECTION 

From 
GIFT CARD TO READ 

YOUR NAME 

YOUR ADDRESS 
STREET ADDRESS, CITY, ZONE, STATE 

SCIENTIFIC 

o 

o 

Also extend my own 
subscription for a n other 
yea r as part of this 
order. 

Enclosed is $ __ _ 

for the_ above 
subscriptions. 

o Bill me later. 

A eaVE RA TES FOR U N I TED 5T A TES 

ONLY. CANADA AND LATIN AMER_ 

ICA: FIRST SUBSCRIPTION $6.QO, 

EACH ADDITIONAL $4.50. FOR_ 

EIGN: FIRST SUBSCRIPTION $8.00, 

EACH ADDITIONAL $5.00. 

11-2 

2 WEST 45TH STREET 

AMERICAN 
NEW YORK 36, N. Y. 
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MAKE IT A 
SCIENTIFIC GIFT 

UNITRON 

a completely equipped home observatory for 
astronomic.al and terrestrial use 

Obiective: Coated 62 mm (2.4") diameter. 900 
mm (35.4") focal length. f/15. 
Eyepieces: IOOx Achr. Ramsden, SOx Huygens, 35x 
Terrestrial, included. 150x, 129x and 72x available 
at extra cost. 
Complete with altazimuth mounting and slow 
motion controls, tripod, view finder, star diag
onal, erecting prism system, sunglass, dustcap. 
wooden cases, 

Express collect Only $125 
OTHER UNITRON REFRACTORS 

1.6 inch ALTAZI M UTH $ 75. 
2.4 inch EQUATORIAL 225. 
3 inch EQUATORIAL 435. 

........... 
SET 

Precision built, achromatic lenses, lab. type stand. 
Set includes microscope and lamp, 12 mounted 
zoological and botanical specimens, blank slides, 
tweezers, etc., wooden carrying case. 

Complete outfit Only $29.95 
80-500 POWER 

TRIPLE NOSEPIECE 
The optical performance of 
a research instrument at a 
fraction of the cost! Achro
matic objectives: lOx, 20x, 
40x. Eyepieces: 8x, 12.5x. 
Rack and pinion focusing. 
Fitted wooden cabinet. 

Only $49.95 
Other Models Available 

200x rack and pinion $11.95 
300x revolving eyepiece 

21.50 
100-250x double nosepiece 

22.50 
Microscopes postpaid except on C.O.D.'s 

PHOTOMICROGRAPHY 
SET 

Use your present camera 
(35mm .• No. 127. No. 120. 

etc.) to take photos with any 
standard microscope. Illustrat
ed with 35mm. camera. Focus
ing telescope permits critical 
focusing and continuous obser
vation and specimen. Fitted 
wooden case and instructions. 

Postpaid $39.95 

ALL INSTRUMENTS FULLY GUARANTEED 
25% deposit required on C.O.D. Shipments 

Send check or money order 
or write for illustrated literature to: 

UNITED SCIENTIFIC CO. 
204-6 Milk St., Dept. 5-11, Boston 9. Mass. 

98 

C.G. St,.a.tt'on 
Pot'tdble 6 inch 
Newtonian R.,eflector 

An inexpensive, efficient telescope that is easy to build 

a crushed sample of the specimen and will come to observe at first hand the 
returned to the Harne. As the sample en- frozen remains of creatures that dis
ters into solution with the borax it re- appeared from the earth long before the 
acts chemically and a characteristic advent of man, to explore the ooze of 
color appears which changes, often ancient seas, to examine the explosive 
radically, as the globule cools. forces that have shaped our planet. 

Within a surprisingly short time the 
beginner will learn to identify a large 
number of the rocks in his locality. He 
will meet or communicate with other 
collectors and exchange specimens not 
available in his immediate vicinity. And 
if he has a Hair for experimental chem
istry, he will discover that nature has 
stocked almost every hillside with an 
assortment of raw materials rivaling 
those carried by many supply houses
all free for the taking. 

Where did these compounds origin
ate? Under what conditions? How much 
time did nature lavish on their forma
tion? In seeking answers to these ques
tions the amateur may be lured into the 
broader field of geology-in which he 

T
o ENJOY the ownership of a homc
made astronomical telescope it is 
not essential to equal in skill, means 

or equipment the experienced builders 

Luminous 

The split-pupil collimator finder 

© 1952 SCIENTIFIC AMERICAN, INC



of some of the larger, more elaborate in
struments that are described in this de
partment. Almost as much fun may be 
had with a much simpler instrument. 
The following are descriptions of two 
telescopes which can almost be built 
on a kitchen table. 

C. C. Stratton of the State Teachers 
College, River Falls, Wis., writes; "I have 
followed your amateur astronomy articles 
with great interest for many years. My 
modest but workable telescope was 
made by a beginner without access to 
a machine shop. Its six-inch mirror 
was made by my son Bill while in col
lege. Having retired from teaching, I 
Ilndertook the project of mounting it. 
Because trees and street lamps prevent 
the use of a telescope at home, it was 
designed to be portable. The mounting 
was made from Bf-inch pipe fittings. A 
local blacksmith welded a six-inch cir
cular plate to the T for the polar axis 
and another to the pipe cap at the end 
of the declination axis, slightly dishing 
both plates. The shims are of tin. Be
fore assembly the plates were ground 
together with Carborundum grains to 
gain a fairly continuous contact. The 
result was surprisingly good. 

"The tube was made by the local tin
ner and is not a very good job. A stub 
tube holds the mirror and, being slightly 
larger than the main tube, slips over it. 
Thus it is easily removed for dustproof 
storage. 

"Due to inexperience and uncertainty 
about the exact focal length of the mir
ror, I mounted the prism in a sleeve six 
inches long which fits snugly inside the 
tube and can be moved lengthwise in it. 

"The prism is a Bf-inch section sawed 
from a war-surplus prism of greater 
width. The position of the eyepiece hold
er also is adjustable. It is mounted on 
a tin slider that uncovers a series of holes 
in the tube. It was well that these pre
cautions were taken, as it was found 
that the focal length of the mirror was 
slightly less than was thought and that 
it was necessary to use two of these 
holes, one for the Ramdsen eyepiece and 
one for the Huygenian." 

The tube of the Stratton telescope 
(see drawing on opposite page) rests in 
a wooden cradle in which it may be ro
tated freely to make the eyepiece ac
cessible in all positions of the instru
ment, a luxury not afforded in many 
more elaborate ones. The builder cites 
as a mistake the position of the finder, 

A finder based on (t Navy sight 

an AIRCRAFT 
ENGINEER ... 
in CALIFORNIA? 

Yes, Lockheed can train you- at full pay! 
The step up to Aircraft Engineer

ing - and a better life in Southern 

California - isn't as steep as you 

might expect. 

Aircraft Experience isn't neces

sary. Lockheed takes your know

ledge of engineering principles, 

your experience in other engineer

i n g  f i e l d s, y o u r  a p t i t u d e, a n d  

adapts them t o  aircraft work. You 

learn to work with closer toler

ances, you become more weight 

conscious. 

What's more, Lockheed trains 

you at full pay. You learn by doing 

-in Lockheed's on-the-job training 

program. When necessary, you at

tend Lockheed classes. It depends 

on your background and the job 

you are assigned. But, always, you 

learn at full pay. 

These opportunities for engi

neers in all fields have been created 

by Lockheed's long-range produc

tion program - building planes for 

defense, planes for the world's air

lines. 

And remember this: When you 

join Lockheed, your way of life im

proves as well as your work. 

Living conditions are better in 

Southern California. The climate is 

beyond compare: Golf, fishing, 

motoring, patio life at home can be 

yours the year 'round. And your 

high Lockheed salary enables you 

to enjoy life to the full. 

Note to Men with Families: Hous

ing conditions are excellent in the 

Los Angeles area. More than 45,000 

rental units are available. Thou

sands of homes for ownership have 

been built since World War II. 

Huge tracts are under construction 

near Lockheed. 

Send today for illustrated bro

c hure describing life and work at 

Lockheed in Southern California. 

Use handy coupon below. 

r-----------------------------------, 

ENGINEER TRAINING PROGRAM 
Dear Sir: Please send me your brochure describ· I ing life and work at Lockheed. 

I 
M. V. Mattson, Employment Mgr., Dept. SA·ll 

LOCKHEED 
Aircraft Corporation 
Burbank, California 

My Name 

My Field of Engineering 

My Street Address 

My City and State 

I 
I 
I 
I 
I 
I 
I 
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I 
I 

L ___________________________________ � 
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UNUSUAL 
OPTICAL BARGAINS 

MAKE YOUR OWN ASTRONOMICAL TELESCOPE 
Duild a telescope worth up to $600. Our kits include: 
PYR EX MIRROR B PLAT E GLASS TOOL-l'EMPEHED 
POLISHING PIT SSORTED EXTRA FINE ABRA· 
SIVES. A TOP CQNT AINERS (Rouge al&o 
included) CE MIRROR FOl! DIAGONAL-
L ENSES . . EYEPIEC E-MAGNIFYING L ENS. 
Ol'der Kit rding to mirror din. desired: 

Stock # Size Pstpd. Price 
70.003-S ............ 41' .. • ............ ........ .. $ 7.00 
70.004-5 ........... 6" ...... 11.00 
70.005-S ...................... 8" ........... 18.00 
70.006-S ...................... 10.. .. ................. 28.00 
70.007-S .... .. .... .. .......... 121',.·... .. ..... 49.00 

POCKET MICROSCOPE AlUustable to 20, 40. 60 power! 
Stock #30,005-5 ...... . .... .............. ........... .. $2.95 postpaid 

200 POWER 
Imported Microscope 

locular,lobjccti\'c lens, mi
rromatic type adjustment. 
Performance equals vastly 
more expensh'e instrumcnt. 
Stock #70.000-5 $12.50 

postpaid 

BOX Baby Mi�ros�ope 
[deal small instru- � 
Incnt, easily car- I 
ried yet gives as-
t o u n d  i n g  s h a r p  
definition. Only 5" 
high. Has exccl-
lent optical quali-
ties. Imported! 
Stock #50,000-5 

$4.00 postpaid 
------

IMPORTED 20X 
TELESCOPE AND TRI POD 

�t�h {�����r�a����wnjo/4 ��I�����d 
length. 13l/�H open length. Achro. 
matic objective lens low reflection 
coated on inside. Makes �},.cellent 
spotting scope. Swive!·hQa:1 tripod 
is collapsible. 9H high. 
Stock #

I��t��i�h(;�t$i'r�p�� Pstpd. 
Stock #50,006-5 ...... $ 8.95 Pstpd. 

SIM PLE L ENS KITS!- THE LENS CRAFTER'S DE
LIGHT! Fun for adult!';! }o�un tor children! Kits incluue 

plainly written, illustrated booklet ,\;howin� how you can 
build lots of optical items. Use these lenses In photography, 
fot· copying, ULTRA CLOSE-UP SHOTS, Microphotography, 
for "Dummy Camera". Kodachrome Viewer, Detachable 
Reflex View Finder for a5 mm. cameras, Stereoscopic 
Viewer, ground glass and enlarging focusing aids. And 
for dozens of othel' uses in experimental optIcs, building 
TELESCOPES, low power Microscopes, etc. 
Stock #2-5-10 lenses .................................. 51.00 Postpaid 
Stock :j:t5-S-4S lenses.. ..55.00 Postpaid 
Stock #10-5-80 lensf'S . ..... .... 510.00 Postpaid 

Order 1m Stock NO.-S'end Check or M.D. 
Satisfaction Guaranteed! 

We have Literally Millions of WAR SURPLUS 
LENSES AND PRISMS AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 

WAR SURPLUS BARGAIN 

'PYles 
ACHROMATIC TELESCOPE OBJECTIVES-Perfect 
Magnesium Fluoride Coated and cemented Gov't 
SUI'i)lus lenses made of finest CI'own and Flint op
tical glal;l:i. The,Y are fully corrected and ha\'c tre
mendous resolVing power' and can he I'endily used 
with 1/4" F. L. eyepieces. Gual'unteed well suited fOt· Astronomical Telescopes, Sp()ttill� Scopes. etc. 
Original Gov't. (�ost approximately $100.00 each. 

Diameter Ji'OCIIII.Cllgth Elich 
54m/m (2%.") 300m/m (11.811"') ... .. ..... $12.50 
54m/m (21kH) 330m/III (13") ... ... ........... $12.50 
54m/m (21,i") 390m/rn (15.356H) .......... $ 9.75 
54m/m (21)'') 508m/m (20 .. ) ................. $12_50 
ri4m/m (2%") GOOm/m (23%:") ............. $12.50 
78m/1ll (3N') 381111/111 (15") . .... $21.00 
81m/m (3�") 622m/m (24%") .............. 522.50 
83m/Ill (3%,HJ 660m/m (26H) 528.00 
8Sm/m (S"'") 7l1m/m (28") ........ 528.00 
8Sm/m (S"'") 876m/m (34%") $28_00 
83m/m (3%,") l016m/1ll (40Hl.. .......... ... $30.00 
SYMMETRICAL EYEPIECE LENS SET-These sets 
consist of two Magnesium-Fluoride coated and ceo 
mcnted achromats, exact Gov't spacing diag-l·am. 
GI\"(�!; wide flat field. 
'h" E.F'.L. (20X) Lens Set 13m/m Dia . ..... $4.S0 
%," E.Io'.I. ... (13X) I .. ens Set 18m/m Dia . ... .... . 3.S0 
MOUNTED EYEPIECE has 2 perfect lenses 29mm 
g�11i

l�is �e¥1s��te
i� 1 �/�,�r

E� .E�v(�i��,,��.�.$41.i5ij 
RIGHT ANGLE PRISMS 

S·mm face ea. $ .75 28-mm face ea. $1.75 
12.mm face cu. .75 :JR-mm face ea. 2.00 
23·mm face en. 1.25 47-mm face ea. a.oo 
BINOCULARS, beautiful imported binoculars, pre-

g}S��'�r!;':::;:n,:t
pgc���o�� C���I�!t�rih

t��r�;��� 
case and s�raps . •  Plus 200/0 Ex(' •• e Tax 
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which should be close to the eyepiece. 
It was made of war-surplus lenses 
mounted in brass tubing from a bath
room fixture. Despite its chromatic 
aberration, it is efficient. 

A TELESCOPE finder of a type not 
known to have been used by ama

teur astronomers is described by Stanley 
B. Rowson of Kansas City, Mo. "It is an 
adaptation," he says, "of the 'split pupil 
collimator' designed for aerial celestial 
navigation. The eye lens is a simple con
vex lens of three or four inches' focal 
length, cut exactly in half and mounted 
in a simple wooden block. The sight 
is placed exactly at the focus of the lens. 
The eye is placed so that the star being 
'found' is seen just over the lens while 
the sight is seen through the lens. The 
projected junction of the two diagonal 
lines on the sight is made to coincide 
with the star as seen over the lens. 

"The chief advantage of this finder 
is the fact that the eye placement is 
not critical. Because the sight is at 
the focus of the eye lens, the light from 
the sight leaves the eye lens in parallel 
lines. Therefore the apparent direction 
of the sight, and of the star, is the same 
no matter where the eye may happen 
to be behind the lens. This finder has 
been very satisfactory. Because it is 
so small, it can be mounted near the 
top of the tube and sighted with a min
imum of stooping and neck-wringing." 

To the illustration of Rowson's finder 

F.J. Sellers 
Portable Alt(lzimuth 

Ne.wtoniC:ln Refle.c.tor 

(drawing at bottom of page 98) , 
Roger Hayward has added one of a 
somewhat more elaborate modification 
(drawing on page 99). He writes, "You 
look at the star through the concave 
side of the lens as shown. Since the lens 
has no power, the star appears in its 
usual place. Close to the face and at the 
focus of the concave side of the lens 
you place the cross hairs-big threads 
for night work. As a result you see re
flected in the lens an 'image of the 
threads, apparently at infinity. It is best 
to place the eye at about the center of 
curvature of the lens, which is twice the 
focal distance. Ideally the lens should 
be half-silvered. Practically, if the sight 
is used against a dark sky and the 
threads are quite luminous or are il
luminated from the side, the four per 
cent reflectivity of the one surface of the 
lens will be adequate. A meniscus nega
tive lens also can be used, although the 
star field will be slightly diminished. A 
focal point for the threads can easily 
be found where there will be no parallax 
between the stars and the threads even 
when the eye is looking through any part 
of the lens." 

THE STRATTON telescope described 
above has an equatorial mounting

one slanting axis parallel with that of the 
earth, so that once the tube is set in 
declination, only one axis need be used 
in following a star. If the same axes are 
respectively vertical and horizontal, 

A telescope notable for its rigidity 
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both must be manipulated to keep the 
star in view. This is the aItazimuth 
mounting, by some regarded as a step 
backward. One champion of the 
altazimuth mounting is F. J. Sellers, 
prominent in the British Astronomical 
Association. Thirty years ago, after 
building and using half a dozen different 
mountings, none of which had been 
portable and at the same time rigid, he 
built an altazimuth, found it good and 
described it in The Journal of the British 
Astronomical Association. Later he be
came widely known for his astronomical 
work and as the builder and user of one 
of the five spectrohelioscopes in Great 
Britain. So well do Sellers and others 
in the Association think of the mounting 
that the original description has been 
reprinted in The Journal, and so well 
does this department think of it that we 
are presenting here a drawing of it (see 
opposite page), made by Hayward from 
the original. 

The two supporting lengths of tubing 
have enlarged ends that act as rollers. 
The observer sits with his knees under 
the tube, his left hand twisting and roll
ing the nearer rod away from him on 
the ground as the observed object moves 
across the sky. His right hand makes 
an occasional excursion to the hand 
wheel welded to the altitude screw. By 
cxtending the legs of the tripod or by 
spreading them forward, or both, the 
telescope can be quickly aimed at any 
object and kept smoothly and exactly 
on it. 

The greatest advantage of this mount
ing is its freedom from vibration. Sellers 
says that "the rigidity is such that the 
hands may rest upon the controls dur
ing observation without causing vibra
tion."  As the hands are the greatest 
source of vibration in conventional tele
scopes, this says much in favor of his 
design. The basic reason for the free
dom from vibration is that the tube is 
supported at its ends, while most others 
are supported at the middle with the 
ends free to vibrate. 

"The smoothness of working and rig
idity of this mounting are quite remark
able," Sellers says. After much expe
rience with telescopes he concludes that 
"for purely observing purposes, apart 
from photography, with an eight-inch 
or ten-inch Newtonian reflector, a con
venient altazimuth mount with slow mo
tions is generally more convenient and 
efficient than an equatorial one." 

The screw is a dining-table screw of 
pitch about half an inch, of a kind in 
use in Great Britain. As substitutes, 
piano stool screws or old-fashioned auto
mobile jack screws are suggested, 
though their pitch is somewhat less. A 
screw of fine pitch would be a nuisance. 
In his drawing Hayward has substituted 
for the original a type of ball and socket 
joint that he once used on a spectrome
ter. It can be made to grasp the ball 
very snugly. 
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G. L. Florentino in The American 
Journal of Hygiene, Vol. 54, No. 2, 
pages 286-293; September, 1951. 

GHOWTH OF NEUROTHOPIC VIRUSES IN 
EXTRANEURAL TISSUES. IV. POLIOMY
ELITIS VIHUS IN HUMAN TESTICULAR 
TISSUE IN VITHO. W. M. Smith, V. C. 
Chambers and C. A. Evans in Pro
ceedings of the Society for Experi
mental Biology and Medicine, Vol. 
76, No.4, pages 696-700; April, 1951. 

PROPAGATION OF POLIOMYELITIS VIHUS 
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What GENERAL ELECTRIC People Are Saying 
G. B. WARREN 
Turbine Division 

THE ENGINEER IN PUBLIC LIFE: 

The value of the engineer in public 
life is measured by his knowledge of 
industrial engineering and power 
economics, his understanding of 
structures in the broad sense, and 
his honesty of approach, developed 
because he has learned that nature 
can't be cheated ... can't be made 
to produce something for nothing. 

A good engineer gets all the facts 
he can before deciding on a course 
of action, examines possible alterna
tive courses and the results that 
would accrue, and tries to select the 
optimum. Qualifications for men in 
public service should be the same. 

I believe we need the practical, 
informed, and so, intellectually 
honest, approach to public affai�s 
that the engineer has brought to our 
private industrial affairs. This can
not, in my judgment, be obtained 
by the part-time attention of engi
neers on a layman basis in govern
ment, but must be obtained by pro
fessionally trained public adminis
trators who will need much, but not 
all, of the technical training of the 
engineer, supplemented by the 
broader training required of this 
field. 

University of Wisconsin 
4th Annual Engineers' Day 

* 

E. D. TROUT 

X-Ray Department 

REDUCING X-RAY DOSAGE: Because 
of the increased portion of the total 
population now receiving radiation 
from so many sources, it may well 
be that the long term effects of doses 
too small to produce an acute effect 
are important. Certain it is that, in 
view of the increased use of radia
tion in all its forms to such a large 
percentage of our people, there is an 
obligation on the part of all who use 
radiation to subject the patient to 
as small a dose as is consistent with 
an adequate examination. Anything 
that can be done to reduce the dose 
will be a step in the right direction. 

It is hoped that we will become 
aware of, and establish, limitations 

to prevent the nonacute and long 
term effects of small doses of radia
tion which presently appear to be 
nonreversible once the effect has 
been initiated and which may not 
be restricted in their influence to a 
single generation. 

52nd Annual Meeting 
American Roentgen Ray Society 

* 

J. C_ AYDELOTT 
Transportation Department . 
RAIL ROAD EL ECTRIFIC ATION: In 
this country the trend is toward 
very heavy trains, and speeds are 
gradually increasing as road beds 
are improved and better riding cars 
replace the old ones. High horse
power to handle such trains in the 
future comes easily with electrifica
tion-provided we look ahead in the 
selection of a suitable system. It 
will be to no one's benefit to be tied 
to a system that inherently limits 
the horsepower that can be made 
available to a train, or a system 
that is not equally adaptable to 
high-horse-power locomotives and 
conversion of existing diesel-electric 
locomotives. 

The urge to lower the cost of 
electrification is, of course, what 
prompts us to look hopefully at 
every possible system. But there are 
other proved ways of getting costs 
down that are far more effective 
than starting with a blank piece of 
paper and a new dream every time 
the question of railroad electrifica
tion comes up. I am referring, of 
course, to the genius of American 
repetitive manufacture. There is far 
greater benefit to be realized by
standardization-both in manufac
ture and operation-than can ever 
be hoped for by hunting for a 
unique solution for a given set of 
conditions on a pal·ticular railroad. 

G-E Review 

W. E. JOHNSON 

Nucleonics Division 

THE SOCIAL IIIIPACT OF THE ATOIlIIC 

INDUSTRY: One concept of possibly 
great social importance is the fact 
that atomic energy gives us at last 
verv definite evidence that there is 
nothing very substantial in the real 
world of ours. It will probably take 
decades and perhaps generations for 
a consciousness of the unsubstantial 
nature of the universe to sink into 
the minds of people and to influence 
their social conduct and their spirit
ual beliefs. The fact that all of the 
substantial matter in the bodics of 
all the people in New York City 
could be put into a single cubic inch 
and other similar information will, 
in due course, have its influence on 
the minds and the social conscious
ness of people .. 

One more effect on our social 
structure is that brought about by 
the economic impact of this indus
try. At the moment, I think we must 
admit that the economic effects are 
negative and that from the stand
point of usable products or produc
tive power that might increase thc 
wealth of the nation, we are still, so 
to speak, in the red. However, the 
future looks bright even here and it 
is almost a certainty that practical 
methods will be found to make use 
of nuclear energy for such things as 
propulsion of ships and submarines. 
If we look at this as a first major 
step toward an industrial type of 
application, we can look toward the 
long-term future of this industry 
with greatcr confidence. 

Finally, with continued growth, 
increasing knowledge and sustained 
confidence in our own future, I 
think we shall soon find that 
achievement rather than destruc
tion will be the measure of our 
progress. 

Prof. Engineers Nor.thwest Centennial 
Portland, Oregon 

'lflUl. CQ,H. put � C� iH.

GENERAL e ELECTRIC 
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NoiSY, thumb-smashing star
drilling and other inefficient 
techniques of drilling masonry 
now go by the board. Improved 
Carboloy "Live-Spiral" Ma
sonry Drill. with the right com
bination of narrow" land" and 
fast spiral, lifts dust from hole 
as fast as it is drilled. There is 
nO packing of dust in hole or 
drill-flute, no binding, no stall
ing, no hole-cleaning delay. 
(This new drill, in popular 
sizes, will soon be on dealers' 
shelves everywhere. Ask for it.) 

SIMPLE IDEA MAKES MASONRY DRILLING EASY 
It's no trick today to drill a hole in masonry. Carboloy engineers long ago 
pioneered rotary drilling of concrete, slate, brick-all manner of masonry_ 
And year by year they have contributed better drill design, making the 
job faster, easier. 

But the problem of lifting drilling dust rapidly and cleanly from vertical 
holes has remained a stumper. 

Now, following much Carboloy research and experimentation, comes the 
new, improved 1953 Carboloy "Live-Spiral" Drill for home, trade and 
industrial use. It's a carbide-tipped masonry drill with the right combina
tion of narrow "land" and fast spiral. It makes masonry drilling quicker, 
easier, more accurate; lifts drilling dust from hole with speed and surety 
__ _ prevents packing and stalling. 

MASTERS IN METALS 
Carboloy engineering, teamed with the famed 
family of Carboloy created-metals, helps 
build better products, lower production costs 
throughout industry. There's Carboloy Ce
mented Tungsten Carbide for cutting tools, 
dies, wear resistance; new Grade 608 Chrome 
Carbide for high resistance to corrosion or 
erosion combined with good abrasion re
sistance. 

In addition, there is Carboloy Hevimet, 500/0 
heavier than lead, machineable, with high 

tensile strength; and Carboloy Permanent 
Magnets, self-contained sources of high 
energy that never fnil. 

Why not check with a Carboloy engineer for 
latest specification and application data on 
versatile Carboloy created-metals? 

And look to Carboloy metallurgists, too, for 
continued pioneering in even broader fields 
of use for these and other Carboloy created
metals. 

"Carboloy" and ··Live-Spiral" are trademarks of Carboloy DeDartment of General Electric Company 

CARBOLOY 
DEPARTMENT OF GENERAL. EL.ECTRIC COMPANY 

I I 199 E. 8 Mile Road, Detroit 32, Michigan 
Plants at Detroit, Michigan; Edmore, Michigan; and Schenectady, New York 

ALNICO PERMANENT MAGNETS 
for lasting magnetic energy 
CEMENTED CARBIDES 
for phenomenal cutting, forming, wear resistance, including 

eM ROME CARBIDES for exceptional" resistance 
to abrasion with erosion or corrosion 

__ ............. � ��rolr�a�To���v:�;�:;n�n;eight in minimum space, 

IN CULTURES OF MONKEY AND HUMAN 
TESTICULAR TISSUES. J. T. Syverton, 
W. F. Scherer and G. Butorac in Pro
ceedings of the Society for Experi
mental Biology and Medicine, Vol. 
77, No. 1, pages 23-28; May, 1951. 

STUDIES ON POLIOMYELITIS VIRUSES IN 
CULTURES OF MONKEY TESTICULAR 
TISSUE. 1. PROPAGATION OF VIRUS IN 
ROLLER TUBES. J. S. Youngner, E. N. 
Ward and J. E. Salk in The American 
Journal of Hygiene, Vol. 55, No. 2, 
pages 291-3.00; March, 1952. 

PHOTOGRAPHIC DEVELOPMENT 

THE THEORY OF THE PHOTOGHAPHIC 
PROCESS. C. E. Kenneth Mees. The 
Macmillan Company, 1942. 

SLEEP 

SLEEP AND WAKEFULNESS. 
Kleitman. University of 
Press, 1939. 

Nathaniel 
Chicago 

BIOLOGICAL RHYTHM AND CYCLES. Na
thaniel Kleitman in Physiological Re
views, Vol. 29, No. 1, pages 1-30; 
January, 1949. 

THE EMBRYOLOGY OF BEHAVIOR. Arnold 
L. Gesell and C. S. Amatruda. Harper 
& Brothers, 1945. 

THE VARIETIES OF TEMPERAMENT. Wil
liam H. Sheldon and S. S. Stevens. 
Harper & Brothers, 1942. 

THE NERVE IMPULSE 

THE MECHANISM OF NERVOUS ACTION. 
Edgar D. Adrian. University of Penn
sylvania Press, 1932. 

A TEXTBOOK OF GENERAL PHYSIOLOGY. 
Hugh Davson. Page 659. J. & A. 
Churchill, Ltd., London, 1951. 

ELECTRICAL SIGNS OF NERVOUS ACTIV
ITY. Joseph Erlanger and Herbert S. 
Gasser. University of Pennsylvania 
Press, 1937. 

CHEMICAL WAVE AND TRANSMISSION IN 
NERVE. Archibald V. Hill. Page 74. 
Cambridge University Press, 1932. 

THE IONIC BASIS OF ELECTRICAL ACTIV
ITY IN NERVE AND MUSCLE. A. L. 
Hodgkin in Biological Reviews, Vol. 
26, No. 4, pages 339-409; November, 
1951. 

"CLIENT -CENTERED" 
PSYCHOTHERAPY 

CLIENT-CENTERED THERAPY. Carl R. 
Rogers. Houghton Mifflin Company, 
1951. 

COUNSELING AND PSYCHOTHERAPY. Carl 
R. Rogers. Houghton Mifflin Com
pany, 1942. 

IS THERE AN INFINITE? 

CONTRIBUTIONS TO rHE FOUNDING OF 
THE THEOHY OF TRANSFINITE NUM
BERS. Georg Cantor. Translated, and 
provided with an introduction and 
notes by Philip E. B. Jourdain. The 
Open Court Publishing Company, La 
Salle, Ill., 1941. 
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Deep-sea· dog fight 
Our sea battles of the future may be fought by 

high-speed submarines on the eeriest battle

ground of all time - deep beneath the sea. For 

the first time in naval history submarines are 

now being designed expressly to track and de

stroy other submarines while totally submerged. 

The det ection and missile-guiding systems 

which make this possible are the result of bring

ing the magic of electronics to problen1s of 

automatic control and computation too com-

plex for rapid solution by man. Working closely 

with the Armed Forces for 34 years, Arma Cor

poration has played a leading part in this field 

in basic r esearch ,  design, dev elopment and 

production. 

Electronics provides a whole new arsenal of 

defense weapons. In important areas of this field 

Arma is pacing thc developments. Anna Curpura

tion, Brooklyn, N. Y.; Mineola, N. Y.; Subsidiary 

of American Bosch Curporation. 

ARAIA ADVANCED ELECTRONICS FOR CONTROL 
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Who owns Cyanamid? 
The people who own American Cyanamid Company are the kind of people 
you might know or meet-anywhere-as you go about your daily activities . 

For Cyanamid is owned by more than 33,000 shareholders. They live in every 
state in the Union, and come from all walks of life ... factory workers, 
business men and women, teachers, farmers, housewives, and others. 
The great majority of them are people such as yourself who have invested 
a part of their savings in the Company. Of these, more than half are women. 
The largest shareholder in the Company holds less than 2 per cent of the 
Company's stock, and more than 28,500 shareholders hold less than 
200 shares each. 

Yes, American Cyanamid Company is typically American in the hroad 
base of its ownership. It is typically American, too, in the diversity of its interests 
and in its practical application of chemical research to the solution of 
problems in everyday living. 

• 
AMERICAN C;mzallzid COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
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