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Wanted: More Green Thumbs 

IN A WORLD faced with constant food shortages in so many 
countries, more "green thumbs" are needed! 

Here in America, modern agricultural methods have in
creased farm production 6070 in the past generation-even 
though today there are 2070 fewer workers on the farms. 
This increased yield means plenty o� food for every one 
here-and more besides. And the same methods, applied in 
other countries, would help answer world food needs. 

Better seed, fertilizer, and new scientific methods play 
their part. Equally important are the various chemicals that 
now fight off blight, disease, and destructive insects. Start
ing before planting and continuing until the food is ready 
for our tables, hundreds of new materials increase and pro
tect our food supply. 

Even after harvest, man-made agents speed the ripening 
process. Others guard our food against rodents and insects. 

The people of Union Carbide help make possible the 
high productivity of America's food producers by supply
ing chemicals for fungicides and insecticides, gases for rip
ening and preserving, and the stainless steel so important 
in the preparation and distribution of food. If you have a 
materials problem, in this field or other fields, it is quite 
likely they can help you also. 

F R E E: Learn more about the interesting til ings you 
use every day. Write for the iLLustrated booklet �'Prod
ucls and Processes" which tells how science and indus
try use Union Carbide's Alloys, Chemicals, Carbons, 
Gases, and Plastics in creating things for you. IV,-ite 
for free booklet B_ 

UNION CARBIDE 
AJV.D CI1 . .B.BON CORPOR.A..TIOH 
30 EAST 42ND STREET 00 NEW YORK 17, N. Y. 

----,. _______ Trade.marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include _________ _ 

PRESTONE and TREK Anti-Freezes • NATIONAL Carbons • EVEREADY Flashlights and Batteries • ACHESON Electrodes 
SYNTHETIC ORGANIC CHEMICALS • PREST-O-LITE Acetylene • LINDE Oxygen • PYROFAX Gas 

BAKELITE, KRENE, VINYON, and VINYLITE Plastics • ELECTROMET Alloys and Metals • HAYNES STELLITE Alloys 
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BUSINESS IN MOTION 

For many years Revere has been saying that 
"Copper is the metal of invention." Its numerous 
qualities, such as high electrical and heat conduc
tivity, resistance to corrosion, easy fabrication 
into even the most complicated shapes, formability 
by hand with simple tools, make it attractive to 
designers and inventors, as well as to manufac
turers. Now we would like to add that "Copper is 
the metal of science," because it is so essential to 
the operation of the most modern scientific devices. 

Take the case of a cyclotron being built by a 
great Western university for special studies of the 
atom. The construction of this 
machine offers an unusual ex
ample of the use of copper not 
only in invention and science, but 
also education. An essential part 
of the project was the utilization 
of the university's own personnel, 
so far as possible, not only in de
sign, but in construction and as
sembly. A large group of staff 
members, engineers, research as
sis tants, electronic technicians, 
and machinists was formed. In
cluded among the personnel were 
graduates and graduate students in physics. 

The first major undertaking of the cyclotron 
group was the winding of the seven miles of Cop
per Bus Bar, supplied by Revere in soft temper, 
free from scale, rounded edges, to form the great 
coils for the electromagnet. The necessary winding 
machine for this work was built in the university 
shops, largely of surplus materials. It took four 
months to complete the coils and test each silver
brazed joint. Another important part of the cyclo
tron was shaped in the shop out of copper sheet, 
4,000 pounds of it; the work on this is a story in 
itself. The heaviest part naturally is the special 
alloy steel core, weighing about 200 tons, forged 
in six pieces. Pole faces were machined parallel to 

a tolerance of 2.Y2 thousandths of an inch, an excel
lent record on a piece of steel of such a large diam
eter (over five feet) as is rliquired for the instru
ment. It is calculated that the magnetic force of 
attraction between the two poles will reach 160 
tons when the current is flowing through the cop
per coils. We have spoken of copper's high electri
cal conductivity; another way to express it is that 
copper has low electrical resistance. The total re
sistance of the seven miles of Revere Copper in 
the coils is only one ohm, or less than a hundredth 
of the resistance of the glowing tungsten wire in a 

100-watt light bulb. Tungsten has 
high resistance, which is why it 
becomes white hot; copper has 
low resistance or high conductiv
ity, so that it can carry large 
amounts of power with minimum 
loss, little heating. 

Eventually this cyclotron will 
add to man's knowledge of the 
atom. In the meantime, it has 
been a project of high educational 
value, and also an economical 
one; use of the university's own 
personnel and facilities cut the 

cost approximately in half. Revere is glad that it 
was asked to meet the high specifications drawn 
up for the copper, but it should also be recognized 
that many other firms supplied materials, such as 
the steel company, the makers of insulating paper 
and plastics, of cement, motor generators, electron 
tubes, and so on. Demands such as these for high 
quality demonstrate that American industry can 
meet challenges. So Revere suggests that the more 
complex and severe your requirements, no matter 
what the end product is to be, the more advisable 
it is for you to draw upon the knowledge and ex
perience of suppliers. They can help not only on 
something as simple as a shoe, but on complicated 
machines, like an airplane-or an atom-smasher. 

REVERE COPPER AND BRASS INCORPORATED 

Executive 'Offices: 

230 Park Avenue, New Yo 

SEE "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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Where Iuun-� 
controls are essential, 

install A·B Permanent 

Magnet Type Contactors 

Permanent Mag
net Type Con
tactor. Note be
low: the pilot 
contact structure 
is mounted be
low armature. 

The Allen-Bradley Bulletin 704 permanent 
magnet type of (onfactor is ideal for installa
tions where alternating current, hum-free cen
trals are essential. 

The Bulletin 704 cantactor is closed by pass
ing a current through the closing section of 
the coil and a special narmally closed contact. 
When the (onfactor closes, the auxiliary con
tact opens slightly and the coil current pass
ing between the contacts is interrupted at the 
moment which leaves a residual flux in the 
hardened chromium steel magnet. This flux holds 

the (on factor closed without further exciting 
current in the solenoid coil. Hence these con
tactors consume no power while closed, and they 
will remain closed indefinitely without hum_ 
Due to the complete absence of mechanical 
lalches, pivots, and hinges, the Bulletin 704 
(cntactor operation is reliable and consistent. 
Made in a full range of sizes up to 100 amperes. 
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, ALLEN-BRADLEY 
MOTOR CONTROLS 

..•••••••.......... , 
Allen - Bradley Co. 
134 W. Greenfield Ave. 
Milwaukee 4, Wis. 

Gentlemen: 

Please send me complete information on A-B 
Bulletin 704 Permanent Magnet Type of Con
toctor. 

Name' __________ Title __ _ 

Company' ____________ _ 

Address _____________ _ 

c;ty _____ .-LZone __ Stote ___ _ 

•••••••••••••••••••••••••• 

Sirs: 
In your interesting December article 

"Fine Particles " the explanation of the 
blue color of the sky might be mislead
ing. It can create the impression that 
here, too, particles are involved which 
are the main subject of your article: 
those between one fifth of a micron and 
250 microns in diameter. 

The theory of Rayleigh assumes that 
the scattering particles are much smaller 
than the wavelength of light. The parti
cles causing the blueness of the sky are 
the air molecules, about 2 Angstrom 
units in diameter (2 X 10-4 microns). 
One might say that the purest air is blue. 

SAUL LEVY 

Gary, Ind. 

Sirs: 
The very interesting article on "Fine 

Particles " by Clyde Orr, Jr., in your De
cember, 1950, issue calls for comment 
on one point. He says: "Were it not for 
them [the fine particles in the atmos
phere] the sky would be black, not blue." 
Actually, we should have to lose not only 
the particles in the atmosphere but the 
atmosphere itself before the sky turned 
black. The theory of light-scattering de
veloped by Lord Rayleigh applies to all 
atoms and molecules no matter how 
small; and the blue color of the sky is 
actually due primarily to the molecules 
of oxygen, nitrogen and the other gases 
of the atmosphere. This was conclusively 
demonstrated as far back as 19 14 by the 
distinguished French physicist Jean 
Cabannes. He admitted sunlight into a 
darkened container filled with dust-free 
air, and observed the light scattered at 
right angles to the incident beam, taking 
extreme precautions to eliminate stray 
light and reflections of every sort. The 
faint scattered light which he observed 
had the same color and spectral distribu
tion as the blue light of the sky, and his 
calculations showed that the intensity 
of the light in proportion to the number 
of molecules present was quantitatively 
great enough to account for the natural 
blue of the atmosphere and the number 
of molecules in it. This work was later 
described by Cabannes in his book La 
Diffusion Moleculaire de /a Lumiere; a 

LETTERS 
good brief summary of his results has 
also been given by R. W. Wood in the 
third edition of his Physical Optics. All 
later work confirms the validity of the 
conclusions reached by Cabannes. 

Actually the presence of fine particles 
in the atmosphere tends generally to di
minish the purity of the blue color of 
the sky, giving it more a tone of white, 
gray, red or yellow. In general, the 
cleaner the air, the purer the blue color. 
This is quite natural. The laws estab
lished by Rayleigh showed that particles 
very small compared with the wave
length of the light must scatter with an 
intensity inversely proportional to the 
fourth power of the wavelength. Hence 
the blue end of the spectrum contributes 
far more than the red, if the particles 
are small and only scatter light without 
absorbing it. Larger particles give not 
only a much greater total intensity of 
scattering but also a relatively larger 
amount of scattering at long wavelengths 
as compared with very small particles or 
molecules. Hence the change in color of 
the scattered light with increasing par
ticle size-a phenomenon observed by 
Tyndall in his classical studies of light
scattering which originally led to the 
theoretical investigations by Rayleigh. 

JOHN T. EDSALL 

Harvard University 
Cambridge, Mass. 

Sirs: 
In his review of Security, Loyalty and 

S cience, by Walter Gellhorn, 1. 1. Rabi 

Scientific American, March, 1951, Vol. 184, 
Nu. 3. Published monthly by Scientific American, 
Inc. , 24 Wcst 40th Street, New York 18, i'I. Y.; 
Gerard Piel, pre�idel1t; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. Entered at thc New York, N. Y., 
Post 01flce as sccoud-class matter June 28, 1879, 
under act of :March 3, 1879. Additional entry at 
Greenwich, Conn. 

Editoa'iul correspondence should be at.ldressed to 
The Etlitors, Scn:NTa'lc Al\JEHlCAN, 24 \"'cst 40th 
Street, New York 18, N. Y. :Manuseripts 'He sub· 
mitted at the author's risk and will not he returned 
uuless accompanied by postage. 

Advc.·tishlS corl'cspoIU]Cll(:C sholiid be alldressed 
to Charles E. Kane, Atlvertising Manager, SCIEN# 
TIFIC AMElucAN. 24 West 40th Street, New York W. 
N. Y. 

Suhscription correspondcnce should be ad
dressed to Circulation Muuuger, SCIEN1'1.-Jt; AMEItJ· 
(;AI", 24 \"'cst 40th Street, New York lU, N. Y. 

Change of address: Please notify us four weeks 
in advance of change. If available, kindly furnish au 
address imprint (rom a recent issue. Be sure 10 give 
both old and new addresses, including postal zone 
numbers, if any. 

SUhScl·jplion rales for U.S.A. and po!!sessions: 1 
year, $5; 2 years, 89; 3 years, S12.50. Canada and 
Latin America: 1 year, $6; 2 years, S10; 3 years, 
$14. AU other countries: 1 year, S8; 2 years, S12; 
3 years, 516. 

© 1951 SCIENTIFIC AMERICAN, INC



raises in your January issue a most rele
vant question, which is more than can 
be said for Gellhorn's book. During 
World War II, says Dr. Rabi, the scien
tists "spontaneously rose to join the de
fense effort. . . . A nice and informed 
balance was maintained " between the 
recognized need for secrecy and "suc
cessful progress with the job." The rela
tions between the scientists and the 
government or the military he describes 
as constituting "an enviable record." But 
then came the postwar period and all 
this was changed. Today conditions exist 
of the kind described in Professor Gell
horn's book, which means that there is 
avowed distrust of the scientist, F.B. 1. 
investigations, Loyalty Board hearings, 
accusations by invisible accusers, petty 
suspicions resulting from relatives who 
read suspect journals or previous sub
scriptions to "liberal " weeklies, and simi
lar symptoms of hysteria, stupidity and 
reaction, all of which suit a democracy 
very ill. Incidentally, the reader of Pro
fessor Gellhorn's book cannot help but 
gain the impression that surely Nazi Ger
many or Soviet Russia could not have 
had worse stupidity and oppression than 
the U. S., but if anything were more 
sensible than our Fair Deal democracy, 
since they were better organized . . . .  

There can b e  no doubt that Dr. Rabi's 
statement of the problem is fair and un
biased. Unlike Professor Gellhorn be in
dicates that he is aware of the several 
problems involved in security and the 
need for secrecy. Moreover, he poses the 
very vital question "Why the sudden 
change since 194 1?" when none of these 
disturbing problems existed. Professor 
Gellhorn is too narrow-minded or blind
ed to even see that there is a question to 
be asked. Moreover, he does not discuss 
a single term cited in his title. And sure
ly there is much to be said about securi
ty, its technique, needs, excesses, its 
price and virtue. There is much to be 
said about loyalty, about the lesson of 
the Canadian spy trials, the psychologi
cal roads to disloyalty, the type of people 
easily victimized by its allure, the kind 
of allure prevalent nowadays, favorable 
conditions for its occurrence, etc. All this 
goes unnoted. Nor is there a word in the 
book about science and its role in mod
ern disloyalty or about the forces of de
votion and frustration in modern scien
tists. The book is a typical medieval 
sample of Aristotelian, or syllogistic, rea
soning. Why bother about cases, exam
ples or data if yOu are able to demolish 
your enemy, the hated Administration 
or the idiots in Washington with a legal
istic quibble here or a fable or parable 
there. 

Dr. Rabi, on the other hand, indicates 
in a few paragraphs penetrating insight 
into many aspects of the problem and 
poses the basic question: "Why the sud
den change in attitude toward the sci
entist?" Permit me to point out that the 
answer need not be that tlle change is 

sugar refining, wood pulping, water purification, 

refrigeration, nylon manufacture, heat treating of 

metals, and the making of sulfuric acid, nitric acid 

and ammonium nitrate (we could go on and on). 

Spencer Ammonia is produced under rigid quality 

controls by the newest processes. It is sold in 

three grades--Anhydrous Ammonia, Refrigeration 

Grade Ammonia and Aqua Ammonia. 

If your business requires Ammonia, we would 

appreciate a chance to tell you about Spencer 

quality and Spencer service. 

SPENCER CHEMICAL COMPANY 
Executive and Sales Offices: 

Dwight Bldg., Kansas City 6, Mo. 

S PEN C ER A L SO P ROD U C E S: 
Ammonium Nitrote Fertilizer 0 SPENSOL 

(Spencer Nitrogen Solutions, 0 8311 Am

monium Nitrate Solution 0 Synthetic 

Methanol 0 Formaldehyde • FREZALL 

(Spencer Dry Ice' • liquid Carbon 

Dioxide. 

3 
© 1951 SCIENTIFIC AMERICAN, INC



due to the American people or to a sud
den change in the Administration of their 
choice, but that the causes of the change 
reside in the scientists. It is my conten
tion that a large number of the physi
cists, especially the vociferous ones, are 
not friendly but are hostile or indifferent 
to the nation's armament program today, 
while in 1940 they were by and large 
enthusiastically for the war against Hit
ler. 

There was a similar group in America 
in 1940, but they were insignificant in 
number. Those were people like Lind
bergh, Senator Wheeler, outright isola
tionists, members of the German-Ameri
can Bund, a few people of German 
origin who were not convinced the Nazis 
were as bad as they were painted, some 
people who sympathized with Hitler be
cause they were anti-Semitic, and some 
others who had their own motivation for 
being lukewarm to lend-lease or inter
vention, or even hostile to such meas
ures. Those were the people who in 
1940-41 gave the following arguments: 
We want peace; if we interfere in the 
internal affairs of other countries we will 
get involved in war. Who are we to be 
God's policemen? Look what we are do
ing to the Negroes and how we treated 
the Indians or the Mexicans. We have 
far to go to improve our own conduct 
before we improve the world. Why pull 
England's chestnuts out of the fire? This 
is a Wall Street plot to get us into a war 
for their profits or for cheap labor since 
wars are only fought for such goals, and 
why should Americans always be suck
ers? ... 

These same arguments with respective 
changes to suit the situation are now 
being presented to us by the Commu
nists of today, by some isolationist groups 
or by fellow-travelers. They are also re
peated by others who, because of the 
deep penetration into our lives and 
thoughts of the folklore of radicalism, 
find it very easy to employ similar argu
ments against our baffied and tragically 
hesitant road to the realization that 
Stalin and his Communist class-struggle 
philosophy really mean business; and 
that the Soviets are out to destroy cap
italism and its American stronghold be
cause they believe that it must be done 
if the cause of all evil is to be effectively 
eradicated. They feel the time is now, 
since America is weak militarily and the 
Communist countries are making head
way. Right after World War II the Ad
ministration simply would not hear that 
such were the intentions of the Politburo. 
Now Mr. Acheson is willing to turn his 
back on Soviet deception, aggression 
and disregard of treaties. But whatever 
the Administration fails to do or learn 
and whatever weak measures it does 
adopt matter little to the contemporary 
Lindberghs, Wheelers or Fritz Kuhns. 
They will go on sniping at Washington 
and abusing the Administration, no mat
ter whether we crawl in abject ap-
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peasement or make a feeble feint at ar
mament. ... 

Why many scientists should be so 
sorely frustrated as to embrace philoso
phies of violent hate and resentment, or 
why they should need outlets for uncom
promising hostility to existing conditions 
or their government, and why they 
should show so much lack of faith in 
democracy, these are worthy matters for 
consideration elsewhere. For the mo
ment let us recognize the fact and estab
lish its depth, dimensions and its effects 
on our government, the people, rearma
ment and survival. 

MARK GRA U BARD 

Department of Physics 
University of Minnesota 
Minneapolis, Minn. 

Sirs: 
I should like to refer to the brief item 

"Hazards of the Stratosphere" in your 
December issue. The item described the 
findings reported in "Evaluation of Pres
ent Day Knowledge of Cosmic Radia
tion at Extreme Altitude in Terms of the 
Hazard to Health," an article by Her
mann J. Schaefer in the October issue of 
The lournal of Aviation Medicine .... 

Data collected by R. A. Millikan 
(Physical Review 61, 299,1944 ), using 

an ionization chamber which measured 
all of the ionizing radiation, gave a maxi
mum of 480 ions per cubic centimeter 
per second per atmosphere at 80,000 
feet. Data from other experiments such 
as rocket flights and higher balloon 
flights indicate that the maximum ioni
zation occurs at 80,000 feet and for 
higher altitudes the ionization drops to 
a much lower value. This maximum in
tensity of ionization from the cosmic 
radiation is less than one half of the ac
cepted American tolerance dose of .3 
roentgen per week. From these consid
erations, an exposure at 80,000 feet for 
a continuous period of one year (which 
is highly improbable ) would accumulate 
a total dosage of 7.3 roentgens. The 
dose for X-ray fluoroscopy is about 15 
to 25 roentgens per minute, usually for 
less than five minutes. 

There is as yet no direct evidence that 
an appreciable biological hazard exists 
due to the cosmic radiation. In view of 
the many considerations, some of which 
have been given above, such a hazard 
seems unlikely. It must be remembered 
that the total energy in cosmic radiation 
is of the same order as that in starlight, 
and your point that "the fliers would not 
necessarily be killed," is a masterpiece 
of understatement. 

�I. S. JONES, JR. 
LIEUT. (J.G.), U.S.N. 

Office of Naval Research 
Washington, D.C. 

Liberty Hi-Efficiency dichroic mirrors or 
filters divide the incidcnt light into reAected 
colored beams and transmitted colored 
beams. Because these mirrors amI filters 
have almost no light ahsorption, they per
mit the use of practically all of the incident 
light. This low absorption quality is an es
pecially important advan tage when using 
two or more dichroic mirrors or filters to 
secure more than two heams of light. 

The development of these new Liberty 
Hi-Efficiency dichroic mirrors and filters has 
made possihle thc design and production of 
many new and improved optical and elec
tronic instruments-and has contrihuted 
suhstantially to the betterment of a variety 
of special optical and electronic apparatns 
for the defense program. Liherty Hi-Effi
ciency dichroic mirrors also are used in 
some types of color television, particularly 
in industrial color television systems. 

Usually these Liherty mirrors and filters 
are specially produced to satisfy to a maxi
mum degree the specific reflection and trans
mission qualities required for the specific 
application. They can be produced to peak 
in reAection at approximately any part of 
tbe spectrum. 

Where a photographic record is desired, 
Liherty Hi-Efficiency dichroic mirrors or 
filters can be constructed to beam over 90% 
of the photo active light utilized by the 
film, and simultaneously beam equally effi
ciently the residual light rays to another 
sensing element, such as the eye, a photo
cell or a photo-relay system_ They also are 
used with cathode ray tubes to separate the 
phosphor light sources into their several 
separate peaks. 

Liherty Hi-Efficiency dichroic mirrors and 
filters can be produced with electrical con
ducting properties in the order of 20 to 40 
ohms per square area. This electrical con
ducting characteristic permits the elimina
tion of static electricity or, alternately, per. 
mits the introduction of space charges. Be. 
cause considerahle curren t can be passed 
through such electrical conducting dichroic 
mirrors and filters, they can be heated where 
required. 

Outstanding characteristics of Liberty Hi. 
Efficiency dichroic mirrors and filters are 
tbeir extreme durahility and the ease with 
whicb they may be c1eane�. They are higbly 
resistant to corrosion by salt or otber corro
sive "gents. Tbey also are highly resistant 
to deterioration by solvents-and distin
guisbed for long life in service. 

FIRST SURFACE MIRRORS 
SECOND SURFACE MIRRORS 
NEUTRAL FILTERS 

© 1951 SCIENTIFIC AMERICAN, INC



WHITE LIGHT 
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BLUE 

RED 
DICHROIC 

REFLECTOR 

BLUE 

WHITE LIGHT 
BLUE 

DICHROIC 
REFLECTOR 

WHITE LIGHT 

.Diagram af typical 45° use of a liberty Hi-Efficiency dichroic 
mirror. Such mirrors and filters frequently are used at approxi
motely this angle_ 

BLUE AND 
'YELLOW GREEN 

RED AND YELLOW 
(SMAll AMOUNT) 

RED AND 
YEllOW GREEN 

With white light iIIum'ination the two separated beams are 
complementary_ With gas discharge tubes or phosphor light 
sources the two separated beams may be utilized to isolate 
certain portions of the spectrum of the illumination scurce. 

RED BLUE 

.Diagram of typical result obtained by the use of two liberty Hi-Efficiency 

dichroic mirrors. 

I-
Z 
&II 
V '" 
&II 
A-

&II 
V 
Z 
c( 
l-
I-

� '" 
Z 
c( '" 
I-
&II 
V 
Z 
c( 
l-
V ... .... 
I&-
III '" 

100 

90 

..... j B'LU'E �ltH�OIIC i 
V ....... H -f---

" MIRROR-I-- I 
H -I--

r'\. '- I 

80 
'\ R / � 

� i\ II 
I--

70 \ 
I' I I 

60 I 1\ I 
\ I 

50 

40 I \ 
I \ 

30 
T \ 

1 
, 

J I 
20 f--f--!-H 1/ � ./ 

) \ V 
10 � V "-V. 

"- , 
V READILY VISIBLE ,..., 1 --.i L.---

0 I 
LIGHT RANGEr j.! 

"00 20 40 60 80 500 20 .. 0 60 80 600 20 .40 60 80 700 

WAVELENGTH IN MILLIMICRONS 

• At the left, is the spectrophotometric curve of a liberty blue-reflecting dichroic 

mirror recorded at substantially normal incidence. Customer's specification called 

for peak reflection at 450 millimicrons; our designation for the resultant mirror 

is 90-450, indicating the approximate reflectivity at the approximate peak. 

Comparison of the reflection and transmission curves shows the almost complete 

absence of light absorption. All Liberty Hi-Efficiency dichroic mirrors and filter$ 
possess lillie or no light absorption. 

* * * 

Liberty Hi-Efficiency dichroic filters possess rather sharp bands. How

ever, these bands are not as sharp as the well-known "interference 

filters", and are not intended to replace them. Liberty Hi-Efficiency 

dichroic filters find application where high selective transmission is the 

determining requirement. 

Liberty dichroic filters are made by coating commercial plate glass 

or optically ground and polished glass, as the use requires. Such con

struction has apparent advantages for certain applications, as compared 

with the nse of colored glass filters. It completely eliminates the prob

lems arising from defects such as are common in specially made colored 

glasses, particularly in large sizes. Further, such special colored glasses 

are not always readily available, and frequently must be made up on 

special order. In contrast, Liberty Hi -Efficiency dichroic filters are quickly 

available, with prompt delivery of uniform production lots-and color 

characteristics are independent of the thickness of the glass support. 

Liberty Hi-Efficiency dichroic mirrors and filters are made in 
standard production sizes up to 20" x 30"; larger sizes available 
on special order. 

missiou characteristics intended, angle of use and type of light 
source. 

If a phosphor light source is used, please give number or spec
tral character of the phosphor. Information as to types o[ sensing 
elements and their spectral responses also is helpful. 

In making inquiry for dichroic mirrors and filters, please 
specify approximate reflection peak desired, as well as trans-

We invite your inquiries on orders of one of a kind - or thousands. Each will receive our early and most experienced attention. 

DEPOSITED COATINGS - LIBERTY MIRROR DIVISION 
BEAM SPLITTERS 
ELECTRICAL COATINGS 

LOW REFLECTION COATINGS 

LIBBEY • OWENS • FORD GLASS CO. 
L531 NICHOLAS BUILDING . TOLEDO 3, OHIO 
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M
ARCH 1901. "Prof. R. T. Fessen
den, of the United States Weath
er Bureau, is making experiments 

with wireless telegraphy on the Southern 
coast. Stations will be established at 
Capes Hatteras and Henry and at other 
coast points north of Cape Hatteras. It 
is the government's intention to com
municate storm warnings to vessels at 
sea off this dangerous locality. It is also 
intended to send storm signals to life
saving stations when the wires are dis
abled. If the tests are successfuL the 
entire coast will be similarly equipped." 

"We have before us the full and au
thentic report of the proceedings of the 
Pan-American Medical Congress held in 
Havana, the most important subject of 
which was the presentation and discus
sion of the report of the special yellow
fever commission. Summarized, this re
port is as follows: Yellow fever cannot 
be communicated by contact with the 
patient or with the clothes or other arti
cles worn by a patient before and during 
the course of the disease, although they 
may be impregnated with the excretion 
of the body. The disease is therefore not 
contagious. Yellow fever is communi
cated, however, by the bite of a particu
lar kind of mosquito that has previously 
bitten a yellow-fever patient during the 
first two days of the attack. It takes 12 
days for the specific poison to develop 
in the mosquito. The report concludes: 
'While the mode of propagation of yel
low fever has now been definitely deter
mined, the specific cause of this disease 
remains to be discovered.' " 

"The population living in cities and 
towns of 8,000 or more was 3.35 per cent 
of the total in 1790, 12.49 in 1850, 22.57 
in 1880, 29.20 in 1890, and perhaps is 
about 35 per cent at the present time, 
or more than one third of the entire 
population." 

"New York was only commencing in 
1891 to erect at the southern end of Man
hattan Island those towering structures 
which today render this portion of the 
city one of the most marvelous spectacles 
in the world. It has been found, however, 
that the space occupied by elevators be
comes so great when a building exceeds 
a certain number of stories in height as 
to reduce very seriously the available 
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office floor space, and by common con
sent it seems. now to be agreed that the 
limit of economic height lies somewhere 
between 16 and 20 stories." 

"A sensation has been produced in 
the realm of stellar science by the recent 
discovery of a temporary star whose 
brightness exceeds that of any other ob
ject of that class which has been ob
served in the last three centuries. It is 
necessary to go back to the famous out
burst observed by Tycho Brahe in 1572 
to find with certainty one which sur
passed this in brightness." 

"Rome will soon be connected with 
Paris by a telephone line. The work has 
been in progress for many months, and 
it is thought that communication be
tween the two cities will be accom
plished during the summer." 

"For many years the attention of in
ventors has been directed to the ques
tion of utilizing the direct rays of the 
sun as a substitute for coal, wood, or 
other fuel; large burning glasses or re
flectors being the general form of the 
various machines. It is interesting to 
note that in South Pasadena, Calif., such 
a machine has been set up and is suc
cessfully accomplishing the work for 
which it was made-a motor running by 
the heat of the sun. The inner surface is 
made up of 1,788 small mirrors, all ar
ranged so that they concentrate the sun 
upon the central or focal point. Here is 
suspended the boiler, which holds 100 
gallons of water. Up to the present time 
the motor has produced results equal to 
about 10 horsepower." 

"Prof. Loeb's experiments in artificial 
parthenogenesis are most interesting. He 
has been able to develop eggs of Chae
topterus, an annelid, into free-SWimming 
larvae by placing them in solutions 
which cause them to lose water. Potas
sium chloride solutions and hydrochloric 
acid when added to the sea water have· 
been found effective in causing the eggs 
to develop. The artificially developed 
larvae did not differ from those produced 
by natural fertilization." 

M
ARCH 1851. "A Dr. William 

Turner, of New York City, has 
petitioned the Legislature of the 

State to pass a law making the use of the 
lancet in diseases a penal offense. He 
says he has practiced medicine for half 

a century, and his experience convinces 
him that the habit of bleeding is destruc
tive of health and life. We may put down 
Dr. Turner as a very bold member of 
the profession." 

"The population of the United States 
now amounts to 20,067,720 free persons, 
and 2,077,034 slaves." 

"In connection with light and pho
tography, there is still a difference of 
opinion among philosophers respecting 
light as a distinct matter of itself. Some 
at once say, 'light is an imponderable 
subtle fluid, or matter of itself'; others 
more cautious say, 'light is conveyed to 
us by vibrations,' and this is all the length 
they go, but afford no very good argu
ment even for this theory." 

"John Wise, Esq., of Lancaster, Pa., 
is engaged in constructing another mon
ster balloon, to be about three times as 
large as the Hercules, used last summer, 
with which he intends to prove the cer
tainty of his ability to cross the Atlantic 
and circumnavigate the globe." 

"The Philadelphia Academy of Natu
ral Sciences has now a library of 12,000 
volumes. In its herbarium there are 
about 35,000 species of plants arranged 
according to the natural system. Its col
lection of birds is probably not excelled 
by any in the whole world. This institu
tion originated in an agreement made 
by a few gentlemen, in 1812, to meet at 
their respective residences in town, once 
a week, for the purpose of receiving and 
imparting information on subjects con
nected with natural history. At the pres
ent time the Academy numbers about 
200 resident members, and more than 
500 correspondents in every part of the 
globe." 

"Captain Wilkes, of the United States 
Exploring Expedition to the Antarctic 
Seas, has just received an elegant gold 
medal from the British Government, as 
an acknowledgment that he was the 
true discoverer of a disputed continent, 
from which he saw the volcanic fires 
bursting from a land of ice and snow, 
and pouring their lava down the eternal 
barriers of the frozen mountains." 

"Scientific American is now in its sixth 
volume, and from a small beginning it 
has attained to the extensive circulation 
of 16,000 copies weekly." 
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IT·'S "LOADED" WITH 

BETTER TELEPHONE SERVICE 

MANY more wires can be crowded into 
a cable sheath when the wires are fine. 
But normally, wires don't transmit as 
well when they are fine and closely 
packed. 

Bell engineers long ago learned to 
make wires do better work by loading 
them with inductance coils at regular 
intervals. The coils improve transmis
sion and let messages travel farther. 
But originally the coils themselves 

Twenty of the Bell System's newest small loading coils-like the one at tl.e left
are housed in the long black case, moullted in (t cabi" splice. This type of installa. 
tion permits the economical extension of city cables to serve out.of·town subscribers. 

were large, heavy and expensive. The 
cases to hold them were cumbersome 
and costly too. 

So year after year Bell scientists 
squeezed the size out of coils. To make 
magnetic cores of high permeability 
they developed Permalloy. Tough but 
extra-thin insulation permitted more 
turns to a core. 

New winding machines were devel
oped by the Western Electric Com-

pany. Coil size shrunk to one-fiftieth. 
Some - like the one shown above 
- can be mounted right in cables 
themselves. 

The 15,000,000 coils in the Bell 
System today mean thinner wires, 
more wires in a cable-more econom
ical service for you. They demonstrate 
once more how Bell Telephone Lab
oratories work continually to add to 
your telephone's value. 

BELL TELEPHONE LABORATORIES 
WORKING CONTINUAllY TO KEEP YOUR TElEPHONE SERVICE BIG IN VALUE AND LOW IN COST 
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Records dynamic strains of moving 
engine parts with BRUSH Analyzer 
At Caterpillar Tractor Co., research engineers are constantly 
seeking to improve performance of engines and components. 
To do so requires immediate, accurate data of dynamic 
phenomena. That's where the Brush Strain Analyzer comes in. 

In this test on tractor parts, strains are "picked up" with 
bonded electric strain gages. T he signal is amplified in the 
Brush Universal Amplifier and recorded instantaneously on 
the Brush Direct Writing Oscillograph. 

Other current projects in the "Caterpillar" Research Depart
ment are utilizing Brush Strain Analyzers for determining 
operating stresses in engine parts and components. Set-ups 
for such tests are laborious and expensive, consequently only 
the most reliable and precise instruments are used. 

With use of a resistance-sensitive pick-up, the Brush Strain 
Analyzer provides a complete package unit for obtaining 
permanent records of torque, strain, vibration, pressure and 
other variables. Write today for further information. 

DEVELOPMENT COMPANY 
Dept. B-2, 3405 Perkins Avenue, Cleveland 14, Ohio, U. S. A. 

Canadian Representatives: A. C. Wickman (Canada) Ltd., P.O. Box 9, Station N, Toronto 14, Ontario 
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THE COVER 

The painting on,the cover shows two 
means of separating a mixture into its 
constituents by the method of chro
matography (see page 35). Suspend
ed at the lower left is a cluster of 
spinach leaves. At the right is a glass 
tube partly filled with a white ad
sorbent. To separate certain pigments 
of spinach leaves with the aid of chro
matography, the leaves are first ex
tracted with a solvent. The extract is 
then added to the top of the column 
and allowed to drain into it. When 
fresh solvent is percolated through 
the column, the pigments in the ex
tract separate into colored zones. 
Hanging in the background is a sheet 
of paper that has been used in a varia
tion of this process. If a mixture of 
amino acids is placed on the paper 
and a solvent is allowed to travel 
down it, each amino acid will be car
ried a different distance. After the 
paper chromatogram is completed, 
the normally colorless amino acids are 
made visible by spraying them with 
the reagent ninhydrin. For their help 
in the preparation of the painting 
SCIENTIFIC AMERICAN is indebted to 
Werner Hausmann of the Rockefeller 
Institute for Medical Research and 
Robert L. Peck of Merck & Co., Inc. 

THE ILLUSTRATIONS 

Cover by Stanley Meltzoff 

Page 
17 
18 

20 

22-26 
36 
37-38 
39 
40 
43 

45-46 
48-50 
57-60 
68-70 

Source 
Adolph Brotman 
Adolph Brotman, from the 

Epitome of De H u.mani 
Corporis Fabrica, by An
dreas Vesalius 

K. Chester, courtesy of the 
Chilcott Laboratories Di
vision of the Maltine Com
pany 

Irving Geis 
Adolph Brotman 
K. Chester 
Donald Moss 
K. Chester 
Courtesy The Metropolitan 

Museum of Art 
Courtesy Gregory Pincus 
Adolph Brotman 
Irving Geis 
Roger Hayward 
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A nother Important Instrumentation Development by Beckman ... 

THE NEW BECKMAN 

Flame Photometry Attachment 
FOR BECKMAN "D U" SPECTROPHOTOMETERS 

To meet the steadily growing interest in flame spectrophoto

metric methods. Beckman engineers have developed a new Flame 

Photometry Attachment that sets greatly advanced standards of 

compactness, convenience, accuracy and simplicity. 

Used with the Beckman "DU" Spectrophotometer and stand

ard oxy-hydrogen or oxy-acetylene equipment, it combines the 

unusually high accuracy and resolution of the well-known Beck

man "DU" with the conveniences of flame spectrophotometric 

methods, providing an instrument capable of the quantitative deter

mination of more than 40 elements, including heavy metals and 

rare earths, as well as the alkali metals. 

The atomizer-burner of this 

new instrument is much smaller. 

simpler and more trouble-free than 

previous designs. Made of Pyrex 

with a straight, large-diameter, no

ble-metal atomizer tube discharging 

directly into the flame, it will spray 

even cloudy or highly concentrated 

solutions indefinitely without clog

ging or "drifts". 

Other important features of this new Beckman development are out
lined at right. Best of all, this new instrument is available at a new 
low price for equipment of this quality .. Your nearest authorized Beck
man Instrument dealer will gladly supply full details-or write direct ! 

SOUTH PASADENA 48, CALIF. 

Illustration at 
right shows atomizer
burner octuoi size. 

Factory Service Branches: Chicaga • New Yark • Lo s Angeles 

* Greater Compactness 

* Higher Accuracy 

* Lower Sample Consumption 

* Maximum Convenience 

Outstanding Features of 
the New Beckman Flame 
Photometry Attachment 

� Sample beaker is supported in a 
unique mechanism that swings the 
beaker outside the case for easy fill
ing, or swings it back into position 
below the burner tube. Further, as 
the beaker is raised into position be
low the burner, it automatically tips 
so that sample solution is drawn from 
lowest point in beaker. Thus, com
plete analyses can be made with even 
ext r e m e l y  s m a l l  samples. 

� The atomizer requires only about 2 
ml of sample solution per minute, and 
a sample of 1 to 3 ml is ample for 
determination of several constituents. 

• Fuel consumption is very low
about 5 cu. fI./hr. for acetylene, 8 
cu. fI./hr. for oxygen, 20 cu. fI./hr. 
for hydrogen. 

� The hot flame, coupled with the 
high resolution of the "DUll Spectro
photometer, permits unusually narrow 
band widths to be used-less than 10 
millimicrons for most determinations 
-permits accuracies of 0.50/0 or 
belter. 

� Sample concentration is unimpor
tant (provided it is above the lower 
detectable limit) permitting maxi
mum versatility and convenience in 
making analyses. 

� Although the sensitivity of most 
elements is improved when the ele
ments are in water solution, non
a q u e o u s  s o l u t i o n s  a r e  as e a s i l y  
handled a s  water. Even combustible 
solvents can be used-and in fact, 
organic solvents frequently increase 
sensitivity of the readings, 

� The atomizer-burner, sample-posi
tioning device, focusing mirror and 
adjustments are all unitized into a 
compact, cost-metal housing, All 
necessary regulators and gauges (ex
cept standard regulators on fuel and 
oxygen tanks) are conveniently 
mounted on a separate control panel. 

Write for complete details on this im
portant new Beckman advancement! 

© 1951 SCIENTIFIC AMERICAN, INC



WANTED: 
men who look at their products and ask "WHY?" 

Like this auto manufacturer. Alumi

num permanent mold clutch housings 

had been saving him 10% over cast 

iron. "Could we save still more," he 

asked, "if you supplied us die castings ?" 

"It's possible," we agreed. But ... 

the clutch housing also acts as the 

engine mounting. Supporting half the 

engine's weight, it is highly stressed, 

must absorb vibration. Could a die cast

ing economically be made that strong? 

An Alcoa Development Program 

was started. We worked with the auto 

maker to draw up designs. From the 

die casting alloys developed and tested 

by Alcoa's Research Laboratories, we 

selected our strongest die casting alloy. 

We poured sand castings from it; then 

machined them to the dimensions of 

the die casting design. 

Shear static loads and bending 

stresses were measured on Alcoa's big 

there are no limitations 

Baldwin-Southwark machine. Brittle 
lacquer and strain gauges showed us 
stress concentrations. Sample castings 
were assembled on an engine and trans
mission in Alcoa's Motor Laboratories; 
then run with unbalanced weights on 
the shaft to measure dynamic stresses. 

With these test results, the auto 

maker worked with us to modify de

signs. Die casting dies were built. 

While we repeated the lab tests, the 

manufacturer made actual road tests. 

The first stressed automotive die cast

ing is a success. 25% stronger in shear, 

10% stronger in bending, 100% better 

in fatigue life than the permanent mold 

casting. It weighs only 7<i: as much as 

the original cast iron housing. 

The fact that it is also 15% lower in 
cost demonstrates that, from an eco

nomic as well as a performance stand

point, it pays to ask "Why?" 

for such 

1 
s� 

IN MANY FIELDS 

Aircraft 
Architectural Specialties 

Automotive 
Passenger Cars 
Trucks and Trailers 
Buses 
Parts and Accessories 

Bearings 

Building Industry 

Business Machines 

Chemical Equipment 

Communications 

Corrosion Studies 

Diesel Engines 

Electrical Conductors 

Electrical Equipment 

Farm Machinery 

Food Equipment 

Handling, Packaging 
and Shipping 

Hardware 

Heat Exchangers 

Home Appliances 

Instrumentation 

Insulation 

Marine Industry 

Mining Equipment 

Paper Machinery 

Petroleum 

Pressure Vessels 

Printing Machinery 

Railroad Equipment 

Structural Engineering 

Textile Machinery 

Among these specialists at the 

Development Division are men 

already familiar with the prob

lems of your industry. They are 
'your liaison with the Alcoa 

research, test and fabricating 

facilities that can be put 

to work on your problem. 

Through them the sum total 

of Alcoa's knowledge will be 

brought to bear. Knowledge 

of practical problems of fabri

cation and costs, gained in 

thousands of other projects, 

will flow toward yours. 
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long-range projects we have these to offer: 

3 

2 
FACILITIES FOR BROAD RM� 
In the past 33 years, the Aluminum Research Laboratories have 

developed over 30 new aluminum alloys. Research facilities range 

from corrosion test stations in world-wide locations to this elec

tron microscope, capable of magnification up to 100,000 diameters. 

ADVANCED 7e4C'EQUIPMENT 
Years of normal operating conditions can be 

crammed into hours or days. Shocks and stresses 

that far exceed conditions your product will 

ever meet are easily duplicated. Typical of Alcoa 

facilities is this testing machine, 60 feet high, 

capable of exerting a force of 3,000,000 pounds. 

� l)�m.eiiC SMj;s for PILOT and MODEL WORK 

After thorough research and testing, the actual fabrication of your project in alumi

num may pose further problems. Here Alcoa makes available all the techniques 

of welding, forming, machining, casting, heat treating and finishing to create a 

practical pilot model, then suggests low cost, efficient methods for its fabrication. 

ALCOA 
For more details on the personnel, research and testing, and 

shop facilities available at Alcoa, write for your copy of 
the folder, "Road Map to a Better Product". It is your first 

step toward putting 63 years of aluminum knowledge to 

work on a long-term project that may effect a major change 

in your company's competitive position. Address ALUMINUM 

COMPANY OF AMERICA, 2182C Gulf Bldg., Pittsburgh 19, Pa. 
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What GENERAL ELECTRIC People Are Saying 

F. R. ELLENBERGER 

Air Conditioning Department 

HEAT PUMP: The trend toward 
complete year-round air condition
ing of residences as well as larger 
buildings has focused increased at
tention on the heat pump. Since 
1932, when the residential heat 
pump was first being investigated 
in this country, 750 heat pumps 
have been installed in the United 
States; 60 per ,cent of the installa
tions 'are in residences and 40 per 
cent are commercial. Heat pumps 
are currently being installed at the 
rate of approximately ten per 
week ... 

The functions of year-round air 
conditioning provided by heat 
pumps include heating in winter, 
cooling and drying in summer, air 
filtering, circulation, and ventila
tion. These functions are accom
plished electrically, under automatic 
control, without combustion, and 
without fuel in the ordinary sense. 

The basic principle is the same as 
is used in a common electrically 
opcrated refrigerator. A simple illus
tration of its operation can be ob
tained by imagining that a refrig
erator with its door removed is 
placed against an open window. 
Then hcat removed from the out
door air by the refrigel'ator evap
orator is dissipated from the con
denser into the house. For cooling, 
the refrigerator could he placed 
outside the house against the same 
open window. Then heat removed 
by the evaporator would be pumped 
outdoors. Of course the domestic 
refrigerator is not designed for this 
application; its capacity would be 
much too small, and its opcrating 
economy for this type of operation 
would be low . . . .  

Although i t  i s  still early t o  obtain 
a clear-cut picture of what the 
future holds for the heat pump, it 
appears to be entering a period of 
rapid growth, and heat pumps for 
year-round air conditioning m 

homes and other buildings will be 
appearing in greatly increasing num
bers • . . .  

It is sometimcs refreshing, even if 
premature, to exercise the imagina
tion by looking further into the 
future. In one conception of a 

"dream" version heat pump, the 

heat pump is combined with some 
of the multitudinous equipment 
which our living standards demand 
in a single factory-produced pack
age. Such a unit would serve as a 

complete utility core for the house 
and would provide a source of hot 
and cold water, conditioned air the 
year round, and heating and cooling 
for the associated appliances. Heat 
that is pumped from the freezing 
and cold storage compartments 
would be used to help heat the air 
and domestic water. Heat that is 
otherwise wasted in the kitchen 
exhaust and for evaporating mois
ture in clothes drying could be 
largely recovered. The heat pump, 
thereby, may serve some day as 
the central unit of the all-electric 
home. 

R. F. SHEA 

General Electric Review 
December, 1950 

* 

Electronics Department 

ELECTRONIC UMPIRE: The elec
tronic umpire arose out of a definite 
need for a device to assist pitchers 
and batters in learning control and 
judgment. Other devices were in 
use or had been tried out for such 
purposes, but they either interfered 
with a batter's swing or were bulky 
and not easily transportable. 

In addition to being able to call 
strikes, it was thought desirable to 
add speed measurement to the 
device, thus permitting a reasonably 
accurate appraisal of a pitcher's 
ability in terms of speed and control. 

The electronic umpire is a port
able two-unit device which can be 
set up in a matter of minutes any
where where there is an a-c supply 
available. One unit is placed on the 
ground and carries a simulation of 
the home plate. Alternatively, it 
may be set flush with the surface of 
the ground. The other unit may be 

located anywhere within a radius of 
25 feet from the ground unit and 
provides an indication when a ball 
has passed through the strike zone, 
and an indication of its speed. 

No lights or equipment other than 
the two units described are re
quired. The strike zone is adjustable 
to suit batters ranging in height 
from five feet one inch to six feet 
five inches and speed in excess of 50 
feet per second may be measured to 
an accuracy of 5 per cent. 

National Electronics Conference 
Chicago, Illinois 

September 25, 1950 

* 

BERNARD VONNEGU� 

Research Laboratory 

RAINMAKING: Many farmers, ranch
ers, and civic-minded people in 
many parts of the country are now 
engaged in cloud seeding. In their 
efforts to produce more rain, these 
amateurs are releasing large quan
tities of seeding material which may 
well contaminate the atmosphere so 
as to hopelessly confuse the more 
careful experimenter and precipita
tion analyst. 

The experiments of many of these 
rainmakel's are carelessly carried out 
with little or no control over the 
dispersal of the seeding agent and 
are, for the most part, unrecorded. 
As a result, experiments of this sort 
contl'ibute little or nothing to the 
knowledge of seeding techniques, 
while at the same time they may 
render valueless far more painstak
ing experiments carried out at the 
same time nearby. These rainmakers 
can seriously impede tbe progress 
of this new phase of meteorological 
science. 

New England Assn. of Chemistry 
Teachers; Storrs, Connecticut 

August 25, 1950 

'lfo.u can put � co�ence m-

GENERAL e ELECTRIC 
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What's New at CRUCIBLE 

Cabinet for 

Admiral 

TV Console 

Height: 34" 
Width: 18" 
Depth: 18%" 
Weight:40 lb •. 

about plastic mold steels 

two plastic TV console cabinets every five 

minutes fur Admiral 
Admiral (big name in radio, television, and electr�nics), 
Molded Products Corporation (pioneers in plastic molding), 
and Crucible (first name in special purpose steels), teamed up 
to produce sturdy, durable, economical TV cabinets. Admiral 
wanted TV console cabinets that not only would stand up 
under wear, but be mass·produced as well. Molded Products 
called on Crucible to provide the steel for the mold assembly. 

a Crucible Plastic CSM2 Mold Steel forging 

tllat weiglls 9500 pounds 
The initial development was put into operation two years ago, 
but recently Admiral wanted an even larger cabinet. As in the 
first mold assembly, Crucible metallurgists recommended 
Plastic CSM2 Mold Steel. The large cavity section of the 16,000-
pound mold assembly required a mold steel forging that mea
sured 41"x54"x20" . • .  and weighed 9300 pounds. This is one 
of the largest tool steel forgings ever made! 

Two molds were built so that the 2500·ton hydraulic press 
could form two cabinets every five minutes. 

The illustrations serve to show the size of the hydraulic press, 
the action of the plunger on the cavity, and the quality of the fin-

CRUCIBLE 

8·ton mold assembly in action 

ished product. Com
pression molding as 
performed in the mold 
assembly is applied to 
a 4 0-p o u n d  p l a s t i c  
charge i n  each section 
of the cavity. The cabi. 
net is molded in one 
piece including center 
shelving to support the 
television chassis. The 
power supply rests on 
the bottom of the cabi. 
net. The speaker grille 
is integrally molded. 
Cored·in openings for 
the television window 
and controls, as well as 
cored studs for mount
ing are all part of this 
one operation. 

It is a credit to Crucible Plastic CSM2 Mold Steel that 
this forging working around.the·clock has shown little 
wear . . . and maintained durable, uniform cabinets 
with few rejects. 

write for more plastic 

mold steel information 

Preparing for 40 lb. 
plastic charge. This is 
Crucible's 9300·lb. 
CSM2 forging. 

Our metallurgists can help you apply Crucible plastic 
mold steels to your requirements. Write for literature. 
CRUCIBLE STEEL COMPANY OF AMERICA, Chrysler Build· 
ing, New York 17, N. Y. 

first name in special purpose steels 

Spaulding Works, Harrison, N. J. Midland Works, Midland, Pa. _ 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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Operations Research 
It LS the applic;ation of scientific method to  broad problems 

Ln war, government and' business. First developed by the British 

during Wor ld War II, it is now beginning to flower Ln the U. S. 

by Horace C. Levinson and Arthur A. Brown 

W
ORLD WAR II developed a new 
military use of science, chris
tened operations research (in the 

U. S.) or operational research (in Brit
ain). Unlike all previous applications of 
science to warfare, which were con
cerned almost entirely with the develop
ment of weapons, operations research is 
concerned with the use of weapons. Its 
province is the tactical and strategical 
aspects of military operations: it deals 
with methods of locating enemy subma
rines, for example, rather than with the 
technology of the torpedo or the bomb. 
What it does is to apply scientific meth
od, including mathematical techniques, 
to the analysis of situations and of the 
efficiency of various systems of organiza
tion for coping with them. 

Obviously this approach can be ap
plied to business and governmental or
ganizations just as well as to military 
ones, and since the war it has been used 
fruitfully to solve some business and in
dustrial problems. In Britain the Gov
ernment has made considerable use of 
it, and workers in the field have formed 
an Operational Research Club. In the 
U. S. there is now a Committee on Op
erations Research, organized by the Na
tional Research Council to further the 
development and use of operations re
search for nonmilitary purposes. Since 
1948 a course on nonmilitary uses of it 
has been given at the Massachusetts In
stitute of Technology in collaboration 
with the Navy. On the military side, the 
Army, the Navy, the Air Force and the 
Joint Chiefs of Staff all have operations 
research organizations. 

O
PERATIONS research was born in 
the Battle of Britain. The British 

Government was exploring every avail-

able means to defend the country against 
the disastrous German bombings. The 
British had a skillful but small air force 
and they had radar. Could radar make 
up for the smallness of the Royal Air 
Force? How could the radar intercep
tion system be used to maximum advan
tage; how should the antennas be dis
tributed, the signals organized, and so 
on? The Government called in half a 
dozen scientists of various disciplines to 
answer these questions. By collecting the 
relevant facts and analyzing them with 
the general methodology of science, 
these men devised a new operating tech
nique that doubled the effectiveness of 
the air defense system. 

Impressed with this spectacular suc
cess, Britain organized similar teams to 
tackle many other military problems. 
The U. S. armed forces likewise put op
erations research groups to work soon 
after this nation entered the war. The 
work of these teams in both countries 
paid high dividends in deciding such 
questions as the most effective altitudes 
at which planes should fly in hunting 
submarines, the best pa,yload division 
between fuel, instruments and arma
ment, the best search pattern. One short 
operations research study showed that 
planes attacking submarines could in
crease their effectiveness fivefold by 
changing the depth at which depth 
charges were set to go off. In the famous 
Allied anti-submarine campaign in the 
Bay of Biscay, British and U. S. opera
tions research teams working together 
designed a patrol system which suc
ceeded in sighting practically every sub
marine that came in or out of the Bay 
and sank about a quarter of those it at
tacked. 

Operations research can handle very 

diverse problems, but to be eligible for 
solution the problem must satisfy two 
conditions: 1) it must be expressible in 
numbers or quantities, and 2) the data 
must be adaptable to the available tech
niques. If the data are statistical, for ex· 
ample, they must come from operations 
that are roughly similar and must be ex
tensive enough to permit some sort of 
statistical regularity or law to show it
self. Let us consider a couple of actual 
military examples. 

Early in the war it was the conven
tional military view that in an airplane 
squadron it was most important to have 
as many planes as possible in fit condi
tion to take to the air at all times. The 
RAF had set as a standard that no less 
than 70 per cent of a squadron's planes 
should be fit to fly; this percentage was 
called the maintenance efficiency. Since 
it was very difficult to keep up to this 
standard, the problem was given for 
study to Cecil Gordon, a member of an 
operations research team. 

Gordon took a completely fresh ap
proach. He was a biologist, and he de
cided there was a usable analogy be
tween the life cycles of human beings 
and of aircraft. Flying, he reasoned, 
breeds disrepair and the necessity for 
repair; repair breeds readiness for flight; 
readiness for flight, given the opportuni
ty, breeds flying, and so the cycle starts 
again. But in a military squadron it is 
not readiness for flight that you want: 
you want flying. An airplane on the 
ground is only potentially valuable-use
less until you need to fly it. 

Gordon lived with the squadron for a 
while, determined the rate at which fly
ing time generated repair time and as
similated every significant feature of the 
squadron's operations and the life cycle 
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of a plane. As the result of all this he 
came to a startling conclusion: the old 
criterion of maintenance efficiency was 
wrong. What counted was the percent
age of demand for flying met by the 
planes and the amount of flying accom
plished per maintenance man-hour. The 
upshot was that the target percentage of 
aircraft kept fit for flying was cut from 
70 per cent to around 35 per cent, with 
a large increase in battle time and squad
ron efficiency. 

The other example concerns the prob
lem of the Japanese Kamikazes (suicide 
planes) that threatened our ships in the 
Pacific. The question was whether a ship 
should maneuver violently to spoil the 
aim of the diving Kamikaze or keep 
steady to improve the aim of its own 
defensive anti-aircraft fire. The opera
tions research group that undertook to 
find the answer had the records of 477 
attacks to study. In 172 cases the suicide 
plane had succeeded in hitting the ship, 
and in 27 cases the ship had been sunk. 
The scientists discovered that the effec
tiveness of the two types of defensive 
tactics depended on the size of the ship. 
Violent evasive maneuvers obviously 
have only a slight effect on the aim of 
anti-aircraft gunners in the case of a 
large ship but a very pronounced effect 
on their aim in a small ship. What is the 
net result when the effects on the aim of 
attacking Kamikazes are taken into ac
count? After considerable study the 
group concluded that a large ship, when 
attacked by a diving Kamikaze, should 
change course violently and a small ship 
slowly. It also found that a ship should 
present its beam to an attacking plane 
that came in from a high dive and turn 
its bow or stern to a plane diving from a 
low altitude. In presenting its beam to a 
Kamikaze a ship could concentrate more 
anti-a.ircraft fire on it, but in the case of 
a low-diving plane the effect of the in
creased fire power was more than offset, 
the study showed, by the larger target 
offered by the ship. The operations re
search team's recommendations later 
proved their value in battle: ships that 
followed its suggestions were hit about 
29 per cent of the time when attacked 
and those that did not observe these rules 
were hit about 47 per cent of the time. 

O
PERATIONS research makes use of 

such mathematical and statistical 
concepts as the variable, the statistical 
constant, the function and probability. 
Its military applications also introduced 
a number of new concepts, examples of 
which are exchange rate and sweep rate. 
The exchange rate of course is the ratio 
of one's own losses to those of the enemy, 
but when the losses are not in directly 
comparable units, a complex analysis 
may be necessary to determine the true 
value of an operation in the over-all pic
ture. 

The notion of sweep rate grew out of 
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the problem of searching for enemy 
ships or submarines. Any search tool (a 
broom, a rake, a flashlight beam, a radar 
beam) essentially explores a field of tar
gets whose exact locations are unknown. 
Its effectiveness is measured by its sweep 
width and its sweep rate. It has a certain 
probability, depending on these factors, 
of picking up a target at any given point. 
A new broom, which "sweeps clean," has 
a sweep width equal to its actual width, 
and the probability that it will pick up 
an object within these limits is 1, repre
senting certainty. A rake swept over an 
area of small leaves has an irregular de
tection probability curve, and a man 
Iwnting a target at night with sweeps of 
a flashlight may have still another prob
ability pattern. 

Suppose that a plane, flying back and 
forth at a given speed without crossing 
its own path, is searching an area of 
ocean for submarines. To compute the 
sweep width you multiply the number 
of submarines assumed to be in the area 
by the distance flown by the plane, and 
then divide this product into the prod
uct of the number of submarines actually 
detected and the total number of square 
miles searched. This number, the sweep 
width, multiplied by the speed of the 
plane, gives the sweep rate. 

This seems a lot of computing, and 
one is inclined to ask what is accom
plished by it. The answer is that sweep 
rates are sensitive measures of the effi
ciency of the searching operation. If the 
sweep rate of a command of airplanes 
searching an area for submarines drops 
sharply, it is a signal to the command 
that something has gone wrong. 

These concepts can also be applied to 
some business problems, for there are 
close analogies between military and 
business operations. In fact, a rough dic
tionary can be constructed that will 
tra�,

slate o�� into �he
"
other. ,for "weap

,: ons read materIals ; for command 
read "management" or "executive" ; for 
"enemy" ,�'ead "con�petito::' or, cU�'!ously 

�nough, cus�?me�: ; fOJ: �estro� read 
out-compete or acqUIre ; for enemy 

losses" read "own gains," and so on. The 
notion of exchange rate becomes, in busi
ness, the ratio of gains to expenditures. 
The notion of sweep rate is directly ap
plicable to the search for customers. 

T
HE use of operations research in 
business is not entirely new. Under 

such names as "business analysis" or 
"business research" sporadic activities of 
this kind have been conducted for a long 
time by some firms. What the operations 
research of World War II introduced 
was the development of systematic tech
niques and the enlistment of groups of 
trained scientists in such work. 

To illustrate how operations research 
may be used iIi business let us take a 
study that was actually made of the ef
fectiveness of department-store news-

paper advertising. The particular type of 
advertising analyzed was the kind de
signed to produce immediate sales
what may be called "quick response" ad
vertising. Since department stores spend 
millions of dollars each year on this 
"QR" advertising, the scientific meas
urement of its resul ts is evidently a 
worth-while project. 

The success of such advertising can
not be measured simply by the amount 
of extra sales of the particular goods 
advertised. The advertising is intended 
to attract customers to the store and in
crease the total sales. It is not effective if 
it merely increases the sales of one de
partment at the expense of other depart
ments in the store or of future sales of 
this department itself. For example, sup
pose a store advertises a coat that has 
been selling for $30 at a reduced price 
of $24. This will naturally attract a lot 
of quick sales. But how many of these 
sales are to customers who would have 
bought the coat anyway at its normal 
price of $30, either at the time or later 
on, if the advertisement had not been 
run? In how many cases did this $24 
purchase take the place of purchases 
that would have been made in other 
departments of the store? How many 
customers attracted by the coat bargain 
also made spur-of-the-moment purchases 
elsewhere in the store? And finally, how 
much business did this advertisement 
bring to the store that would otherwise 
have gone to competing stores? 

It is clear that to assess the net returns 
from this type of advertising the study 
must cover the store's total sales and all 
QR advertising over a considerable pe
riod of time. Its goal must be to deter
mine the "true plus volume," that is, the 
extra volume of sales for the store as a 
whole which would not have been ob
tained if the advertising had not been 
run. Such a study was conducted some 
years ago by the research director of a 
certain department store. He made a 
week-by-week comparison of the QR ad
vertising and total sales of this store with 
those of the competing department 
stores in the same city. His analysis of 
these data was then based on the follow
ing reasoning: Of the total sales in a 
given week a certain percentage is due 
to QR advertising. This fraction changes 
from week to week, both for the store 
and for the competing group, due to 
fluctuations in their respective QR ex
penditures. Moreover, the fluctuations 
in advertising by this store do not par
allel those for the competing group: in 
some weeks it does relatively more ad
vertising, in others relatively less. Con
sequently there should be correspond
ing fluctuations in the ratio of total sales 
by the store to total sales by the com
peting group, reflecting the variations in 
advertising ratio. The problem was to 
isola te these fluctuations. 

In order to do so the research director 
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resorted to mathematics. Let S repre
sent the portion of the store's sales vol
ume that does not include the sales 
attributable to QR advertising, in other 
words, the total sales minus the QR sales 
for a week. Let 0 represent the corre
sponding sales of the competing group. 
It is reasonable to assume that the ratio 
S/O is a statistical constant over an ex
tended period, since sales due to the 
variable factor of QR advertising are 
eliminated and the effects of weather 
and of economic changes, if not too vio
lent, will be uniform for all the stores. 
This assumption is the key to the solu
tion, for it leads to a set of equations 
which, using the known figures on total 
sales and QR advertising expenditures, 
can be solved numerically to determine 
the unknown statistical constant and the 
pulling power of the advertising. 

This study yielded the following con
clusions, among others: 1) the QR 
advertising produced a large true plus 
volume; 2) the amount of true plus 
volume depended sensitively on price 
reductions of the advertised goods; 3) 
the average pulling power of the adver
tising remained practically constant over 
a period of several months, although in
dividual advertisements varied greatly in 
effectiveness. The analysis also had im
portant by-products not involving ad
vertising: it threw much light on some 
phases of the store's operations and led 
to improvements in efficiency. 

T
HE peacetime applications of opera
tions research have included the ana

lysis of such problems as the proper use 
of equipment and manpower, operating 
procedures in factories and public utili
ties, the planning of government proj
ects. One operations research study of 
the laying of road surface materials in 
Britain, for example, resulted in an an
nual saving of a million pounds sterling. 

Operations research is already a ma
chine of great power. Like a farm tractor 
it must be expertly manned. One of the 
main objectives of the Committee on 
Operations Research in the U. S. is to 
create a supply of trained workers in this 
field. The Committee believes that op
erations research is particularly impor
tant and urgent during the present na
tional emergency. To the extent that 
nonmilitary operations research is suc
cessful in increasing the efficiency of 
U. S. industry, it will contribute to re
ducing the critical shortage of manpow
er. And the more young scientists are 
trained in operations research, the 
greater will be the supply available to 
the armed forces in case of necessity . 

• 

Horace C. Levinson is chairman of 
the National Research Council's Op
erations Research Committee. ATthliT 
A. Brown is Deputy DiTector of the 
Navy's Operations Evaluation Group. 

NEW BROOM has an effectiveness measured by its sweep width (horizon
tal coordinate) and its sweep rate (vertical coordinate). The probability 
that the broom will encounter an object in its path is 1, or certainty. 

GARDEN RAKE obviously has less effectiveness than a broom. The prob
ability that a tooth will encounter an object in its path is 1, but the 
prohahility that an object between the teeth will be encountered is O. 
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1 8  

The 

T
o CLOT when shed: this is a fun
damental property of all mamma
lian blood. When, because of inju

ry, illness or some disorder of metabo
lism, blood does not clot readily enough, 
the danger is obvious. Hemorrhage 
within the body can be disastrous, es
pecially if it involves important struc
tures like the brain. And hemorrhagic 
diseases have always been the center 
of interest among physicians. The spec
tacle of blood spurting from the body 
possesses an intrinsic drama which be
longs among the most ancient of human 
traditions. It symbolizes disaster; it is 
synonymous with pain. It is one of the 
few universal experiences. 

This preoccupation with blood that 
Bows too freely is, however, misplaced, 
so far as human welfare is concerned. 
Blood that does not Bow freely enough 
should concern us far more. The disor
ders of pathological clotting in the blood 
vessels-called, as a group, thromboem
bolic diseases-far outweigh in impor
tance those of hemorrhage. Thromboem
bolism is very common in occurrence, 
has a high mortality rate and even when 
death does not occur may produce seri
ous disabling symptoms. 

Among patients over 55 years of age 
more lives are ended by a thrombotic 
episode than by any other single disor
der. Of the 1,500,000 deaths in the U. S. 
in 1948, 637,000 were of cardiovascular 
origin, and among these the thromboem
bolic ailments were undoubtedly a ma
jority. Coronary thrombosis alone claims 
about 200,000 lives annually; blood
vessel diseases of the brain, 125,000; 
pulmonary embolism, 33,000. In the two 
years between 194 6 and 1948 the coro-

LUNG EMBOLISM can result from 
a blood clot in a leg vein. Superim
posed on this woodcut from the 
Epitome of Vesalius is the leg clot 
(bottom) . The embolism occurs 
when pieces of the clot break off and 
pass through the heart into the lungs. 

© 1951 SCIENTIFIC AMERICAN, INC



Control of Blood Clots 
The mechanism that prevents hemorrhage can 

also cause internal catastrophes. New agents 

and tests show promise of forestalling them 

by Shepard Shapiro 

narv death rate in the U. S. rose from 
98 to 109.9 per 100,000 population. 

A GAINST this background, few medi
i"\. cal advances in our time have been 
more important than the recent develop
ment of anticoagulant therapy, which 
has provided a practical means' of con
trolling abnormal clotting and saving 
lives. The advance is the more remark
able because only a little more than a 
decade ago there was literally almost 
nothing a physician could do to prevent 
or stop a thromboembolic disaster. 

The formation of a pathological blood 
clot, or thrombus, is most dangerous 
when it occurs in the arteries-the sup
ply line of oxygen and nourishment to 
the tissues. Obstruction of the flow of 
arterial blood may introduce a chain of 
changes that threatens quick death to 
the affected part or the whole organism. 
A dramatic and familiar example is 
blockage of the great heart artery in 
coronary thrombosis. 

But a thrombus may have serious or 
fatal consequences in any blood vessel. 
When it obstructs a vein, the body may 
compensate by using alternate routes for 
passage of the venous blood. However, 
the obstruction in the vein causes blood 
and other fluids, as well as waste prod
ucts, to accumulate in the surrounding 
tissues. This in itself may produce serious 
results. In addition, the thrombus may 
release a clot fragment, called an em
bolus, which travels in the bloodstream 
and may block another vessel. Venous 
thrombosis often leads to the dreaded 
blockage of a lung artery that is called 
pulmonary embolism. The embolus from 
the vein is carried through the right side 
of the heart and thence reaches the lung. 
Eventually it passes into a lung artery of 
caliber too small to permit farther pas
sage and plugs the vessel. One out of 
every five or six patients to whom this 
occurs dies instantly or very soon. If it 
does not kill the patient, the embolism 
may initiate a massive destruction of the 

affected lung area. In some cases, on the 
other hand, its effects may be slight. But 
such attacks rarely come singly. One 
pulmonary embolism generally portends 
a series to follow, any one of which may 
be disastrous. . 

The worst of thromboembolism is the 
indiscriminate way in which it tends to 
accompany almost any other illness or 
shock. Two thirds of all hospital patients 
apparently develop thrombi. Victims of 
heart and circulatory disease, especially 
older people, tend to a high proportion 
of venous thrombosis and consequent 
embolism to the lung. At least 1 to 9 
per cent of all hospital surgical patients, 
depending on the kind of operation, 
develop venous thrombosis after the 
operation. About half of these have 
pulmonary embolism, with a mortality 
of some 20 per cent. 

THE beginning of a better outlook 
for the control of these dreaded dis

orders came one blue February morning 
in 1934. On that morning occurred one 
of those marvelous coinCidences that 
sometimes fertilize scientific growth at 
a critical point. On the campus of the 
University of Wisconsin at Madison, an 
angry farmer trudged from building 
to building trying unsuccessfully to in
terest someone in two buckets of cow 
blood he was carrying and in the carcass 
of a cow in his truck parked outside. His 
herd was dying of hemorrhage. He 
wanted help, but no one would listen to 
his trouble. There was one last place he 
saw to try: the Medical School. While 
looking for it he stumbled into the bio
chemistry building of the Agricultural 
Experiment Station at the south _end of 
the campus. Inside, as it happened, Pro
fessor Karl Paul Link had just finished a 
staff seminar concerning the Station's 
current study of the role that sweet 
clover was believed to play in hemor
rhagic diseases of cattle. As the frus
b'ated farmer entered the building, he 
ran head-on into Professor Link. 

Within a matter of minutes the farmer 
was a prodigal son, his wrath allayed by 
plenty of attention and laboratory home
brew. When the conversation ended 
hours later, Link had accepted the dairy
man's buckets of blood for study and 
had already sketched the first steps of 
extended and brilliant investigations 
that were to lead finally to the discovery 
of the anticoagulant substance responsi
ble for the sweet-clover disease. 

The disease that had hit the farmer's 
herd had been an epidemic plague for 
years over large areas of the northwest
ern U. S. and Canada. Its cause had been 
identified after the first World War by 
two veterinarians, F. W. Schofield of 
Canada and Lee Miles Roderick of 
North Dakota. They had traced it to the 
continued ingestion of spoiled sweet
clover hay in improperly dried silage. 
Roderick had announced in 1931 that 
the cattle', hemorrhage was due to sup
pression of prothrombin, a plasma pro
tein essential for blood coagulation. 

Link had suspected for some time 
that the guilty agent was coumarin, a 
substance contained in all leguminous 
plants, including sweet clover. Cou
marin, though it has a bitter taste, is 
the source of clover's typical sweet smell. 
After his encounter with the farmer, 
Link started a quest for the hemorrhage
prod\lcing agent. Coumarin is the name 
of a chemical family; the question was: 
Which coumarin was the anticoagulant? 

Early in the morning of June 2 8, 1939, 
while the rest of the campus was still 
asleep, H. A. Campbell of the Link 
laboratory finally ran the answer to 
earth. He had isolated crystals of a com
pound identified as 3, 3' -methylenebis 
(4-hydroxycoumarin), and was able to 
prove that it was the hemorrhagic agent 
in the sweet-clover disease of cattle. By 
the next year the Wisconsin chemists had 
succeeded in analyzing and synthesizing 
this anticoagulant substance. They 
named it Dicumarol. 

Meanwhile two other groups of 
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BLOOD CLOTTING TIME of a patient can be meas
ured by prothrombin test using the reagent Simplastin. 
Here three small test tubes are suspended in a bath 
of warm water. The first tube contains plasma from 
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the patient; the second, Simplastin. When the plasma is 
dropped into the Simplastin (second tube) , a clot forms 
(third tube). The length of time it takes the clot to 

form is a measure of the patient's blood-clotting time. 
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workers had made a beginning in anti
coagulant therapy with an entirely dif
ferent substance. This was heparin, a 
compound obtained mainly from liver. 
A group led by Clarence Crafoord and 
J. E. Jorpes in Sweden, and one led by 
Gordon Murray and Charles H. Best 
(co-discoverer of insulin) in Toronto, 
showed that heparin could prevent and 
control thromboses and embolisms. In 
clinical tests they succeeded in reducing 
fatalities from pulmonary embolism al
most to zero. But the high cost of heparin 
and the complexity of the method of 
administering it restricted its practical 
usefulness. 

Late in 1940 Dicumarol became 
available for clinical trial. Link and his 
students had found in preliminary ex
periments in animals that Dicumarol, 
given by mouth, took 24 hours to act. 
It caused a pronounced reduction of 
the clotting ability of the blood. If the 
doses were continued, the animals 
showed a tendency to bleed even from 
a slight scratch, and further doses pro
duced spontaneous hemorrhages. But if 
given in proper doses, Dicumarol could 
maintain blood in a state of low co
agulability for a considerable time with
out hazard of hemorrhage. These 
changes in coagulability were reversible 
and involved no organic damage. 

The first clinical trials were disap
pointing. Some investigators reported an 
alarming amount of hemorrhage in their 
patients. But this proved to be the result 
of initial inexperience and ineptitude 
in the use of the drug. It was eventually 
demonstrated incontestably that there 
was an ample margin of safety between 
the helpful and toxic doses. 

Dicumarol interferes in some way 
with the formation of prothrombin, 
which is manufactured in the liver. Pro
thrombin is a precursor of thrombin, 
which plays a key role in the clotting 
of blood. As the active agent that causes 
clotting, thrombin itself obviously is not 
present in normal freely circulating 
blood. But its precursor, prothrombin, 
is. The chain of events that leads to clot
ting is this: The initial stimulus, such as 
the cutting of a blood vessel or some 
biochemical disorder, causes the tissues 
to liberate thromboplastin, a lipoprotein, 
into the blood, possibly with the aid of 
the minute bodies in the blood called 
platelets. Thromboplastin in turn acts 
in the presence of ionic calcium con
tained in the blood to convert the pro
thrombin in the plasma into thrombin. 
Thrombin then acts on fibrinogen, a solu
ble plasma protein, to transform it into 
a relatively insoluble gel called fibrin
the clot. Now each step in this chain of 
events depends on the one before. The 
chain can be broken at any point. Ac
cordingly, to depress prothrombin sup
ply or activity is to reduce thrombin 
activity and to delay clot formation. 

This, then, is the way Dicumarol 
works: it cuts the supply of prothrombin 
and nips clotting in the bud, so to speak. 
Obviously it is a potent and potentially 
dangerous preparation. Fortunately 
there is an antidote. This is vitamin K, 
which promotes the liver's synthesis of 
prothrombin. The author and his asso
ciates were able to show in 1943 that 
in man the administration of relatively 
large quantities of vitamin K can neu
tralize a moderate dose of Dicumarol. 

Heparin is a natural anticoagulant 
that acts directly on the blood and pro
duces its effect more rapidly. Its effect, 
however, is also more short-lived. Since 
Dicumarol usually takes at least 24 hours 
to show results, the two drugs are com
monly given together-Dicumarol by 
mouth and heparin by injection. After 
the action of the Dicumarol becomes 
manifest, heparin is discontinued. 

Recently tvvo other coumarins like 
Dicumarol have been developed: Tro
mexan and Link's Compound No. 63. 
They are now undergoing clinical evalu
ation. 

A NTICOAGULANT therapy, despite 
.tl. its spectacular effectiveness, has 
been slow to spread into general use. A 
survey not long ago showed, for instance, 
that only half of the hospitals on the 
Eastern Seaboard were willing to offer 
this treatment, and individual physicians 
of course were even less able to provide 
it. The problem was that it was very 
difficult to determine the proper dose for 
an individual patient: too little anti
coagulant might fail to save the patient 
and too much might cause hemorrhage. 
Because Dicumarol operates via a cir
cuitous route, its effects are unpredicta
ble as to intensity and duration. And 
the tests for a patient's response to it 
were time-consuming and unreliable. 

Within the past year, however, a 
simple, quick and inexpensive test has 
been perfected. It employs a thrombo
plastin reagent, called Simplastin, to de
termine a patient's prothrombin activity, 
which in turn indicates the proper dose 
of Dicumarol. The test is so simple and 
rapid that it can be performed in any 
physician's office. The method was initi
ated by Armand J. Quick of Marquette 
University and was further developed 
into a procedure known as the Link
Shapiro technique. 

Already there is a great mass of evi
dence testifying to the dramatic ability 
of the anticoagulants to subdue thrombo
sis and embolism. At the Mayo Clinic 
the effectiveness of Dicumarol was 
studied in a series of 2,307 patients, 
1,513 of whom had undergone opera
tions. Of these patients 352 developed 
clots in the veins after the surgery. 
Treatment with Dicumarol held the fur
ther development of venous thrombosis 
in the afRicted patients to 3 per cent, 

instead of the normal expectation of 25 
per cent, and it cut fatalities from an ex
pected 6 per cent to none. In the same 
series 329 patients developed pulmonary 
embolism. Dicumarol limited further 
development of the embolism to 1 per 
cent, instead of the usual 43 per cent, 
and it reduced deaths from 1 8  per cent 
to 1 per cent. In another project spon
sored by the American Heart Associa
tion, some 1,000 patients with coronary 
thrombosis were divided into two equal 
groups that received the same treatment 
in every respect except that one-half re
ceived Dicumarol and the other did not. 
In the group not treated with Dicuma
rol, 23.5 per cent died; in the treated 
group, 16 per cent-a reduction in mor
tality of one-third. The Dicumarol treat
ment also reduced thromboembolic com
plications in the surviving patients; 42 
per cent of the untreated patients had 
complications but only 13 per cent of the 
treated. The results of this test are borne 
out by the routine experience of a large 
clinic, which reports that it has cut the 
mortality rate among its coronary throm
bosis patients from 25 per cent to 15 per 
cent by using Dicumarol. 

As often happens in medicine, the de
velopment of the new anticoagulant 
therapy has brought us to a much keener 
realization of the magnitude of the need 
for it. Only during the past decade, as 
the anticoagulants have come into use, 
have we begun to learn how prevalent 
thrombosis is, particularly among the 
bedridden. One hospital, for example, 
found in post-mortem examinations of a 
very large number of patients who had 
died of various diseases that 52.5 per 
cent had thromboses in the leg veins
in most cases unsuspected before their 
deaths. As a result of such findings, many 
hospitals now require surgical patients 
to get out of bed and walk within 24 
hours after leaving the operating table, 
in order to stimulate circulation and pre
vent thrombosis. 

THE way has now been opened for a 

successful general offensive against 
the deadly thromboembolic diseases. 
However, although the basic scientific 
and clinical work on anticoagulant thera
py was completed some years ago, it has 
not yet been available to the numbers 
who might be helped by it. The problem 
now is to make all physicians aware of 
thrombotic complications so that they 
recognize the conditions in the initial 
stages, and to provide reliable laboratory 
control of the therapy so that the treat
ment can be administered with a mini
mum hazard of hemorrhage. 

• 

ShepaTd Shapiro is 
assistant professor of 
clinical medicine at 
New York University. 
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THE STRUCTURE 

OF THE NUCLEUS 
The electrons in an atom tend to occupy distinct shells. What 

about particles in the nucleus? The "magic numbers" of the 

isotope chart suggest that they also have a shell arrangement 

No one has ever seen, nor prob
ably ever will see, an atom, but 
that does not deter the physicist 

from trying to draw a plan of it, with the 
aid of such clues to its structure as he 
has. He needs to construct at least a 

rough hypothetical model of the atom a, 

a starting point for attempting to under
stand its behavior. For the atom as a 
whole modern physicists have developed 
a useful model based on nur planetary 
system: it consists of a central nucleus, 
corresponding to the sun, and satellite 
electrons revolving around it, like plan
ets, in certain orbits. This model, al
though it leaves many questions still 
unanswered, has been helpful in ac
counting for much of the observed be
havior of the electrons. The nucleus it
self, however, is very poorly understood. 
Even the question of how the particles 
of the nucleus are held together has not 
received a satisfactory answer. 

Recently several physicists, including 
the author, have independently sug
gested a very simple model for the nu
cleus. It pictures the nucleus as having 
a shell structure like that of the atom as 
a whole, with the nuclear protons and 

by Maria G. Mayer 

neutrons grouped in certain orbits, or 
shells, like those in which the satellite 
electrons are bound to the atom. This 
model is capable of explaining a surpris
ingly large number of the known facts 
about the composition of nuclei and the 
behavior of their particles. 

Let us consider first the shell structure 
of the electrons, from which our nuclear 
model derives. The modern exploration 
of the atom began with the experiments 
of Ernest Rutherford at Cambridge Uni
versity early in this century. Rutherford's 
main experiment consisted in shooting 
high-speed alpha particles, the nuclei of 
helium atoms, through metal foils. The 
physicist-writer George Gamow has lik
ened this experiment to the strategy of 
an overworked South American customs 
inspector who adopted the expedient of 
shooting revolver bullets into bales of 
cotton as a quick method of finding out 
whether they contained contraband 
arms. (His bullets must have been shot 
from a revolver of very high muzzle 
velocity to penetrate the bales, but this 
small detail hardly destroys the analo
gy.) If the bale contained only cotton, 

. the bullets would pass through in ap-

proximately a straight line. If, however, 
the bale contained metal anns, some 
bullets would ricochet off them and be 
deflected at a wide angle. Rutherford 
found in his experiment that most of the 
alpha particles passed through the metal 
foil with no appreciable deflection in 
angle, though of course they were slowed 
down. But a certain small proportion of 
his projectiles were markedly deflected. 
From this it could be concluded that the 
greater part of the metal foil consisted 
of light cettonlike material, and that the 
foil also contained some heavy small 
targets capable of exerting very strong 
forces on the alpha particles. 

It was essentially from this experi
ment that the modern concept of the 
planetary atom emerged. The heavy tar
gets that deflected some of Rutherford's 
projectiles were the nuclei of atoms. Al
most all the mass of an atom is concen
trated in this small, pOSitively-charged 
nucleus. The diameter of the nucleus is 
only about a hundred thousandth that of 
the whole atom. The remaining space in 
the atom is almost empty, and in this 
space the electrons move in their orbits . 
Most of Rutherford's alpha particles 

t. 1. 
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THE CHART OF THE ISOTOPES reveals seven 
"magic numbers" (rows shaded red and black). Each 
isotope is represented by a black square. Each row out-
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lined by black lines includes nuclei with the same num
ber of protons, i.e., isotopes; each row enclosed in red 
lines shows nuclei with same number of neutrons. Since 
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never came close to a nucleus, but they 
encountered many of the light electrons 
as they passed through the outer spaces 
of the atoms and were thereby slowed 
down. 

WITH the leads furnished by Ruther
ford's experiments and by the 

quantum theory, Niels Bohr and other 
physicists went on to establish the fun
damental laws governing the motion of 
the electrons around the nucleus. In 
these studies they worked with the sim
ple hydrogen atom, which has only a 
single positive charge on its nucleus and 
a single electron. The hydrogen atom's 
electron may move in any one of a dis
crete series of elliptical orbits about the 
nucleus. Under the quantum rule only 
these specific orbits are stable, or "per
mitted," for the electron. The most sta
ble of the allowed orbits is that of low
est energy; in this orbit the electron 
keeps within about one Angstrom unit 
(11100,000,000 of a centimeter) of the 
nucleus. Here its "angular momentum" 
is zero. Angular momentum is a measure 
of the amount of rotation of a partide 
in an orbit; for a circular orbit it is com
puted as the mass times the velocity 
times the radius of the orbit. When 
measured in appropriate units (h/271', 
with h representing Planck's constant), 
the angular momentum of a permitted 
Bohr orbit is always a whole number. At 
the next higher level of energy an elec
tron is allowed any one of four possible 
orbits. One of these has zero angular 
momentum; the other three all have an 
angular momentum of one unit but dif
fer in the direction of the angular mo
mentum vector. At still higher energy 
levels the electron may have more than 
four allowed orbits. 

Besides revolving around the nucleus, 
the electron also spins on its own axis, 
just as the earth has a daily rotation in 
addition to its motion around the sun. 
The electron's spin can take one of two 
directions. This effectively doubles the 
number of permitted motions, or kinds 
of orbit, for an electron, since in any 
given orbit it may spin in one direction 
or the other. The angular momentum of 

the electron's own spin is a half-unit. 
In an atom heavier than hydrogen, 

i.e., with more than one electron, the 
electrons' motions are of course more 
complicated. Just as the orbit of the 
earth around the sun is distorted from a 
perfect ellipse by the gravitational effects 
of the other planets, so the motion of 
each electron around the nucleus of a 
heavy atom is influenced by the presence 
of the other electrons. To some extent, 
however, these effects can be averaged 
and the motion of a single electron can 
be considered to be governed by the 
averaged field of force from the nucleus 
and the other electrons. A further factor 
that must be noted is the famous Pauli 
exclusion principle: namely, that two 
electrons can never exist in exactly the 
same orbit of the same magnitude and 
direction of orbital angular momentum 
and with their spins in the same direc
tion. 

WE might liken the electronic struc
ture of an atom to that of an apart

ment house. The ground floor, or orbit 
of lowest energy, which is the most de
sirable from the electron's pOint of view, 
has a single apartment. Two electrons of 
opposite spin can occupy it. The second 
floor contains four apartments, one of 
which is at a slightly lower level than 
the others. This one has zero angular 
momentum, while the other three have 
one unit of angular momentum. Each of 
these four apartments likewise can be 
occupied by two electrons of opposite 
spin. Thus the apartment house rises, 
level by level, with a certain number of 
apartments at each level, each available 
for occupancy by a pair of electrons. The 
atomic physicist has designated the lev
els (or orbits or shells or whatever one 
pleases to call them) by a system of 
numbers and letters: the letters repre
sent the energy levels in terms of angu
lar momentum. The letter s stands for 
zero angular momentum; p for one unit 
of angular momentum, d for 2, f for 3, 
and so on. Thus the ground floor, the 
lowest orbit that can be occupied by the 
hydrogen atom's electron, with zero an
gular momentum, is called Is; the next 

orbit, that of the depressed second-floor 
apartment with zero angular momentum, 
is 2s; the next, occupied by the three 
second-floor apartments with one unit of 
angular momentum, is 2p, and similarly 
up through the higher orbits. 

Now it turns out that atoms are hap
piest and most stable when all the apart
ments at a given level are fully occupied 
by electrons; they do not like vacancies. 
For example, the single electron of the 
hydrogen atom is lonely and restless in 
its Is apartment, which as we have seen 
has room for two electrons. Hydrogen 
readily loses its electron, thereby be
coming a positive ion, or picks up a 
roommate for its lone electron, forming 
a negative ion. Hydrogen, in other 
words, is a very reactive element; it 
easily enters into chemical combinations 
with other atoms. In contrast, the helium 
atom, with two electrons, is extremely 
stable. Its two electrons fill the Is apart
ment and form a closed system. There 
is no room for more electrons in this 
orbit, and the two electrons are held so 
tightly by the two positive charges in 
the atom's nucleus that they are not 
easily separated from it. As a result 
helium does not react or combine with 
other elements. The same is true of the 
four other "noble" gases in the periodic 
table of elements-neon, argon, krypton 
and xenon. Each of these has a closed 
outer shell, fully occupied by electrons, 
and does not form ions easily or enter 
into chemical combinations. Indeed, the 
stability of the five noble gases is so re
markable that their atomic numbers-2, 
10, 18, 36 and 54-may be called the 
"magic numbers" of the periodic table_ 

This picture of the atom's electronic 
structure has been enormously useful to 
chemistry; by means of it chemists have 
been able to group the elements in fami
lies and predict their chemical behavior. 
But it tells us little or nothing about the 
structure of the nucleus. The only piece 
of information an atom's chemical activ
ity gives us about its nucleus is the num
ber of positive charges, or protons, it 
contains. The chemical nature of the 
atom is determiped by the number of its 
electrons. We know that if an atom has 

the number of protons is the same as the atomic number, 
the name of each element is given above the number of 
protons. The nuclei that contain 2, 8, 20, 28, 50,82 01' 126 

protons or neutrons are unusually stable: these are the 
magic numbers. The chart is not carried beyond, bismuth: 
that is the last element to which magic numbers apply. 
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ORBITAL ANGULAR SHELL NUMBER OF NUMBER OF 

MOMENTUM NUCLEONS IN NUCLEONS UP 

A LEVEL TO A LEVEL 

0 1s 2 

2 

I Ip 6 

8 

2 ld 10 
0 2. 2 

20 

3 11 14 
I 2p 6 

40 

4 19 18 
2 2d 10 
0 3. 2 

70 

5 Ih 22 
3 21 14 
I 3p 6 

112. 

6 Ii 26 
4 2,9 18 
2 3'd 1,0 
0 4. 2 

168 

MARGENAU CHART of nuclear energy levels supports the shell-structure 
hypothesis in part. The first three numbers in column at right match the 
magic numbers. The next four do not; at this point the scheme hreaks down. 

ORBITAL ANGULAR SHELL TOTAL ANGULAR NUMBER OF NUMBER OF 

MOMENTUM MOMENTUM NUCLEONS IN NUCLEONS UP 

A LEVEL TO A LEVEL 

0 1s 112 2 
2 

312 4 
I Ip 112 2 

8 

512 6 
2 Id 312 4 
0 2. 112 2 

20 

712 8 

I 28 

3 11 512 6 
312 4 

I 2p 112 2 
912 10 

! 50 

4 19 712 8 
512 6 

2 2d 312 4 
0 3. li2 '2 

1112 12 

t 82 

5 Ih 912 10 
712 8 

3 21 5/2 6 
3/2 4 

1 3p 112 2 
1312 14 

11t 
126 

6 Ii 12 

MAYER CHART accounts for the discrepancies hy intl'oducing the spins of 
nuclei (fractions in the center column) . "Spin-orhit coupling" splits the close
lying levels apart and creates energy gaps where the magic numhers occur. 
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a certain number of electrons, it must 
have the same number of protons in its 
nucleus to hold them. But how the pro
tons themselves are held together, how 
they interact with one another and with 
the uncharged neutrons also present in 
the nucleus-these are the great myster
ies of nuclear physics. 

The forces that bind the nucleus to
gether are very great-millions of times 
greater than those that bind electrons 
to the nucleus. We do not know how 
these forces are created. And even if we 
understood them completely, we would 
still be confronted with the tremendous 
difficulty of solving a many-body prob
lem, i.e., calculating the results of these 
forces upon a large number of protons 
and neutrons that interact with one an
other strongly and at extremely short 
range within the nucleus. The problem 
has seemed so hopeless that nuclear 
physicists have preferred to treat the 
nucleus as a "liquid drop," in which the 
protons and neutrons essentially lose 
their identity. (This approach has been 
very fruitful, particularly in studying 
high-energy phenomena in the nucleus.) 

Yet it is possible to discern some rather 
remarkable patterns in the properties of 
particular combinations of protons and 
neutrons, and it is these patterns that 
suggest our shell model for the nucleus. 
One of these remarkable coincidences is 
the fact that the nuclear particles, like 
elect!:ons, favor certain "magic num
bers. 

EVERY nucleus (except hydrogen, 
which consists of but one proton) is 

characterized by two numbers: the num
ber of protons and the number of neu
trons. The sum of the two is the atomic 
weight of the nucleus. The number of 
protons determines the nature of the 
atom; thus a nucleus with two protons 
is always helium, one with three protons 
is lithium, and so on. A given number of 
protons may, however, be combined 
with varying numbers of neutrons, form
ing several isotopes of the same element. 
Some isotopes are stable; others decay 
by radioactivity. Some of the stable 
isotopes readily add a neutron; others 
are much less inclined to do so. 

Now it is a very interesting fact that 
protons and neutrons favor even-num
bered combinations; in other words, both 
protons and neutrons, like electrons, 
show a strong tendency to pair. In the 
entire list of some 1,000 isotopes of the 
known elements, there are no more than 
six stable nuclei made up of an odd num
ber of protons and an odd number of 
neutrons. The other odd-odd nuclei 
break down radioactively by emitting a 
negative or positive electron; this change 
in charge transforms a neutron into a 
proton or a proton into a neutron and 
creates a more stable even-even com
bination of protons and neutrons. 

Moreover, certain even-numbered ag-
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gregations of protons or neutrons are 
particularly stable. One of these magic 
numbers is 2. The helium nucleus, with 
2 protons and 2 neutrons, is one of the 
most stable nuclei known. The next 
magic number is 8, representing oxygen, 
whose common isotope has 8 protons 
and 8 neutrons and is remarkably stable. 
The next magic number is 20, that of 
calcium. Calcium, with 20 protons, has 
6 stable isotopes, ranging in neutron 
number from 20 to 28. This is an un
usually large number of stable isotopes 
for the lower region of the periodic 
table. 

Among these light elements the rela
tive stability can be determined very 
accurately in terms of binding energy. 
The net mass of a nucleus is always 
smaller than the combined masses of the 
protons and neutrons of which it is com
posed. The binding energy is calculated 
from this "mass defect" by means of 
Einstein's famous relation E=mc2, with 
m representing the mass defect and c 
the velocity of light. Such calculations 
show conclusively that the nuclei with 
the magic numbers 2, 8 and 20 have 
much greater binding energies than their 
neighbors. But for the heavier elements 
above calcium the binding energies are 
not accurately determined, and we must 
judge their relative stability by indirect 
evidence. One such piece of evidence is 
the number of stable (i.e., nonradio
active) nuclei that are found to exist 
with a given number of protons or neu
trons. Another is the relative abundance 
of a given nucleus in the universe, since 
it seems reasonable to assume that the 
most abundant isotopes are the most 
stable. 

By these tests the number 50 joins the 
list of magiC numbers. Tin, with 50 pro
tons, has 10 stable isotopes, more than 
any other element, and it is much more 
abundant than neighboring elements in 
the periodic table. The same is true, to a 
somewhat lesser degree, of the number 
28. Another magic number is 126: an 
isotope with 126 neutrons holds them 
much more strongly than one with 127 
or 128. Perhaps the most remarkable 
magic number of all is 82. There are 
7 stable nuclei containing 82 neu
trons, ranging from isotopes of xenon to 
samarium. The barium isotope with 82 
neutrons accounts for 72 per cent of the 
abundance of that element, and cerium's 
82-neutron isotope represents 88 per 
cent of all the cerium. Finally, 82 pro
tons means lead, and lead is the stable 
end-product of the decay of all the heavy 
radioactive elements that may be found 
in nature. 

There are other indications of the spe
cial stability of these magic numbers. 
For instance, nuclei containing 50, 82 
or 126 neutrons do not like to add an 
extra neutron: their absorption cross
sections for fast neutrons are smaller by 
several factors of 10 than those of an 

average nucleus of nearly the same 
weight. 

T HE list of magic numbers, then, is: 
2, 8, 20, 28, 50, 82 and 126. Nuclei 

with these numbers of protons or neu
trons have unusual stability. It is tempt
ing to assume that these magic numbers 
represent closed shells in the nucleus, 
like the electronic shells in the outer part 
of the atom. To be sure, the electronic 
shells form a more distinct dividing line 
than those in the nucleus: the last elec
tron in a closed shell is held to the atom 
at least three times as strongly as the 
last electron in an unfilled shell, whereas 
in nuclei the energy difference is at most 
50 per cent. Yet the situations seem suf
ficiently similar to justify exploring t.he 
possibility that the nucleus may be tied 
together in much the same kind of shell 
structure as the electrons. 

There is another kind of evidence that 

NUCLEAR POTENTIALS are 
represented as "wells." A well with 
round edges agrees with magic num
bers better than one with square. 

supports this shell-structure hypothesis. 
It has to do with the spin of the nucleus. 
Many nuclei apparently spin about their 
axes like a top, just as the earth and elec
trons do. Since the nucleus carries a 
charge, its rotation corresponds to an 
electric current, and it behaves like a 
tiny magnet. The result is known as the 
magnetic moment of the spinning body. 
The spins and the magnetic moments of 
nuclei and of their building blocks, the 
neutron and proton, can be measured. 
It turns out that the spin of nuclei, like 
that of electrons, is "quantized": that 
is, when measured in the same units 
(h/21T) it is always a whole number or 
half a whole number. The spin of the 
proton and of the neutron has been de
termined to be 1/2-unit. Their magnetic 
moments, measured in units called nu
clear magnetons, also have been accu
rately determined. The spins of nuclei 
with an odd number of particles are all 
half of some whole odd number (e.g., 
1/2, 3/2, 5/2 and so on), and the spins 
and magnetic moments of nuclei with an 

even number of protons and of neutrons 
are zero. 

Now it is a very surprising fact, not 
expected from the general theory of the 
nucleus, that two isotopes with the same 
odd number of protons but different even 
numbers of neutrons behave very sim
ilarly. They have the same spins, nearly 
the same magnetic moments and fre
quently the same kinds of excited states. 
Take, for example, the 2 isotopes in
dium 113 and indium 115. Each has 49 
protons, but one has 2 neutrons more 
than the other. Yet both have spins of 
9/2, and their magnetic moments are 
very close in value-5.461 and 5.475 nu
clear magnetons, respectively. The extra 
pair of neutrons in the second isotope 
does not seem to affect these nuclear 
properties; in other words, the spins and 
magnetic moments in this case appear 
to be due only to the protons. On the 
other hand, a nucleus with 49 neutrons 
and an even number of protons (e.g., 
strontium-87) also has a spin of 9/2, 
though not the same magnetic moment. 
As far as nuclear spin goes, 49 neutrons 
behave just like 49 protons. This seems 
to be the general rule for the lighter 
isotopes of mass number less than 120. 

On the basis of these observations the 
German physicist T. Schmidt many years 
ago made the radical suggestion that it 
is not the nucleus as a whole that spins. 
Instead, in nuclei with an odd number 
of particles the properties of spin and 
magnetic moment are due entirely to the 
last odd particle, be it a proton or a neu
tron. The structure of odd nuclei is thus 
pictured very simply. The nucleus has a 
spherically symmetrical core of an even 
number of neutrons and protons. The 
core has no spin. Around it revolves the 
last odd particle. Its motion alone deter
mines the spin and magnetic moment of 
the nucleus. 

It is curious to find that, as the evi
dence of the magic numbers and of the 
nuclear spins suggests, protons and neu
trons behave with considerable inde
pendence of each other in the nucleus. 
Such independence is unexpected from 
the standpoint of current nuclear theory. 

The angular momentum of a particle's 
orbit alone is always a whole number. 
But the particle's total angular momen
tum is the sum of its orbital momentum 
and its own spin. Hence the total angu
lar momentum of a nucleus always has a 
half-integer value, since protons and 
neutrons, just as electrons, spin about 
their own axes with an angular momen
tum of 1/2. This spin can be parallel or 
anti-parallel to the orbital angular mo
mentum; that is, it can be directed so as 
to add 1/2 or to subtract 1/2 from the 
orbital angular momentum. Consequent
ly a measured spin can correspond to 
either of two different orbits. 

That such a picture is not too far from 
the truth is borne out by the measured 
values of magnetic moments. From this 
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SPIN and orhital angular momentum are depicted in 
this diagram. The spin is indicated hy the circular 

arrow ahove the particle. The orhital angular momen
tum is the mass of the particle times R times V, 

simple model it is possible to compute 
the theoretical magnetic moment of a 
given nucleus. The agreement between 
the predicted and measured magnetic 
moments is reasonably good. 

THUS the spins and magnetic mo
ments lead to a description of the 

nucleus in terms of orbits of single par
ticles. One can then picture the building 
of the structure of the nucleus as the 
gradual filling up of single-pmticle orbits 
by neutrons and protons, in the same 
way as electrons build the atom. The 
single-particle orbits for one nuclear par
ticle are determined by the average field 
of the others. The orbits can be de
scribed by the letters used to designate 
the quantized orbital angular momen
tum of electrons: s=O, p=l, d=2, f=3, 
g=4, h=5, i=6. Since neutrons and 
protons obey the Pauli principle, the s 

level has room for just two protons and 
two neutrons, as in the case of electron 
orbits; the p level has room for six, and 
so on. In this scheme the magic numbers 
should correspond to closed shells; that 
is, they should indicate the boundaries 
where one level is filled and the next 
level is appreciably higher. 

The order of levels, or the number of 
particles in a level, depends on the form 
of the nuclear potential. The simplest 
guess we can make about the potential 
is to compare it to a well: no force is 
acting on a particle outside the well 
(i.e., outside the spherical nucleus), 
and none inside. But at the edge of 
the well (at the surface of a spherical 
shell) a strong attraction takes place. 
The change in attraction may be more 
or less abrupt. A series of very abrupt 
transitions would be represented by a 
well with square edges; a more gradual 
transition by a well with rounded edges. 

The structure of levels that would ob
tain if the well had square edges has 
been calculated by the Yale University 
physicist Henry Margenau. The result is 
shown in the table at the top of page 
24. The table gives the number of neu
trons or protons each level can hold and 
the cumulative numbers that fill all the 
levels up to a given point. The same 
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type of calculation for wells with round
ed edges divides each level into two or 
more levels of the same or nearly equal 
energy; in the table these closely ad
jacent levels are grouped together, with 
breaks between the gaps. 

This scheme explains perfectly the 
smaller magic numbers, up to 20. The 
lowest level can contain no more than 
two particles. The next level, or p-shell 
with angular momentum 1, has three 
different orbits, each of which can be 
occupied by two nucle

'
ar particles with 

opposite spin. These six particles in the 
p-shell, plus the two in the ground state, 
correspond to the stable form of oxygen 
with eight neutrons and eight protons. 
The next two levels, Id and 2s, which 
lie close together, have room for 12 
more nuclear particles, and these bring 
us to the magic number 20. 

From here on the scheme seems to 
break down. In this table there is no 
sign of the magic numbers 28, 50, 82 
and 126. It is pOSSible, however, to ar
rive at them by taking into account an 
effect which is very small and unimpor
tant for electrons but apparently not for 
nuclear particles. 

A nuclear particle can align its own 
1/2-unit spin parallel or anti-parallel with 
the angular momentum of its orbit. Thus 
its total angular momentum can be the 
orbital angular momentum plus 1/2 or 
minus 1/2. This splits its orbit into two 
possible levels. There is a considerable 
difference of energy between these two 
levels, brought about by what is called 
"spin-orbit coupling." The strength of 
the coupling increases with increasing 
angular momentum, and one would ex
pect it to decrease with increasing size 
of the nucleus. Consequently the great
est split in such a pair of levels should 
occur at the beginning of a group of 
closely adjacent shells, where relatively 
high angular momentum is combined 
with a relatively small nucleus. Suppose 
that a wide split of this kind occurs at 
the Ig level. Then it is no longer correct 
to treat the Ig level as a single level with 
room for 18 particles. Instead, it will 
divide into two levels with room for 10 
particles in its lower level. This lower 

level will be depressed toward the next 
lower group, consisting of the 1£ and 2p 
shells, as listed in the Margenau table. 
The 10 particles, added to the 40 up to 
that point, make the magic number 50. 
Above this there is an energy gap, cre
ated by the spin-orbit coupling. 

The table at the bottom of page 24 
shows how the various levels are revised 
when allowance is made for spin-orbit 
coupling. Now the larger magic numbers 
come into the scheme: thev all occur at 
the places where spin-orbit coupling has 
its greatest effect. 

This level scheme is in excellent agree
ment with the observed spins and mag
netic moments of odd-numbered nuclei. 
Among the approXimately 90 spins and 
73 magnetic moments that have been 
measured so far there are only four se
rious disagreements with the theory. 

T HE shell model can explain other 
features of nuclear behavior, includ

ing fhe phenomenon known as isomer
ism, which is the existence of long-lived 
excited states in nuclei. Perhaps the most 
important application of the model is in 
the study of beta-decay, i.e., emission of 
an electron by a nucleus. The lifetime of 
a nucleus that is capable of emitting an 
electron depends on the change of spin 
it must undergo to release the electron. 
Present theories of beta-decay are not in 
a very satisfactory state, and it is not 
easy to check on these theories because 
only in a few cases are the states of radio
active nuclei known. The shell model 
can help in this situation, for it is cap
able of predicting spins in cases in which 
they have not been measured. 

Certainly the simple model described 
here falls short of giving a complete and 
exact description of the structure of the 
nucleus. Nonetheless, the success of the 
model in describing so many features of 
nuclei indicates that it is not a bad ap
proximation of the truth. 

-
Maria C. Mayer is a physicist with 
Argonne National Laboratory and 
the Institute of Nuclear Studies 
at the University of Chicago. 
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The electrons landed here ... 
. . . and the diffraction pattern they left on this plate measures the split

ting of the laminae in a lOOO-Angstrom-unit-thick sheet of bent mica 

through which they passed. 

For industry, electron diffraction patterns are revealing and identifying 

oxides on non-ferrous metals, the faint beginnings of corrosion on steel, 

scale in distillation equipment, crystal formations in chemical processes

thin films of all kinds. 

A host of fine instruments that are serving science and industry today 

are built. around the simplicity, the economy, the easy reproduction, and 

the incontrovertibility of photographic recording. We make the special

ized sensitive materials they require-for electron diffraction and elec

tron micrography, for spectrochemistry, for x-ray diffraction, for mass 

spectrography, for work in the infrared and the deep ultraviolet, for auto

radiography with radioisotopes, for capturing tracks of cosmic ray 

primaries in the upper atmosphere and mesons in the great nuclear accel

erators, for analyzing the stuff that distant galaxies are made of. We make 

these photographic materials in a great variety of mechanical specifica

tions to fit your needs with optimum convenience. If you will write us 

what those needs are, we shall be glad to make recommendations. East

man Kodak Company, Rochester 4, N. Y. 

RECORDING FACTS 

. • .  t he scientific function of photography 
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PROJECT: All-purpose automatic 
humidifier co sell armoderate price. 

CUSTOMER: Daffin Manufactur
ing Co., Lancaster, Pa. 

MOLDER: American InsulatorCo. 

MATERIAL: Center pan, motor 
mount and hood, Durez phenolics. 

This humidifier shows "high-cost" ideas 
are made financially practical for wider 
use . _ _  and wider sale _ . . with the aid of 
men who mold Durez plastics. 

The Daffin Model 500 is a small counterpart 
of Daffin industrial humidifiers. Anxious to 
make humidification economical for hatchery 
and farm use in egg storage rooms, cold 
stora�e rooms,_ chemical plants, textile mills, 
hospitals, and In the home, this company de
veloped a small motorized unit capable of 
evaporating over 3 pounds of water per hour 
at a current cost of 3 cents a day. 

With engineering details completed, the 
problem was put up to the custom molder_ 
For three principle parts, the molder recom
mended a Durez phenolic especially developed 
to withstand the heat and moisture encoun
tered in humidifiers. Durez possesses excellent 
molding qualities and dimensional stability 
and is formed into complicated parts at a frac: 
cion of the cost of the usual metals. 

Your molder is always a good man to con
sult when better appearance, faster production, 
or lower cost are your objectives. He uses the 
counsel of Durez technicians, who specialize 
in the most versatile group of plastics the 
phenolics. Call on him .... and them ... f;eely. 

Ottr monthly "Dttrez Plastics News" will 
keep YOtt informed on indttstry's IISeS of 
D,lrez. Ask liS to send a copy regttlarly. 
Dttrez Plastics & Chemicals, Inc., 803 
Walck Road, North Tonawanda, N. Y. 

MOLDING COMPOUNDS 

INDUSTRIAL RESINS 

PROTE(TlVE (OATING RESINI 

Phenolic Plastics that fit the ;0& 
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Blasts and Reports 

�ST month the Atomic Energy Com-
mission Simultaneously issued its 

Ninth Semiannual Report and set off a 
series of nuclear explosions on its new 
testing range near Las Vegas, Nev. The 
explosions were highly secret; the AEC 
described them only as "nuclear detona
tions," and Chairman Gordon Dean 
added mystifyingly, "I don't think it 
would be fair to call them bombs." 
Flashes of light were observed as far as 
Boise, Idaho, 500 miles away. Within a 
few days observers in the eastern U. S. 
and Canada, 2,300 miles from the testing 
range, began to report a slight increase 
in the radioactivity of the atmosphere. 

The first explosion, coming without 
warning, caused some to think that "the 
Russians were bombing Hoover Dam"; 
by the third, the citizens of Las Vegas 
were becoming hardened. But the 
fourth, obviously greater than the pre
ceding ones, shook the town like an 
earthquake and broke some windows. 
The AEC issued a general alert to Las 
Vegans to stay away from windows at 
dawn, the chosen time for the tests. On 
February 6 came the fifth and most pow
erful blast of the series. Cameras sta
tioned on Mount Wilson, near Pasadena, 
Calif., recorded the flash on television. 
The AEC announced that for the time 
being it had concluded its tests. 

The Commission's Semiannual Report 
announced a continuing rise in the pro
duction and improvement of atomic 
weapons. It disclosed that the Experi
mental Breeder Reactor at Arco Idaho 
is expected to begin operating by spring ; 
the reactor will operate a small turbo
generator and produce the first nuclear
fueled electricity. In a separate an
nouncement the AEC also said it had 
started a study of ways and means to 
permit private industry to build power 
reactors. The tentative plan is for the 

SCIENCE AND 
AEC to provide the fissionable fuel, the 
companies to produce power and plu
tonium, and the AEC to buy the pluto
nium. Companies equipped to handle the 
job were invited to take part in the study. 

The Semiannual Report briefly de
scribed several new research findings in 
AEC laboratories. One new develop
ment is the acceleration of carbon nu
clei as projectiles for bombarding other 
nuclei; previously the largest projectile 
used had been the alpha particle, or 
helium nucleus. The University of Cali
fornia's 60-inch cyclotron accelerated 
nuclei of carbon 12 and 13 to energies 
of over 100.million electron volts. Bom
bardment of elements with these heavy 
particles transmuted them into consider
ably heavier ones in a single step: thus 
the carbon bombardment changed gold 
197 into astatine 205 and aluminum 27 
into chlorine 34. The application of this 
technique to uranium may make possi
ble the production of larger amounts of 
the synthetic elements americium, curi
um, berkelium and californium. 

AEC physicists have also succeeded 
in fissioning several medium-weight ele
ments, such as copper, bromine and sil
ver. The report says that apparently any 
element can be split if it is bombarded 
energetically enough, but such fissions 
do not yield energy; they absorb more 
than they produce. The fission products 
include a wide range of fragments, from 
neutrons and protons to nuclei of chlo
rine and sodium. 

The bulk of the report is devoted to 
the Commission's forms of contract and 
relations with contractors. In a brief 
section on security investigations, it 
announces that 200,000 employees and 
candidates for employment have been 
loyalty-checked since January, 1947. Of 
these 1,600 were denied clearance or 
quit their jobs while being investigated. 

Another development in the field of 
atomic energy was an announcement 
that Canada is preparing to build a new 
heavy-water atomic pile much larger 
and more powerful than the present 
reactor at Chalk River. The new pile, 
costing $30 million, will be used to study 
breeding of fissionable materials and 
power production, and to produce more 
radioisotopes for therapy and research. 

Light Without Glare 

A NEW principle of lighting has been 
developed by engineers of Sylvania 

Electric Products, Inc. It provides an 
area source of light, instead of the point 
source of the incandescent lamp or the 
line source of the fluorescent tube. 

The new system uses the phenomenon 
of electroluminescence. A fluctuating 
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THE CITIZEN Tall Tale 
DOW CORNING SILICONE NEWS 
NEW FRONTIER EDITION 

electric field is applied to a phosphor to 
make it glow. This direct conversion of 
electricity into light permits great sim
plicity of design. There is no sealed bulb 
or tube. The phosphor may simply be 
incorporated into a nonconducting film 
which is laid down on a sheet of con
ducting glass with a metal backing. The 
lamp can be made of any size and shape; 
any surface from a clock face to a whole 
ceiling may be rendered luminous. 

The engineers who are developing the 
technique say one of its great advantages 
is that it can give light without glare, 
since luminescence spread over a large 
area can provide the same total illumina
tion as a conventional lamp with much 
less brightness per unit area. 

Weather Improvers 

A GROUP of Western ranchers and 
farmers have banded together to 

form the National Weather Improve
ment Association, under the slogan, 
"Everybody talks about the weather, but 
we do something about it." Their chief 
tool is cloud-seeding. At their founding 
convention two months ago in Fort Col
lins, Col., they exchanged experiences 
and agreed that the weather can cer
tainly be improved. 

Leo Horrigan, a wheat grower who is 
also presi1:lent of the Horse Heaven Wa
ter Development Corp., said: "We're 
pioneering a brand new science." He 
cited two storms that had taken place 
on his ranch in the state of Washington 
within two weeks. The first storm was 
seeded with crystals while it was devel
oping; the second was not. "The seeded 
storm," reported Horrigan, "gave us a 
gentle, even rain over the whole area. 
The other produced only about .02 
inches of rain at our ranch house, but 
when I went down to the lower end of 
the ranch, I found everything under wa
ter, crops ruined, and half a mile of road 
washed out that cost the county several 
thousand dollars to rebuild. Next time a 
storm like that comes up, you may be 
sure we will seed it." 

This spring and summer various 
groups will sponsor cloud-seeding proj
ects covering a total of more than 100 
million acres of the U. S. The Associa
tion voted to raise money to help its 
members fight possible lawsuits "in 
which, because of ignorance, artificial 
nucleation gets blamed for violence com
mitted by nature." 

The Third Wave 

MOST of the seismologist's informa
tion about earthquakes has come 

from study of two types of waves, known 

Winterizing recalls the time Davy 
Crockett climbed Daybreak Hill. 
Found the earth froze fast on her 
axis; sun congealed in his own 
sweat. So Davy took a ton of bear 
oil; worked it in his hands 'till it 
melted over sun's face and earth's 
axis. Then he give earth's cogwheel 
a backward kick to loosen the sun. 
Earth grunted and started to turn. 
Dawn broke late but mighty beauti-
ful that Janu morning. 

to Fabulous Fact 
We've speeded things up some 
since Crockett's time; shoved the 
North Pole closer to the equator; 
made adequate lubrication increas
ingly difficult and essential. Un
happily, like bear oil, even the best 
organic lubricants are still tied to 
the weather's apron strings; none is 
useful at both high and low tem
peratures; none is serviceable for 
long at 250°-500°F. 

That's why Dow Corning Sili
cone oils and greases are among the 
Fabulous Facts of our times. They're 
practically unchanged by tropic 
heat or arctic cold. They make oven 
conveyor systems operable without 
continuous maintenance; offer a 
potential saving of S45,000,000 a 
year in the bearings of ind ustrial 
motors alone; make permanent 
lubrication a practical reality. 

POtV� 
S��&4,Atu4 

Write todoy for Cotolog W-3 
DOW CORNING CORPORATION 

MIDLAND, MICHIGAN 
Atlanta 0 Chicago 0 Cleveland 0 Dallas 

Los Angeles 0 New York 0 Washington, D. C. 

T H I R D o F A SER·IES 

TORONTO: Fiberglas Canada Ltd. LONDON: Midland Silicones Ltd. PARIS: St. Gobain, Chauny de Cirey. 

If YOU WEAR GLASSES try Sight Savers and see how well silicones clean, 
polish and protect eyeglasses. SIGHT SAYERS are the new, popular Dow 
Corning Silicone treated tissues that KEEP YOUR GLASSES CLEANER. 

10c a' al/ drug a.d ,obacco cou.'.". 

29 

© 1951 SCIENTIFIC AMERICAN, INC



Arthur D. Little, Inc. 
announces 

NEW 
and Advanced Equipment 

for 
Science and Industry 

3; 
Now commercially available from 

the Mechanical Division of 
Arthur D. little, Inc. 

New, Low Pressure He
lium Liquefier. Pro
duces 4 liters liquid he
lium per hour. Main
tains temperatures 
down to -271 cC. Li
quefies other gases, such 
as 0" H" N,. Avail
able as proven equip
ment. 

ADL COLLINS 

HELIUM 

CRYOSTAT 

ADL 

ELECTROMAGNET 

Compact, Multipur
pose Research Elec
tromagnet. Weighs 
only 2 tons. Produces 
field strength up to 
30,000 gauss with 20 
K W. Provides variety 
of field patterns -
interchangeable pole 
pieces. Available as 
proven equipment. 

Self-contained, Gas
eous Helium Cycle 
Refrigerator. To pre
vent evaporation loss 
from tanks containing 
liq uefied gases such as 
liquid oxygen and 
liquid hydrogen. 

� .. . .. • . , ; . 

� 
ADL HEL IUM 

REFRIGERATOR 

A safe, convenient method for liquefying 
hydrogen or practically any other gas. 
Based on the proven, low-pressure, gas
eous helium refrigerating cycle used so 

ADL HYDROGE N 

LIQUEFIER 

successfully in our 
ADL Collins He
lium Cryostat. 

These aTe but a few examples of Arthur D. 
Little Mechanical Division's services in devel
oping specific items from· the idea through the 
complete manufactured unit. 
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WRITE FOR FULL INFORMATION 

Arthur D. Little, Inc. 
MECH A N IC A L  DI V I SI O N  

30 MEMORIAL DRIVE, CAMBRID GE 42, MASS. 

RESEARCH. ENGINEERING • TECHNICAL.�ECONOMICS 
ADVANCED EQUIPMENT 

as the preliminary and the surface 
waves, which travel through the earth at 
speeds of five miles and three and a half 
miles per second respectively. In 1935 
L. Don Leet of the Harvard Seismo
graph Station discovered a third wave 
that trails after the first two at only one 
mile a second, but its route was a mys
tery. Now Leet and two associates have 
located its pathway: it travels along the 
sediment on the ocean floor, bouncing 
back and forth between the roof of the 
sediment and the underlying rock. Leet 
believes that investigation of the third 
wave may yield new information on the 
contours of the ocean floors. 

Housewives' Fatigue 

DISHPAN hands and the other occu
pational hazards of housework are 

no joke. The American Medical Women's 
Association has recently collected the 
facts, and it reports grimly that house
wives and domestic workers are subject 
to many occupational disabilities, rang
ing from sore feet to reproductive dis
orders and melancholia. 

The Association obtained data from 
women doctors in 17 countries. One 
British study of 194 housewives dis
closed that 34 per cent had frequent 
colds and coughs; 27 per cent had rheu
matic pains; 15 per cent had severe 
headaches; 12 per cent had disabling 
varicose veins; 79 per cent complained 
of fatigue, anxiety and depression; and 
78 per cent had flat feet, corns or bun
ions. 

Injury to reproductive organs, usually 
caused by starting back to work too soon 
after childbirth, is common. Many 
women injure muscles and tendons by 
carrying too heavy bundles; many have 
deformed feet from too much standing 
and stooping and wearing the wrong 
kind of shoes. Long hours, overcrowding 
and lack of labor-saving devices are al
most universal complaints. The poorest 
health is found in women who have to 
work both in the home and at outside 
jobs; they frequently suffer from "worry 
and melancholia." 

In India only one third of the families 
surveyed had their own kitchens, and 
still fewer their own bathrooms. In many 
places "the water supply is restricted to 
certain hours of the day or night, the 
housewife having to get up at 4 a.m. in 
order to draw her day's water supply." 
Great Britain reported that "food pat
terns seemed to revolve around the 
breadwinner, and it was evident that if 
deficiencies were to be remedied and the 
housewife's dietary habits improved, the 
man would have to be converted to new 
ideas." Dr. Doris OdIum of Britain found 
that unnecessary work is one cause of 
frustration and dissatisfaction. "Many a 
young woman begins her married life 
by doing too much for her husband and 
children." 

There is little protective legislation 

for domestic workers in any of the 17 
countries. In Israel an 8- or 9-hour day 
and occasional vacations for housewives 
have been achieved by communal house
keeping; in the U. S. social security has 
just been extended to domestic workers. 
The physicians who took part in the 
symposium suggest that much could be 
done to improve the lot of houseworkers 
by providing them with training in effi
cient methods of work and the proper 
use of muscles. The Italian Association 
of Women Physicians proposes that 
women architects and houseworkers be 
consulted in the design of houses. Some 
urge that public health officials take a 
hand in the situation. Curiously, none of 
the consultants suggested that women 
seek relief by trying to get the man of 
the house to share the work. 

Hormone Research 

A TOTAL of $2.3 million of Federal 
funds will be spent this year for 

study of cortisone and ACTH, in an un
precedented program of concentrated 
medical research. More than $2 million 
of this has already been allocated in 129 
separate grants to workers in hospitals, 
universities and other research institu
tions. Leonard A. Scheele, Surgeon Gen
eral of the Public Health Service, an
nouncing these grants, said: "It is likely 
that the most dramatic period of steroid 
therapy is about concluded and that we 
are now entering a period of basic re
search which may ultimately lead to a 
new era in medicine." 

In the main the grar.ts will be used 
for testing the hormone� against diseases 
"which have always had a discouraging 
outlook." The tests fall into two catego
ries: 1) appraisal of the drugs for illnesses 
such as leukemia, where preliminary re
sults are hopeful but inconclusive; 2) 
follow-up work on conditions such as 
rheumatoid arthritis, rheumatic fever, 
asthma and ulcerative colitis, where the 
value of the drugs is proved, but more 
knowledge is needed to make treatment 
as effective as possible. This includes 
standardization of the best treatment 
schedule, prevention of undesirable ef
fects and, above all, determining how 
and why the drugs work, with the ulti
mate goal of preventing the disorders. 

"Many isolated answers will be forth
coming," said Dr. Scheele. "It can be 
said that one day all these answers will 
probably be correlated into the expres
sion of a single unifying action which is 
central to the over-all problem of health 
and disease. If and when this occurs, 
medicine then may be practiced on the 
total organism rather than at the site of 
disease or disability." 

Yogi 

THE British medical journal The Lan
cet, which is not often carried away, 

recently published a report entitled "Re-
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markable Feat of Endurance by a Yogi 
Priest. " It was an eyewitness account of 
a performance seen by ;:n Indian doctor 
named Rustom Jal Vakil, a member of 
the Royal College of Physicians. Dr. 
Vakil wrote: 

"On Wednesday, Feb. 15, 1950, at 
precisely 5 p.m., Shri Ram.dasji, �n ema
ciated sadhu of hyposthemc habItus and 
middle age, entered an airtight subter
ranean concrete cubicle on one of the 
main highways of Bombay city. The act 
was witnessed at close quarters by well 
over 10,000 spectators. 

"The walls of the cubicle were con
structed of slabs of concrete 7 in. thick 
firmly cemented at the edges to make the 
cubicle both airtight and watertight; the 
total air capacity of the cubicle worked 
out at 216 c. ft.; the lid was another slab 
3 in. thick. All six walls of the concrete 
cubicle were studded internally with 
thousands of iron nails 3 in. long, most 
of them old and rusty. 

"After the sadhu had sat down with 
legs crossed in the subterranean cham
ber, the lid was put on and sealed with 

� cement. . . .  
"Exactly 56 hours [later] a narrow 

opening was bored into the lid, and with 
the aid of a fire-hose about 1,400 gallons 
of water was introduced into the con
crete cubicle, the narrow opening being 
subsequently sealed .. . .  Then for about 
six and a half hours the sad/nt remained 
within the cubicle in a state of almost 
complete immersion. 

"At 8 a.m. on Sunday morning the 
concrete lid of the cubicle was detached 
and the yogi lifted out of the water . . .  
and immediately subjected to a clinical 
examination by me. He was in a state of 
semiconsciousness or stupor with closed 
eyes and flaccid limbs. The pupillary re
flexes were present but sluggish. The 
pulse, whose rate was quite regular at 
80 per minute, was of low volume . . . .  
Th� respirations were only 8 to 10 per 
minute and regular. After a few whiffs 
of smelling salts, the sadhu opened his 
eyes and took heed of his surroundings. 
Except for some scratches and cuts over 
the lower extremities and trunk he ap
peared none the worse for his gruelling 
experience. He had remained within the 
concr��e cubicle for just over sixty-two 
hours. 

In trying to account for these remark
able events, Vakil recalled that J. B. S. 
Haldane, the British biologist, once en
closed himself in an airtight tank for an 
hour without sustaining any harm. Hal
dane calculated that a man lying per
fectly still needs only 12 cubic feet of 
oxygen a day; on t;1at basis the yogi 
could have held out for 86 hours instead 
of only 62. Nonetheless, Vakil found the 
feat startling enough. 

Some of The Lancet's medical readers 
sniffed. Several correspondents prompt
ly wrote to point out that 1,400 gal
lons will not go into a space of 216 cubic 
feet. 

OPTICAL 

EQUIPMENT 

OPTICAL ALIGNMENT FIXTURE 

to meet your needs 

• CHECKING DIMENSIONAL CHANGES 

• MEASURING LIGHT SCATTERING 

• HIGH TEMPERATURE MICROSCOPY 

• SOLVING UNUSUAL GAUGING PROBLEMS 

• MODIFYING STANDARD INSTRUMENTS 

• DETECTING STREAKS AND TURBIDITY 

• CONTROLLING MACHINE OPERATIONS 

• PRODUCTION FIXTURES INCORPORATING 

OPTICAL SYSTEMS 

• CHECKING ALIGNMENT OF JIGS, FIXTURES, 

AND MACHINE TOOLS 

For quick and willing cooperation, wire,phone or • •• 

Write Dept. P178 

Wherever you need greater 
precision and higher quality 
plus lower production 
costs, it is wise to consider 
optical methods. American 
Optical Company's large 
and experienced research 
and development staff 
is ready to assist you in 
designing special optical 
equipment, or recommend. 
ing suitable standard 
instruments ... is ready 
also to furnish any optical 
components and complete 
optical systems that may 
be needed in your own 
products. 

American � Optical 
COMPANY 

INSTRUMENT DIVISION . BUFFALO 1). NEW YORK 
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DOUGlAS GLOBEMASTER II 
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ONLY .... A FLEET OF C-1245 COULD AIRLIFT AN ENTIRE 
,""'� -

INFANTRY DIVISION AND ALL ITS EQUIPMENT 

Quickly the giant Globemaster II brakes to a stop. Its clamshell doors 
fold back. Down comes the self-contained ramp. And seconds later 
battle-ready troops are pouring out of her monstrous belly. Nearby 
other C-124s unload such divisional equipment as M-24 tanks, 155 mm. 
Long Toms, bulldozers, trucks and scrapers. 

A fleet of these new Douglas transports could airlift all the personnel 
and equipment of an entire 16,OOO-man airborne division from Boston, 
Mass., to Brest, France, in a singLe flight! 

Designed to meet the vital need for aircraft to support global oper
ations, the C-124 has been ordered in quantity by the armed forces. 
Already a certain number are in active service. 

Over five years of careful planning and development work by Douglas 
and the military have made possible this revolutionary airplane. Such 
pioneering is typical of Douglas engineers, who are today turning their 
attention to advance-type combat planes with jet, rocket and turbo-prop 
propulsion. Douglas Aircraft Company, Inc. 

Skilled engineers and technicians find Douglas a good pLace to work! 

�ORLD'S LARGEST BUILDER Of AIRCRAFT fOR 30 Y EARS .... MILITARY AND COMMERCIAL TRANSPORTS 
:IGHTERS ... ATTACK PLANES .... BOMBERS .... GUIDED MISSILES " elECTRONIC EQUiPMENT .... RESEARCH 
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Milestones in heart research 

IN THE EIGHTEENTH CENTURY, an English clergyman, the Rev. 
Stephen Hales, reasoned that if the blood circulated, there 

must be pressure behind it. He proved his theory bv inserting 
a glass tube in one of the main arteries of a horse. Blood spurted 
eight feet into the tube. 

H ALES
' 

CRUDE DEVICE was a forerunner of the modern blood 
pressure machine which helps doctors detect disorders 

of the heart and circulation. 

Progress has a price 
Today, heart research is opening the way to tremendous ad
vances in the treatment and prevention of the heart diseases. 

Continued progress has a price, the price of research. The 
life of a friend, a neighbor - perhaps your own - may well 
depend on our willingness to pay that price. 

So why not strike a blow at heart disease now - TODAY -
with a generous gift to the 1951 Heart Fund . 

. � ........................................... � 
Send your gift to "HEART" ..... ,..-.. 

Send this coupon with your contribution. 
Address it to Heart, care of your post office. 

Here is my gift of $".-___ _ 

to help fight heart disease. 
NA:\fE 

ADDRESS ____________ _ 

ClTY ______ ZONE __ STATE __ _ 

TO FIGHT HEART DISEASE 

1951 HEART FUND 
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CHROMATOGRAPHY 
Some 50 years ago a Russi�n botanist devised a way of separating 

the pigments of. a green leaf. Now the method has been developed 

to fractionate a host of mixtures of subtly different substances 

by William H. Stein and Stanford Moore 

If a petroleum ether solution of chlo
rophyll is filtered through a column of 
an adsorbent (I use mainly calcium car
bonate which is stamped firmly into a 
narrow glass tube), then the pigments, 
according to the adsorption sequence, 
are Tesolved from top to bottom into 
various colored zones .... Like light 
rays in the spectrum, so the different 
components of a pigment mixture aTe 
resolved on the calcium carbonate col
umn according to a law and can be 
estimated on it qualitatively and quanti
tatively. Such a preparation I term a 
chromatogram, and the corresponding 
method, the chromatographic method. 
It is self-evident that the adsorption 
phenomena described are not restricted 
to the chlorophyll pigments, and one 
must assume that all kinds of colored 
and colorless chemical compounds are 
subiect to the same laws. 

I
N THESE FEW words a 34-year-old 

Russian botanist named Michael 
Tswett in 1906 described a new 

technique which, to quote a later com
ment, "was destined to influence the life 
of man and beast the world over." As the 
author of this comment, H. H. Strain of 
the Carnegie Institution of vVashington 
at Stanford University, went on to ob
serve, Tswett's chromatographic tech
nique provided scientists with a "par
ticularly efficient procedure for the prep
ar'ation of chemical compounds in a high 
state of purity. Isolation and identifica
tion of chemical substances, prerequi
sites to investigations of composition and 
molecular structure, were brought to a 
new state of perfection." Chromatogra
phy eventually made feasible the isola
tion of "numerous ephemeral sub
stances" such as vitamins, drugs and 
pigments, and revealed "undreamed-of 
reactions" in living cells. 

It would be pleasant to record that 
Michael Tswett received in his lifetime 
the acclaim warranted by his discovery. 
Such, however, is not the case. A quar
ter of a century elapsed before science 
began to make wide use of his findings. 
Since 1930, however, ·the applications 

of chromatography have been legion. By 
now literally thousands of papers have 
appeared describing investigations in 
which the method has been used in one 
way or another. This article will attempt 
to trace in broad outline the develop
ment and application of the technique. 

Chromatography utilizes the phenom
enon of adsorption. This may be defined 
as the adhesion of a thin layer of mole
cules of a gas, a dissolved substance or 
a liquid to the surface of a solid body. 
Adsorption is well known as a method 
for removing impurities. For example, 
the common gas mask contains charcoal 
to adsorb the molecules of a noxious gas 
contaminating the air breathed in by·the 
wearer. In the sugar industry charcoal 
is employed to remove colored impuri
ties from concentrated cane-sugar solu
tions so that a clear white crystalline 
product may be obtained. 

Adsorption is also frequently used for 
the concentration of a desired substance 
as, for example, in the isolation of the 
antibiotic drug streptomycin from its 
mold culture. The drug was adsorbed 
on charcoal, along with some other sub
stances, and was separated from many 
of the unwanted products in the culture 
by simply filtering off the charcoal
streptomycin combination. The condi
tions were adjusted so that streptomycin 
would be almost completely adsorbed 
in a single "batch adsorption" step. A 
concentrated but still' rather impure 
preparation was obtained when the drug 
was dissolved from the charcoal with a 
solvent. If only this batch method were 
employed, the operations of adsorption, 
filtration and elution (dissolving off) 
would have to be repeated many times, 
employing fresh adsorbent and fresh 
solvent each time, to obtain material of 
a high degree of purity. 

TsweU's Column 

The great value of Tswett's chroma
togram is that it provides a very simple 
device for carrying out repeated adsorp
tions and elutions continuously. The 
chromatogram consists essentially of a 

glass tube filled with a specially pre
pared adsorbent. A solution of the mate
rial to be fractionated is added to the 
top of the column of adsorbent. After it 
has drained into the adsorbent, fresh 
solvent is percolated through the col
umn. The granules of each layer of ad
sorbent, and the small volume of liquid 
that surrounds them, act as a single 
batch adsorption stage. As the solvent 
flows away from the first layer of gran
ules and surrounds the granules of the 
next layer, a second batch adsorption 
occurs, and so on down the column to 
give the equivalent of hundreds or thou
sands of individual stages. In this man
ner a liquid flowing slowly through a 
packed column performs continuously a 
number of operations which would re
quire an impossible amount of time and 
labor to perform individually. 

One important difference should be 
noted between the single batch adsorp
tion in the process we have described 
for the purification of streptomycin and 
a single adsorption stage in the chro
matogram. Under these particular con
ditions the adsorption of streptomycin 
from the mold culture is essentially a 
one-way process. In order to dissolve 
the drug from the adsorbent, a solvent 
(acidic alcohol) that is different from 
the original medium is required. In the 
chromatogram, on the other hand, ad
sorption and elution frequently take 
place with the same solvent. Thus the 
molecules of a given compound in the 
solution are continuously shuttling back 
and forth in a reversible equilibrium 
between the flowing solvent and the 
stationary adsorbent. When the advanc
ing front of solvent carries these mole
cules down to an unoccupied layer of 
adsorbent, the molecules leave the solu
tion and are bound at the surface of the 
adsorbent. As soon as the influx of new 
solvent from above dilutes the dissolved 
material to less than a certain concen
tration, the adsorbed molecules are again 
released into solution. Thus a given com
pound travels down the chromato
graph column as a zone, the leading 
edge of which is continuously inching 
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CHROMATOGRAPHIC SEPARATION is il1ustrated 
by schematic diagrams. In the first diagram a solution 
containing a mixture of three substances has been placed 
on top of an adsorbent packed into a glass tube. In the 

second the mixture has drained into the adsorbent and 
fresh solvent has been added. In the third, fourth 
and fifth the three substances have separated into 
zones as the solvent has percolated through the column. 

ahead while the trailing edge is being 
gathered up. 

The rate of travel of this zone is gov
erned by the relative affinity of a given 
compound for the solvent and for the 
adsorbent. If the molecules in question 
have a great tendency to stick to the ad
sorbent, the zone will move slowly. If 
they greatly favor the flowing solvent, 
on the other hand, a rapidly moving 
zone will result. The degree of prefer
ence of a particular substance for either 
the solvent or the adsorbent can be 
measured quantitatively and given a nu
merical value known as the distribution 
coefficient. If the molecules of a sub
stance tend to be distributed equally 
between the solvent and the adsorbent, 
the distribution coefficient is 1, and a 
moderately fast-moving zone results. If 
the coefficient is smaller than 1, the zone 
moves more slowly; if larger, it moves 
more rapidly. The actual value of the 
distribution coefficient depends upon 
the nature of the adsorbent and of the 
solvent as well as upon the chemical 
structure of the compound itself. For a 
given combination of adsorbent and 
solvent, however, the coefficient will vary 
only with the structure of the substance. 

Sensitive Separations 

It has been found that the magnitude 
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of the coefficient is frequently very sensi
tive to slight differences in chemical 
structure, and it is for this reason that 
adsorption has been found so useful as 
a means for separating compounds. In 
the operation of the Tswett column very 
small differences in distribution coeffi
cient are translated into appreciable dif
ferences in the rate of travel down the 
column. Thus various substances in a 
solution, even when very similar to one 
another chemically, may move down the 
column at different rates and form sepa
rate zones. Within recent years it has 
been shown that the behavior of zones 
on a chromatogram can be expressed in 
mathematical terms, and doubtless this 
is the "law" whose existence Tswett 
guessed and mentioned in his first paper. 

After the pigments or other substances 
in a mixture have been separated into 
zones on the chromatogram, it is neces
sary to recover the material in each zone 
for chemical identification. Often this is 
done simply by pushing the column of 
adsorbent out of the chromatograph tube 
with a plunger. As each colored zone of 
adsorbent emerges from the glass tube, 
it is cut off with a knife. The segment cut 
off is then treated with a solvent that 
removes the desired pigment from the 
adsorbent, and this solution in turn is 
cvaporated to yield the purified mate
rial. There are few more dramatic events 

in a laboratory than the crystallization 
of a much sought compound after this 
simple procedure. 

In recent years the Swiss chemist 
Tadeus Reichstein, and others, have pre
ferred to pass solvent through the col
umn until the various zones emerge suc
cessively from the bottom in solution, 
instead of pushing the entire column out 
of the chromatographic tube. Each zone 
is collected as a separate fraction. 

When pigments are being separated, 
forming zones of different colors, the 
process can easily be followed visually, 
as Tswett did in his pioneer experiments. 
Fortunately, as Tswett predicted, chro
matography is not restricted to pigments. 
The technique works equally well for 
colorless substances, although some 
physical or chemical method must be 
employed to make them distinguishable. 
For example, some types of compounds 
show characteristic fluorescent colors 
when viewed under ultraviolet light. In 
other cases the fractions from the col
umn, or the extruded column itself, may 
be treated with various chemical rea
gents that react with the material in the 
different zones to produce colors. A ra
dioactive material can be located, after 
separation, with a Geiger counter; a bio
logically active fraction can be identi
fied by bioassay, and so on. Actually 
there is a vast number of ways in which 
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the progress of chromatographic frac
tionations can be followed, and new 
ones are continually being devised. 

One of the advantages of chromatog
raphy is that it requires no elaborate or 
expensive equipment. All the essential 
items are readily available in any chemi
cal laboratory. Much of the early and 
extremely useful work in chromatogra
phy was done simply with a long glass 
tube narrowed at one end and with a 
few flasks and beakers. Recently addi
tional equipment and procedures have 
been devised that permit greater effi
ciency and ease of operation, but few 
of the modern innovations have modi
fied in any fundamental manner the 
elegant simplicity of Tswett's original 
column. 

Permutations and Computations 

Chromatography is a versatile meth
od. It can be used to fractionate mix
tures of gases, liquids or dissolved solids. 
The method is also a mild one. Although 
occasionally compounds are altered 
chemically during the procedure, chro
matography has been employed success
fully for tIle separation of some of the 
most fragile and elusive of substances. 
It appears increasingly likely that it will 
eventually be possible to handle chro
matographically any group of com
pounds that can be brought into solu
tion. All that is required is the right 
combination of solvent and adsorbent. 

But that is the difficulty: one of the 
prime shortcomings of chromatography 
is that it is not yet possible to 'predict 
with assurance what combination of sol
vent and adsorbent will prove suitable 
in any given case. The number of possi
ble combinations of solvents and ad
sorbents is staggering. A partial list of 
the substances used as adsorbents in
cludes the carbonates of calcium, mag
nesium and sodium; various forms of 
charcoal activated in special ways; full
er's earth, bentonite, Lloyd's reagent, 
talc and innumerable other clays and 
diatomaceous earths; alumina; silica gel, 
and a whole host of organic substances 
such as cellulose, starch, sucrose, inulin, 
benzoic acid and, more recently, ion
exchange resins. The solvents, too, form 
an imposing list: water; aqueous solu
tions of various acids, alkalies and salts; 
methyl, ethyl, benzyl, propyl, butyl and 
amyl alcohols; ketonic solvents such as 
acetone, methyl ethyl ketone and cyclo
hexanone; hydrocarbons such as ben
zene, toluene and hexane; the chlori
nated hydrocarbons chloroform and car
bon tetrachloride; various ethers; the 
newer derivatives of ethylene glycol, 
and countless more, alone or in com
bination. 

It is not surprising that for a long time 
the choice of a chromatographic system 
was based largely on trial and error. Ex
perience and a few general rules, such 

CHROMATOGRAPH TUBE is a simple piece of apparatus that is made 
in a variety of sizes for different purposes. This small tuhe is filled with an 
ion-exchange resin as an adsorhent. At the top of the column is a reservoir 
of solvent. A small amount of the solvent may he seen on top of the adsorhent. 
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AUTOMATIC MACHINE is used to collect fractions containing the con
stituents of a complex mixture. The chromatograph column is in the center; 
solvent drips from it into collecting tubes on the turntahle at the bottom. In 
the arm beneath the column is a photoelectric cell; when a given number of 
drops pass it, the turntable rotates and hrings an empty tube into position. 
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as that like tends to adsorb like, have 
gradually provided some guidance in 
choosing adsorbent-solvent combina
tions, and progress is continually being 
made toward a less empirical procedure. 
The necessity for much tedious experi
mentation still is a basic difficultv, and 
is probably responsible for the fact that 
the development of the chromatographic 
method did not proceed more rapidly 
after Tswett's discovery in 1906. 

Milestones 

From 1906 until 193 1 the Tswett col
umn was used in only a few sporadic 
investigations. Then R. Kuhn and E. 
Lederer, two chemists working in Ger
many, found out with the help of chro
matography that crystalline carotene, 
the yellow pigment of carrots, which for 
a century had been thought to be a pure 
substance, was in reality a mixture of 
two compounds. This important discov
ery focused attention upon chromatogra
phy as a laboratory tool. 

Carotene is a precursor of vitamin A, 
and at that time chemists the world over 
were busily engaged in attempts to iso
late and determine the structure of this 
and many other vitamins. Soon many 
investigators in the field of the carot
enoids began to use the Tswett column. 
With its aid Paul Karrer and his asso
ciates in Switzerland made important 
progress in studying the chemistry of 
vitamin A, and Laszlo Zechmeister of 
Hungary (now at California Institute of 
Technology) , working with L. Cholnoky, 
made significant contributions both to 
carotenoid chemistry and to chromatog
raphy. Strain at Stanford, whose com
ments were quoted at the beginning of 
this article, did pioneer work in the U. S. 
in the same fields. 

Meanwhile the new tool was also pro
ducing major advances in the field of 
sterol chemistry. The sterols are a large 
group of substances that play key roles 
in the life processes of animals and 
plants. Within this group are found 
cholesterol, the bile acids, the male and 
female sex hormones, the plant sterols, 
vitamin D and the hormones of the ad
renal cortex, including desoxycorticos
terone and the now much sought corti
sone. The sterols have a complicated 
structure that is capable of innumerable 
variations. To isolate them in pure form 
from the intricate mixtures in which they 
occur in the body, and to elucidate their 
chemical structure, presented a tremen
dous challenge to chemists. The eventual 
successful solution of the problem con
stitutes one of the truly brilliant chap
ters in modern chemistry. And in much 
of this work, destined to be of crucial 
importance to biochemistry, biology and 
medicine, the Tswett column was an in
dispensable aid. 

These applications of chromatography 
all involved the fractionation of mix-
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DIAGRAM shows the results of a fractionation by the 
machine on the opposite page. The mixture was com
posed of amino acids resulting from the breakdown of 
the protein bovine serum albumin. Each dot on the 
curve represents the concentration of one or more amino 

acids found in one collecting tube. The identity of the 
amino acids separated is indicated at the top of the page; 
their relative quantity is shown hy the area under the 
peaks. The concentration of the amino acids is given in 
millimoles; the volume of effiuent, in cubic centimeters. 

tures of substances soluble in fat sol
vents. The widespread use of chroma
tography for the separation of com
pounds soluble in water constitutes 
another chapter in the history of the 
method. This chapter was opened about 
10 years ago by two young British chem
ists, A. J. P. Martin and R. L. M. Synge, 
who devised a technique they have 
called "partition chromatography." 

In partition chromatography the col
umn is packed with a porous solid, such 
as silica gel, cellulose or starch, which 
is capable of holding water; the water 
is usually added to the solid before the 
chromatograph tube is packed. The 
substances to be separated are put 
through the column dissolved in a sol
vent, such as butyl alcohol, that does 
not mix with water. In such columns 
compounds separate into zones just as 
they do in the Tswett column. As Martin 
and Synge explained their principle, the 
compounds were separated by virtue of 
their distribution between the water, 
held within the pores of the packing as 
in a sponge, and the organic solvent 
Bowing through the column. In other 
words, the water took the place of the 
adsorbent in the classical Tswett column. 
Hence the new process was called 
"liquid-liquid partition" chromatogra
phy, to distinguish it from the solid-liq
uid distribution operating in the Tswett 
column. Actually it now seems likely that 

the two processes do not differ as much 
as was first thought. 

The application of this technique 
made it possible to separate a number 
of water-soluble compounds of particu
lar interest to the biochemist, notably 
the carbohydrates and the amino acids. 
The new approach also led to improve
ments in methods for the separation of 
fat-soluble substances. 

Paper Chromatography 

Perhaps the most important develop
ment that has arisen from the concept 
of partition chromatography is the novel 
and simple technique of paper chroma
tography. In this method, developed by 
Martin and his colleagues R. Consden 
and A. H. Gordon, the separations are 
carried out on strips or sheets of paper 
instead of on an adsorbent in a glass 
tube. Chromatography on paper had 
been tried before, but the British in
vestigators made it work so effectively 
that within a few years it has become 
by far the most popular of all chroma
tographic methods, and is now being 
used in chemical laboratories the world 
over. 

An entire paper chromatogram can be 
carried out on a sheet of paper some
what larger than a page of this magazine. 
This corresponds to the chromatographic 
column. A single drop of the solution to 

be fractionated is deposited on a corner 
of the sheet, and the sheet is then hung, 
with the drop at the top, in a closed box 
containing an atmosphere saturated with 
water vapor. The top edge of the paper 
is bent over to dip into a trough contain
ing an organic solvent mixture (see pho
tograph on the next page). The solvent 
creeps down the paper by capillarity. 
After the solvent has traveled the length 
of the paper, the compounds that were 
mixed together in the original drop of 
solution are separated and distributed as 
a series of spots in a vertical line along 
the edge of the paper. If, as is frequently 
the case, the spots still contain a mixture 
of compounds, making additional puri
fication desirable, the paper may be 
turned around so that this edge is at the 
top and a new solvent is then allowed to 
Bow down the sheet. Thus each spot 
serves as the starting point for a new 
chromatogram and may yield a series of 
spots across the sheet. The end result is 
a so-called "two dimensional" chromato
gram, in which compounds are distrib
uted more or less over the whole sheet. 
This procedure substantially increases 
the resolving power of the method. 

A complex mixture of amino acids, for 
example, can be separated into spots 
which give the pattern shown in the 
background of the illustration on the 
cover of this issue. Here the spots have 
been treated with a reagent that reacts 
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PAPER CHROMATOGRAPHY uses paper in place 
of the chromatograph column. Here the paper is hung 
from a trough containing a solvent. As the solvent travels 
down the paper (translucent area (t/, top), the constitu· 

ents of a mixture placed near the top will be carried vari· 
ous distances. The paper is suspended in a glass.enclosed 
box. Within the box a saturated atmosphere is main· 
tained by water and solvent in the dishes at the hottom. 

with amino acids to produce a reddish 
blue color. This is the usual procedure 
when colorless substances are chromato
graphed; the paper is sprayed at the 
end of the experiment with a specific 
reagent that reacts with the particular 
class of compounds to yield colored 
products. Some types of compounds can 
be seen by examination of the paper 
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under ultraviolet light. Sometimes the 
spots may be cut out and the separated 
compounds washed off the bits of paper 
for further tests. 

How Chemists Use It 

The great advantages of paper chro
matography are its simplicity, rapidity 

and high resolving power. It is being 
applied to the study of the constituents 
of human blood and urine in health and 
disease, to the separation of antibiotics, 
to the discovery of new amino acids in 
bacteria and to a great variety of other 
chemical problems. 

Recently paper chromatography has 
been employed by Melvin Calvin and 
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Andrew Benson at the University of 
California in very beautiful investiga
tions of the mechanism of the fixation of 
carbon dioxide during photosynthesis. 
They exposed green algae to radioactive 
carbon dioxide and later chromato
graphed on paper th3 mixture of photo
synthetic products extracted from the 
plant cells. The paper chromatogram 
was then covered with a sheet of X-ray 
film and left in a dark room for several 
days. Any products of photosynthesis 
that had taken up radioactive carbon 
dioxide would of course show their radio
activity by making spots on the film, 
which could be seen when the film was 
developed. From the positions of the 
spots on the film laid over the paper, 
the nature of the products that had taken 
up carbon dioxide could be inferred. 

The ultramicro scale upon which pa
per chromatography can be performed 
is one of the factors contributing to its 
usefulness. With the expenditure of only 
a fraction of a milligram of material, an 
investigator can frequently obtain infor
mation of incalculable value. The small 
amounts involved mean that it is not 
possible to isolate a substance in suffi
cient quantity for identification by con
ventional chemical procedures. In paper 
chromatography, .identification rests 
primarily upon the position of the com
pound upon the paper sheet. Control 
experiments are required to show that 
the position of an unknown substance 
matches exactly that of a known. For this 
reason paper chromatography cannot 
provide identification of a completely 
new compound never before handled by 
the investigator. Such a substance may 
appear as a spot in a position not nor
mally occupied by any known com
pound. When that occurs, the chroma
tographer must resort to other methods, 
frequently column chromatography, to 
isolate and identify the substance. Pa
per cnromatograms do not always pro
vide quantitative results. Frequently 
they reveal the nature, but not the exact 
amounts, of the substances present in the 
mixture chromatographed. 

Separation of Amino Acids 

Within the past five years certain re
finements in the techniques for column 
chromatography have been developed. 
These were stimulated by the long
standing need for quantitative work in 
the field of protein chemistry. They were 
touched upon in Joseph S. Fruton's arti
cle on the proteins in a recent issue of 
this magazine ( SCIEKTIFIC AMERICAN, 
June, 1950). 

As Fruton pointed out, it is of great 
importance in protein chemistry to find 
out precisely the quantities of each of 
the 20-odd amino acids yielded by the 
breakdown of a protein. In the labora
tory of the late Max Bergmann at the 

Rockefeller Institute for Medical Re
search the authors of the present article 
had been concerned with this problem 
for some time. In 1945 they undertook 
quantitative amino acid analysis with 
the aid of chromatography. The proce
dure finally evolved employed columns 
packed with potato starch and solvents 
composed of mixtures of certain alcohols 
with water or aqueous hydrochloric acid. 
After the amino acid mixture to be ana
lyzed had been added to the prepared 
chromatograph column, the solvent was 
run through very slowly until the amino 
acids had progressed the length of the 
column and emerged in the effluent issu
ing from the bottom of the column. The 
effluent was collected in a large number 
of successive small fractions of accurate
ly known volume (.5 cubic centimeters 
per fraction). A quantitative analysis of 
each fraction was made to determine its 
amino acid concentration. From

' 
these 

analyses a curve was drawn, showing 
the concentrations of the various amino 
acids in the successive fractions (see 
diagram on page 39). 

The amino acids, which emerge ser
ially from the bottom of the column, ap
pear on the curve as peaks more or less 
separated from one another by valleys. 
Complete separation of all the amino 
acids in the original mixture is not ob
tained in a single chromatogram; several 
emerge together in one peak. Those that 
overlap can be separated, however, by 
running additional 9hromatograms with 
different solvents. Moreover, the quanti
ty of amino acid present is given accu
rately by the area under each of the 
peaks. It has been possible, therefore, to 
separate and to determine quantitatively 
each of the 20 or more amino acids found 
among the cleavage products of a pro
tein. Starch chromatography has proved 
useful in several laboratories for deter
mining accurately the composition of 
blood proteins such as hemoglobin and 
of important hormones of the pituitary 
gland. It is being employed also in inves
tigations of the metabolism of amino 
acids using isotopic tracers. 

An efficient chromatogram often re
quires a very slow rate of solvent flow 
through the column. It takes seven days, 
for example, to complete an experiment 
of the type we have been discussing. 
Obviously it would be too tedious to 
stand by all this time and collect each 
fraction by hand. A simple automatic 
collecting machine has therefore been 
built. It consists essentially of a circular 
rack holding the receiving tubes and a 
photoelectric counter to count the drops 
emerging from the chromatogram (see 
photograph on page 38). After a set 
number of drops have emerged, the 
turntable moves one notch to bring a new 
tube under the column. The machine 
is capable of operating 24 hours a day, 
thus making practical the perform-

ance of experiments of long duration. 

Recent Refinements 

This article would not be complete 
without calling attention to other recent 
developments which appear likely to 
broaden even further the scope and util
ity of the chromatographic method. Arne 
Tiselius and S. Claesson in Sweden have 
described two new chromatographic 
techniques known as "frontal analysis" 
and "displacement development." These 
procedures, based on new principles, 
give curves consisting of a series of steps, 
instead of peaks and valleys. The Swed
ish workers have devised recording in
struments for measuring the stepwise 
changes in concentration of the effluent. 
The development of these methods has 
provided the chemist with additional 
valuable tools to aid him in his never
ending quest for better ways of resolving 
complex mixtures. They have already 
been used to fractionate such divers 
mixtures as gaseous hydrocarbons, ami
no acids, pep tides, fatty acids and sugars. 

The recent development of organic 
ion-exchange resins also promises to have 
profound effects upon the chromato
graphic method. These ion exchangers 
were originally prepared to remove dis
solved salts from water ("Ion Exchange," 
by Harold F. Walton; SCIENTIFIC AMER
ICAN, November, 1950). It soon became 
apparent, however, that they are capa
ble of much wider application. During 
the war, workers at Oak Ridge and asso
ciated university laboratories employed 
columns packed with ion-exchange res
ins to separate many of the rarE,-earth 
elements formed as fission products in 
nuclear reactors. Columns of ion-ex
change resins are now being used in 
many laboratories to separate organic 
compounds. Indeed, current investiga
tions by S. M. Partridge in England and 
by the authors at the r.ockefeller Insti
tute suggest that ion-exchange resins 
may prove much superior to starch or 
cellulose as adsorbents for the separa
tion of amino acids and peptides. 

It has been said by many, notably 
the eminent 19th-cer:tury physiologist 
Claude Bernard, that progress in science 
frequently depends upon the develop
ment of good methods. Chromatography 
furnishes a vivid example of the truth of 
this statement. It is doubtful that even 
the fertile imagination o£ Michael Tswett 
could have foreseen the great advances 
in scientific knowledbe that have already 
come, and the greater ones that will sure
ly come in the future, from the applica
tion of his chromatograms. 

-
William H. Stein and Stan
ford Moor(' are associate mem
bers of the Rockefeller In
stitute for Medical Research. 
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THE HORN OF THE UNICORN 

The unicorn is legendary, but the horn is not. Although 

an early naturalist discovered the animal from which it 

came, modern biologists still find it a puzzling problem 

HE legend of the 
unicorn is very 
old, but the first 
clear accounts of 
it date only from 
early C h r i s t i a n  
times. I t  appears 
in the various texts 

of an ancient book on natural history 
sometimes called the Bestiary and some
times the Physiologus (i.e., the natural
ist). The unicorn, says the legend, is a 
fierce, proud beast that resembles a goat 
but possesses one straight horn rising 
from the center of its brow. It is difficult 
to hunt the unicorn; in fact, there is only 
one way in which it can be subdued. 
The hunters take a virgin to the forest 
where the unicorn dwells and leave her 
there. The unicorn is powerfully at
tracted and lays its head in her lap. Only 
then can the hunters capture the uni
corn. 

It is not entirely clear what animal 
was the basis for this legend. Odell 
Shepard, who wrote an authoritative 
book called The Lore of the Unicorn, 
says that a number of real animals prob
ably suggested it: the rhinoceros, the 
oryx (a graceful African antelope with 
two straight horns that in profile appear· 
like one) and others. But if history is 
vague about the unicorn, it is speCific 
about its horn. The church of Saint
Denis in Paris, the treasures of San 
Marco in Venice and many a royal treas
ury throughout Europe without question 
contained unicorn horns. They varied in 
length from three to eight feet; they 
were as thick as a man's wrist at the 
base and tapered to a point at the end. 
Horns of good size weighed about 15 
pounds. Along their length were grooves 
running in a low-pitched gyre, giving 
them the appearance of gigantic screws. 
These alone were considered true uni
corn horns, or alicorns. 

Shepard tells us that there was a pe
riod during the 15th and 16th centuries 
when a unicorn horn was worth 10 times 
its weight in gold. In the collection of 
Lorenzo the Magnificent, which like the 
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other Medici collections was enormous
ly rich, an alicorn was considered the 
second most valuable object, the first be
ing the famous Farnese cup. Another 
renowned alicorn was the British Horn 
of Windsor, which was valued at 100,000 
pounds, and was reserved as a jewel by 
Queen Elizabeth. 

The fabulous value of alicorn can be 
ascribed partly to its rarity, but even 
more important were its symbolic and 
magical attributes. The horn was a sym
bol of courage, and its prophylactic 
properties were miraculous: it could 
render any poison harmless. For this 
reason goblets were made from sections 
of unicorn horn, a safety measure that 
only kings could afford. It was a com
mon procedure to dip the alicorn into a 
well or spring to purify the water. The 
horn was a powerful medicine: either 
its powder or water that had touched it 
could cure manv diseases. At the end of 
the 16th century Ambroise Pare, a court 
physician in the period of Catherine de' 
Medici, was among the first to show that 
these properties were not supported by 
experiment. He fed pigeons arsenic and 
alicorn and found that the effects of the 
arsenic were unchanged. It was at about 
this time that the market for unicorn 
horn began to drop, but for other reasons. 

In 1638 the Danish naturalist Ole 
Wurm was asked by the merchants of 
Copenhagen to investigate the true na
ture of what they were selling as unicorn 
horns. There had been disquieting ru
mors to the effect that these horns were 
not really those of unicorns. It was a mat
ter of considerable importance because 
Scandinavians had become the principal 
suppliers of alicorns. Wurm's verdict was 
that their commodity was not from a 
unicorn nor even a horn. It was the tusk 
of a small arctic whale called the narwhal 
(Monodon monoceros). Wurm proved 
his point by exhibiting the cranium of a 
narwhal with one huge tooth at its side. 

T
HE cold water of such skeptics as 
Pare and Wurm dampened the at

tractive legend of the unicorn and its 

horn. There remained a peculiar whale 
with an incongruous tooth sticking out 
above its upper lip. Even the hunting of 
this real unicorn was prosaic compared 
to the legend. 

H. C. Raven of the American Museum 
of Natural History has described the 
hunting of the narwhal in Greenland. 
The narwhal is a mammal, and when it 
comes up for air the Eskimos gauge 
where they will next sight it. They har
poon the animal from kayaks; the line 
attached to the harpoon goes to a seal
skin float and a drag. When the narwhal 
is harpooned, it plunges below the sur
face. It comes up when it tires, and the 
hunter dispatches it with a lance. The 
legendary unicorn could only be tricked 
by a virgin, but a lone Eskimo hunter 
can master the true unicorn or narwhal. 

As a rule only the male narwhal pos
sesses a tusk. In a large male 15 to 18 
feet long the great tooth may occasion
ally reach a length of nine feet. Only 
two of the narwhal's teeth come to ma
turity at all; the long one is the left. In 
females both teeth are short, although 
there are a number of cases of both fe
males and males that have two pro
truding tusks. In Hamburg reposes one 
of the oldest museum specimens of a 
narwhal: a pregnant female with two 
tusks, both approximately seven feet 
long. The animal was brought there in 
1684. 

The narwhal and its tusk raise some 
questions. What is the function of the 
tusk? The most likely possibility is that 
like deer antlers it is connected with 
sexual selection. Once it was believed 
that the narwhal used its tusk to break 
holes in the ice when it came up for air. 
However, a Swedish naturalist named 
M. P. Porsild actually watched narwhals 
trapped beneath the ice in a bay; they 
broke the ice with their foreheads and 
appeared careful not to harm the tusk. 
Porsild also saw narwhals resting by 
leaning their tusks against the ice; when 
disturbed they gingerly withdrew the 
tusk into the water. Frequently nar
whals are captured with broken tusks; 
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Porsild has seen four cases in which the 
central cavity of a broken tusk was filled 
with the thin tip of the tusk of another 
nalwhal. The Eskimos say that old nar
vvhals with broken tusks feel uncom
fortable and fill their cavities by ram
ming young narwhals and snapping off 
their tusks. If this is true, the narwhal is 
the lowest mammal to practice dentistry. 

The distinctive feature of the unicorn 
horn was its screw like gyre. In the pe
riod when unicorn horns were so rare 
and valuable there were unscrupulous 
merchants who steamed ivory, wood and 
other materials so that they could twist 
them and make counterfeit alicorns. The 
gyre of the narwhal tusk likewise in
terests the modern biologist. The prob
lem of how the twist is imparted to the 
narwhal tusk is puzzling. We under
stand how the shells of the snail and the 
nautilus and even the horn of the ram 
grow in spirals, but the gyre of the nar-

whal tusk is an entirely different matter. 

T
HE most plausible explanation has 
been offered by a great English 

biologist, D' Arcy Wentworth Thomp
son of St. Andrews University, who died 
three years ago after being a professor 
for 64 years. If his explanation is correct, 
the method of nature does not differ too 
greatly from that of the merchants with 
their steaming and twisting. The narwhal 
tusk grows continuously from a fleshy 
pulp in the jaw; somehow the pulp man
ages to impart the gyre. Thompson 
points to a curious anomaly: when a 
narwhal has two tusks, the twist of each 
is in the same direction. Thus they are 
unlike the other paired spiral structures 
of the biological kingdom, which always 
twist in opposite directions. Thompson's 
explanation leans on the fact that the 
dolphin is known to give a slight twist 
with every push of its tail. If this is true 

of the narwhal, everv thrust of its tail 
would exert a twisting force on the base 
of its great tusk, a force that would 
affect the fleshy pulp. Thompson sug
gests that during the lifetime of a nar
,vhal its rotary swimming motion is suffi
cient tc impart four or five full twists to 
its tusk. He cites as evidence the fact that 
the cranium of the dolphin is asymmetri
cal, showing a screw like twist to the left; 
this he believes to be a manifestation of 
the same phenomenon. 

Thompson's explanation has a quality 
that will make it last a long time, for 
how are we ever to test it? It is some
how appropriate that, like the unicorn, 
his hypothesis is bold, intrepid and hard 
to capture. 

• 

John Tyler Bonner is assist
ant professor of biology 
at Princeton University. 

THE HUNT OF THE UNICORN, a late 15th-century 
French or Flemish tapestry that is now in The Cloisters 

of New York's Metropolitan Museum of Art, shows a 
unicorn the size of a goat. Its horn has a twisted design. 
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Fertilization in Mammals 
The union of the mammalian spe1"'m and egg is a delicate process, yet 

it can be manipulated by experimental techniques. In some animals 

the egg alone can be artificially stimulated to grow into an offspring 

T
HE FERTILIZATION of an egg 

by a sperm is on the face of it a 
simple phenomenon. But any in

vestigator who attempts to reproduce 
the event artificially in the laboratory 
soon discovers that the conditions nec
essary for a successful fertilization, 
particularly in a mammal, are far from 
simple. In the case of mammalian fer
tilization, which is the subject of this 
article, there are at least six fundamen
tal requirements for success: 1) the 
mating must be so timed that the father's 
sperm will meet the mother's eggs 
soon after the eggs are shed from the 
ovary at the mother's periodic ovulation; 
2) the eggs must take their proper place 
in the Fallopian tubes; 3) adequate num
bers of sperm must pass from the vagina, 
where they are deposited, to the Fal
lopian tubes in the upper part of the 
reproductive tract; 4) the eggs and the 
sperm must remain in a fertilizable 
state until the actual union takes place; 
5) the sperm must get through several 
barriers to penetrate into the egg, and 
6) all this must take place at a specific 
temperature-between about 37 and 40 
degrees Centigrade. 

Before considering the experiments to 
be discussed here, let us examine the 
sequence of events in the normal fer
tilization of the mammalian egg. At 
mating the male deposits a huge number 
of sperm-far more than are necessary 
for fertilization. It has been shown, for 
example, that a semen sample from a 
rabbit, which on the average contains 
100 million sperm, can be diluted 100 
to 200 times and there will still be 
enough sperm to reach and fertilize 10 
eggs in a female rabbit by artificial in
semination. In the case of cattle, with 
about 4 billion sperm in a single ejacu
late, a 300-fold dilution is sometimes 
adequate for successful fertilization. The 
minimum number of sperm that must be 
deposited in a mammal's vagina to 
achieve fertilization of one egg ranges 
from 50,000 to 20 million, depending 
on the species of animal. Of the sperm 
deposited, comparatively few actually 
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reach the site of fertilization in the Fal
lopian tubes-no more than about 2,000 
in the rabbit and only 100 at most in the 
rat. The others meet death or entrap
ment in the female's reproductive tract. 

It takes the successful sperm some
where between 15 minutes (in the 
guinea pig) and 6 hours (in the ferret) 
to travel from the vagina to the Fallo
pian tubes. After arriving there, the sur
vivors face further hazards. Generally 
they arrive before the ovary has liber
ated any eggs for them to fertilize, and 
the sperm cannot wait around indefi
nitely; their lifetime in the female re
productive tract is limited to a matter 
of hours. (A notable exception is the bat, 
whose sperm, deposited in the fall, can 
actually winter over in the female tract 
until eggs are ovulated in the spring.) 
On the other hand, the sperm are also 
unfortunate if they arrive very long after 
the egg does. Mammalian eggs are capa
ble of fertilization for only a few hours 
after they have been discharged from 
the ovary-from 6 hours in the rabbit to 
a maximum of 30 hours in the ferret. 
After that they begin to deteriorate. 
There is another hazard that sperm may 
encounter even before they meet the 
egg. This is the female hormone proges
terone, normally secreted by the corpus 
luteum in the ovary after the egg has 
been released. Progesterone can prevent 
fertilization, as experimental injections 
of the hormone in a female animal at or 
shortly before the time of mating have 
demonstrated. 

T ET US suppose that all these difficul
L ties have been mastered and an egg 
and some sperm finally achieve a meet
ing while both parties are in a condition 
fit for fertilization. Even now the sperm 
still have a large hurdle to overcome
the armor of the egg itself. It is sur
rounded by a sticky mass of follicle cells, 
held together by a thick viscous cement 
composed chiefly of a sugarlike sub
stance called hyaluronic acid. Fortu
nately the spermatozoa possess an en
zyme, hyaluronidase, which breaks 

down the hyaluronic acid and permits 
them to pass through between the cells; 
when large numbers of sperm are pres
ent, the follicle cell covering may be 
completely dissolved. But the sperm that 
succeed in getting through this obstacle 
encounter a second barrier: a thick, gelat
inous membrane called the zona pellu
cida which encloses the egg proper. 
Ultimately a single sperm may work its 
way through this membrane and gain 
entry into the egg. When it does so, the 
door is shut to all the others; they are 
either trapped in the zona or left swim
ming in a space between the zona and 
the egg body, or the vitellus. 

As soon as the fertilizing spermato
zoon enters it, the egg shrinks slightly; 
its nucleus divides in two. One of its two 
sets of chromosomes passes into a newly 
formed polar body that is expelled from 
the egg; the other set remains in the egg, 
forming the female pronucleus. The 
head of the fertilizing sperm proceeds 
to form the male pronucleus, and in the 
course of a few hours these two pronu
clei migrate to the center of the egg and 
come to lie side by side. Now, within 8 
to 20 hours after the fertilization, comes 
the first cleavage of the fertilized egg 
into two cells. These in turn go through 
a series of further divisions that creates 
a ball of small cells. Each cleavage nor
mally is preceded by a division of the 
chromosomes so that every cell has both 
a maternal and paternal set of chromo
somes. This subdivision of the egg con
tinues in the Fallopian tubes for two and 
a half to three days. Then the egg enters 
the uterus and proceeds to expand some
what in size. A central cavity, called the 
blastocyst, is formed within the egg. In 
the uterus the egg enters upon a growth 
stage, involving expansion of the blasto
cyst, which lasts for three to four days 
in most species. The amount of expan
sio'n varies with the species: at fertiliza
tion and during cleavage all mammalian 
eggs are about the same size (from .08 
to .15 millimeters in diameter) , but the 
size of the eventual blastocyst differs 
considerably in different species. 
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The implantation of the egg in the 
wall of the uterus is a rather precisely 
timed and regulated process, and so is 
its subsequent growth. Unless a corpus 
luteum is present in the ovary to secrete 
progesterone, the blastocyst will not 
grow. The progesterone secreted by the 
corpus luteum acts upon the uterus to 
furnish a growth stimulus for the egg. It 
also conditions the uterine tissue to make 
implantation of the egg possible. 

This same hormone progesterone also 
exercises some control over the fertiliza
tion of eggs in the first instance, as we 
have already noted. If, after an egg or 
group of eggs has been fertilized, a 
fresh ovulation occurs, even a heavy in
semination with sperm will fail to fer
tilize the later eggs, so long as corpus 
luteum tissue in the ovary is actively 
secreting progesterone. In this way the 
hormone insures that the uterus will not 
have to carry fetuses of different ages. 

T
HIS, then, is the picture of what 

. takes place when a mammalian egg 
is fertilized and begins its development. 
Obviously there are great practical diffi
culties in the way of investigating the 
process experimentally in mammals. For 
this reason most of our fundamental 
knowledge of the nature of fertilization 
and development in animals has had to 
come from studies of non-mammalian 
animals ("Fertilization of the Egg," by 
Alberto Monroy; SCIENTIFIC AMERICAN, 
December, 1950). Frogs and sea urchins 
have been favorite subjects, because 
they shed thousands of eggs and billions 
of sperm, fertiliza£ion takes place in the 
water and an experimenter can observe 
in laboratory dishes what goes on in 

streams, ponds and the sea in nature. 
Recently, however, some of the obsta
cles that have stood in the way of effec- . 
tive experimental studies of fertilization 
in mammals have been removed or re
duced by the development of certain 
new techniques. 

One of the difficulties is that' mam
mals ordinarily yield only a few eggs at 
one ovulation. The mammals commonly 
available for laboratory experiments pro
duce from 3 to 16 eggs at most, and some 
of the most interesting species-e.g., 
man, the cow, the horse-generally ovu
late only one egg in each breeding cycle. 
This of course is a considerable handicap 
in any study that requires accurate 
quantitative data. A number of years 
ago the medical scientists Philip E. 
Smith and Earl T. Engle, then at Stan
ford University, made a most fortunate 
discovery: they found that if pituitary 
gland tissue was implanted in immature 
female mice, the mice would ovulate 3 
to 10 times the normal number of eggs. 
The agent that is capable of producing 
this superovulation, it was later learned, 
is the pituitary's gonad-stimulating hor
mone. By injecting this hormone we have 
caused a rabbit to ovulate more than 100 
eggs at one time, instead of the usual 6 
to 10, and a cow to produce up to 150 
instead of the customary single egg. 
Furthermore, a single insemination is 
capable of fertilizing practically all of 
these superovulated eggs. The photo
graph at the bottom of the next page 
shows 22 superovulated eggs that were 
taken from the Fallopian tubes of a fe
male rabbit 24 hours after a mating. 
E'l.ery single egg has been fertilized and 
has proceeded to cleave. By stimulating 

superovulation and removing the eggs 
at a chosen time, an experimenter can 
obtain good numbers of unfertilized 
eggs in any desired stage. 

A 
SECOND important advance that 
has helped in the experimental study 

of mammalian eggs is the development 
of methods for keeping eggs alive outside 
the female reproductive tract. Rabbit 
eggs have been grown to the late blasto
cyst stages in a culture medium of blood 
serum. M. C. Chang at our laboratory 
has recently shown that fertilized rabbit 
eggs can be stored for several days at 
refrigerator temperatures, just as sperm 
are stored for use in artificial insemina
tion. 

The third useful technique is the 
transplanting of eggs from one animal 
to another. Sixty years ago the brilliant 
English phYSiologist Walter Heape 
transferred fertilized eggs from one rab
bit into the Fallopian tubes of another 
female rabbit, and the second animal 
produced offspring from these eggs. 
Twenty years ago the writer took up the 
technique and used it not only to trans
plant eggs from rabbit to rabbit but also 
to plant eggs from an experimental cul
ture into a host female. The transplant
ing of eggs has now been successfully 
accomplished in rats, mice, sheep and 
goats, and it is being tried in cattle. The 
eggs in a few cubic centimeters of blood 
serum may be taken up in a pipette and 
depOSited in either the Fallopian tubes 
or the uterus. The best results are ob
tained when the developmental stage of 
the egg corresponds with that of the 
tubes or uterus. One of the advantages 
of the egg transplantation technique is 

UNFERTILIZED EGG was taken from the Fallopian 
tube of a rabbit. It is surrounded with follicle cells. The 
ring between the cells and the egg is the zona pellucida. 

FERTILIZED EGG was taken from the Fallopian 
tube of a rabbit six hours after ovulation. The two 
translucent objects at the bottom are the polar bodies. 
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RABBIT BLASTOCYSTS were placed in a watch glass six days after fertili
zation. The blastocyst is a stage in the development of the fertilized egg. 

SUPEROVULATED RABBIT EGGS were taken from the Fallopian tubes 
22 hours after mating. Each of the eggs has cleaved into several small cells. 
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that genetic "markers" may be used to 
identify specific eggs. For example, 
when eggs obtained from a white rabbit 
are transferred to a colored rabbit, the 
white young born obviously come from 
the donor mother. 

The development of these techniques 
has made a wide variety of problems ac
cessible to investigation. One of the first 
was the possibility of fertilizing mam
malian eggs outside the body. About 20 
years ago the writer and E. T. Enzmann 
made an attempt that appeared to be 
completely successful. We added a few 
drops of sperm to freshly ovulated rab
bit eggs in a watch glass. In about half 
an hour we saw the follicle cell masses 
surrounding the eggs break up. We re
moved the eggs, washed them and trans
ferred them to female rabbits in a pseudo
pregnant condition (i.e., females that 
have ovulated without their own eggs 
being fertilized). These rabbits bore 
young which clearly came from the true 
parents, since the offspring had the spe
cific genetic markers of the donor female 
and the male furnishing the semen. 

Yet in recent years many attempts 
have been made to fertilize mammalian 
eggs in vitro, and with one possible ex
ception (a human egg) all apparently 
have been quite unsuccessful. In Paris 
R. Moricard, seeking an explanation, has 
found some evidence suggesting that too 
much oxygen may impede fertilization. 
Ordinarily there is relatively little oxy
gen in the Fallopian tubes. Moricard 
removed Fallopian tubes containing 
freshly ovulated eggs from rabbits, in
jected sperm in the tubes and then sealed 
them off to prevent access of air. He 
found that sperm then penetrated into 
some of the eggs. Since in unsuccessful 
experiments under the usual laboratory 
conditions sperm apparently do not even 
enter the zona pellucida, it may be de
duced that oxygen in the air may change 
the physical state of the zona so that it 
becomes an impenetrable wall to attack
ing sperm. It should be noted, however, 
that in Moricard's experiments sperm 
penetrated into only 22 per cent of the 
eggs, whereas normally close to 100 per 
cent of the eggs in the Fallopian tubes 
are fertilized. This suggests that some 
unknown factor in the tubes also is nec
essary for the effective fertilization of 
mammalian eggs. Perhaps in our original 
experiments sufficient amounts of this 
essential substance were present more or 
less accidentally. Eventually the M ys
tery of the Missing Factor will be solved, 
but its existence illustrates again the 
special conditions demanded even for 
the apparently simple process of sperm 
penetration. 

C
HANG has recently unearthed other 

factors that apparently oppose the 
union of the sperm and the egg. The 
seminal fluid evidently contains a sub
stance toxic to eggs, for eggs placed in 
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the sperm-free liquid from a semen sam
ple are killed within an hour. In nor
mal mating this toxic factor must be 
removed, probably by the tissues of 
the uterus and Fallopian tubes, before 
the tide of fertilizing sperm reaches the 
eggs. Chang has also discovered that 
blood serum possesses a substance that 
kills sperm. This poison, too, acts quite 
rapidly. Fortunately the walls of the 
oviducts filter the blood serum and nor
mally prevent the passage of the spermi
cidal factor into the Fallopian-tube cav
ity. But any hemorrhage into the cavity 
is a real hazard to the sperm present. 

In view of what we have learned 
about how finely balanced the mecha
nism of fertilization is, it may seem fool
hardy indeed to try to "fertilize" the egg 
by completely artificial means. Yet par
thenogenesis (i.e., the initiation of em
bryo development·without the interven
tion of sperm) is much more common in 
nature than most people realize. It is the 
normal method of production of the male 
bee, of some worms and of many other 
animals, to say nothing of plants. The 
eggs of certain aquatic animals, such as 
the sea urchin, can easily be made to 
produce normal young by stimulation 
with a chemical, heat or some other arti
ficial agent. A species of parthenogenesis 
sometimes occurs even in mammals. In
vestigators have often observed a spon
taneous cleavage of eggs within the ovar
ian follicles or the tubes of certain ani
mals, and in some instances even fairly 
advanced development of an embryo. 
Such embryos, however, are destined 
for death before birth, and it is a fact 
that no proved case of a true partheno
genetic birth among mammals has ever 
been found in nature. 

In 1927 Dr. Champy of France dis
covered, in a culture of unfertilized rab
bit eggs cultivated in vitro at body tem
perature, that some of the eggs under
went cleavage very similar to that of 
fertilized ova. The writer, following up 
these observations, found that true cell 
division and chromosome reproduction 
took place in many of these eggs. He 
noted that eggs taken from the Fallopian 
tubes immediately after ovulation mir
rored normal development rather faith
fully, whereas ova taken one to three 
days later tended to fragment and de
generate. He proceeded to expose rab
bit eggs to the treatments used to induce 
artificial parthenogenesis in non-mam
malian animals. These included high 
temperature, low temperature, hyper
tonic solutions, hypotonic solutions, cer
tain chemicals and so on. Most of these 
treatments when properly administered 
initiated a certain degree of develop
ment of the egg, such as the typical 
movement of the egg nucleus from the 
periphery to the center of the egg, chro
mosome division and cleavage. But none 
of the treatments led to the prompt and 
uniform cleavage and development seen 

in non-mammalian eggs. Even with the 
best treatments devised, only a minor 
proportion of the rabbit eggs proceeded 
to cleave at a normal rate. And among 
those that apparently did cleave normal
ly, many soon stopped, due to degenera
tive processes that set in. From the large 
number originally subjected to activat
ing treatment only an occasional egg 
reached the blastocyst stage. 

Two new experiments were then re
sorted to: 1) treated unfertilized eggs 
were transplanted to pseudo-pregnant 
female rabbits, and 2) artificially ovu
lated eggs were cooled shortly after ovu
lation within the rabbit's own Fallopian 
tubes. The latter was accomplished by 
an operation which exposed the Fallo
pian tubes and enclosed their mass of 
superovulated eggs in a special cooling 
apparatus devised by H. Shapiro. Both 
of these experiments yielded some true 
parthenogenetic offspring, all females. 
In a large number of trials, a few of the 
rabbits that received transplanted treat
ed eggs bore normal rabbits. From the 
cooling experiments there came a single 
embryo that developed to term. But all 
together only about one egg in 2,500 
subjected to activating treatment 
emerged as a live offspring-a most dis
couraging proportion when contrasted 
with the 90 to 100 per cent success 
achieved with similar treatments of sea
urchin eggs. 

T
HE experiments on egg-cooling have 
recently been extended by C. Thi

bault in France. He has obtained per
centages of advanced development 
roughly similar to ours. In our experi
ments we noted that the eggs whose 
development was most nearly normal 
contained the normal diploid (doubled) 
number of chromosomes, and we traced 
this situation to the fact that in these 
eggs the formation and expulsion of a 
second polar body was suppressed. In
stead, the polar-body nucleus acted 
within the egg as a substitute for the 
male pronucleus. Thibault, besides con
firming the occurrence of this phenome
non in the rabbit, has also observed it 
in the sheep. But in the rat, curiously, 
the result is different: rat eggs given 
pr�cisely the same cooling treatment 
promptly extrude the second polar body. 
The resulting eggs, containing only a 
single (haploid) set of chromosomes, 
fail, to undergo normal development. 
Evidently the formation of a double set 
of chromosomes is essential to produce 
even an approximation to normal par
thenogenetic development. 

It is clear that we are barely on the' 
threshold of experimentation in artificial 
activation and mammalian parthenogen
esis. The mature, unfertilized mamma
lian egg is a short-lived, delicately bal
anced organism, and we are far from 
knowing the elements involved in this 
balanced system. It may be that in cer-

tain mammalian species the contribu
tions of the spermatozoon are so essen
tial that duplication of the process of 
fertilization in the absence of sperm is 
impossible. This appears not to be true 
of the rabbit and is probably not true 
of the sheep. Only further experimenta
tion can decide the issue. 

What is the use of investigating mam
malian parthenogenesis? One obvious 
answer of course is that whatever con
tributes to our knowledge of the biology 
of reproduction is worth while. But there 
are also engaging implications. A par
thenogenetic offspring contains only 
maternal genes. Furthermore, it is well 
on the way to complete genetic homo
geneity, and the successive self-repro
duction of its female descendants should 
lead in a few generations to a degree of 
genetic uniformity which in normal 
sexual reproduction would be attainable 
only after many generations of inbreed
ing. A successful method of partheno
genesis would therefore be very useful 
for breeding desirable qualities in ani
mals, since such characteristics as high 
milk yield in dairy cattle, superior wool 
in sheep and high meat quality in beef 
and swine are controlled by the genes. 
By selecting high-quality females and 
reproducing the desired genes by suc
cessive parthenogenesis of the right eggs, 
it would be possible to get superior ani
mals comparatively quickly. Moreover, 
since this method yields mainly females, 
it could be used to multiply the number 
of milk cows. 

E
VENTUALLY, by a combination of 

some of the techniques that have 
been described, a new modus operandi 
in animal breeding may be attained. It 
may become feasible to ( 1) obtain large 
numbers of eggs from superior animals 
by making them superovulate, (2) acti
vate these eggs by parthenogenetic 
means, and then (3) transfer the eggs to 
ordinary females that would serve mere
ly to develop and bear the young. But 
clearly it will take long years of experi
ment to arrive at this goal. To me it is 
surprising that a few men working in 
widely separated parts of the world with 
meager resources have come far enough 
at least to develop the beginnings of the 
way. A man in Japan, a group in Eng
land, a veterinarian in Texas take up 
where others have left off. The mam
malian egg is taken from its dark and 
secret hiding place, and against the mul
tiple and cunning safeguards put upon 
it by centuries of evolution are pitted 
the patience and sagacity of the truth 
seeker. I imagine that the latter will one 
day emerge a victor on behalf of his fel
lows. 

• 

Gregory Pincus is director of lab
oratories at the Worcester Foun
dation for Experimental Biology. 
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�olor Blindness 
Because the visual defect is relatively commonplace, its 
mythology has a surprising vitality. The psychologist has 
worked diligent ly to separate its facts from its fictions 

O
N the night of July 5, 1875, the 

steamship Isaac Bell put out to 
sea from Norfolk, Va., on a routine 

voyage. The night was clear, the sea 
calm, visibility excellent. The officer of 
the deck idly watched the lights of an 
approaching tug off starboard. As it 
came close he suddenly realized that the 
tug was heading into the steamship's 
course. It was too late to avoid a colli
sion. The two vessels crashed, and 10 
lives were lost. 

In the investigation that followed, the 
master and officers of the steamer swore 
under oath that at the time they signaled 
the tug its captain could have seen only 
the steamship's green starboard light. 
But the captain of the tug insisted that 
he had seen a red light and had acted 
accordingly. The accident remained a 
mystery for four years, until one day the 
tug captain reported for an examination 
by the surgeon of the marine hospital at 
Norfolk. The surgeon, checking the cap
tain's vision, discovered that he was so 
color-blind he could scarcely distinguish 
red from green at a distance of three 
feet! 

History records other well-docu
mented instances of the capricious and 

by Alphonse Chapanis 

often unsuspected role that color blind
ness has played in human affairs. In 1769 
one of the leading astronomers of the 
18th century, the Jesuit priest Maximil
ian Hell, made some important observa
tions of the transit of Venus from the 
northern tip of Norway, the most favor
able spot on the globe for seeing it. He 
recorded his observations in a journal, 
which was later deposited in the Vienna 
Observatory. Sixty-four years later the 
director of the Vienna Observatory, 
Joseph Johann von Littrow, announced 
a scandal that upset the astronomical 
world. Examining Father Hell's journal 
closely, Littrow found what he thought 
was clear evidence that many entries 
had been altered. The original notations, 
he contended, had been scraped out in 
many places and replaced by new writ
ing in ink of an entirely different color. 
Littrow concluded that Hell had faked 
some of his data. 

In 1883, half a century later, the fa
mous U. S. astronomer Simon Newcomb 
happened to have some time on his 
hands during a visit to Vienna to inspect 
a new telescope, and he took a look at 
Hell's journal. Newcomb soon made an 
astonishing discovery: The differences 

in ink color which Littrow had described 
were not actually color differences but 
variations in intensity of the same color. 
Newcomb then examined the paper un
der a magnifying glass and proved con
clusively that no erasures had ever been 
made. It was obvious that Hell, conscious 
of the importance of his data, had traced 
over much of his original writing, often 
imperfectly, to make it darker and so 
less likely to fade with time. 

Newcomb now had a strong suspicion 
as to the cause of the whole affair. He 
inquired whether Littrow was known to 
have been color-blind. He was, indeed; 
it had been a matter of common knowl
edge at the Observatory that Littrow 
was unable to distinguish between the 
red color of Aldebaran and that of the 
whitest star. Thus Newcomb demon
strated that for half a century astrono
mers had repudiated an important piece 
of work because of the innocent but mis
taken testimony of a color-blind man 
about the colors of inks in a manuscript. 

A BOUT one person in 25 is color
.tl. blind, and his defect is likely to in
fluence his everyday living in many small 
and large ways. I know a young lady who 

BLUE FADING INTO BLACK BRIGHT BLUE LIGHT, WEAK BLUE LIGHT GRAY LIGHT TAN 
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NORMAL AND ABNORMAL color vision are illus
trated by this one-color representation of a full-color 
spectrum. The colors indicated below the spectrum are 
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those seen by a normal person. The numbers below the 
spectrum describe the limits of each color in millimi
crons of wavelength. The colors indicated above the 
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can wear only one particular shade of 
lipstick, because if she used any other 
shade she would not be able to see lip
stick smears on her clothes. A color
blind house painter once ruefully told 
me that he had had to repaint half a 
house because the color he had used on 
one side of the house did not match the 
other. Then there is the chemist who has 
to rely on his laboratory assistant to iden
tify colors in flame tests of metallic sub
stances; the electronic technician who 
cannot match strands of wire by their 
color codes; the farmer's son who has 
trouble picking cherries "because the 
blamed things match the leaves in color." , 
And no one knows how many accidents 
color blindness causes. 

Yet the average person still seems to 
think that color blindness is not a serious 
defect. Many people go through life 
without the slightest awareness that they 
are color-blind, or if they do know, pay
ing it very little heed. Indeed, if you 
consult your physician about it, the 
chances are that he will be unable to 
give you much information. Nonetheless, 
there are thousands of scientific articles 
on the subject, and it is the purpose of 
the present article to touch on some of 
the highlights of our knowledge about 
the condition. 

Color blindness is probably as old as 
man. In fact, it used to be thought that 
among primitive peoples color blindness 
must have been the prevailing condition. 
Linguists studying the ancient classics 
were impressed by the scarcity of names 
for colors in these writings. For example, 
the Vedas, the Hindu sacred scriptures, 
are filled with descriptions of the sky but 
never once mention that its color is blue. 
The Greeks' Homer seldom referred to 
color. Primitive tribes even lack many 
words to differentiate colors; they pre
fer to identify a knife as rusty rather than 
brown, meat as well done or underdone 
rather than brown or red, a berry as ripe 
or unripe rather than red or green. The 
Fiji Islanders commonly use the same 

term for blue and green and call the dark 
shades of all colors black. Evidence such 
as this led early philologists to conclude 
that the early civilizations must have 
been made up of men who were almost 
uniformly color-blind. 

But anthropologists' researches to
ward the end of the 19th century showed 
that the philologists were wrong. The 
Kaffir herdsmen of Africa, for example, 
were found to possess 30 different names 
for the colors and markings of cattle. 
Tests showed that most members of 
primitive tribes could see and dis tin- . 
guish all the colors from red to violet, 
although they might not have names for 
them. A recent study of more than 600 
male Fijian natives disclosed that only 
five were color-blind. This incidence of 
less than one per cent is far smaller than 
that among civilized European peoples, 
where color blindness among males runs 
seven to eight per cent. 

Evidently the reason why primitive 
man did not have many color names is 
that he did not need them. He was not 
called on to make many color discrimina
tions in his everyday life. But to modern 
man color is vastly more important. The 
difference between red and green in a 
small distant light may mean life or death 
to an airplane pilot and his passengers 
or to a motorist. A modern physician can 
often find helpful diagnostic clues in the 
color of a patient's skin. And in every
day life a man picks out his car in the 
parking lot by its color and finds it neces
sary to select a necktie to match his suit. 
The advertising copy writers have fur
ther complicated life for us by adding to 
the language of color such terms as Rus
sian sable, rosy future, pink lightning, 
raven red, dynamite, fatal apple, canary 
yellow, cocoa, toast brown, tender beige, 
tanglint, copperglo, coffee and camel. 

WHAT is color blindness? It is cer
tainly not the inability to identify a 

color by a particular name, for that is a 
question of language. Nor is it actually 

YELLOW DEEP YELLOW 

575 585 
YELLOW ORANGE 

blindness. Most color-blind people are 
not really blind to color. They can usu
ally see colors, but they confuse certain 
critical ones. It was John Dalton, the 
author of the atomic theory in chemis
try, who clearly recognized this fact and 
presented one of the earliest and best 
scientific accounts of the defect. Dalton 
himself was so color-blind that when 
Oxford University conferred on him the 
scarlet gown of the Doctorate of Civil 
Laws, the scientist wore the gown every
where for several days, not realizing that 
he presented a conspicuous appearance, 
and astonishing his friends, who knew 
he was a Quaker and was supposed to 
wear the somber garb of that sect. In 
1794, at the age of 28, Dalton gave a 
report before the Manchester Literary 
and Philosophical Society on his sensa
tions to color. This classic description of 
color blindness caused the defect to be 
known for more than a century after
ward as Daltonism. He said: "All crim
sons appeared to me to consist chiefly 
of dark blue; but many of them seemed 
to have a tinge of dark brown. I have 
seen specimens of crimson, claret and 
mud which were very nearly alike .... 
The colour of  a florid complexion ap
pears to me that of a dull, opake, black
ish blue, upon a white ground .... Blood 
appears to me ... not unlike that colour 
called bottle green. . . . There is not 
much difference in colour between a 
stick of red sealing wax and grass." 

Reduced to its essentials, color blind
ness is a defect that makes it impossible 
to distinguish between two or more col
ors which most people can differentiate 
readily. It is not, as is commonly sup
posed, a single type of deficiency. There 
are several different varieties of color 
blindness, and for each kind the defect 
may occur in varying degrees. 

Total color blindness, called achroma
tism, is extremely rare; only about 100 
cases of it have been found in the whole 
history of visual science. To the achro
mat, who usually also has other visual 

FADING INTO BLACK 

RED 

spectrum are those seen by a person suffering from 
protanopia, sometimes called red-blindness. In protano
pia there is a neutral point in the area labeled "light 

gray." To the left of this point the protanope sees only 
blues; to the right, only yellows. The protanope also 
does not see as far into the red as the normal person. 
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in a color-blind woman. The lower chart also shows that if a color-blind 
woman marries a color normal man, all of their sons are color-blind. 

50 

defects, the world looks like a black-and
white photograph. He can distinguish 
between white, black and gray of various 
intensities but he does not see colors as 
such. 

By far the most common kind of color 
blindness is two-color vision, known as 
dichromatism. For people with this de
fect color is essentially reduced to two 
types of hues: yellows and blues. Most 
dichromats confuse reds, greens and yel
lows of certain shades with one another 
and are unable to distinguish clearly be
tween bluish greens, blues and violets. 
But they never confuse the first group of 
colors with the second; yellows and blues 
are always clearly distinguishable. In 
addition, there is a particular shade of 
blue-green that dichromats confuse with 
gray. Among the red-yellow-green con
fusers visual scientists distinguish two 
principal varieties: those who see all 
colors in their normal brightness rela
tions, though they may confuse one color 
with another, and those who have ab
normal brightness sensitivity to certain 
colors. To the latter deep red, for exam
ple, appears so dark that it may be con
fused with black. 

There is a class of color-blind individ
uals whose impairment is so slight that 
only the most sensitive tests will reveal 
it. They are "color-weak" -rather than 
color-blind. They have little trouble with 
bright or vivid colors but reveal their 
defect in attempting to distinguish he
tween the very pale or light browns, tans, 
greens and pinks. 

Dichromatism of various types used 
to be called simply red-green blindness, 
red-blindness, green-blindness, blue
blindness, red-green weakness and so 
on. But these terms have now been re
placed by more specific Greek-derived 
names such as deuteranopia and pro
tanopia. For this there are two reasons. 
First, terms such as red-blindness and 
green-blindness are based on a particular 
theory of color vision, and it is not yet 
certain that this theory is correct. Sec
ond, the term green-blindness, for exam
ple, implies that the individual con
cerned is blind to green. This is a distor
tion of the facts. When a "green-blind" 
person looks at a patch of green, he sees 
a color. Indeed, he will even be able to 
name it correctly about half the time. 
The color that he sees is not the same as 
a normal person sees, but it is a color. 

WHAT exactly do color-blind people 
see? This question is more difficult 

to answer than one might suppose. We 
cannot trust the color names used by 
color-blind individuals; indeed, they 
may sometimes be quite bizarre. I once 
heard a color-blind person describe a 
shade of orange as "grass-green red"! 
When a color-blind man describes a 
lemon as yellow, for all we know he may 
actually be seeing a color which we 
would call red. Or when he identifies 
grass as being green, it may actually 
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have the same appearance to him as yel
low does to us. In short, although two 
persons may use the same color names 
to describe their respective experiences, 
we cannot be certain that each man 
would recognize the other's sensations. 

Hence visual scientists have had to 
depend largely on shrewd inferences to 
deduce what kinds of sensations color
blind people have. Fortunately it has 
been possible to verify these deductions 
by one type of direct evidence. A few 
people have been found with one color
blind eye and one normal eye. Con
trolled experiments in which these in
dividuals have been asked to look at 
colors separately with the color-blind 
eye and with the normal eye have pro
vided us with very valuable information. 

From such studies it seems clear that 
the typical dichromat sees red, yellow 
and green as simply different saturations, 
or degrees of purity, of what a normal 
person sees as yellow. Green appears to 

" him as a relatively desaturated light 
brown or tan, hardly different from light 
gray. Yellow is a somewhat mOTe definite 
tan but still light. Red is a strong, dark 
yellow, much as a lemon would appear 
to a normal person in dim light. A slight
ly greenish blue appears as a very pale 
desaturated blue, and blue as we see it 
looks very much the same to the color
blind. These findings are the basis for 
the statement that dichromats have two
color vision-yellow and blue. Under 
most conditions they can distinguish be
tween green and red as shades of yellow, 
but in certain shades and brightnesses 
red and green may seem identical. 

Why is it that most people who have 
color-vision defects do not know it? Dur
ing the war it was a common experience 
in Air Force and Navy recruiting cen
ters to have color-blind applicants em
phatically deny the fact. "What do you 
mean, Doc? I can see colors! I've never 
had trouble with colors." To the color
normal person it seems incomprehensible 
that a man can go through life failing 
to see the richness and variety of color 
as others do and not be aware of the fact. 

The answer to this puzzle is complex 
and cannot be resolved with a single ex
planation. In the first place, as we have 
already noted, most color-blind people 
do see some colors. Furthermore, no
body can appreciate what he has never 
sensed. A man born without taste buds 
will never understand the saltiness of 
the ocean or the sweetness of an apple. 
What is the tone of a 50,OOO-cycle vibra
tion, above the range of human hearing? 
Or what is the color of infrared light? 
We cannot give the answers to these 
questions because they are outside the 
realm of our experience. Moreover, since 
we have never experienced them, we 
never miss the fact that we cannot expe
rience them. Color-vision defects, then, 
do not reveal themselves in a positive 
manner. 

Another part of the explanation lies 

in the fact that the color-deviant person 
has learned to use correct color names 
for many common objects. He knows 
that grass is green, lemons are yellow, 
ripe apples are red, and so on, because 
he has learned these names from infan
cy. From experience he becomes habitu
ated to follow the names used by every
one else and readily accepts correction. 
If you correct a color-blind person who 
calls a light green "pink," he will almost 
invariably reply, "Oh, yes, it's green. I 
see it now." All our color names will 
satisfy him, because he is unable to make 
sensitive and positive distinctions. 

USUALLY it takes special conditions 
or a specific test to find out that a 

person is color-blind. Take him out on a 
dark night away from all other means of 
identification and ask him to pick out 
red, yellow and green lights at a distance 
or through a slight haze. This test may 
not work if you ask him to identify red 
and green traffic lights, for he has cues 
to help him there. In most cities the red 
light is consistently above or below the 
green, and the green light is usuillly a 
little brighter than the red one. Many 
cities also have shape or form cues as 
well as the color differences to distin
guish the signals. 

Most modern color-vision tests use a 
more scientific method than merely ask
ing the examinee to name a color cor
rectly. One test, for example, consists of 
a card with brilliant purplish red dots 
which form a numeral against a back
ground of deeply saturated blue-green 
dots. A normal person can see the num
ber immediately because its color con
trasts so vividly with the background. 
But individuals with certain types of 
color blindness cannot read the number, 
because to them the dots are all appar
ently of the same color. 

The U. S. Navy has a color-naming 
test which also avoids ambiguity. The 
examinee sits down before a lantern 
which can show a green, red or white 
light. Each color is identified for him. 
He is also told that these three are the 
only lights he will see. Following these 
instructions he is shown a series of lights 
in a scrambled order. If he now calls a 
red light green, or vice versa, he has 
committed himself. Lantern tests are 
useful not so much to find out whether a 
man is color-blind, but rather to convince 
him that he does or does not see things 
the way most people do. Most examinees 
will accept the results obtained on a sim
ple lantern test, whereas they will not 
believe those on a chart test. 

This is a good place to lay to rest the 
popular myth, developed during the late 
war, that a color-blind person can de
tect camouflage more easily than one 
with normal vision. It is hard to trace 
the origin of this particular fancy, but 
at one time it was widely publicized. 
One story I have heard concerns a crew 
of eight men in a bomber. While they 
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were flying across the southern tip of 
England, one of the crew members is 
supposed to have pointed out to his as
tonished friends the location of camou
flaged gun positions, huts, hangars and 
the like that were invisible to them. 
News of this man's accomplishment fil
tered up to higher quarters, and in the 
course of events he was examined by an 
ophthalmologist to discover the secret of 
his remarkable perceptive capacities. 
The only unusual thing the phYSician 
could determine about the man was that 
he' was color-blind. Some time later, 
after the story hit the headlines, the man 
confessed that he had known the camou
flaged positions because he had helped 
camouflage them originally. When asked 
why he had not revealed the fact to the 
physician who examined him, he stated 
that at the time he did not realize that 
his visual examination had anything to 
do with the airplane trip. I do not vouch 
for the veracity of this story. 

It is theoretically possible that color
blind people might on some occasions 
see through camouflage better than nor
mal people, but it would certainly not 
be true in most situations. The Army Air 
Forces actually conducted extensive ex
periments during the war to test the pos
sibility. At Eglin Field in Florida a large 
number of color-blind and color-normal 
men were flown over a series of camou
flaged positions and each man was asked 
to point out what he could spot. Al
though some of the color-blind men had 
better scores than some of those with 
normal vision, on the average the normal 
group did better than the color-blind 
group. 

CAN color blindness be cured? The 
answer, unfortunately, is that at the 

present time there is no known cure. 
Most kinds of color blindness are inher
ited; the defect has been identified as a 
sex-linked recessive characteristic. That 
is, it is carried on the sex chromosomes, 
of which each man and each woman has 
a pair. This kind of genetic linkage re
sults in some rather involved pedigrees. 
A color-blind man who marries a normal 
woman with no defective genes will 
have normal children. But all his daugh
ters will be carriers of his defective genes 
and will transmit them to their sons, half 
of whom will be color-blind. Thus the 
defect travels from father to grandsons 
through the father's daughters. If a 
woman who is a carrier marries a color
blind man, all the children-boys and 
girls alike-stand a 50-50 chance of be
ing color-blind. The union of a color
blind woman and a normal man will 
result only in color-blind sons, but the 
daughters, though all outwardly normal, 
will be carriers of the defective genes. 
Since recessive characteristics that travel 
on the sex chromosomes have a better 
chance of appearing among men than 
among women, color blindness is mainly 
a male defect: about one man in 15 is 

color-blind. but less than one woman in 
100 is so afflicted. 

Color blindness is occasionally pro
duced by damage to the eye, the optic 
nerves, or the visual centers of the brain. 
The yellow vision of jaundice is well 
known. The defect also can arise from 
overloading of the body with certain 
toxic substances, such as digitalis, san
tonin and nicotine. But removal of these 
substances often restores normal vision. 

The hereditary nature of most color 
blindness does not automatically pre
clude the possibility of our ever finding 
a cure. Modern medicine has found ways 
to control some hereditary diseases-dia
betes, for example. During the past 75 
years an amazing array of remedies has 
been tried against color blindness: re
peated exposure to bright colors, sub
cutaneous injection of iodine, electrical 
stimulation of the eyeball, warming of 
one eye, dosage with extremely large 
quantities of vitamins, injection of cobra 
venom, the continuous wearing of tinted 
glasses, and many others. There is no 
scientific evidence whatsoever that any 
of these remedies has produced a per
manent cure. 

During World War II color-blind men 
who sought to enlist in the Air Forces, 
Navy or Marines, which require normal 
color vision, were willing to try almost 
anything to circumvent this barrier. 
One optometrist sold color-vision "train
ing" plates. Courses of training were sold 
for $100 to $200. "Remedies" were pub
licized over the radio, and advertise
ments guaranteeing sure cures were pub
lished in newspapers. Most of these 
claims were made by optometrists. (It 
is important to remember the distinction 
between an optometrist and an ophthal
mologist. An optometrist is licensed to 
prescribe eyeglasses but is not medically 
trained; an ophthalmologist or oculist is 
a medical specialist.) Most of the people 
who attempted to cure color blindness 
were sincere but uninformed with re
spect to the physiological and psycho
logical aspects of color vision. Not one 
of the techniques they offered does cure, 
improve or otherwise affect color blind
ness. 

Some patients thought that they could 
see better after these training exercises. 
As we have already noted, however, the 
color-blind man is no judge of his own 
condition. The claims of improvement 
rested on the fact that many who took 
the training were able to pass tests of 
color vision which they had previously 
failed. But it is well known that anyone 
who practices long enough on any par
ticular test can improve his ability to take 
that test. That was precisely what was 
happening in the case of the color-blind 
men. But if, after training, they were 
confronted with an entirely different test 
of color vision, they turned out to be as 
color-blind as ever. 

Herein lay a real danger to the ser
vices. Most visual experts who were in 
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the services during the war saw at least 
a few color-blind men who had been 
able to get by the initial visual examina
tions but whose judgment in critical sit
uations where color discrimination was 
needed could not be trusted. So danger
ous has the situation become that a 
spokesman for a naval medical research 
laboratory has recently prepared a re
port repudiating all such alleged cures. 
This report has been accepted by the 
American Medical Association's Section 
on Ophthalmology, the American Oph
thalmological Society, the American 
Committee on Optics and Visual Physi
ology and the Association of Schools and 
Colleges of Optometry. 

If you think you are color-blind, or 
if you have even the slightest suspicion 
that you may be color-blind, the thing 
to do is to have yourself tested by a re
liable ophthalmologist. If the results of 
the test show that you are color-blind to 
even the slightest extent, accept the fact 
as best you can and remember that your 
judgments on matters of color may some
times be incorrect. 

ON the positive side of the ledger a 

great deal can be done to help the 
color-blind person in his everyday living. 
It would be extremely helpful, for exam
ple, if traffic lights were standardized 
so that the red always appeared above 
the green, or vice versa, everywhere in 
the country. Indeed, it would be possible 
to design traffic lights that most color
blind people would never confuse, sim
ply by making them yellow and blue. 
The city of Baltimore has traffic lights 
which are better than most in this re
spect. The red light contains a consid
erable amount of orange and the green 
light is actually a bluish green. Although 
not bluish enough, this color is usually 
distinguishable from the red by the color
blind. Most of the traffic lights in Balti
more also have a vertical streak running 
through the green light and a horizontal 
streak through the red light. To most 
color-normal people the streaks are not 
noticeable, but color-blind people have 
found them an additional helpful cue. 

Despite such aids, there will always 
be occupations in which color-blind 
workers will find themselves handi
capped. Until scientists can unravel 
completely the complexities of color 
blindness and find a cure for it-if one 
exists-the answer will probably lie in 
the proper selection of personnel. Early 
recognition of color-vision defects in 
schools and proper vocational counsel
ing would do much to eliminate serious 
disappointment in later life. We hope 
that eventually color-vision tests will be 
administered routinely as a part of every 
child's regular physical examinations. 

-

Alphonse Chapanis is assistant 
professor of psychology at The 
Johns Hopkins University. 

SHARP CUT-OFF FILTERS FOR THE NEAR INFRARED 
The Polaroid Type XRX Filters 

developed * for signaling and identi
fication devices are now available for 
general use. These filters block the 
ultraviolet and visible light but trans
mit the near infrared with an effi
ciency not approached by other filters. 

They are proving increasingly use
ful in military and other applications 
involving infrared spectroscopy, pho
tography, communications, and vision 
systems employing IR-sensitive image 
tubes, phosphors, lead sulfide photo
cells, cesium vapor lamps, and the like. 

All of the filters are notably sharp 
and complete in their cut-off. Total 
visual transmissions lie in the range of 
0.0001 per cent to 0.0000001 per cent. 
T h r o u g h  t h e  d a r k e r  t y p e s  t h e  
mid - day sun can b e  discerned only 
after substantial dark adaptation. Spe
cial varieties are available through 
which the brightest common sources 
of artificial light are completely invis
ible, even to the fully dark-adapted eye. 

The near infrared cut-offs range, 
for the various types, from 800 to goo 
millimicrons. All filters transmit to 2.8 
microns and the unlaminated filters 
have an additional transmission band 
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between 3.5 and 6.5 microns. They 
can be used continuously at temper
atures of -go°C ( about 200c F ) ; may 
be used for short periods at higher 
temperatures. 

Polaroid infrared filters Type XRX 
are stocked as 2-inch square and 2-
inch circular filters, for laboratory use. 
Price: $5.00 each in plastic, $7.00 each 
in water-white glass. Correspondence 
is invited concerning larger sizes and 
large-scale uses. Write Polaroid Corp., 
Dept. SA 3 I, Cambridge 39, Mass. 
U.S. A. 

POL A R 0 1'0 
® 

·S,d. Opl. Soc Am., Vol. 36, pp. 460·464, Aug .. 1946 CD Polaroid ® by Polaroid Corpor<lllOIl 
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INDUSTRY'S NEW TOOL FOR 

MEASURING DAYLIGHT ILLUMINATION 

The Bendix-Friez Illuminometer is ideal 
as an aid to correct light-load prognosti
cation through correlation with weather 
data and other known system factors. 
Based on U. S. Weather Bureau designs, 
this new instrument provides continuous 
recordings of daylight intensity in 
hundreds of foot-candles. An internal 
filter neutralizes heat ray effects and 
means are provided within the unit for 
calibrating the sensing element against 
U. S. Government standards. 

Write: FRIEZ INSTRUMENT DIVISION 01 

1422 Taylor Avenue �u.. � 
Baltimore, Maryland �� 

Exporl Sales: 
Bendix Inlernaliona' Division. J1 Hflh Avenue. New York 11, N.Y. 

What Makes 
an Executive Worth 
$25,000 a year? 

E
XECUTIVES earn top salaries 

because they hold the key to 
profits in any business. They make 
the plans, policies, decisions vital 
to success. Executive know-how is 
the pay-off. 

Today's great need is for indio 
viduals who understand the com
plexities of modern business, who 
can organize, control, coordinate 
its various functions. To meet this 
need, Funk & Wagnalls announces 
its exciting new Reading Course 
in Executive Technique, prepared 
by 45 high executives. 

FREE BOOKLET ON EXECU

TIVE TECHNIQUE outlines essen
tials. Mailed without obligation; no 
representative will call. Write to: 

FUNK & W AGNALLS, Dept. 
SA-351, 153 E. 24th St., N. Y. 10, N. Y. 
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Afler lesling every known 

it' 

A close-up of an FPEB drum-package dropped twice 
from a height of two feet on its bottom chime, at an 
angle of approximately 4S degrees. Although the 
flbre bottom pulled out of the metal chime, the envelope 
-made of VISQUEEN-did not leak. 

Development of the Rohm & Haas FPEB 
drum-package introduces an entirely new 
concept into liquid shipping. Basically the 
FPEB drum-package is a specially con
structed fiber drum with a separate VIS
QUEEN liner and a "boot," thoroughly 
tested to be satisfactory under normal han
dling abuse, 50 to 75% lighte-r than alter
native containers. 

It's another of the jobs that VISQUEEN 
film does best! 

HERE'S WHY: VISQUEEN film has ex. 

ceptionally high tensile strength and tear 
resistance . . .  yet always remains flexible 
and uniform. Clear, odorless, tasteless and 
impervious- VISQUEEN is chemically 
inert, unaffected by acids or alkalis. 

Regardless of what YOU ship (liquids, 
semi-liquids or solids) or where YOU ship, 
or how YOU ship (in fibre drums, cartons or 
metal containers) ... it's almost certain that 
VISQUEEN film liners will save you money, 
save you time and save you handling! 
*T. M. VISKING CORPORATION tFPEB is the d.signation for Rohm & Hao5' 

VI,aueen-lined drum package with boot. 
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competitive polyethylene film • • •  

liners for Rohm & Haas' 

revolutionary FPEB t drum-package! 

VISQUEEN envelope and VISQUEEN sealing disc are 
photographed with the other component parts 
of the FPEB drum package. The assembled unit
effected by mandrelling-has been proved 
capable of carrying 400 Ibs. of liquids successfully 
under all kinds of normal handling abuse. 

V/SQUEEN 111m ;s all polyethylene, but all 
palyethylene 111m ;s not VISQUEEN. 
VISQUEEN is the only fllm produced by 

the process covered by U. S. Patent No. 

2461975. Only VISQUEEN film has 

the beneflt of the research and extensive 

technical experience of The Visking 

Corporation, pioneers in the development 

of polyethylene fllm. Be sure. Always 

specify VISQUEEN fllm for superior tear and 

tensile strength and greater uniformity. 

Ready for fllling with 400 Ibs. of nonflammable, 
noncorrosive liquid is this completely assembled 
FPEB drum-package. Note how the VISQUEEN 
envelope overlays the top chime of the drum. 
Complete product protection is provided by the top 
sealing disc, which is also made of VISQUEEN. 
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M CLOTHES 
What fabrics or combinations of fabrics best insulate the body 

against the loss of heat? An account of an unusual study that 

produced some objective and practical answers to this question 

I
N North Africa during the last war 

we saw the Arabs put on heavy wool 
overgarments in hot desert storms 

when the thermometer passed 125 de
grees Fahrenheit. They did this to keep 
from blistering in the dry air, the hu
midity of which sometimes dropped to 
less than 10 per cent. On the other hand, 
in Alaska soldiers on still, sunny days 
occasionally walked about in their shirt 
sleeves with the thermometer below zero. 

Plainly what a human being needs to 
wear to keep comfortable depends upon 
a number of factors besides the tempera
ture of the air. The body is a heat ma
chine, and the function of clothing is to 
provide it with the proper kind and 
amount of insulation against a given out
side environment. There are so many 
variables, however, that the require
ments are not easy to determine. An en
gineer can calculate the heat loss from a 
steam pipe under a known set of condi
tions with a considerable degree of ac
curacy. But in the case of the human 
machine we must take into account not 
only such factors as the relative tempera
tures of the skin surface and the sur
roundings, the area exposed and the 
rates of heat loss by contact, by convec
tion and by radiation, but also the heat 
produced by the body's internal mecha
nism, the amount of water evaporated 
from the skin, the energy used in heat
ing the air breathed, and so on. Further
more, different parts of the body are 
at different temperatures which may 
change rapidly, and this complicates 
matters. 

We are accustomed to think of the 
human body temperature as about 98 
degrees F. That is the tempetature inside 
the body, but on the surface the skin of 
the back may be 90 degrees, of the legs 
85 degrees and of the feet 50 degrees or 
even lower without too much disturb
ance. The body's automatic controls act 
to cut off circulation to surfaces exposed 
to cold; in this way they prevent the 
body as a whole from losing too much 
heat. In cool weather the skin tempera
ture drops to an average of 90 degrees 
or less. 

The human body is a machine of from 
one-tenth to one-fifth horsepower. At 

56 

by M. E. Barker 

complete rest the average man generates 
about 280 British thermal units of heat 
per hour, which is the heat that would 
raise 280 pounds of water one degree F. 
At hard work his heat output may be at 
the rate of about 500 B.T.U. per hour 
for short periods. Under average condi
tions he generates somewhere between 
300 and 400 B.T.U. per hour. We shall 
take 400 as the standard figure. Now 
about a quarter of the heat produced is 
expended in evaporating water into the 
breath and warming the air drawn into 
the lungs. That leaves about 300 B.T.U. 
per hour which must be dissipated from 
the body surface to keep the body at a 
stable temperature. If we lose heat too 
slowly, we get heat prostrr.tion; if we 
lose it too fast, we chill and develop all 
kinds of complications. Since the aver
age man has approximately 20 square 
feet of body surface, about 15 B.T.U. 
must be lost per hour through every 
square foot of body surface. 

Nature has several excellent automatic 
control mechanisms, such as sweating 
and change of body-surface tempera
tures, to regulate this heat loss, but we 
must help her by the judicious selection 
of proper clothing. Clothing serves ex
actly the same purpose as a snowbird 
achieves on a cold morning when it fluffs 
its feathers to get a little more air into 
them as an extra overcoat. Our clothes 
put a barrier of many layers of small 
cells filled with air around the body as 
insulation, and the insulation value of a 
fabric depends upon the amount of still 
air trapped in the cloth. 

MANY excellent technical studies 
have been made, some of them 

still classified as military information, in 
this general field. The published studies 
agree on certain conclusions that are 
particularly pertinent here. The rate of 
heat loss from a warm surface to the air 
is proportional to the difference in tem
perature. Air currents blowing over the 
surface increase the heat loss in propor
tion to their velocity. The insulating ef
fect of a fabric covering depends on the 
thickness, kind and condition of the fab
ric. Certain types of porous fabrics actu
ally accelerate the loss of heat from a 

surface, because the holes, or channels, 
in the cloth act like finned tubes to in
crease the surface and the air turbulence. 
Cloth has much less insulation value 
when it is stretched or pressed than 
when it is not under such tension or 
pressure. Moreover, moisture in the 
cloth also increases the heat loss. Hence 
a thin porous fabric that is damp or 
tightly stretched over the body surface 
may have less than zero value for in
sulation. A porous, or cellular, type of 
fabric covering, such as a sweater, is a 
good insulator only when it is protected 
against air currents by an outside layer 
of closely woven fabric or paper. 

The study to be reported in this arti
cle was designed to isolate and measure 
the effects of such factors with a view to 
improving the design and selection of 
clothes for outdoor wear. To eliminate 
psychological factors and obtain objec
tive measurements, the tests were car
ried out on standard mechanical objects 
instead of on the human body. The 
"bodies" used were rectangular one
gallon varnish cans filled with warm wa
ter at a temperature of 100 to 110 de
grees F. They were clothed with various 
fabrics and combinations of fabrics, fit
ted around the can snugly and uniform
ly like a sock. The cans were then ex
posed to air of varying velocity, tem
perature and humidity, and the rates of 
heat loss were measured. 

All the samples of cloth, purchased 
new from commercial sources, were 
washed twice in warm water and soap, 
air-dried, ironed, dried further in an 
oven at 200 degrees F. for 30 minutes 
and then allowed to come to air moisture 
equilibrium. This procedure was in
tended to reduce the cloth to the condi
tion of garments after some wearing. The 
can itself weighed about 8.8 pounds 
when full and had a surface area of a 
little under two square feet, so its sur
face per unit weight was about twice 
that of a man. This made the experimen
tal "body" more responsive to the vary
ing conditions than a man would be. The 
can was placed so that the wind from 
the blower, after passing through the 
air-conditioner, blew directly against 
one edge of the can and whipped around 

© 1951 SCIENTIFIC AMERICAN, INC



all its surfaces, simulating the case of a 

man exposed to the wind. 
Some 300 different tests were con

ducted on these cans. They were tested 
without clothing and in many different 
kinds of garments, wet and dry. They 
were subjected to hot and cold weather 
conditions, were exposed to still air and 
to winds ranging up to 2,000 feet per 
minute. To ensure accuracy each test 
was run three times on three different 
days. 

A sample of cloth was first tested dry 
in still air and in a stream of air moving 
at 1,200 feet per minute-about 13 miles 
per hour, a moderate outdoor breeze. 
The same cloth sample was then tested 
after being wetted so it had a water con
tent equal to the dry weight of the fab
ric, which is the amount of moisture 
found in many undergarments after an 
hour's wear during exercise. Though we 
are not generally aware of it, our clothes 
always contain some moisture. For in
stance, a human subject was given a 
freshly dried cotton undershirt to put on 
and was asked to walk one mile at a 
moderate rate in fine weather; the out
door temperature was 68, the humidity 
60 per cent and a 5-mile-per-hour breeze 
was blowing. At the end of that walk 
the undershirt had gained 17 per cent 
moisture by weight; yet the subject was 
sure that he had not sweated. 

It is believed that the apparatus and 
the methods used in the can experiments 
give results that parallel field wearing 
tests with a good degree of accuracy and 
that conclusions drawn from this study 

are reliable, especially since they check 
with practical experience. 

B EFORE examining these results it 
will be helpful to consider briefly a 

few pertinent facts concerning the mech
anism of heat loss from the human body. 
Actual temperature measurements taken 
on a man wearing an undershirt, shirt 
and closely buttoned jacket on a day of 
moderate temperature, with the air at 
70 degrees F., showed that the tempera
ture at the outside surface of the coat 
was 74 degrees; the air between the 
coat and the shirt was 80 degrees; be
tween the shirt and undershirt, 83 de
grees; between the undershirt and the 
skin, 85 degrees, and at the skin surface, 
94 degrees. The temperature gradient 
between the skin and the undershirt of 
course is the primary factor in comfort. 

But the moisture conditions also are 
extremely important. Suppose, for exam
ple, that the 85-degree air next to the 
body has a water saturation, or humidity, 
of 80 per cent. As this air with its water 
vapor diffuses outward through the 
clothes, it cools and its relative satura
tion rises, since the moisture-holding 
capacity of air drops with temperature. 
If the incoming air with which it mixes 
is dry, the water content may stay below 
the saturation point. But when the out
side air has a high humidity, say 80 per 
cent, the air passing through the clothes 
becomes supersaturated with moisture, 
which then condenses in the fabric. The 
dampened cloth, with moisture filling 
some of the tiny air cells that would 

otherwise provide insulation, conducts 
heat away more rapidly and therefore 
increases the heat loss from the body. It 
may multiply the heat loss as much as 
three times, as compared with the loss 
through dry clothes. (Hence there is a 
real physical basis for the cliche that "It 
isn't the temperature; it's the humidity.") 
Damp clothes also have another cooling 
effect: they take heat to evaporate their 
moisture. The evaporation of sweat ab
sorbed by the clothes during exercise 
therefore increases the rate of bodily 
heat loss and reduces the temperature 
of the inner layer of cloth. 

Two other factors that affect the rate 
of heat loss require special mention. 
One, already noted, is the movement of 
air between the body and the clothes, 
which accelerates cooling. The other is 
the emissivity, or rate of heat radiation, 
of the cloth: black clothes have a higher 
emissivity than white. 

THESE observations help to explain 
the results of our experiments. The 

tests showed, for example, that an un
covered can loses heat six times as fast 
when air moves past it at 1,200 feet per 
minute as it does in still air. A dry cover
ing on the can greatly reduces this loss: 
on the average the loss from a can cov
ered with dry cloth is only twice as great 
in a 1,200-feet-per-minute wind as in 
still air. As for the effect of moisture, in 
still air a can covered with a single layer 
of wet cloth on the average loses heat 
1.7 times as rapidly as one clothed in a 
layer of dry cloth, and in air moving at 

ARTIFICIAL BODY was placed in a tunnel through 
wInch air could he circulated at various speeds, tem-

peratures and humidities. The hody, a can filled with 
water from 100 to no degrees F., was fitted with fahrics. 
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TYPE OF COVER 

CAN WITHOUT COVER 

SINGLE LAYER OF FABRIC 

THREE LAYERS OF FABRIC 

INSULATING VALUE of various fabrics and combina
tions of fabrics was tabulated after experiments with the 

artificial body. The insulating values given in the two 
columns at the far right are averages for still air and air 

1,200 feet per minute the heat loss 
through wet cloth may be eight times as 
great-i.e., greater than the loss from an 
uncovered "body." This means, of 
course, that the principal aims in de
signing clothes for protection against 
cold must be (1) to keep air currents 
away from the body and (2) to keep the 
inner layer of clothing as dry as possible. 

The insulation values of several types 
of fabrics and combinations of them, as 

DOUBLE BLACK POPLIN 

DOUBLE WHITE POPLIN 

POPLIN WHITE OUTSIDE . 

AND BLACK INSIDE 

POPLIN BLACK OUTSIDE 
AND WHITE INSIDE 

measured by our tests, are tabulated in 
the chart above. The values are given 
in percentages: e.g., a thermal insulat
ing value (TIV) of 60 means that the 
fabric prevents 60 per cent of the heat 
loss that would occur from a bare sur
face under the given conditions. A nega
tive TIV value means that the heat loss 
from the can is actually greater through 
the fabric than when the surface has no 
cover at all. In order to record compara-

SMOOTH HARD COTTON CLOTH 

tive ratings of the fabrics for all wind 
conditions, the TIV is calculated as an 
average of the fabrics' behavior in still 
and moving air. 

The tests demonstrate, as expected, 
that an open-weave or ridged fabric, 
such as the common undershirt, has the 
smallest insulation value. A dense cotton 
cloth gives somewhat more protection, 
and wool still more, the extent of protec
tion depending also on the weave, thick-

9 

9 

9 

9 

COLOR EFFECT was also tabulated after experiments 
with the artificial body. The vertical columns in the 

table correspond to those in the table at the top of these 
two pages. Obviously black fabrics have a smaller in-
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AVERAGE RATE OF HEAT LOSS 
U PER HOUR PER SO FT PER DEGREE F DIFFERENCE IN TEMPERATURE) 

AVERAGE THERMAL 
INSULATING VALUE 

. 88 

.54 1.71 87 62 

at 1,200 feet per minute. The values are given in per cent, i.e., a fabric with 
a value of 60 holds in 60 per cent of the heat radiating from a bare sm-face. 

ness and certain other factors. But all 
single-layer fabrics decline greatly in in
sulation value when they are damp; in 
still air almost all of them are worse than 
no covering at all. The situation is great
ly improved, however, when the fabrics 
are used in combination in two or more 
layers. The combinations are not partic
ularly helpful in still air, but in moving 
air two layers are about 40 per cent more 
effective, on the average, than one alone. 

1.6 2.1 

Much depends, however, on how these 
layers are placed. A combination of two 
layers has 25 per cent more insulation 
value when the more closely woven fab
ric (i.e., a windbreaker) is on the out
side than when the layers are reversed. 
Also, if one of the two layers is wet and 
the other dry, the heat loss is twice as 
great when the wet layer is next to the 
body surface as when the dry layer cov
ers the surface. In fact, a single thin dry 

3.23 65 24 

.68 1.35 1.78 2.72 71 39 

.68 

_74 

1.35 1.76 2.62 71 43 

1.5 1.9 3.08 68 28 

sulating value than white. The author recommends that indoor workers wear 
black clothes in summer to allow the heat of their bodies to radiate away. 
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• •  , Lockheed inlCalifornia offers 
you an important position - now 

I 
Lockheed inviteslyou to participate 

in its long-range p�oduction program, 
developing the air',craft of the future. 

Lockheed offers an attractive salary 
now, a future in a�ronautical science, 

a chance to li�e and work in 
Southern :California. 

Lockheed also of
f
ers generous travel 

allowances to t*ose who qualify. 

Lockheed has im�diate openings for: 
I 

.'i$P�i''';;'�;:::::'��' 
/t/" Aerodynamics Engineers '"\ 
f{� 

Electronics Engin •• rs "f.� 
; Aircraft Design Engin •• ,s � . 
� 

Stress Engin •• rs and"Analys.s �. 
'� Production Design Engineers .;r)'{ 

Engin •• ring Technical Writers 
' .... -

Flight Manuals Engineers 

����.�'J+��:�"�i;.�'ri 
Write today - giving full particulars 

as to training and experience. Address: 
Karl R. Kunze. Employment Manager 

LOCKHEED Aircraft Corporation 
Burbank. California 

CORTINAPHONE 
k 't FUN to Learn 

ma es I 

• 

list;en _ •• � 

s;iiK"'--' 
FRENCH-SPANISH 

RUSSIAN- GERMAN 
ITALIAN-BRAZILlAN-7APA N ESE 
"Learn by Listening" to CORTINA RECORDS. at home. 
the NATU RAL waY-Quickly. easily, cheaply. 

Only 15 Minutes a Day! 
THOUSANDS have found it the most fascinating,.most 
elfecth"e way to learn languages for Pleasure, BUSiness. 
Travel, Culture. INVESTIGATE! 

Send For FREE BOOK! 
Illustrated 32-page book, "The Cortinaphone Short-C�lt" 
sent FREE. Tells just what YOII want to know. Interesting. 
Get it! 

Write Todo"t--NOW 
M._ ... _ .. _______ . __ . ___ . __ � 

CORTINA ACADEMY (Est. 18821 
Suite 153.105 W. 40 St., N. Y. 18 . N. Y • 

Please send me-without obligation-your free book. 
I am interested in (check) 
o French 0 Spanish 0 German 0 Italian 0 Brazi Iian 

o Russian 0 Japanese 

Name 

Address 

City ... .. State 

o Check here if }IOU are a VETERAN 

VETS' FRENCH OR SPANISH COURSE 

• AVAILABLE UNDER G. I. BILL 
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INDUSTRIAL 

AMPLIFIER RECORDERS 
Direct Writing· Permanent Records 
No Ink • Rectangular Coordinates 

SANBORN Amplifier-Recorders offer ad
vantages and performance characteristics 

that make them outstandingly useful in a wide 
variety of industrial recording applications. 
Records are produced directly, and con
tinuously, by heated stylus on plastic-coated 
recording paper (Permapaper), are in true 
rectangular coordinates, and are sharp, clear, 
and permanent. Elimination of the ink flow 
type of recording permits the use of these 
recorders in any position and at any angle. 
The writing arm is driven by a D' Arsonval 
moving coil Galvan-
ometer with an ex
tremely high torque 
m o v e m e n t  
(200,000 dyne 

cms per cm de
flection). 

M o d e l  1 28 
shown in Figure 
1 is a single 
channel vacuum 
tube recording 
voltmeter cap 
able of reproducing any electrical phenomena 
from the order of a few millivolts to more than 
200 volts. Standard paper speed is 25 mm/ sec. 
Slower speeds of 10, 5, and 2.5 mm/sec. are 
available. The amplifier is interchangeable. 

Model 67 shown in Figure 2 is a typical 
multi - channel unit which provides for the 
simultaneous regis-
tration of up to four in
put phenomena on one 
record. Provision is 
made for choice of 
eight paper speeds: 
50, 25, 10, 5, 2.5, 1.0, 
0.5, and 0.25 mm/ sec., 
and for the use of 4-, 
2-, or I-channel re
cording paper. Com
plete versatility of re
cording is offered in 
Model 67 by means 
of interchangeable 
amplifiers permitting 
the regis tration of 
stresses, strains, ve
locities, etc., along 
with the usual D.C. 
or A.C. phenomena. 

The recorder and ampli
fier units oj which the 
above models aTe com
prised are also available 
separatell/. 
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layer of cloth next to the warm surface 
is highly effective even when all the 
outer layers are wet. 

The high insulation value shown by 
paper in these tests bears out what ho
bos well know: that two or three layers 
of newspaper make a warmer cover than 
a heavy overcoat. Anyone who has trav
eled in cold countries is aware that the 
most efficient covering of all is fur, or 
clothing made of duck down quilted 
between two layers of cloth. Furs are 
expensive and so is duck down, but a 
mixture of cotton fibers and chicken 
feathers (without the central stem) , 
quilted into layers a quarter- to a half
inch thick under pressure, offers the 
greatest insulation for the weight and 
money. 

THE general conclusion from this 
study is that the most comfortable 

clothes in cold weather are dry, thick 
clothes. Anyone who must stay in the 
open at low temperatures should take 
precautions to keep his clothes, espe
cially his underclothes, dry. He should 
have a densely woven outer garment, 
snuggly fitted at the wrists, neck and 
ankles, to keep out the wind. A good 
compromise between warmth, lightness 
and economy is obtained by using a 
closely woven Orlon fabric of moderate 
weight for underclothes, a very closely 
woven wool cloth for shirt and trousers, 
a thick quilted coat of mixed cotton and 

feathers and an outer windbreaker in the 
form of a parka made of two layers of 
Byrd cloth treated to make it water
repellent. Careful attention must also be 
paid to the feet, generally the most neg
lected part of the body in winter. Heat 
transfer is high through leather and the 
compressed fibers of thin socks. Foot 
comfort can be improved by wearing 
thick socks and air-filled innersoles. 

The study suggests that research 
should be directed toward development 
of the following improvements in win
ter clothing: underclothing of fibers that 
do not readily absorb water, outdoor 
garments of cloth that will hold consid
erable quantities of air in extremely 
small bubbles, quilted clothes made with 
a batt of chicken feathers and cotton, 
and shoe innersoles of porous, noncom
pacting materials. A great deal of work 
needs to be done on the problem of 
chemical treatment of fibers to make 
them waterproof before they are woven 
into cloth. Garments need to be designed 
so they will permit free ventilation dur
ing exercise but will eliminate such ven
tilation when the wearer comes to rest, 
thereby helping nature to remove just 
the right amount of heat from the body 
at all times. 

• 

M. E. Barker is head of the de
partment of chemical engineering 
at the University of Arkansas. 

© 1951 SCIENTIFIC AMERICAN, INC



�lIIl11ll11l11l11l1l11i1!lIIlIlIllIlIIlIlIlIIlIlIlIlIIll'r::IllIII1I11!iIllIIIlIlI!lIllIIlI:IIIIIIIIIII:1I1I11I!II1II1I1I1I1II1II1II:II:l]IIIIIIIIIII!!!lII!IIIIIIIII'III:IIIIIIIII:I",IIIIII'1I1II1111I1I1I1I,1111II111I1II1I1II1I1I1I11II!!i 11111111':111111 'iii' 111I:1:.I1II1'1I111II1!11I1I1I!111!1II111111111111'llllI'lIIlillllillllJ:l:lllIllall:1I1II!IIIIIIIIIIIII!III 1111I'11'111I1I11:''''1I11111111111.1II1111111Iilllllllllllllllllllllllll,11I'1II111111111111111111111111i111','g 

A LIBRARY BINDER 
FOR THIS MAGAZINE 

Keep your copies of SCIENTIFIC AMERICAN 
In a handsome and durable library binder 

Boulld III dark green library fabric and 
stalllped III gold leaf, it holds 12 issues 

Copies mounted 111 

may be inserted or 
binder open flat and 

removed separately 

Address your order, enclosing check or 
money order for $2.50, to: 

Department B 
SCIENTIFIC AMERICAN 
24 West �-Oth Street 

New York 18, N.Y. 

Supply of back issues of SClENTlnC AMERICAN is lilllited. 
To replace lIlissing copies, /110:1 inq/liry wilh your binder 

order. We ",ill selld copies, if available, and bill yon. 

I 

I 

1ifu1l1l1ll11ll1!l1l11ll1ll1l1:!lilllllllllllllilllllllllllllllllllllllll,III;1I11111111111111111111111I111111:llllllIlIlIlIlIIllIIllillllll�'lhll:llillilllllliilllllllllllllillliillllllli1II1111111111111111H1111111'!lIIillillllllll!!III1I11I11II!lIIi1l.lll:IIIIIIIIIIII!II1I11II1I11111111 ,,'Iillilllllllllllllllllllllllll:'i�illlllllllllillllllllllllllllillillllllllllllllllllllllllllllllliliI'!IIi:!:IIIII11I1I1I1II1I11i11111111 '1II1I1I1I1I1II1I1II1II11!IIlIllIIlIlIl!IllIIlIlllIllIIllIlI:llli 

© 1951 SCIENTIFIC AMERICAN, INC



A CHEMIST SEES A CAR LIKE THIS. Here are samples of 
the hundreds of chemical compounds in one of our cars. 

The piles of powder and crystals are metal compounds
the bars metal alloys. The liquids in the bottles, and the 
gases in the tanks (rear) will be used to process parts of 
the chassis, body, rubber fittings, plastic and upholstery. 
Chrysler chemists specify the exact chemical composition 

for more than 175 kinds of steel, 200 kinds of rubber com
positions-each best for its job and each adding to car 
comfort, life and value. 

HOW CHEMISTRY MAKES BETTER CARS. Here's one of the 
thousands of tests involving chemistry that make our 
cars run better, look better, and last longer. Various 

metal alloys for moving car parts are studied to find 
which ones hold lubricating oils or greases best. Samples 
are soaked in oil, whirled dry and kept at exact tempera
ture in the glass tank. Then the "interferometer" on the 

right lets the engineers measure the microscopic film of 
oil remaining ... helps them set the most exacting 
specifications for vital parts. 

THEY BROUGHT THE 
In the picture above, you see one of the practical miracles of mod. 
ern chemistry-as this science is used in engineering, research and 
manufacturing at Chrysler Corporation. 

Compare the gleaming, chrome bumper on the right with 
a bare piece of the steel that bumpers are made of (left). Both 
have just come out of the test booth in the background, where 
a corroding spray of salt water played over them constantly for 
48 hours. 

This is a test used by Chrysler Corporation chemists, to help 
them find the best ways to protect car parts from the ravages of 
weather. Today, chemistry plays a very important part in our 
laboratories and plants. Just about every part in our cars and 

Dodge Job·Rated Trucks Airtcmp Cooling, Heating, Relrigeration Mopar Parts & Accessories 
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OCEAN TO DETROIT! 
trucks is better because of chemical research, chemical testing, or 

chemical control of materials and manufacturing processes. 

Of course, it's beauty and comfort and performance that you'll 
notice when you try the great new Plymouth, Dodge, De Soto and 
Chrysler cars at your dealer's. But behind them is the finest 
scientific laboratory in the automobile industry, where chemistry 
and

-
the other sciences, and practical, creative imagination, are 

constantly improving the cars you are proud to own and drive. 

Chrysler Corporation 
PLYMOUTH DODGE DE SOTO CHRYSLER 

Chrysler Marine & Industrial Engines Oilite Powdered Metal Products Cycleweld 

BEAUTY FROM TEST TUBES! There are many different 
kinds of plastic, rubber and metal finishes visible in 
tbis Plymouth view. A metal of one alloy composition 
makes the instrument dials and hands; a plastic, the 
medallion and gear shift knob; a rubber, the steering 
wheel. The rich-looking enamel-on-steel, and the chrome 
trim, are chemical combinations specified for long-lasting 
beauty, as well as for protection of the metal under

neath. Making finishes stick to metals is a specialty of 
Chrysler Corporation chemists! 

CHEMISTRY ON WHEELS. In the laboratories and plants 
where Plymouth, Dodge, De Soto and Chrysler cars 
are born, many new features and improvements come 

out of chemical research. Hundreds of people work on 
the chemistry of the automobile. Some do "pure" re
search-others research in chemical testing, or improve

ments of parts. Their work has definite results. Stronger 

bodies . . .  quieter, longer lasting moving parts . . •  

surer, safer brakes .. . more beautiful, longer lasting 

finishes-these benefits chemistry brings to owners. 
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FREE 

MAN THE MAKER 
A History of Technology and Engineering 

by R. J. Forbes, 
Professor at 

the Amsterdam Municipal University, world-famous scholar 

THE FASCINATING story of man's discoveries and 
inventions told for the first time. It starts with the 

dawn of history and sweeps down through the ages to 
our modern era of jet planes and television. It traces the 
long upward climb from the Stone Age when man estab
lished himself as a tool-making animal, on through his 
conquest of fire and all the other technological advances 
that made our present-day civilization possible: the plow, 
the water wheel, the windmill, the steam engine, the road, 
irrigation, metallurgy, chemistry and transportation. "This 
is an excellent, compact history of technics," writes Lewis 
Mumford of MAN THE MAKER_ "There is no other 
book of this nature available in English, or so far as I 
know in any other language." 68 illustrations 

MAN THE MAKER contains 370 
pages, handsomely and durably 
bound in brown library cloth 
with gold-stamped title. 41 full 
page plates and 27 textual illus
trations. List price $4.00. Yours 
FREE to welcome you as a Life 
of Science Associate. (See 
choice of titles below. ) 

ioin us in exploring the 
frontiers of science? 

Will you 
historical 

MAN THE MAKER is offered to you FREE to introduce 
you to an exciting new idea. 

The struggles of the scientific pioneers and their great 
achievements form one of the most fascinating chapters in 
the history of civilization. It is the bridge between the 
arts and sciences-the key to an understanding of a world 
dominated by science. 

To meet this growing interest in the history of science, 
the LIFE OF SCIENCE LIBRARY has been created and 
is in the process of publication. Eventually it will include 
some 100 volumes. The books are of two kinds: personal 
biographies of the colorful figures who have pioneered 
scientific advances; readable histories of the major fields 
of scientific endeavor. 

Intellectually curious readers and scientists interested in 
enlarging their horizon are participating in the move
ment by enrolling as Life of Science Associates. You, too, 
are invited to join. As an Associate, you will have the 
privilege of receiving each new book as issued at the special 
Associates' price of $2.85 plus postage (list price averages 
$3.75). You need not take every book-your only obliga
tion is to accept a minimum of four a year <detailed descrip
tions are sent you in advance of publication). For each 
six books you purchase, you receive an additional book as 
a bonus, free of charge. 

Start your Associate Membership 
with one of these great books 

ADVISORY BOARD 

LINUS P AULING, 
Past President, Ameri
can Chemical Society. 

HARLOW SHAPLEY, 
Director,  Harvard 
College Observatory. 

JOHN F. FULTON, 
Sterling Professor of 
Physiology, Chairman 
olthe AdvisoryBoard, 
Historical Library, 
Yale University. 

LYMAN BRYSON, Professor of Educ. 
and Associate in !nst. of Adult 
Educ., Teachers College, Colum
bia University. 

MAX H. FISCH, Professor of Philos
ophy. University of Illinois. 

HENRY E. SIGERIST, Former Direc
tor, Institute of the History of Medi
cine, Johns Hopkins University. 

CHARLES SINGER, Professor Emeri
tus, University of London. 

1. I�r�o�I,F�ce�a��I��ie:r�iry�� re�C;;!,: r---------------------
vo!u:ne of essays about famous scientists, 
philosophers, historians. HSO full of charm, 
accuracy and stimulation as to defy concrete, 
controlled criticism."-N.Y. Herald Tribune 

III., list $3.00 

OR 

2. �:e�!S p���Tbyai�or
t�ear�i�t:li�to�� 

as it should be written, but seldom is." 
-Hartford Courant 111., list $4.00 

OR 

3. lo�� ��;Hfa�c
l
i�!�n�Y 

s���;w:;d :ac:;.� 
attempt through 2500 years to transmute 
baser metals into gold or silver. uReadable, 
rewarding, well·docu men ted. "-Scientific 
Mo,,'hiy 50 III., list $4.00 

Price of all books to Associates is 
only $2.85 plus postage. 

SEND NO MONEY 
-JUST MAIL THE COUPON OR WRITE-

LIFE OF SCIENCE LIBRARY, Dept. 593 
20 E. 70th St .• New York 21 

HENRY SCHUMAN, Direcfor 
L
IF

E of SCIENCE LIBRARY. Dept. 593 
20 �ast 70th St., N';w York 21. N. Y. 

Please enroll me as an Associate of the LIFE 
OF SCIENCE LIBRARY and send me 
"Man the Maker" FREE (list price, $4.00). 
together with my first regular selection indio 
cated below for which you will bill me later 
the special Associates' price of only $2.85 
plus postage. I agree to take a total of four 
selections within a year, chosen from your 
advance descriptions, all at the same low 
price, regardless of higher list prices. For 
each additional six books I take I will re
ceive a FREE bonus book. 
Send me as my first selection the title 
number I have circled (see descriptions 
at left): 

Name 

Address. 

2 3 

City ............ .......... Zone .... State. 

by Charles A. Cofer 

THE HUMAN GROUP, by George c. 
Homans. Harcourt, Brace and Com
pany ($6.00). 

H
ow may the behavior of groups 

be described and how may 
changes in it be predicted? These 

questions are fundamental to the meth
odology and theory of the social sciences, 
and satisfactory answers to them are es
sential to systematic progress in the un
derstanding of social behavior. As yet, 
however, there is little agreement con
cerning which of the many dimensions 
of social groups are best suited to their 
description; as a consequence, few stud
ies of groups can be compared with 
one another. In The Human Group 
George C. Homans, professor of sociolo
gy at Harvard University, has stated his 
answers to these questions, and has
tested the variables he has chosen against 
the behavior of several groups. He takes 
pains to point out that the ideas he uses 
are not original with him, but he believes 
that his particular combination of old 
ideas will be fruitful and will perform 
the function of theory, which, as Willard 
Gibbs once put it, is "to give the form 
in which the results of experiment may 
be expressed." 

The small human group, which Dr. 
Homans defines as a group of which 
every mem ber can communicate directly 
with every other, has been relatively 
neglected as an object of sociological 
study. Sociologists have most often been 
concerned with larger aggregates of peo
ple, such as the community, the society, 
the region and the like. Yet the small 
group is a ubiquitous form of human 
association; its study is therefore of in
terest to everyone, excepting possibly 
hermits. Through the study of small 
groups Dr. Homans hopes to construct a 
theory of their nature and function and 
then, perhaps, to generalize the theory 
to larger and more complex human ag
gregations. 

It seems to me that the basic notions 
in Dr. Homans' theory are, when shorn 
of their special terminology, simple, rea
sonable and inoffensive. Briefly they 
amount to this. Many groups come to
gether because of situational demands: 
their members have desires, feelings and 
motives which lead them to join the 
group. The situation often prescribes 
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BOOKS 
An ambitious attempt to bring the behavior of all human 
groups within the scope of a single sociological theory 

what the members are to do, how much 
they are to do and with what other 
group members they are to communi
cate in the course of group activity. The 
mem bers of a small construction gang, 
for instance, come together because they 
need money; the requirements of the job 
and the skills of the workmen prescribe 
what they will do, how much work they 
will do in a day, who will work with and 
be supervised by whom, and so on. Such 
factors, however, are not sufficient for 
the description of the group. Other varia
bles will enter in: the group members 
will develop likes and dislikes for one 
another; they will engage in activities not 
required by the job, like gambling; there 
will be interactions among group mem
bers not provided for in the job descrip
tions, such as horseplay; a code of con
duct will develop dealing with matters 
as diverse as what is a proper day's out
put and what is permissible profanity. 
There is obviously nothing new in this 
description, but Dr. Homans is pleased 
with the familiarity of the elements he 
has invented. He points out that "the 
fact that an apple would fall was the 
dreariest fact in the world until Newton 
showed that an apple and a planet 
obeyed the same laws of motion." 

In Dr. Homans' theory, then, there 
are two systems of variables necessary 
for the description of a group's behavior. 
One system antedates the formation of 

, the group and consists in the motives of 
the group members and the activities, 
interactions and codes of conduct pre
scribed by the situation. The other sys
tem develops within the group and con
sists in feelings, actions, interactions and 
standards of conduct arising from social 
life itself. The two systems of variables 
will of course interact with one another 
in a sort of feed-back process; indeed, 
they are difficult to untangle. These ideas 
are used in the analysis of five groups 
and in the discussion of leadership, au
thority and social control. The analysis 
is persuasive and the variables seem in 
general to fit the evidence in which the 
author is interested. I was somewhat 
shaken by my discovery that two of the 
groups analyzed are not groups at all 
by Dr. Homans' definition of a group, 
but I will describe his analysis of one 
of them because through its portrayal 
the entire scope of his theory can be 
revealed. 

Hilltown was once a prosperous New 
England community. Its families led an 
active social life and were interested in 
local affairs; thus the town had effective 

means of social control. Its leaders were 
definite, and the punishment meted out 
to those who deviated from its moral 
and ethical codes of conduct was stern 
and prompt. The town's prosperity was 
a tribute to the cooperative efforts of its 
inhabitants, who, faced with an unfavor
able environment, pooled their resources 
in joint ventures such as threshing bees 
and house raisings, thus accomplishing 
together tasks which individuals alone 
could not perform. During the course of 
these activities, shared out of necessity, 
the townspeople interacted and formed 
friendships, which led to other social 
activities such as parties and church 
"socials." This active community life led 
to the exchange of opinion and belief 
and, as a result, to agreement on many 
issues: religious, political and moral. In 
other words, it led to clear-cut norms of 
conduct. The leaders of the community 
were those who conformed most closely 
to all of these norms; it is a general prin
ciple, says Dr. Homans, that the leaders 
in a group are those persons who con
form most closely to whatever norms the 
group recognizes and approves. Social 
control could be effective in early Hill
town because the norms were clear, 
recognized and accepted, and the lead
ers and the group itself would in various 
ways, e.g., by social ostracism, punish 
those who deviated too far from accepted 
standards of conduct. As time went on, 
however, physical and technological 
changes affected Hilltown. Its land wore 
out; commodities and services which 
once had been a product of community 
effort now became available in imper
sonal ways. At the same time the na
tional standard of living went up, and 
Hilltowners, desirous of improving their 
financial status, found that they could 
no longer get along on the basis of the 
old activities shared within the commu
nity. As a result the joint activities and 
the resultant interactions declined in 
frequency; social life decreased. Many 
residents went elsewhere in the search 
for a better share of the national pros
perity. Because of all these changes, but 
primarily because of the decreased so
cial contact, people became less certain 
about their values and beliefs; it is 
through social interaction that group 
members develop their norms and gain 
the support necessary for their continu
ation. Hence the norms became loose 
and ill-defined. When this happened, 
acts which formerly would have met 
with prompt censure went unpunished, 
for when the norms are unclear it is diffi-

cult to judge an act right or wrong. 
Sexual delinquency increased, and a 
town official who absconded with public 
funds went virtually unpunished. Social 
control was no longer effective. Hilltown 
could no longer be called a community; 
it had become a mere aggregation of in
dividuals inhabiting a geographic area. 

The tale of Hilltown illustrates what 
I take to be the crucial feature of Dr. 
Homans' thesis: that interactions among 
group members breed more interactions; 
that out of interactions grow norms and 
leadership which provide for social con
trol. The interactions may arise, as in 
Hilltown, because of external environ
mental demands, but they may also 
arise from within the group itself. 

As long as I am under the persuasive 
influence of the regular cadences of Dr. 
Homans' prose, I believe that The Hu
man Group constitutes a contribution to 
SOCiological theory. As he writes, every
thing falls into place, and the variables
the activities, the interactions, the feel
ings, the norms-seem to account for the 
group phenomena that he brings to the 
reader's attention. With the variables he 
formulates a number of general princi
ples of group behavior, principles which 
are stated in essentially quantitative 
form and which appear to be testable 
in other groups and by other investiga
tors and by experimental means. Never
theless, the very generality of the theory, 
its applicability to such widely different 
groups-to groups which are not groups, 
for example-makes it suspect. I believe 
that the variables are too loosely de
fined, and although Dr. Homans has no 
difficulty in stretching them to fit groups 
of varying size, complexity and history, 
other students may not be able to do so. 
Adding to this the fact that there are as
pects of the group with which the theory 
does not pretend to deal, such as the role 
of personality differences among the 
group members, I believe that the an
swers in this book to the questions with 
which this review began must be judged 
inadequate. 

-

Charles Cofm' is associate 
pmfessor of psychology at 
the University of Maryland. 

PSYCHOANALYSIS AND ANTHROPOLOGY: 
CULTURE, PERSONALITY AND THE UN

CONSCIOUS, by G6za R6heim. Interna
tional Universities Press, Inc. ($10.00). 
In recent years cultural anthropologists 
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!llIst Ollt 
The Whole Fascinating Story

How Atomic Energy is Being 
Used RIGHT NOW for Peaceful 

and Beneficial Purposes 

THE ATOM 
AT WORK 
by JACOB SACKS, Ph.D., M.D. 

Brookhaven National Laboratory 
T HE COMPLETE DRAMATIC ACCOUNT 

of the history, development, and present
day applications of radioactive isotopes-in 
medicine, industry, agriculture, chemistry, 
biology, and other vital fields. In readable, 
nontechnical language, this book does a two
fold job: (1) provides background to today's 
developments-the tremendous sweep of 
e v e n t s  f r o m  t h e  
Curies' discovery of 
radioactivity to the 
historical victory of 
t h e  scientists w h o  
learned how t o  break 
the atom and pro
duce radioactivity, 
and (2) tells how 
isotopes are being 
employed today to 
help create a happier, 
healthier world. It 
describes how radia
tion is being used in 
basic research, in 
producing cheaper 
penicillin, in fighting cancer, leukemia, and 
thyroid malfunction, in improving plant 
growth, eliminating static, locating defects 
in metal, controlling thickness in steel, mak
ing better rayon, tires, etc. 

Says W. A. HIGINBOTHAM, Chairman, 
Federation 0/ American Scientists: HThere is 
no other place where all this information is 
gathered together; no other book so up to date 
in this expanding field." 

Says A. C. IVY, Vice President, Uni"ersity of 
Illinois; Member 0/ Board 0/ GO'Yernors, Argonne 
National Laboratory oj the Atomic Energy Com
mission: HOne book I have read through without 
stopping. I was intrigued by the genius the author 
has demonstrated for clear exposition of a complex 
subject. With only a minimum of scientific back
ground and this book, you may literally live in 'The 
Atomic Age.'" 

Says A. J. CARLSON, Uni .. rsity 0/ Chi-
cago: HThe atomic bomb has created uni-
versal fear. Dr. Sacks' new book will add 
hope to that fear, as it adds to factual un-�:�r:f::�. ,?f the nature of the universe $4.00 

-

Expl oring Electricit y 
Man's Unfinished Quest 

by HUGH HILDRETH SKILLING. The story of 
electricity and the uexplorers" who contributed 
to its advance. $3.50 

Measuring Our Universe 
by OLIVER JUSTIN LEE. How scientists measure 
the incredible distances with which they deal. 

$3.00 

Sunspots in Action 
by HARLAN TRUE STETSON. The evidence con
cerning effects of sunspots on radio, television, 
weather, life itself. . $3.50 

At your bookseller-or from 
THE RONALD PRESS COMPANY 

J 5 East 26th Street, New York J 0 
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have come more and more to investigate 
"primitive" cultures in the light of cer
tain psychoanalytic assumptions con
cerning man's nature. In turn, however, 
their findings, fed back into psycho
analysis, have helped to produce major 
revisions in psychoanalytic theory, espe
cially with regard to its assumptions con
cerning the universal and basic charac
teristics of the unconscious. As a result 
a revised and largely desexualized psy
choanalysis has developed which em
phasizes the childhood experiences of 
people in their cultures as the determin
ing factor in personality development 
rather than universal, instinctual drives. 
Dr. R6heim's boo.k was written to change 
all this. In it are presented analyses of 
a number of cultures-their folklore, 
myth, ritual and the like-the data from 
which are shown by Dr. R6heim, to his 
own evident satisfaction and in contra
diction of the interpretations of other 
analytically oriented anthropologists, to 
support his belief that the unconscious 
is essentially the same, whatever the cul
tural variation. Why do other students 
miss the facts so obvious to him? "This 
impression of complete diversity of vari
ous human groups is largely created by 
the Oedipus Complex, that is to say, the 
Oedipus Complex of the anthropologist 
or psychiatrist or psychologist. He does 
not know what to do with his own Oedi
pus Complex-he therefore scomatizes 
clear evidence for the Oedipus Complex, 
even when his training ought to enable 
him to see it." There are many real diffi
culties and uncertainties in obtaining and 
interpreting cultural data, and one can 
hardly accord a warm scientific welcome 
to a viewpoint that allows its advocate 
to ignore them while vanquishing the 
opposition in terms such as these. 

T HE BRITISH OVERSEAS; EXPLOITS OF 
A NATION OF SHOPKEEPERS, by 

Charles E. Carrington. Cambridge Uni
versity Press ($9.00) . Carrington's mas
sive narrative deals with the British 
pioneers and emigrants who beginning 
in the 16th century made permanent 
settlements in empty lands all over the 
world, built the greatest empire of mod
ern times and spread their culture, their 
social customs and their political ideals 
to Africa, Asia, the Pacific and America. 
This is a formidable historical under
taking which despite shortcomings (such 
as the failure adequately to discuss the 
broad consequences of these historic mi
grations) and omissions (the history of 
Ireland, for example, has been treated 
only lightly) has been successfully and 
readably fulfilled. Illustrated with por
traits, maps and graphs. 

W OHLD GEOGRAPHY OF PETROLEUM, 
edited by Wallace E. Pratt and 

Dorothy Good. Princeton University 
Press ($7.50) . This handsome, lavishly 
illustrated volume contains a compre
hensive survey of certain major aspects 

of the world's oil. Various experts con
tribute chapters on petroleum geology, 
the organization of the petroleum indus
try, the different regions in which petro
leum occurs, the extent of petroleum re
sources and the problems of utilizing 
them. A first-class piece of scholarship 
and bookmaking. 

THE PLANET MARS, by Gerard de 
Vaucouleurs. The Macmillan Com

pany ($2.00) . A French astronomer's 
lucid summary of what we know about 
the most intriguing of our planetary 
neighbors: its chemical constitution, its 
clouds, the seasonal variations of its cli
mate, its "canals," not to mention its 
possible life. This little book is more 
fascinating than most science-fiction. 

DE RE METALLICA, translated by 
Herbert Clark Hoover and Lou 

Henry Hoover. Dover Publications, Inc. 
($10.00) . Long out of print and ob
tainable only at $75 to $100 a copy, this 
translation by the former President and 
his wife of a classic on metallurgy and 
mining has been made available in an 
exceptionally handsome reprint. The 
book retains all the material of the 1912 
edition, including appendices, footnotes, 
indices, facsimile pages and the 289 
16th-century woodcuts. 

T HE STANDARD DICTIONARY OF FOLK
LORE, MYTHOLOGY AND LEGEND, 

edited by Maria Leach; Jerome Fried, 
associate editor. Funk & Wagnalls Co. 
($15.00) . From Aa (in Assyrian and 
Babylonian religion the consort of Sha
mash) through Zya (the Buriat term for 
the figure of a person drawn on cloth or 
paper for purposes of working magic 
against him) a comprehensive survey by 
32 authorities of the superstitions, faiths, 
fancies, fears, hopes, aspirations, games, 
proverbs, songs, dances, legends, riddles, 
folk art, primitive music, ballads and 
symbols that mark the cultures of the 
world in their unending variety and un
derlying unity. Whatever criticism indi
vidual scholars may legitimately voice 
regarding interpretation, emphasis and 
of course omissions in their specialized 
fields, this must clearly be regarded as 
a distinguished achievement of scholar
ship as well as an engrossing work for 
the general reader. 

CHINA AND THE SOVIET UNION, by 
Aitchen K. Wu. The John Day Com

pany, Inc. ($6.00) . Mr. Wu, a former 
professor of international relations at 
Yencheng and West China Union uni
versities who has a background of 25 
years in the Chinese diplomatic service, 
presents a study of Sino-Russian rela
tions from 1618 through the spring of 
1950. "No reasonable Chinese can fail 
to realize," writes Dl'. W. W. Yen, former 
Chinese Ambassador to the U. S., in his 
introduction, "that with a common fron
tier of many thousands of miles and 
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San Carlos, California 

BING CROSBY ENTERPRISES, INC., Hollywood I 
AUDIO-VIDEO PRODUCTS CORP.,New York City! 
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,,?tYt. YOU-A QUICK.EASY WAY TO 

LANGRUAGE 
fOT • PROFESSIONAL. SCIENTIFIC AND 

EDUCATIONAL ADVANCEMENTI 
• Greater Business Opportuqitiesl 
• Doubled Travel EnioYment! 
• Wider Social and Cultural Horizons I 

What do you want to learn • ' • French, 
Spanish, Russian, German or the Oriental 
languages? With LINGUAPHONE you can 
learn any one of 29 languagcs, in just 20 
minutes a day! 

LINGUAPHONE 
World's Standard Conversational Method 

is the natural way to learn a language , . .  
actually the same way you learned English 
eren before you went to school. You hear 
people SPEAK in their native tongue. You 
listen-you learn-you understand, You 
SPEAK wi th correct prollunciation, proper 
tonal inflection. You learn to read and 
write. It's all amazingly easy! 

In peace or war another language can 
mean power, promotion, a better job or 
service rating, more pay. greater oppor
tunities and cultural enjoyment to you, When 
tra\'eling, you'll be able to see and do 
things the native way, ]f ;you're in a pro

a sC'ientist, student or teacher. another language 
a \'aluable asset tor greater achierement. You're 

never too old or too young to learn the Lli\'GUAPHO�B 
way! Right at homc. in leisure time, alolle or with 
family and frlcnds. master:-

SPANISH FRENCH RUSSIAN GERMAN 

1.I ••• l-'li'HtiiiAPHOHE'INSriiuiE----1 
303RockcfellerPlaza,N.Y.20,N.Y. I 
Send me your FREE book. I �

a
���':=g!? learn ............................. ! 

Name ........................................... 1 
Address ......................................... I 

I 
City ............................... . 
o Chcck hCl'e if vetel·an. 

with diplomatic and commercial rela
tions dating back to an earlier period 
than those between us and other nations 
of the Occident, the Chinese and Soviet 
peoples should and could not be any
thing but the best of friends, and this 
idea runs like a thread throughout the 
length of the book." 

THE NEW You AND HEREDITY, by 
Amram Scheinfeld. J. B. Lippincott 

Company ($5.00). Scheinfeld has re
vised and substantially enlarged this ex
cellent popular account of the problems 
of human inheritance which first ap
peared in 1939. Three quarters of the 
work has been rewritten to incorporate 
the advances of the past decade; special 
consideration has been given to topics 
of contemporary interest such as the 
Lysenko controversy, the genetic effects 
of nuclear radiations, the Kinsey find
ings. There are numerous new illustra
tions and a useful list of suggested read
ings. The new edition deserves to inherit 
the reputation of the old. 

Also Noteworthy 

THE SEA SHORE, by Charles M. 
Yonge. William Collins Sons & Co., Ltd., 
Toronto ($5.00). The Regius Professor 
of Zoology at Glasgow University de
scribes the natural history of the sea
shore, notably the British, in a beauti
fully illustrated and well-written book. 

SCIENCE AND RATIONALISM IN THE 
GOVERNMENT OF LOUIS XIV, 1661-1683, 
by James E. King. The Johns Hopkins 
Press ($3.75). A learned monograph 
dealing with the influence of science and 
rationalism in determining the policies 
and reforms of Louis XIV and Colbert. 

THE PHYSICAL BASIS OF MIND: A 
SYMPOSIUM, edited by Peter Laslett. 
Basil Blackwell & Mott, Ltd., Oxford 
($1.00). A series of British Broadcasting 
Company programs by leading scientists 
and philosophers on what goes on in the 
body when men and animals think. 
Nothing remotely comparable either in 
scientific excellence or interest emerges 
from any known radio station in this 
country. 

CONTRIBUTION TO MATHEMATICAL 
STATISTICS, by R. A. Fisher. John Wiley 
& Sons, Inc. ($7.50). A collection of 43 
original papers, the majority of which 
have appeared only in journals and are 
therefore not readily available, by the 
most noted and creative of contemporary 
statisticians. A valuable compilation for 
specialists. 

ILLUSTRATED ENGLISH SOCIAL HIS
TORY, by G. M. Trevelyan. Longmans, 
Green & Co., Inc. ($3.75). The second 
volume of this most attractive edition of 
Trevelyan's noted work covers the age of 
Shakespeare and the Stuart period. 

* * 

James B. Conant, President of 
Harvard University, writes in 

SCIENCE and COMMON SENSE 

"This is a citizen's guide to the 

methods of experimental science ... 

"Whether we like it or not, we are 

all immersed in an age in which the 

products of scientific inquiries con

front us at every turn. We may hate 

them, shudder at the thought of 

them, emhrace them when they 

bring relief from pain or snatch 

from death a person whom we love, 

but the one thing no one can do is 

banish them. Therefore every Amer

ican citizen in the second half of 

this century would be well advised 

to try to nnderstand both science 

and the scientists as best he can. 

"The United States as a nation can 

benefit more than any other country 

by the continued vigor of scientific 

investigation. . . . Whatever any 

other nation may do, whatever the 

tensions of the times, unless or un

til a global war should engulf us, 

we must foster science; and that 

means fostering freedom of inquiry, 

of discussion, and of publication." 

At last-a book that a scientist 
can recommend to laymen 

S(;IEN(;E and' 

COMMON SENSE 
by James B. Conant 

Illustrated $4.00 
•••••••••••••••••• 

The Story 0/ America's 
Greatest Scientist 

Josiah Willard Gibbs 

* 

by Lynde P. Wheeler 

A definitive biography of the Yale 

physicist-mathematician whose work 

in thermodynamics paved the way 

for the amazing progress of 20th 

century scientists. 

Illustrated $4.00 
at your bookseller 

YALE UNIVERSITY PRESS 
New Haven 7, Connecticut 

* 
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THE AMATEUR ASTRONOMER 

Conducted by Albert G. Ingalls 

T
HE large portable telescope shown 

in the drawings on these two pages 
is a long-focus instrument of the 

type best suited to planetary obser�a
tion, yet it is small enough to be carned 
disassembled in the trunk and rear seat 
of a car. Weighing 215 pounds, it is a 
careful compromise between full stabil
ity and extreme lightness. Some of its 
features might well be worth including 
in any telescope. 

The builders of this instrument, R. A. 
Stolle of the Stolle Engineering and 
Manufacturing Company, Los Angeles, 
Calif., and his son Mark Allen Stolle, 
became telescope makers by accident. 
One evening they started out for a sci
ence lecture, but through a mixup of 
addresses found themselves instead at a 
meeting of the Los Angeles Astronomical 
Society. "From then on," Stolle senior 
writes; "we made telescopes. 

"After we had built a 4-inch refractor, 
and an 8-inch reflector with gas-pipe 
mounting, we had an opportunity to see 
George Schmid's lO-inch f17 portable 
telescope on a mounting that he had 
designed. It was operated from an Edi
son battery in his car with a little d.c. 
electric motor. Seeing that there could be 
something better than our mountings, 
we began work on a mounting like 
Schmid's for a lO-inch long-focus mirror 
we procured from Thomas R. Cave. 

"Everyone was skeptical about wheth
er such a long telescope could be at once 
portable and sufficiently steady. So we 
modified some of the Schmid features 
to handle our longer tube, hoping that 
the design would prove satisfactory and 
still be portable-and I don't mean like 
a piano. 

"We find we can disassemble this in
strument and pack it in our car very 
nicely, with the stepladder that we use 
for observing attached to ski racks on 
top. Without our knowledge we were 
timed; it took us only seven minutes to 
remove the parts from the car, carry 
them a short distance, assemble them 
and have the telescope in operation. 

"The pedestal is as steady as if the 
pipe were set in concrete, and the mount
ing, while not perfectly steady, is so 
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nearly so that if you slap the tube it will 
settle after about three oscillations, or as 
fast as you can count three. It has sur
prised a good many skeptics who be
lieved that only concrete and massive 
weight could hold a telescope of this 
size and length steady. 

"The drive movement is a 7-watt syn
chronous motor. It operates on 110-volt, 
60-cycle current when we are at home. 
When house current is not available we 
use our car battery, or any small 6-volt 
battery, with a 6-volt vibrator inverter 
which changes 6 volts d.c. to 110 volts 
a.c. This vibrator is similar to those used 
for radios on cars. We can hold a star in 
the center of the field for several hours 
with a half-inch eyepiece giving 225 
diameters magnification. We can do even 
better than this if we vary our frequency 
with an inverter. 

"The long tripod legs are individually 
adjustable, making it possible to set up 
the telescope on uneven ground. The 
upper tips of their diagonal braces latch 
into sockets on the side of the pedestal 
and are held there by spring-loaded balls 
while the screw in the brace is run out. 

"Please give much of the credit for 

this telescope to my son Mark, who with 
supervision did most of the actual work, 
and to Scnmid, whose design was large
ly used." 

The pedestal of the Stolle telescope is 
made of 3 5/16-inch outside diameter, 
3/16-inch wall steel tube. The mounting 
is carried on a short tube that drops over 
the pedestal, and carries a level glass for 
plumbing it. The polar-axis adjustment 
is a sector, permitting accurate use of 
the telescope in different latitudes. 

The polar axis is a short length of l
inch Shelby tubing with an adjusting 
nut. Sliding over this is a length of Hs
inch outside-diameter Shelby tubing 
with a knurled brake-tension adjusting 
nut. The braking surface is on the side 
of the bronze worm wheel, which is lu
bricated with vaseline. This supplies the 
desirable slip-ring feature described by 
Russell Porter in Amateur Telescope 
Making, fourth edition, pages 145-146, 
and saves much unnecessary labor in 
setting the telescope on stars from the 
atlas or ephemeriS. 

On the I-inch declination-axis shaft 
is a lock for the extension that carries the 
two counterweights. (The second co un-

RA.Sto/le 
10" Reflector J = 11.2 

" JlI. 

A seven-piece telescope for transportation in ct car 
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terweight is used sometimes for balanc
ing a camera and at other times to bal
ance a 4-inch refracting guide telescope 
that rides pick-a-back on the larger tele
scope when it is used as a camera.) Also 
on the declination-axis shaft are a 
knurled adjusting nut for smooth rota
tion in declination, a larger knurled nut 
for brake-tension adjustment, and a fiber 
washer next to it; this end is arranged 
muoh like the lower end of the polar
axis shaft. At the head of the declina
tion-axis shaft is a 144-tooth 22-pitch 
bronze gear, and against its side another 
lubricated braking surface. 

Believing with Stolle that the braking 
surfaces damp the vibrations and there
by give the telescope its steadiness, il
lustrator Hayward, himself an amateur 
telescope maker, suggests experiment
ing with lanolin for lubrication. Lanolin, 
he points out, is quite viscous, yet it has 
a starting friction of nearly zero; it might 
damp the vibrations critically and in
crease the stability still further. 

The tube saddle consists of two mem
bers having a deep, stiff section. The 
tube rotates in the saddle rings, obviat
ing the neck-wringing otherwise suffered 
by the observer. Knurled screws on each 
of three tube-section joints permit quick 
assembly of the tube. 

The eyepiece-diagonal unit slides as 

a.A.Stolle 
10" Rdlectot' ./==11.2 

a whole on ball bearings against two 
rods; focusing is accomplished by turn
ing a knurled screw below the eyepiece. 
This screw turns a rubber friction roller 
that bears against one of the rods. The 
adapter tube slips quickly into position, 
as determined by a spring-loaded ball 
on the inner wall of the boss or ring that 
receives it. This boss can r�ceive an eye
piece of full 2-inch diameter to accom
modate the wide images given by the 
long-focus mirror. A camera may be at
tached in place of the eyepiece for pho
tography either at the prime focus or 
through the eyepiece. The diagonal sup
port arm is a 5-inch ring for spreading 
the diffraction around the field, and is 
made of hard rubber to avoid the tem
perature effects of metal. The entire 
telescope has a black crackle finish. 

REQUESTS for full instructions to 
build riflemen's target and spotting 

'scopes have reached this department 
occasionally for many years. Nearly all 
of these come from riflemen who are not 
telescope makers. There is a chapter on 
target 'scopes in Amatem' Telescope 
Making-Advanced, but no pretense is 
made that it is suited to optical novices. 
It has therefore been necessary to advise 
such inquirers to approach their goal by 
a roundabout route: first make a reflect-

Details of the mOllnting for the Stolle telescope 

No need for months of tedious grinding! 
Telescope success assured with our NEW 

TELESCOPE MIRRORS! 
Ready-to-use 

Ground-Po'ished-Aluminized-Tesfed 

00 you aspire to' better acquaintance with Jupiter's 
Moons. Saturn's Rings and other heavenly wonders? 
Building a reflecting telescope from our FINISHED 
lenses will do it for you. Construction is simplicity 
itself-merely follow easy written and photographic 
instructions.* More than 10,000 of these mirrors have 
been sold and are now in service attesting to their true 
scientific value. 

3" Kit39" F.L. 40x & 80x ....................... $ 6.00 
4" Kit 54" F.L. 60x & 120x ..................... $10.00 
5" Kit 67" F.L. 70x & 140x ... .... ............. $15.00 
6" Kit (Pyrex) 75" F.L. 80x & 160x ..... $18.50 

Send for your telescope unit NOW. FREE instructions 
with kit. 

*Instl'uctlons will b(' s('nt upon receipt of 50c. 

This material may also be seen on permanent display in 
th(' Adler Planetarium & Astronomical Museum, Chicago. 

HERSCHEL PRISM 

Summer is coming. Make- your own Solar Eyepiece with 
this wedge for observing sunspots, the full Moon and 
Venus. Allows only about 5% of the heat and light to 
reach the eye. This prism is NOT SURPLUS but is 
made to our special order as follows; G lass. water-white 
optical crown. well annealed. Size 2" x 1%" (50mm x 

35mm). Thickness 4mm to 14mm. Angle is 12112 de
grees, plus or minus 112 second, or be\ter. Reflecting 
(hypotenuse) face is flat to at least 1/4 wave (sodium 
light) or beUer. Exit face is flat to 1 band (at least) 
or beUer. All optical surfaces are pitch polished. Posi
tively NOT fluoride-coated. A Solar Eyepiece made 
with this prism will give the best possible definition 
and little heat and light will reach the eye. Price each 
prism only $8.50 net. 

AMBER I,UNAR FILTER 
Excellent for viewing the full moon. Improves seeing 
by a point or two and greatly reduces glare. Enables 
you to see a wealth of rather curious detail of small 
light and darkish areas under high solar illumination. 

$1.00 ea. 

Include Postage-Remit with Order 
Send SOc for Up-to-Minute Catalog 

No open accounts-no C.O.D. 

HARRY ROSS 
MICROSCOPES-TELESCOPES 

Scientific and Laboratory Apparatus 

70 West Broadway, Dept. SA-1 

N. Y. 7, N. Y. 

WAR SURPLUS BARGAINS 
YOUR CHANCE TO SAVE REAL MONEY! 

MAKE A MICROSCOPE 
G('t wonderful results. Own an instrUlll('nt Worth many 
times the cost to you. Simply convert a U.S. Govt. Rifle. 
scope (Govt. cost oV(,l" $65.00). It's easy! We show you 
how. No machining required. Get up to 40 POwer. SCOpe 

:?t�ur ":,d 
a
��t �Ilr;��

n
c����t:�n • • •  s('nt complete 

�o��k J�������:::�:�?��:��::::�?:::��������:i?g: s;�:��� 
LOOK! LOOK! BINOCULAR BARGAINS! 
An opportunity to own a truly fine pair of American-made 
glasses at substantial savings over glasses of comparable 
qUality. Made by Anchor Optical Co., our Binoculars are 
light-weight, dust-proof, moisture-proof, experUy colli
mated. Designed and built to stay in collimation even 
under rough usage. Optics are low reflection coated-preci. 
sion made! for clarity and sharp definition. Metal parts 
chemically treated to prevent corrosion. Anchor Binoculars 
come! with sturdy Carrying Case and neck strap. All Glasses 
factory tested and Inspected-gu:)ranteed for full year 
against any defects In Workmanship or materials. Sold with 1 0 DAY MONEY BACK PRIVILEGE. 

Stock #963-5 .................. 6 x 30 •................. $75.00 Postpaid 
5tock #964-S .................. 7 x 35 .................. 85.00 Postpaid 
5tock ='*965-5 .................. 7 x 50 .................. 98.50 Postpaid 
Stock #966·5 .................. 9 x 50 .................. 99.50 Postpaid 

(Be sure to add 200/0 Fed. Tax on Binoculars) 

AMAZING POCKET-SIZE 
10-POWER SPOTTING SCOPE 

Complete With Tripod and 
Swivel Head 

Only 5%" long-8%" high on 
tripod. Adapted from Army tele
scope and worth many times our 
price. Excellent for clarity and 
sharpness. Has prism erecting 

i&�l�:�ri ���:pr!�!.icLf��:�t\�; 
, reflection coated. Ideal Scope for 

sportsmen and hunters. ,;,;;;.;..i. 
Stock #955·$ ... $14.95 Postpaid 

SIMPLE LENS KITS I-THE LENS CRAFTER'S DE
LIGHT! Fun for adults! Fun for childr('n! Kits include 
plainly written, illustl'ated booklet showing how you can 
build lots of optical items. Use these lenses in photogl'aphy 
for copying, ULTRA CLOSE-UP SHOTS. Microphotography, 
for "Dummy Camera". Kodachrome Viewer, Detachable 
Reflex View Finder for 35 mm. cameras, Stcr('oscopic 
Viewer, ground glass and enlarging focusing nl(ls. And 
fot' dozens of other uses in exp(')'lmental optics, building 
TELESCOPES, low power Microscopes, etc. 

Stock #2-S_10 lenses ........................ ....... 51.00 Postpaid 
Stock # 5-S-45 lenses................ . ...... 55.00 Postpaid 

Stock # 10-S-80 lense s.................. . .. $10.00 Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SALVAGE CO. 
BARRI NGT ON, NEW JERSEY 

69 
© 1951 SCIENTIFIC AMERICAN, INC



� 
-�= rl �or th

�

e first time an instrument capable � of serious astronomical research is avail-

I able for less than $200.oo! The Saturn 3 
Inch Portable Refractors are precision 

, made by the West's largest makers of 
i r observatory instruments; objective lenses 

are highest grade precision ground, 

I achromatic f-15 crown and flint glass, all 
moving parts are precision machined. 

Although the Saturn 3 Inch Refractor 
has a 45 inch focal length, the instrument 
is easily portable, weighing less than 
thirty pounds, including tripod. 

Saturn 4 Inch Portable Refractors from 
$345.00; larger instruments manufactured 
to order. 

I 
Write for literature giving full informa
tion on the Saturn Refractors. 

I tmmn... · 2528 Grove Street 

n lEr Berkeley, California 

b�.� 
_WAR SURPLUS BARGAIN 

i)PTICS 
ACHROMATIC TELESCOPE OBJECTIVES-Perrect 
Mngnesiulll Fluoride Coaled and cemented Gov't 
Surplus lenses made of finest Crown and PI int op· 
tical glass. Tiley arc fully corrected Hnd have tre
mendolls resolving power and can be readily used 
With 1/4" 1i'.L. eyepieces. Gurll'anteed well suited for 
Astronomical 'l'clcscopes, Spotting Scopes, etc. 

Diameter 

54m/m (2%") 

59m/m (2h") 
18m/m (3n") 

*78m/m (3h") 
81m/Ill (3,on") 

83m/m (3'%.") 

83m/m (314") 

83m/Ill (314 H ) 
83m/Ill (3%.") 
-Not coated 

Focal Length Each 

600m/1ll (23%") . .......... $12.50 
308m/m (12'A.") .......•... $1 0.00 _I. 
381m/m (15") ............... $21.00 .., 
451m/m (17%.") ........... $21.00 
622m/m (24%") . .. . ...... $22.50 
660m/m (26") .. . . ......... $28.00 f 
711m/m 128").. . ........ $28.00 
876m/m (34%") . ......... $28.00 
1016m/m (40") ............. $30.00 

We can supply ALUMINUM TUBING for the above f 
lenses . 

Mounted eyepiece has 2 perfect lense!!' 
29mm in dia. Designed in order to give 

�� L�Y(�X)I i.�� ... �?l
.
l 
. . ��� .. �. ?:'�.:� .. ��.?�: .. � X�.'.� $4. 50 

Mounted eyepiece has 2 perfect achromats, 
27mm din. Cell fits 11/4" tube. 17/16" E.F.L. ,7X) ......•............................••......... $4.00 _I. 

40 POWER TELESCOPE.., 
Coated Lenses 

::�tg:;§Ji . j I liSt _I. 

FOUR TELESCOPES in One because or Adjust- T 
able Power Eye piece lOX. 20X. 30X and 40X. 
Magnesium-fluoride Hard Coatcd Precision Amer-
ican made J ... enses. Achromatic Objective lens 2%" 
(53m/m) dia. Length closed !Ph". open 27%", 

���t��.�.: ... ��.�.����:. .. ���·.�.��.��: .. . �:.��.�.��� ... �� $35.0o�l� 
Smallcr Model 40 power telescope 1�" (36m/m) � 
Objective, length open 26J,4" .. . ............ . Only $27.50 

I Free Catalogue I """'-
"MILLIONS" of Lenses, etc

.:. "'11IIIIIIII:-
We pay the POSTAGE-C.O.D.'s you pay postage 
-Satisfaction guaranteed or money refunded it 
returned wi thin 10 days. 

A • .JAEGER S  ozg3N�8�A9�:M"�·.Y. 
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ing telescope as an apprenticeship; then 
make a small refractor (which might be 
a spotting 'scope) ; then tackle the de
sired target 'scope. This advice has sel
dom appealed to riflemen. 

In a new book entitled Sporting Rifles 
and Scope Sights, written by Truman 
Henson and published by David McKay 
Co., New York, 93 pages are devoted to 
instructions for buildin& three hunting 
'scope sights, one target scope sight and 
two spotting 'scopes. The rest of the book 
deals with the conversion of discontin
ued military arms into sporting rifles. 
The instructions are full, detailed and 
specific. Full-dimensioned drawings are 
included for each 'scope. The author, a 
lawyer whose hobby is riflemanship, has 
himself made every 'scope he describes, 
excepting their optical parts, which he 
obtained from war-surplus lens dealers. 
He has included enough basic optics to 
assist the non-optical builder adequately. 

THE basic principles of the lens-erect
ing system for terrestrial telescopes 

are described in the following notes by 
Allyn J. Thompson, 1628 Mayflower 
Ave., New York, N, Y., author of the 
book Making Your Own Telescope. Any
one who plans and constructs one of 
these systems with its aid is invited to 
describe the experience and the result. 

The manner in which the terrestrial 
telescope functions is shown in the up-

per drawing on this page. Rays from a 
distant axial object point are brought to 
an axial focus in the plane y of the ob
jective O. Rays (dashed lines) from a 
marginal point of the field are brought 
to a focus on the opposite side of the 
axis in the same plane y. This gives us 
an inverted image of the distant object. 
Now suppose we regard the erecting 
lens L as a projecting lens. By placing it 
at some distance p that is greater than 
its focal length from the image y, an 
image of the latter will be projected to 
y'. The image is turned around or in
verted in the course of projection, so 
that the new image is erect. The distance 
p' to the projected focal plane y' is found 
from equation 1 where F' is the focal 
length of L. The relative size of the im
ages y' and y depends on the ratio p'/p. 
In the diagram, p' is twice the distance p; 
the image y has therefore been doubled 
in the projection, and in effect the focal 
length of the objective has been ampli
fied two times. The equivalent focal 
length of the telescope is given in equa
tion 2. The new image y' is viewed with 
the aid of the eyepiece E, and the total 
magnification M of the telescope is given 
by equation 3 where F" is the focal 
length of E. 

A field stop of suitable aperture should 
be placed in the plane y' to delimit the 
field to one of even illumination, and to 
cut off the poorly imaged external parts. 
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A reticle can be used either in the same 
plane or at y. By mounting the erector 
lens L in a separate focusing tube so that 
the distances p and p' can be varied, a 
similar variation in magnification is ef
fected. This action of course will affect 
the position of y', and complicates the 
matter of reticle installation. Also, the 
use of the telescope for different object 
distances affects the position of both y 
and y'. In these circumstances, the best 
thing to do is to mount the reticle in a 
unit within which the eyepiece can focus. 

Just as the image y is projected by 
the lens L, an image of the objective 0 
is projected to 0'. The distance LO' is 
found from formula 4, where Do is the 
sum of the distances F and p. The rela
tive sizes of 0' and 0 are proportional 
to their distances from L. 0' is the exit 
pupil of the system OL, and is the en
trance pupil of E. As any light passing 
beyond the boundaries of 0' may serve 
only to fog up the image y', a stop (called 
an erector stop) should be placed in the 
plane 0'. An image of 0' is projected by 
the eyepiece to 0"; this is the exit pupil 
of the telescope, and it is in this plane 
that the lens of the eye should be placed 
when viewing the image. The distance 
EO" is known as the eye relief or eye 
distance, and from formula 4 it is ap
parent that this distance is greater than 
if the erecting lens were absent, a con
dition that is also found in the astronom
ical telescope. The diameter of 0" is 
equal to that of 0 divided by the total 
magnification of the telescope, provided 
of course that there is no curtailment 
of 0' by the erector stop. 

The erector eyepiece of the upper 
drawing is the type that was devised by 
the German mathematician Christoph 
Scheiner in 1637. In practice it is ren
dered nearly useless by overpowering 
aberrations. An immense improvement 
was effected in 1645 by the Bohemian 
astronomer Antonius Maria Schyrleus de 
Rheita, who substituted for L two equal 
plano-convex lenses separated by their 
focal lengths, with the convex surfaces 
faCing each other, and for E a Huygenian 
eyepiece. This arrangement corrects for 
chromatic difference of magnification, 
and at fl8 or higher ratios its perfor
mance compares well with that of mod
ern designs. Rheita's erector is shown in 
the second draWing, although a Kellner 
eyepiece is used in that illustration in
stead of a Huygens. 

In using a two-lens erecting system, 
the amplification or relative sizes of aper
tures at y and y' depend on the proximity 
of the erectors to y. If this distance is 
chosen so that In and 11 are equal, the 
image sizes are equal, and the magnifi
cation is unity. By moving the system 
closer to y, the projection distance and 
the image size are increased. Actually 
the projection distance 'is not repre
sented by 11, nor the object distance by 
In; these measurements are referred to 
what is known as the principal planes of 

the system. There is no need, however, 
to delve further into the study of optics. 
The distances m and 11, which are all that 
are necessary for construction, can be 
obtained by using an illuminated artifi
cial image at y, and experimentally po
sitioning the erectors until a sharply 
focused image of the desired enlarge
ment is picked up on a ground-glass 
screen. 

With the lens separation given for 
Rheita's erector, the pupil at 0' is formed 
within the second erector lens, so the 
best place for the erector stop is imme
diately in front of that lens, as shown. 
To avoid vignetting in the external parts 
of the field at y', the erector lenses must 
be of suitably wide diameter. The clear 
aperture of the first lens should be as 
shown in equation 5. The clear aper
ture of the second lens need be no more 
than that at 0'. 

The shorter the focal length of the 
separate erector elements, the less will 
be the over-all length of the telescope. 
Modern terrestrial telescopes employ 
achromatic eyepieces, seldom of more 
than three inches focal length. Most 
achromatic eyepieces usually function 
well for this purpose, as do projecting 
systems. A single doublet lens will often 
be found to perform satisfactorily. An 
arrangement frequently employed is that 
shown in the third drawing-two identi
cal achromats placed almost in contact. 
Hardly anything will be found to excel 
the performance of a Hastings triplet. 
This is a magnifier designed by Charles 
S. Hastings, and manufactured in the 
U. S. by the Bausch and Lomb Optical 
Company. It is known as a triple apia nat, 
and is obtainable at shops dealing in op
tical goods. The requisite aperture can 
be determined from formula 5. 

In lieu of an optical bench, experi
mental setups can be made by standing 
the various lenses edgewise in lumps of 
artists' modeling clay mounted on a stick. 
Care must be taken to maintain a fairly 
good axial alignment of the elements. In 
making tests for image quality, magni
fication, and best lens spacing, the stick 
should rest securely on some solid object. 
This allows for painstaking inspection of 
the image. 

A Hastings triplet makes an excellent 
substitute for a Barlow lens in effecting 
image enlargement in the astronomical 
telescope. A lens of I-inch focal length 
can be used with reflectors down to 
about fl7. It gives a slightly curved field, 
which at low amplifications may be con
spicuous in some eyepieces taking in a 
wide linear field. This is easily mitigated, 
however, either by stepping up the am
plification or by using a higher-power 
eyepiece. With the use of two such lenses 
placed nearly in contact, field curvature 
vanishes, and the spherical aberration is 
so reduced that the pair can safely be 
used down to about fI4.5. (It is assumed 
in either case, of course, that the mirrors 
are perfectly corrected.) 
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The 
new 

~ 
Metallurgical 

Microscope 

Completely equipped with 

facilities for photomicrography. 

For information, see your Leitz 

franchised dealer, or write to Dept. SA 106 

E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 

LEITZ MICROSCOPES . SCIENTIFIC INSTRUMENTS 

BINOCULARS · lEICA .CAMERASI AND ACCESSORIES 
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Every chemical 
laboratory 

or metallurgical 
needs this 

X .. RAY DIFFRACTION APPARATUS 

MORE than half a century of x-ray development, 
including the pioneering of commercial x-ray 

diffraction apparatus, is reflected in the highly versa
tile XRD-3. In fact, here's a scientific tool designed 
to satisfy your diffraction needs from conventional 
film-recording to direct measurement technic. 

Chemists, physicists, metallurgists, mineralogists - all acclaim it for its unsurpassed versatility in 
hundreds of practical applications in their fields 
and in the process industries. 

If knowing the submicroscopic strqctures of ma
terials you work with are important to you - if you 
want to maintain the desired quality of materials 

throughout your manufacturing ptocess - you'll 
find the XRD-3 X-Ray Diffraction Unit your an
swer. Write today for booklet "Analytical Applica
tions of X-Ray Diffraction Using Direct Measure-' 
ment Technics." General Electric X-Ray Corpora
tion, Dept. TT-3, Milwaukee 14, Wisconsin. 

GENERAL " ELECTRIC 

X-RAY CORPORATION 

NEW attachment 
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makes x-;ay fast anal ystS easy , • . 
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This GE )(.R

d
ay 

fields for x·ray 
I even .WI er 

akes pOSSI� <: 
diffr.actiOn .. ;c�t x-ray emls�lon 
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Ask for detalls. 
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\\ No trouble at all, Mom /1 

BRINGING home groceries in the rain in these paper bags is no problem. 
That's because they are made of wet-strength paper-paper that stays strong and 
holds up even when it is soaking wet. 

The paper industry is now giving scores of its products this wet-strength 
quality through the use of PAREZ® Resin 607, a special melamine resin 
developed by American Cyanamid Company. Papers treated with this resin 
make better drapes, towels, napkins, wiping "cloths" and coffee filters that 
won't come apart in your hands ... tougher wrappers ... more satisfactory 
packages for frozen foods ... more economical and travel-worthy bags for 
pre-packaged produce ... more durable blueprints and military maps that can 
be used in the rain. P AREZ Resin 607 is also making paper practical for entirely 
new uses, such as packages for ice cubes, beverage bottles, chemicals and 
many other products used in industry. 

Here is another example of how Cyanamid chemistry is helping manufacturers 
make their products worth more to you. 

• 
AMERICAN C;ananud COMPANY 

30 ROCKEFelLER PLAZA, NEW YORK 20, N. Y. 

Chemicals for the Paper I"dustry • • •  Ol1e of the lIIallY il1dus!'"ies served by Cyal1alllid 
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