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Search LS exciting! 
Scientists are constantly probing deeper into the secrets of nature 

-bringing new and better tbings to you 

As THE PROSPECTOR thrills to the search for treasure, 
so does the scientist as he searches out the secrets of 
the earth, air, and water. 

THE TREASURE that the scientist seeks is better un
derstanding of nature, and ways to bring better living 
for all of us. To find them, he is constantly probing, 
taking the elements apart, putting them back together 
in different ways-always looking for something new 
and promising. 

How important is such research? Today, more than 
one-third of the work of the people of Union Carbide is 
in providing products and processes that did not exist 
in commercial quantities 15 years ago. Each new prod
uct, each new process, was born of intensive search. 

FROM CHEMICALS TO MET ALS-The results of these 
achievements are serving all of us today-chemicals 

for life-saving medicines and many other uses ... a wide 
range of carbon and graphite products ... oxygen for 
the sickroom and industry ... a variety of wonderful 
new plastics ... alloying metals for stainless and other 
fine steels. 

SEARCH • • •  RESEARCH? To the scientists of Union 
Carbide, search and research are the same-an excit
ing key to a brighter future for all. 

FREE: Would you lilce to learn more about the many useful things 
research has helped bring to you? Asic for "Products and Processes" 
booklet C .. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET 00 NEW YORK 17. N. Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

VCC's Trade-marked Products include ----------------

SYNTHETIC ORGANIC CHEMICALS ELECTROMET Alloys and Metals HAYNES STELLITE Alloys UNION Carbide LINDE Oxygen 

EVEREADY Flashlights and Batteries LINDE Silicones Dyne! Textile Fibers PRESTONE Anti·Freeze NATIONAL Carhons 

BAKELITE, VINYLlTE, and KRENE Plastics PREST·O·LITE Acetylene PYROFAX Gas ACHESON Electrodes 
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OMEC 
makes the second 

best pumps in the world 

Lear-Romec is a division of Lear Incorporated, manuf acturers of high-precision products for aviation 
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IZIRCONIUM 
METAL i _ "J 

As a practical commercial metal, 
Zirconium is comparatively new ... only 
recently offered in commercial quantities 
at a reasonable price. Yet, for at least 
20 years, its properties - and especially 
its extraordinary corrosion resistance -

have pointed to many important uses. 

These uses are centered principally in 
applications where extremely high resist
ance to the arrack of hydrochloric, phos
phoric, certain mixed acids or the action 
of alkalies is essential. This same basic 
property should make the metal suitable 
for suture wire, pins and plates. 

Fabricated into various shapes, Zirco
nium Metal can be joined by welding and 
soldering. It has promising electronic 
applications. The powder, which reacts 
rapidly with oxygen and nitrogen at 
low temperatures, is used as a starter 
in phoroflash bulbs and as a getter in 
vacuum tubes. Other applications, in
cluding alloying, are becoming more 
numerous as the metal becomes more 
available. 
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WANT TO KNOW MORE! Properties and 

prices are detailed in a printed report 
available upon request to our New York 
office. Orders are being accepted for sheet 
strip, bars, wire, sponge and briquette, 
and tubing. Our Field Engineers also 
are well qualified to discuss Zirconium 
Metal in relation to your operation. 

ZIRCONIUM METALS 
CORPORATION of AMERICA 
A Subsidiary of the Nation," I.e" Company 

£,.ecutive and Sal.s Office; 
11 1 Broadway, New York 6, N. Y. 

General Office and Works; , 
Niagara Falls, N. Y� 

''"'-_ .. _ -_ ... 

LETTERS 
Sirs: 

As an oceanographer with consider
able secondhand-and some firsthand
experience with tsunamis, I would like 
to suggest some slight modification of 
Joseph Bernstein's description of these 
waves [SCIENTIFIC AMERICAN, Augustl. 

To begin with, a tsunami is not, in 
general, a "terrifying phenomenon. " 
They occur almost daily in some dimen
sion, and the principal hazard from an 
occasional large one is their apparently 
innocuous behavior. They resemble 
nothing so much as the tide (hence the 
misnomer tidal wave), save that they are 
superimposed upon the local prevailing 
water level, and advance and retreat in 
a matter of half an hour instead of 12 
hours. There is no "wall of water 10 to 
100 feet high" crashing upon the shore. 
The average shore height of tsunamis is 
only 3 or 4 feet. The extreme heights 
reached by �he water in specific locations 
is due to another phenomenon known to 
oceanographers as "seiching," which is 
similar to the sloshing of water in a bath
tub. Semi-enclosed bodies of water hav
ing characteristic periods or frequencies 
of sloshing within the frequency spec
trum of tsunamis (one cycle every 15 
minutes to one hour) are fairly common 
along our coastlines. In such cases a 

sympathetic oscillation is set up analo
gous to repeated impulses to a pendu
lum, and very high amplitudes of water 
motion may result. Otherwise, depend-
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ing on the stage of the astronomic tides, 
only a general inundation of low-lying 
areas occurs. If a high surf is running as 
well, it can, of course, add to the general 
catastrophe. 

The tsunami warning system estab
lished in 1946 by the U. S. Coast and 
Geodetic Survey was' a ,commendable 
step toward the ultimate goal of pre
dicting several hours in advance the local 
height of an approaching tsunami. But 
this system is still woefully short of solv
ing the problem because it is essentially 
only a warning indicator. Before wave 
heights can be predicted it is necessary 
to understand the propagation of long
period waves in deep water and the re
sponse of local bodies of water to such 
waves. A new instrument developed at 
Scripps Institution of Oceanography has 
been used to measure deep-water wave 
height and period and it is hoped to have 
a series of these instruments installed in 
selected areas in the Pacific Ocean with
in a year or two . . . .  

WILLIAM G. VAN DORN, PH. D. 

Scripps Institution of Oceanography 
La Jolla, Calif. 

Sirs: 
In the November issue of Scientific 

American Dr. S. Fred Singer discusses 
the origin of meteorites, drawing his 
conclusions largely from the data on the 
age of iron meteorites as deduced from 
the helium method. It seems to me that 
these data are very doubtful because of 
the necessity for estimating the amount 
of cosmic ray helium-3 and helium-4 and 
making a very large correction on the 
helium ages on this basis. This doubtful 
correction constitutes nearly the entire 
effect. Some of us doubt these ages and 
believe that much more study of the 
subject must be made before any con
clusions can be drawn at all. Also it 
seems to me that any theory for the 
origin of meteorites should try to ac
count for the chondri tic stone meteorites, 
which are the most numerous and most 
massive fraction of all meteorites. 

Dr. Singer quotes me incorrectly. He 
says: "Uranium is relatively insoluble in 
iron, as Harold C. Urey has recently re
ported." I made no such statement and 
it is technically untrue, for uranium is 
soluble in iron. At the December, 1953, 
meeting of the American Association for 
the Advancement of Science I pointed 
out that uranium and thorium are very 
electropositive elements and that there
fore they should have concentrated in 
the silicate phases of meteorites and that 
these elements, if actually present in the 
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Gauged To Perfection 

Perfection of the finished product re

quires precise control in the manufac

ture of jet fuel. Such control is vital in 

the refining of oil, as it is in most indus

tries. And, with the coming of age of au

tomation, the controls must not only be 

precise - they must also be supervised 

automatically. 

That's the function of such electronic 

computing systems as the Remington 

Rand Univac Scientific. Its ability to 

control, simultaneously and automati

cally, a wide variety of input-output de

vices makes the Univac Scientific ideally 

suited to on-line operations. 

Fully automatic control requires a 

computing system which is able, for ex

ample. to take a meter reading, then

acting on its own instantaneous decision 
-throw a switch, set a rheostat, or adjust 

The Univac Scientific Computing System 

a valve. This the Univac Scientific can 

do easily-and much more. Operating at 

extremely hig'h speeds with superb 

efficiency, the Univac Scientific provides 

large storage capacity, great program

ming versatility, ancl far greater reliabil

ity than any computer in its class. 

For information about how a Univac 

Scientific system might be applied to 

your particular problem, write to ... 

ELECTRONIC COMPUTER DEPARTMENT � "RandROOM 1118,315 FOURTH AVE., NEW YORK 10 
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NEW 
20-page booklet on 

PRODUCT 
CONDITIONING 
Would your product be improved by bet
ter protection against hardening or dry
ing out? Or by longer-lasting flexibility, 
softness, or controlled viscosity? Then 
this new booklet will be helpful to you. 
lt discusses the technical aspects of prod
uct conditioning, and it contains text, 
tables, and graphs that help you select 
a product conditioning agent. Here are 
some of the subjects covered: 

Choosing a product conditioning agent 

Hygroscopicity 

Nonvolatility (vapor pressure) 

Viscosity 

Solubility-solvent power 

Compatibility 

Chemical stability 

Noncrystallinity 

Nontoxicity 

Taste 

Product conditioning of toilet 
goods-pharmaceuticals 

Product conditioning of foods 
and confections 

Product conditioning of films 
and fibers 

Performance versus cost 

For your free copy of this valuable new 
booklet, just write - Dept. S, Glycer
i n e  Pr o d u c e rs' A s s o c i a t i o n ,  295 
Madison Avenue, New York 17, N. Y. 
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iron meteorites, should be in the intersti
tial material between the iron crystals; 
hence any helium generated in such ma
terial should have escaped readily, and 
therefore ages determined by the helium 
method might well be in error. Professor 
Patrick Hurley expressed the view that 
this might well be the case. 

HAROL D C. UREY 

Institute for Nuclear Studies 
University of Chicago 
Chicago, Ill. 

Sirs: 
Professor Ureis letter, it seems to me, 

makes the following points: 
1. We cannot rely on the iron meteor

ite ages deduced from the helium meth
od. 

2. Any theory of the origin of meteor
ites must account for the chondritic 
stone meteorites. 

3. "Uranium is relatively insoluble in 
iron" is incorrectly quoted. 

1. If Professor Urey means "geological 
age" (i.e., time of most recent solidifi
cation) and "uranium-helium" method, 
as I assume he does, then I agree with 
him entirely, for this is the main point 
of my argument. The "age" which I ob
tained, however, is something quite dif
ferent, namely the time of exposure to 
cosmic rays (and, therefore, probably 
the date of breakup of the parent 
planet). This "cosmic ray age" we get 
by dividing the measured helium-3 con
tent by the calculated rate of production. 
Allowing, of course, for some uncertain
ties in the measurements and the theo
retical calculations, I see no reason to 
doubt the validity of the procedure, and, 
therefore, of the results. 

2. I would agree that a complete 
theory of the origin should explain the 
structure of chondrites, as well as a num
ber of chemical anomalies, for example, 
the absence of certain elements. One of 
the most fascinating discoveries is the 
presence of organic material in some 
meteorites. In all of these studies Profes
sor Urey and his collaborators have made 
distinguished and well-known contribu
tions which form the groundwork of any 
description of the origin of stone meteor
ites. It is my feeling, however, that at 
the present time iron meteorites can give 
us more quantitative data mainly be
cause of the metallurgical and nuclear 
physics evidence. At the time I wrote the 
article I was not aware that G. J. Was
serburg and R. J. Hayden in Professor 
Urey's laboratory had just succeeded in 
measuring the argon-potassium age of 
two stone meteorites. 

3. I believe I am quoting Professor 
Urey essentially correctly. The statement 
applies to very high temperatures (i.e., 
the long cooling period of the iron-nickel 
core). And the word "relatively" com
pares uranium to silicon dioxide. Profes
sor Urey has calculated the free-energy 
changes at 1,500 degrees for the reduc
tion of uranium and silicon dioxide by 
iron; he finds uranium to be more elec
tropositive, hence less likely to be re
duced and dissolved. He stated also that 
uranium oxides or sulfides should be less 
soluble in metallic iron than in the sili
cate or in the iron sulfide phase. Inci
dentally, this provides an explanation 
for the experimental results of Claire 
Patterson, Harrison Brown, George Til
ton and Mark Inghram, who find that in 
the Canyon Diablo meteorite the ura
nium is entirely concentrated in the iron 
sulfide with none in the metal phase. 

To speak of another matter entirely, 
I should like to correct a few errors in 
the illustrations that accompanied my 
article. These errors occurred because, 
when the article went to press, I was 
en route from Italy and therefore not in 
a position to check the illustrations and 
their captions. 

In the illustration on page 36, as many 
intelligent readers have doubtless ob
served, the hyperbolic orbit passes to the 
wrong side of the sun. 

In the caption for the illustration at 
the bottom of page 37 the statement is 
made: "These pits [in the Goose Lake 
Meteorite] appear due to collisions with 
other meteorites." It should be said that 
this statement is still in controversy. 

In the caption for the second illustra
tion from the top on page 39 the state
ment is made: " Distribution of helium 
around pits on the surface of an iron 
meteorite would depend upon whether 
the pits had been formed before the 
meteorite fell (left) or after (right)." 
The words left and right should be trans
posed. 

The illustration at the top of page 40 
was originally intended as a comparison 
between the helium lost upon heating a 
stone meteorite (Pultusk) and that lost 
upon heating an iron meteorite (Mount 
Ayliff). The curve for the Mount Ayliff 
specimen, which shows that its helium 
content varies from 98 per cent (at 600 
degrees) to 95 per cent (at 1,000 de
grees) , is missing. This comparison 
demonstrates why only iron meteorites 
are suitable for helium dating. 

S. FRE D SINGER 

University of Maryland 
College Park, Md. 
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These 6 polyethylene bottles 
were kept at 250°F for 20 minutes 

These 3 were 
first irradiated 
with a G .. E 

generator 

These 3 
were not 

The challenging potential of high-energy irradiation for 
chemical products and processes is indicated by the above 
photograph. The irradiated polyethylene bottles withstood 
temperatures that reduced their non-irradiated counter
parts to shapeless masses. This improved form stability 
at elevated temperatures was accomplished without sig
nificant loss of flexibility. 

Plastics are just one area of application for the G-E 
I-mev electron beam generator. Research has also proved 
electron beams lethal to microorganisms. Investigation 
on such food products as meat, milk and bread is cur
rently being conducted. 

General Electric offers you an easy plan to carry on 
your own investigation. The G-E Laboratory will conduct 
preliminary tests with your cooperation. Should these 
show promise, equipment can be rented for use in your 
own plant under the G-E Maxiservice® rental plan. 

For complete information, get in touch with your G-E 
x-ray representative. Or write for technical literature to 
X-Ray Department, General Electric Company, Milwau
kee 1, Wisconsin, Rm. TT14. 

Progress Is Ovr Mosf Imporfqnf Prot/vcf 

GENERAL. ELECTRIC 
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• 

Ie •• . on the Chemical 

ACHROMYCIN FROM AUREOMYCIN-It looks simple here, but removing one 
chlorine atom from the Aureomycin· chlortetracycline molecule to produce Achro
mycin® tetracycline took years of research by many scientists at Lederle Labora
tories. Dr. James Boothe, one of the chemists who worked on the problem, holds a 
three-dimensional atomic model of Aureomycin as Dr. J. H. Williams (right), 
Director of Chemical and Biological Research, removes the chlorine atom symbol. 
Dr. Nestor Bohonos, who heads Mycological Research, looks on. Achromycin is 
produced from Aureomycin by catalytic reduction at Cyanamid's Lederle Labora
tories Division. *Trade-mark 

U. S. POPULATION is expected to pass 164,000,000 this month. This Department 
of Commerce "clock" records population growth minute by minute. Every 12 sec
onds there is one more mouth to feed! But there is no Malthusian dilemma-food 
abounds, thanks to good farm practice, development of new strains of plants and 
animals, and chemical aids for farmers. Cyanamid, long a major supplier of chemical 
aids to farmers, now produces anhydrous ammonia for direct application to soil, 
thus providing essential nitrogen at lowest cost per unit. Anhydrous ammonia is 
used also in mixed fertilizers. (No.1) 
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SLALOMING at 70 mph and over demands 
superb skill, super qualities in skis. Top ski per
formance over dips and bumps, with low friction 
and no tip and tail flutter, are obtained with new 
plastic skis molded of Cyanamid's LAMINAC® 
polyester resin and glass fiber. High strength and 
extreme durability are  combined with light 
weight and molded-in color to produce skis that 
never warp or need refinishing. (No.2) 
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CYANURIC CHLORIDE with its stable triazine 
ring structure and highly reactive chlorine atom 
on each carbon, offers interesting opportunities 
for organic synthesis. For example, the chlorines 
may be replaced with allyl groups to make tri
allylcyanurate-the basis for new plasticS which 
retain much of their strength at temperatures as 
high as 5000 F. Other cyanuric chloride deriva
tives are used as therapeutics and as bactericides. 
Still others produce brilliant dyes, and bright
eners for detergents and textiles. When converted 
to cyanuric triazide, a brisant explOSive is formed. 
It offers many other possibilities for further syn
thesis. (No.3) 
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Newsfront 
AMINES FOR NEW PRODUCT DEVELOPMENT listed below offer 
interesting possibilities. Stemming from Cyanamid's acrylonitrile, 
all are typical acrylo derivatives. Each has a propylamine group 
but varies in the other substituent, producing corresponding 
changes in physical properties. For example, as the substituent 
increases in size, vapor pressure decreases and solubility in non
polar solvents increases. Effect is seen in use as curing agents for 
epoxy resins where dimethylaminopropylamine provides rapid 
cure while diethyl and higher substituents offer greater pot life. 
These amines are useful in forming surface active agents. Cat
ionics and nonionics are produced by reaction with fatty acids 
and have been employed as emulsifying agents for waxes and as 
flotation agents. The amines also are useful intermediates for 
products such as germicides, pharmaceuticals and dyestuffs. 
The New Product Development Department offers these amines 
in semi-commercial quantities. The only exception is the di-!!
butyl derivative, which is available in trial-lot quantities. For 
data sheets, samples or price information on any of these amines, 
a coupon is attached for your convenience. (No.4) 

II 

��Cogitations " 
300,000 turkeys are estimated to have been lost last year by 
death from erysipelas. Erysipelothrix rhusiopathie is the culprit, 
which also produces the disease in swine and an erysipeloid 
infection in man. A new vaccine, DUOVAX® erysipelas bacterin 
Lederle, produced by Cyanamid's Lederle Laboratories Divi
sion, provides effective control of erysipelas in turkeys-with 
the added advantage that there is no danger of infecting vac
cinator or the turkey houses as was possible with the former 
serum and culture type vaccine. (No.5) 

Anti-static agent CATIONIC SP is a boon to processors of ma
terials such as textiles, plastics, paper, and glass since it is 
applied easily and eliminates troublesome static. Added to 
plastic compositions, it prevents accumulation of strongly ad
hering dust on the finished products. CATIONIC SP is one of 
a group of Cyanamid's surface active agents. These polar-non
polar chemicals change the behavior of textiles, metals, oily 
materials, and fine powders by forming an extremely thin 
molecular layer on their surfaces. Usually, a very small per
centage is all that is required. A Cyanamid surface active agent 
may be used to change the surface characteristics of a product 
easily, and improve its properties greatly. (No. 6) 

The ultraviolet component of sunshine often causes discolora
tion and embrittlement in lacquers and plastics, checking and 
crazing in rubber, color changes in dyes and pigments, loss of 
strength in textiles, and blistering on tender skins. A small 
group of chemicals (substituted benzophenones) has been 
found to provide efficient protection against U. V. degradation. 
In particular, Cyanamid's U. V. ABSORBER 9, which is the 
2-hydroxy-4-methoxy-benzophenone, is unusually effective. It 
absorbs harmful U. V. and converts it into harmless heat with
out fluorescence. New Product Bulletin #31, giving pertinent 
data regarding U. V. ABSORBER 9 and other related U. V . 

. absorbers, is available on reC).uest. (No.7) 

More information on any of the products mentioned in these 
pages is available on request. Write to "Chemical Newsfront," 
American Cyanamid Company, 30 Rockefeller Plaza, New York 
20, N. Y., or use the coupon belOW-Simply checking the items 
on which you wish additional information. 

AMERICAN /? __ . I � COMPA NY 
30 ROCKEFELLER PLAZA NEW YORK 20, NEW YORK 

L 
� ... �� .. ;;� .. ;;; ... ;; ..... � .. ii",--.. �.--.. �--.----______ 

J� 
SEN D more information on the following items mentioned 
in the January, 1955 issue of LIFE on the Chemical Newsfront: 

S.A. 

No.1, 2. 3. 4. 5. 6. 7. 
Literature 0 Prices 0 Sample 0 011 __ ____________ _ 

Name. _______________________________________________ __ 

Company· _________________ ______________ . _________ ____ __ 

Address; ________________________ ___ 

City Zone ___ Stole' ______ _ 

......... _ ........ _ ........... 
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Kennametal putty gun tip handling abrasive 
material under heavy air pressure outlasts 
hardest steel 14 to 1. Write for Performance 
Report No. 469. 

to designers and 
inventors who need 
metals harder than steel 
Is the development of your design 
idea hampered by the need for metals 
harder than steel . . . metals to resist 
deformation under high pressures, to 
maintain tolerances under abrasion? 

If so, consider Kennametal, * a series 
of hard carbide alloys of tungsten, 
titanium, tantalum and columbium 
with cobalt. K e n n a m e t a l  has a 
Young's Modulus of Elasticity of 
60 million to 90 million psi. This ex
ceptional resistance to deformation 
will enable you to design parts which 
will deflect only % as much as those 
made of steel. 

Hard Kennametal alloys often 
withstand abrasion 10 to 100 times 
longer than steel for the same loss of 
tolerance. 

Rigidity and high temperature 
strength are other favorable charac
teristics of Kennametal. And, where 
corrosion or oxidation resistance is a 
factor, our titanium carbide, Ken
tanium, * may serve your purpose. 

The success of your project or in
vention may be made possible by the 
application of Kennametal to critical 
points. 

For more information, write Ken
nametal Incorporated, Dept. SA, 
Latrobe, Pennsylvania for Bulletin 
C-53 or tell us about your problem. 

* ReKistered Trademark 
INDUSTRY AND 

KENNAWETAL 
... ?� i.n?� 

8 

50 AND 100 
YEARS AGO 

JANUARY, 1905: "The French Ad
miralty has sanctioned the construction 
of the light type of submarine boats 
which are to be utilized strictly for de
fensive purposes." 

"Prof. Charles Waldstein, of Cam
bridge University, England, lectured re
cently in New York on a plan of his to 
excavate the City of Herculaneum which, 
together with Pompeii, succumbed to 
Vesuvius. Herculaneum, historically 
considered, is a far more interesting city 
than Pompeii. Pompeii was but a pro
vincial town inhabited by Romans of the 
lower class. Herculaneum, on the other 
hand, was a city of villas, and its inhabi
tants were the elite of the empire. More 
Greek than Roman in its artistic atmos
phere, the city retained its distinctive 
character up to the time of its destruc
tion and attracted many Greek artists 
and writers. The Bnds which were made 
a quarter of a century ago during the 
interrupted excavations gave promise of 
still more important discoveries. 'In one 
house alone,' said Prof. Waldstein, 'sixty
Bve copies of one work on Epicurean 
philosophy were discovered .... May we 
not Bnd in Herculaneum the lost books 
of Livy, the great lost dramatist, and 
throw new light on the early history of 
Christianity?' It is Prof. Waldstein's plan 
to have the United States and the princi
pal countries of Europe co-operate in 
unearthing the ancient town." 

"An interesting paper was read at a 
recent meeting of the Institution of 
Naval Architects, which may lead to a 

very important improvement in the con
struction of passenger-carrying boats 
plying the high seas. The paper was read 
by Herr Otto Schlick, who called the at
tention of the body to his proposition to 
increase the period of oscillation of a 
vessel by means of the gyroscopic action 
of the flywheel and at the same time ef
fectively lessen the craft's angle of heel. 
A large flywheel is set up on board the 
boat, and revolved at a great speed and, 
being held in a suitable framework 
which is somewhat flexible, the wheel 

and its frame is capable of some lateral 
movement, to enable it to counteract the 
motion of the boat. The paper was illus
trated by means of models, the conduct 
of which was pronounced entirely satis
factory by those present, and the gather
ing included a number of the foremost 
engineers of England. As soon as any 
outside influence begins to heel the ves
sel over in a direction at right angles 
with its length, the flywheel frame will 
incline considerably, with the result that 
moments are produced which not only 
render the oscillations of the vessel con
siderably slower, but also very consider
ably reduce their extent. In the case of a 
medium-sized boat, say six thousand 
metric tons, it was calculated that a fly
wheel of 13 feet in diameter, weighing 
10 tons, would very materially reduce 
the amount of oscillation." 

"A telegram has been received at the 
Harvard College Observatory from Prof. 
W. W. Campbell at Lick Observatory 
stating that a sixth satellite of Jupiter, 
suspected by Perrine in December, was 
discovered by him January 4, 1905. The 
apparent motion is retrograde and the 
magnitude 14." 

"About twelve years ago a French 
missionary interested in silk culture 
from spiders' webs started a systematic 
rearing of two kinds of spiders for the 
webs. This web factory is now in success
ful operation at Chalais-Meudon, near 
Paris, where ropes for balloons are made 
of spider web; and these ropes are said 
to be of the strongest character possible. 
Twelve spiders are placed above a reel, 
upon which the threads are wound, and 
each spider is supposed to furnish from 
thirty to forty yards of thread before it 
is released. Then the web is washed to 
clear it of the outer rubbish and sticky 
cover. Eight of these washed threads 
woven together make a strong yarn cord, 
that is found excellently adapted for use 
in balloon service." 

"G. Bigourdan makes a proposal for 
the wireless distribution of time signals, 
which he has already subjected to some 
satisfactory tests. The directing clock, 
which breaks an electric contact every 
second, works a relay which, in its turn, 
sends a current into the primary circuit 
of an induction coil furnished with an 
oscillator. The secondary circuit of the 
coil thus provides an oscillating dis
charge of very short duration, which 
passes regularly every second. One of its 
poles is earthed, while the other is con
nected with an antenna several meters 
high. In view of the accuracy of modern 
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FOR TV ... IT DODGES TROUBLE YOU CAN'T STOP 

Radio Relay station on route between Chicago, Ill., 
and Des Moines, Iowa. Every fifth or sixth relay
ing tower is a control station, where high-speed 

switching equipment enables a TV picture to skip 
out of a troubled channel and into a stand-by 
protection channel faster than the eye can wink. 

There's no way to stop atmospheric changes that 

threaten television with "fade." But, for TV that 

travels over Bell's Radio Relay System, Bell Lab

oratories engineers have devised a way to side

step Nature's interference. 

When a fade threatens - usually before the 

viewer is aware-an electronic watchman sends 

a warning signal back by wire to a control station 

perhaps 200 miles away. An automatic switching 

mechanism promptly transfers the picture to a 

clear channel. The entire operation takes 1/500 

of a second. When the fade ends, the picture is 

switched back to the original channel. 

This is an important addition to the automatic 

alarm and maintenance system that guards Bell's 

Long Distance network for television and tele

phone calls. It marks a new advance in Bell 

Laboratories' microwave art, developed to make 

your Long Distance telephone service, and your 

TV pictures, better each year. 

BELL TELEPHONE LABORATORIES 
Improving telephone service for America provides careers for creative men in scientific and technical fields. 

9 
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lets you vary gap geometry 

with precIsIon and ease 
With Varian's new V-4004, you can achieve a wide selection of 

magnetic field strengths and configurations ... by a simple ad just

ment of each pole piece or by changing pole caps. In this manner, 

air-gap width can be varied continuously from over 4" down to zero 

- and flux contours can be varied with flat, conical or other spe

cially-shaped caps. Thus, you have convenient command of your 

magnetic fields ... at flux densities up to 28,600 gauss. What's more, 

the V-4004's open design readily accommodates your experimental 

equipment. These features, unmatched by any other magnet, make 

the V-4004 the ideal tool for your general purpose needs. 

TYPICAL PERFORMANCE AT MAXIMUM CONTINUOUS ENERGIZING CURRENT 

Gap Width (inches) Dia. Pole Caps (inches) I Field Strength (gauss) 

0.25 1 28,600 
0.50 2 21,800 
1.00 3 13,000 
2.00 4 7,650 
4.00 4 4,250 

POLE ALIGNMENT ALWAYS MAINTAINED 
Tnere can be no misalignment of the field poles due to weight of coils • • •  because 
each energizing coil is supported by a sleeve bearing which is permanently attached 
to the magnet yoke. This allows each pole to slide in and out with smoothness and 
precision. Both water-cooled coils are completely enclosed in a copper case for 
maximum protection. 

A Complete Line of Quality Electromagnets 
The V-4004 is the newest and most compact of Varian's famous laboratory eleelro
magnets. A matching .power supply and regulator will soon be available. Two 
larger magnet models - the V-4012 and V-4007 - are available for highly precise 
work requiring large field volumes and exceptional field homogeneities. 

For Further Information on the incomparable new V-4004, as well as on all 
other Vorian Laboratory magnet systemsi write to: • "WAl ,"O,"ClS DI""ON 

MAR/�: • V A R I A N associates 
LEADERSHIP 

PALO ALTO 7, CALIFORNIA 
Representatives in All I'rincipal Cities 

MICROWAVE TUBES-SPECIAL PRODUCTS 

chronometers, the author does not con
sider it necessary to number the minutes, 
but he would make an interruption at 
every tenth second." 

"C. Cartaud reports having found 
traces of a cellular structure in the soft 
metals lead, tin and zinc, which he has 
succeeded in polishing and etching. 
Lead, which is the most difficult to 
polish, also presents the most decisive 
evidence of cellular structure. vVhen at
tacked by picric acid dissolved in ace
tone it shows a completely closed micro
scopic network of cells. There is, how
ever, evidence to show that this network 
is shown up by a kind of development, 
and is but the relic of an actual structure 
in what might be called the embryonic 
stage." 

JANUARY, 1855: "Mr. Perkins, the 
son of Jacob, the eminent American in
ventor, who invented and exhibited in 
London a steam gun, has through a con
temporary, made the following offer. He 
says, 'I am prepared to undertake to sup
ply the government with a steam gun 
capable of throwing a ball of a tun 
weight a distance of five miles. If such 
a gun were fixed in BruneI's large ship 

of 10,000 tuns, I venture to say that 
Sebastopol would be destroyed with

out losing a man." 

"The American revolving pistols of 
Col. Colt are used in the Crimea by all 
the officers of the British Army, and they 
are spoken of in the most glowing 
terms." 

"At a late meeting of the Institution 
of Mechanical Engineers, Mr. C. Wil
liam Siemens, of London, exhibited a 
new instrument, the invention of Fessel, 
of Cologne, by which the stability of the 
axis of rotation in a revolving body was 
illustrated in an ingenious and striking 
manner. The instrument, named a gyro
scope, consisted of a small flywheel re
volving in a frame, attached by gimbal 
joints at the end of a supporting rod, 
which was left free to move in any direc
tion, by passing through a ball-and
socket joint fixed upon a center pillar. 
The instrument was shown in action by 
Mr. Siemens, and he explained that its 
original invention had arisen from an 
investigation into the laws of the stabil
ity in the axis of the earth's rotation." 
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oundation 
Many factors 

are involved in the final quality of a product 

in the process industries. The inside story of many difficulties, however, 

is often imperfect starting materials - chemicals, for example. 

They are the foundation. 

Let something go wrong at the beginning and there is often no cure, 

no way to avoid trouble, expense and rejections. That's why so many concerns 

start with MaIIinckrodt chemicals. They're exactly right, always dependable, 

and most chemicals you might need are immediately available. 

In case they are not now in stock, in case you need special chemicals 

to meet specific problems - MaIIinckrodt will help you in a hurry 

with the right chemical in the right physical form. 

An important advantage of a chemical plant like Mallinckrodt's is flexibility 

of research and production facilities. 

/��ERVING THE PROCESS INDUSTRIES 

� ./ Mallinckrodt Chemical Works 

SINCE 1867 

Manufacturer8 of chemical8 for indu8trial, medicinal, photographic and analytical U8e8 

MALLINCKRODT STREET, ST. LOUIS 7, MO. n GOLD STREET, NEW YORK 8, N. Y. 

CHICAGO· CINCINNATI. CLEVELAND. LOS ANGELES' PHILADELPHIA. SAN FRANCISCO. MONTREAL. TORONTO 

II 
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3 theories of adhesion 
These theories describe 
w h a t  m o s t  r e s e a r c h  
chemists agree are the 
i mp o r ta n t  f a c t o r s  i n  
bonding. As yet there is 
no agreement on a gen 
eral theory of adhesion 
that would explain why 
all adhesives work. 

Molecular attraction 
Adhesive molecule 

Surface molecule 

All matter contains electrical 
forces in excess of those 
needed to hold the atoms 
within a molecule together. 
These tiny electrical forces 
are capable of providing a 
very strong attraction be
tween the adhesive film and 
the surfaces to be bonded. 

Chemical reaction 
Adhesive molecule 

Surface molecule 
In some instances, the adhe
sive reacts chemically with 
the surfaces of the materials 
to be bonded. A chemical 
bridge is formed which knits 
the two materials together. 

Mechanical tie 
Bonded material 

Bonded material 
With porous materials, the 
adhesive (dark line) fills the 
pores of the materials being 
bonded. When the adhe
sive hardens, it interlocks or 
"hooks" the two materials to
gether as pictured above. 

© 1954 SCIENTIFIC AMERICAN, INC



adhesive stick? 

Researchers don't agree on the answer . . •  

but they keep on turning out amazing new adhesives 

Wherever you look on the industrial horizon, ad
hesives are replacing nuts and bolts, rivets, and 
other mechanical fastenings. Materials like 
metals, glass, plastics, and ceramics are being 
bonded together with a speed and effectiveness 
that would have been impossible a few years ago. 

When you consider this amazing progress, it's 
a little surprising to find that research chemists 
don't agree upon a basic theory that explains why 
adhesives stick. It seems that in some bonds, 
chemical reaction does the trick. In others, it may 
be molecular attraction, a mechanical tie, or pos
sibly some combination of these and other still 
unknown factors. 

None of these theories, however, seems to ex
plain fully why adhesives like asphalt emulsion 
or putty will stick only as long as they remain 
"liquid." By contrast, most adhesives must pass 
through a liquid stage, then harden or change to a 
solid to form a bond. 

It's easy to understand why a comprehensive 
theory has not been evolved. Research chemists 
have been tied to their benches by the pyramiding 
demand for new and better industrial adhesives. 
They have had to keep pace both by improving 

established adhesives and by exploiting the ad
vantages of promising new basic materials. 

This practical work, of course, has tended to 
confirm some theories and disprove others. Up to 
now, however, no complete proof of a fundamen
tal theory of adhesion has been established. Even 
so, it seems reasonable to expect that before too 
long the final mystery of why adhesives stick will 
be solved. 

For practical solutions to bonding problems, many manufac

turers today turn first to the Armstrong Cork Company. 

Because of our 35 years of experience in making and using 

adhesives, we've been able to help a lot of fabricators find 

better ways to join things. For instance, Armstrong's new 

and stronger air-drying adhesives are bringing the speed 

and economy of assembly-line production to operations 

where overnight drying has been necessary. 

If you're using adhesives, or would like to, get in touch 
with us. VI e'll be glad to study 
your problem and suggest a prac
tical, economical solution. 

For helpful information on using 
adhesives, send for our new 36-page 
illustrated manual, "Adhesives, 
Coatings, and Sealers." It's free to 
industrial users. Vlrite on your let
terhead to Armstrong Cork Com
pany, Industrial Division, 8201 
Inland Road, Lancaster, Penna. 

@mstrong INDUSTRIAL PRODUCTS 
• . . used wherever pe1formance counts 

ADHESIVES ' CORK COMPOSITION ' CORK-AND-RUBBER • FElT PAPERS ' FRICTION MATERIALS 

13 
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THESIGNOF �� (I THE AUTHORS 

Type J 
2 Watt 

LEWIS M. TERMAN ("Are Scien
tists Different?") was for many years 
executive head of the department of 
psychology at Stanford University; he is 
now professor emeritus. He has spent his 
entire career in the study of intellectual 
differences. He writes: "My introduction 
to the scientific aspects of the subject 
occurred when I was a senior in psy
chology at Indiana University and was 
asked to prepare two seminar reports, 
one on mental deficiency and one on 

I genius. The reading for those reports 

Adjustable 
Resistors 

for rheostat or 
potentiometer service 
The Type J Bradleyometer is 
recognized as the top quality, 
2-watt adjustable resistor for 

electronic applications. 
The new Type G Bradley

ometer ... only % inch in 
diameter and rated at % 
watt . • .  offers the same ad

vantages of noiseless per
formance as the bigger Type 
J unit. Maximum or total re
sistance values range from 
100 o h m s  t o  5 m e g o h m s .  
Maximum continuous volts-
350 RMS. Maximum current-
0.1 ampere. Its solid molded 
resistor can be made to satis-

fy any resistance-rota
t i o n  c u rv e .  Se n d  f or 
data sheets, today. 

Terminals, face ... 
plate, and bush· 
ing are molded 
in plastic body 
of unit. 

Allen-Bradley Co. 
134 W. Greenfield Ave. 

Milwaukee 4, Wis. 

In Canada - Allen - Bradley 
Canada limited, Galt, ant. 

ALLEN-BRADLEY 

� 
RADIO & TV CONTROL 

opened up a new world to me-the world 
of Galton, Binet and their contempo
raries. Later in my last graduate year at 
Clark University I decided to find out for 
myself how mentally advanced children 
differ from the mentally retarded by 
doing a doctoral dissertation on the in
tellectual processes of seven bright and 
seven dull boys from a large city school. 
The experiment contributed little to 
science but it helped set the pattern for 
my lifelong interest in mental tests and 
gifted children." A Commonwealth 
Fund grant in 1921 enabled Terman to 
launch his famous study of more than 
1,000 boys and girls with LQ.'s of 140 
or higher. He is at work on the fifth vol
ume of his Genetic Studies of Genius. 
His son, Frederick E. Terman, is dean of 
the School of Engineering at Stanford. 

HENRY STOMMEL ("The Anatomy 
of the Atlantic") is with the Woods Hole 
Oceanographic Institution. He grew up 
in Freeport, on Long Island, where he 
spent much of his time around small 
boats. After graduation from Yale Uni
verSity in 1942 he stayed on as an as
sistant in physics and as an instructor in 
navigation and nautical astronomy until 
1945, when a grant from the National 
Research Council enabled him to begin 
research in oceanography. He has since 
explored a wide variety of subjects, from 
the development of cumulus clouds to 
the exchange of fresh and salt water in 
estuaries. 

LAWRENCE P. LESSING ("Heli
copters") a former member of the edi
torial board of Fortune and later of 
SCIENTIFIC AMERICAN, is a frequent con
tributor of articles to this magazine. 

LOUIS F. FIESER ("Steroids") is 
Sheldon Emery Professor of Organic 
Chemistry at Harvard University. He 
was born in Columbus, Ohio, did his 

undergraduate work at Williams College 
and his graduate work at Harvard and 
in Europe in the 1920s. The author of a 
notable output of research (284 research 
papers and four books), he has honorary 
degrees from Williams College and the 
University of Paris and in 1941 received 
the Katherine Berkhan Judd Prize for 
Cancer Research. He lives in Belmont, 
Mass., with his wife and collaborator, 
Mary Fieser, and a bevy of Siamese cats. 
The cats, in fact, are also collaborators of 
a sort; a portrait of one of them, J. G. 
Pooh (named after the jellied gasoline 
bombs Fieser conceived) graces the 
third edition of the well-known Fieser 
book on Phenanthrene. An unauthorized 
translation of the book is now circulating 
among Russian chemists; the cat was not 
appreciated by the Soviet publishers and 
was omitted. Fieser writes: "The other 
day we submitted the final chapter of the 
3rd edition of Experiments in OrganiC 
Chemistry. That night in celebration we 
went to the cat show and put down $75 
for a beautiful little Burmese kitten. He 
looks pretty good; maybe he will have a 
book." 

RAYMOND M. GILMORE ("The 
Return of the Gray Whale") is a research 
biologist with the U. S. Fish and Wild
life Service. After early studies in zoology 
at the University of California and Har
vard University he joined the Interna
tional Health Division of the Rockefeller 
Foundation as a field zoologis"t in 1935, 
and spent the following six years in 
South America. He returned to the U. S. 
in 1941 and took a Ph.D. in zoology at 
Cornell UniverSity. A former associate 
curator of mammals at the Smithsonian 
Institution, he has been with the Fish 
and Wildlife Service since 1946. Gil
more's hobby is exploring the almost un-

Fieser's Burmese cat "Ursolic Acid" 
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Nevv hand-size coolinglurbine 
vveighs less Ihan 2 pounds! 

You've read about the new deadly 
miniature combat jets like the Douglas 
A4D. Here, even the rivets had to be 
scaled down in size to meet the critical 
weight problem. 

Existing cooling components could 
not meet the exacting specifications. 
AiResearch engineers, designers of the 
first midget cooling turbine (right) 
for America's early jets, solved the 

problem by designing the refriger. 
ation turbine shown on the left. 

This new turbine weighs less than 
2 Ibs. It produces 15% h.p. and has 
the cooling capacity of 2300 Ibs. of ice 
per hour. Its weight is half the origi
nal unit, yet it has twice the cooling 
capacity. Operating on the A4D and 
the Grumman F9F9, this cooling tur
bine has already demonstrated its 

high efficiency and extremely low oil 
consumption. 

In the field of air turbine refriger. 
ation, AiResearch has devoted over 
900,000 research and development 
hours. Nearly 50,000 units have been 
produced. Still the search goes on 
relentlessly for ways to achieve ever 
more efficient performance from 
smaller units of less weight. 

Qualified scientists, engineers and craftsmen are needed now. Write for information. 

... HE CORPORA .... ON 

?1iResearch Manufacturing Divisions 
Los Angeles 45, California. Phoenix, Arizona 

Designers and manufacturers of aircraft components: REFRIGERATION SYSTEMS • PNEUMATIC VALVES AND CONTROLS • TEMPERATURE CONTROLS 

CABIN AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE ENGINES • CABIN PRESSURE CONTROLS • HEAT TRANSFER EQUIPMENT • ELECTRO·MECHANICAL EQUIPMENT ;0 ELECTRONIC COMPUTERS AND CONTROLS 
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IS A PRODUCTIVE WORD 

I� 

TInE Of HUNGER 
A great tide of world-wide hunger is rising over the earth. Stark 
figures show with chilling clarity that more than a billion people are 
already near starvation. With 70,000 new mouths to feed each day 
on 40,000 fewer acres of cultivated soil, it's easy to see why man 
is fast outrunning his own food supply. Abundance is now an 
urgent, desperate need. 

$ECRU Of THE SOIL 
The secret of abundance lies hidden in the soil waiting to be 
discovered by small steady advances in agriculture. Sometimes 
science gives a large assist with a new concept in thinking. One of 
these is believed to be the new chemistry of chelation and the 
powerful Versene® chelating agents. Exciting experimental evidence 
backed by practical commercial use now proves that these chelated 
chemicals for agriculture can return lost fertility to the soil and 
give it new growing power. 

rI 1< 
It is now known that the Versene® metal chelates do far more than 
cure agricultural "anemia." Properly applied, they stimulate growth 
. . .  re-green leaves ... restore bloom ... speed crop . . .  improve 
quality ... multiply yield_ Application increases trace-metal 
availability which exerts a vitamin- hormone effect on the enzymatic 
system of the plant. The balanced metabolism which results permits 
maximum growth and productivity. 
When you have a problem in metal ion control - in agriculture, 
industry or medicine - tell us about it. We have a quarter of 
a century of experience that may be of help. 

�1Ir4'��4' 
t'ID 'D'ES 1:: 'OBJt8SffRD 

F R AMINGH AM, MASSAC HUSETTS 
Copyri\lht 1955, V.",,,.,, """,por.tecl 

inhabited coast and islands of north
western Mexico. 

RICHARD M. BOZORTH ("Mag
netic Materials") is a physiCist who has 
been with the Bell Telephone Labora
tories since 1923. Born in Salem, Ore., 
he went to Reed College and took a 
Ph.D. in chemistry at the California In
stitute of Technology. At the Bell labo
ratories he has applied himself to re
search on crystal structure and on the 
physical phenomena of ferromagnetism. 

MARIANNA R. BOVARNICK 
("Rickettsiae") is  a biochemist who 
specializes in cell parasites. She lectures 
at the College of Medicine of the State 
University of New York and conducts 
her research at the Veterans Administra
tion Hospital in Brooklyn. She took her 
B.A. at Vassar College and a Ph.D. in 
biochemistry at Columbia: She writes: 
"I had no particular intention of going 
into science before entering college. 
However, during my first year there I en
joyed chemistry so much that I decided 
to major in it and thereafter never 
wanted to stop." During World War II 
she worked on a project dealing with the 
metabolism of malarial parasites; later, 
at the Harvard School of Public Health, 
she worked with J. C. Snyder on the 
metabolism of rickettsiae. 

MORRIS KLINE ("Projective Ge
ometry") is professor of mathematics 
and director of electromagnetic research 
at the Institute of Mathematical Sciences 
at New York University. After several 
years in business in New York City, he 
went back to school at N.Y.U. and ob
tained a Ph.D. in mathematics in 1936. 
For the next two years he was research 
assistant on the staff of the Institute for 
Advanced Study at Princeton, N. J. Dur
ing World War II he served as a radio 
engineer with the Signal Corps Engi
neering Laboratories. He holds several 
patents, one of which covers the basic 
features of the radio meteorological sys
tem used by the military services. Kline's 
recent book, Mathematics in Western 
Culture, was reviewed in the February, 
1954, issue of SCIENTIFIC AMERICAN. 

REUEL DENNEY, writer of the chief 
book review on Communication and 
Persuasion in this issue, teaches at the 
University of Chicago and is associated 
with the University's Graduate Commit
tee on Communications. He is a graduate 
of Dartmouth College (1932) and a 
former member of the staff of the weekly 
Time. He has worked at Chicago with 
David Riesman and Mark Benney. 
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Honest John Nike Sparrow 

Missiles by DOUGLAS 

A box score of 15 years continuous participation 

in designing and building guided missiles for the Air Force, Army and Navy 

Already key cities have the protection 
of a guided missile which can destroy 
the swiftest stratospheric bombers. This 
is Nike, operational result of long and 
versatile missile experience. 

Douglas association with rockets and 
guided missiles has seen this company 

at work with other industrial leaders 
and our Armed Forces-to move missile 
development from a dream of push
button warfare to a solid reality. You 
saw it in the Bumper Wac research 
rocket, world altitude champion, in Hon
est John-field artillery rocket with high 

explosive or atomic wallop-

Depend on DOUGLAS 

in missiles of every type ... air to air. _ _  

air to ground ... ground to ground . •  _ 

ground to air. 
Douglas leadership in rocket airframe 

design has helped give us operational 
missiles in a relatively short span of time. 
Security cloaks even greater advances 
which are now on the way_ 

First in Aviation 
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�mfY JET IGNITION·· 

THE tough job of lighting a match in a tornado will 
give you some idea of the problem of firing a jet 

engine on the ground. Even more difficult is refiring the 
engine in flight should a flame-out occur-especially at 
high altitude. 

Up there you not only have to reckon with low
volatility fuel but with rarefied air rushing through 
your engine at super-hurricane speed. Here, you can be 
certain, is a mixture that violently resists burning! 

Our Scintilla division at Sidney, N.Y., developed a 
special ignition system with the answer: a super-spark 
hot enough to fry a rock and of sufficient duration to 
fire and refire jet engines quickly. It has worked so 
successfully that, today, Bendix-Scintillat Jet Ignition 
Systems have been selected as standard equipment by 
most of the leading jet engine manufacturers. 

Nation's ForelTlOst Source 
Bendix-Scintilla is known to engine people everywhere 
as the nation's top source of supply for ignition equip
ment. Most military planes rely on our ignition, and we 
doubt if you can ride on a commercial airliner that isn't 
sparked by Bendix-Scintilla. Your power lawn mower, 
farm or garden tractor or outboard motor may have 
one of our many types of magnetos developed for such 
applications. Leading automotive manufacturers experi
menting with turbojet engines in passenger cars, trucks 
and buses are using Bendix-Scintilla Jet Ignition. 

Continual research and years of practical field oper
ation have fitted us to anticipate and solve ignition 
problems; and that's why engine manufacturers, seeking 
advice, talk to Bendix-Scintilla people. 

. 
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. lights matches 

man-made 

• 

In 

tornadoes! 

This chapter is part of the over-all story of Bendix 
Aviation Corporation, a story of successful work in develop
ing and making nearly a thousand different products for 
scores of basic industries. No doubt some of our products can 
contribute to your business by improv
ing your operation and cutting costs. 
Why not write on your company letter
head for the interesting digest "Bendix 
and Your Business." 

Engineers: Bendix diversity offers 
unlimited opportunity to both experi
enced men and undergraduates. Write 
for the brochure "Bendix and Your 
Future." 

BENDIX AVIATION CORPORATION 
Fisher Building Detroit 2, Michigan 

PRINCIPAL DIVISIONS AND BASIC PRODUCTS 

SCINTILLA, SIDNEY, N. Y. 
aviation ignition systems; industrial engine 

magnetos; diesel fuel injection; electrical 
connectors, i�nition analyzers. 

RED BANK, EATONTOWN, N. J. 
electron tubes; dynamotors; inverters,' 

AC-DC generators. 

BENDIX RADIO, TOWSON, MD. 
radar; auto, railroad, mobile 

and aviation radio; television. 

ECLIPSE MACHINE, ELMIRA, N. Y. 
bicycle coaster brakes, Stromberg* carburetors, 

electric fuel pumps, starter drives. 

ZENITH CARBURETOR, DETROIT, MICH. 
automotive, marine and small engine carburetors. 

BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 

PACIFIC, NORTH HOLLYWOOD, CALIF. 
telemetering equipment; hydraulic and electric 

actuators; depth recorders; boat steerers. 

BENDIX FRIEZ, TOWSON, MD. 
meteorological instruments, precision instruments 

and recorders. 

BENDIX PRODUCTS, SOUTH BEND, IND. 
automotive brakes, carburetors, power steering; 

aviation brakes, landing gear, fuel metering. 

ECLIPSE-PIONEER, TETERBORO, N. J. 
aviation instruments and components; foundry. 

MARSHALL-EcLIPSE, TROY, N. Y . 
brake blocks, brake lining, synthetic resins. 

CINCINNATI, CINCINNATI, OHIO 
automatic viscosity regulators, nuclear products. 

BENDIX COMPUTER, Los ANGELES, CALIF. 
digital computers. 

HAMILTON, HAMILTON, OHIO 
jet engine controls and aircraft pumps. 

LAKESHORE, ST. JOSEPH, MICH. 
power steering and automotive devices. 

UTICA, UTICA, N. Y. 
aviation components. 

MONTROSE, SOUTH MONTROSE, PA. 
aviation components. 

PIONEER-CENTRAL, DAVENPORT, IOWA 
aviation instruments and components,' 

ultrasonic cleaners. 

YORK, YORK, PA. 
electronic devices; test equipment. 

BENDIX-EcLIPSE OF CANADA, LTD. 
Windsor, Onto 

BENDIX INTERNATIONAL 
New York City 

*REG. u.s. PAT. OFF. 
tTRADE.MARK 
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BENDS IN THE BOOM-
RECORDED BY BRUSH I 

Designers of this power shovel check field performance 
with Brush Recording Instruments. With strain 
gages mounted on the boom, the hoist line pull and 
the bending of the boom are recorded automatically on 
a Brush Oscillograph. Study of the data has led 
to improved design and a saving in weight. 

What's your measurement problem? Brush offers a 
complete line of recording systems for laboratory or field use. 
They are accurate and rugged- designed to save 
engineering time. They measure and record stress, 
strain, vibration, pressure, torque, electrical characteristics, etc. 
For booklet write Brush Electronics Company, 
Dept. B-1, 3405 Perkins Avenue, Cleveland 14, Ohio. 

BRUSH . . .  MEANS PIONEERING IN ELECTRONICS! 

MAGNETIC HEADS for use 
in data recorders-single or 
multi-channel. 

A COUSTIC INSTRUMENTS 
for analysis of s ound and 
vibration. 

5URFINDICATOR* f or 
checking surface finish of 
machined ports. 

*l'radc-Mtll"k 

BRUSH ELECTRONICS n COMPANY 
INDUSTRIAL AND RESEARCH INSTRUMENTS 

PIEZO·ELECTRIC MATERIALS ACOUSTIC DEVICES 

MAGNETIC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 
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formed, 
The Brush Development Co. 
Brush Electronics Compan, 

is an operating unit 0/ 
Clev;tt Corporation. 

THE COVER 

The painting on the cover is a fanci
ful representation of the principles 
of projective geometry (page 80). 
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Cover painting by Walter Murch 
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Raymond M. Gilmore 
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Raymond M. Gilmore (top), 
Eric Mose (bottom) 
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-uTE"vE DIS£;OVERED HOUT TO 

� y�� 
We eliminate the need for the excess power that 
was added to overcome friction in the old-fashioned 
screw-type drives. 
Ball-screw actuators made by Cleveland Pneumatic 
have an efficiency as high as 90 % on most types 
of drives for machines. This lets you use a �;-horse
power motor instead of a I-horse ... a 5-horse in
stead of a 10 ... with power to spare. 

It's done by replacing the famous old high-friction 
Acme thread principle with a spiral ball-bearing 
thread that does wonders for efficiency. Sliding 
friction is replaced by the rolling action of the 
screw and nut over the steel balls in the threads. 

These "A E R O L" Ball-Screw Actuators are at 
work now ... in the air at scores of spots on air-

f;levelau.d Pneu:rn.atl.c 
� �e:u& CLEYELAND 5, OHIO I 

Department 0·155 

BALL·SCREW ACTUATORS. AIR·OIL I"'PACT ABSORBERS 

World's Largest Manufacturer of Aircraft Landing Gears 

craft; on the ground in machine tools, in research 
equipment, on trucks and cars; at secret locations 
on difficult defense projects. 
We can also cut down friction in your designs 
and products ... by shrinking the size of motors, 
easing the effort it takes to hand-actuate a device, 
making equipment move faster yet come to a more 
precise stopping point under any condition. Our 
Actuators operate smoothly under the greatest 
extremes of heat and cold. 
When can we discuss with you the 
application of our AEROL Ball
Screw Actuators in your business? 
If you wish to know more about 
Cleveland PneumaticActuators and 
their uses ... write for our booklet. 

To £USHIOlW SHO£K 

CPT's shock absorber principle combines 
pneumatic and hydraulic cushioning. It can 
control minute vibrations or tons of impact. 
It is the shock absorber for the largest aircraft 
landing gears (CPT is the world's biggest manu� 
facturer of landing gears). and the same princi. 
pIes are often adapted to finger·sized units. May 
we discuss with you how to take the shock 
out of stopping or the motion out of vibration? 
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THE modern airplane is a hardy 
bird--only the roughest landings, 
the fiercest buffetings aloft are likely 
to strain its structural members. But 
how can you judge whether a jolt is 
serious enough to cause internal 
damage? That's where the General 
Mills Flight Recorder comes in. 

This new device records the exact 
amount of punishment the airplane 
has taken; it tells maintenance men 
at a glance whether an expensive 
structural inspection is necessary. 
The Flight Recorder etches a con
tinuous 300-hour record of heading, 
airspeed, vertical acceleration and 
altitude on aluminum foil. In event 
of a crash, its priceless data will sur
vive a 2,000°F fire or shocks of 100 
G's; the instrument will keep on 
working for a full 15 minutes after 
the aircraft's power fails. 

Sound engineering and precision 
craftsmanship go into every General 
Mills Flight Recorder; the same 
high level of excellence identifies 
sub-contract production and con
tract research at the Mechanical 
Division of General Mills. 

HAVE YOU A PROBLE�f 
in these fields? 

General Mills can help you with 
electronic and electro-mechanical 
research, design, development, pro
duction engineering and precision 
manufacturing in connection with . .  

o aircraft systems 0 industrial in
strumentation and control 0 special
ized precision instrumentation 0 nau
igation and missile control systems 
o electro-mechanical computers 0 re
motely-controlled manipulators 0 te
lemetering (radio and wire) 0 fine
particle technology 0 meteorological 
and high-altitude research. 

TH I S NEW BOOK LET tells the whole interest
ing story of the Mechanical Division. A copy 
will be gladly sent in response to your request 

on your company letter
head. Address Dept. S-3, 
Mechanical Division of 
General Mills,1620 Central 
Ave.,Minneapolis l3,Minn. 

Foreign sales representatit)es: Air 
Carrier Service Corporation, 
1744 G St., Washing/on 6,D. c. 

MECHANICAL DIVISION OF General Mills.Ine. 
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New epoxy adhesive 

bonds metal to metal 

without heat or pressure 

If you are joining metal to metal with mechanical fast
eners, a new Armstrong epoxy adhesive-J-1151-may 
make possible important savings in labor and materials. 

In certain sheet metal applications, J-1151 can replace 
screws, bolts, rivets, or spot welds. J-1151 cures at room 
temperatures, and resulting joints develop tensile strengths 
as high as 2,000 psi. Only enough pressure to insure con
tact is needed. 

An important economy of bonding with J-1151 is that 
there are no surface spots or dimples to be removed before 
finishing, as is often the case with spot welding. 

Additional savings are possible with J-1151 because the 
adhesive bond is continuous, distributing the stress evenly 
over the entire bonded area. This often results in greater 
strength and rigidity in the assembly, and it may even per
mit the use of lighter gauge metals. 

For more information on J-1151 or other Armstrong 
Adhesives, write for a copy of our 1954 manual, free to 
industrial users. Armstrong Cork Co., 8001 Inland Road, 
Lancaster, Pa. In Canada, 6911 Decarie Blvd., Montreal. 

@mstrong 
ADHESIVES. COATINGS. SEALERS 

• . .  used wherever perforntance counts 
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Are Scientists Different? 
The question lS raised by' the c u rrent friction between scientists 

and gopernment officials. The anS(;'Jer is sought In the d�fferences 

between scientists and nonscientists In a group studied Slnce 1921 

O
f the many reasons why we need 

to know more about scientists 
than we do, two are particularly 

important at this time. One is the cur· 
rent shortage of scientists, especially in 
the physical sciences and engineering. 
This shortage exists despite the rapid 
rise in the numbers trained in recent 
decades, and the ratio of supply to de
mand promises to become less rather 
than more favorable. To develop more 
fully the scientific resources of our popu
lation will require the identification of 
potential scientists at a reasonably early 
age, and this in turn calls for more spe
cific information than we have about the 
"earmarks" of scientific talents. 

The second reason we need more in
formation about scientists is the tension 
that is building up between them and 
important segments of the general pub
lic. The scientist is looked upon by many 
as an object of suspicion. and he in turn 
is irked by the distrust he senses and by 
the restrictions government work im
poses upon him. 

Suspicion of scientists has a long his
tory. In the Middle Ages their works 
were easily confused with black magic 
and sorcery. Later they came to be 
looked upon as enemies of the Church; 
some were tried and condemned for 
heresy. Even as recently as 75 years ago 
a scientist (especially a biologist) who 
proclaimed a new theory was likely to be 
met with angry vituperation. By 1900 
scientists had won the freedom to ex
plore and to publish in all but the most 
backward areas of the western world. 

by Lrwi,; i\l. Terman 

They were free to work at problems of 
their own choosing and to discuss them 
freely with one another. Their research 
was inadequately supported, but they 
were beholden to no government. 

The fission of the atom changed all 

The scientist 

that. Scientists suddenly found them
selves strait-jacketed by security regu· 
lations which limited severely their con
tacts with fellow scientists, their free
dom to publish, their right to work on 
specific problems, even their right to 
travel abroad. Although these limitations 
were often carried to unnecessary 
lengths, during the war the great ma
jority of scientists patriotically ac
quiesced in them. It is hardly surprising 
that now, in the current climate of sus
picion and fear, more and more of them 
are reluctant to work for a government 
which does not protect them from har
assment and unjust accusations. 

It is not our purpose to apportion 
blame for the misunderstandings but 
rather to try to identify some of the hu
man factors that contribute to them. If 
scientists are frequently misunderstood 
by nonscientists, the converse also is 
true, and information capable of throw
ing any light on the differing attitudes 
of the two groups ought to be welcomed. 

For the double purpose, then, of try
ing to learn how to detect specific scien
tific talents and of understanding the 
differences between scientists and non
scientists, we undertook, with financing 
from the Office of Naval Research, a 
comparative study of the men in the 
well-known group of gifted persons 
whose careers we have followed for more 
than 30 years. 

Our entire group consists of 800 males 
and 600 females who were selected 

in 1921 when they were students in the 
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top 1 per cent of the school population 
in general intelligence, as measured by 
mental tests. The careers and develop
ment of all these persons have been fol
lowed almost continuously, through 
questionnaires mailed to them from 
time to time and by four detailed field 
studies (in 1921, 1927, 1939 and 1950). 
The group is the only one of its kind 
that has been studied so intensively over 
so long a period. 

For the comparative study of scien
tists and nonscientists we confined our
selves to the 800 men, because only a 
few of the women have pursued sci
entific careers. We classified the men 
into seven groups: 

Physical Science Research-workers 
in basic physical science or engineering 
research. This group of 51 includes 18 
engineers, 17 chemists, 9 physicists and 
7 in four other fields. 

Engineers-practicing engineers and 
those who have done some applied re
search. The group totals 104. 

VARIABLE TESTED 

A SCIENCE NAMED AS SUITABLE OCCUPATION FOR 

THE CHILD BY THE PARENT 

A SCIENCE NAMED AS SUITABLE OCCUPATION FOR 

THE CHilD BY THE TEACHER 

N 
N CHILD NAMED A SCIENCE AS HIS OCCUPATIONAL 

0- PREFERENCE 
� 

CHilD NAMED ENGINEERING AS HIS OCCUPATIONAL 

PREFERENCE 

HIGH ON MECHANICAL INGENUITY, COMPOSITE OF 

PARENT AND TEACHER RATINGS 

INTEREST IN SCIENCE ABOVE AVERAGE 

ON SElF-RATING 

INTEREST IN MECHANICS ABOVE AVERAGE 

ON SElF-RATING 

SCORE OF B + OR BETTER FOR CHEMIST ON 
0 
"t 

VOCATIONAL INTEREST TEST 

0-
� SCORE OF B OR BETTER FOR ENGINEERING ON 

VOCATIONAL INTEREST TEST 

SCORE OF B OR BETTER FOR MATH-SCIENCE TEACHER 

ON VOCATIONAL INTEREST TEST 

SCORE OF B OR BETTER FOR PHYSICIAN ON 

YOCAliONAL INTEREST TEST 

Medical-Biological-workers in bio
logical research or in medicine. Of the 
61 members of this group, 26 are re
searchers and 35 practiciI]g physicians. 

Physical or Biological Science, Non
research-men who majored in a science 
as undergraduates but have mainly gone 
into other fields of work. Of the 68 in 
the group, 11 are science teachers. 

Social Science-men who majored in 
a social science. Most of these persons 
are in business occupations. Those who 
became research social scientists, mostly 
psychologists, were omitted from our 
comparisons because they seemed .not to 
belong with the business group and were 
too few in number (19) for statistical 
treatment as a separate group. The SS 
group totals 149. 

Lawyers-a group totaling 83. 
Humanities-men who majored in a 

field of the humanities in college. They 
have gone into a great variety of occupa
tions, with teaching and business pre
dominating. The group totals 95. 
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27 59 49 59 25 40 24 58 

12 67 39 49 16, 56 21 43 

34 74 76 62 45 58 46 52 

34 38 76 58 45 20 46 33 

45 47 94 63 50 34 64 52 

45 98 89 88 53 96 58 86 

45 64 89 82 53 34 58 60 

44 98 82 83 44 73 55 64 

44 95 82 87 44 64 55 75 

44 77 82 78 44 66 55 64 

44 75 82 49 44 86 55 62 

To uncover differences among these 
groups, information about the individ
uals under several hundred headings 
was analyzed by means of IBM cards 
and a sorting machine. The method used 
in assessing the differences for a given 
variable was the chi square technique. 
Of the many variables on which these 
groups were compared, 108 yielded sig
nificant differences. We shall consider 
here only those in three categories: (1) 
scientific interests evidenced, (2) in
terests in business occupations, (3) 
social traits and social adjustment. 

�t us see first how the groups compare 
in scientific interests. For rough 

purposes of comparison we can class as 
scientists the workers in physical sci
ences, the engineers, the workers in 
biology and medicine and the men who 
majored in science in college; the non
scientists include the lawyers, the majors 
in the humanities and the majors in so
cial science. The reader should bear in 
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50 14 40 10 46 20 261 34 

43 23 36 14 32 25 199 34 

109 31 67 21 64 28 441 43 

109 13 67 9 64 14 441 25 

137 28 77 31 82 33 549 40 

130 36 73 32 83 49 531 63 

130 24 73 21 83 30 531 43 

116 25 61 28 78 41 480 53 

116 32 61 31 78 33 480 55 

116 40 61 41 78 46 480 56 

116 24 61 38 78 62 480 51 

SCIENTIFIC INTERESTS of men in the group studied by Terman 
are correlated with their present occupations (upper right). En· 

gineering is combined with the other sciences in the lirst three 
items of the table and is also treated separately as the fourth item. 
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mind that the three categories based on 
majors in college ( in science, social 
science or humanities) are heterogene
ous groups embracing a wide variety of 
occupations in each case. 

Eleven items of information relating 
to scientific interests or ability yielded 
highly reliable differences between sci
entists and nonscientists. The first five of 
these items represent the early interests 
and talents of the subjects as youngsters; 
the information was obtained in 1922. 
when the average age of the subjects 
was close to 11 years. The remaining six 
items report their interests 18 years later 
in 1940, when they were grown men 
and launched on their careers. The rat
ings of the groups on these 11 items, in 
terms of the percentage of persons who 
exhibited interest or talent on each varia
ble, are summarized in the table on the 
opposite page. 

Even as children those who later fell 
in the four science groups showed a far 
higher tendency to aptitude in science 

VARIABLE TESTED 

SCORE OF C + OR BETTER FOR BANKER 

SCORE OF B - OR BETTER FOR PURCHASING AGENT 

SCORE OF B- OR BETTER FOR CERTIFIED PUBLIC 

ACCOUNTANT 

SCORE OF B - OR BETTER FOR ACCOUNTANT 

SCORE OF B- OR BETTER FOR OFFICE WORKER 

SCORE OF B OR BETTER FOR PRODUCTION MANAGER 

SCORE OF C + OR BETTER FOR SALES MANAGER 

SCORE OF C + OR BETTER FOR LIFE INSURANCE 

SALESMAN 

SCORE OF B OR BETTER FOR LAWYER 

than those in the three non science 
groups. This is in accord with studies 
of the early mental development of emi
nent scientists, which have shown that 
often their bent is foreshadowed by their 
interests and preoccupations in child
hood. Apparently the same is true of 
scientists whose achievement to mid-life 
is much less distinguished. It is especial
ly significant that aptitude for science 
is so often detected by parents and 
teachers with little or no professional 
training in psychology, and even more 
often by the children themselves. 

It might be supposed that the inter
ests of our subjects in 1940, when their 
average age was about 30, would not 
reflect natural bents so much as the ef
fects of educational concentration and 
voootional experience. That such experi
ence is far from being the sole factor in 
shaping interest patterns is indicated by 
the fact that the intergroup differences 
in 1940 were in most cases very similar 
to those in 1922. Indeed, scores on the 
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44 25 82 29 44 23 55 42 

44 36 82 57 44 20 55 44 

44 70 82 44 44 48 55 47 

44 43 82 54 44 25 55 47 

44 30 82 49 44 39 55 49 

44 68 82 91 44 55 55 71 

44 27 82 48 44 32 55 51 

44 16 82 22 44 36 55 35 

44 36 82 18 44 48 55 40 

Strong vocational interest test are sur
prisingly constant. Of 250 men who took 
the Strong test as college freshmen and 
again 20 years later, few showed ap
preciable changes in their scores, and 
such changes as occurred bore little rela
tion to the kind or amount of educational 
or vocational experience in the interim. 

It can be seen in the table that the 
groups with the most consistently low 
percentages on scientific interests are the 
social science majors (mainly business
men) and the lawyers. The humanities 
group is fairly high on one item but is 
relatively low on all the others. At the 
opposite extreme are the physical sci
entists. engineers and science majors, 
who are high to very high on at least 
10 of the 11 items. The contrast between 
the four groups of scientists and the 
three groups of nonscientists in this gift
ed population is much the same for the 
childhood data as for the data obtained 
nearly 18 years later. 

When we come to interest in business 
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116 67 61 59 78 35 480 44 

116 67 61 44 78 24 480 46 

116 71 61 80 78 50 480 59 

116 61 61 46 78 27 480 46 

116 74 61 46 78 37 480 50 

116 51 61 30 78 26 480 55 

116 84 61 70 78 53 480 57 

116 75 61 62 78 54 480 47 

116 65 61 89 78 72 480 54 

OCCUPATIONAL INTERESTS in business of men in the same 
group were graded in 1940 by the Strong vocational interest test. 

This further indicates that the differences between the groups of 
scientists and nonscientists changed very little from 1922 to 1940. 
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occupations, the picture is reversed, as 
we might expect [see table on preceding 
page]. The nonscientist groups score 
highest on interest in the nine business 
occupations listed (the law is inc1uded 
among them because so much legal work 
is concerned with or similar to business) . 
In contrast, the three groups of workers 
in science score low to very low on in
terest in business, and the science majors 
hold an intermediate position; it will be 
recalled that most of the latter went 
into fields other than science. In the ex
ceptional cases where a science group 
showed high interest in a business oc
cupation, the reason is fairly obvious. 

VARIABLE TESTED 

HIGH COMPOSITE RATING BY PARENT AND TEACHER ON 

FIVE SOCIAL TRAITS-1922 

HIGH SOCIABILITY SCORE ON PLAYS AND GAMES 

TEST-1922 

IN HIGH SCHOOl ENGAGED IN SEVERAL TO MANY 

ACTIVITIES 

MORE THAN AVERAGE INTEREST IN SOCIAL lIFE-1940 

MORE THAN AVERAGE INTEREST IN POLITICS-1940 

ALWAYS VOTED IN LOCAL ElECTIONS-1950 

For example, the occupation of certified 
public accountant would be expected to 
have some appeal to a physical scientist, 
who has an interest in numbers. Similar
ly the interest of engineers in the jobs of 
purchasing agent and production man
ager reflects their preoccupation with 
"things," while their low score on inter
est in the occupation of life insurance 
salesman probably reflects ineffective
ness in person-to-person relationships. 

The marked contrast between the 
groups of scientific workers on the one 
hand and the lawyer and social science 
majors on the other is most significant. 
For it is physical scientists, engineers 
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45 46 96 44 50 62 64 44 

17 53 43 56 25 76 26 81 

43 47 91 43 58 53 61 52 

45 24 89 12 53 40 58 31 

45 42 89 39 53 43 58 47 

45 24 95 52 56 46 60 44 

SCORE OF C + OR BETTER FOR SCHOOL SUPERINTENDENT 
52 

ON VOCATIONAL INTEREST TEST-1940 
44 82 27 44 43 55 44 

SCORE OF B - OR BETTER FOR SOCIAL SCIENCE TEACHER 
44 ON VOCATIONAL INTEREST TEST -1940 

30 82 23 44 45 55 33 

BELONGS TO TWO OR MORE CLUBS OR 
I 
! 44 77 93 59 56 89 59 

ORGANIZATIONS-1950 

I 
68 

ENGAGES IN ONE OR MORE SERVICE ACTIVITlES-1950 44 23 93 41 56 46 59 49 

MORE THAN MODERATE INTEREST IN COMPETITIVE 

SPORTS, AGES 12·20-1951 
37 27 79 44 46 30 45 42 

ABOVE AVERAGE IN CONFORMITY TO AUTHORITY AND 
36 47 75 

CONVENTIONS-1951 41 45 47 42 55 

MORE THAN MODERATE INTEREST IN SOCIAL SUCCESS, 
37 14 78 28 37 45 AGE 12·20-1951 46 27 

IN CHILDHOOD AND YOUTH FElT DIFFERENT FROM 
37 82 

THERS-1951 
68 52 49 67 50 56 o 

GOOD SOCIAL ADJUSTMENT HAS FURTHERED LIFE 
37 

ACCOMPLISHMENT -1951 
27 78 47 46 46 44 45 

and biologists who do most of the Fed
eral Government's secret research, and 
do it under rules that are laid down by a 
Congress composed mainly of lawyers 
and businessmen. It would be an over
simplification, however, to assume that 
the difficulties of these contrasting 
groups in trying to understand each oth
er are fully explained by their differing 
interests per se. Rather the differences in 
interest are symptomatic of underlying 
differences in personality. 

This brings us to the group differences 
in social traits. They were expressed 

in terms of 15 items relating to sociabil-

<J) 
UJ 

u z UJ <J) u UJ 

<J) >= 
Z � -' ..: � U � ::E 0 :5 :::. 0 <J) I ... 

I I I 
138 59 78 67 83 49 554 53 

78 74 45 84 41 71 275 72 

1 34 60 80 67 83 69 550 57 

130 38 73 33 83 23 531 29 

130 57 73 66 83 43 531 49 

132 52 74 59 82 54 544 50 

116 53 61 74 78 68 480 52 

116 65 61 61 78 54 480 47 

126 62 74 88 77 66 529 71 

126 48 74 58 77 42 529 45 

111 60 64 55 65 38 447 46 

109 49 62 74 63 52 432 52 

109 52 64 33 65 37 544 36 

116 46 66 52 69 77 467 57 

108 58 62 47 62 56 437 49 

SOCIAL TRAITS of the various groups are reflected by items of 
information gathered hy the studies of 1921.22, 1939·40 and 1950· 

51. The subjects were 800 men who were selected in 1921 from 
the top 1 per cent of the school population in general intelligence. 
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ity, social adjustment, interest in people 
and social insight [see table on opposite 
page]. The sociability score was derived 
from the subjects' preferences, as chil
dren, between social play and less social 
or solitary activities. Some items in the 
table are based on self-ratings; interest 
in people was measured by the subjects' 
reactions to two occupations calling for 
such interest. On the next to last item of 
the table a high score signifies a tendency 
to poorer social adjustment. 

The analysis leaves no doubt that 
nonscientists tend to score higher than 
scientists in social relations. The lawyers 
and social science majors usually rated 
highest; the physical science researchers, 
engineers and science majors generally 
rated lowest; and the medical-biological 
group and humanities majors were in 
between. The groups showed a consis
tency of scores which is remarkable 
when one considers the wide range of 
attributes, indexes and times represented 
by the 15 items. 

Nevertheless one must guard against 
overgeneralization. Actually all degrees 
of social adjustment and social under
standing are found within each of the 
seven groups. Everyone knows that some 
scientists are extremely adept in social 
perception and in social relations-suffi
ciently adept to become deans, college 
presidents or other administrative offi
cials. Yet it is true that the bulk of sci
entific research is carried on by devotees 
of science for whom research is their life 
and social relations are comparatively 
unimportant. 

The life histories of the physical sci
entists and engineers among our gifted 
subjects bear interesting similarities to 
those of the 22 eminent physicists ex
amined by Anne Roe [see "A Psychol
ogist Examines 64 Eminent Scientists," 
by Anne Roe; SCIENTIFIC AMERICAN, 
November, 1952]. Her physicists and 
our two groups exhibited the same early 
interest in mechanics, mathematics and 
science. The resemblance also holds for 
social traits: as a group her physicists 
tended to be shy, lonely, slow in social 
development, indifferent to close per
sonal relationships, group activities or 
politics. There are also some resem
blances between Roe's 20 eminent bio
logists and our medical-biological group: 
most of these individuals showed little 
interest in mechanics or mathematics, 
either in childhood or later. However, 
our physicians and biologists displayed 
more social interests than our physicists, 
chemists and engineers, whereas Roe de
scribed her biologists as socially very 
similar to her physicists. Her 22 profes-

The nonscientist? 

sional social scientists are not com
parable with the businessmen of our SS 
(social science major) group. 

Are the social traits that characterize 
so many scientists to be regarded as de
fects of personality bordering on the ab
normal? The answer is no. 1\1ental or 
emotional breakdowns were no more 
common among scientists than among 
nonscientists in our gifted sample of the 
population. It appears that departures 
from the average personality pattern, 
upward or downward, may be decidedly 
favorable to the making of a scientist; for 

example, a below-average interest in 
social relations and a heavy concentra
tion of interest on the objective world. 

At any rate, in our gifted group the 
physical scientists and engineers are at 
the opposite pole from the businessmen 
and lawyers in abilities, in occupational 
interests and in social behavior. These 
basic personality differences may well 
account for much of the current friction 
between scientists and the government 
officials who are responsible for their 
security clearances and for the restric
tions imposed upon them. 
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THE ANATOMY OF THE ATLANTIC 

This vast body of water has an architecture not only of currents 

but also of temperature, saltiness and oxygen content. The details 

have emerged from the oceanographic voyages of the past 30 years 

A
thOugh the steamship has reduced 

the ocean currents to minor signifi
cance in navigation, they are still 

a matter of great interest to oceanog
raphers. We want to know what forces 
and physical processes are responsible 
for the currents and where they run. Be
sides satisfying our curiosity, this infor
mation may some day become highly 
useful again, especially if the atomic 
power industry of the future dumps its 
radioactive wastes in the seas. 

The best place to study the currents 
is in the Atlantic Ocean, because in the 
1920s and 1930s its currents were 
extensively surveyed by the German re
search vessel Meteor, the British Discov
ery, the Norwegian Armauer Hansen 
and the U. S. Atlantis. In examining the 
dynamics of ocean currents we start from 

by Henry Stommel 

the fact that they are governed mainly 
by the Coriolis force set up by the rota
tion of the earth ["The Coriolis Effect," 
by James E. McDonald; SCIENTIFIC 
AMERICAN, May, 1952]. In a river or 
similarly shallow body of water the 
slope of the bed and friction over the 
bottom dominate the dynamics of Bow. 
In the deep sea, however, the driving 
forces and frictional forces are so small 
that the Coriolis force becomes domi
nant. Here the situation is like that in 
the atmosphere, where winds blow in a 
circular fashion rather than directly from 
regions of high pressure to regions of low 
pressure. In the ocean horizontal pres
sure gradients associated with slopes of 
the water keep the currents in straighter 
paths. 

Because of the Coriolis force, the 

THE GULF STREAM flows in a wavy path, the waves proceeding downstream at five to 
10 miles per day. The temperatures in late autumn are ill(licated by tones from dark to 
light gray, corresponding to the range from 84 to 50 degrees Fahrenheit at the extremes. 
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oceans are far from level. In the North
ern Hemisphere, where the Coriolis 
force acts to the right of the direction of 
the current, the surface of the ocean also 
slopes upward to the right; the average 
sea level is about four feet higher in the 
middle of the Atlantic than along the 
U. S. coast [see chart on opposite page]. 
The Gulf Stream on its eastward side 
slopes up steeply toward Bermuda. In 
the Southern Hemisphere, where the 
Coriolis action is toward the left, the 
great Antarctic circumpolar current of 
the South Atlantic slopes upward toward 
the west. Near the Equator, where the 
Coriolis force is sm all, the sea slopes 
only gently. Here the two trade-wind 
systems maintain two westward Bowing 
equatorial currents, separated by a curi
ous equatorial countercurrent Bowing in 
the opposite direction along the north
ern boundary of the doldrums. 

O
ne of the most striking features of 

the ocean is the great fall in tem
perature from the top to the bottom [see 
charts on page 33]. Except in the polar 
regions, where the water is cold all the 
way up to the top, the oceans are strati
fied by zones of sharply contrasting 
temperatures. In the middle North At
lantic, for example, the top 1,500 feet 
averages at least 65 degrees Fahrenheit, 
winter or summer. From 1,500 feet 
down to about 4,000 feet the tempera
ture declines rapidly to a frigidity in 
which one would not care to swim. 

This "thermocline" is one of the mys
teries of the sea. Why should there be 
so abrupt a change of temperature with 
depth? Why isn't it gradual? The really 
deep water, between 4,000 feet and the 
bottom at 18,000 feet, is close to freez
ing, even in the tropics. This must mean 
that most of the water in the oceans Bows 
down from regions near the poles. How-
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ever, there are no strong currents in the 
deeper regions of the ocean. The great 
wind-driven currents are confined to the 
upper quarter of its depth. 

One of the striking features of these 
surface circulations is that the center of 
circulation is not in the ocean's middle 
but toward the western side, with the re
sult that the current is stronger on the 
western side. The explanation of this 
asymmetry has emerged in recent years. 
In the Northern Hemisphere the pattern 
of prevailing winds gives a clockwise 
twist to the Atlantic surface circulation. 
For many years it was supposed that the 
balancing force that kept this rotation 
in eq uilibrium was simply the resistance 
of internal friction in the water. But in 
1947 the l\orwegian oceanographer 
Harald Sverdrup showed that the bal
ance is actually supplied by a slow drift 
of surface water toward the Eq uator 
which applies a counterclockwise force 
(in the Northern Hemisphere) opposing 
the wind torque. The question arose: 
What happens to the water piling up on 
the Equator from both hemispheres? 
The writer and vValter Munk of the 
Scripps Institution of Oceanography 
pointed out that swift, narrow currents 
along the western boundaries of the 
oceans would carry the water back to
ward the poles at a rate which matched 
the equatorward flow. These strong 
western currents are of course the Gulf 
Stream in the North Atlantic and the 
Brazil Current in the South Atlantic 
They flow at velocities of up to five miles 
per hour. The Gulf Stream, about 50 
miles wide and 1,500 feet deep, carries 
away about 70 million tons of water per 
second-about 1,000 times as much as 
the maximum discharge of the :Vlississip
pi River. Other currents are much 
slower than the Gulf Stream and Brazil 
Current; for example, the equatorial 
currents rarely move faster than a third 
of a mile per hour. A particle of water 
may move 100 miles per day while it is 
in the swift portions of the Gulf Stream, 
but it could easily take a year to make 
a complete circuit of the North Atlantic. 

The condition of the Gulf Stream in 
late autumn is diagrammed on the oppo
site page. A narrow strip of warm water 
(77 to 84 degrees F.) about 50 miles 
wide and 300 feet deep runs through the 
heart of the Stream, with the fastest cur
rent along the left-hand side of this strip. 
Beneath it are two layers of cooler wa
ter-58 to 77 degrees and 50 to 58 de
grees respectively. The water in the 
colder layers below 3.000 feet is prac
tically at rest, taking little or no part in 
the general flow of the Gulf Stream. 

UNEVEN SURFACE OF THE SEA is represented by this diagram. The tones from dark 
to light gray indicate the elevation of the water above the theoretical sea level (assuming 
the sea was homogeneous and stagnant). Each tone conesponds to a difference of 10 inches. 

The surface water on the inshore side 
of the Gulf Stream is, on the average, 
much denser than that on the offshore 
side. The Gulf Stream is not so much a 
stream of warm water as it is a current 
along the edge of the warm body of wa
ter making up the surface of the Cen
tral Atlantic. The Coriolis force driving 
the Gulf Stream to the right keeps the 
warm water away from the North Ameri
can coast. 

As the diagram shows, the Gulf 
Stream flows in a meander-like path. The 
shape of these meanders changes from 
time to time, the wavelike patterns gen-

erally progressing downstream at a rate 
of about 5 to 10 miles a day. 

S
lIt·face currents can be measured by 

the drift of a ship, by a propeller
type current meter on a stationary ship 
or by electrical voltages induced in the 
water by its motion through the earth's 
magnetic field. But water movements in 
the ocean depths cannot be measured so 
easily. We can only estimate them in
directly from pressure fields in the wa
ter and from temperature and salinity. 

The German oceanographers Albert 
Defant and Georg vVuest have analyzed 
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deep-water movements in this way. In 
the Atlantic Ocean the saltiest water, of 
course, is at the surface, where fresh wa
ter is evaporated away. The deep water 
is about .5 to 1 per cent fresher [see 
chart below]. The very freshest water 
in the Atlantic originates at the sur
face in the Antarctic between Cape 
Horn and the Cape of Good Hope. 
From there it flows northward beneath 
the surface currents, sinking to depths 
between 1,500 and 3,000 feet. It moves 

as a subsurface stream along the west
ern border of the South Atlantic, crosses 
the Equator and dissipates in the North 
Atlantic at about 20 degrees north lati
tude. Wuest has computed that in its 
strongest stretch, off the coast of Brazil, 
this subsurface stream moves at rates up 
to five miles per day. 

Below this level is a mass of very 
salty water, called the Upper Deep Wa
ter [chart at right below]. Its source ap
pears to be the Mediterranean, where 

the surface water is made extremely 
saline by a high rate of evaporation. The 
salty water flows out of the Straits of 
Gibraltar, sinks quickly to a depth of 
6,000 feet and then spreads out over the 
Atlantic. Inasmuch as the amount of 
saline water flowing out of the Straits of 
Gibraltar can be measured easily, this 
phenomenon is a useful indicator of the 
speed of deep-water circulation. 

Movements of deeper Atlantic water 
at the levels between 9,000 and 13,000 

SALINITY AT 600 FEET is indicated by this diagram. The tones from dark to light gray 
correspond to tbe variation from approximately 3.70 per cent to 3.40 per cent of salt. The 
freshest surface water (between 3.45 to 3.40 per cent) circulates north from the re
gion between Cape Horn and the Cape of Good Hope. It sinks to depths of 3,000 feet. 

SALINITY IN DEPTH through 
the Western Atlantic varies as 
subsurface .streams. Each tone in
dicates .05 per cent above 3.45. 
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feet can be traced by the fact that it is 
particularly deficient in dissolved oxy
gen. This water originates in the late 
fall and winter east and southeast of 
Greenland [chart on next page J. It sinks 
halfway down in the ocean and spreads 
out to the south. Its strongest currents 
are in the western Atlantic. As the water 
Bows toward the south, it gradually gives 
up some of its dissolved oxygen to oxida
tion of dead plankton and other material 
raining from above. Samples of water 

taken fr0m its depth therefore show the 
location of the water mass and its direc
tion of motion.. 

From the Antarctic comes the deepest 
water mass of all. It forms on the shelf 
of the Antarctic continent and slides 
northward over the ocean bottom [chart 
on page 35]. Its movement of course is 
channeled by the great mountain ranges 
in the Atlantic (whose peaks form the 
Azores, Ascension, Tristan da Cunha 
and other islands) . Thus the Antarctic 

bottom water cannot Bow up along the 
coast of Africa but is confined to the 
western half of the South Atlantic until 
it passes the Equator. Then it crosses to 
the African coast through a narrow pass. 
In the North Atlantic it mixes with wa
ter iq the layer above it and disappears 
as a current. 

}\II of these currents are too weak to 
measure by any kind of current 

meter; they are masked anyway by fair-

� � 
0 0 0 0 0 

� 0 0 0 0 0 
0 0 0 0 0 
6 ,5 (}-' c'; -" 

TEMPERA TURE AT 600 FEET is represented here. If the ocean were lowered by this 
amount, the continental shelves oft· many shores would be high and dry. The darkest gray 
tone represents water warmer than 68 degrees F. The lightest tone represents water colder 
than 32 degrees. Each intermedi:(te tone conespon,ds lO a difference of nine degrees. 

TEMPERATURE IN DEPTH val" 
ies in stratified zones, except in 
polar regions. This profile was 
laken along the Western Atlantic. 
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ly strong oscillatory tidal movements. 
Perhaps some day the currents may be 
followed by means of a ballasted float 
which will be set at a deep level and 
tracked by sonar. 

Another way of studying the circula
tion of deep ocean water is to determine 
by the carbon-14 dating method how 
long it has been out of contact with the 
atmosphere. The few such measure
ments made so far indicate that the bot
tom water is about 1,500 years old, but 

Wuest has calculated by other methods 
that it is no older than about SOO years. 

'Wuest's estimates of the velocity of 
deep-water circulations are based upon 
the assumption that the layers of water 
are being formed continuously at the 
postulated places of origin near the sur
face and flow steadily along the sug
gested routes. However, L. V. Worthing
ton of the Woods Hole Oceanographic 
Institution has recently turned up some 
evidence that this may not be the case. 

He found that the amount of dissolved 
oxygen in deep North Atlantic water 
seems to have decreased appreciably in 
the past SO years. This may mean that 
the water has lain more or less dormant 
there. Worthington estimates from the 
rate of oxygen loss that this water was 
near the surface about 140 years ago-a 
time of cold winters and summers (as 
Napoleon's ill-fated winter in Russia 
testiRes). Thus it is possible to suppose 
that masses of water tending to sink to 

SALINITY AT 6,000 FEET in the mass called the Upper Deep Water is indicated in a chart 
showing the water above this level stripped away. The darkest tone, corresponding to 3.6 per 
cent salt, shows the outflow from the extremely salty water of the Mediterranean which sinks 
quickly to this depth and diminishes to a salinity of 3.47 per cent, as shown by the lightest tone. 

OXYGEN AT 9,000 FEET in the 
mass called the Deep Water is rep
resented in this chart. Oxygen con· 
tent at this level, from the maximum 
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the depths are fonned only spasmodical
ly, under unusual climatic conditions, 
instead of continuously. 

A t the surface the large-scale currents 
ft are remarkably constant from sea
son to season and year to year. To be 
sure, the vagaries of the winds stir them 
up; a local storm may produce tempo
rary rotary currents which last from 12 to 
48 hours after the storm has passed. In 
regions such as the Sargasso Sea, where 

there is little in the way of permanent 
current, transitory currents are the most 
noticeable feature of the surface move
ment. But the effect of storms on a large
scale current such as the Gulf Stream is 
too trivial to be observed. 

While the general surface circulation 
of the North Atlantic Ocean does re
spond slightly to seasonal changes in the 
wind pattern, short-period interruptions 
of the normal wind distribution have no 
discernible effect on currents below the 

upper few hundred feet. The reason is 
that the large-scale circulation of the 
ocean has available a considerable store 
of energy from the lens-shaped masses 
of warm water in certain regions of the 
ocean. It is estimated that even if all the 
winds were to stop and the atmosphere 
to fall into a dead calm, the great surface 
circulations could draw enough energy 
from the potential stored in the warm 
lenses to go on flowing for about three 
years. 

east southeast of Greenland of 6.5 
milliters per liteI' to the minimum 
of 4.7 in the south, enables the 
charting of this water's circulatiou. 

CIRCULATION AT 12,000 FEET of the deepest water mass, called the Antarctic Bottom Water, is 
shown by this chart. Lowering the sea to this level exposes the mountain ranges which channel 
the flow of the Bottom Water up the western side of the barrier until it reaches a pass above 
the Equatol·. The darkest tone indicates the pure Bottom Water before its gradual dilution. 
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BELL 47D HELICOPTER takes off from a mountain camp of the 
S500·million hydroelectric power project of the Aluminum Com-

PIASECKI YH·16 HELICOPTER flies above Philadelphia. The 
largest machine in the air, it carries 40 passengers. It has two 
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pany of Canada near Vanconver. This machine carries two pas· 
sengers. Beneath it is a carpet which serves as a landing field. 

large rotors, each driven by a 1,650·horsepower piston engine. A 
variation of the model will use the shaft power of gas tmbines. 
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Helicopters 
The odd appeal of ho{)ering flight lnay ha{)e led people to expect 

too n�uch of the n�achines too soon. Howe{)er, their technological 

e{)olution now pron�ises SOlne real progress in their general use 

L
onardo da Vinci's notebooks contain 

a sketch, dated 1483, of a rudi
mentary helicopter ( which he 

called a helixpteron). The idea of the 
helicopter was repeatedly revived by 
later inventors, and models were actual
ly built in the 19th century. In 1944 a 
cautious enthusiast wrote a book entitled 
The Helicopters Are Coming. They are 
still coming. The era of the helicopter 
has been hailed prematurely so often 
that another prediction of its arrival is 
likely to be greeted with skepticism. Yet 
the machine has come along so rapidly 
in the past three or four years that it has 
in fact begun to make a definite place 
for itself. Helicopters are now in regular 
passenger service in Europe. The U. S. 
armed forces have established their value 
for many military uses. And some of the 
technical problems that have held the 
machines back are at last being solved. 

The helic�pter is a bundle of para
doxes. Its charm as a means of travel lies 
in the fact that it makes haste slowly. 
Although so far it has been of greatest 
interest to the military, it is not essential
ly an engine of destruction; even for 
military purposes it is simply a means of 
transport and rescue. On the technologi
cal side, the helicopter seems the sim
plest of flying machines, but it is actu
ally the most complex. Although it was 
one of man's earliest conceptions for 
mechanical flight, it was about the latest 
to get into the air in a practical form. 

The helicopter's basic principle of 
course goes back to the windmill and 
similar devices; in fact, its lineage can be 
traced to the ancient Chinese toy known 
as the flying top. In its modern, still fas
cinating version the flying top consists 
of a bright tin propeller, slightly twisted 
and slotted in the center, which rotates 
freely up and down a spiral wire. When 

by Lawrence P. Lessing 

a sliding ring below the propeller is 
pushed up rapidly, the propeller whirls 
up the spiral and off the end of the wire 
for a soaring flight of many feet. The 
helicopter, like the flying top, climbs a 
tight spiral staircase, but the staircase is 
made only of the air pressures induced 
by the motion of its whirling rotor. The 
fish-shaped blades of the rotor attack the 
air edge-on at a slightly elevated angle 
or pitch, building up pressure on the un
derside of the blades while reducing the 
pressure above them to give the craft 
lift. The aerodynamic principle is exactly 
the same as is used to give lift to the 
fixed-wing airplane, but it is applied in 
a manner which enables the machine to 
fly straight up or down, forward, back
ward or sideways, or hover motionless 
in mid-air. 

Men were early attracted to the heli
copter flight scheme because it seemed 
to come reasonably close to the method 
by which birds fly-by the movement 
of wings. As it turned out, the easiest 
solution to the problem of human flight 
proved to be the application of brute 
power by means of a propeller pushing a 
fast stream of air under fixed wings. 
Helicopter flight involved subtle aero
dynamical and mechanical problems 
which took more sophistication to solve. 

In 1843 the English philosopher George 
Cayley conceived a craft with four 

rotors driven by a steam engine, and in 
1878 an Italian, Enrico Forlanini, built a 
miniature steam-driven model that hov
ered 40 feet above ground for a few 
seconds. As gasoline engines became 
available, helicopters were built with 
rotors like whirling box kites, rotors like 
giant pinwheels, rotors like great paddles 
flailing the air. In 1907 a weird biplane 
helicopter carried the French aeronaut 

Louis Breguet up five feet for two min
utes-technically the first helicopter flight 
of man. But all of these machines were 
so unstable and low-powered as

' 
to be 

totally impractical. 
The first real advance toward a func

tioning helicopter was made in 1923 by 
the Spanish engineer Juan dEl la Cierva 
with the invention of the autogiro, de
signed to make hovering possible. Strict
ly speaking, this was not a helicopter at 
all. It was a conventional propeller
driven airplane with a large rotor on top 
which was not powered but spun freely 
in the air as the plane flew. While the 
inefficient giro was short-lived, it gave 
others the idea of applying power to the 
propeller-like rotor. In 1937 the German 
aircraft designer Heinrich Focke put 
two powered rotors on the open, wing
like outrigging of a Focke-Achelis FW-
61. The craft flew from Bremen to Berlin 
in one hour and 20 minutes. In 1939 Igor 
Sikorsky put a big, single-rotor helicopter 
into sustained flight from a field beside 
his factory in Bridgeport, Conn. These 
were the first practical helicopters. 

The dual nature of a helicopter's rotor 
as wings and propeller was, perhaps, the 
most difficult notion to grasp and to em
body in a single efficient structure. Not 
only was the shape of the wing blades 
critical, but their rotary motion added to 
the complexities. To drive the craft for
ward, the whole rotor had to be tilted 
slightly forward on its axis, which intro
duced an imbalance of lift. While one 
blade was dipping forward at a deep 
angle of attack, its opposite was reced
ing up and backwards at an angle pro
ducing less lift, thus tending to roll the 
craft over. Cierva solved this problem 
by hinging the rotor blades. With the 
proper controls the pitch of the advanc
ing blade could be decreased while that 
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, 

HILLER YH]·l has a novel propulsive arrangement. At the tip of each blade of its main rotor is 
a small ramjet. The high fuel consumption of the ramjets limits the cruising range of this machine. 

SIKORSKY S·56, bearing the Ma· 
rine designation XHR2S, has a six-

of the receding blade was increased to 
equalize lift in all directions of travel 
except straight up. 

Another problem was that of engine 
torque or twist. As a helicopter's engine 
shaft whirls the rotor in one direction, 
torque reaction tends to twist the whole 
engine and fuselage in the opposite di
rection like a whirligig. Focke met the 
problem with his two rotors, turning in 
opposite directions to cancel torque. 
Sikorsky employed a small tail rotor, in
vented by the Dutch engineer A. G. 
Baumhauer, to exert a counter force 
against engine twist. This is still the most 
commonly used device, for besides solv
ing the torque problem in a simple 
fashion, the small tail rotor also acts as a 
rudder. 

What has mainly held the helicopter 
back is its small carrying capacity. 

The load problem derives from the fact 
that the rotor must perform a double 
function: it must divide its power be
tween lift and forward motion. To carry 
as much load as a conventional airplane, 
a helicopter must have twice as much 
horsepower. The largest helicopters now 
flying can carry no more than 30 to 40 
passengers, and they seem to be close to 
the practicable limit for this type of craft 
when powered by piston engines. 

The jet engine, however, has given the 
machine a new impetus. It offers a big 
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increase in horsepower with little or no 
increase in weight. Helicopter designers 
are now busily engaged in harnessing jet 
engines to helicopters to raise their 
speed, range and payload. 

Probably the simplest helicopter built 
so far is the Hiller Hornet. It is powered 
by ramjets, mounted in the tips of the 
rotor blades, that spin the rotor like a 
Fourth·of-July pinwheel. This simple 
system is light, yields high horsepower 
and, since it removes the engine from the 
fuselage, eliminates engine torque. But a 
pure jet such as the ramjet burns fuel so 
rapidly that the range of the craft at 
present is no more than 50 to 100 miles. 

For heavy.duty helicopters the major 
interest centers on the gas-turbine type 
of jet engine [see "The Gas Turbine," by 
Lawrence P. Lessing; SCIENTIFIC AMER
ICAN, November, 1953]. There are two 
general schemes for adapting helicopters 
to gas-turbine drives. In one the jet 
stream is led up through the rotor blades 
and vented out through the tips to pro
vide the same kind of rotary thrust as 
that in the ramjet installation. The 
second, and the favored, scheme gears a 
fixed-shaft gas turbine or propjet directly 
to the rotor to turn it like a propeller, 
while the jet's gas stream, usually di
rected out of the engine's tail pipe, pro
vides residual thrust for additional for
ward speed. 

So many advantages have accrued in 

the use of the propjet that it seems to be 
one of those technological answers to 
many problems at once. In a series of 
flight tests a helicopter manufacturer 
compared a 400·horsepower propjet en
gine with two equivalent piston engines. 
The jet-driven craft showed a marked 
reduction in noise, stress and vibration, 
and its light weight gave it an advantage 
in performance and payload which 
amounted to about 80 additional horse
power. In addition the jet engine's sim
pler construction cut maintenance time 
in half. It roughly doubled the range of 
the unloaded craft-from about 300 to 
600 miles. It likewise doubled the effi
cient cruising speed, with equal fuel, to 
about 170 miles per hour. And it raised 
the all-important ratio of useful load to 
gross weight from some 30 per cent to 
nearly 40 per cent. The jet-powered heli
copter weighed only 3,500 pounds, as 
against 5,500 and 6,100 for the piston
engine machines. 

Sikorsky is planning a jet-powered 
helicopter for 50 passengers and thinks 
that the 100-seater will not be far be
hind. The Bell Aircraft Corporation is 
projecting a huge "flying wing" with 
rotors on each wing tip and a passenger 
cabin running along the wing's leading 
edge. There is also much talk of a "con
vertaplane" -a stub-winged craft that 
will rise like a helicopter and then pivot 
its rotors forward and down to fly like a 
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bladed main rotor, retractable land· 
ing gear and carries 30 passengers. 

SIKORSKY 5·59, which bears the Army designation H·59, is propelled by a gas turbine. It holds 
the three·kilometer speed record of 156.005 miles per hour and the altitude record of 24,500 feet. 

conventional airplane or allow forward 
jet engines to take over so that it flies 
like an autogiro. 

Helicopter travel charms nearly all 
who have tried it. Even at a cruis

ing speed of 200 miles per hour, which 
is about the upper limit expected from 
jet propulsion, the helicopter is a leisure
ly, low-altitude flyer. Under weather 
conditions that find all fixed-wing craft 
grounded, the helicopter flies safely and 
sturdily. In any emergency it can hover, 
feel its way and, if need be, land in terri
tory which for other craft would be 
dangerous or fatal. All who associate 
with helicopters for any time develop an 
affection for them. 

Early helicopter enthusiasts made the 
erroneous assumption that, because of its 
unique maneuverability at low speeds 
and its ability to take off or land on a 
cleared space only big enough to accom
modate its tricycle wheels and rotor, the 
helicopter was a personal aircraft par 
excellence. They thought that it would 
be to aviation what the automobile is to 
surface travel. It may still work out that 
way. but probably not before a long 
period of evolution. For one thing, the 
helicopter is still too tricky for the aver
age road duffer to fly. It requires a 
trained hand constantly on the controls 
to meet the variable conditions of flight. 
The feel and response are quite different 

from those in fixed-wing aircraft, and 
even a seasoned pilot of the latter must 
undergo training to learn how to manage 
the whirling wings. Besides this, the 
cost and upkeep of a helicopter are still 
well out of reach of most people. The 
smallest and cheapest helicopter pro
duced today sells for about $5,000, and 
the average price runs well over $10,000. 

The first uses of the helicopter were 
to reach places otherwise relatively in
accessible. Helicopters have ranged over 
the jungles of Brazil, taxied men and 
supplies to offshore oil fields in the Gulf 
of Mexico, explored and wildcatted for 
oil in the swamps of Louisiana, raised 
200 tons of dam-building equipment up 
the sheer face of a mountain in British 
Columbia. mapped well-nigh impassable 
reaches of Alaska and scouted ice floes 
in the Bering Sea. Helicopters are rapid
ly becoming the standard vehicle for 
agricultural spraying and insect control 
( the rotor's strong downdraft directs the 
insecticide onto the crops), for fighting 
forest fires, for patrolling pipelines and 
power lines, for making swift geophysi
cal surveys and for sea rescue work. 

The helicopter's versatility and uses 
are formidable and growing, but none of 
them yet adds up to mass transportation. 
Since 1945, when production really 
started, the industry has built 5,000 heli
copters. Most of these have been built by 
four manufacturers: the Sikorsky Air-

craft Division of the United Aircraft 
Corporation, the Piasecki Helicopter 
Corporation, the Bell Aircraft Corpora
tion and Hiller Helicopters. The majority 
are one- or two-seaters. The largest built 
so far is the Piasecki YH-16, a twin
engine troop transport that carries 40 
men. Most of the helicopters produced 
have been for the military. The heli
copter proved itself a real pack horse on 
the battlefields of Korea. But when all is 
said and done, it will not really be con
sidered to have reached maturity until it 
becomes a vehicle of regular commercial 
transportation. 

Europe has done the pioneering in 
scheduled helicopter flying despite 

the pre-eminence of the U. S. in heli
copter design and production. The Brit
ish European Airways established the 
first regular helicopter passenger service 
in 1950 between Cardiff and Liverpool. 
It is now also running a passenger line 
between the London Airport and South
ampton. In 1953 Belgium's Sabena Air 
Line inaugurated daily service between 
midtown Brussels, Antwerp, Rotterdam, 
Lille, Liege, Maastricht, Cologne and 
Bonn. It uses 8-seater Sikorsky planes. 
This line has clocked more passenger 
miles by helicopter than any other 
operator; it carried more than 25,000 
passengers its first year. Brussels de
molished its old Allee Verte railway sta-
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PIASECKI YH.21, especially equipped for Arctic operatious, lowers a sling to a "survivor" 
during simulated rescue operations conducted on the Greenland ice cap near Thule Air Base. 

BELL 47G spI'ays defoliant on a cotton field near Plano, Texas, after which cotton bolls can 
be picked from the leafless plants by machine. The downdraft of the rotor aids spraying. 
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tion in the center of town to make way 
for a heliport, and most European cities 
have cleared ground for the new service. 
The British are just putting into opera
tion the great new South Bank heliport 
in London. 

Few U. S. cities are even thinking 
about heliports, and what helicopter pas
senger service there is has been of a 
generally trivial or luxury nature. One 
operator since 1950 has been flying 
tourists up and down the Grand Canyon, 
another has been transporting racetrack 
visitors between Miami and West Palm 
Beach, still another is flying vacationists 
into the Catskill Moontains' resort towns. 
The largest U. S. helicopter passenger 
service is that offered by New York Air· 
ways, Inc., which since 1953 has been 
flying daily out of Newark and Idlewild 
airports to a string of New Jersey towns, 
and is now scheduled to make a New 
Brunswick-Princeton-Trenton run. But 
98 per cent of the revenue from these 
trips is for airmail. 

Europe's helicopter passenger serv
ices are all government·subsidized, and 
its dense, closely spaced centers of popu
lation are ideally suited to helicopter 
operations. There are many regions in 
the U. S. where helicopter taxiing 
services would be equally appreciated. 
But helicopter transport is still Rnancial
ly unproRtable, although operating costs 
have been brought down from $1.38 per 
mile in 1947 to about 80 cents now. Eco
nomical mass transport will not be pos
sible until the load capacity of heli
copters is raised. 

It is plain, however, that the helicopter 
has an important future, which as

suredly rests on its unique property of 
being able to take off from the center of 
a crowded city, overleap the traffic jams 
of surface travel and land in an equally 
crowded center. It can do this with good 
speed and superlative safety. The Rrst 
big use of the helicopter is likely to be 
for shuttle service to and from the outly
ing airports of cities. From that it will be 
only a short step to intercity traffic be
tween towns 200 to 400 miles apart. Sa
bena Airlines recently demonstrated that 
a helicopter cruising at only 75 miles per 
hour could get passengers from down
town Brussels to London more quickly 
than a 250·mile-per-hour airliner whose 
passengers had to taxi to and from the 
airports. 

Finally, as population continues to 
move from cities out to ever more distant 
suburbs and satellite towns, the heli
copter seems destined to become the 
commuter "bus" of the future. 
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_____ Kodak reports to laboratories on: 
telling your story without jump or jerk • • .  identifying very meagre 
samples • • •  a radiological safety device 

Talking with film 
There is a man in your trading area 
who calls himself an audio-visual 
dealer. This mid-20th-century addi
tion to the roster of trades is a mer
chant of various devices for capti
vating a captive audience into grant
ing access for your message to their 
minds through their eyes and ears. 
Assuming you have a message
most successful people nowadays 
have Oile-we point here to a new 

and advanced example of one of the 
basic devices which your audio-vis
ual man has for conveying it, the 
Kodaslide Signet 500 Projector, Film
strip Model. 

First we ask you to grant that the 
smoother the mechanical aspects of 
your presentation, the less likely it 
is to distract your audience from 
your subject matter. Therefore we 
have proceeded on the assumption 
that the pictures should follow each 
other instantaneously, quietly, posi
tively, without jumping, without 
jerking. Instead of holding a lot of 
engineering conferences on how to 
accomplish this without resorting to 
a costly Geneva movement, we went 
ahead and actually used the Geneva 
movement and then made the engi
neers figure out how they could still 
keep the selling price down to $98. 

And, since the customers were to 
be asked to lay their dough out for a 
projector, not just a Geneva move
ment, we had to insist on )) sufficient 
brilliance and evenness of illumina
tion to dispense with room darken
ing in most cases; 2) safeguarding 
the filmstrip by automatic separa
tion of the glass pressure plates be
fore it can move; 3) fast setup by 
virtue of drop-in loading for imme
diate sprocket engagement, a quick 
framing lever, and a quick rewind 

device; 4) cool operation of a 500-w 
lamp with little or no blower noise 
and no danger of burning a hole in 
the film; 5) automatic leveling capa
ble of compensating for unevenness 
of support. 

All this they did, our engineers, 
muttering all the while that sales 
people are unreasonable; for they 
knew all along that not only were 
they expected to come up with a 
world-beater of a filmstrip machine 
but also that the $98 package had to 
include a mechanism that the user 
could easily insert when he had 
Kodachrome slides to show! 

To have the audio-visual mall show 
you how well they fulfilled the assign
ment, drop a line to Eastman Kodak 
Company, Department 8-A V, Rochester 
4, N. Y. As for how you prepare the film
strips in the first place, you can ask in 
your note for a little pamphlet of helpful 
hillts we call" Making Filmstrips With 
Amateur Equipment." 

Infrared beam squeezer 

The lens you see here is not glass 
but silver chloride, which is trans
parent all the way out beyond 17}J
in the infrared. The speck it magni
fies is typical of specks for which we 
run infrared absorption spectra in 
the course of solving our daily little 
problems. We use such lenses not as 
magnifiers but to constrict one of 
the beams in a double-beam infra
red spectrophotometer so that all 
its flux can be put through a 0.75mm 
x 3.5mm aperture. This permits the 
use of a very small sample. Then a 
second such AgCl lens collimates 
the beam again. 

The samples, frequently weighing 
50 micrograms or less, are handled 
by grinding the material to be ex
amined with a little potassium bro
mide and compressing to a narrow 
strip. Nothing is dissolved in the 

This is one of a series of reports on the many products 

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

process, and there is less chance for 
reactions and extra absorption that 
might mask the few micrograms of 
organic material we seek to identify. 
KBr puts no dips of its own into 
the chart. 

This procedure is much less ex
pensive than working out reflecting 
microscope optics and hitching 
them to a spectrophotometer. We 
got into it in identifying spots on 
film that our testing department 
won't let us sell. It might interest 
others who have only very meagre 
samples to work with, like those 
who study blood and other life 
juices. 

Since most infrared spectrosco
pists aren't as lucky as we in having 
a great optical factory in the imme
diate family, we thought it would 
be a friendly deed if we made up a 
stock of silver chloride lenses for 
anybody who wants to try out this 
wrinkle of ours. 

The price is $/02 for a set of Kodak 
Infrared Microsample Optics, consist
ing of an unmounted pair of plano-con
vex AgCI lenses of 24mm diameter and 
22mm focal length, coated with a black 
Ag2S smoke that cuts out radiation be
low 11'-, plus a similar plane-parallel 
plate for the reference beam. The deal is 
with Eastman Kodak Company, Special 
Products Sales Division, Rochester 4, 
N. Y. We'll throw in a set of mounting 
drawings or gil'e you the name of an in
frared equipment manufacturer who sup
plies the whole assembly ready to slip 
into his spectrophotometer. We can also 
supply reprints of our papers all the 
method. 

Neutron film 
We wish to spread upon the record 
word that any Kodak Industrial 
Dealer is now prepared to sell for 
$11.25 a carton containing 150 
1 Y<I" x 1 Ys" Kodak Special Nuclear 
Track NT A Film Packets. These 
look just like the paper-sheathed 
rectangles of x-ray film which we 
turn out by the millions for dentists. 
The film is quite different. It meas
ures neutron exposure by revealing 
individual tracks of protons origi
nating from either fast or thermal 
neutrons. It is worn in badges. 

How call we have a healthy sciellce 
without healthy scientists? 

Prices quoted are subject to 
change without lIotice. 
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BEFORE: 
Cast Metal 

DUfuultt·updOlrn 
"n"Slrno··Wir( 
R«ordtr Dkllrion 
�hchinC' mldt by 
Cruct"' IndusHlu. 

Could YO U reduce 
parts cost this waV? 

Phenolic plastics are more than ever a 
profitable line of approach to better 
producrs ... and to fabricating economies. 
New materials developed by Durez are 
continually widening their usefulness in 
fields requiring electrical, heat, and im
pact resistance. 

From our files, this example is one 
that might well be matched in your busi
ness - in what you make or propose to 
make. Seeking to overcome the cost of 
numerous pre-assembly operations on a 
precision-balanced turntable (plus a re
ject problem), this manufacturer solved 
both problems by switching to a unit of 
molded Durez. The net result was a sav
ing of 300/0 in cost installed, with engi
neering specifications met in all respects. 

We can show you how these engineer
ing plastics are used by many leading 
manufacturers to save operations • . .  to 
improve product performance and ap
pearance. Ask, too, for our monthly 
"Plastics News" with reports of interest
ing applications. Write . . .  

Durez Plastics & Chemicals, Inc., 801 
Walck Road, North Tonawanda, N. Y. 
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PHENOLIC PLASTICS 
THAT FIT TODAY'S PRODUCTS 
for the New Era of Competition 

Italian Navigator 

E
nrico Fermi died of cancer last 

month at the age of 53. His death 
came less than two weeks after 

the Atomic Energy Commission had 
named him as the first recipient of a 
$25,000 special award for "especially 
meritorious contributions" to the de
velopment of atomic energy. 

Those contributions began in Rome 
in 1934 when Fermi and his colleagues 
started to study the effects of bombard
ing matter with slow neutrons. Trying to 
make elements heavier than uranium, 
Fermi fissioned the uranium atom, al
though he did not realize it at the time. 
After the fission effect was recognized in 
1939, Fermi, who had fled from Fascist 
Italy to the U. S., began the experiments 
which led to the construction of the first 
chain-reacting pile at Chicago in 1942. 
His success in achieving the chain re
action was communicated to officials of 
the Manhattan District by the code mes
sage: "The Italian navigator arrived at 
the shores of the new world." 

After the war Fermi became professor 
of physics at the University of Chicago's 
Institute for Nuclear Studies. He did im
portant theoretical work on meson theory 
and on the origin of cosmic rays. Earlier 
he had been a codiscoverer of the 
"Fermi-Dirac" statistics governing fun
damental particles of matter. 

Fermi's affiiction with cancer was dis
covered only last September, when it 
was too late for surgery to help. Too ill 
to talk to newspapermen after the an
nouncement of the AEC award, Fermi 
issued the following statement: 

"I am deeply honored by the award 
conferred upon me by the Atomic Ener-

SCIENCE AND 
gy Commission. I am certainly aware 
that whatever scientific achievements I 
may have attained would have been im
possible without the help and collabora
tion of many younger men. Of them, and 
their fine performance, I think with sin
cere affection at this time." 

The Atmosphere 

A chorus of objections to further tests 
of nuclear weapons sprang up 

around the world last month. In England 
Sir Winston Churchill told the House of 
Commons that an "undue number" of 
fission and fusion explosions might 
poison the atmosphere for 5,000 years. 
In the U. S. the newspaper columnists 
Joseph and Stewart Alsop reported that 
military officials were seriously con
cerned about whether it would be safe to 
test the latest hydrogen bomb, believed 
to be several times more powerful than 
those set off at Eniwetok last March. In 
estimating the radiological hazards, "the 
AEC's conclusions are less frightening 
than the Pentagon's-although the AEC 
in its secret studies is by no means as 
reassuring as its official statements on 
this subject." 

Prince Louis de Broglie, the eminent 
French theoretical physicist, warned that 
any further H-bomb tests would be reck
less. In an article in the \Veekly Review 
of the French Science Academy he listed 
the following "irreversible effects" of 
fusion explosions: (1) gases given off 
will upset the chemical balance of the 
atmosphere; (2) dust clouds will cut off 
solar radiation, leading to changes in the 
major wind systems of the earth; (3) 
radioactivity will last for years. "Any in
crease in the number of explosions," de 
Broglie concluded, "will bring unpre
dictable changes and a growing disequi
librium of the natural conditions to 
which animal and plant life has slowly 
adapted itself." 

Atomic Progress 

The United Nations General Assembly 
last month produced two notable ad

vances toward international agreement 
on atomic energy. President Eisenhower's 
"pool plan" was approved in principle 
by a unanimous vote, and disarmament 
talks were revived. 

The General Assembly's Political Com
mittee, which includes the Soviet Union, 
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THE CITIZEN 
adopted a resolution which "notes" that 
negotiations for establishing an Interna
tional Atomic Energy Agency are in 
progress and expresses the "hope" that 
the agency will be set up as quickly as 
possible; which suggests that this body 
then negotiate an "appropriate form of 
agreement" with the UN, and which 
calls for an international technical con
ference under UN auspices to explore 
peacetime applications, the conference 
to be held before September, 1955. The 
U.S.S.R. agreed to attend the conference 
and to help draw up an agenda. 

The debate preceding the adoption of 
the resolution revolved chiefly around 
Soviet attempts to bring the proposed 
agency under the control of the Security 
Council (thereby making it subject to 
the veto) and to tie the plan to disarma
ment proceedings. Both these measures 
were rejected. The Soviet delegate, al
though voting for the resolution, said it 
contained "important" shortcomings and 
indicated that he was voting for the 
"principle" of international cooperation. 

The U. S. delegation told the General 
Assembly that it is continuing private 
negotiations concerning the atomic agen
cy with seven nations (Great Britain, 
France, Australia, Canada, South Africa, 
Belgium and Portugal). Chief delegate 
Henry Cabot Lodge, J 1'., announced that 
the U. S. would contribute 220 pounds of 
fissionable material to fuel reactors, and 
Great Britain quickly chipped in 44 
pounds more. The U. S. plans to estab
lish a school of reactor technology for 
the agency, with additional courses in 
atomic medicine, radiological physics 
and radio-isotope applications. Lewis L. 
Strauss, chairman of the AEC, said the 
220 pounds of enriched uranium would 
fuel 15 research reactors. 

The break on the disarmament front 
came when the Soviet Union announced 
that it was dropping its old demand for 
an immediate agreement to outlaw 
atomic weapons as a condition to all 
other arms negotiations. The Assembly 
passed a resolution sponsored by the 
U. S., Britain, France, Canada and the 
U.S.S.R. reviving the Disarmament 
Commission. 

Stalled Accelerator 

On a Saturday aftei'noon last Novem
ber the giant cosmotron at Brook

haven National Laboratory gave a slight 

Please send me 

o Tall Tales and Fabulous Facts, a poinless introduction to silicones. 

o 1953-54 Reference Guide to Dow Corning Silicone Products. 

Name __________________________________ ___ 
T;tle ___________________________________ _ 
Company ________________ ___ 
Addreu. _________________________ _ 
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Development 
and production facilities 

now available for 
precision equipment 
New York firm specializes in mechanical, 

electro-mechanical and electronic equip

ment for customers who want workman

ship and precision rather than mass pro

duction 

Until recently our engineers and factory 
have been fully occupied in developing and 
producing electro-mechanical and electronic 
equipment for the armed services. Now, 
however, we are in a position to offer prod
uct development and precision production 
of similar parts and complete units to in
dustrial concerns. 

A background sketch of the company, in
cluding a summary of work done for the 

U. S. Navy and a list of 
production, testing and 
laboratory equipment, 
is available on request. 
Send for free booklet, 
"Development and Pro
duction Facilities for 
Precision Equipment." 
Please address Francis 
L. Corbin, Vice-Presi-

L_";" ___ 1Ii dent. 

PITOMETER lOG CORPORATION 
237 Lafayette Street, New York 12, N. Y. 
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I shudder. The operator in the control 
room immediately threw the switch that 
shuts off the current to the huge magnet. 
Looking out of his window, he saw a 
column of smoke rising from a point on 
the magnet ring, then a few licks of 
flame. A few minutes' work with a hand 
fire extinguisher stopped the blaze, but 
finding out what had gone wrong was 
another matter. 

The physicists first dismantled the 
delicate experimental apparatus around 
the accelerator and removed its concrete 
shield. Then a repair crew started to take 
apart the affected section-a quarter of 
the entire circular track. Each piece of 
the water-cooled copper tube that car
ries the electromagnet current had to be 
unbolted, removed, tagged and stacked 
in exact order to assure its going back 
into the right spot. Handling the sections 
is a 12-man job. The crew worked for 
two weeks before they got to the dam
aged spot. 

Then they found that one of the cop
per sections had sprung a leak and the 
cooling water had spilled out, short
circuiting the leaky section to the one 
adjacent. The heat had poured a dribble 
of molten copper on the floor. George B. 
Collins, chairman of the cosmotron de
partment, estimates that it will take three 
or fo.ur months to replace the two sec
tions and repair the insulation. He is tak-
ing advantage of the shutdown to install 
certain long-desired improvements in 
the machine. In the two and a half years 
since the cosmotron started working, de
mand for its facilities has been so heavy 
that Brookhaven authorities have been 
unwilling to take it out of service for al
terations. The major change now being 
made is in the section that controls the 
frequency of the accelerating voltage. It 
is hoped that better control will cut down 
the 80 per cent proton loss during the ac
celerating cycle. 

Sliding Scale 

A stronomers' estimates of the age and 
ft size of the universe are being re
vised upward again. Two years ago they 
decided that they had to double their 
previous estimates (see "A Larger and 
Older Universe," by George W. Gray; 
SCIENTIFIC AMERICAN, June, 1953). 
That revision was based on a study of 
the spiral nebula in Andromeda. Now a 
survey of more distant galaxies with the 
200-inch telescope indicates that they 
are farther away than was thought. 

A resurvey of the nebula Messier 81 
suggests that its estimated distance must 
be multiplied by four. On photograph
ing the Virgo cluster of galaxies with the 

200-inch, Palomar Mountain astrono
mers resolved what were thought to be 
individual stars into regions of bright 
gas, and the actual stars are much fainter 
than supposed. 

According to Allan R. Sandage the 
best present guess is that the age of the 
universe wiII turn out to be between 3.5 
and 7.8 billion years. "In five years," he 
says, "the solution to this difficult prob
lem will be much closer." 

III Wind 

There has been a good deal of question 
about the mode of spread of histo

plasmosis, a lung disease widely preva
lent in the Middle West. Now Carroll E. 
Palmer of the U. S. Public Health Serv
ice thinks he knows at least part of the 
answer: the fungus that causes the dis
ease may be borne by tornadoes. 

Histoplasma capsulalum normally lives 
a sheltered life in the soil or in old 
wooden buildings. Palmer reasoned that 
a windstorm which lifts large quantities 
of dirt into the air and which can pull 
apart wooden buildings should stir up 
the fungus spores. He checked the rec
ords of 160,000 persons tested for histo
plasmosis against the Weather Bureau's 
records of tornadoes during the past dec
ade. Areas in the paths of these storms 
proved to have a much higher incidence 
of the disease afterward than before. 
After a tornado that hit Tulsa in 1950 
the histoplasmosis rate rose from almost 
nothing to 40 per cent among lifetime 
residents of the city. There was no such 
increase in nearby counties. 

Palmer plans to test his theory by on
the-spot examinations after the next 
tornado. 

Regimented Bacteria 

Ce tends to be disorderly, but a British 
biologist has just discovered that 

bacteria can be made to take the orderly 
form of a crystal. (Viruses were known 
to be crystalline, but there is some debate 
about whether they are alive.) 

R. J. Goldacre of the Royal Cancer 
Hospital in London came accidentally 
upon some rod-shaped bacteria spon
taneously arrayed in parallel rows, and 
he succeeded in stacking them up in 
three-dimensional "crystals." He discov
ered them in drops of a salt solution. 
They lined up naturally, but he found he 
could also make them do so by stroking 
the drop surface with a needle point-a 
trick like that chemists sometimes em
ploy to induce crystallization in a super
saturated solution. When Gold acre treat
ed the drops with dilute glycerol and let 
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BUSINESS IN MOTION 

This is called a rack. It is fastened to electric light 

poles to hold wires from pole to pole, and from pole 

to house. Perhaps you may have noticed racks on 

poles, but unless your electric company has recently 

replaced them on the lines in your vicinity you have 

not seen anything quite like this. It is made of alumi

num, instead of galvanized steel, and is assembled 

almost entirely of extruded shapes. 

Naturally you will think that aluminum was chosen 

in order to save weight, and as a 

matter of fact, lightness plus 

strength is a factor. The alumi

num rack is five to six pounds 

lighter, and that is appreciated 

by the linemen who have to put 

the rack on the pole after they 

have climbed it. However, light

ness is not the main considera

tion. Long life is the big advan

tage. Modern methods of treat

ing poles with preservatives 

make it reasonable to assume that a pole will last 

for 50 to 60 years. Now for the first time there is a 

rack or bracket, as it is sometimes called, that should 

outlast the pole. As soon as aluminum is exposed to 

the air, a thin film of oxide forms, and this is a pro

tection against further action by air and rain. As for 

price, the aluminum rack costs a little more, but this 

is compensated, many times over, by the increased 

years of service. 

There are some interesting features of design that 

axe worth noting. The extruded shape that forms the 

base of the rack is adequately ribbed for strength, 

and in addition, provides a channel into which the 

arms are slid after having been notched and bent at 

right angles. The channel and the arms together take 

the pull of the wires; the rivets are used just for posi

tioning. Incidentally, the rack has to withstand a 

total pull of 6,000 pounds. The arms are formed with 

a slight longitudinal camber or bow and have rounded 

edges, because linemen pull the wires across them, 

and the camber and edges pro

tect the insulation from dam

age. The rod on which the insu

lators are threaded is extruded 

aluminum. One final detail, 

which is not easy to see in the 

drawing; the bottoms of the 

base are toothed, to hold to the 

pole better. 

Revere takes especial satis

faction in this new and superior 

rack, because the Technical Ad

visory Service, the Mill, and the customer worked 

so closely together. There was a joint attack on 

the problem of developing a product that would 

not only be better, but could be assembled simply 

and economically. Suppliers to industry are not only 

well informed regarding their materials, but glad to 

cooperate with customers and prospects on matters 

concerning specification and fabrication. Revere sug

gests that you call upon your suppliers not only to 

fill orders, but to place their skill and knowledge at 

the disposal of your designers and production people. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 180J 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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. We take our share of pompous pride, shyly calling attention 

to our own contribution, in fatuously welcoming the Billenium. General Motors 

has built 50,000,000 self-propelled hydrocarbon energy converters, General

Whats-his-name has gotten his family of scientists to develop the prestige-pump. 

The BEV is dashing the modesty of the nucleus, and the lowly potato, 

long the friend of the TV -less, deepfreezeless proletariat, now coyly 

minces ga:rbed in snobba-peel. 

Our own bosom-swelling pride stems 
from our tradition of back-slapping fa
miliarly with the greats of electricity 
and magnetism, whose august names are 
memorialized by the lower-case initial
joe volt, sam ampere, ed gauss, john 
henry, fred faraday - to us, each of these 
is a saint of science, their spirits blazoned 

on our banners boldly. 

And now, in our humble way, we place 
on the altar of science at the epicenter 
of the Billenium our intellectual contri

bution for posterity. We are memorializ
ing one of our staunchest researchers, 
who has reduced to hitherto unknown 
limits of accuracy, the measurement and 
observation of energy loss (or FRICTION), 
both magnetic and mechanical. 

The New Unit is equal, for obvious 
reasons of national pride, to the friction 

overcome when the Battleship Missouri 
was pulled off the mud. As with the farad, 
in ordinary use, it is prefixed micro, or 
micro-micro, and for export to Europe, 
pica. It is the mccarthy (micromccarthy, 
micromicromccarthy, picamccarthy). 
M. K. S. and C. G. S. adherents may ob
tain metric conversions from Navy Bu
Ships data on the big Mo. Absolute 
units are of course the abmccarthy and 
the statmccarthy. 

Sensitive relays toit/) good repeatability of 

operatiug characteristics never have more than 

130 centimeter-micromicromccarthys (50 inch

lIIicromicromccartbys) of pivot friction at all 

extremes of temperatllre. Sigma relays don't 

even have tllat lIIuch. 

*
THIS ISN'T OUR FOUNDER, BUT WE TlilNK HE SETS THE 

RIGHT TONE, AND IS MORE PICTURESQUE THAN OURS, 

WHO ISN'T EVEN DEAD YET! 

SIGMA INSTRUMENTS, INC. 
40 PEARL ST., so. BRAINTREE, BOSTON 85, MASS_ 
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them stand for a few days, the bacteria 
obligingly arrayed themselves in a three
dimensional lattice. 

In an article in Nature he relates that 
when he pl;shed the rows closer together, 
they sprang apart; when he pulled them 
farther apart, they separated permanent
ly. The bacteria in the array do not touch 
one another. Apparently there is a long
range force which regulates their spacing 
and their geometrical relationship, Gold
acre believes that this force, nature still 
unknown, may operate in other biologi
cal processes such as the behavior of 
chromosomes during cell division. 

Radicals under Glass 

Free radicals, the fleeting intermediate 
products of certain fast chemical re

actions, are hard to catch. Irwin Norman 
and George Porter of the University of 
Cambridge report in Nature that they 
have found a way to capture and pre
serve them for study indefinitely. 

The British chemists dissolve the ma
terial to be treated in transparent liquid 
hydrocarbons and chill the solution with 
liquid nitrogen so that it becomes rigid 
but not crystallized, They then shine 
light through this "glass," splitting the 
dissolved substance into atoms or radi
cals. The glass's high viscosity prevents 
the resulting fragments from coming to
gether again, and the very low tempera
ture prevents them from reacting with 
the solvent. 

Norman and Porter first tried the idea 
on iodine, whose molecule consists of 
two iodine atoms joined together. A 
cold iodine solution turned colorless 
when exposed to light from a mercury 
vapor lamp, indicating that the mole
cules had been split into separate atoms. 
As long as the solution was kept cold it 
remained colorless; as soon as it was 
heat�d, the atoms recombined and the 
iodine color reappeared. In later experi
ments ethyl iodide, carbon disulfide, 
chlorine dioxide and a number of ben
zene derivatives were similarly split. 

The new technique should have im
portant applications, its inventors be
lieve. In many instances the chemical 
action of light and other radiation is not 
completely understood because the pri
mary products of the reactions cannot be 
identified. Now these products can be 
captured and recognized. 

Submerged Third 

The hazards of illness and accident 
seem to fall disproportionately on a 

small minority of the population. A re
cent study of the health records of tele-
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Dr. Ferd Williams, Ph.D in Phys. 
Chem., Princeton, has been Head 
of the Light Production Studies 
Section at the G-E Research Lab
oratory since 1949. He is shown 
with the transparent TV tube 
which, along with electrolumines
cent single crystals and a light
amplifying phosphor, are recent 
achievements of that section. 

New light on luminescence 
General Electric's Dr. Ferd Williams develops equations to 
predict accurately the role of new activators in phosphors. 

For years it has been known from experience that the 

luminescence of solids is gov�rned by small impuri
ties known as activators, but theoretical understand

ing of these phenomena was lacking. Dr. Ferd 

Williams and his associates in G.E.'s Light Produc
tion Studies Section have now worked out theoretical 

calculations for the role of activators in the lumines

cence of simple phosphors. They have also been able 
to reproduce the spectra of excitation and emission 

that are observed experimentally. For the first time 

it has become possible to make quantitative deter

minations of the luminescent properties of a new 

phosphor in advance of laboratory measurements. 

Today the most important applications of phos

phors are in fluorescent lamps and in the cathode ray 

tubes used in radar and television. Tomorrow's appli

cations are still in the lap of the future. But the work 

of Ferd Williams and his associates at the General 
Electric Research Laboratory gives promise of a bet
ter understanding of all luminescent phenomena and 

the feasibility of new and improved phosphors. 

Progress Is Ovr Most Imporft1nf Prot/vc/ 

GENERAL e ELECTRIC 
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ELECTRONICS 
ENGINEERS: 

\\estinghouse 
AIR ARM OFFERS 

CREATIVE CAREERS! 
New and exciting advanced development work at 

Westinghouse Air Arm Division presents unlimited 
creative opportunities for experienced engineers. 

Top-level openings with this expanding operation 
offer unusual engineering opportunities, as well as 

income and benefits commensurate with the important 
nature of the assignments and the qualifications of 
the individuals selected. 

• AUTOPILOT DEVEL OPMENT 

• FIRE CONTROL SYSTEMS 

• RADAR SYSTEMS 

• COMPUTERS 

• SYSTEMS ANALYS TS 

• ELEORONIC C IRCUITS 

OPPORTUNITIES AND ADVANTAGES 
PROFESSIONAL Opportunicies for advanced study at company 
RECOGNITION expense, and liberal patmt disc/osII" compm· 

Jillion. 

WORKING Both professional and friendly. Association with 
ATMOSPHERE the leading sciencists and engineers in their 

fields. 

SALARY Salary compensation individually determined 
according to experience and abili ty, and pro· 
motions based on individual merit. 

HOUSING Excellent. Apartments and new homes readily 
CONDITIONS accessible. 

WRITE TODAY FOR CONFIDENTIAL INTERVIEW: 

Illustrated brochure promptly forwarded to 
all qualified applicants. 

R. M. Swisher, Jr. 
Employment Supervisor, Dept. 73 

WESTINGHOUSE ELECTRIC CORP. 
2519 Wilkens Avenue 
Baltimore 3, Maryland 

phone company employees showed that 
a third of the individuals accounted for 
about 75 per cent of the total illnesses 
and 80 per cent of the days missed from 
work. The study was reported at a Buf. 
falo meeting of the American Public 
Health Association by Lawrence E. Hin· 
kle, Jr., and Norman Plummer, assistant 
professors of medicine at Cornell Uni· 
versity Medical College. 

They had traced the records of 1,297 
telephone operators and 1,527 repair. 
men. All the workers had been screened 
for physical defects at the time they 
joined the company; all apparently en· 
joyed the same adequate standards of 
nutrition, sanitation and other physical 
comforts. Yet some suffered a succession 
of major and minor illnesses, while oth
ers remained almost untouched. Those 
who got sick showed a general suscepti. 
bility rather than specific weaknesses. 
The sickly workers also had more acci
dents than the others. 

Among a sample of the healthy opera· 
tors, the "average" woman had lost only 
33 days in 29 years. In a comparable 
group of sick operators, the average 
worker had been out 1,209 days in 26 
years. She had had an average of 10 ma
jor illnesses, 2.5 operations and seven 
accidents. The illness figures for men 
were about half those for women, but the 
same proportions held. 

Hinkle and PlummeT found that the 
healthy workers were generally satisfied 
with their jobs and their lives; the sick 
ones were on the whole thwarted and 
maladjusted. The typical ill operator was 
a married woman, widow or divorcee 
who had hoped to be a housewife and 
mother. Deprived of her husband's sup
port by death, desertion or incompati
bility, she had been forced to continue 
working often while rearing small chil
dren. The healthiest operators, on the 
other hand, tended to be single women 
with little drive toward marriage and 
whose ambitions did not go much be
yond the modest satisfactions of their 
jobs. 

The Cornell physicians believe that 
pressures on the sickly workers stemmed 
largely from external circumstances rath
er than fi.-om inner weakness. These pres
sures, they suggest, cause the suscepti
bility to sickness and accident and, prob
ably, other socially crippling afflictions. 
They quote a number of studies indicat
ing that in general the same fraction of 
the population is "responSible for most 
community health and medical prob
lems, most of the divorces and problems 
of personal maladjustment, most of the 
crimes and most of the referrals to wel
fare agencies." 
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Why buy more instrumentation than you need? The new all-pur
pose -hp- 524B Electronic Counter with Plug-In Units gives you 
precisely the frequency, time interval or period measuring cover
age you want now. Later, you can add other inexpensive plug-in 
units to double or triple the usefulness of the Counter. 

Model 524B offers direct, instantaneous, automatic readings 
requiring no calculation, interpolation or complex instrument 
set-up. It has high sensitivity, high impedance, and its operation 
is so simple and dependable it can be used readily by non-technical 
personnel. Resolution is 0.1 J1-sec, and accuracy is 1/1,000,000 ± 
1 count. Construction throughout is of highest quality compo
nents in a compact militarized design. 

The new Counter with Plug-In Units gives you more range, 
more convenience, smaller size and lower COSt than any commer
cial instrument combination ever offered. With this one compact 
equipment, you readily measure transmitter and crystal oscillator 
frequencies, time intervals, pulse lengths, repetition rates, fre
quency drift; make high accuracy ballistics time measurements 
or high resolution tachometry measurements, or use as a precision 
frequency standard giving convenience and flexibility not pro
vided in the usual primary standard. 

Data subject to change without notice. Prices I. o. b. factory 

BASIC COUNTER 
The basic ·hp· 524B Counter unit measures frequency from 10 
cps to 10 mc with accuracy of ± 1 count ± stability, reading 
direct in kc; or measures period from 0 cps to 10 kc with accuracy 
of ± 0.3 % reading direct in seconds, milliseconds or microsec
onds. Eight-place registration, short term stability 111,000,000, 
display time variable 0.1 to 10 seconds. $1,890.00 

COUNTER WITH PLUG-IN UNITS 

-hp- 525A Frequency Converter extends Counter's range to 100 mc, 
maintains accuracy, and increases Counter's video sensitivity to 0,1 
volts through basic 10 cps ro 10 me range. $225.00 
-hp- 5258 Frequency Converter like 525A but extends Counter's range 
from 100 ro 220 me at 0.25 volts sensitiviry. $225.00 
-hp- 526A Video Amplifier increases Counter sensitivity between 10 
cps and lOme to 10 millivolts for low level frequency measurement. 
$125.00 
-hp- 5268 Time Interval Unit measures interval 1.0 J1-sec to 100 days 
with accuracy of 0.1 J1-sec ± 0.001 %, reading direct in seconds, milli
seconds or microseconds. Start, srop triggering in common or separate 
channels, through positive or negative going waves. $150.00 (Plug
in units supplied in aluminum storage case). 

Request complete details today Irom your 
-hp. Field Representative, or write direct 

HEWLETT-PACKARD COMPANY 
29985 Page Mill Road, Palo Alto, Calif. 

� INSTRUMENTS I COMPLETE �® COVERAGE 
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THESE 5 LEADING AIRCRAFT 

CONVAIR 

DOUGLAS 

LOCKHEED 

NORTH AMERICAN 
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COMPANIES 

GET 
THINGS 
DON E - ------ - --- --- -----------------------

at 14,000 operations a second with giant 

IBM Electronic Data Processing Machines 

Giant IBM Data Processing Machines are getting 
things done fast in the aircraft industry. They're doing 
all kinds of work from production planning and job 
sequencing operations to helping engineers design 
,planes and analyze flight test data. 

Getting'facts fast is important in every business field. 
That's why the same IBM techniques that speed work 
in the aircraft industry are being applied to business 
accounting by leading companies across the country. 

Whether you operate a small business or a large one, 
there's an IBM Electronic Data Processing Machine 
designed to help you get things done. 

__ I B M _________ ' ______ _ 
World's Leading Producer 01 

Electronic Accounting Machines 

Internatlon,al Business Machines 

S9C) Madison Avenue. New York 22, N. V. 
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STEROIDS 

Substances as diverse in their effects as vitamin D, the sex 

horn1ones and cortisone are chen1ically very n1uch alike. Their 

study has been one of the major efforts of modern chelnistry. 

T
he story of the steroids is one of 
the great epics of chemistry. Part 
of the story has come to public at

tention in the last few years as a result 
of the well-publicized struggle to syn
thesize the steroid hormone cortisone. 
But cortisone is only an episode in an 
enthralling history of research and dis
covery that has occupied more than 
half a century. 

The steroids are a family of sub
stances critically important to plant and 
animal life. They include the adrenal 
cortical hormones, the sex hormones, 

by Louis F. Fieser 

some of the vitamins, plant sterols such 
as ergosterol and animal sterols such as 
cholesterol. This array of substances, 
though so alike chemically that it is often 
difficult to tell them apart, exhibits a 
prodigious range of different activities. 

The bile acids, for instance, aid diges
tion by emulsifying fats so that they can 
pass through the walls of the intestines. 
An interesting illustration of this func
tion is that, if the normal flow of bile is 
obstructed by a tumor, the patient's 
blood does not absorb enough anti
hemorrhagic vitamin Kl from his food, 

STEROIDS ARE EXTRACTED from a mixture of plant materials in the flask at the right. 
The flask at the left contains ether, in which steroids are soluble. When the flask at the 
left is heated, ether vapor rises in a distillation column above the flask at the right. As the 
ether condenses it flows through a tube to the bottom of the flask at the right and rises 
through the heavier plant material. It then fills the flask at the right and, bearing the 
steroids, overflows into the flask at the left. The cycle of extraction may be repeated for days. 
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and an operation on such a patient is 
attended by the hazard that he may 
bleed to death unless he is given doses 
of the vitamin and bile salts to promote 
its absorption. A very different steroid 
function is illustrated by digitalis, a plant 
steroid obtained from foxglove, which 
stimulates the heart; still another exam
ple is a plant steroid alkaloid recently 
put on the market for treating high blood 
pressure. Certain other plant steroids 
rupture red blood cells and are there
fore highly toxic to animals, even in ex
tremely high dilutions. Yet many of these 
plant steroids, while capable of acting as 
powerful drugs in animals, seem to per
form no direct function in the plants 
themselves. 

Cholesterol presents a still more inter
esting question. This substance appears 
in nearly all the tissues of vertebrate ani
mals; it is particularly abundant in the 
brain and spinal cord. The higher ani
mals synthesize considerable amounts of 
cholesterol and have an efficient chemi
cal mechanism for delivering it to the 
tissues by way of the blood. Hence it 
would be reasonable to suppose that 
cholesterol carries out some vital func
tion. If any direct function exists, it has 
not yet been discovered-though choles
terol does seem to play a harmful role 
in hardening of the arteries. In the ab
sence of evidence of any direct function, 
it has been assumed that cholesterol 
serves as a precursor for building the 
usable steroids. 

Animals may obtain steroids by eating 
other animals, but not by eating plants, 
because plant sterols are not absorbed 
through the intestinal wall. However, an 
animal readily makes its own sterols. It 
is capable of rapidly synthesizing the 
complex cholesterol molecule even from 
simple compounds such as acetic acid. 

A sterol is a white, solid, fatty sub-

© 1954 SCIENTIFIC AMERICAN, INC



stance-a crystalline alcohol-which can 
be extracted from animal or plant tissues 
by a process requiring several steps. First 
the tissues' lipids (fatty materials not 
soluble in water) are extracted by an 
oil solvent. This extract is then boiled 
with alkali, which splits some of the 
lipids into glycerol and soap. The re
maining "nonsaponifiable" lipids, which 
are principally sterols, are then captured 
by removal with an organic solvent. 
Cholesterol of about 98 per cent purity 
can be isolated with comparative ease 
from the brains or spinal cords of animals 
or from human gallstones, another rich 
source of the substance. 

The subject of this article is the story 
of the achievement of chemists in eluci
dating the structure and shape of the 
various steroid molecules. The task pre
sented a series of problems as bafRing 
and complex as any encountered in the 
whole history of organic chemistry. Solu
tion of the major problems came only 
after the concerted efforts of a large 
number of investigators working over a 
period of many years. The subject was so 
important and the achievements so bril
liant that no fewer than six investigators 
in this field received Nobel prizes. 

The Cholesterol Molecule 

The father of sterol chemistry is 
Adolf Windaus of Germany, who, now 
75 and retired, holds the admiration and 
affection of present workers in the field 
he pioneered. Beginning at the Univer
sity of Freiburg in 1903, he devoted his 
career to sterol research. At the Univer
sity of Gottingen he built up the world's 
leading school of sterol chemistry, and 
produced a succession of able students 
who, stimulated by his skill, enthusiasm 
and leadership, accounted for many of 
the discoveries and triumphs that fol
lowed his own. 

vVindaus started with cholesterol, 
partly because this substance had been 
isolated as early as 1770 and partly be
cause it was the most easily obtainable 
of all the steroids. The formula of the 
cholesterol molecule is C27H�<JO. To un
derstand the steroid problem it is neces
sary to picture the arrangement of this 
molecule and to review some of the fun
damental concepts of organiC chemistry. 
The cholesterol molecule is shown in the 
diagrams above, with the positions of 
its 27 carbon atoms numbered in the 
conventional way. (The numbering se
quence is not entirely logical, because 
it was adopted at a time when the struc
ture was not fully known.) Four rings of 
carbon atoms, plus a side chain branch-

COMPLETE MOLECULAR STRUCTURE of cholesterol, a steroid abundant in the brain 
and spinal cord, consists of atoms of hydrogen (H), carbon (C) and oJ<ygen (0). Seven
teen of the 27 carbon atoms comprise the foul' dngs that are characteristic of steroids. 

HO 

18 CH3 

11 

9 

2 1 
H3C 

19CH3 

13 
D 

14 

H 

22 

23 
26 
CH3 

24 i 25 

16 CH3 
27 

IS 

ABBREVIATED MOLECULAR STRUCTURE of cholesterol emphasizes its salient fea
tures. The four rings are labeled with letters and the 27 carbon atoms with numbers. The 
solid lines indicate bonds that project upward; the dotted lines, atoms projecting to real'. 

ing from the fourth, form the skeleton 
of the molecule. One of the major com
plications of steroid research is that the 
same skeleton is present in a host of dif
ferent sterols, which differ only in the 
way that hydrogen or oxygen atoms or 
groups of them are attached to the 
frame; indeed, there are many variants 
(isomers) of cholesterol with precisely 
the same total number of carbon, hydro
gen and oxygen atoms. 

In a carbon compound the four atoms 
or groups of atoms attached to each car
bon atom are not in one plane but are 
angled from it in a three-dimensional 
arrangement; even in the simplest case, 
the methane molecule, they form a tetra
hedral figure. Whenever the four atoms 
or groups attached to the four-valent 
carbon atom are all different, the mole-

cule can have two mirror-image forms, 
known as optical isomers. A good exam
ple is the existence of two forms of lactic 
acid (in milk and in muscle) , which are 
identical in all properties except that one 
rotates plane-polarized light to the right 
and the other rotates it to exactly the 
same degree to the left [see models on 
page 55]. 

The cholesterol skeleton has eight 
centers of asymmetry where such varia· 
tions may occur. As a result there are 256 
possible optical isomers of this molecule. 

Cholesterol itself has four groups of 
atoms projecting on the front side of the 
molecule (upward from the plane of the 
paper as it is diagrammed here) and two 
hydrogen atoms projecting to the rear. 
The array of projecting groups on the 
front side forms a canopy protecting the 
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molecule on that side. Hence most of its 
chemical and biological reactions occur 
by attack from the rear. 

Dismemberment of the Molecule 

At the turn of the century Windaus at- H 
tacked the problem of unraveling the 
then unknown cholesterol molecule by 
breaking it down with oxidizing reac
tions. He found that he could open the 
first two rings for exploration by oxidiz
ing respectively the hydroxyl (OH) 
group in the first ring and the double 
bond in the second ring. He also dis
covered two methods of splitting the side 
chain attached to the fourth ring: first he 
split off the entire eight-carbon chain 
with one method of oxidation, and later 
he found a way to remove just the three
carbon fragment at the end of the chain 
[see diagram below]. 

The latter reaction left a molecule 
with a five-carbon acidic side chain. And 
here Windaus came to a common 
ground with Heinrich Wieland of Frei
burg, who for several years had been in
vestigating the structure of the bile acids 
of cattle. The two men discovered that 
the five-carbon side chain Windaus ob
tained when he split the end group from 
cholesterol was identical with the side 
chain of bile acid. The bile acids, indeed, 
proved to be like sterols in most respects, 
differing from the sterols with which 
Windaus had been working only in de
tails of arrangement of functional groups 
in the various rings. 

From this point on, Windaus' and 
Wieland's lines of research helped each 
other at every step forward. Although 
the road was hard and the going slow 
and uncertain, the two intrepid inve.sti
gators held unwaveringly to their course. 
They indoctrinated a number of students 

CH2 
"-.. 

CH2 I /CH3 
H2C--CH 

"CH3 
D 

H 

H 

H 

METHANE MOLECULE illustrates the fact that atoms attached to carbon project in three 
dimensions. The four hydrogen atoms of methane (CH.) are arranged in a tetrahedron 
(left) • The arrangement can be represented with pegs and balls (center) or with spheres 
made to conform to the known distances between the atoms of carbon and hydrogen (right). 

in the new line of chemistry and made 
steady progress. By 1928 they were able 
to propose a tentative structural outline 
of the cholesterol molecule for which 
they jointly received the Nobel prize in 
chemistry. 

Their formulation, as it turned out, 
was incorrect. The first indication that 
drastic revision was needed came from 
an unexpected source. Windaus and 
Wieland had supposed that the first 
three rings were clustered around a com
mon carbon atom holding them together, 
which meant that the molecule should 
have a globular shape. But in 1932 the 
British physicist J. D. Bernal discovered 
by X-ray studies that the sterol molecule 
was long and thin. With this clue other 
English workers and Wieland himself 
were able by the end of the year to work 
out the correct structural formula. 

Vitamins 

By this time sterol chemistry had 
emerged from the realm of purely aca
demic interest to a position of practical 
importance in medicine. It entered into 
medicine in connection with vitamin D, 

OXIDATION 
) D 

the anti-rickets vitamin. It had been dis
covered that the active principle of this 
vitamin, found in fish-liver oils, was prob
ably a steroid, and also that foods irra
diated with sunlight could counteract a 
deficiency of the vitamin. The question 
arose: Would irradiation of an ordinary 
sterol convert it into an antirachitic 
steroid like the one in cod-liver oil? 

Windaus and the Gottingen physicist 
R. Pohl attacked this problem with the 
help of ultraviolet spectroscopy, then 
just coming into use as a powerful tool 
for identifying molecular structures. 
They found that a substance present in 
minute amounts in some samples of 
cholesterol could be made active against 
rickets by irradiation, and that this ac
tivatable substance had an absorption 
spectrum very similar to that of ergos
terol, a sterol in yeast. Windaus, and in
dependently a research team at the Na
tional Institute for Medical Research in 
London, proceeded to isolate from irra
diated ergosterol a new substance of 
high potency against rickets which was 
named vitamin D2 [see formulas on page 
56]. Irradiation of ergosterol effects a 
series of chemical changes yielding vari-

o + 0 -

OXIDATION OF CHOLESTEROL provided much information 
about its structure. When cholesterol (partl" diagrammed at lelt) 

was oxidized in one experiment, it yielded acetone (right) and a 
substance with an acid side chain of five carbon atoms (center). 
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LACTIC ACID MOLECULES illustrate geometrical isomers. The 
peg-and-ball model at the left represents the molecule of lactic acid 
(C,R,O,) as it is found in milk; the peg-and-ball model second 

from the left represents the molecule of lactic acid as it is found in 

muscle. The corresponding sphere models are third and fourth. The 
two molecules are chemically and physically identical except that 
one rotates plane-polarized light to the right and the other rotates it 
to the left. In short, the molecules are mirror images of each other. 

ous isomers, of which only vitamin D2 is 
active against rickets. 

It seemed reasonable to suppose that 
D2 was identical with the active princi
ple in fish-liver oils, until Windaus and 
his associates showed that certain vari
ants differing only slightly from D2 were 
just about as potent. The most interest
ing variant was one prepared from choles
terol by a series of chemical operations 
which involved plaCing a double bond at 
the 7,8 position, as in ergosterol, and 
then irradiating this molecule (7 -dehy
drocholesterol). The product [formula at 
lower right on next page] had an anti
rachitic activity comparable in strength 
to that of D2, as measured by bio-assay 
in rats. It was named vitamin D;j. 

Was the natural vitamin in fish-liver 
oils more closely related to cholesterol 
than to ergosterol? This question, posed 
by Windaus' synthesis of D3 and by bio
logical investigations in the U. S., was 
brilliantly resolved in 1936 by Hans 
Brockmann of the Gottingen laboratory. 
By means of the sensitive method of 
chromatography, he isolated the vitamin 
of tuna-liver oil and proved that it was 
identical with Windaus' vitamin D3• 

HO 

HO· 
H 

Vitamins D2, made from ergosterol, 
and Dg, made from cholesterol, have 
about the same activity against rickets 
in rats, but in chicks Dg is far more po
tent. D2 is still used for treating children 
with rickets, because it is easier to make 
and has satisfactory potency in human 
beings; however, for chickens, which are 
susceptible to rickets, D3 is now manu
factured in substantial quantities, both 
from cholesterol and from fish-oil con
centrates. 

The Sex Hormones 

The road to chemical identification 
of the sex hormones was opened in 1927 
when S. Aschheim and B·ernhard Zon
dek, then in Berlin, discovered that the 
urine of pregnant women contained con
siderable amounts of a hormone which 
produced sexual heat when tested in 
mice or rats. Windaus was asked by a 
German chemical firm to explore this 
substance. Involved at the time in the 
vitamin D research, he elected to turn 
over the new problem to a promising 
young student named Adolf Butenandt. 
The student plunged into the task of iso-

H C ./CH, 
3 .......... ./ .......... C.......... CH 

H I' 
C-OH 
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STRUCTURE OF CROLlC ACID, found in the bile of cattle, includes the same side chain 
found in the oxidation product of cholesterol. The bile acids resemble steroids in other ways. 

lating the hormone with the help of a 
young biologist, Erika von Ziegner, who 
later became his wife. In the meantime 
Edward A. Doisy, of the St. Louis Uni
versity School of Medicine, also set out 
to identify the active substance. Working 
independently, both Butenandt and 
Doisy succeeded in 1929 in isolating the 
first known sex hormone-estrone. 

With keen insight Butenandt proceed
ed by a roundabout route to arrive at a 
shrewd guess concerning the chemical 
structure of estrone. In pregnancy urine 
there was found an inactive companion 
of estrone, called pregnanediol. Bute
nandt proved that pregnanediol was re
lated to cholic acid, a component of bile, 
by breaking both down to a common 
product. Thus he showed that preg
nanediol was a steroid. By further adroit 
experimentation he related its compan
ion, estrone, to bile acid and then de
duced the correct structure of estrone. 

It developed that estrone was not the 
true estrogenic hormone secreted by the 
ovaries but a transformed product of 
it excreted in the urine. The actual hor
mone, first made from estrone and later 
isolated from sow ovaries by Doisy (who 
extracted 12 milligrams of the substance 
from four tons of ovaries), is believed 
to be estradiol [see formulas at top of 
page 57]. 

The discovery and analysis of the 
male sex hormone testosterone followed 
a similar pattern. In 1931 Butenandt and 
Kurt Tscherning isolated from 15,000 
liters of male urine 15 milligrams of a 
hormonal substance which they named 
androsterone. From this tiny pile of 
crystals, hardly enough to cover the tip 
of a small spatula, Butenandt derived 
a great deal of information about the 
nature of the molecule. He tentatively 
deduced its structure, and his deduc
tion was independently proved correct 
by Leopold Ruzicka of Zurich, who pro
duced androsterone by splitting off the 
eight-carbon side chain from a deriva-
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VITAMIN D, (right) was made from ergosterol (le/t), a steroid 
found in yeast, by exposing it 10 ultraviolet radiation. Ergoslerol 

differs from cholesterol in having an extra methyl group (eR,) at 
position 24 and double chemical bonds at positions 7, 8 and 22, 23. 
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VITAMIN 0" (right) was made from 7·dehydrocholesterol (le/t) , 

also by exposing it to ultraviolet radiation. The 7·dehydro· 
cholesterol was prepared synthetically from cholesterol by a 
process adding a double chemical bond between positions 7 and 8. 

tive of cholesterol through oxidation. 
Androsterone was obtainable only in 

very small amounts, either by synthesis 
or by extraction from urine, but Bute
nandt, Ruzicka and others soon succeed
ed in synthesizing a related substance 
which could be produced in more plenti
ful yield. This substance, named de
hydroepiandrosterone, was made from 
cholesterol by burning off the side chain 
while the essential hydroxyl group at
tached to the first ring and the double 
bond at the 5,6 position in the second 
ring were protected by stable chemical 
combinations at those positions. With the 
more plentiful working material at hand, 
the investigators were able to synthesize 
a number of interesting products, some 
of which proved more potent than 
androsterone in hormonal activity. 
Meanwhile Ernst Laqueur in Amster
dam reported that he had isolated from 
steer testes a potent hormone which he 
called testosterone. Butenandt and 
Ruzicka shortly afterward synthesized 
testosterone from dehydroepiandroster
one. It became clear that testosterone 

56 

was the true hormone; androsterone and 
dehydroepiandrosterone were metabo
lites of the hormone excreted in the urine 
[formulas in center on opposite page J. 
A practical method is now available for 
converting dehydroepiandrosterone into 
testosterone in 81 per cent yield. 

In 1934 four research groups isolated 
from the corpus luteum tissue in sow 
ovaries the pregnancy hormone-proges
terone. Butenandt obtained 20 milli
grams of the hormone from the ovaries 
of 50,000 sows. The structure of proges
terone, very similar to that of testoster
one [formulas at bottom of opposite 
page], was soon inferred from its chemi
cal properties and ultraviolet analysis. 
Butenandt promptly synthesized pro
gesterone by two methods, one of which 
was the oxidation of a substance called 
pregnenolone, a by-product of the pro
duction of testosterone from cholesterol. 

Hormones from Plants 

At this dramatic point in the develop
ment of the chemistry of the sex hor-

mones, there came a break in another 
field which was to open a more fertile 
route for production of the hormones. 
The plant steroids had been relatively 
neglected, though Windaus and others 
had published occasional reports on 
them. After the establishment of the 
structure of cholesterol in 1932, how
ever, the new surge' of intensive re
search embraced active substances in 
plants as well as in animals. Attention 
was focused on the cardiac glycosides
extracts from plants which had been 
known for centuries as poisons. Particu
larly interesting was digitalis, the heart 
stimulant that had been used since 1785, 
when it was introduced as a treatment 
for dropsy. It was believed that a part of 
the active principle of this drug might 
be a steroid, and Windaus delegated the 
problem to one of his pupils, Rudolf 
Tschesche. At the Rockefeller Institute 
for Medical Research W. A. Jacobs and 
R. C. Elderfield also investigated the 
same question. 

Within two years the two independent 
investigations established that steroids 
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were indeed present in the active com
ponents of digitalis. The steroid here is 
attached to a sugar. Digitoxin, for exam
ple, contains a steroid of 24 carbon atoms 
to which is linked the rare sugar digi
toxose (making the large molecule some
what soluble in water) . The steroid part 
has a skeleton like that of a bile acid, 
but one major difference is that the side 
chain is coiled into a ring [see formula 
on next page]. 

The digitalis steroids are rather spe
cial, but steroids with sugars attached 
are very common in the plant world. One 
class of these substances is known as 
the saponins, because water solutions 
of them foam like soap when shaken. 
The steroid part of a saponin is called a 
sapogenin. The structure of sapogenins, 
on which Windaus and his pupils and 
successors had worked for many years, 
was finally clarified by Russell E. Marker 
and his group at the Pennsylvania State 
College in an extraordinary series of 
studies between 1939 and 1947. The 
most interesting of these substances is 
diosgenin, which has a skeleton remark
ably like that of cholesterol, with 27 car
bon atoms and a double bond between 
the fifth and sixth carbons [see formula 
at bottom of page 59]. The discovery of 
this structure at once suggested that 
diosgenin would be useful for produc
ing sex hormones, for which more and 
more uses had been found in medical 
therapy. 

The possibility of manufacturing the 
hormones from plant extracts excited 
Marker. Production of these hormones 
from animal sources was still difficult 
and expensive, in spite of new methods 
of synthesis that had been discovered by 
various investigators. Diosgenin was 
abundantly available from yams (plants 
of the genus Dioscorea), and Marker 
in field trips to the southern U. S. and 
Mexico had found many other plant 
sapogenins (which he whimsically 
named for current friends and enemies: 
rockogenin for the late Dean Frank 
"Rocky" Whitmore of Pennsylvania State 
College, kammogenin for Oliver Kamm 
of Parke Davis & Company, nologenin 
for Carl R. Noller of Stanford University, 
fesogenin for the writer of this article) . 

Marker showed that diosgenin could 
easily be converted into pregnenolone, 
already known as a building material for 
progesterone. A Mexican firm named 
Syntex was set up to manufacture pro
gesterone from Mexican yams. Before 
long Marker fell out with the manage
ment of the company and was replaced 
by Georg Rosenkranz, a young Hun
garian-born chemist who had trained 
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SEX HORMONES share the steroid configUl'ation. Estrone is a female hormone. Estradiol is 
a variant of it with higher potency. Androsterone, dehydroepiandrosterone and testosterone 
are male hormones. Progesterone is the female hormone found in pregnant women. 
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with Ruzicka in Zurich. Since Marker 
had not disclosed some of the essential 
bits of know-how to his associates, 
Rosenkranz had to work out the process 
anew. He succeeded in rediscovering the 
missing links, developed a system of 
chemical manufacture based on the 
training of unschooled young women to 
perform specific operations, and soon 
achieved production of progesterone on 
a scale surpassing previous performance. 
He also found a way to produce testos
terone, as well as progesterone, from 
pregnenolone. 

Rosenkranz recruited an able research 
staff of Mexican and foreign chemists, 
and he brought in as his lieutenant Carl 
Djerassi, a young chemist born in Bul
garia and trained at the University of 
Wisconsin. A first fruit of the pioneering 
research instituted by Rosenkranz and 
Djerassi was a new process for produc
tion of estrone, which involved conver
sion of the male hormone testosterone 
into the female hormone estradiol. 

Cortisone 

The story of the adrenal cortical hor
mones is so well known that I need not 
go into it at length here [see "Cortisone 
and ACTH," by George W. Gray; SCI
ENTIFIC AMERICAN, March, 1950]. Ever 
since the most active of these substances, 
now known as cortisone, was isolated in 
the laboratory of E. C. Kendall at the 
Mayo Clinic in 1936, the key problem 
in its synthesis has been to find some 
non laborious way to place an oxygen 

OH 

o 

OH 

atom at the comparatively inaccessible 11 
position in the third ring [see formula on 
page 60]. Several workable solutions are 
now at hand, but for close to a decade 
the armies of researchers who attacked 
the problem found it completely baffling. 

In 1942 vague rumors (now known 
to be unfounded) that the Luftwaffe was 
employing adrenal cortical hormones to 
improve pilots' endurance and resistance 
to blackout prompted the National Re
search Council to contract with several 
laboratories for research on the synthesis 
of Compound E (cortisone). The first 
objective was to introduce oxygen at 
position 11. Desoxycholic acid from bile 
seemed the best starting material for this 
purpose, because it carries a hydroxyl 
group at position 12, offering the possi
bility that the oxygen atom might be 
transposed to the neighboring 11 posi
tion. A practicable method of effecting 
the transposition, involving some amaz
ing new chemistry, was devised by 
Kendall and his group. This made feasi
ble production of Kendall's Compound 
A, which contains oxygen at position 11 
but does not have Compound E's added 
feature of a hydroxyl group at position 
17. But when, after considerable effort 
and expense, Merck & Company pro
duced a quantity of Compound A by this 
method, the substance proved complete
ly useless in clinical tests. 

Meanwhile Lewis H. Sat'ett, a young 
Princeton-trained chemist at Merck, de
vised a method of introducing oxygen at 
position 17 and succeeded in synthesiz
ing cortisone. After more than two 

o 

OH 

IRRADIATION of steroids is accomplished 
in vessel containing two ultraviolet lamps. 

years of further research and chemical 
labor, Merck produced enough cortisone 
for medical trial. The result was the now 
classical investigation of Kendall and 
Philip S. Hench at the Mayo Clinic 
which produced dramatic relief of pa
tients with rheumatoid arthritis. 

o 
II 

I 
--( 

o 

DIGITOXIN, a plant extract used in the treatment of heart disease, 
consists of a sugar (left) and a steroid (right). The steroid resem· 

bles a bile acid except that the side chain is a ring, and the carbon 
atom at position 14 bears an OH group and is differently oriented. 
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HYDROGENATION of a steroid in the vessel at left measures the 
number of double bonds, which take up hydrogen, in the molecule. 

EXTRACTION of steroids in cranberry skins is accomplished in 
this apparatus. The skins are in the round vessels at upper right. 

Although the yield of cortisone from 
animal bile was pitifully small, Merck 
at once undertook plant-scale produc
tion. The task was without precedent in 
modern chemical technology. The 
process, starting with bile acid and end
ing with pure cortisone, involved 32 

6 

separate steps. Max Tishler and his de
velopment group at Merck performed 
miracles of chemical technology, first to 
produce cortisone at all, and then to in
troduce a succession of improvements 
which reduced the price from $200 per 
gram to less than $20 per gram. 

DIOSGENIN is also found in plants. Because the skeleton of its molecule is the same as 
that of cholesterol, it is uniquely useful for the synthetic production of animal hormones. 

But the demand for cortisone in
creased and the supply of available bile 
began to run out. Consequently a prob
lem already brilliantly solved had to be 
attacked again from some new angle. 
How synthesize cortisone from some
thing other than a bile acid? Workers in 
the field grasped at a substance called 
sarmentogenin, w�ich had been isolated 
in 1929 from some unknown plant seed. 
This molecule carries a hydroxyl group 
at the mystical position 11, and presum
ably it could be converted into cortisone 
without great difficulty. Expeditions to 
South Africa in search of sarmentogenin 
went out from the Swiss laboratory of 
Tadeus Reichstein, a leader in cortisone 
research, from the U. S. Public Health 
Service, from the National Institute of 
Medical Research in London, from the 
Merck laboratory. A plant source of 
sarmentogenin was found, and Reich
stein recently reported its conversion to 
cortisone, but interest in it has dimin
ished because of the emergence of more 
promising approaches. 

Several groups sought a route to cor
tisone from the abundantly available 
natural sterols, particularly cholesterol, 
ergosterol and diosgenin. From these 
substances Windaus had produced cer
tain compounds with double bonds at 
the 7,8 and 9,11 position. In retrospect it 
seems that it should have been easy to 
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CORTISONE also has the steroid skeleton. It is characterized by the double·bonded oxygen 
atom attached at position 11 and by the OH group projecting to the rear at position 17. 

make use of the double bond to attach an 
oxygen to the 11 position, but many 
chemists worked on the problem for two 
years before, in May, 1951, it suddenly 
broke. Within a few months success in 
attachment of oxygen at position 11 by 
various processes starting with Winclaus' 
compounds was reported by five research 
teams-the writer's at Harvard Univer
Sity and groups at Merck, Syntex, Zurich 
and Glasgow. 

In the same year Robert B. Woodward 
and his associates at Harvard made a 
break-through toward total syntheSiS of 
cortisone from simple materials. Wood
ward synthesized a steroid, the first ever 
manufactured outside a living organism, 
with a double bond at the 9,11 position. 
Then he carried the synthesiS three steps 
further to form a type of molecule which, 
as it happened, my associates S. Rajago
palan and Hans Heymann had already 
succeeded in endowing with an oxygen 
at the 11 position. From there it did 
not take long to achieve total syntheSis 
of cortisone. A year later Sarett and his 
group at Merck reported another total 
syntheSis, beautiful and efficient, which 
extends all the way from simple starting 
materials to synthetic cortisone identical 
in every respect with the natural hor
mone isolated from the adrenal gland. 

But all these approaches yield at pres
ent to new processes which have enlisted 
microorganisms to do the critical work 
of placing oxygen at position 11. The 
Upjohn Company was the first to an
nounce discovery of a specific fungus 
that converts steroids into 11-ketoster
oids (oxygenated at the 11 position). 
Then Syntex and E. R. Squibb & Sons 
found other microorganisms capable of 
the same performance. 

The six chemists who received Nobel 
awards for their work in steroid research 
were Windaus, 'Nieland, Ruzicka, 

Butenandt, Kendall and Reichstein. 
Their efforts and those of the great army 
of their fellow workers, only a few of 
whom could be mentioned in this brief 
review, have cleared up the chemistry 
of practically all the known steroid hor
mones and vitamins. But the steroids 
still present many thorny challenges. 
How the body manufactures sterols and 
steroid hormones remains a mystery; it 
has just begun to be studied by tracer 
methods. Nothing is yet known about 
how steroids combine with their protein 
carriers for transport in the blood. The 
whole question of how the chemical 
structure of steroids is related to their 
physiological activity remains a subject 
for exploration. 

An important unsolved problem is the 
function of cholesterol in the animal 
body. If cholesterol is the essential 
building material for the bile acids, ster
oid hormones and vitamin Da, why does 
the body produce huge amounts of the 
precursor to make only trace amounts 
of the final products? Is cholesterol per
haps just an incidental by-product of 
the manufacture of the hormones and 
vitamins? There are some indications 
that cholesterol or a derivative of it may 
be involved in degenerative diseases. 
Cholesterol is found deposited along the 
walls of blood vessels in victims of har
dening of the arteries and of athero
sclerosis. Several recent reports suggest 
that a high level of cholesterol or of a 
cholesterol-protein complex in the blood 
may lead to this type of disease. Other 
lines of experimentation have suggested 
the possibility that under certain circum
stances cholesterol or a companion sub
stance may initiate cancerous growth. 

It seems reasonable to hope that ad
vances in the field of preventive medi
cine may emerge in the next chapter of 
steroid research. 
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The Return 
of the Gr�y Whale 

All winter long these sl1�allish whales parade down the Pacific Coast 

to their breeding grounds . They have twice COl1�e back frol1� the brink 

of extinction, which presents several interesting biological questions 

O
n almost any clear ·weekend day 

this winter, hundreds of people 
will gather on the high summit of 

Point Lorna over San Diego Bay to 
watch a rare sight. What they see is a 
succession of small puffs of vapor spurt
ing from the sea, the rounded line of a 
long, dark back, perhaps the flirt of a 
sharp, black butterfly-tail. These signs 
mark the passage of a gray whale. No
where else in the world can city dwellers 
see at their doorstep a natural spectacle 

by Raymond IVL Gilmore 

such as the Public Whale Watch at San 
Diego sponsored by the National Park 
Service. All winter long, from late De
cember through February, the gray 
whales parade by in a long line, a mile 
or so offshore. They are coming home 
to breed, after a journey of 12,000 miles 
or more to their Arctic summer feeding 
grounds and back. 

Twice almost exterminated by man, 
the gray whale is back by the thousands 
again. If it is an object of fascination to 

the spectators on Point Loma, it is no 
less so to marine biologists and conserva
tionists. How did the gray whale survive 
and rebound to such numbers, after 
being reduced by whalers to a popula
tion of probably no more than 100 only 
20 years ago? Why does it make its tre
mendously long spring migration to the 
Arctic, when there seems to be plenty 
of food in its mating grounds off Lower 
California-or why does it come back 
each breeding season, when a relative, 

GRA Y WHALE (Rhachiallectes glallcus) is about 40 feet long. 
The color of its mottled skin ranges from very light gray to almost 

black. It feeds on plankton by filtering water through blades of 
whalebone or baleen hanging down from each side of its upper jaw. 
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the Arctic right whale, stays in the 
North? Will the gray whale population 
continue to multiply, now that it is pro
tected from hunters by international 
law? Students of the species have recent
ly looked into some of these questions 
closely, even to taking censuses of the 
gray whales from the shore and from the 
air by plane and helicopter. 

The gray whales concentrate their re
production each spring in certain bays 
and lagoons of northwestern Mexico. 
One of the peculiarities of the creatures 
is that they mate and calve only within 
those few retreats. Their long-range sur
vival therefore seems somewhat in doubt, 
since a fall of only a few feet in the sea 
level, drying up their breeding places, 
might wipe out the species unless it 
changed its breeding habits. 

The gray whale is a moderate-sized 
cetacean about 40 feet long-consid

erably smaller than the giant blue and 
finback species. It is a hardy animal, as 
its long, difficult yearly travels testify. 
All summer the gray whale lives in the 
polar waters off Kamchatka and the 
Bering Straits. There it fattens on the 
abundant large plankton, especially 
euphausiid shrimps. When the days 
shorten and late autumn's cold settles 
down, the whales set off for the Mexican 
waters some 6,000 to 7,000 miles away. 
As to why they make this tremendous 
journey, we can find no answer better 
than that their inherited habits must be 
stronger than the environment. 

The whales push through storm and 
calm across the vast northern Pacific to
ward the North American coast, wasting 
little time to feed in transit. This part of 
their trip has never been observed by 
man. Their route is figured out simply by 
putting together the two ends of the 
puzzle: gray whales disappear from the 
Bering Sea and as mysteriously reappear 
off the North American coast. They hit 
the coast at Oregon and northern Cali
fornia and thereafter hug it closely all 
the way down to Mexico, probing the 
shoreline for the entrances to their ac·· 
customed breeding lagoons. 

Just why they come in near the coast 
so far north of their destination is a ques
tion. Their route follows almost exactly 
a great circle course from the Aleutians; 
perhaps they are accurate navigators. 
On the other hand, it is possible that 
they used to breed along the coast north 
of their present places in warmer times. 

After the gravid females have relieved 
themselves of their ponderous burdens 
(a full-term calf is 12 to 14 feet long), 
and the other females and adult males 
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DISTRIBUTION of the gray whale is outlined iu dark blue on this map. There are two 
separate populations of gray whales: the Korea population and the California population. 
The latter migrates (heavy do/ted lines) between the Bering Straits area, where it feeds, and 
Lower California, where it breeds. Remains of gray whales (small circles) have been found 
in Europe, suggesting that at one time some migrated across the Arctic (light dotted lines) • 

have performed the vital act of procrea
tion, the gray whales set forth again to 
the Arctic in March and April. They 
have taken almost no rest, and are much 
thinner than when they arrived. On the 
way north along the coast they scatter 
more widely than on the way down, be
cause they are no longer searching the 
coast for their havens. But many rendez
vous in a great mass off Vancouver Is
land before they disappear into the 
northern Pacific. 

One might suppose that the arduous 
annual migration would be a weak link 
in the life cycle of the species-that many 
would fall by the wayside. But there is 
no evidence of any high mortality dur
ing the gray whale's journeys. A much 
more vulnerable part of its cycle is its 

dense yearly concentration-almost un
paralleled among whales-along the 
California and Lower (Baja) California 
coasts. In the late 19th century men in 
whaleboats slaughtered the gray whale 
in its calving lagoons and its narrow 
coastal migration path. Again in the 
1920s and 1930s, wher, the herd had be
gun to come back, it was all but de
stroyed, this time more efficiently, by 
whaling factory-ships shooting explosive 
harpoons from cannon. 

From an estimated population of more 
than 25,000 in 1840 the herd was re

duced to perhaps about 100 by the late 
1930s. In its current comeback it now 
numbers some 3,000 and is increasing. 
For the present the species seems safe, 
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THREE GRAY WHALES, two of them emitting their characteristic 
puffs of vapor, were photographed hy Gilmore as they fled across 

FLUKES of a gray whale flip into the air off La Jolla, Calif. They 
are encrusted with harnacles and actually overgrown with kelp. 

64 

Scammon Lagoon on the Pacific coast of Lower California. He 
was pursuing them in a rowhoat propelled by an outboard motor. 

HEAD of a gray whale bobs out of the water as it peers curiously 
at a rowboat in Scammon Lagoon. The lower jaw is to the left. 
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thanks to the prohibition against hunting 
it and to its secure havens in the shel
tered lagoons that fringe the uninhabited 
deserts of Lower California. But its 
situation remains fundamentally precar
ious. Its breeding lagoons are smaller 
than they once were; some of them to
day are salty wastelands left by the re
ceding water to dry in the burning sun. 
Moreover, the whales have been driven 
from three of its largest bays by heavy 
boat traffic. Indeed, the gray whale is a 
relict species in a shrinking environment. 

The species might well survive, how
ever, even if it were pushed out of its 
shelters. Newborn calves have been seen 
outside the lagoons, suggesting that they 
were born in the open sea, and the mem
bers of a small isolated herd of gray 
whales off Korea are known to calve in 
unsheltered waters. 

Right now we are attempting to find 
out how many gray whales there are, 
and to project a curve of probable popu
lation growth into the future. There are 
two censuses, one from the air and the 
other from land. They were stalted by 
Gifford C. Ewing and Carl Hubbs of the 
Scripps Institution of Oceanography, 
and have been carried on by the co
operating Fish and Wildlife Service. The 
air census counts all the adults and calves 
visible on the water's surface over the 
entire breeding range; the land census 
counts the adults in the migration proces
sion as they pass Point Loma and the 
Scripps Institution at La Jolla 10 miles 
to the north. It is estimated that the 
censuses catch from one third to one half 
of the total population. 

The two counting methods have given 
surprisingly close results. The count in 
1953 was 1,156, including 190 calves; 
in 1954 it came to 1,200 adults and 200 
calves. Allowing for those missed, it is 
estimated that the total population num
bers between 2,500 and 3,000. 

Where does this figure fit into a 
growth curve of the population? We 
have two earlier points of reference: a 
high point of more than 25,000 in the 
mid-19th century and a low point of 
perhaps 100 in the 1930s. In its recovery 
from the low point the population will 
probably follow the classical "logistic" or 
Verhulst-Pearl curve of population 
growth, which was derived from studies 
of laboratory cultures and of human 
populations. This is a smooth S-curve, 
starting with a slow rise, then climbing 
steeply and finally leveling off after a 
saturation point is reached. 

The present breeding grounds of the 
gray whale could accommodate a popu
lation of about 25,000. It is not likely, 
however, that its numbers will ever at-
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MALE AND FEMALE whales were photographed by Gilmore in 
Scammon Lagoon as they rolled about in the water before mating. 

The flukes of the female may be seen at the left. The male is at 
the right. The females also give birth to their calves in these waters. 

tain the saturation level, because in com
ing decades the demand for the protein 
food the whale can supply will be too 
great. We must therefore modify the 
curve to provide for some whaling [see 
chart below J. It is to be hoped that the 
annual catch, suitably apportioned 
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among all the interested nations, will be 
restricted to a level which will assure the 
perpetuation of the species. 

Without much doubt, the North Pa
ciRc has always been the heartland of 
the gray whale. But evidence has recent
ly come to light that herds of the species 
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once lived in the North Atlantic also. 
Remains of gray whales have been found 
in Pleistocene or recent deposits in 
estuaries of Sweden, southern England 
and the Netherlands. Their presence in 
estuaries indicates that in ice-age times, 
as now, the species was accustomed to 
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DECLINE AND RISE of the gray whale is shown by this curve. The 
thickness of the curve represents the uncertainty of the population 
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estimate. The population in 1840 is thought to have been at 
least 25,000. It fell to no more than 100 and is now about 3,000. 
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mate and calve in sheltered waters to 
which it retired in season. 

Presumably during interglacial peri
ods, when the Arctic Ocean melted, 
gray whales spilled over from the Pacific 
population across the Arctic into the 
Atlantic. Some cetologists believe that 
the gray whale survived along our At
lantic seaboard until historic times; one 
even insists that it still exists there to
day, though in such small numbers that 
it has not been discovered. The evidence 
for its recent presence off this coast de
pends heavily upon a report in 1725 by 
one Paul Dudley, who in the Philosophi
cal Transactions of London described a 
New England whale which may have 
been a gray: 

"The Scragg Whale is near in kin to 
the Finback, but instead of a Fin upon 
his Back, the Ridge of the Afterpart of 
his Back is scragged with half a Dozen 
Knobs or Nuckles; he is nearest the Right 
Whale in Figure and for Quantity of Oil, 
his Bone (baleen) is white, but won't 
split." 

The Dutch authorities A. D. Diense 
and C. C. A. Yunge are convinced that 
the New England "scragg" was a gray 
whale. But it seems more probable that 
the scragg was merely an undersized 
right whale; the early New England 
whalers applied the name scragg to any 
runty right or humpback whale. William 
Schevill of the Woods Hole Oceano
graphic Institution has described Dud
ley's report as a "literary curiosity." I 
would not be surprised to see fossil re
mains of gray whales come to light on 
the New England or Canadian coast, but 
I doubt that man has ever laid eyes on a 
living member of the species in that 
region of the world. 

Why did the gray die out in the At-
lantic? Some drastic change in con

ditions must have done it in completely, 
for the species has shown in the Pacific 
a remarkable capacity to come back 
from extremely low numbers. The whale 
is not a very rapid breeder, as the animal 
kingdom goes. In its lifetime of 15 to 20 
years a female gray whale may deliver 
from five to eight young, since it normal
ly calves every second year after matur
ity. What may stand greatly in the 
species' favor is its inborn habit of herd
ing each year in the intimacy of its few 
traditional lagoons-which assures that 
boy will meet girl, however scarce they 
may be. 

The mighty drama of the gray whale's 
comeback, a drama which we are wit
nessing from excellent seats on the Cali
fornia coast, is a moving sight. Let us 
hope that it will have a happy ending. 
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MAGNETIC MATERIALS 

Recent advances in the theory of magnetism have explained 

'vhy sonle substances can be magnetized ,vhile others cannot. 

Better luagnets may soon result frolu the ne,v understanding 

W
hat makes a material magnetic? 
One would think the answer 
should be in any physics text

book. Our whole electrical technology is 
based on magnetism: without magnets 
we would have no electric power gene
rators, no electric motors, no radio, radar 
or television, no telegraph or telephone, 
none of the countless other creations that 
depend on electricity. Yet magnetism it
self is still full of mystery. Only in the 
last decade or so have we learned 
enough about the basic nature of the 
phenomenon to begin to have some idea 
of why just a certain few materials, nota
bly iron, are magnetic and what happens 
to such a material when it is magnetized. 
One result of these studies has been the 
discovery of two new kinds of magnetic 
materials, the ferrites and the pressed
powder magnets, which are now attract
ing a great deal of attention. 

Magnetism in matter stems basically 
from the spin of electrons. Each spin
ning electron is a tiny permanent mag
net; its strength is called one Bohr 
magneton. The electronic magnetisms 
commonly neutralize each other, because 

by Richard M. Bozorth 

electrons in atoms tend to go in pairs, 
spinning in opposite directions. The 
atom as a whole can become a magnet 
only when there is an imbalance of elec
tronic spins. This is the case, of course, 
whenever the atom has an odd number 
of electrons, and it also occurs when 
groups of electrons spin the same way 
instead of pairing off in opposite direc
tions. Thus the third shell of electrons in 
the iron atom has a subshell whose elec
trons like to spin in the same direction; 
five of the six electrons in the subshell 
have plus spins and one minus, yielding 
a net magnetism of four Bohr magnetons. 

The fact that a piece of matter con
tains atomic magnets does not neces
sarily make the material itself magnetic. 
Again the reason is that the little atom 
magnets tend to neutralize one another; 
their spins are knocked about in random 
directions by the normal thermal motions 
of the atoms. To make the material mag
netic some force stronger than the' ther
mal agitation must align the atom mag
nets in the same direction. Think of a 
pile of compass needles in a box: if they 
are shaken up so that they point in all 

directions, the box will not be magnetic; 
but stack them all with their north-seek
ing poles in one direction and the box 
will act as a large magnet. 

What is the directing force that lines 
up atomic magnets to make a mate

rial magnetic? The theory of quantum 
mechanics has attempted an "explana
tion." Werner Heisenberg suggested that 
there is an "exchange force" acting be
tween atoms at short range. When the 
atoms are a certain distance apart, this 
force holds the atomic spins in direc
tions opposite to each other. At a certain 
distance farther away, it lines them up 
parallel. Within these distances the in
teratomic quantum mechanical force is 
powerful enough to overcome the dis
ordering heat motions of the atoms at 
ordinary temperatures. When the mate
rial is heated to the point where the 
thermal energy becomes stronger, it loses 
its magnetism. In iron this critical tem
perature is 1420 degrees Fahrenheit. 

The known magnetic materials are 
iron, cobalt, nickel, gadolinium and 
many alloys and compounds containing 

DOMAIN STRUCTURE of unmagnetized material was at first be
lieved to have the completely random arrangement of the diagram 
at left (arrows show direction 0/ magnetization within the do-

mains). Then it was realized that each domain would tend to be 
magnetized along a crystal axis, as in the middle diagram (dots and 
diamonds represellt arrows going in and OlLt 0/ paper). A domain 
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COBALT DOMAINS are shaped like needles whose long dimen· 
sion runs in the dit'ection of cobalt's hexagonal crystal axis. The 

powder pallern at the left shows the domains looked at from the 
side. The pallern at right shows the same structures viewed end·on. 

in the vertical direction, and the struc
ture would be strained, or deformed, re
quiring a certain amount of energy to 
maintain itself. Besides this, there is the 
energy required for the domain walls, 
which in iron is about one or two ergs 
per square centimeter. 

Seeking to minimize the magnetostric. 
tion energy, we would arrive theoretical· 
ly at the fourth structure shown [lower 
right in illustration at top of page 72], 
which adds some wall energy but more 
than compensates for this by the reduc· 
tion in the amount of strained material. 

This structure requires the least energy 
of the four possible ones considered. 
And the pattern of domains observed in 
magnetized iron proves, indeed, to be 
very close to this theoretical construe· 
tion [photograph at bottom of page 72]. 

Cobalt has a different domain pattern. 
Its crystals are hexagonal, and it has 
only two directions of stable magnetiza. 
tion instead of the six permitted to the 
cubic crystals of iron. These are the two 
opposite directions along the axis of the 
hexagon. The domain structure of a 
magnetized piece of cobalt is like a 

bundle of needles pointing alternately in 
opposite directions. The two photo
graphs above show a cobalt crystal 
cut along the axis so that the domains 
are seen lengthwise and another cut 
crosswise so that the needlelike domains 
are seen end·on. 

We can now consider the two new 
types of magnetic materials. Let us 

take first the powder magnets. Their 
promise depends on the fact that ex
tremely small particles (one millionth of 
an inch or less in diameter) must be 

IRON DOMAINS are revealed in photomicrographs of crystals 
dusted with fine powder. Straight white lines are domain walls. 
Small arrows show the directions of domain magnetization. At left 
the original magnetic structm'e is seen. At right the crystal has been 

placed in a magnetic field, indicated by the large horizontal arrow. 
The zigzag boundary line has moved down, so that the upper series 
of domains, which are magnetized most nearly in the direction 
of the field, are enlarged at the expense of the domains underneath. 
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PLAIN FACTS ABOUT VIBRATION AND SHOCK MOUNTINGS 
FOR AIRBORNE ELECTRONIC EQUI PMENT 

OUT-DATED UNIT MOUNT BASE 
16 mounting holes and 16 bolts required. 

Unit mountings may be improperly attached to the rack, 
and are very likely to be seriously misaligned during attach
ment to aircraft or missile structure. 

Even minor discrepancies in spacing and attachment of unit 
mounts can defeat the whole purpose of the mounting base, and 
result in poor performance and deterioration of equipment. 

�I.�------------ X ------------�� 

Excessive height required. Unit mount bulk imposes reduced 
spacing (X) between support centers, resulting in impaired stabil· 
ity (critical in lateral direction). Greater sway space required. 

Well Designed Electronic: Equipment, 

If Poor'y Mounted, 
Too Often Operates Inefficiently and Un reliably 

Failure also can result from use of inadequate mountings which 
are not engineered for the particular equipment and purpose. 
Conventional shock mounts or so called "isolators", reasonably 
effective when installed under ideal laboratory conditions, become 
dangerous trouble makers when installed by usual production line 
methods. 

Attachment of a base plate to unit mounts to achieve spacing 
control is a makeshift arrangement resulting in excessive weight 
with no height reduction. 

Failure also can result from obsolescent unit mounts employing 
internal rubber, organic or synthetic materials which deteriorate 
rapidly and are susceptible to temperature and environmental 
changes. 

The importance of today's electronic equipment surely justifies 
the use of integrated mounting systems designed to meet specific 
problems rather than the unreliable application of assembled 
"catalogue" mounts. 

USE OF ROBINSON ENGINEERED 
MOUNTING SYSTEMS results in: 

A. Reliable and uniform performance in every installation 
under alI types of environmental conditions. 

B. Reduced cost through "de"ruggedization of equipment 
- substantial reduction of size and weight is possible 
by simplified and compact design. 

C. Simplified installation - only four attachment holes 
required-pre-spaced to save time and assure accuracy. 

TODAY'S ENGINEERED MOUNTING SYSTEM 
Only 4 mounting holes required. 

Prespaced holes in a one piece base plate assure quick, 
accurate attachment. Relationship of all 4 holes is definitely 
fixed (holes spaced for interchangeability with unit mounts). 

No installation errors or misalignment can occur to disturb 
the precise performance of the mounting system as checked and 
approved on acceptance tests. 

Note reduction in mounting height. Important space saved. Maxi· 
mum spacing (Y) of resilient elements at extreme corners provides 
stability. Less sway space required. 

Robinson All-Metal Engineered 

Mounting Systems Assure Outstanding Performanc:e 

and Reliability of Equipment 

The Robinson concept of vibration and shock control is 
the design and application of 100% all-metal mounting systems. 
Engineered with careful understanding of the equipment to be 
protected and performance expected, Robinson mounting systems 
come to you completely manufactured, ready to receive the elec· 
tronic equipment or instrument. 

The integration of these mounting systems into the electronic 
equipment of aircraft and missiles results in reduction of elapsed 
design time and basic development cost. 

Robinson Mountings utilize, as main resilient elements, metal 
wire cushions (MET-L-FLEX), exclusive with Robinson. This 
construction has been thoroughly proven by years of use in nearly 
all military and commercial aircraft. 

Some other important characteristics of Robinson Mountings: 
inherent high damping, non-linear spring rate, performance 
unaffected by grease, oil, water, dust, extreme temperatures or 
environmental changes. 

For full information about this new concept of 
vibration and shock control, write or wire today. 

West Coast Engineering Office: 
3006 Wilshire Boulevard, Santa Monica, California 
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TOTA L ENERGY of a magnetic structure is made up of the energy stored in the external 
fields, in the domain walls and in magnetic distortion of the material. The arrangement at 
the lower right is the compromise among all these forms which gives the smallest total. 

NATURE'S ARRANGEMENT of magnetic domains is the one that involves the smallest 
possible energy. Photographs of actual domain structures snch as this one show that they 
resemble closely the optimnm theoretical configuration illustrated at the top of the page. 
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single domains, because they are smaller 
than the thickness of a wall between do
mains. As we have seen, domains prefer 
to be magnetized in certain directions
six directions in the case of iron and two 
in the case of cobalt. They may be 
aligned in less stable directions by the 
shifting of domain walls, but when the 
particles are small enough to be single 
domains without walls, it takes a much 
stronger magnetic field to change their 
direction. This tenacity is just what is re
quired of a so-called permanent magnet. 

Some small-particle magnets are made 
of very fine powders pressed into desired 
sizes and shapes. The best magnets man
ufactured today, however, are alloys in 
which nature forms the fine particles. 
When certain amounts of iron, cobalt. 
nickel, aluminum and copper are cast in
to an alloy, tiny domains are isolated 
from one another by thin films of some
what different composition. 

The theoretical work on domain struc
tures suggests that there is still a good 
deal of room for improvement of powder 
magnets. For example, much stronger 
and better permanent magnets will be 
made when a way is discovered of form
ing particles of iron in needle shape and 
packing them parallel in tight bundles 
approaching the density of solid iron. 

The ferrites, iron oxides combined with 
oxides of other metals, offer a great 

advantage over simple metals as a 
magnetiC material. Not only do they 
make very powerful magnets, but as 
oxides they have extremely high elec
trical resistivity. This property is impor
tant in an application such as the 
magnetic core of a transformer. In a 
transformer the alternating magnetic 
field from the primary coil produces 
eddy currents in the core which waste 
power. If the core can be made of a ma
terial with high electrical resistance, the 
eddy currents are minimized. The fer
rites answered this need: their resistivity 
is more than a million times as great as 
that of the best material previously avail
able. 

In the field of communications, where 
. the transmission of energy at high fre
quencies requires a great deal of power, 
ferrite magnets have already begun to 
replace other types. They are being 
manufactured in increasing quantities 
for use in radio, television and other in
struments of communication. 

It was the theoretical work on magnet
ism that suggested the possibility of 
making magnets from metallic oxides. 
The ferrites were first developed in the 
Netherlands during \\Torld War II; some 
of the work was done by Dutch physi-
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FIRST SECOND THIRD BOHR 
IONS SPIN SHELL SHELL SHELL MAGNETONS 

Fe+++ + 1 1,3 1,3,5 
1 1,3 5 - 1,3,0 

Mn++ + 1 1,3 1.3,5 
5 - 1 1,3 1,3,0 

Fe++ + 1 1,3 1,3,5 
4 - 1 1,3 1,3,1 

Co++ + 1 1,3 1,3,5 3 - 1 1,3 1,3,2 

Ni++ + 1 1,3 1.3,5 2 - 1 1,3 1,3,3 

Cu++ + 1 1,3 1,3,5 
1 - 1 1,3 1,3,4 

Zn++ 
+ 1 1,3 1,3,5 

0 - 1 1,3 1,3,5 

MAGNETIC CONTRIBUTIONS of the ions which make up various ferrites can be easily 
computed from the electronic shell structure. The table above summarizes the information. 

cists under the unsuspecting eyes of the 
Germans, who were in control of the 
laboratories. 

The theory of ferrite magnets was 
suggested by the French physicist Louis 
Neel. When iron oxide (Fe20a) is com
bined with nickel oxide, it forms a nickel 
ferrite whose formula can be written 
NiFe204' The oxygen atoms, being the 
bulkiest, form the framework of the 
solid structure; they are piled together 
like billiard balls, and the more compact 
nickel and iron atoms are tucked away 
in holes between them. In some holes a 
metal atom has four equidistant neigh. 
bors; in others it has six. These have been 
named respectively the A and B posi
tions. In nickel ferrite half of the iron 
atoms are in the A positions and the 
other half in B positions; all of the nickel 
atoms are in B positions. 

Now Neel suggested that the atoms in 
the A and B positions were magnetically 
opposed; that is, the magnetism of A 
atoms pointed in one direction and that 
of B atoms in the opposite direction. U s
ing arrows to indicate the magnetic di
rections, we can picture the molecule 
schematically as follows: 

A B 
Fe+++ (NiH Fe+++) 04--
---+ +-- +--

The signs next to the metal atoms 
show that the iron atoms have a triple 

positive charge (they have given three 
outer electrons to the oxygen atoms), 
and the nickel atoms are doubly ionized. 
The magnetisms of the two iron ions 
cancel each other. Consequently the net 
magnetism of the whole molecule is 
simply that of the nickel ion. The 
strength of this magnetism can easily be 
deduced from an analysis of the nickel 
atom's electronic shell structure. It 
amounts to two electronic units, or two 
Bohr magnetons. 

Similarly we can calculate the theo
retical net magnetisms of other ferrites, 
those of manganese, cobalt, copper, zinc 
and doubly ionized iron [see table 
above]. The magnetisms of the metal 
ions range from Rve Bohr magnetons 
down to zero for zinc, which must there
fore be nonmagnetic. Actual measure
ments of the molecular magnetisms of 
the various ferrites come close to the pre
dicted values, showing that the theory is 
substantially correct. 

Ferrite magnets are made by powder-
ing the oxides, pressing the powder to 

the required shape and Rring it. The 
magnet is hard, strong and refractory to 
heat. The technology of these magnets 
is just beginning, but it is developing 
rapidly. As answers come to the many 
still unanswered questions about the 
nature of magnetism, it may soon be 
possible to make magnets of still un
dreamed-of properties. 
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RICKETTSIAE 
These microorganIsn1s cause epidel11ic typhus and other senous 

infectious diseases. They intrigue the 
of their evolutionary position bet,veen 

microbiologist because 

the VIruses and bacteria 

R
'ckettsiae are of interest not only as 

a major cause of human disease 
but also as a new kind of organism 

for biologists to study. They are in the 
realm of life between the bacteria and 
the viruses: like viruses they are para
sites that can multiply only within a liv
ing host cell, but in size, complexity and 
metabolic powers they approach the 
free-living bacteria. Where do they fit 
into the scheme of evolution? Can they 
tell us anything about the origin of 
viruses and of bacteria? 

One rickettsial disease, epidemic 
typhus, has been for centuries a great 
scourge of mankind. It has been closely 
associated with wars and the attendant 
human wretchedness, as attested by 
some of its names-jail fever, camp fever, 
hospital fever. The disease was first 

by Marianna R. Bovarnick 

recognized during the 15th-century wars 
of Granada in Spain. Afterward it swept 
over the entire continent of Europe. 
Hans Zinsser credits epidemic typhus 
with determining the outcome of at least 
one war: in the 16th century it defeated 
the attempt of Francis I to wrest Italy 
and the papal power from the grasp of 
Charles V, ruler of Spain. During the 
wars of succeeding centuries, typhus fre
quently killed more people than actual 
combat. As recently as World War I it 
wrought havoc in parts of Eastern Eu
rope; immediately after that war it af
flicted some 30 million in Russia and 
killed three million. During World War 
II outbreaks of typhus occurred in the 
Mediterranean area, in German prison 
camps and in the Far East; there was a 
severe epidemic of some 26,000 cases 

EGG IS CANDLED to detet'mine the condition of the chick embryo inside, which has been 
inoculated with the rickettsiae of epidemic typhus. The circulatory system is visible within. 
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shortly after the war in Japan and Korea. 
But the disease is so well understood 
today that it need no longer take any 
such toll of death as in the past. 

Besides epidemic typhus the rickett-
sial diseases include Rocky Mountain 

spotted fever, scrub typhus and murine 
typhus. All of these diseases are charac
terized by a rash and a fever. Scrub 
typhus, or tsutsugamushi disease, found 
in Japan and other parts of the Pacific, 
created a considerable military problem 
during World 'Var II until methods were 
worked out for its prevention and treat
ment. Murine typhus, which occurs in 
many parts of the world including the 
U. S., is comparatively mild but closely 
related to epidemic typhus; an attack by 
one confers immunity after recovery 
against both. 

The infectious rickettsia is transmitted 
by an insect carrier. The first to dis
cover this was the French bacteriologist 
Charles Nicolle, who found that epi
demic typhus was carried from person 
to person by the louse. Not long after
ward it was demonstrated that Rocky 
Mountain spotted fever was transmitted 
to man by ticks, which are not only the 
carriers but also the natural reservoir of 
the microorganism. The natural hosts of 
scrub typhus and murine typhus proved 
to be rats and field mice; scrub typhus 
is carried to man by mites and murine 
typhus by the rat louse. 

The discovery that lice transmit epi
demic typhus made it easy to understand 
why the disease spread like wildfire in 
times when everyone from the highest 
to the lowest wore one set of clothing 
day and night without change all winter. 
But it was not so easy to understand why 
the disease persisted from one great epi
demic to another in the absence of any 
apparen t reservoir. Since the infection is 
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inevitably fatal for the louse, one would 
suppose that the disease should disap
pear after an epidemic had subsided and 
the infected lice had died off. What was 
the reservoir that preserved the infective 
agent? This puzzle was solved after Dr. 
Nathan E. Brill of New York City ob
served sporadic cases of a relatively mild 
disease similar to typhus in patients who 
had had no recent contact with lice. Epi
demic typhus had never been found in 
New York. Zinsser, studying the records, 
noted that most of the patients with 
Brill's disease, as it came to be known, 
were immigrants from Eastern Europe. 
He suggested that they may have had at
tacks of epidemic typhus in the old coun
try and that the disease may have re
turned because the patients had pre
served the rickettsiae in some quiescent 
state in their own tissues. Recent studies 
by E. S. Murray and J. C. Snyder have 
shown that lice fed upon such patients 
become infected by rickettsiae indistin
guishable from epidemic typhus strains. 

The rickettsiae themselves were iden
tified early in this century. The epidemic 
typhus organism was seen under the 
microscope in stained smears of the in
testines of infected lice. It was called 
Rickettsiae pl'Owazeki in honor, of the 
first two investigators who described it, 
Howard T. Ricketts and Stanislas von 
Prowazek, both of whom died of typhus 
contracted during their studies. 

Preventive vaccines against rickettsial 
diseases were eventually prepared, at 
first from infected lice and later from 
cultures of rickettsiae grown in the yolk 
sacs of chick embryos. These vaccines, 
consisting of killed organisms, reduce the 
mortality from rickettsial infections prac
tically to zero. Moreover, there are now 
several antibiotics-aureomycin, chlor
amphenicol and terramycin-which are 
extremely effective against the rickettsial 
diseases. 

Interest is now concentrated on the 
nature and behavior of the organisms. 
Several methods for quantitative assay of 
their multiplication and virulence in ani
mals have been developed. These usually 
take longer than similar work with virus
es or bacteria, because the rickettsiae 
grow rather slowly. There is one rapid 
method, however, in the case of the 
typhus strains. Injection of a high con
centration of typhus rickettsiae into the 
tail vein of a mouse kills the animal 
within a few hours. Apparently the quick 
death is due not to overwhelming multi
plication of the rickettsiae, but to a toxin. 
This toxin has so far defied isolation from 
the organisms, but its existence has been 
virtually demonstrated by the fact that 

EGG IS INOCULATED with the rickettsiae of murine typhus by pushing the needle of a 
syringe into the yolk sac of the fertilized egg. Rickettsiae can grow only in living cells. 

RICKETTSIAE ARE HARVESTED by removing the yolk sac from the egg. The yolk is 
then ground and refrigerated at minus 94 degrees Fahrenheit. This embryo is 15 days old. 

biological inactivation of the rickettsiae 
by ultraviolet irradiation does not reduce 
their toxicity to the mice. 

O
ne important issue in biology on 

which the rickettsiae may shed 
light is this: Are viruses aberrant deriva
tives from cells or are they degenerate 
end-products of an evolution from some 
higher form? According to the first theo
ly, the viruses originally evolved from 
some portion of living host cells, perhaps 
the genes. According to the second, they 
evolved from more complex microorgan
isms, perhaps bacteria; in the process 
they lost all the metabolic abilities of 

. bacteria and became completely depend
ent upon the cells they invade for all the 
reactions and chemical syntheses neces
sary for their reproduction. Now in 
rickettsiae we seem to have a link be
tween viruses and bacteria: like the 
viruses they can grow only in living 
cells, but they also appear to have some 
of the metabolic capabilities of bacteria. 

To investigate the metabolic activities 
of rickettsiae we had to find a way of 
keeping these highly unstable organisms 
alive and active outside their host cells. 
Our study of the factors affecting the 
stability of typhus rickettsiae led to the 
discovery of several interesting facts con-
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POLIOMYELITIS VIRUS 12 . 

INFLUENZA VIRUS 100 0 

PSITTACOSIS VIRUS 400 0 

SCRUB TYPHUS RICKETTSIAE 300 x 400 0 

EPIDEMIC TYPHUS RICKETTSIAE 300 x 1000 I I 

STAPHYLOCOCCUS AUREUS 900 0 
BACTERIUM COLI 600 x 2500 I I 

SIZES of some viruses, rickellsiae and bacteria are compared. The rickellsiae are of interme. 
diate size. The dimensions of the various bodies (center column) are given in millimicrons. 

cerning their biochemical capability. 
In these experiments rickettsiae were 

incubated for a specified time at 93 de
grees Fahrenheit in various nutrient so
lutions and then assayed for the relative 
numbers remaining. In a nutrient broth 
in which bacteria thrive, the rickettsiae 
lost all activity within a few hours. But 
they survived moderately well for sev
eral hours in relatively simple salt solu
tions similar to the fluids in the cells of 
an animal's body. The first studies also 
disclosed that the vitality of rickettsiae, 
as measured by their infectivity, was 

markedly increased if glutamic acid, an 
amino acid, was added to the salt solu
tion. Follow-up tests soon showed that 
the organisms could metabolize glutamic 
acid. They also proved capable of oxidiz
ing slowly two other substances, pyru
vate and succinate, which, like glutamic 
acid, are oxidized by most animal and 
plant tissues. Of many substances tried, 
these three were the only ones typhus 
rickettsiae could utilize in any signifi
cant amount. However, W. H. Price of 
the Johns Hopkins University School of 
Hygiene and Public Health has re-

cently found that spotted fever rickett
siae can oxidize three other substances: 
ketoglutarate, fumarate and oxaloace
tate. 

All of these compounds are partici
pants in the well-known citric acid cycle 
of reactions. This cycle is carried out by 
mitochondria, small particles in the cells 
of animals. In the final stages of the cy
cle the mitochondria take up inorganic 
phosphate to form the energy-rich COtTle 
pound adenosine triphosphate (ATP), 
which supplies the energy for many ac
tivities of animal cells. Now there are 
indications that the entire citric acid 
cycle may also take place in rickettsiae. 
For example, their oxidation of glutamic 
acid is dependent on the presence of in
organic phosphate, although it has not 
been possible to show that they convert 
the inorganic phosphate to ATP during 
these oxidations. The difficulty in these 
investigations lies mainly in the fact that 
no one has yet succeeded in preparing 
active extracts of rickettsiae that retain 
their enzymatic activity. 

T he similarity of rickettsiae to mito-
chondria emerged in another highly 

interesting series of experiments. We 
tested the behavior of the organisms to
ward coenzymes, the smaller partners 
whose cooperation many enzymes re
quire to carry out their functions as 
catalysts. It turned out that the rickett
siae very definitely used the coenzymes 
known as DPN (diphosphopyridine nu
cleotide) and coenzyme A, both of 
which are essential for many oxidation 
reactions in animal cells. In further ex
periments it also developed that these 
two coenzymes had a remarkable ability 
to restore rickettsiae that had been in
activated by freezing to minus 94 de-

ELECTRON MICROGRAPHS show rickellsiae of epidemic typhus 
(left), mUl'ine typhus (center) and Rocky Mountain spOILed fever. 

They were published in 1943 in The Journal of Experimental Medi. 
cine by T. F. Anderson, L. A. Chambers, H. Plotz and J. E. Smadel. 
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AUTOMATIC CONTROLS 

MEDICAL RESEARCH 
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grees Fahrenheit. Ordinarily such rick
ettsiae, when thawed, show a loss of 
nearly all their infectivity. But when in
cubated with DPN and coenzyme A for 
a few hours at 93 degrees F., they re
gained a large proportion of the original 
activity; the gain often amounted to as 
much as lO-fold. 

The most probable explanation was 
that the rickettsiae normally contain 
these coenzymes but lose them through 
the cell membrane when the membrane 
is damaged by freezing. Further experi
ments involving analysis of extracts of 
the rickettsiae for DPN showed that this 
was indeed the case. 

That rickettsiae should require DPN 
for oxidation was not surprising, since 
it is necessary for so many oxidative re
actions in other cells. That the organ
isms' infectivity also should depend 
upon the presence of DPN did seem 
surprising, because any host cell could 
supply them with that substance. Pos
sibly the explanation is that rickettsiae 
need DPN to penetrate into the host 
cells. 

A quite different type of reve.sible 
change has been observed in spotted 
fever rickettsiae. Ticks infected with a 
virulent strain of this rickettsia usually 
kill from 25 to 50 per cent of guinea pigs 
into which they are inoculated. The 
rickettsiae lose this lethal power if the 
infected ticks are kept for several months 
in a refrigerator, though guinea pigs in
oculated with them do become immune. 
However, the refrigerated organisms re
gain the ability to produce severe disease 
in guinea pigs if they are warmed for 
several days at 93 degrees F. Price has 
recently shown experimentally that re
frigerated rickettsiae retain their infec
tivity for eggs while they lack infectivity 
for guinea pigs. 

These findings recall the cases of the 
patients with Brill's disease, who ap
parently harbored quiescent typhus 
rickettsiae in their tissues for years. 
It is tempting to speculate that, just 
as the loss of DPN deprives the rick
ettsia of all activity, the loss of some 
other substance may strip it of part of 
its capacities, such as the ability to pen
etrate or to multiply in some of its usual 
host cells. 

From the microbiologist's point of 
view the most interesting fact is that 
mitochondria show the same elements 
of behavior as rickettsiae on freezing. 
Mitochondria that have been frozen in 
a salt medium no longer can carry on 
their usual oxidations. Addition of DPN 
restores at least a part of their original 
activity; and it has been shown that they 
also normally contain bound DPN, 
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which escapes on freezing. Moreover, 
both rickettsiae and mitochondria can 
be protected against loss of their activ
ity by the addition of sucrose to the 
liquid in which they are frozen. 

T he Similarity between mitochondria 
and rickettsiae, both in their bio

chemistry and in their appearance, sug
gests that the rickettsiae might have 
evolved from the mitochondria. But this 
seems doubtful. It is known that the 
rickettsiae contain desoxyribonucleic 
acid, which is not found in the mito
chondria. The mitochondria can oxidize 
many substances, in particular fatty 
acids, which typhus rickettsiae appar
ently cannot. 

If rickettsiae evolved from mitochon
dria, and viruses from genes, there 
should be sharp lines of demarcation be
tween bacteria, rickettsiae and viruses, 
corresponding to the distinctions that 
exist between cells, mitochondria and 
genes. The contrary is the fact: there 
appears to be a continuous gradation in 
size and chemical complexity from the 
smallest through the largest viruses and 
on through the rickettsiae and the bac
teria. The bacteria themselves have a 
wide spectrum of growth requirements, 
ranging from just inorganic salts to 
growth factors even more complex than 
the higher animals require. 

The more attractive hypothesis is that 
first the rickettsiae, then the viruses, 
evolved gradually from the bacteria by 
increasing loss of the enzymes necessary 
for functions rendered superfluous by 
development of a parasitic mode of ex
istence. As they evolved they borrowed 
more and more of the enzymatic appa
ratus of their host cells, until for many 
viruses the host cell appears to pro
vide all of the reactions for multiplica
tion. 

The chief distinctions between rickett
siae and bacteria are far from complete
ly clear cut. Some organisms fully as 
complex as the bacteria, such as the 
malaria parasites, can grow only in living 
cells. On the other hand, at least one 
virus, the influenza virus, can carry out 
a chemical reaction: it catalyzes a cleav
age of a complex compound in the mem
brane of the cells that it invades. It seems 
probable to the author that the distinc
tions between bacteria, rickettsiae and 
viruses as types of organisms may disap
pear as more is learned about them; that 
some of the reactions which take place 
in rickettsiae may be found in the large 
viruses, and that it may prove possible 
to grow rickettsiae outside a living cell 
by supplying them with the necessary 
complex molecules. 
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Projective Geometry 

Renaissance painters created it to represent three-dimensional 

reality In two dimensions. Their invention finally transcended 

Euclidean geolnetlY and today fonns an integral part of physics 

In the house of mathematics there are 
many mansions and of these the 
most elegant is projective geometry. 

The beauty of its concepts, the logical 
perfection of its structure and its funda
mental role in geometry recommend the 
subject to every student of mathematics. 

Projective geometry had its origins in 
the work of the Renaissance artists. 
Medieval painters had been content to 
express themselves in symbolic terms. 
They portrayed people and objects in a 
highly stylized manner, usually on a gold 
background, as if to emphasize that the 
subject of the painting, generally re
ligious, had no connection with the real 
world. An excellent example, regarded 
by critics as the flower of medieval 
painting, is Simone Martini's "The An
nunciation." With the Renaissance came 
not only a desire to paint realistically but 

by Morris Kline 

also a revival of the Greek doctrine that 
the essence of nature is mathematical 
law. Renaissance painters struggled for 
over a hundred years to find a mathe
matical scheme which would enable 
them to depict the three-dimensional 
real world on a two-dimensional canvas. 
Since many of the Renaissance painters 
were architects and engineers as well as 
artists, they eventually succeeded in 
their objective. To see how well they 
succeeded one need only compare Leo
nardo da Vinci's "Last Supper" with 
Martini's, "Annunciation" [see opposite 
page]. 

The key to three-dimensional repre
sentation was found in what is known as 
the principle of projection and section. 
The Renaissance painter imagined that a 
ray of light proceeded from each point in 
the scene he was painting to one eye. 

This collection of converging lines he 
called a projection. He then imagined 
that his canvas was a glass screen inter
posed between the scene and the eye. 
The collection of points where the lines 
of the projection intersected the glass 
screen was a "section." To achieve real
ism the painter had to reproduce on can
vas the section that appeared on the 
glass screen. 

Two woodcuts by the German painter 
Albrecht Diirer illustrate this principle 
of projection and section [see below]. 
In "The Designer of the Sitting Man" the 
artist is about to mark on a glass screen 
a point where one of the light rays from 
the scene to the artist's eye intersects the 
screen. The second woodcut, "The De
signer of the Lute," shows the section 
marked out on the glass screen. 

Of course the section depends not only 

WOODCUTS by Albrecht Diirer illustrate the principle of projec. 
tion and section. In the first woodcut the artist is about to mark 

the point at which a light ray from the scene to his eye intersects 
a glass screen. In the second a scene is marked out on the screen. 
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upon where the artist stands but also 
where the glass screen is placed between 
the eye and the scene. But this just 
means that there can be many different 
portrayals of the same scene. What mat
ters is that, when he has chosen his scene, 
his position and the position of the glass 
screen, the painter's task is to put on 
canvas precisely what the section con
tains. Since the artist's canvas is not 
transparent and since the scenes he 
paints sometimes exist only in his imagi
nation, the Renaissance artists had to 
derive theorems which would specify 
exactly how a scene would appear on the 
imaginary glass screen (the location, 
sizes and shapes of objects) so that it 
could be put on canvas. 

The theorems they deduced raised 
questions which proved to be momen
tous for mathematics. Professional 
mathematicians took over the investiga
tion of these questions and developed a 
geometry of great generality and power. 
Let us trace its development. 

Suppose that a square is viewed from a 
point somewhat to the side [Figure 

1J. On a glass screen interposed between 
the eye and the square, a section of its 
projection is not a square but some other 
quadrilateral. Thus square floor tiles, for 
instance, are not drawn square in a 
painting. A change in the position of 
the screen changes the shape of the 
section, but so long as the position of 
the viewer is kept fixed, the impression 
created by the section on the eye is the 
same. Likewise various sections of the 
projection of a circle viewed from a fixed 
position differ considerably-they may 
be more or less flattened ellipses-but the 
impression created by all these sections 
on the eye will still be that created by 
the original circle at that fixed position. 

To the intellectually curious mathe
maticians this phenomenon raised a 
question: Should not the various sections 
presenting the same impression to the 
eye have some geometrical properties in 
common? For that matter, should not 
sections of an object viewed from differ
ent positions also have some properties 
in common, since they all derive from 
the same object? In other words, the 
mathematicians were stimulated to seek 
geometrical properties common to all 
sections of the same projection and to 
sections of two different projections of a 
given scene. This problem is essentially 
the one that has been the chief concern 
of projective geometers in their develop
ment of the subject. 

It is evident that, just as the shape of 
a square or a circle varies in different 

THE ANNUNCIATION by Simone Martini is an outstanding example of the flat, stylized 
painting of the medieval artists. The figures were symbolic and framed in a gold background. 

THE LAST SUPPER by Leonardo da Vinci utilized projective geometry to create the illu
sion of three dimensions. Lines have been drawn on this reproduction to a point at infinity. 

DRAWING by da Vinci, made as a study for his painting "The Adoration of the Magi," shows 
how he painstakingly projected the geometry of the entire scene before he actually painted it. 
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sections of the same projection or in dif
ferent projections of the figure, so also 
will the length of a line segment, the 
size of an angle or the size of an area. 
More than that, lines which are parallel 
in a physical scene are not parallel in a 
painting of it but meet in one point; see, 
for example, the lines of the ceiling 

Figure 1 (see text) 

o 

T 

Figure 2 

Figure 3 
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beams in da Vinci's "Last Supper." In 
other words, the study of properties 
common to the various sections of pro
jections of an object does not seem to lie 
within the province of ordinary Eu
clidean geometry. 

Yet some rather simple properties that 
do carry over from section to section can 
at once be discerned. For example, a 
straight line will remain a line (that is, it 
will not become a curve) in all sections 
of all projections of it; a triangle will 
remain a triangle; a quadrilateral will 
remain a quadrilateral. This is not only 
intuitively evident but easily proved by 
Euclidean geometry. However, the dis
covery of these few fixed properties 
hardly elates the finder or adds ap
preciably to the structure and power of 
mathematics. Much deeper insight was 
required to obtain significant properties 
common to different sections. 

The first man to supply such insight 
was Gerard Desargues, the self-edu

cated architect and engineer who worked 
during the first half of the 17th century. 
Desargues's motivation was to help the 
artists; his interest in art even extended 
to writing a book on how to teach chil
dren to sing well. He sought to combine 
the many theorems on perspective in a 
compact form, and he invented a special 
terminology which he thought would be 
more comprehensible than the usual lan
guage of mathematics. 

His chief result, still known as De
sargues's theorem and still fundamental 
in the subject of projective geometry, 
states a significant property common to 
two sections of the same projection of a 
triangle. Desargues considered the situa
tion represented here by two different 
sections of the projection of a triangle 
from the pomt 0 [Figure 2]. The rela
tionship of the two triangles is described 
by saying that they are perspective from 
the point O. Desargues then asserted 
that each pair of corresponding sides of 
these two triangles will meet in a point, 
and, most important, these three points 
will lie on one straight line. With refer
ence to the figure, the assertion is that 
AB and A'B' meet in the point R; AC 

and A'C' meet in S; BC and B'C' meet 
in T; and that R, S and T lie on one 
straight line. While in the case stated 
here the two triangle sections are in dif
ferent planes, Desargues's assertion holds 
even if triangles ABC and A'B'C' are in 
the same plane, e.g., the plane of this 
paper, though the proof of the theorem 
is different in the latter case. 

The reader may be troubled about the 
assertion in Desargues's theorem that 
each pair of corresponding sides of the 

two triangles must meet in a point. He 
may ask: What about a case in which 
the sides happen to be parallel? De
sargues disposed of such cases by invok
ing the mathematical convention that 
any set of parallel lines is to be regarded 
as having a point in common, which the 
student is often advised to think of as 
being at infinit�'-a bit of advice which 
essentially amounts to answering a ques
tion by not answering it. However, 
whether or not one can visualize this 
point at infinity is immaterial. It is logi
call:>' possible to agree that parallel lines 
are to be regarded as having a point in 
common, which pOint is to be distinct 
from the usual, finitely located points of 
the lines considered in Euclidean geome
try. In addition, it is agreed in projective 
geometry that all the intersection points 
of the different sets of parallel lines in a 
given plane lie on one line, sometimes 
called the line at infinity. Hence even if 
each of the three pairs of corresponding 
sides of the triangles involved in De
sargues's theorem should consist of paral
lei lines, it would follow from our agree
ments that the three points of intersec
tion lie on one line, the line at infinity. 

These conventions or agreements not 
only are logically justifiable but also are 
recommended by the argument that 
projective geometry is concerned with 
problems which arise from the phenom
enon of vision, and we never actually see 
parallel lines, as the familiar example of 
the apparently converging railroad tracks 
remind us. Indeed, the property of 
parallelism plays no role in projective 
geometry. 

At the age of 16 the precocious French 
mathematician and philosopher Blaise 
Pascal, a contemporary of Desargues, 
formulated another major theorem in 
projective geometry. Pascal asserted that 
if the opposite sides of any hexagon in
scribed in a circle are prolonged, the 
three points at which the extended pairs 
of lines meet will lie on a straight line 
[Figure 3]. 

As stated, Pascal's theorem seems to 
have no bearing on the subject of projec
tion and section. However, let us visual
ize a projection of the figure involved in 
Pascal's theorem and then visualize a 
section of this projection [Figure 4]. The 
projection of the circle is a cone, and in 
general a section of this cone will not be 
a circle but an ellipse, a hyperbola, or a 
parabola-that is, one of the curves 
usually called a conic section. In any 
conic section the hexagon in the original 
circle will give rise to a corresponding 
hexagon. Now Pascal's theorem asserts 
that the pairs of opposite sides of the 
new hexagon will meet on one straight 
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o sargues's major work. In the meantime 
most of Desargues's and Pascal's discov
eries had had to be remade independent
ly by 19th-century geometers. 

Projective geometry was revived 
through a series of accidents and events 
almost as striking as those that had origi
nally given rise to the subject. Gaspard 
Monge, the inventor of descriptive ge-

11::::=����.---l\-----::1'IP ometry, which uses projection and sec
tion, gathered about him at the Ecole 
Poly technique a host of bright pupils, 
among them Sadi Carnot and Jean 
Poncelet. These men were greatly im
pressed by Monge's geometry. Pure 
geometry had been eclipsed for almost 
200 years by the algebraic or analytic 
geometry of Descartes. They set out to 
show that purely geometric methods 
could accomplish more than Descartes's. 

Q 

Figure 4 

line which corresponds to the line de
rived from the original figure. Thus the 
theorem states a property of a circle 
which continues to hold in any section of 
any projection of that circle. It is indeed 
a theorem of projective geometry. 

I t would be pleasant to relate that the 
theorems of Desargues and Pascal 

were immediately appreciated by their 
fellow mathematicians and that the po
tentialities in their methods and ideas 
were eagerly seized upon and further de
veloped. Actually this pleasure is denied 
us. Perhaps Desargues's novel termi
nology bafRed mathematicians of his 
day, just as many people today are 
bafRed and repelled by the language of 
mathematics. At any rate, all of De
sargues's colleagues except Rene Des
cartes exhibited the usual reaction to 
radical ideas: they called Desargues 
crazy and dismissed projective geometry. 
Desargues himself became discouraged 
and returned to the practice of architec
ture and engineering. Every printed 
copy of Desargues's book, originally pub
lished in 1639, was lost. Pascal's work on 
conics and his other work on projective 
geometry, published in 1640, also were 
forgotten. Fortunately a pupil of De
sargues, Philippe de la Hire, made a 
manuscript copy of Desargues's book. In 
the 19th century this copy was picked up 
by accident in a bookshop by the ge
ometer Michel Chasles, and thereby the 
world learned the full extent of De-

It was Poncelet who revived projec
tive geometry. As an officer in Napoleon's 
army during the invasion of Russia, he 
was captured and spent the year 1813-
14 in a Russian prison. There Poncelet 
reconstructed, without the aid of any 
books, all that he had learned from 
Monge and Carnot, and he then proceed
ed to create new results in projective 
geometry. He was perhaps the first 
mathematician to appreciate fully that 
this subject was indeed a totally new 
branch of mathematics. After he had re
opened the subject, a whole group of 
French and, later, German mathemati
cians went on to develop it intensively. 

One of the foundations on which they 
built was a concept whose importance 
had not previously been appreciated. 
Consider a section of the projection of a 
line divided by four points [Figure 5]. 
Obviously the segments of the line in the 
section are not equal in length to those 
of the original line. One might venture 
that perhaps the ratio of two segments, 
say A'C' /B'C', would equal the cor
responding ratio AC/BC. This conjec
ture is· incorrect. But the surprising fact 
is that the ratio of the ratios, namely 
(A'C'/C'B')/(A'D'/D'B'), will equal 
(AC/CB)/(AD/DB). Thus this ratio 
of ratios, or cross ratio as it is called, is a 
projective invariant. It is necessary to 

. note only that the lengths involved must 
be directed lengths; that is, if the direc
tion from A to D is positive, then the 
length AD is positive but the length DB 

must be taken as negative. 
The fact that any line intersecting the 

four lines OA, OB, OC and OD contains 
segments possessing the same cross ratio 
as the original segments suggests that 
we assign to the four projection lines 
meeting in the point 0 a particular cross 
ratio, namely the cross ratio of the seg
ments on any section. Moreover, the 
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cross ratio of the four lines is a projective 
invariant, that is, if a projection of these 
four lines is formed and a section made 
of this projection, the section will con
tain four concurrent lines whose cross 
ratio is the same as that of the original 
four [Figu1"e 6]. Here in the section 
0' A'B'C'D', formed in the projection of 
the figure OABCD from the point 0", 
the four lines O'A', O'B', O'C' and O'D' 
have the same cross ratio as OA, OB, 
OC and OD. 

The projective in variance of cross ratio 
was put to extensive use by the 19th

century geometers. We noted earlier in 
connection with Pascal's theorem that 
under projection and section a circle may 
become an ellipse, a hyperbola or a pa
rabola, that is, any one of the conic sec
tions. The geometers sought some com
mon property which would account for 
the fact that a conic section always gave 
rise to a conic section, and they found 
the answer in telms of cross ratio. Given 
the points 0, A, B, C, D, and a sixth 
point P on a conic section containing the 
others [Figure 7], then a remarkable 
theorem of projective geometry states 
that the lines P A, PB, PC and PD have 
the same cross ratio as OA, OB, OC and 
OD. Conversely, if P is any point such 
that PA, PB, PC, and PD have the same 
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cross ratio as OA, OB, OC and OD, then 
P must lie on the conic through 0, A, B, 
C and D. The essential point of this 
theorem and its converse is that a conic 
section is detelmined by the property of 
cross ratio. This new characterization 
of a conic was most welcome, not only 
because it utilized a projective property 
but also because it opened up a whole 
new line of investigation on the theory 
of conics. 

The satisfying accomplishments of 
projective geometry were capped by the 
discovery of one of the most beautiful 
principles of all mathematics-the prin
ciple of duality. It is true in projective 
geometry, as in Euclidean geometry, 
that any two points determine one line, 
or as we prefer to put it, any two points 
lie on one line. But it is also true in pro
jective geometry that any two lines de
termine, or lie on, one point. (The reader 
who has refused to accept the convention 
that parallel lines in Euclid's sense are 
also to be regarded as having a point in 
common will have to forego the next few 
paragraphs and pay for his stubborn
ness.) It will be noted that the second 
statement can be obtained from the first 
merely by interchanging the words point 
and line. We say in projective geomeb'y 
that we have dualized the original state
ment. Thus we can speak not only of a 
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Figure 9 

Figure'i 

set of points on a line but also of a set of 
lines on a point [Figure 8]. Likewise the 
dual of the figure consisting of four 
points no three of which lie on the same 
line is a figure of four lines no three of 
which lie on the same point [Figure 9]. 

Let us attempt this rephrasing for a 
slightly more complicated figure. A 
triangle consists of three points not all on 
the same line and the lines joining these 
points. The dual statement would read: 
three lines not all on the same point and 
the points joining them (that is, the 
points in which the lines intersect). The 
figure we get by rephrasing the defini
tion of a triangle is again a triangle, and 
so the triangle is called self -d ual. 

Now let us rephrase Desargues's 
theorem in dual terms, using the fact 
that the dual of a triangle is a triangle 
and assuming in this case that the two 
triangles and the point 0 lie in one 
plane. The theorem says: 

"If we have two triangles such that 
lines joining corresponding vertices pass 
through one point 0, then the pairs of 
corresponding sides of the two triangles 
join in three points lying on one straight 
line." 

Its dual reads: 
"If we have two triangles such that 

pOints which are the joins of correspond
ing sides lie on one line 0, then the pairs 

Figure 10 
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of corresponding vertices of the two 
triangles are joined by three lines lying 
on one point." 

We see that the dual statement is real
ly the converse of Desargues's theorem, 
that is, it is the result of interchanging 
his hypothesis with his conclusion. 
Hence by interchanging point and line 
we have discovered the statement of a 
new theorem. It would be too much to 
ask that the proof of the new theorem 
should be obtainable from the proof of 
the old one by interchanging point and 
line. But if it is too much to ask, the gods 
have been generous beyond our merits, 
for the new proof can be obtained in 
precisely this way. 

Projective geometry also deals with 
curves. How should one dualize a 

statement involving curves? The clue lies 
in the fact that a curve is after all but a 
collection of points; we may think of 
a figure dual to a given curve as a col
lection of lines. And indeed a collec
tion of lines which satisfies the condi
tion dual to that satisfied by a conic 
section turns out to be the set of tan
gents to that curve [Figure 10]. If the 
conic section is a circle, the dual figure 
is the collection of tangents to the circle 
[Figure 11]. This collection of tangents 
suggests the circle as well as does the 
usual collection of points, and we shall 
call the collection of tangents the line 
circle. 

Let us now dualize Pascal's theorem 
on the hexagon in a circle. His theorem 
goes; 

"If we take six points, A, B, C, D, E 
and F, on the point circle, then the lines' 
which join A and Band D and E join 
in a point P; the lines which join Band 
C and E and F join in a point Q; the 
lines which join C and D and F and A 

join in a point R. The three points P, Q 
and R lie on one line I." 

Its dual reads; 
"If we take six lines, a, b, c, d, e and 

t, on the line circle, then the points 

Figure 11 

which join a and band d and e are 
joined by the line p; the points which 
join b and c and e and t are joined by 
the line q; the points which join c and d 
and t and a are joined by the line r. The 
three lines p, q and r lie on one point 
L." 

The geometric meaning of the dual 
statement amounts to this; Since the line 
circle is the collection of tangents to the 
point circle, the six lines on the line 
circle are any six tangents to the point 
Circle, and these six tangents form a 
hexagon circumscribed about the point 
circle. Hence the dual statement tells us 
that if we circumscribe a hexagon about 
a point circle, the lines joining opposite 
vertices of the hexagon, lines p, q and l' 
in the dual statement, meet in one point 
[Figure 12]. This dual statement is in
deed a theorem of projective geometry. 
It is called Brianchon's theorem, after 
Monge's student Charles Brianchon, who 
discovered it by applying the principle 
of duality to Pascal's theorem pretty 
much as we have done. 

It is possible to show by a single proof 
that every rephrasing of a theorem of 
projective geometry in accordance with 
the principle of duality must lead to a 
new theorem. This principle is a remark
able possession of projective geometry. 
It reveals the symmetry in the roles that 
point and line play in the structure of 
that geometry. The principle of duality 
also gives us insight into the process of 
creating mathematics. Whereas the dis
covery of this principle, as well as of 
theorems such as Desargues's and Pas
cal's, calls for imagination and genius, 
the discovery of new theorems by means 
of the principle is an almost mechanical 
procedure. 

As one might suspect, projective 
geometry turns out to be more funda
mental than Euclidean geometry. The 
clue to the relationship between the two 
geometries may be obtained by again 
considering projection and section. Con
sider the projection of a rectangle and a 
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section in a plane parallel to the rec
tangle [Fig UTe 13]. The section is a rec
tangle similar to the original one. If now 
the point 0 moves off indefinitely far to 
the left, the lines of the projection come 
closer and closer to parallelism with each 
other. When these lines become parallel 
and the center of the projection is the 
"point at infinity," the rectangles become 
not merely similar but congruent [Figure 
14]. In other words, from the standpoint 
of projective geometry the relationships 
of congruence and similarity, which are 
so intensively studied in Euclidean 
geometry, can be studied through pro
jection and section for special projec
tions. 

If projective geometry is indeed logical-
ly fundamental to Euclidean geome

try, then all the concepts of the latter 
geometry should be defined in terms of 
projective concepts. However, in pro
jective geometry as described so far 
there is a logical blemish: our definition 
of cross ratio, and hence concepts based 
on cross ratio, rely on the notion of 
length, which should play no role in 
projective geometry proper because 
length is not an invariant under arbi
trary projection and section. The 19th
centmy geometer Felix Klein removed 
this blemish. He showed how to define 
length as well as the size of angles en
tirely in terms of projective concepts. 
Hence it became possible to affirm that 
projective geometry was indeed logically 
prior to Euclidean geometry and that the 
latter could be built up as a special case. 
Both Klein and Arthur Cayley even 
showed that the basic non-Euclidean 
geometries could be derived as special 
cases of projective geometry. No wonder 
that Cayley exclaimed: "Projective ge
ometry is all geometry!" 

It remained only to deduce the theo
rems of Euclidean and non-Euclidean 
geometry from axioms of projective 
geometry, and this geometers succeeded 
in doing in the late 19th and early 20th 
centuries. What Euclid did to organize 
the work of three hundred years pre
ceding his time, the projective geometers 
did recently for the investigations which 
Desargues and Pascal initiated. 
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Figure 13 

Research in projective geometry is 
now less active. Geometers are seeking 
to find simpler axioms and more elegant 
proofs. Some research is concerned with 
projective geometry in n-dimensional 
space. A vast new allied field is projec
tive differential geometry, concerned 
with local or infinitesimal properties of 
curves and surfaces. 

Projective geometry has had an im
portant bearing on current mathematical 
research in several other fields. Projec
tion and section amount to what is called 
in mathematics a transformation, and it 
seeks invariants under this transforma
tion. Mathematicians asked: Are there 
other transformations more general than 
projection and section whose invariants 
might be studied? In recent times one 
new geometry has been developed by 
pursuing this line of thought, namely, 
topology. It would take us too far afield 
to consider topological transformations. 
It must suffice here to state that topology 
considers transformations more general 
than projection and section and that it 
is now clear that topology is logically 
prior to projective geometry. Cayley was 
too hasty in affirming that projective 
geometry is all geometry. 

The work of the projective geometers 
has had an important influence on mod
ern physical science. They prepared the 
way for the workers in the theory of 
relativity, who sought laws of the uni
verse that were invariant under trans
formation from the coordinate system of 
one observer to that of another. It was 
the projective geometers and other 
mathematicians who invented the calcu
lus of tensors, which proved to be the 
most convenient means for expressing 
invariant scientific laws. 

It is of course true that the algebra of 
differential equations and some other 
branches of mathematics have contrib
uted more to the advancement of science 
than has projective geometry. But no 
branch of mathematics competes with 
projective geometry in originality of 
ideas, coordination of intuition in dis
covery and rigor in proof, purity of 
thought, logical finish, elegance of proofs 
and comprehensiveness of concepts. The 
science born of art proved to be an art. 
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first treatise of your Music Appreciation Course 
- which I may keep whether or not I purchase 
any additional records. Each month, as an Asso
ciate Member I will receive advance notice of the 
new record release, which I may purchase at the 
special member's price of only $2.98 per record, 
plus a few cents for U. S. tax and shipping. 
However, I may decline to accept any or all rec
ords offered me and I may cancel membership 
any time. It is further understood that I will 
receive the Music Appreciation Course - one 
lesson each month - absolutely free! 

Membership is limited to one SUbscription 
to any family or household 

Name·f··.··,········································ 

Address . . • . . • • . . • • • . • • . • • • . . . • . • .  ·.·············:·· . 

MUSIC TREASURES OF THE WORLD, 100 SIXTH AVE., NEW YORK 13, N. Y. f�tyCA·NADA:· i iS4' casiie'fieid
Z:�::: 'i:r��:�' ici: 'ont: 

� _______________ J In Canada: 1184 Castlefield Ave., Toronto 10, Onto 
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by Reuel Denney 

COMMUNICATION AND PEHSUASION, by 
Carl I. Hovland, Irving L. J anis and 
H arold H. Kelley. Yale University 
Press ($4.50). 

T
his is not a new book; it was pub
lished in 1953. However, it con
cerns a significant province of so

cial science that has not been discussed 
in this magazine. Moreover, in the 
months since the book was published 
new material has appeared which, in my 
opinion, considerably enriches any dis
cussion of it. I refer to three publications 
entitled Explorations which record a 
seminar on communication and culture 
at the University of Toronto. In effect I 
shall review both Communication and 
Persuasion and Explo1'Cltions. 

As a preamble I should like to define 
a problem that is common to both works. 
One of the profound differences between 
an individual in our society and one in 
an earlier or more primitive society is 
the way in which he relates direct ex
perience and indirect experience. What 
is the difference between direct and in
direct experience? All that is meant here 
is that some experiences lie closer in 
space and time to the individual (for 
example, his perception of his own 
breathing ) and some lie farther away 
( the fact that, as he can learn, it rained 

yesterday in S amoa ) .  The interesting 
thing is that, in different societies, these 
two systems of perception can be linked 
in different ways. In our industrial so
ciety we retain most of the old systems 
of linkage between direct and indirect 
experience, but we also employ new 
linkages that change the context of the 
old ones. 

When a modern infant responds to a 
dog on television as though it were a 
real dog, he has obviously learned a 
linkage unknown to earlier infants. The 
life of a child can be divided into stages 
by the way the various kinds of com
munication to which he is exposed get 
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related to one another. For example, a 
child younger than three may get addi
tional practice in duplicating language 
sounds by listening to the television set . 
As a result his mastery of language may 
be much greater than that of an E gyp
tian child in 2000 B . C .  The same modern 
child will continue to reorganize the 
connections between direct and indirect 
experience as he grows and learns. Ma
tilda Riley and Samuel Flowerman tell 
us that, if something goes wrong with 
a child's feelings of identity with his 
playmates, he will become disinterested 
in comic books with people in them 
and turn to comic books featuring ani
mals. Conversely, if he moves along 
from comic books about rabbits to those 
about cowboys, the chances are that his 
understanding of the group he plays 
with will accelerate. 

The realization that such develop
ment is universal has encouraged many 
social scientists to think that they may 
be in the early stages of its scientific de
scription. Like Linnaeus in biology they 
are interested in broad classification of 
facts. Like Adam Smith in economics 
they seek a theory of the actions that 
connect the facts. Like Archimedes they 
desire to know units of fact and opera
tion and arithmetical relations among 
them. Perhaps they are more like the 
transitional experimenters in electricity 
than anyone else. Like Volta they are 
much concerned with what it is, if any
thing, they are observing, if they are 
observing it. Someday the mere agree
ment on names will make dull reading 
of some current arguments in the field. 

Meanwhile this matter of the linkage 
between intimate and remote expe
rience, in an age of mass communication, 
involves certain constantly recurring is
sues. One can think of an intimate expe
rience as being equivalent to one that 
involves unlearned, instinctive behavior; 
and of a remote experience as being 
equivalent to one that involves learned 
behavior .  In this view it is as instinctive 
to perceive your breathing as to breathe, 
and, in order for an individual to under
stand the meaning of blobs on a radar 

screen, it is as necessary to learn some
thing as for the phenomenon of learning 
to have preceded the invention of radar. 
Yet, as we shall see in connection with 
the Exploration papers, the remote ex
periences feed into the definitions em
ployed by an individual to denote his 
more intimate ones. 

The publications discussed here con
cern the communication systems of man. 
Communication and Pel'suasion appears 
at first to be concentrated on the ques
tion of learned rather than unlearned 
behavior. It is subtitled Psychological 
Studies of Opinion Change, and its ma
jor interest is in how men move from one 
opinion to another-an aspect of how 
they learn. The three issues of Explo1'Cl
tions analyze the inventions-language, 
social organization, myth and so on
men have made to regulate their lives. 
That is, the issues of Explorations study 
the communication techniques that each 
generation must learn (sometimes quite 
unconsciously ) because preceding gen
erations put them there. This brief 
description of the two approaches is 
enough to indicate their theoretical di
vergence; perhaps it will also suggest 
how they could complement each other. 

These are a few examples of the con
clusions offered by Hovland, Janis and 
Kelley : 

"Communications attributed to low 
credibility sources tended to be consid
ered more biased and unfair in presen
tation than identical ones attributed to 
high credibility sources." 

"The use of a strong fear appeal, as 
against a milder one, increases the l ikeli
hood that the audience will be left in a 
state of emotional tension which is not 
fully relieved when the reassuring rec
ommendations contained in the commu
nication are rehearsed." 

"The findings support the general hy
pothesis that persons who are most 
strongly motivated to retain their mem
bership in a group will be most resistant 
to communications contrary to the 
standards of that group." 

",,yhen exposed to a dramatic news 
event which induces pessimistic opinions 
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IN THE NAME OF SANITY 
by Lewis Mumford. The 
great American humanist 
makes a reasoned plea for "ft..1 t : maturity in international \ N I f' i affairs. Pub. ed. 3.75 :t. Of � Members' price 2.29 

"LISTENING WITH THE 
THIRD EAR . .  From Dr. Theo
dor, Reik's wealth of clini
cal experience comes per
haps the most important 
work on psychoanalysis 
since Freud's INTERPRETA� 
TION OF DREAMS. Pub . 
ed.6.00 . �Atvt rf{ \ 2 

S�� 
�embers' price 2.65 

THE HUMAN' ANIMAL by 
I Weston LaBarre. A biolog� 
. icat interpretat�on of human 

nature, underlining the 'sig� 
nificance of man as a mam� 
mal. Pub. ed. 6.00 

MAIN STREAM OF M ATHE
MATICS by Edna E. Kramer: �� tvtf,O� !, 

3 

A lively treatment of math-
,� 

ematic s, from primitive �'�'?
number notions to relativ-

ft\U w> 
Members' price 2.50 

., 

ity. lIlus. Pub. ed. 5.00 
Members' price 2.45 

GENETICS AND THE RACES 
OF MAN by William C. 
Boyd. "The first modern 
volume covering physical 
anthropology from a point 
of view adequate to the 
scientific world in which 
we are living." - Prof. I. 
Bernard Cohen, Harvard. 
Pub. ed. 6.00 

PATTERNS OF SEXUAL 
B EHAVIOll by Clellan S.  
Ford and Frank S. Beach. 
A comprehensive study .by 
an anthropologist and a 
psychologist of sexual prac
tices in 190 contemporary 
societies. Pub. ed. 4.50 

Members' price 2.45 

MAN AND HIS GODS by 
Homer W. Smith. Man's 
religious beliefs through 
the ages are examined

' 
by 

an outstanding physiolo
gist, and found wanting. 
"Learned, provocative, pro
found" - a modern classic 
of the stat ure of THB 
GOLDEN BOUGH. Pub. oed. 
5.00 

THE LIV1!'1G BllAIN by W. 
Grey Wa1ter. A pioneering 
study which probes the 
mysteries of memory, sight, 
sex, thought, person�lity-
3S" they' are betrayed by the 
electrical impulses of the 
brain. Pub. ed. 3.95 

Members' priCe .1.89 

Members' price 2.45 

THe THOUGHT AND CHAR
ACTER OF WILLIAM JAMES 
by Ralph Barton Perry. 
The briefer version of the 
Pulitzer Prize-winning bi
ography of ar great Ameri
can philosopher and pio
neer psychologist. Orig. 

ed.6.00 
Members' price 3.00 

DIALOGUES OF ALFRED 
NORTH WHITEHEAD. A col� 
Iection of the wise and far� 
ranging conversations of 
the great philosopher, as 
recorded during informal 
gatherings at Whitehead's 
home. Pub. ed. 5.00 

The outstanding books pictured and described on this 
page, and the low membership prices clearly noted beside 
them, are a small sample of the. selections and savings which, 
over the past thirteen years, have made The BOOK FIND 
CLUB a part of the intellectual life of mature, thoughtful, 
value-conscious readers everywhere. 
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tute for, the selection; and it offers you, as alternate selections at 
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literature, the arts and sciences. You may buy as few as three 
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long as you remain a member you continue to save up to 50%, 
and often more, merely by reading the books of your. choice! 

To enjoy these books and savings, "to take advantage of .our 
special introductory oDer of THREE books for $3.98, simply 
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A TREASURY OF SCIENCE. 

Over 700 pages by such 
eminent scientists as Lance
lot Hogben, Sir J am-es 
Jeans, Charles Darwin and 
T. H. Huxley. Revised and 
expanded, with an intro� 
duction by Harlow Shapley. 
Pub • •  d. 5.95 

Members' price 3.00 

SIGMUND FREUD'S LET
TERS, Edited by Marie 
Bonaparte, Anna Freud 
and Ernst Kris. The ori
gins· of psychoanalysis as 
revealed in Freud's letters 
to Wilhelm Fliess. Pub. 
ed.6.75 

Members' price 2.75 
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about the future, an audience will be 
more resistant to change if previously 
exposed to a communication that pre
sents grounds for maintaining the oppo
site opinion." 

Upon reading such results some intel
ligent readers will wonder how anyone 
could have doubted them, and dismiss 
the study for that reason. They will be 
correct in the sense that hardly anyone 
would disagree \vith these conclusions 
upon hearing them stated. They will be 
incorrect in assuming that the impor
tance of the study lies in the credibility 
of its conclusions. Undoubtedly the au
thors would have been pleased to come 
out with much less credible conclusions
even incredible ones-providing they 
had gained their own experimental end, 
which was to arrive at conclusions in 
their own ingeniously hardheaded way. 
One senses that their aim was not so 
much to assert these conclusions as to 
assert that now, after their experiments, 
no one dare deny them . 

The authors could be regarded, in 
fact, as being engaged in discovering 
some of the axioms of persuasion. In ex
periment after experiment they have 
proudly excluded many variables, the 
better to look at the remaining ones . 
Richness of context was their bugbear 
and banality was their goal-provided 
they could endow banality with what 
by definition it never achieves : the fas
cination possessed by the obvious when 
it is rigorously isolated and thoroughly 
documented. They sought axioms that 
are independent even if consistent, 
axioms that are fertile in combination 
even if unsuggestive when standing 
apart . 

Not all this effort to find the penicillin 
in the dirt was engineered without a 
price. The opinions on which the exper
imenters happened to test opinion 
change include such matters as the late 
steel shortage, atomic submarines, the 
future of monogamy and the threat of 
tooth decay. The difficulty with such a 
range of opinions is precisely that it is a 
range. It is a range of topics that to some 
people involve opinion. While this pre
sents no problem for any particular ex
periment reported in the book, it does 
constitute a problem for all of the exper
iments taken together. The problem is 
that people have opinions about topics 
that involve unimportant opinions and 
about topics that involve important 
opinions.  The two kinds of opinion 
might be distinguished as "opinion" and 
"Opinion." Different people, with dif
ferent sets of attitudes, make this dis
tinction in different ways . In the U. S .  
whole class cultures are determined not 
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so much by what opinions their members 
express on this or that issue, but by 
whether or not this or that issue as de
fined by them involves Opinion. In this 
volume there is no Biter that separates 
an opinion from Opinion. One would 
have thought that such a strainer would 
have contributed to understanding. This 
is not meant to reflect on the stringent 
modesty with which the investigators 
ha ve interpreted their data. It is merely 
to suggest that, if their theorems were to 
be extended to a wider emotional range 
of topics, they might prove somewhat 
brittle. 

Perhaps one difficulty here is that, in 
exploring the relation between the inti
mate and remote dimensions of personal 
experience, the authors have oversimpli
fied their notion of it. As men persuaded 
of persuasion, they have exhaustively 
studied the side of communication that 
Elihu Katz and others have called "the 
campaign" -the deliberate intent to in
fluence some men in some certain direc
tion. Accordingly they do not seem to 
credit their subjects with ever having 
learned anything about the variety of 
things an opinion may be. This difficulty 
appears to reside in a limitation of their 
psychological approach. Although there 
is some evidence that they have tried to 
take into account Gestalt theory and 
field theory, their basic orientation ap
proximates the stimulus-reflexive theory 
of Pavlov. Now it has always been clear 
that the Pavlovian approach would ac
count for a responsive creature, but it 
has never been shown that it could cope 
with an acculturated one. And accultur
ated men were the subjects of this study. 

Such problems are forcibly brought 
to mind by Explorations. In most of these 
studies what men must do and what 
they may do are suspended as possibili
ties in cultures that could not "get by" 
with a simple Pavlovian man. Indeed, 
many of the essays come close to assum
ing not so much a behaviorism of man as 
an equally arguable behaviorism of so
ciety. They emphasize, in relating the 
remote to the intimate and the learned 
to the unlearned, the vast amount of 
collective rote that enters from the past 
into the learning of each man in the cul
tural present. 

In pursuit of this theme the essays in 
Explorations attempt to redefine two 
major areas of study. One area concerns 
the matter of social memory-the prob
lem of adequately defining the ways in 
which language and social structure col
lectively memorize past solutions of so
cial interaction. Why is it necessary, in 
some societies, to collect another man's 
head before you can acquire a name? 

Why is it necessary in some societies to 
believe, not that your character is  like 
that of your namesake grandfather, but 
that it is his character? What, moreover, 
is the varying weight of the term "neces
sary" in these observations? These issues 
point in turn to the second major area of 
interest-the definition of the "self" as it 
appears in various cultures. 

In the first area the essays isolate a 

question that will someday be of direct 
relevance to studies such as Communi
cation and Persuasion. In some way men 
get hold of culturally specific distinctions 
between the intimate and the remote in 
their experience. The American news
paper reader can respond to the remote
ness of the Presidency by evincing a 
learned ability to identify intimately 
with some aspects of it. This follows 
from the way in which he relates his 
most direct experiences with his more 
vicarious ones (seeing the President on 
television ) .  By contrast the Anatolian 
peasant, even when literate and even 
when presented with an equally well
written newspaper in his own language, 
can do nothing of the kind. In the stud
ies of Daniel Lerner the peasant re
sponds to the remoteness of the Turkish 
Presidency by evincing a trained in
capacity to identify intimately with any 
important aspect of it. 

Many of the essays in Explorations 
are soundings of this theme. They raise 
questions of the following kind. How 
many people cannot enjoy a movie based 
on one of Shakespeare's plays because 
of preconceptions gained by reading 
them? Where this kind of "cultural lag" 
occurs, how does it work out in the com
petition of speech and writing, or of 
writing and movies? How are these lags 
built into the prejudices of specific gener
ations and specific social classes in each 
culture? What consequences might the 
study of such lags have for our ideas of 
what is good or bad in cultural change 
involving the media of mass communi
cation? To throw more light on the Hov
land-Janis-Kelley study-what kind of 
experience with media of communica
tion constitutes an exposure to "opinion," 
and what kind constitutes an exposure to 
"Opinion"? It should be noted that this 
theme does not exhaust the anthropologi
cal variety of the Explorations papers; it 
does serve, however, as an illustration of 
the general interest in communication 
that is found in most of them . 

In Explorations the comparative pres
tige of the various media is analyzed 
with a hypothesis in mind. Some mem
bers of the University of Toronto seminar 
that produced these studies suspect that 
print "pulls rank" on film largely because 
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print is older; and that analogous biases 
about the comparative value of this me
dium or that run through whole cultural 
configurations. The conviction of some 
people that FM radio is theil' medium 
while AM radio is the othel' man's me
dium is paralleled by the belief of a 
Bantu tribesman that his word for a yam 
is better than his wife's. By such ap
proaches these essays contribute to our 
view of the way in which an individual 
learns to incorporate intimate informa
tion systems with the remote information 
systems in his own culture. 

The theme emerges in the essay by 
Dorothy Lee dealing with a Canadian 
Indian's perception of himsel£. He be
longs to a tribe in which arms are labeled 
not as right arms and left arms, but as 
north arms and south arms or east anns 
and west arms. Thus his language, itself 
a communication system with a more re
mote focus than the nervous system that 
makes him aware of his own arms, con
structs his self-perception in a unique 
way. It is only a step from such an ob
servation to the formulation of the 
hypothesis that the "selves" of people 
who have television sets from early 
childhood must necessarily be different 
from the selves of those who do not 
have them. True enough, as the Hov
land-Janis-Kelley studies show, the diffi
culty of isolating units of observation in 
such a field may be greater than in 
linguistics. Nevertheless this makes a 
relevant pOint. The opinions that Hov
land, Janis and Kelley studied were re
garded by the investigators as being 
analogous to anns that can only be 
"right" or "left" (that is "opinions"), but 
they were possibly regarded by some of 
the people who gave them as being 
"east" or "west" (that is, "Opinions"). 

By this time a reader familiar with the 
problems of research in social science 
will have smelled a disagreement be
tween Kantian anthropologists and Pav
lovian psychologists. It may sound as 
though the decision has been made in 
favor of Kant's "synthetic unity of per
ception" and against Pavlov's "reactiv
ity." If it were so simple-which it is not 
-it would be an inconclusive debate. 

Explorations has quite as much 
trouble in escaping from Kant's sub
jective categories as Communication and 
Pel'sllasion has in transcending Pavlov's 
salivating dog. While Kant's subjective 
approach has become a useful program 
for research in human perception, it is 
still metaphysical. Sometimes the in
vestigator forgets this. The cultural an
thropologist is often in danger of trans
ferring the locus of Kant's mental cate
gories from the mind of man to the 

"mind" of an entire culture. The poverty 
of context for the information unit in 
communication studies like that of Hov
land, Janis and Kelley is sometimes cor
rected in anthropology by an oversupply 
of context provided by master variables 
such as "world view" and "ethos." This 
probably means that, along their current 
routes of development, communication 
studies need to be brought philosophical
ly up to date. That they present such a 

challenge to some observers could be 
taken as a sign of their variety and vital
ity. 

Short Reviews 

A HISTORY OF MECHANICAL INVEN-
TIONS, by Abbott Payson Usher. 

Harvard University Press ($9.00). 

Usher's esteemed history, published in 
1929, long out of print and almost as 
hard to find in libraries as in bookstores, 
is now reissued in a revised and enlarged 
edition. Material has been added on the 
early history of clocks, on textile tech
niques in Syria and China at the begin
ning of the Christian Era, and on in
ternal-combustion engines and gas tur
bines; minor improvements and correc
tions have been made throughout the 
text. The most substantial change con
sists of four new introductory chapters-
80-odd pages-dealing with the relation 
between technology and economic 
forces, the complex nature of social evo
lution, the dependence of technical ad
vances upon concepts derived from 
philosophy and science as distinct from 
those derived from current production 
methods, and "the emergence of novelty 
in thought and action." These chapters 
are disappointing. They are excessively 
abstract, heavy with the cultural an
thropologist's lingo and not startlingly 
original. It does not help one understand 
how inventions are made to be told 
familiar anecdotes about James Watt, 
Lord Rutherford and Thomas Edison, 
anecdotes describing the circumstances 
but not the thought processes leading to 
the invention of the steam engine, the 
theory of atomic structure, the electric 
light filament; and it is not reassuring to 
find the author seriously quoting Arthur 
Koestler's account of what went on in 
Archimedes' head when he discovered 
the funny business about King Hiero's 
crown. A Histol'Y of Invention is still one 
of the best books of its kind, but you can 
skip the first four chapters. 

K
0:\1S IN THE F AMIL Y: My LIFE WITH 

ENRICO FERMI, by Laura Fermi. 
The University of Chicago Press ($4.00). 

These are the congenial and ironic remi-

PHILOSOPHICAL 
LIBRARY BOOKS 
o THE GYROSCOPE APPLIED by K. I. T. 
Richardson. A book, The Gyroscope and Its Ap
plications, was published in 1946 when secrecy 
restrictions prevented reference to many in
teresting achieyements and possibilities. Since 
then considerable technical advances have been 
made and the secrecy restrictions have been re
laxed to some extent, although they still apply 
in many instances. The present book therefore, 
based on that published in 1946, has been almost 
entirely rewritten describing Jlluch that is new 
but at the same time l!1corpor�t�ng n:ost cf th� 
in formation given in the first version, although 
this is presented in a different manner and in 
some cases from a different viewpoint. $I5.00 

o THE EL EMENTS OF CHRO MATO G RA

PHY by T. I. Williams. Although less than a 
decade has passed since the appearance of An 
11ltroduction to Chromatography, so much new 
work has been published that a completely new 
book, rather than a revised edition of the old 
one, seemed called for. In particular, paper par
tition chromatography has developed enormous
ly since 1946, and ion-exchange chromatog
raphy, which proYed so spectacularly successful 
in Manhattan Project, had then scarcely been 
described at all. Both these methods have re
ceived due attention here. $ ... 75 

o FLIGHT HANDBOOK. The fundamental 
theory 9£ aero.cIYl:amics is simply explained, and 
the desIgn prInCIples of each class of aircraft 
from balloons to missiles, are lucidly described: 
Engineering principles in piston engines, gas 
turbines, ramjets, pulse-jets and rockets are 
discussed, and the theory of aerial navigation 
is also covered. 

On the practical side, there is a vast amount 
of information on modern aircraft and engine 
construction, on auxiliaries, controls and in
struments, furnishings and fittings, armament, 
landing gear and similar matters. Types of air
craft dealt with in detail include balloons air
ships, gliders, sail-planes. piston-engined

' 
and 

jet fixed-wing machines, helicopters and other 
rotorcraft, and even guided missiles. More than 
200 photographs and drawings. $6.00 

o GLASS REINFO R CED PLASTICS edited 
by Phillip .110rgan. Glass reinforced plastics is 
a many-sided subject, and a proper study of it 
involves organic chemistry, design, moulding 
processes and the major applications. Each of 
these branches might, in itself, fil] a small book, 
and the present volume is therefore an attempt 
to gather together the essential facts for the 
general reader, yet explained in sufficient detail 
for the specialist. • $10.00 

o DEVE L OPME NT OF THE GUIDE D 
MISSIL E by Keunet" W. Cat/and. This edition 
has been completely revised and greatly en
larged, a number of useful features having been 
added. New chapters deal with problems of pro
pulsion, research into rocket techniques and re
quirements, and post-\\'ar work on guided bombs. 
Of particular importance is the detailed survey 
of Russian potentialities for long-range rocket 
development. An appendix reveals some details 
of the telemetering equipment used in British 
missiles, and another appendix shows photo
graphs, to scale, of over 40 notable rockets from 
various countries, The table of characteristics 
which was an important feature of the first edi
tion has also been enlarged, and now provides 
data on 140 powered rockets frol11 eight coun
tries. Illustrated. $4 .75 

o ASPECTS OF DEEP SEA BIO LOGY by 
N. B . . Harsha/I. After tracing the growth of 
deep sea biology, one of Mr. Marshall's aims 
has been to build up, chapter by chapter, an 
integrated account of oceanic life. This life is 
seen to be disposed in patterns-patterns re
lated to the physical structure of the ocean and 
to the interplay of living activities. Illustrated. 

$10.00 
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Bookslrom 
Chicago 

The Human 
Animal 

By WESTON LA BARRE. 

\Vith rare eloquence, the author 
presents this synthesis of the sci
ences of man: a dramatic integra
tion of human biology, cultural 
anthropology, psychiatry, and 
their related fields. "Can we ha \'e 
a science of man? I think so, and 
I think La Barre has made a 
major contribution toward its 
de\'elopmellt."-MARSTON BATES, 
Scientific AllIerican. $6.00 

Atoms in 
the Family 

By MRS. ENRICO FERMI. 

The intimate, behind-the-scenes 
story of how the atom was har
nessed, and of the famous men 
who did the harnessing, as report
ed by the wife of the man who 
unlocked the atom's power. "She 
tells [her storyl deftly, wittily, 
and with fine pace and style."
ROBERT COuGHLAN, Chicago S'un 
Times. $4.00 

The Earth 
as a Planet 

Editell by 
GERARD P. [WIPER. 

The second of a four-volume 
series, The Solar System, this 
work has been written by an in
ternational scientific group com
posed of Sir Harold Spencer 
Jones, Sir Edward Bullard. J. 
Tuzo Wilson, H. U. Sverdrup, 
Brian 1\ifasoll. Horace R. Bye.rs, 
G. E. Hutchinson. Leo Goldberg, 
Fred L. Whipple, J. W. Chamber
lain, A. B. Heinel, D. R. Bates, 
M. Nicolet, Clyde T. Holliday, 
and Andre Danjon. The Earth as 
a Planet is a complete and fully 
documented handbook, written 
and illustrated with extreme care 
and covering the entire range of 
physics, geochemistry, oceanogra
phy, and biochemistry, as they ap
ply to the earth as a planet. $12.50 

The Sun 
Edited by 

GERARD P. [(VIPER. 

This is the first of four volumes 
to collect and systematize our 
knowledge of the solar system. 
Chapters coyer the solar interior, 
solar energy, composition, "activ
ity," "weather," radio astronomy, 
and the corona. A special chapter 
gives full details on the latest 
technical devices. such as rockets, 
interference filters anrl radio tele
scopes. $12.50 

At your bookstore, 0" from 
THE UNIVERSITY OF 

CHICAGO PRESS 
5750 Ellis A,·e., CJlicago 37, Ill. 

niscences of the wife of the late physicist. 
Mrs. Fermi's story begins with her first 
meeting with her husband in Italy in 
1924, when she was 16 and he was 22, 
"a promising physicist," already teach
ing at a university and soon to be known 
among his friends as "the Pope" because 
of his serene sense of infallibility. Epi
sodically and informally she then de
scribes almost 30 years of courtship, mar
riage, social and scientific life in Rome, 
the work which gained Fermi the Nobel 
prize, his migration with his family to 
the U. S. from Fascist Italv ( whose anti
Semitic decrees in 1938 began to affect 
the status of his wife ) ,  his researches on 
the atomic bomb in New York, Chicago 
and Los Alamos. Among the most in
teresting chapters of the book are those 
which deal with the prewar experiments 
of Fermi and his associates on radio
activity and nuclear target shooting, con
ducted in a small laboratory with simple 
apparatus and the use of a Roman sena
tor's fountain as a neutron moderator. 
Besides her gift for scientific explanation, 
Mrs. Fermi has a nice, deRating sense of 
humor. The anecdotes have a certain 
sameness of gentle malice and under
statement, but several of them are pure 
delight. This one is typical. One day in 
the spring of 1940 the Fermis drove to 
Washington for a meeting of the Physical 
Society. They were accompanied by an 
old friend, the Italian phYSicist Franco 
Rasetti: "We had driven some time when 
Enrico, who never missed a chance to 
show me his proficiency in Americanism, 
announced : 

"'In a short while we'll cross the 
Mason-Dixon Line.' 

"'Mason-Dixon? What's that?' I asked. 
"'Fantastic! You don't know . . .  " 

Rasetti started. 
"'It's the line that divides the North 

from the South,' Enrico explained. 
"'What sort of line? An imaginary 

line? A physical line?' I asked. 
" 'It's formed by two rivers, the Mason 

and the Dixon,' Rasetti stated with his 
usual assurance. 

"'Rivers! You are entirelv wrong!' En
rico sneered. 'Mason and Dixon were 
two American Senators, one from the 
North, the other from the South.' 

"Thev bet one dollar. It turned out 
that Ch

'
arles Mason and Jeremiah Dixon 

were English astronomers. But Enrico, 
never a good loser, claimed the dollar. 

" 'Because,' he said, 'it is conceivable 
that English astronomers should become 
American Senators; but rivers ... never.' '' 

FROM FISH TO PHILOSOPHER, by Homer 
W. Smith. Little, Brown and Com

pany ($4.00). Homer Smith is a physi-

ologist known for his important contribu
tions to knowledge of the kidney. In this 
book he shows how this marvelous organ, 
which he characterizes as "the major 
foundation of our physiological free
dom," has by its functional architecture 
and adaptation to changes in environ
ment permitted fish to invade the land 
and ultimately to give rise to m an. The 
kidney keeps the internal environment 
in a balanced state, which is the essential 
condition for the emergence of con
sciousness; the kidney makes urine and 
also transcendentalism. Smith Tides his 
theme hard, but this is a first-class book 
of popular SCience-admirably wTitten, 
provocative,of compelling interest. 

HIGHWAY ENGINEERING, by Laurence 
I. Hewes and Clarkson H. Oglesby. 

John Wiley & Sons, Inc. ($8.00). A Toad 
is a lot more than a road, as this 600-
page monograph plainly shows. High
way engineering is of course concerned 
with the different kinds of roads and how 
they are built, a subject which ranges 
from the grubbing of sites to the higher 
mathematics of concrete. But construc
tion and maintenance, however complex 
and ramified, are only a part of modern 
highway practice, which embraces such 
matters as urban planning, highway eco
nomics, the making of surveys and plans, 
legal questions of rights of way, the 
rapidly evolving theory of highway de
sign, the study of drainage, problems of 
roadside development. The student and 
the specialist will find this book a thor
ough and able exposition of every de
partment of an important branch of 
modern technology. 

GEORGE DAVIDSON: PIONEER WEST 
COAST SCIE1\TIST, by Oscar Lewis. 

University of California Press ($3.50). 
George Davidson was born in England 
in 1825, emigrated with his parents to 
the U. S. when he was seven, entered the 
U. S. Coast Survey in 1845 as clerk to 
Superintendent Alexander Bache, served 
for 45 years in charting the Pacific coast
line from Mexico to Alaska, engaged in 
various astronomical studies, eclipse ex
peditions, geodetic surveys and geo
graphical reconnaissances, established 
the first astronomical observatory on the 
West Coast and interested James Lick in 
putting up the money for the Lick Ob
servatory, became professor of geodesy 
and astronomy and later professor of 
geography at the University of Califor
nia, and devoted himself with immense 
energy to his researches and writings and 
to the scientific and scholarly life of C ali
fornia almost until the day of his death 
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W. W.Lindsay, Jr., Electronics Committee 
Chairman (left), Sherwood C. Frey, 

Navy Studies Department Manager (seated), 
and R. P. Buschmann, Company Studies 

Department Manager (right), 
examine relationships between plane 

and radar performance. 

Operations Research and Systems Analysis 

Dr. L. Alaoglu, Mathematics Committee 
Chairman (left), and Ed Quilter, Capt. 

U.S.N., Ret., Consultant (right), discuss 
alternate overseas transport routes 

between the U.S. and Europe. 

A relatively new concept in Aeronautical Science, 
Operations Research at Lockheed projects 
creative thinking five to fifteen years in the future. 

Since Operations Research was established at 
Lockheed in 1949, its studies and interests have 
covered the entire spectrum of aeronautical 
endeavor, forecasting and evaluating future research 
and development trends. 

The growing importance of Lockheed Operations 
Research has created openings in a wide range 
of fields, including the following occupations: 

1. Meteorologists, Climatologists or Specialists 
in Oceanography 

with degrees in Meteorology or allied subjects; 
at least five years' experience; and potential additional 
capability in some other field such as Mechanical 
or Electrical Engineering. 

2. Electronics Engineers 

with a Master's Degree in Electronics or Physics 
and at least five years' experience, including 
micro· waves or communications. 

3. Missile Fire Control and Guidance Engineers 

preferably with a Master's Degree and at least 
three years' experience in fire control systems. 

4. Nuclear Weapons and Effects Scientists 

with a Ph.D. in Physics or Mathematics and at least 
three years' experience in current and future nuclear 
weapons packaging practices, yields and effects. 

5. Aeronautical Engineers 

with a Master's Degree in Aeronautical Engineering; 
at least ten years' experience in engineering 
departments such as structures, preliminary design 
and aerodynamics; and ability to create, design 
and evaluate spectra of complete aircraft systems 
of the future. 

an important future 

for scientists and engineers 

who work in the future 

6. Guided Missiles Aeronautical Engineers 

with a Bachelor's Degree in Aeronautical Engineering 
and at least three years' experience in aerodynamics 
and design of missiles. 

7. Economists 

with a B.A. Degree and experience in cost 
accounting or bookkeeping; experience in aircraft 
and missile systems costing desirable. 

S. Physicists and Mathematicians 

with a degree and inclination toward 
operations research and systems analysis. Ability 
to apply probability theories and advanced 
mathematical techniques desirable. 

9. Operations Researchers or Systems Analysts 

with degrees or training in Operations Research. 

10. Air Force Operational Experience 

The position requires an Aeronautical Engineering 
Degree; experience as a senior pilot with fighter, 
logistics or cargo experience; and experience at staff 
or headquarters level in the Air Force. 

Lockheed offers you increased salary rates now in effect; 
generous travel and moving allowances; an opportunity to 
enjoy Southern California life; and an extremely wide 
range of employee benefits which add approximately 14% 
to each engineer's salary in the form of insurance, 
retirement pension, sick leave with pay, etc. 

Those interested should contact E. W. Des Lauriers, 
Dept. SA·Q·l, for a brochure describing life and work at 
Lockheed and an application blank. 

Lockheed 
Aircraft Corporation 

Burbank California 
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A world no man has ever seen 
- bril l iantly revealed in 

THE 
OCEAN 
FLOOR 
By HANS P ETTERSSON, 
noted Swedish oceanographer and  author 
of Westward Ho with 'he "Albatross" 
With this fascinating, up·to·date 
book Dr. Pettersson does for his 
field what Harold Urey's The 
Planets did for astronomy. Through 
expert research and exciting 
exploration he takes you to the 
bottoms of the world's oceans, and 
describes the studies now being 
made of the lightless world where 
life exists under enormous pressures 
and where samples of sediment 
and volcanic rock can tell the 
history of the ages. Here is detailed 
information on the use of 
echo grams, sampling and other 
exploration methods, the 
characteristics of the deepest water 
layers, animals and fish from five 
miles down, and the stratigraphy 
and geochronology of the ocean floor. 

Profusely illustrated, $3.00 
At all booksellers 
YALE UNIVERSITY PRESS 
New Haven 7, Connecticut 

• Simplicity, ruggedness, and low 
cost are the advantages of discontinu· 
ous ( on·off ) control systems over the 
conventional continuous type. 

But, until now, on·off systems have 
often been neglected because they 
are more difficult to design . 

Now, at last, simple new design 
techniques - presented graphically 
rather than mathematically - are 
fully explained in a new book entitled 
DISCONTINUOUS AUTOMATIC CON
TROL by Dr. I. Flugge·Lotz, who pio. 
neered in the field in Germany and 
is now at  Stanford . The price of the 
book is $ 5 .  To order this book, or 
receive further information about it, 
write Department D6, PRINCETON 
UNIVERSITY PRESS, Princeton, N. J. 

at age 86 in 191 1 .  Oscar Lewis, known 
for his contributions to California his
tory, has written an able and readable 
and not too long biography of this almost 
forgotten and unjustly neglected scien
tist. The volume itself, with its plates, 
photographs and maps, is an exception
ally handsome example of bookmaking. 

T
HE AGE OF MOUNTAINEERING, by 
James Ramsey Ullman. J. B .  Lippin

cott Company ($6.00) . The first great 
date in the history of mountaineering is 
1786, the year Mont Blanc was con
quered. Men had of course climbed be
fore. In 1492 an intrepid fellow named 
Antoine de Ville pulled himself to the 
top of Mont Aiguille, a "steep and for
midable" rock tower in the Dauphine ; in 
1500 Leonardo da Vinci clambered 
about on the southern slopes of the Pen
nines "in the interest of meteorological 
investigation." But mountaineering as a 
sport, a challenge, a dedicated way of 
life, a divine madness to which few are 
wholly immune, came into its own when 
the Swiss Horace Benedict de Saussure 
decided that, since Mont Blanc was 
there, he must get to the top. "It became 
for me a kind of illness," he wrote. "I 
could not even look upon the mountain, 
which is visible from so many points 
round about, without being seized with 
an aching of desire ." He did not succeed, 
though his determination and planning 
led to the conquest of the highest of the 
Alps after several attempts .  But it is not 
necessary to succeed to be a great moun
taineer. One of the immortals is George 
Leigh M allory, who, on the morning of 
June 8, 1924, vanished on the summit 
ridge of Mount Everest; there are others 
similarly enshrined for their failures.  The 
complete history of the struggle to reach 
the summits of the earth is told with in
comparable enthusiasm and skill ?y Ull
man. The first edition of his book ap
peared in 1941 ;  it is here carried forward 
through the ascent of Chomolungma
the mountain we call Everest after the 
first Surveyor General of India. But in 
such rapid succession have the greatest 
peaks succumbed-Annapurna ( 26,493 

feet ) ,  Tirich Mir (25,260) and Nanga 
Parbat (26,660) within three years-that 
the latest record is apt to be out of date 
before it gets into print. Indeed, a slip has 
been pasted in the end of this book an
nouncing the climbing of K-2, the world's 
second highest mountain, on August 4, 

1954. Ullman's fascinating history has 
many fine photographs, maps and sketch
es, and a set of interesting appendixes,  
one of which lists 100 famous mountains. 
Twenty-three of them, it is reassuring to 
learn, have not yet been climbed. 

S
TREAMS, LAKES AND PONDS, by Robert 

E. Coker. The University of North 
Carolina Press ($6.00) . Professor Coker 
describes the characteristics of inland 
surface waters, the Bow, turbidity and 
pollution of streams, the basic nutrients 
in water, the lake or pond as a residence 
for plants and animals. His book brings 
together many different kinds of infor
mation which will interest the student, 
the conservationist, the health officer, 
the farmer and many others who wish to 
know more about life in fresh water. 

E
LECTROACOUSTICS, by Frederick V. 

Hunt. Harvard University Press and 
John Wiley & Sons, Inc. ($6.00) . This 
volume in the series of Harvard mono
graphs in applied science is extremely 
valuable for its excellent, attractively 
written section-a small book in itself-on 
the history of electroacoustic transducers 
( i .e . ,  mechanisms for converting electric 
energy into acoustic energy and vice 
versa ) ,  including the telephone, the 
microphone, piezoelectriC and moving. 
conductor devices. Since the major por
tion of Professor Hunt's study deals with 
the theory of transducers and will appeal 
only to radio and audio engineers and 
specialists in related fields, it would be a 
service ( and a considerable saving ) to 
historians of science if the publishers 
found it possible to make the historical 
narrative separately available.  

E
XPLAINING THE ATOM, by Selig 

Hecht. The Viking Press ($3.75) . 

By far the best popular book on atomic 
energy when it appeared in 1947, this 
lucid exposition by the l ate Professor 
Hecht has been brought up to date and 
expanded by Eugene Rabinowitch, 
photosynthesis investigator and editor of 
Bulletin of the Atomic Scientists. He has 
added material on the making of fission 
and fusion bombs, the melancholy his
tory of attempts to achieve international 
control of atomic energy, the develop
ment of atomic power. Rabinowitch 
writes clearly and readably, without fuss 
or pretentiousness ;  his revision helps 
keep alive a classic of scientific simpli
fication and constitutes a tribute to the 
memory of a \7arm and sympathetic hu
man being who, as the book shows, felt 
deeply his social responsibilities as a 
scientist. 

W
ORKSHOPS FOR THE WORLD, by 
Graham Beckel. Abelard-Schuman 

($4.00) . This is a narrative account of 
the functions of the specialized agencies 
of the United Nations, giving typical ex
amples of the problems handled by each : 
F AO ( Food and Agriculture Organiza-
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tion ) ,  ICAO ( International Civil Avia
tion Organization ) ,  WHO ( World 
Health Organization ) ,  UNICEF ( United 
Nations Children's Fund ) ,  UPU ( Uni
versal Postal Union ) ,  ILO ( International 
Labor Organization ) ,  ITU ( Internation
al Telecommunication Union ) ,  UNES
CO, International Bank, International 
Monetary Fund, WMO ( World Mete
orological Organization ) ,  IRO ( Interna
tional Refugee Organization ) ,  1M CO 
( Inter-Governmental Maritime Consul

tative Organization ) .  It  is a reminder of 
how much men can accomplish by work
ing together, even in to day's divided 
world. 

Notes 

THE FOUNDATIONS OF STATISTICS, by 
Leonard J. Savage. John Wiley & Sons, 
Inc. ($6.00) . The author elaborates a 

theory of decision based on the currently 
ill-favored personalistic interpretation of 
probability : that probability judgments 
reflect personal conviction, and that the 
role of the mathematical theory "is to 
enable the person using it to detect in
consistencies in his own real or envisaged 
behavior." 

VESALIUS ON THE HUMAN BRAIN, 
edited and translated by Charles Singer. 
Oxford University Press ($5.75) . This is 
the first translation into English of Book 
VII of Vesalius' epoch-making De 
Humani Corporis Fabrica. Professor 
Singer provides valuable annotations, 
and the book is illustrated by the mag
nificent anatomical drawings of the 
Fabrica as well as by figures taken from 
other contemporary or earlier works. 

MINERALS FOR ATOMIC ENERGY, by 
Robert D. Nininger. D. Van Nostrand 
Company, Inc. ($7.50) . An official of 
the Atomic Energy Commission presents 
"a guide to exploration for uranium, 
thorium, and beryllium," with the help 
of which, and a Geiger counter ( now 
sold, as the book indicates, by Sears, 
Roebuck as well as by Abercrombie & 
Fitch ) ,  almost anyone may ·be able to 
promote the national, and his personal, 
security. Photographs and maps. 

DICTIONARY OF MATHEMATICAL 
SCIENCES, VOL . II ,  ENGLISH-GEHMAK, by 
Leo Herland. Frederick Ungar Publish
ing Company ($4.50). This second vol
ume completes a very useful bilingual 
dictionary of mathematics, mathematical 
logic, statistics, commercial arithmetic, 
physics and astronomy. Well thought 
out, clearly printed, skillfully cross
referenced. 

I LON G ·  PLAYING 33"13 R. P. M. H IGH · F IDEL ITY I 

COMPLETE TO THE LAST NOTEI $ 
No STR INGS ATTACHED ! 

With o u t  o b ligating y o u rsell to b u y  a n o t h e r  reco rd, 

ro u  c a n  e n j o y  all  a d v a n tages of trial m e mbership_ 

NOW YOU can get a real start on a com
plete record collection. You get ALL 

EIGHT masterpieces-complete to the last note 
-for only $1 .00. NOT $1 each, but $1 for ALL 
EIGH T !  

O f  course, this price bears n o  relation to the 
value of the recordings. Even for TWENTY 
times that amount, you could not buy these 
masterpieces in recordings of equal quality. 

Why We Make This Amazing Offer 
We were FORCED to make this "give-away" 

offer . . .  for only by putting our recordings in your 
hands can we convince you how extraordinary their 
tonal qu ality is. Performed by internationally-re
nowned orchestras, conductors, and soloists. Cus
tom-pressed on the purest vinyl plastic. Reproduced 
with a fidelity of tone which encompasses the en
tire rallge of human hearing . . . 50 to 1 5 ,000 cycles ! 
HOW CLUB OPERATES: As a trial member, you are 
not obligated to ever buy another record from us. 
You do, however, have the right to try - free of 
charge - any of the Society's monthly selections 
which interest you. You receive prior notice of these. 
You pay nothing in advance. And you are not obli
gated to keep those you try . . .  even after you have 
played them and read the interesting music notes 
which accompany each selection . You pay only for 
those which-after hal)ing tried them-you decide 
you really want to own. And for these, you pay only 
the low member's  price of $ 1 . 5 0  per long-playing 
disc, embodying on the average about 40 minutes 
of music by the great masters. A saving of about � 
off the !twal retail price ! 

Think how much beauty and se
renity these recordings will add to 
your l ife-at a trifling cost. Think 
what a cultural advantage your chil
dren will gain by having great music 
as an everyday inspiration. 

Mail Coupon Now 
We obviously cannot keep " hand

ing our" such magnificent long-play
ing recordings indefinitely. Produc
tion capacity limits the membership 
rolls; once filled, the offer has to 
be withdrawn. So avoid disappoint
ment. Rush coupon with a dollar to
day. The Musical Masterpiece Society, 
Inc., Dept. 1 6 1 ,  43 West 61st 
Street, New York 23, N. Y. 

SCHUBERT 
Symphony No.  I 

( Th e  " U nfinished " ) .  
Zurich TOllhalle Orch. 0110 A ckermaun, Conducting 

BEETHOVEN 
The Ruins  of Athens 
I March and Choi r ) . 

J\Tetberlallds Phi/barmon;c 
Cboir dud D rc h . ,  

lValler  Goeh,., Co uductillg 

BRAHMS 
Academic Festival Overture. 

U/rerht Symphony 
Palll Hupperls, Coudlle/ittg 

MOZART 
Piano Concerto i n  E Flat. K 1 07 

A rtilY Balsam ,  piano ,  
If'iulerlhllr S),mpbollY O rch.,  0110 Ack erl1la1w, CouduClil1g 

BACH 
Toccata and Fugue in D Minor, 

A .  Schreiner; Orgatl 0/ the 
Tabemar/e, Salt Lake City 

WAGNER 
Die Meistersinger, Prelude, Act 1 ,  

Zliricb TOllballe O rch. ,  0110 Ackel'maull, Conducting 

D U KAS 
Sorcerer's Apprentice, 

Utrecht S),llIpbOIlY, 
Palll HIIPPtr/J; Conducting 

MOU SSORGSKY 
Night on laid Mountain.  

Nelberhmds Philharmonic 
IValler Goehr, COllduclhlg 

9 5  
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THE AMATEUR SCIENTIST 

Conducted hy Albert G. Ingalls 

W
here, precisely, am I? This is 
one of those easy-to-ask, impos
sible-to-answer questions. You 

must settle for an approximation. If you 
ask it while touring U. S. 80 from Plaster 
City, Calif., to Los Angeles, you may be 
content with the knowledge that you 
are less than a mile from Coyote Wells. 
But if you are an amateur astronomer 
setting up a telescope at the same site, 
you would prefer map information to the 
effect that you are at Latitude 320 44' 
01".29 North; Longitude 1160 45' 
24".00 West. 

Not even this seemingly precise pin
pointing, however, would satisfy Colonel 
J. D. Abell and his associates in the 
Army Map Service. New methods of 
navigation, such as Loran, have dis
closed gross errors in cartographic data. 
Particularly inaccurate are the positions 
of the oceanic islands; some important 
atolls in the Pacific appear to be a:; much 
as half a mile or more off their true posi
tions on the map. 

The personnel of Colonel Abell's bu
reau, in conjunction with the 30th En
gineer Group under Colonel William C. 
Holley, has developed an ingenious 
method of surveying by astronomical 
occultations which promises greatly im
proved accuracy. They have invited 
amateurs-in or out of military service 
-to join in their fascinating research pro
gram. 

"Our trouble," writes John A. O'Keefe, 
chief of the Research and Analysis 
Branch of the Army Map Service, "stems 
from the fact that we don't know straight 
up! If we had some way of pinpointing 
our zenith we could draw maps to any 
desired accuracy." In other words, if ac
curately known positions on the earth 
were correlated with one another by lo
cating them with reference to the known 
positions of stars when they are at the 

96 

About utilizing the moon to occult the 

stars and increase telescope resolution 

zenith, the correlations would enable the 
cartographers to draw a good map of the 
world. 

In principle the job is simple. You wait 
until a selected star of known position is 
directly ove!'head and clock it. AccUl'ate 
timing is necessary because the relation
ship of the earth's surface to the sky 
changes continually as the earth rotates. 
Time signals broadcast from the U. S. 
Bureau of Standards' station WWV 
make precise clocking easy. 

The usual instrument used for locat
ing the zenith is a transit, which relies 
on a plumb bob or its counterpart, the 
bubble level. The source of error resides 
right here in these two gadgets, accord
ing to O'Keefe. Both the plumb bob and 
the bubble are thrown out of true by lo
cal irregularities in the density of the 
earth's crust which distort the gravita
tional field. Attempts have been made to 
correct for local deviations, but "this sort 
of guesswork gets you nowhere," says 
Floyd W. Hough, chief of the Service's 
Geodetic Division. "Even if you could 
estimate the effect of surface features ac
curately, you still would need informa
tion about conditions underground. Den
sity varies there, too, and generally in 
the opposite direction." 

The Army men decided to fix positions 
on the earth by timing occultations of 
stars by the moon as it moves across their 
positions in the heavens. One method of 
using the moon as a geodetic instrument 
is to photograph its position in relation to 
stars in the background at a given in
stant; it has been possible in this way to 
get fixes accurate to a tenth of a second 
of arc, which means locating positions 
on the earth with an accuracy within 600 
feet. However, considering that this dis
tance is more than twice the width of an 
aircraft runway, the desirability of still 
greater accuracy is obvious. The Army 
Map Service set out to improve on the 
accuracy of fixes by the moon's occulta
tions. 

The best telescopes, such as the 200-
inch reflector on Palomar Mountain and 
the largest refractors, have a theoretical 

resolving power considerably better than 
.1 second of arc. But you cannot carry 
them from place to place on the earth, 
and furthermore their resolving power 
has practical limits, imposed by poor 
seeing conditions, distortion of the op
tical train by variations of temperature 
and so on. Above all there is diffrac
tion, the master image-fuzzer, which 
arises from the wave character of light 
itself. Because adjacent waves interfere 
with one another, the light from a dis
tant star does not cast a knife-sharp 
shadow when it passes the edge of the 
moon. Waves of starlight grazing the 
moon's edge interact, diverge and arrive 
at the earth's surface as a series of dark 
and light bands bordering the moon's 
shadow. The first band, the most pro
nounced, is about 40 feet wide. 

The solution hit upon by O'Keefe and 
his associates was a new way to use a 

telescope which makes it capable of in
credible resolution. They developed a 

portable rig (which amateurs can build) 
that plots lunar positions to within .005 
second of arc as a matter of everyday 
field routine-resolution equivalent to 
that of an 800-inch telescope working 
under ideal conditions! It can also do a 

lot of other interesting things, such as 
measuring directly the diameters of 
many stars. It can split into double stars 
images which the big refractors show as 
single points of light. Some observers 
believe that it could even explore the 
atmosphere of a star layer by layer, as 
though it were dissecting a gaseous 
onion. Of greatest interest to the Army, 
the method measures earth distances of 
thousands of miles with a margin of un
certainty of no more than 150 feet! 

The telescope that yields these im
pressive results has a physical aperture 
of only 12 inches. The design-a Casse
grain supported in a Springfield mount
ing-follows plans laid down by the late 
Russell W. Porter, for many years one 
of the world's leading amateur telescope 
makers. Full details of the optical parts 
and mounting are presented in Amateur 
Telescope Making-Book Two. 
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The secret of the instrument's high 
resolving power is in the way it is used 
rather than in uniqueness of optical de
sign. The telescope is trained on a se
lected star lying in the moon's orbit and 
is guided carefully until the advancing 
edge of the moon overtakes and begins 
to cover the star. Depending on the di
ameter and distance of the star, it may 
take up to .125 of a second for the moon 
to cover (occult) it completely. During 
this interval the edge of the moon be
comes, in effect, part of the telescope
like a pinhole objective with an equiva
lent focal length of 240,000 miles. As the 
edge of the moon passes across the star, 
the intensity of the starlight diminishes, 
and the differences in intensity at suc
cessive instants are measured. It is as if 
a 240,000-mile-Iong tube were equipped 
at the distant end with a series of slit ob
jectives-with the moon covering one 
slit at a time. The resolving power de
pends upon the great focal length. 

The tiny successive steps in the star
light's decay are detected by a photo
multiplier tube and a high-speed re
corder. In principle the measurement of 
terrestrial distances by lunar occultation 
resembles measuring by the solar eclipse 
technique. The moon's shadow races 
over the earth's surface at about 1,800 
feet per second. Except for differences 
in instrumentation and the mathemati
cal reduction of results, the eclipse of the 
star is essentially the same kind of event 

! ! ,.2" -I 7 ! / 3' ! 
I I I I � I I . .L 

second:;- WWV 
\ \ '\ "'\ "'\ \ \ \ 

tr((((tf] 
Recordings of star occultations 
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SENIOR STAFF 
at Ramo-Wooldridge 

• The Senior Staff of The Ramo
Wooldridge Corporation, shown above, is 
comprised of scientists, engineers, and 
science administrators with outstanding 
-records of past performance in positions 
of responsibility. By means of meetings of 
the entire group, supplemented by fre
quent smaller sessions, these key men 
participate actively in the establishment of 
company plans and policies. 

Existing project commitments require 
that the current rapid rate of expansion of 
the company continue throughout the 
coming year. Unusual opportunities, 
encompassing a wide variety of challeng
ing research and development problems, 
exist for additional scientists and engineers 
who would like to participate in the 
development of a company in which, from 
the outset, all features of the organization 
and of the operational procedures are 
designed to be as appropriate as possible 
to their special needs. 

1. Dr. Burton F. Miller 
2. Dr. James C. Fletcher 
3. Robert B. Muchmore 
4. Dr. John M. Richardson 
5. Dr. Howard S. Siefert 
6. Robert J. Barrett, Jr. 
7. William B. Hebenstreit 
B. Dr. Ralph P. Johnson 
9. Jack H. Irving 

10. Dr. Louis G. Dunn 
11. Dr. Eldred C. Nelson 
12. A. J. F. Clement 
13. Dr. Milton U. Clauser 
14. V. G. Nielsen 
15. Dr. Eugene M. Grabbe 
16. Marion F. Thorne 
17. Dr. Robert R. Bennett 
lB. Robert J. Hight 
19. Dr. Andrew Vazsonyi 
20. Emory Lakatos 
21. Richard A. Hartley 
22. Dr. Howard L. Engel 
23. Dr. Donald L. Drukey 

Guided Missile Research and Development 

Digital Computer Research and Development 

Business Data Systems Development 

Radar and Control Systems Development 

Communication Systems Development 

The Ramo-Wooldridge Corporation 

B820 BELLANCA AVENUE, LOS ANGELES 45, CALIFORNIA, DEPT. SA·2 
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OPTICAL BARGAINS : SPITZ JR. PLANETARIUM 
" '�';:' <' Fascinating/lnstructivel 

'f "  
Amazing! Projects on ceiling of darkened 
room nearly 400 stars, more than 70 constel
lations in proper relation. No batteries; uses 

;. home current. Rheostat control for bri�ht-
_ ness, About 14" high on a 7",;7" base. Pro-

� jection sphere 7" diameter. 32-page informa-
tion book in('luded FREE! 
Stock No. 70.040-S .................. $15.00 Pstpd. 

IMPORTED MICROSCOPE 
ONLY 

4J1.i" "Palomar, Jr." 

100,200,300 Power 

A REAL 
ASTRONOMICAL 

TELESCOPE 
With this scope. you can sec the 
craters on the Moon, the rings of 
Saturn, double stars, or a news
paper headline at a mile! Mirror 
gual'anteed theoretical 
limit of r ion. Rack and 
pinion loell removable mir-
ror mount, terweight. Real 
equatorial ting-onlv one 
adjustment follows stars� Alu
minum tube. Combination e:ve· 

Jt.�'ke:s 
gl�'iaSnga

7
rd

an�y��rere�we[gr 
greater power. Mirror f /11. 
Mirror corrected to better than 1/4 wavelen�th. 
stock No. 85,00&·5 
$74.50 I.o.b. Barrington, N. J. 

"MAKE-YOUR-OWN" 4Y." MIRROR KIT 
The same fine mirror as above. polished and aluminized. 
lenses for eyepieces and diagonal. No metal parts. 
Stock #"50,074-5 .•.•••••• , ' , ...... , .......... " ..... , ..... ,.$16.25 pstpd. 

Order by Stock No. Send check OT M,O. (Open acct, to rated 
finI1S.) Money back guarMltee, 

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

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 

LEFAX* * * 
POCKET SIZE TECHNICAl 

• DATA BOOKS $125 EACH 

Printed on loose leaf, six hole, 6%" x 
3%" bond paper, each book contains 
about 140 pages of technical data, pre
senting condensed, accurate and essential 
data for the student, engineer, technical 
worker and business man • 

Architecture 
Home Heating 
Illumination 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditioning 
General Math. 
Math. Tables 
Physics 
Chemical Tables 
Metals 
Gen'l Chemistry 
Reinforced 

Concrete 
Building 

Construction 
Radio 
Television &. FM 
Electricity., AC 
Electricity, DC 
AC Motors and 

Generators 

••• 
Transformers, 

Relays, Meters 
Hydraulics 
Surveying 
Mech. Drawing 
Machine Design 
Machinists' Data 
Piping Data 
Surveying Tables 
Trig.Log Tables 
Metallurgy 
Analytic 

Chemistry 
Highway 

Engineering 
Mechanics of Materials 
Power Trans. Mach'y. 
Thermodynamic Tables 

& Charts 
Phys. Be Thermo. 

dynamic Data 
Phys. &: Org. 

Chemistry 

Write for FREE catalogs (over 2000 listings). 
See for yourself how helpful LEFAX can be to 
you. Send $1.25 for each book, or $6 for any 
five books listed above, to: 

lEFAX, Dept. SA-8, Philadelphia 7, Pa. 
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as the eclipse of the sun. The insensitiv
ity of the eye prevents star eclipses from 
making newspaper headlines, but photo
multiplier tubes respond to such an 
eclipse strongly. They also detect the 
fuzziness caused by diffraction at the 
edge of the moon's shadow. The most 
prominent diffraction band, as previous
ly mentioned, is some 40 feet across
the limit to which measurements by oc
cultation are carried. The sharpest drop 

in starlight registered on typical record
ings spans .015 second of time. Since 
the moon near the meridian has an aver
age apparent speed of about .33 of a 
second of angular arc per second of time, 
the recorded interval of .015 of a second 
corresponds to .005 of a second of arc. 
This is the instrument's effective resolv
ing power. 

Any amateur who owns a Springfield 
mounting equipped with a high-quality 

Springfield mounting equipped for photoelectric occultation work 

pinion 

eyepiece 

tiny drill hole 

Optical path of the system (left) and details of the eyepiece (right) 
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mirror of eight inches aperture or larger 
can convert for high resolution work at 
a cost which is modest in proportion to 
the gain in performance. What he needs 
is a photomultiplier tube, a power sup
ply, an amplifier and a high-speed re
corder. 

The photocell costs about $150. The 
amplifier must be of the direct-current 
type with a linear response good to at 
least 200 pulses per second. The recorder 
should be a double-channel job-one pen 
for registering time signals and the other 
for starlight. The Brush Development 
Company of Cleveland markets a re
corder of the recommended type along 
with a companion amplifier for about 
$1,000. With a little ingenuity the ama
teur can contrive adequate counterparts 
for substantially less. He also needs a 
filter to cut out the 400- and 600-cycle 
tone of WWV, so beloved of musicians. 
These units are available through deal· 
ers in radio equipment for about $15. 

The eyepiece must be equipped with 
a cell for the photomultiplier tube and 
with a pinhole aperture for screening 
out unwanted moonlight. The pinhole 
(about .010 of an inch in diameter) is 
made in a metal mirror assembled in the 
eyepiece tube at an angle of 45 degrees, 
as shown in the drawing on the opposite 
page. A Ramsden eyepiece focuses on 
the pinhole. In operation the mirror is 
seen as a bright field with a small black 
speck, the pinhole, in the center. The 
star's image appears against the mirror 
as a brighter speck on the bright field. 
Thus it is easy to guide the image into 
position over the pinhole. When prop
erly centered, some starlight strikes the 
edge of the pinhole, forming a small bril
liant ring surrounding a jet-black speck. 
The ring aids in subsequent guiding. 

Occultation observing has attracted 
a substantial following among amateurs 
in recent years. In the U. S. their inter
est in the work has been stimulated by 
the Occultation Section of the Ameri
can Association of Variable Star Ob
servers, whose offices are at 4 Brattle 
Street, Cambridge 38, Mass. Their 
�orld-wide observations, made by eye 
and timed by chronograph, are forward
ed to Flora M. McBain at Greenwich, 
England. She supervises the mathemati
cal reductions. The results of occultation 
observations have been used to establish 
irregularities in the rotation of the earth 
and to improve the tabulations of the 
moon's orbit. 

Dirk Brouwer of the Yale University 
Observatory, who has made an exhaus
tive interpretation of the observations 
collected during the past century, sees 
an opportunity in the new photoelectric 

During the corning months you'll be seeing top

level Martin developments in the news-develop

ments which spell out the message above. 

That message has tremendous importance for you 

now. Today, there are truly exceptional futures for 

engineers in Ael'Odynamics, Structures, Power Plant 
and Vibration on projects of the highest priority 

and promise. 

1£ you are one of t!lose, it's your move! 

Contact J. M. Hollyday, Dept. S·l, The Glenn 

L Martin Company, Baltimore 3, Maryland. 

SALTIMORE ' MARYLAND 
99 

© 1954 SCIENTIFIC AMERICAN, INC



"When will 

Daddy come?" 

SuI Ja wants her daddy. Every day she looks for him. Every day she asks 

her mother, "When will Daddy come?" SuI Ja is only four years old. How 

can her mother explain why Daddy doesn't come-that he still is a prisoner 

of the Communists in North Korea, that he may even be dead? 

Sui Ja's mother doesn't say these things. Like Sui Ja, she hopes that her 

husband will come back some day. In the meantime she struggles desperate

ly to keep her little family together. In war-torn Seoul, where thousands of 

refugees strive to rebuild their lives, the young mother runs a roadside stand 

-and makes $10 a month! This does little more than pay the rent, let alone 

meet the needs of a growing child like SuI Ja. With Korea's bitter winter 

here, her plight is still more precarious. 

HOW YOU CAN HELP SUL JA 

You can't bring SuI la's father home, but you can help her, and thousands of 

youngsters [ike her. Through Save the Children Federation, you can send warm 

clothing, shoes, bedding, school supplies-and even candy-to a child in Korea 

or in Austria, Finland, France, Western Germany, Greece, Italy or Yugoslavia. 

You will get a case history of "your" child, a photograph, and a progress report. 

You can write to "your" little boy or girl and the family, and receive letters in 

return, so that you r material aid becomes part of a larger gift of understanding 

and friendship. An SCF Sponsorship is only $120 a year, .10 a month. The 

cost is so small-the good so great. 

A contribution in any amount will help 

SCF NATIONAL SPONSORS (a partiaL List) 

Faith Baldwin, Mrs. Dwight D. Eisenhower, Lynn Fontanne, 

Herbert Hoover, Henry R. Luce, Dr. Ralph W. Sockman, Thomas J. Watson 

� ------------------------------_. ® ����;. !.�.Ewm�"� �!!���., ��� .. �R
ATIO N E .. ���;h.d 
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United Nations Plaza. New York 17. N. Y. 

• I would like to sponsor a phild in . . ... (country) for one year. I will pay $120.00 

fOl' one year (or $10 a month). Enclosed is payment for the full year ... . ........ first month 

................... Please send me the child's name, story, and picture. 

• I cannot sponsor a child, but I want to help by gh'ing $ ................... . 

Kame .... 

Address ... 

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

Contributions to the Save the Children Federation are deductible from income tax. 

You may help a needy child in A"str;a� Finland, 
FrOtlCe, Western Germany, Greece, Italy, Korea" or Yugosloyia 
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technique for the group to make an im
pressive addition to its already substan
tial scientific contribution. The photo
electric cell betters the response time 
of the eye (estimated at about .1 sec
ond of arc) by lOO-fold or more and 
eliminates human variables. Thus it 
makes possible far higher accuracy in 
timing occultations. Moreover, the high
resolution aspect of the technique opens 
� whole new and relatively unexplored 
field for original work by amateurs. As 
Professor Brouwer points out, star occul
tations, like solar eclipses, can be ob
served only in certain regions at particu
lar times. A world-wide network of ama
teur observatories equipped for high 
resolution work could cover many more 
star occultations in any year than are 
accessible to the great telescopes of 
Southern California. 

One serious drawback that prevents 
utilizing the full potential of the in
creased accuracy at present is the ir
regularity of the moon's surface. If these 
irregularities are not allowed for in the 
calculations, the resulting position of the 
moon will frequently be off by several 
tenths of a second of arc. And if the star 
happens to be occulted at a point on the 
moon's limb wRere a high peak or low 
valley is located, the result may be off in 
extreme cases by two seconds of arc. A 
new study of the irregularities of the 
moon's surface by C. B. Watts at the 
United States Naval Observatory in 
Washington, expected to be completed 
soon, should make it possible to correct 
for the deviations with an accuracy 
matching the sensitivity of the photo
electric technique. 

The drawing on page 97 shows a pair 
of typical curves, recording the occulta
tions of a sixth magnitude star and an 
eighth magnitude one. Note the jagged
ness of the fainter star's curve. This is 
due to "noise," a term borrowed from 
radio and telephone engineering to de
scribe random fluctuations in the out
put current of an amplifying device. The 
output of noise increases when the vol
ume or "gain" control of the amplifier is 
turned up to compensate for a weak in
put Signal. Noise originating in the 
photomultiplier (the principal source) 
can be reduced by chilling the tube with 
dry ice. The sharp drop in each curve 
marks the interval of occultation. Its 
steepness is determined principally by 
the diffraction pattern. In the case of 
some big stars, such as Antares, the ef
fect of size can be seen in a flattening 
of the curve. 

When a double-star system is oc
culted, the curve drops steeply for a 
time, indicating occultation of the first 
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NEEDS 
�. ENGINEERS 
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who won't be held back I 
RCA, world leader in electronics, has career opportunities for 
qualified ELECTRICAL and MECHANICAL ENGINEERS • • •  

PHYSICISTS • . .  METALLURGISTS . • .  PHYSICAL CHEMISTS 
• . •  CERAMISTS . • .  and GLASS TECHNOLOGISTS for long 
range work in military or commercial fields. 

SYSTEMS -ANAL YSIS-DEVELOPMENT 
-DESIGN-APPLICATION ENGINEERING 

in the following fields! 

AVIATION ELECTRONICS (FIRE CONTROL, 
PRECISION NAVIGATION, COMMUNICA
TI 0 N S) - Radar-Analog C o m p uters 
-Digital Computers-Servo-Mechanisms 
-Shock & Vibration-Circuitry-Heat 
Transfer-Remote Controls-Sub-Mini
aturizatioD-Automatic Flight-Transis
torization-Automation 

RADA R - Circuitry - Antenna Design
Servo Systems-Information Display Sys
tems-Gear Trains-Stable Elements
Intricate Mechanisms 

COMPUTERS-Digital and Analog-Systems 
Planning-Storage Technique-Circuitry 
-Servo - Mechanisms-Assembly Design 
-High Speed Intricate Mechanisms 

C OMMUNICATIONS -Microwave-Aviation 
-Mobile-Specialized Military Systems 

At RCA you�ll work in an atmosphere con
ducive to creative work-laboratory facili
ties unsurpassed in the electronics industry 
. . . constant association with leading scien
tists and engineers. 

Positions now open in Systems, Analysis, 
Development, Design and Application En
gineering. Your choice of long range work 
in commercial or military fields. 

Delightful suburban living easily available. 
Modern retirement program ... liberal tui
tion refund plan for advanced study at 
recognized universities ... modern company 
paid benefits for you and your family. 

Individual accomplishments readily recog
nized. Ample opportunities for increased 
income and professional advancement. 

MISSILE GUIDANCE-Systems Planning and 
Design-Radar and Fire Control-Servo .. 
Mechanisms-Vibration and Shock Prob
lems-Telemeteri ng 

COMPONENT PARTS (COLOR & MONO_ 
CH ROME TV )-HV Transformers-Coils
Deflection Yokes 

SEMI-CONDUCTORS-Transistors-Diodes 

ELECTRON TUBE DEVELOPMENT -Receiv
i n g -Transmitting-Cathode-Ray
Phototubes and Magnetrons-Power 
Tubes-Camera Tubes 

ELECTRONIC EQUIPMENT FIELD ENGINEERS 
-Specialists for domestic and overseas 
assignment on military electronic Com
munications, Navigational Aids, and 
Guided Missiles. 

Join the team at RCA and grow with the 
world leader in electronics. 

Personal interviews arranged in your city • 

Please send complete resume of your edu
cation, experience, and specialized field 
preference to: 

MR. JOHN R. WELD 

Employment Manager 

Dept. A-1A 

Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N.Y. 

RADIO CORPORAI'ION 01 AMERICA 
® 
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two new members 

In the family of 

ERA 
MAGNETIC STORAGE DRUMS 

ADAPTABLE . • •  operate at 
any speed between 4500 and 
15,000 rpm. 

FAST ACCESS average 
access time as short as 2 72 
milliseconds. 

APPROPRIAT E SIZ E ... prop
er capacities for many computer 
applications. 

ALL ST EEL CONSTRUCTION 
• . . makes for high mechanical 
and thermal stabili ty. 

READY TO USE . . •  timing and 
control tracks are provided ao ... 
cording to users' specifications. 

MINIATURE FERRITE R EAD
WRIT E M AGN ETIC H E ADS 
• . . onc per track on regular 
orders. On special orders several 
heads can be installed on each 
track. 

Remington Rand's Engineering Research Associates 
Division, pioneer designer and builder of magnetic storage 
drums, has placed models 1119 and 1120 on the market 
for all s�·stem builders to buy and use. Featuring advanced 
design based on ERA's most thorough know-how in the 
field, these drums can be depended upon to give utmost 
satisfaction in the data-handling systems that you are 
designing. Other outstanding ERA drums of many sizes 
and types are also available. 

To receive full particulars, please writ� 
on your business letterhead 10: 

� Rsnd 
PLUS ALL THE USUAL AD
VANTAGES OF ERA DRUMS 
• .. highest reliability, selective 
alterability, non-yolatility, long 
life. 

OPTICS 
ACHROMATIC TELESCOPE OBJECTIVES
Perfect magnesium fluoride coated and cemented, 
'Ye have 12", 13", 15", 19", 20", 26", 28", 30", 34", 
and 36" F.L, achromats and Aluminum Tubing. 
Send for List. 

Diameter 
54m/m (2%") 
78m/m (3T\") 
81 m/m (3rll") 
83m/m (3%. H ) 

IIOm/m (4%")* 
1I0m/m (4%") 
"'r.iot Coated 

Focal Length Each 
600m/m (23¥.,") ..... ...... $12.50 
381m/m (15") . . .... $21.00 
622m/m (24',1,·') .. . ....... $22.50 

1016m/m ( 40·') ...... ....... $30.00 
1069m/m (42ft"' ............ 560.00 

1069m/m (42,,",') ...... 567.00 

MOUNTED COLOR·CORRECTED EYEPIECES 
Have a stock of precision war surplus lenses. Hfld 
t.l1ell1 mounted in precision 11/4" outside diameter 
mounts. Result! You would pay 3 to 4 times more 
cl£cwhCl·c. Our price can't be beaU!: 
1�.5M/M (1/2") F.L. Symmetrical eyepiece con· 
tning two cemented (lchromats. 
Coated len"es .......... $6.75-Not Coateci .......... $6.00 

16M/M (5/8") F.L, Extra Wide angle Erfet con· 
tains five lenses. 
Coated lenseg ........ $13.50_�ot Coatcd ........ $12.50 
18M/M (3/4") F.L , Symmetrical eyepiece contains 
two ct.'lllcnted acilrolllats. 
Coaled lenses .......... $6.75-Not Coatcd .......... $6.00 
22M/M (27/32") Y.L. l\:cllnCI' cyepiel"e contflin;; 
CCllwntl.'d aehrOll1at nnd a non-aCht'Olllatic il'n!:i. 
Coated lellses .......... $6.75_Not Coated .......... $6.00 
32M/M (11/<10") F.I.. contains a cemented aehn'lIl;lt 
null a non·achromat. Not Coated ........ $4.50 

ax ELBOW 
TELESCOPE 

'1'hls telescope wi11 make an exceptional finder. 
Objective 52m/m Din .• fOCllsslng eyepiece. turret
mounted filters. amber. red, neutral and clear. Il
luminated cross-line reticle. Quirtc finding level 
!iight, and large size Amici prism. 
Used ..... ........ 518.50 Brand New ...... 527.50 

Free Catalogue 
"MILLIONS" of Lenses. etc. 

We !lay the POSTAGE-C.O.D.'s yOU pay postage 
-Satisfaction guaranteed or money refunded if 
returned within 10 days. 

A. JAEGERS t\J�
B
�lloIK� :

.

o�� 

102 

$"�I;E;RI"G �SEARCH ,fsSOCIATES DIVISION 

1902 W. Minnehaha Ave., St. Paul W4, Minn. 

star, then levels off, and falls steeply 
again when the companion is occulted. 
The duration of the flat portion of the 
curve is the measure of the pair's separa
tion. Some curves of Antares and other 
large stars show bends and twists which 
seem to come from bright and dark parts 
of the star's disk as well as from the stel
lar atmosphere. The proper interpreta
tion of these records, however, is still 
considered an open question by some 
astronomers-another indication of the 
opportunity the technique presents to an 
amateur who enjoys original work. 

"There is far better than an even 
chance that we shall stumble onto much 
that we didn't expect," writes O'Keefe. 
"We are examining stellar disks with 
greater resolving power than ever be
fore. We shall certainly Hnd a lot of 
close, fast binary stars. Perhaps we shall 
also Hnd stars with extended atmos
pheres and all that. In occultations of 
very bright stars we are in a position to 
detect very faint, close companions. I 
really do not see how anyone getting 
into this sport can miss hooking some 
information of value, and he might 
catch a really big Hsh." 

Incidentally, if a college man with a 
background in astronomy faces induc- \ 

tion into the armed forces and the idea 
of occultation work appeals to him, he 
would be well advised to communicate 
with the Army Map Service in advance. 
The bureau is on the lookout for likely 
candidates. 

In many respects photoelectric occul
tation seems almost too good to be true. 
Neither poor seeing nor diffraction with
in the instrument has the slightest effect 
on the high resolving power of the meth
od, and it is as precise when the moon 
occults a star low in the sky as over
head. The reasons will be discussed in 
these pages in a future issue along with 
other theoretical aspects of the phenom
enon, if a signiHcant number of readers 
express an active interest in the subject. 

"The whole thing," writes O'Keefe, 
"no doubt gives the impression that a 
rabbit is being produced from a hat. It 
appears most surprising that such a 
powerful method for detailed examina
tion of the sky should have gone un
explored for so long. This, of course, we 
enjoy. Our group did not invent the 
technique: It was suggested by K. 
Schwarzschild in Germany and A. E. 
Whitford in the U. S. It has not been 
exploited before because people simply 
could not believe that it works, But if I 
can get people to disbelieve thoroughly 
in something which is done before their 
eyes, then I have at least entertained 
them-and myself." 
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ENGINEERS 
DESIGNERS 

Electronic 

DRAFTSMEN 

Mechanical 

® 
THE MELPAR SYMBOL 

STANDS FOR 

Growth - Progress -
Leadership 

IN RESEARCH AND DEVELOPMENT 

OF ELECTRONIC EQUIPMENT 

� 
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.
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/A " A�;?p�ortun;.Y��r 
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/ � " /c:�::::,' 
Our 

T ('clinical Per.50nnci 
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qualified in the following field,: 

• Network Theory 
• MicrowaYe Technique 
• UHF, VHF or SHF Receilers 
• Analog Compulers 
• Digilal Compulers 
• Magnelic Tape Handling Equipmenl 

• Photographic Equipmenl Design 
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• Pulse Circuitry 
• MicrowaYe Fillers 
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• Electro-Mechanicat Design 

.end complete re.ume 10 
Technical Personnel Representative, 

melpar, inc. 
A Subsidiary of the Westinghouse Air Brake Co. 

452 Swann Ave., Dept. SA-13 
Alexandria. Virginia 

or 11 Galen St., Watertown, Mass. 
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NORWOOD CONTROLS Gyro Mass MeIer. To measure true mass flow 
directly, the flowing stream is sent through a pipe confrguration so that the moss 
of material flowing corresponds to a rotating gyro wheel. When the gyro ;s 
precessed by rotating the pipe about the axis of flow, it provides a torque which ;s 
directly proportional to the mass flow of the material flowing through the pipe. 

CONTROLS 

Controls Division 

CONTROL ENGINEERING 

CORPORATION 

930 Washington St., Norwood, Mass. 

Complete technicol information will be supplied upon request 

Ibs. 

01 gals. 
The inherent - and costly - inaccuracies in 

measuring flow by volume have long been rec
ognized. But could a practical, economical way 
be found to provide meter accuracy which 
would be fundamentally independent of tem
perature, pressure, density and viscosity? The 
answer is now supplied by the NORWOOD 
CONTROLS Gyro Mass Meter which measures 
- or meters - flow by weight, not volume. 

With the Gyro Mass Meter, accuracies of 
measurement are attainable for the first time 
that meet cost-accounting standards in a variety 
of continuous flow batching, blending, propor
tioning, bulk metering and process control a p
plications. Since most of the commerce in bulk 
fluids is currently transacted on a weight basis, 
doesn't it make sense to use an instrument that 
measures directly in pounds or tons? 
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NEW DEPARTURES OF TOMORROW 

Today, New Departure ball bearings are used by 
14 leading manufacturers of washers and driers. 

Wherever there's a moving port, New Departures 
assure accuracy, low upkeep, longer life. 

Maybe it's hard ta imagine a home laundry that washes, dries, irons, 

folds. But it's even harder to imagine this wonder-or any other-working 

without ball bearings ... New Departures. 

In fact, New Departure ball bearings play an important role in just about 

every product with moving ports. For more than 50 years, manufacturers 

everywhere have counted on New Departure for bearings. 

Why this confidence? It's a matter of living up to a name. It means being 

first with new departures-like the Sealed-far-Life ball bearing. And New 

Departure will be ready tomorrow with the finest bearings . . . first! 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

PARTURE 

BALL BEARINGS 

NOTHING ROLLS LIKE A BALL 
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