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Water refined here 

An oil refinery uses prodigious quantities of water 
for boiler-feed, processing, and cooling. To meet its 
requirements for properly softened water, this giant 
refinery treats hot, raw water with AMBERLlTE® 
cation ion exchange resins and lime. The process 
is efficient, economical, and yields water of 

"zero" hardness. 

What's your water problem? Softening? Dealkali

zation? Deionization? Deacidification? As long as 

it involves the removal or replacement of dissolved 

salts, there's an AMBERLITE ion exchange resin 

ready to help you. You can call on 11 different 

commercially available Rohm & Haas resins in 

varying degrees of acidity, basicity, and porosity. 

Ask your equipment manufacturer or consulting 

engineer about ion exchange and why the resin 

that's right is AMBERLITE. 

Write jor "If You Use Water," 

24 pages oj information on 

treating water by ion exchange. 

ROHM & HAAS COMPANY 
THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA 
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NEW 

EXPANDED FACILITIES 

AT NDA FOR 

REACTOR DESIGN, DEVELOPMENT 
AND PROTOTYPE MANUFACTURE 

RADIOCHEMISTRY 

HIGH PERFORMANCE EXPERIMENTS 

COMPUTING SERVICES AND 
DATA HANDLING SYSTEM DESIGN 

AND CONSTRUCTION 

To keep abreast of atomic 

energy development, NDA has 

greatly expanded its laboratory, 

engineering and fabrication 

facilities. These include en

larged shops, chemistry and 

metallographic laboratories, 

liquid metal and high temper

ature experimental facilities 

and the Westchester County 

Computing Center. 

Work has also begun on a re

actor critical facility and "hot" 

laboratory at NDA's 1200-acre 

Nuclear Experimental Station 

near Pawling, N ew York. 

Concurrent with this expan

sion in physical facilities, many 

scientists and engineers are 

being added to the staff to for

ward NDA's growing list of 

projects. 

Call or write for additional 

information on how NDA can 

work with you. 

NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 

5 NEW STREET, WHITE PLAINS, N. Y . •  TEL. WH 8-5800 
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CHEMISTRY OF CHElATION 

When the ionized atoms of a metal 
in solution are forced to lose their 
chemical reactivity, they become 
both inert and harmless. The 
process is called "Chelation". Versene 
and Versene products, powerful 
Chelating Agents, chelate ionized 
metals by binding them into strong, 
strain-free molecular rings. Thus do 
they permit precise control of all the 
bivalent and trivalent metal ions 
commonly encountered in chemical 
formulations. This makes Versene 
"The priceless ingredient" 

CATIONS CAUSE CONTAMINATION 

Through Versene and chelation most of 
the many complex problems of 
contamination created by ionized metals 
in solution can be solved. These range 
from the complete and permanent 
softening of hard water without 
precipitation to the leaching of rare 
metals. They include the cure of iron 
chlorosis in agriculture, the stabilization 
of pharmaceuticals, the cure of acute 
lead poisoning, the prevention or 
removal of metallic stains from textiles 
and other materials, the descaling of 
boilers and the control of polymerization. 

SPECIALIZATION IN CHELATION 

A quarter of a century of specialization 
in this particular kind of chemistry 
now makes it possible for us to help 
with your problems in metal ion 
control. You can depend on us to share 
our accumulated experience in this 
field. Send for Technical Bulletin. 
Chemical Counsel on request. 

LETTERS 
Sirs: 

I could not help but note a remark by 
Ceorge Camow in the biography of au
thors contributing to your October issue. 
Dr. Camow is quoted as stating that 
fundamental biology is being trans
formed from "a mostly descriptive into 
an exact science" by new advances in 
the field, "thus opening new fields for 
theoretical studies." If by "exact science" 
Dr. Camow means the science of precise 
and calculable theory, I should like to 
ask where descriptive studies end and 
theoretical ones begin? It is difficult to 
conceive of any biological theory com
pletely devoid of concrete reality. And 
biologists have been and still are occu
pied with the task of better understand
ing this reality by objective and exacting 
observations, experimental or otherwise. 

Biologists have learned that a living 
organism is a nicely constructed micro
cosm that maintains itself and increases 
its kind by the complicated integration 
of physical-chemical systems. The study 
of an organism often gives physical sci
entists, including mathematicians, a bad 
case of the jitters. Indeed, biologists have 
apparently horrified these gentlemen by 
their seemingly muddy thinking and 
equally hazy experimentation. This has 
not deterred the biologists a bit; they 
have blundered along until methods 
have been perfected that make things 
much easier for the physical scientist to 
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work upon. It would seem that the field 
of biology has now entered a new phase 
in its development where it can more 
efficiently utilize the techniques and 
minds of scientists from other fields of 
study. 

Physical scientists who become inter
ested in biological phenomena should 
remember that their intellectual atten
tion must be focused on the organism, a 

microcosm that is not the metabolism of 
nucleic acids, nor the energy transfers of 
the Krebs cycle, nor any of the other 
marvelously attuned physiochemical sys
tems, but is the product of all. There is 
still the knotty question that intrigues 
most biologists: How do all these physio
chemical systems bring about the form 
and substance so apparent in organisms 
described by "outmoded" biologists? 

ALBERT S. ROUFFA 

University of Illinois 
Chicago, Ill. 

Sirs: 
In your October issue appeared a Jet

ter from an irritated Mr. Irving T. Rich
ards, who, in commenting on "The 
Changing American Language" by 
Jotham Johnson, asserted that language 
change "occurs most frequently and 
most rapidly among the illiterate and 
semiliterate." Most specialists, for ex
ample see C. C. Fries' American Eng
lish, believe the illiterate and semi
literate to be the conservatives as far as 
language goes. It is your educated man 
who will initiate new words, new ways 
of using them and pronouncing them. 
The uneducated man may say "put the 
kittle on to bile" quite as cheerfully as 
any citizen of Boswell's London might 
have done. 

Ranger Junior College 
Ranger, Texas 

Sirs: 

MARY Jo DUCK 

In his article, "Maupertuis, a Forgot
ten Genius" [SCIENTIFIC AMERICAN, 

October]' H. Bentley Glass implies that 
the lack of recognition among modern 
scientists of this pioneer is due entirely 
to Voltaire's attack on him. Maupertuis 
was president of the Berlin Academy at 
the time it denounced Koenig-who was 
out of the country at the time, and whose 
essay had been published with Mau
pertuis's permission. It should not be for
gotten that both antagonists-and Vol-

For Pure, Intense Light 
• • •  U-V, VISI BlE OR INFRA-RED • • •  

Bausch & Lomb 

Grating 

Monochromators 

with 

f�)�KI1FIE)· 
Plm(lSI()N 
GRATINGS 

Here's the easy, dependable way 
to get high intensity, high purity 
light of the desired wavelength. A 
simple turn of the micrometer 
drum sets the Certified-Precision 
replica grating with millimicron 
precision. Choice of nine models, 
with linear dispersion from 66A{ 
mm to 16.5A1mm in the first order. 

Wide choice of gratings ... for 
f u ll ra n g e  c o v e r a g e  (2000A-
14,OOOA, first order), or for more 
intensive study in the ultra-violet 

or infrared. 

• Direct irradiation 

• U-V microscopy 

• Photo-chemistry 

• Physical chemistry 

• Spectro-photometry 

WRITE FOR INFORMATIVE DATA-for Y01lr 

copy of Catalog D·259, for an obligation· 

free dem01lStratioll, for expert advice 0" 

specific applications, write Baruch & Lomb 

Optical Co., 78148 St. Patti St., Rochester 

2, New York. 

America's only complete optical source ... from glass to finished product 
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YOUR ANSWER TO CRITICAL 

METALLURGICAL PROBLEMS 

E
XECUTIVES concerned with metallurgy and 

product design will be interested in this 

story of UTICA'S Metals Division, one of the 

largest producers of vacuum melted alloys. 

_""" With facilities and experience second to none, 

UTICA has been in volume production of vacuum melted alloys 

for more than two years - and is helping designers to extend 

product performance and to meet extremely critical conditions. 

This 8-page, illustrated brochure is yours for the asking. Kindly 

write us on your business letterhead. 

��O�� 

Offer of 011' facilities 
is subiect to p,io,ity of 
national defense orders. 

< ... 
Utica Trade Mark 

ALLOYS 

UTICA DROP FORGE AND TOOL CORP., UTICA, N. Y. 

tah'e-were competing for the chancy 
favors of Frederick the Great; further
more, the tradition of impersonal criti
cism of scientific work was not much 
respected at the time, even in the uni
versities. Voltaire's grossly unfair Dia
tribe du Docteur Akakia was written in 
reply to an essay by King Frederick 
in which he clumsily tried to shield 
Maupertuis from criticism. The King's 
essay was published anonymously, but 
with the royal coat of arms prominently 
displayed! Voltaire boiled over, had his 
essay published without the King's per
mission and fled into exile. It is true that 
Maupertuis was ruined (science being 
an intellectual fad of the time, and Vol
taire being Voltaire), but I cannot be
lieve that the subsequent place of Mau
pertuis among scientists was decided by 
the literati. Even at the time, he was 
publicly supported by Leonhard Euler. 

Considering the principle of least ac
tion itself, the comments of Ernst Mach 
in his Science of Mechanics are apropos: 
"He (Maupertuis) took as the measure 
of the 'action' the product of the mass, 
the velocity, and the space described, or 
mvs. Why, it must be confessed, is not 
clear. By mass and velocity definite 
quantities may be understood; not so, 
however, by space, when the time is not 
stated in which the space is described. 
If, however, unit of time be meant, the 
distinction of space and velocity in the 
examples treated by Maupertuis is, to 
say the least, peculiar. It appears that 
Maupertuis reached this obscure expres
sion by an unclear mingling of his ideas 
of vis viva and the principle of virtual 
velocities. Its indistinctness will be more 
saliently displayed by the details." 
Mach continues with a detailed analysis 
of the application of the principle to a 
dynamic case (elastic collision) and a 
static case (the simple lever). He con
cludes that, insofar as it applies, Mau
pertuis's principle is always synonymous 
with Gauss's principle of least con
straint, and that-unlike Gauss's princi
ple-it does not always necessarily hold 
without correction. He remarks: "It will 
thus be seen that Maupertuis really had 
no principle, properly speaking, but only 
a vague formula, which was forced to do 
duty as the expression of different fa
miliar phenomena not really brought 
under one conception. I have found it 
necessary to enter into some detail in 
this matter, since Maupertuis's perform
ance, though it has been unfavorably 
criticized by all mathematicians, is, 
nevertheless, still invested with a sort of 
historical halo." 

In Euler's hands, the principle was 
transformed into a statement both rigor-
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THIS SCREW ROLLING ON BALLS 

operates in 
high- and low-temperature areas 

Over a wide temperature range, AEROL Ball-Screws which 
move entirely on steel balls eliminate the need for lubrication. 
They operate in high-temperature areas without danger of 
fire and thinned-out grease and in low-temperature areas 
without the problems of stiffened grease and sluggish oper
ation. They also assure fast, precise, continuous positioning 
down to near-zero tolerance. 

Replace the common high-sliding-friction screw with an 
AEROL Ball-Screw mechanism, and you can almost double 
drive efficiency, allowing you to save on motor size and 
weight, cost, space and electricity required. 

These AEROL Ball-Screws are at work now on aircraft, 
on trucks and cars, on machine tools, on standard and 
special equipment of all kinds. 

There may well be a money-saving opportunity to put 
them to work in your business. To get more information, 
write for our free booklet. 

Cleveland PneuIDatlc 
� �� CLEVELAND '. OHIO I 

DEPARTMENT 0·1255 

BALL-SCREW MECHANISMS • AIR-OIL IMPACT ABSORBERS 

WORLD'S LARGEST MANUFACTURER OF AIRCRAFT LANDING GEARS 
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ous and much more general, as Mach 
shows in a further analysis. Maupertuis 
may be credited with inspiring Euler, 
but the principle of least action, in its 
valid form, is Euler's and not his. 

WILLARD HATCH 

East Cleveland, Ohio 

Sirs: 
.. . It is indeed a fact that Maupertuis 

was led to his principle of least action on 
theological and metaphysical grounds. 
In his Essai de cosmologie he writes: 
"Here then is this prinriple, so wise, so 
worthy of the Supreme Being: When
ever any change takes place in Nature, 
the amount of action expended in this 
change is always the smallest pOSSible." 

)'Iaupertuis originally discovered his 
principle through his investigations on 
Newton's corpuscular theory of light 
where he was led to assume for meta
physical reasons only that something 
should be a minimum. 

As a generalization this minimal prin
ciple is important if one is to follow 
the historical developmen t of physical 
thought. It was Hero of Alexandria who 
discovered that reflected light travels by 
the path which makes the total distance 
traversed a minimum. This was extended 
by Fermat in the 17th century into a 
general principle of least time. A hun
dred years later Maupertuis, Euler and 
Lagrange developed the dynamical 
principle of least action and in 1834 
Hamilton showed that all gravitational, 
dynamical, and electrical laws could be 
represented as minimal problems. Later 
still Hilbert proved that, on the principle 
of relativity, gravitation acts so as to 
make the total curvature of space-time a 
minimum, or, as Whittaker put it: 
"Gravitation simply represents a con
tinual effort of the universe to straighten 
itself out." 

Finally, it must not be forgotten that 
this principle is but a part of the truth. 
A physical system may go from an ini
tial to a final state in such a way that an 
appropriately selected magnitude will 
exhibit the property of an extremum. 
The early investigators failed to realize 
that this magnitude could be a maximum 
as well as a minimum. Thus viewed we 
must now suppose that the Supreme Be
ing is intent not on economizing but 
more especially on going to extremes one 
way or another. 

JULIUS SUMNER )'1ILLER 

West Los Angeles, Calif. 
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Tunnel within a tunnel - 8500 ft. exhaust ducts 
along the top of each Holland Tunnel tube 

are supported by s.even·foot Monel hangers. 
There's one .every eight feet along the duct. 

The Holland Tunnel 
that drivers never see 

Drivers never see this tunnel because 
it is hidden above the ceiling-a tunnel 
within a tunnel. 

It's part of a unique air exhaust 
system that completely changes the air 
in the Holland Tunnel every minute 
and a half. Since the famous tunnel 
connecting New York and New Jersey 
was opened in 1927, the system has 
proved so successful that designers of 
the Lincoln and other large tunnels 
have adopted it. 

In working out this unusual exhaust 
system, Port of New York Authority 
engineers faced the problem of pro
viding support for the tunnel ceiling, 
or - more correcrly - the "exhaust 
duct floor;' In order to minimize wind 
resistance, hanger rods from the tun
nel shell to the duct floor had to be as 
thin as possible. 

Monel provided the answer. The 
high strength of Monel-plus its corro· 
sion resistance-enabled the engineers 
to use hangers of minimum cross
section without requiring any allow
ance for corrosion. 

A recent check showed these thin 
Monel hangers in as good condition 
as when installed. No corrosion after 
28 years, despite dampness and the 
high concentration of corrosive engine 
fumes in the exhausted air! 

When you have a metal problem, one 
of the Inco Nickel Alloys like Monel 
or Inconel may be the answer to it. 

These alloys are all strong and tough. 
They can help you reduce weight . .. 
protect product purity. They can pro
vide improved resistance to corrosion 
... or greater ability to withstand heat. 

Write for "Standard Alloys for Spe
cial Problems." This booklet summar
izes the properties, applications and 
available forms of all the Inco Nickel 
Alloys. You'll find a copy helpful in 
selecting the right metal for your job. 

And, of course, we're always glad 
to work with you on problems. Don't 
hesitate to call us in. 

A 
Nickel Alloys Perform Better Longer 

,�\ THE INTERNATIONAL NICKEL COMPANY, INC. 
, •• D' •••• 67 Wall Street New York 5, N. Y. 
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L·O·F GLASS FIBERS COMPANY INTRODUCES 
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NEW MICRO·QUARTZ 

2000° TO 3000° 

Lightweight Micro-Quartz may solve critical insulation 

problems in aircraft, oil-refining, metal-processing, chemical

manufacturing, steelmaking and atomic-energy fields. 

L·O . F Glass Fibers Company, a pioneer in 
the manufacture of fine ceramic fibers, now 
announces Micro-Quartz-a remarkable, new 
insulation for temperatures ranging, under 
many conditions, up to 30000! 

Micro-Quartz is available in sheet and bulk 
form. It is light in weight (sheets 3/16" thick 
weigh about .047 pounds per square foot) and 
composed of 98% pure quartz. The average 
fiber diameter is approximately 0.75 microns 
or 0.00003 inches. Since it has no organic 
binder, performance, stability and thermal 
conductivity are those of the quartz fibers 
themselves. 

The range of uses to which Micro-Quartz can 

be put is very broad. Its immediate value will 

be instantly recognized by any and all indus

tries doing work in the high-temperature field

from chemical manufacturing to guided-missile 

production. It may be the answer to high

temperature problems involving low heat 

capacity and high thermal di.ffusivity, fre

quent- or rapid-heating cycles, and problems of 

weight, space limitations and vibration. 

If you have a high-temperature insulation 

problem, send today for a free sample of 

Micro-Quartz and additional information. Or, 

if you need technical consultation on your 

problem, call on our qualified engineers. 

PHODUCT DATA ON STANDAHD MICHO-QUAHTZ SHEETS* 

Density-Standard nominal density is 3 lbs./cu. ft. 

Weight-D.047 lbs. per sq. ft. ± 0.005 lbs. 

Thickness of sheet-Standard nominal thickness is 3/16 inches 

Width of shcet-34 inches 

Length of sheet-71 inches 

*Other thicknesses and densities are available. Sheets can be fabricated 

to fit your application. 
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INSULATION FOR THE 

TEMPERATURE RANGE 
Compression and Recovery 

Per Cent Per Cent Decrease Per Cent 

Decrease in in Thickness Decrease in 

Compression Thickness Immediately Thickness 16 
lbs./Sq. Ft. Under after Removal Hours after Re· 

load of load moval of load 

$ 5.0 2.0 1.0 

10 9.0 4.0 1.5 

25 18.0 8.0 3.0 

50 30.5 11.0 5.0 

100 43.0 15.0 6.0 

Micro-Quartz is resilient 
Since thermal resistance is proportional to thickness, 

good recovery of Micro-Quartz after compression under 

service conditions, as shown above, is highly significant. 

Micro-Quartz has high resistance to vibration 
Under actual test conditions, vibrating a pipe insulated 

with Micro-Quartz for 48 hours at 100 cycles per second 

and an amplitude of 0.02 inch, the average increase in 

thermal conductivity was only about 1.5 per cent. This 

figure is well within the limits of a reasonable test error, 

and indicates little or no change in efficiency as a re

sult of the vibration exposure. 

Thermal conductivity vs. mean temperature of a 
Micro-Quartz blanket with a bulk density of 3 Ibs./cu. ft. 

2.00 
t 
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.. ..
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o 200 400 600 800 1000 1200 1400 16.00 1800 
MEAN TEMPERATURE of 

Micro-Quartz is exceptionally efficient 
Note the flatness of the curve and also that it is sub

stantiallya straight line. Both facts indicate remarkable 

performance for a material of only 3-lb. density. The 

insulation efficiency of Micro-Quartz is exceptional for 

a material so light. 

Micro-Quartz has high resistance to air flow 

Resistance to air flow for the standard thickness of 

3/16 inches is 3 inches H20 at a flow rate of 30 feet per 

minute. This indicates the integrity of the material and 

helps explain the efficiency of Micro-Quartz in resisting 

the transmission of heat. 

Requests on your business letterhead for more information and a Micro-Quartz 

sample will receive prompt attention. Write: L'O'F Glass Fibers Company, 

Dept. 3-125, 1810 Madison Avenue, Toledo 1, Ohio. 

L· O· F GLASS FIBERS COMPANY 
TOLEDO 1, OHIO 

HIGH TEMPERATURE INSULATION 
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en Ine8rs 
to develop a 

NUCLEAR AIRCRAFT 
ENGINE 

mechanical engineers 
for experimental testing and 
d e v e l o p m e n t ,  m e c h a n i c a l  
design, stress a n d  vibration 
analysis, combustion research, 
heat transfer and nuclear reac
tor development. 

aeronautical engineers 
to work on innumerable inter
nal and external airflow prob
l e m s  in co n n e c t io n  with 
design, development and test
ing of a nuclear engine and its 
components. 

engineering physicists 
to assist in nuclear reactor 
d e s i g n  a n d  d evelopm ent , 
including the analysis and 
development of controls, sys
tems and instrumentation. 

metallurgists 
to develop and evaluate high 
temperature materials to get 
greater strengths at elevated 
t e m p e r a t u r e s  a nd h i ghe r 
strength-weight ratios. Devel
opment of superior materials 
with greater corrosion resist
ance is of major importance. 

chemical engineers 
to investigate the chemical 
aspects of heat-producing and 
heat-transferring materials. 
Work will include the deter
mination of phase and equili
brium diagrams and extensive 
analytical studies. 

General Requirements: 
At least a B.S. degree and up 
to five years' professional 
experience. 

Send resume immediately to 
Mr. Paul Smith, Office 11, Employment Department. 

PRATT 
" WHITNEY AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORPORATION 

East Hartford 8, Connecticut 

World's Foremost Designer and Builder of Aircraft Engines ! 
I 
I 
I 

4-_- _________________ ____ I 
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50 AND 100 
YEARS AGO 

DECEMBER, 1905: "The report of 
the Board of Consulting Engineers, ap
pointed by the President to determine 
what is the best type of canal to con
struct at the Isthmus of Panama, has 
not yet been made public, and cannot 
be for some time to come, at least in its 
entirety; and at the present writing 
nothing is certainly known beyond the 
bare fact that the decision, by a major
ity of eight to five, will be given in favor 
of a sea-level canal. Speaking broadly, 
however, and without any reference to 
the pending report, we would suggest 
that in all the long discussion which 
will follow its publication, whether in 
Congress, by the daily press, by the 
technical journals, or even upon the lec
ture platform it would be well to bear 
in mind the classic saying of Augustus 
Caesar, 'Festina lente' ('Make haste 
slowly'). Let the nation remember that, 
although the extra one hundred millions 
of dollars and the few extra years of 
time that a sea-level canal may cost, 
may seem large in our day and genera
tion-ten, fifty, one hundred years hence, 
this little question of time and cost will 
be forgotten by a posterity that is reap
ing the inestimable benefit of an un
hindered waterway from ocean to 
ocean." 

"When the history of the development 
of the marine turbine comes to be writ
ten, that period of it which deals with 
the application of the turbine to the 
transatlantic steamship must ever be 
closely associated with the name of the 
Cunard Company, which was the first 
seljously to consider the application of 
the turbine to the transatlantic steam
ship. The CaTania, driven by reCiprocat
ing engines, and its duplicate the Car
mania, driven by turbines, have both 
been completed and are now sailing in 
the regular service of the company, the 
Carmania having just made her first suc
cessful trip to the port of New York. 
The two ships are sister vessels in every 
respect but that of the engines; they have 
been built by the same firm; they will 
sail over the same route, and, therefore, 
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Whiskers on tin-plated steel, enlarged 6 times. Immense yield strength 

of metals in whisker form was discovered by Bell scientists. 

The clue of the metal whiskers 

The habit of close observation at 
Bell Laboratories often turns "tre
mendous trifles" into important scien
tific progress. Such a case occurred 
when unexplained short circuits in 
wave filters seemed to be associated 
with a zinc-plated mounting bracket. 

Close scrutiny disclosed a whiskery 
growth on the zinc plating. Similar 
whiskers of tin were found growing 
on tin -plated equipment. Studies 
showed the whiskers to be tiny single 
crystals of metal. 

Suspecting that these unusual crys
tals might be of essentially perfect 
structure, alert Laboratories scientists 
saw an opportunity at last to test 

an important metallurgical theory. 

The scientists studied the whiskers, 
grew larger ones, and showed that the 
crystals had enormously high yield 
strength as predicted by the theory 
for perfect crystals - a strength far 
greater than for the same metal in 
any other known form. This clue has 
opened new frontiers in the study of 
what makes metals strong or weak, 
and has excited metallurgists all over 
the world. 

Thus, another new advance has 
come out of the Bell Telephone Lab
oratories practice of scrutinizing 
everything that can play a part in 
better telephone service. 

Through the study of thousands of specially cul
t;vated whiskers, Bell scientists seek to prevent 
treacherous growths in telephone equipment. 

BELL TELEPHONE LABORATORIES 

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 

II 
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HOKUM ON PREAMPLIFICATION 

Way out in our back room we have a section devoted to 
Engineering�' One purpose 01 this group is to see to it that our 
relays work in the job for which our customers purchased them. 
Our man Waldo Hokum, one of the members of this group, has for 
years be,en untangling circuit problem�' that have had an unflattering 
ellect on our relays and during this time he has been able to segre. 
gate many problems and assemble them in definite categories3. 

". 
One category soon became so large that we had to take more 

floor space to make room for it - that was, and is, how to get 
conventional relay response to low impedance D.C. signals of the 
order of 0.1 to 100 microwatts. Many relay uses call for amplifying 
these signals so that the� will be strong enough to activate even 
our most sensitive relays: This is especially important to people 
who work with photocells, thermocouples and the like. 

Waldo stuck with this one through various stages of vacuum 
tubes, transistors, toroidal coil magnetic amplifiers and such, but 
never was really happy abQut his progrest There was always 
something like high cost, fragility or instability to cast a dark 
shadow on his otherwise blissful existenc�: It wasn't until he de. 
signed and made his Own magnetic amplifier that he began to see 
the sunshine a�ail� 

What he came up with was a ma�netic amplifier which, 
among other things, included conventional bobbin. wound coils 
rather than toroids. This made our directors happ;" because even 
they know that the manufacturing costs ar.e mucb less with bob. 
bins, and, what is more important, it made Waldo hapt�: He dis. 
covered that his new gism&�' together with the circuitry that he 
developed to go with it, had some rather interesting speci.7· gener. 
ally as follows: 

MAGNETIC AMPLIFIER RELAY 

Sensitivity: 

Nature 01 signal: 
Relay response: 
Contoct form: 

Conlcet rating: 

Speed of response I 

Environment: 
Vll�rotion 

T emperolure 

Shock 
Power Supply I 

SERIES 8000* 

0.1 to 100 microwofts 

D. C. from 0.1· 10 30.000 ohms \3. 
Polarity sensitive- snap action 

111 3-position, center neutrol 
121 SPDT 

)·5 amperes 01 28VDC or 115VAC 

30 to 300 milliseconds depending on 
overdrive cnd L/R of input circuit 
Standard 

5 g. 
to 30 cps. 

00l0500C 
10 9 
1I5V @ 60 cp •• 

Avoilable 
10 g. 
10500 cps, 
-55010 1250C 
100 9 
115V @ 400 cp •. 

This thing is now at the point where it would be worth your 
time to play around with - that is if the above specs bracket your 
problem generally and especially if you need to monitor the condi. 
tions of bridge balan2:' or compare the outputs of low impedance 
p.C. signal sources. 

If such is the case, Waldo has some sample "packages" that 
not only include his magnetic amplifier, and a Sigma Relay (natch), 
but also the circuitry that makes the thing worf' If you think 
you'd like one of these to fool with, or wish more information on 
this subject, we suggest you write to us, attention of our man 
Waldo. His name really is spelled Holcombe. 

* 

SIGM 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree, Boston 85, Mass. 
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" 

under the same average weather condi
tions. Hence they afford an ideal oppor
tunity for testing the relative first cost, 
cost of operation, and all-around useful
ness of the reciprocating engine and the 
turbine in work of this character. At the 
present writing, it is sufficient to say that 
so far as the trial trips and the maiden 
voyage of the Carmania are a criterion, 
the application of the turbine to an 
ocean liner of the largest size has been 
a brilliant success, and thereby the last 
doubt as to the ability of the steam 
turbine to supersede the reciprocating 
engine in practically every class of 
marine service, from the torpedo boat up 
to the 40,000-ton high-speed ocean 
steamer, is completely set at rest. As re
gards the question of speed, the Carania 
on her trial maintained an average speed 
of 19.5 knots an hour, with 22,000 indio 
cated horse-power, whereas the Car
mania showed an average speed of 20.5 
knots per hour, for which the equivalent 
horse-power would be 25,500. The 
Carmania had not been in dry dock 
for eight months, and her bottom was 
necessarily foul. With a clean bottom, 
it is reasonable to suppose that she 
would have made fully 21 knots an 
hour." 

"The Nobel prizes were distributed 
on December 10 by King Oscar of 
Sweden. The recipients were: In phy
sics, Prof. Philipp Lenard, of Kiel Uni
versity, for researches into cathode rays; 
in chemistry, Adolf von Baeyer, profes
sor at the University of Munich, for re
searches relating to the evolution of or
ganic chemistry and the development 
of the chemical industry; in rr.edicine, 
Prof. Robert Koch, of Berlin, for re
searches looking to the prevention of 
tuberculosis." 

"Continued prosperity in the United 
States is having a marked effect on im
migration. For the year ending June 30, 
1905, the total was 1,027,421-the first 
year in which a full million was ex
ceeded." 

"Sir William Ramsay and Frederick 
Soddy have proved that radium, in the 
course of its disintegration, gives rise to 
helium, the latter being expelled as a 
gas, and probably made up of the alpha 
particles expelled from the radioactive 
substance. A. Debierne now shows that 
actinium also produces helium in the 
course of its disintegration. The gas is 
found in the mixture of hydrogen, 
oxygen, and other gases resulting from 
the decomposition of the water in the 
salt. The same helium spectrum is ob-
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Rare Earths by Ion Exchange 

a new system which produces" rare" rare earths 

in purities up to 99.99% for research and industrial use 

T
ALK about excitement! Here at 
Lindsay we're as thrilled as a kid 
with a new toy -our new ion ex

change unit is a big success and already 
the talk of the industry. 

What's it all about? Well, the "rare" 
rare earths, as you know, are so identi
cal in their atomic structure that sepa
ration by the common fractional crys
tallization method is impractical for 
most of them. Yet there has been an in
creasing number of inquiries from sci
entists throughout the country for the 
salts of some of these rare earths in 
quantities and purities not available 
commercially. 

Fortunately, two gifted gentlemen, 
Drs. Sped ding and Powell of the Ames 
Institute for Atomic Research, had de
veloped a process for the separation of 
rare earths by ion exchange. Their pilot 
plant work demonstrated that highly 
pure rare earth salts could be produced 
in commercial quantities. 

a report by LINDSAY 

So this was the solution to our prob
lem! In August we installed a battery 
of ion exchange columns in our West 
Chicago plant. The results were spec
tacular. We have successfully separated 
commercial quantities of these highly 
gregarious elements: samarium, euro
pium, gadolinium, terbium, dyspro
sium, erbium, thulium, ytterbium, 
yttrium, lutetium and holmium. 

Our first ion exchange unit has been 
operating at capacity since the installa
tion, and we are now adding a second 
unit. 

Lindsay's ion exchange process works 
like this. Monazite ore tailings are dis
solved in nitric acid and are then 
treated with oxalic acid to remove im
purities. The rare earths are precipi
tated out as oxalates which are ignited 
to trivalent oxides. These oxides, dis
solved in hydrochloric acid, become a 
"charge" for the ion exchange column 
which contains a bed of synthetic resin 

-.. ��. -
� 

:: ... - .� -
, 

Portion of Lindsay's Ion Exchange Plant 

(sulfonated styrene-divinylbenzene co
polymer). Positive ions on the active 
points of the resin are exchanged for 
ionized rare earth atoms which are held 
by the resin and become concentrated 
near the top of the column. 

Separation occurs through elution 
with an ammonium salt of ethylenedia
minetetracetic acid. The least strongly 
held rare earth is released first and 
emerges alone at the bottom of the 
column completely separated from the 
others and in highly pure form. It is 
followed by the next strongly held and 
so on. 

We are proud of this addition to our 
production facilities which marks a 
milestone of progress for us, for science, 
and for industry. We feel sure that 
.!.���e highly pure rare earths, now 
available from our ion exchange pro
duction will have Significant effect on 
the improvement of many industrial 
processes and the advancement of sci
entific knowledge. 

If you are interested in any of these 
elements for research or industrial use, 
we suggest that you tell us of your re
quirements. In the meantime, we are 
continuing our regular production of 
other rare earth and thorium chemicals. 

UNDSAY CHE�!.gAL COMPANY 
264 ANN ST., WEST CHICAGO, ILLINOIS 
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LOOK HOW 
".., 

�� silicones 

brighten the glas.s picture 

LOOK AT the reasons why 

Leading glass makers are welcoming a type of LINDE Silicone that 
helps them produce bottles sparkling clean-with fewer rejects. 
It is simply sprayed on molds, shear blades, and chutes. Its clean

liness improves the product. With no soot and smoke, working 
conditions are better. 

But helping glass serve the tremendous business of bottling 
America's medicines, beverages, cosmetics, foods, is only one of 

the achievements of LINDE silicones. Many other industries are 
taking advantage of the "slipperiness," the strong resistance to 
heat and cold, the water repellency, and other useful qualities of 
this versatile family of chemicals. 

Because LINDE and other divisions of UNION CARBIDE serve 
customers in so many fields, LINDE is particularly qualified to 
supply and help you use silicones that can improve your products 
or processes, and reduce their costs. Write Dept. R-12. 

LOOK TO "c.#ede 
for silicones 

30 East 42nd Street, New York 17, N. Y. 
In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited 

The term "LINDE" is a registered trade-mark 01 Union Carbide and Carbon Corporation. 
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tained with radium salts and actinium 
salts. When special provision is made for 
the elimination of radium, the results 
from actinium salts remain the same." 

DECEMBER, 1855: "It is more than 
twenty-five years since Pennsylvania 
coal began to be a recognised article of 
production and commerce. This year 
the product will amount to no less than 
six millions of tuns. This, as delivered 
at the mines, is worth at least twelve mil
lions of dollars-so that this great sum 
may be regarded as the amount of solid 
wealth dug annually at the present time, 
from the bowels of the earth." 

"As the remains of tropical animals 
are found in England, and other coun
tries nearer the arctic regions, some 
philosophers have concluded that there 
must be a slow motion of different por
tions of the earth towards the north, and 
that England was, at one time, situated 
in the tropical regions, and will, in the 
course of ages, be covered with per
petual snows, and lie under the dayless 
gloom of the Arctic Circle. Another class 
of philosophers-the plutonists-enter
tain the idea that the earth was once a 

mass of molten fire, and having after
wards cooled slowly, the internal heat 
given out at one period gave a tropical 
temperature to the present arctic re
gions, thus enabling tropical animals to 
Bourish there. The advocates of the plu
tonic theory have been very cautious 
in fixing the time when the earth was in 
its intensely heated state, but the 'pole
changers'-those who advocate the dif
ferent theory described-have not shown 
so much prudence. At the late meeting 
of the British scientific association, Evan 
Hopkins, author of a work on geology, 
and a believer in the change of the 
earth's polar position, expressed his 
opinion in a paper on the geological 
changes of the earth that about 9,000 
years since England basked under a 
tropical sun and was now slowly drift
ing up to the North Pole. Mr. Hopkins 
should have been more cautious; he 
ought to have placed the period of 
change 1,000,000 instead of 9,000 years, 
and then, in all likelihood, he would 
have acquired a very high reputation for 
profound investigation and observation. 
There is nothing like a little obscurity 
in treating such subjects; most of the 
philosophical theorists know this." 
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holders 
fo. alI types of fuses, resistors, capacitors and other small 

tubular components. A broad standard line 
of stock items for your selection and convenience. 

NEW ENGINEERING CATALOG NUMBER 14 
We are always at your service to make recommendations and 

develop the solution to any circuit protection problem. 

facilities 
for research, design, product development, tooling and 
production of special items for electronic, electrical and 
automotive applications-fuses ,circuit breakers, fuse blocks, 
in·line holders and harnesses, 
terminal blocks and 
low voltage lamp assemblies. 

A Littelfuse /ield representative will be glad to come to }'ou. 
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Life 
on the 

Chemical 

Newsfront DO-IT-YOURSELF ENTHUSIASTS will get it helping hand with home paint
ing from new line of AccosPERsE* Pigment Dispersions for rubber-base 
paints. These pigment dispersions mix easily, with no milling, into latex 
paints without streaking or specking. They have high color concentration, 
ideal consistency, wide compatibility with alkaline emulsions and excellent 
storage stability. Intermixing will provide an almost limitless array of 
beautiful shades and tints that are free flowing and non-streaking. 
(Pigments Division) 

Chemistry comes to the aid of the retailer 

NEW IDEA: protecting merchandise from sun-fading by coating 
store windows with a film containing U. V. Absorber 9! Trans
parent to visible light, U. V. Absorber 9 soaks up ultraviolet light 
and changes it to harmless infrared radiation. Research in suitable 
film formulations has produced a number that the New Product 
Development Department is prepared to recommend to interested 
manufacturers. Other applications of this remarkable product in
clude polyester resins, surface coatings and dyes. (New Product 
Development Department, Section A) 

,16 

WHITE FABRICS ACQUIRE STRONG SALES APPEAL at the 
counter through the brilliant whiteness imparted by Cyanamid's 
CALCOFLUOR* White ST. Applied by the fabric finisher, this 
whitening agent possesses outstanding ability to absorb ultraviolet 
light, which is re-emitted as visible light to make the fabric much 
brighter to the eye. It was developed to give white and pastel 
fabrics the clear, clean brilliance that makes them stand out on 
sales counters. Mills are invited to send a swatch of their own 
fabric for comparison treatment. (Organic Chemicals Division) 
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NEW PRECISION PRODUCTION PROCESSES in ceramic manufacture, 
like the grinding operation illustrated, require use of binders that give 
high green strength to unfired pieces. The binder also should give 
good lubricating properties for easy mold release and internal plasticity 
so that complex shapes can readily be formed. Binders also must dis
perse thoroughly in the mixing operation and must volatilize com
pletely on firing. In recent evaluations, H YFORI\,r@ Emulsions have 
proved outstanding in these essential characteristics. (Industrial Chemicals 

Division, Dept. A) 

Additional information may 
be obtained r egarding these 
products by writing on your 
business letter/wad to the 
Divi s io n  of Am eTi c an 
Cyanamid Com pany, 3IJ 
Ro ckef eller Plaza, New 
York 20, N. Y., indicated 
in tile captions. 

• 

MEDICINE THAT'S EASY TO TAKE. An improved, recently 
announced ACHROMYCIN@ Tetracycline dosage form is cherry
flavored liquid Pediatric Drops, which doctors may prescribe 
for their little patients to take "straight" from the dropper or 
mixed with milk, water or fruit juices. (Lederle Laboratories 

Division) 

IN THE NEW OXYGEN STEELMAKING PROCESS, pure oxygen 
is blown against the surface of a molten iron bath. This violent 
oxydizing reaction removes impurities from the iron in the 
production of high-grade steel. A Pease-Anthony Venturi 
Scrubber is employed to prevent air pollution on the first of 
these operations installed on the North American Continent. 
This highly efficient scrubber, which removes some 30 tons per 
day of sub-micron iron oxide from exhaust gases, is marketed 
by a Cyanamid subsidiary, Chemical Construction Corp. 

17 
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[ � Design NEWS 
N;�r'S of Anothef,,�esign Probl em Solved With Flame;Plated Tungsten �a!l:!id��Coatings. 

� "-"'�"" V'= &"" " "'M .. _ ,Wi- ,�_ .. _. _. l\._�= . , ,,a 

Flame-Plating solved the fretting corrosion problem which adversely 
affected the performance of the above turbine shaft seal. 

f��� 50Ive5 

UFretting Corrosion" problems' 
When tightly fitting parts undergo a vibratory motion, surface 

failures often occur. One name for this phenomenon is fretting 
corrosion. In certain cases, where parts are required to operate with 
little or no lubrication, the effects of fretting corrosion are quite 
severe. Such was the case of the turbine aircraft engine shaft seal 
illustrated above. This design problem was solved by Flame-Plating 
the bearing surfaces with tungsten carbide. These Flame-Plated 
parts now give over twice the required service life. 

Flame-Plating is LINDE'S service performed in LINDE'S plants [or 
depositing a tungsten carbide coating on metal parts. Finished or semi
finished parts made of most metals can be Flame-Plated without 
distortion as the temperature of the part being plated does not exceed 
400 deg. F. 

Find out if Flame-Plating can solve your wear problems by calling 
your nearest LINDE Office today. Or write for your free copy of the 
Flame-Plating booklet. 

, de"g. wUh Flame-Platin. 'n m'nd 

LINDE AIR PRODUCTS COMPANY 
A DIVISION OF UNION CARBIDE AND CARBON CORPORATION 

30 Easl 42nd Sireel, New York 17, N. Y. � Offices in Olher Principal Cilies 
In Canada: LINDE AIR PRODUCTS COMPANY 

Divisian of Union Carbide Canado Limiled, Toronlo 

"Linde" is a trade-mark and" � " is a service mark of U cc. 
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THE AUTHORS 
HOMER E. NEWELL, JR. ("The 

Satellite Project") is a member of the 
group that is preparing the launching 
of artificial satellites for the U. S. 
National Committee for the Internation
al Geophysical Year. He was born in 
Massachusetts and took his bachelor's 
and master's degrees at Harvard Uni
versity in 1936 and 1937. He then took 
a Ph.D. in mathematics at the University 
of Wisconsin and spent a few years 
teaching mathematics at the University 
of Maryland. In 1944 he joined the 
Naval Research Laboratories in Wash
ington, where he is now head of the 
Rocket-Sonde Research Branch. 

JACQUES MILLOT ("The Coela
canth") has been director of Madagas
car's Institute of Scientific Research 
since it was founded in 1947. His educa
tion included two doctorates at the 
Universitv of Paris, one in medicine 
(1922) ;nd one in science (1926). He 
taught, successively, histology at the 
Medical School of the University of 
Paris, phYSiological anthropology at the 
Paris Institute of Ethnology, and animal 
biology at the Sorbonne. In 1943 he was 
appointed to the chair of comparative 
anatomy at the National Museum of 
Natural History in Paris. Since his ar
rival on Madagascar he has studied sev
eral curious primitives among the local 
animals, notably an archaic species of 
spider which has survived in the island's 
forests, and of course the coelacanth. As 
a hobby he collects books and manu
scripts of literary and historical interest, 
"from Racine to Malraux." Millot for
warded the photograph shown below 
with the caption: "Joie generale all 
laboratoire d' anatomie comparee dll 
Museum a l'al'rivee des nouveaux coela
canthes" ("General rejoicing at the 
laboratory of comparative anatomy of 

Millot (wearing muffler) examines fish 
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FARNSWORTH ELECTRONICS COMPANY 
a division of International Telephone and Telegraph Corporation 

FORT WAYNE, INDIANA 
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Mercury Batteries Provide 

Dependable Power in Small Space 

General Mercury Batteries are helping many manufac
turers take even greater advantage of transistors. The 
outstanding quality, and the high ratio of energy to size 
of these batteries is helping to build more compact, 
easier-to-handle portable miniaturized products with
out loss of efficiency. 

Already the use of these tiny but powerful mercury 
batteries has spread throughout the hearing aid indus
try. The results are smaller, lighter instruments with 
greatly improved performance. 

We invite you to investigate the possibilities General 
Mercury Batteries have for your product. They can be 

made in "power packs" in an unlimited number of series, 
parallel or series-parallel combinations. General "power 
packs" are made up of individual cells joined together 
by General's special surge-weld process. We will be 

glad to send you complete technical data. If you have 
specific questions we will be most happy to answer them. 

the Museum on the arrival of the new 
coelacanths"). The picture suggests low 
temperatures and high spirits. 

THEODORE H. INGALLS ("The 
Strange Case of the Blind Babies") is 
associate professor of epidemiology at 
the Harvard School of Public Health. 
Born in Utica, N. Y., he graduated from 
Hamilton College in 1929 and took his 
M.D. at Harvard in 1933. He then 
trained in Boston at the Peter Bent 
Brigham Hospital and at Children's 
Hospital. From 1938 to 1940 he was a 
research fellow at Massachusetts Gener
al Hospital, where he studied bone 
growth. He entered the Army Medical 
Corps in 1942. His war experience, he 
says, prompted him to switch from 
medicine to preventive medicine. Since 
then his specialty has been the study of 
congenital anomalies, about one of 
which he has written for SCIENTIFIC 

AMEHlCAN ("Mongolism;" February, 
1952). He combines experimental stud
ies on small animals in the laboratory 
with clinical observations of human 
cases, concentrating on stresses upon the 
pregnant mother and the embryo be
tween fertilization and birth. Ingalls is 
an associate editor of The New England 
Journal of Medicine. 

GEORGE W. GRAY ("Life at High 
Altitudes"), is a member of the staff of 
the Rockefeller Foundation. Of his many 
articles for SCIENTIFIC AMEHlCAN, the 
most recent, "Unknown Viruses," ap
peared in the March issue. The visit to 
Peru referred to in the present article 
was part of a tour he made in August, 
1953, of a number of research centers in 
various parts of South America. 

I. BERNARD COHEN ("Isaac New
ton") is associate professor of the history 
of science and of general education at 
Harvard UniverSity. A frequent contrib
utor to SCIENTIFIC AMEHlCAN, he wrote 
the article "An Interview with Einstein" 
published in the July issue. Cohen is the 
editor of Isis, the history of science 
journal. He recently completed a study 
of Newton's scientific thought and of the 
tradition it established. It will be pub
lished by the American Philosophical 
Society. 

VICTOR F. WEISSKOPF AND E. P. 
ROSENBAU1\1 ("A Model of the Nu
cleus") are, respectively, a theoretical 
physicist and a science editor. Weiss
kopf, who was born in Vienna, studied 
with Wolfgang Pauli in Ztirich and with 
James Franck and Max Born at the Uni
versity of Gottingen, where he took his 

© 1955 SCIENTIFIC AMERICAN, INC



APCO Turbine Type Pumps, as shown 
here, serve in the Petroleum Industry. 

Petro-Chemical Production, P and Progress and-

DUDeo DIYISION 
Hazel Park, Mich. 

Dual-Vane Hydraulic Pumps, 3 
to 120 gpm; Fluid Motors, 7 to 
140 hp; 2000 psi operation. Pis
ton-Type Pumps for 5000 psi. 

HYDREeO DIYISION 
Cleveland, Ohio 

Gear-Type Hydraulic Pumps, 3 
to 120 gpm; Fluid Motors, 3 to 
52 hp; Cylinders; Control and 
Auxiliary Valves; 1 SOO psi. 

WATERTOWN DIYISION 
Watertown, N. Y. 

Railroad air brake valves for 
freight and passenger equip. 
ment, STRATOPOWER Hydrau
lic Pumps for Aircraft, to 3000 
psi. 

KINNEY MANUFACTURING DIYISION 
Boston, Mass. 

Rotating Plunger and Heliquad 
Liquid Handling Pumps, to 
3000 gpm. Vacuum Pumps,0.2 
micron, evacuate 1800 cfm. 

AURORA PIIMP DIYISION 
Aurora, III. 

Liquid Handling Pumps, Cen
trifugals and deep wen Tur
bines, 7000 gpm, 500 ft. heads_ 
Turbine-type, 150 gpm, 600 ft. 
heads. Condensate Re turn 
Units. 

FLUID POWER 
Many industries lean heavily upon 

pumps for various stages of produc

tion. But in none is there a more definite 

tie-up between the profit and loss state

ment and Fluid Power than in Petro

Chem and Petroleum Refining. The 

movement of liquids (to perform the 

essential operations for converting 

them from raw material to finished 

product), entails a wide variety of 
conditions and reqUirements. There 

are, for example: high pressure/small 

volume ... low pressure/large volume 

. .. accurate, metered flow ... icy cold. 

boiling hot . . .  acid, alkaline or neu

tral ... clear clean, colloidal or semi-

trifugal Pumps and KINNEY Heliquad 

Gear and Rotating Plunger Pumps. 

DUDCO, HYDRECO and STRATO

POWER high pressure Hydraulic 

Pumps provide Fluid Power for rotary 

or linear motion in process automation 

or for added safety where toxic, flam

mable or explosive materials are pres

ent. There are: HYDRECO Gear Type 

Pumps and Motors, Valves and Cylin

ders for 1000/1500 psi operation . . .  

DUDCO Dual-Vane Pumps and Motors 

for 2000 psi circuits and . , . DUDCO 
and STRATOPOWER Piston Pumps 
delivering pressures to 5000 psi. 

solid. And. for any of these conditions Finally there is Fluid Power in reverse 
there's a pump bearing The New York . . .  KINNEY High Vacuum Pumps to 
Air Brake Company mark ideally step up distillation, dehydration, de-

suited to do the job. For liquid handling aeration and other production and 

services: AURORA Turbine and Cen- profit functions. 
Complete your file of data on new developments in the New York Air Brake 
family of advanced performance equipment. Write tor catalogs today! 

THE NEW YORK AIR BRAKE COMPANY 

230 PARK AVENUE • NEW YORK 17, N. Y. 
INTERNATIONAL SALES OFFICE, 90 WEST ST.,NEW YORK 6, N. Y. 
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If your business involves measuring time in hours, minutes or seconds, you know 

that there are other, equally important standards 01 measure lor Time and 

Timing. Check your present Timing sources; how do they measure up in terms 01 -

22 

QUALITY? - Remember that HAYDON- has the complete, up-to-the

minute research and manufacturing facilities, the long experience and the 

skilled personnel essential to producing Timing Motors and Devices of the 

highest uniform quality and the most advanced design. 

COMPLETE SERVICE? - Ready to serve you for all your timing needs, 

HAYDON has the complete, fully integrated engineering and manufactur

ing facilities to take your timing projects from design and development 

through to finished product " .. economically manufactured in small or 

large lots to meet your requirements. 

TRAINED REPRESENTATI VES? - Making all of these facilities and serv

ices conveniently available to you are HAYDON's Field Engineers. Each 

of these men is a Timing Specialist ... fully qualified by training and 

experience to help fill your timing needs. There is one of these Spe

cialists in your area. Why not phone him today and make an appointment 

to discuss your requirements! 

*Trademark Reg. U.S. Patent Office 

A SUBSIDIARY OF GENERAL TIME CORP 

HA YDON Manufacturing Company, Inc. 
3736 ELM STREET, TORRINGTON, CONNECTICUT 

Ph.D. in physics in 1931. He spent the 
middle 1930s in research in Europe, 
notably at the Universities of Copen
hagen and Cambridge. At Copenhagen 
he studied with Niels Bohr. On his ar
rival in the U. S. in 1937 he first taught 
at the University of Rochester. From 
1943 to 1947 he was a theoretical physi
cist at tIle Los Alamos Scientific Labora
tory. He was appointed professor of 
physics at the Massachusetts Institute 
of Technology in 1945. Rosenbaum is a 
member of the board of editors of SCIEN
TIFIC AMERICAN. He was born in New 
Haven, Conn., in 1916, attended both 
Harvard and Yale as an undergraduate 
and graduated from Yale in 1937. He 
then taught mathematics and physics at 
the Milford School, a preparatory school 
in Connecticut. During World War II, as 
a captain in the Air Force, he served at 
Wright Field as project engineer on the 
first Air Force radar-directed guided 
missile. After the war he returned to 
teaching and administrative work at the 
Milford School, but then turned to 
writing, principally for radio and tele
vision. He joined the staff of SCIENTIFIC 
AMERICAN in 1952. 

ROBERT L. STRECKER ("Popula
tions of House Mice") is assistant pro
fessor of zoology at Miami University in 
Ohio. He was born 30 years ago in 
Marietta, Ohio, and attended Marietta 
College. He writes: "My only productive 
research work so far, other than the 
house mice, was a summer spent in 
Alaska on an Air Force grant to Peter 
Morrison at the University of Wisconsin. 
I was a member of the research group, 
and we were primarily interested in ob
taining Alaskan mammals and studying 
their resistance to cold." Strecker took 
his M.A. and Ph.D. in 1947 and 1951 at 
the University of Wisconsin. He has 
made a hobby of collecting mousetraps. 
"Maybe," he suggests, "I can get some 
contributions from your readers." 

GORDON RAISBECK ("The Solar 
Battery") is a member of the technical 
staff of the Bell Telephone Laboratories 
at Murray Hill, N. J. He took his B.A. at 
Stanford University in 1944, then at
tended Oxford University as a Rhodes 
Scholar. For two years during World 
War II he served as a radio technical 
officer in the Navy, studying radar wave 
propagation at the Naval Research 
Laboratory. In 1949 he received a 
Ph.D. in mathematics from the Massa
chusetts Institute of Technology. At the 
Bell Laboratories, where he has been 
ever since, he is in charge of a research 
group studying electrical conductors. 
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"TO PEACE 
because 'he awfu' 

a"erna,i"e;is ,h. 
end of all 'ife" 

--� 

* Seawolf aunching Invu"""'O'rI. 
1955, by Lt. Comdt:. Paqlj: . Bradley, 
(ChC) , USN. "Therefore, reverently we 
ask Thee, 0 God, oCboth the atom's law and 
mans-rarsoh, to bi�s and sui<:lejhem to " 
life more abundant ... to peace .. . because the 
awful alternative is the end of all life." 

Our expansion program requires: Scientists. Engineers. 
Precision Instrument Makers-write to S. W. Wilson 

Lese are the last twelve words of the invocation 

given at the launching of "Seawolf." 

As the second nuclear-powered submarine to be completed 

within the past 20 months ... it dramatically re-affirms 

our entrance into a brand new era! 

In a smaller way ... yet significantly ... it also 

re-affirms Norden-Ketay's leadership in the field of 

electronics and instrumentation. For based upon 

their experience, research facilities, and performance in 

volume production ... The Precision Components 

Division of Norden-Kecay was chosen by 

General Dynamics Corporation, builder of "Seawolf;' 

to supply the SYNCHROS which translate electrical 

impulses into positioning data ... another 

example of how Norden-Ketay serves most of the leaders 

in automatic controls ... where reliability counts most! 

MIJL'UlI." • DIGITAL CONVERTERS. 

RATE GENERATORS. RESOLVERS. MAGNETIC 

AMPLIFIERS. GEAR TRAINS. VARI·OHM 

NTIOMETERS • NAVIGATIONAL SYSTEMS. 
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PJORDEN - KETAY CORPORATION 
99 Park Avenue, New York 16, N. Y. 

DIVISIONS: 

The NOl'den Laboratories, White Plains, N. Y. 
Precision Components Divisilm, New York, N. Y. 
Commack, Long Island, N. Y. 
Western Division, Hawthorne. California 
Inslf'Umenl and Systems Division, Milford. Connecticut 

SUBSIDIARIES: 

The F,ohman Manufacturing Company, Inc., Miami, Fla. 
Nuclear Science and Engineering Corporation, Pittsburgh, Pa. 
Va,i·Ohm Co,p., Amityville, Long Island, N. Y. 

Scientific Specialties Corporation, Bosmn, Mass. 
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alwac III reliability. ... 
sets the pace for magnetic drum digital computers. 

THE IMPROVED ALWAC III now in quantity production 

can automatically modify the address as an instruction is 

picked up. Also, the new model picks up two instructions at 

once. When the first is finished, the second is available immedi

ately. This affords a higher percentage of data addresses that 

give optimum fast-access operation (1 millisecond). 

In its 4,096 or 8,192-word memory ALWAC stores two instruc

tions per word. Input and output are all decimal and alpha

numeric. Punched-card handling at 100 a minute with simulta

neous computation, and magnetic tape storage complete the 

AL WAC picture for the present. 

At the right are typical 

Al WAC s ystems p e r

forming data reduction, 

mass spectrometer calcu

lations, statistical studies, 

and matrix inv e rs io n. 

Your AlWAC will open 

up a wide range of scien

tific and business prob

lems for a modest invest

ment. 

LOGISTICS RESEARCH INC. 
141 So. Pacific Ave. Redondo Beach, California 

THE COVER 

The painting on the cover symbol
izes three of Isaac Newton's most 
notable scientiRc contributions (see 
page 73). On the scrap of paper is 
a sample of the notation he used in 
the differential calculus, which he 
described in his historic treatise the 
PrinCipia. The dot above the letter 
x sign iRes that it is a differential, 
now commonly written dx. The ap
ple, suggesting the incident that 
moved him to formulate the theory 
of gravity, is a variety that grew 
in England during Newton's life
time. The prism and the spectrum 
it casts stand for his optical studies. 
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DISC ILLUSTRATED COURTESY COLUMBIA RECORDS 

PROGRESS THROUGH ANACONDA METALS 

A new copper makes sweet music in electroplating 

THE PROBLEM: At one stage in making 
records, music is transferred from the 
original cutting to a very thin shell of 
nickel. For practical handling, this shell 
has to be strengthened. And copper, as 
our most versatile plating metal, pro
vides a sturdy electroplated reinforce
ment. As electro platers know, even 99.9+ 
per cent pure copper in an acid-electro
plating bath produces a few particles 
which behave erratically. They may 
waste some metal, but seldom cause real 
trouble. In record making, however, they 
occasionally formed nodules, or bumps, 
which could not be removed easily with
out distorting the music. 

THE SOLUTION: Anaconda metallurg
ists at The American Brass Company 
found that if the copper used as anodes 
contained a very small but precisely con
trolled percentage of phosphorus, all 
copper particles marched obediently and 
uniformly to the object being plated. 
Phosphorus acted like a policeman. From 
this discovery came a new product-Ana
conda "Plus 4" Phosphorized Copper An
odes. They provide not only an exception
ally smooth, dense deposit, without nod
ules, but also-15 per cent greater cathode 
deposits-no build-up of copper in solu
tion-and no copper wasted as sludge. 
Best of all, "Plus 4" Anodes cost no more. 

THE FUTURE: This metallurgical ad
vance opens the way to important econ
omies and product improvements in the 
entire field of copper acid-electroplat
ing. From a full range of products in 
copper and its alloys for industry ... to 
copper and aluminum wire and cable . • •  

Anaconda constantly seeks better ways 
of doing things with the world's most ex
tensive line of nonferrous metals. Call 
The Man From Anaconda for help in 
your problems. The Anaconda Company, 
25 Broadway, New York 4, N. Y. 55220 

® 

ANACONDA 
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NEW G-E Small Particle Detector 
Helps Solve Air Pollution Problems 
Now General Electric offers a simple, reliable means of measuring the 
number and size of airborne condensation nuclei. The G-E Small Particle 
Detector counts all condensation nuclei larger than a selected minimum 
size and indicates directly in nuclei per cubic centimeter. 

LIGHTWEIGHT AND PORTABLE, the detector weighs only 14 pounds com
plete with, foot-operated vacuum pump. Power is supplied by inexpensive, 
self-contained batteries. 

MANY APPLICATIONS. In industry, municipalities, research laboratories 
and wherever air pollution is a problem, the G-E Small Particle Detector 
is an inexpensive step toward solution. 

LOW IN PRICE, the detector costs only $650.00.* For more information 
call your nearest General Electric Apparatus Sales Office or write for 
bulletin GEA-6429 to Section 585-28, General Electric Co., Schenectady 5, 
New York. *Monufacfurer'$ suggested resale price. 

GENERAL fj ELECTRIC 

© 1955 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
AMERICAN 

Established 1845 

CONTENTS FOR DECEMBER, 1955 VOL. 193, NO. 6 

Copyright 1955 in the U. S. and Berne Convention countries by Scientific American, Inc. All rights reserved. 

ARTICLES 

THE SATELLITE PROJECT by Homer E. Newell 

While most scientists have been content to change the face of the earth, 
a few are planning to put something new in the sky. One of them here 
describes the scientific rewards that an artificial satellite can yield. 29 

THE COELACANTH by Jacques Millot 

A fish nearly 200 million years more ancient than the dinosaurs has of 
late been turning up in the Indian Ocean. By surviving into our times 
it has obligingly shown us a missing link between fishes and frogs. 34 

THE STRANGE CASE OF THE BLIND BABIES by Theodore H. Ingalls 

During the 1940s hundreds of newborn babies were hit by a new kind 
of blindness. The disease has now been checked, thanks to the world-
wide efforts of scientific detectives who discovered its paradoxical cause. 40 

LIFE AT HIGH ALTITUDES by George W. Gray 

High in the mountains of Peru, where the Andes rise steeply out of the 
sea into the thin air at 20,000 feet, the staff of a highly specialized 
laboratory is studying the human body's reaction to low oxygen levels. 58 

ISAAC NEWTON by I. Bernard Cohen 

In the last decades of the seventeenth century some of the most illumina-
ting ideas of physical science were born, but the mind of the strange 
and solitary figure that produced them remains tantalizingly obscure. 73 

A MODEL OF THE NUCLEUS by V. F. Weisskopf and E. P. Rosenbaum 

In their first attempts to understand a new set of findings, physicists like 
to build an imaginary model on which to anchor their thinking. A 
newly conceived dynamic model of the atomic nucleus is proposed here. 84 

POPULATIONS OF HOUSE MICE by Robert L. Strecker 

Investigators whose curiosity had been aroused by some uninvited 
mice in the laboratory decided to study their behavior as a population. 
They discovered that a community reacts to stresses in interesting ways. 92 

THE SOLAR BATTERY by Gordon Raisbeck 

In the course of two days the sun pours on the earth more energy than 
all the fossil fuels can ever yield. A newly developed device will tap 
this bountiful source at a rate adequate to power a telephone line. 102 

DEPARTMENTS 

LETTERS 
50 AND 100 YEARS AGO 

THE AUTHORS 

SCIENCE AND THE CITIZEN 

BOOKS 

THE AMATEUR SCIENTIST 
BIBLIOGRAPHY 

ANNUAL INDEX 

2 

10 

18 

46 

112 

124 

134 

138 

Board of Editors: GERARD FIEL (Publisher), DENNIS FLANAGAN (Editor), LEON SVmSKY (Managing Editor), 
GEORGE A. W. BOEHM , ROBERT EMMETT GINNA, JEAN LE CORBEILLER, JAMES R. NEWMAN, E. P. ROSENBAUM 

Art Director: JAMES GRUNBAUM 
General Manager: DONALD H. MILLER, JR. 
Advertising Manager: MARTIN M. DAVIDSON 

27 

© 1955 SCIENTIFIC AMERICAN, INC



28 

Turn out sandwich panels fast-

with this easy-to-use adhesive 

The adhesive is Armstrong D-253-and it's 
made to order for positive high-speed bonding 
of sandwich panels on fast assembly lines. 

D-253 is very easy to use. You can spray it on 
core and skin sheets, force dry it for one or two 
minutes, then assemble your sandwich. One 
pass through a pinch roll-and you've got a 
completed panel, ready for processing into 
such things as desk and table tops, flush doors, 
or office partitions. 

Although D-253 is a thermoplastic adhesive, 
it has exceptionally high dead-load strength. 
It bonds sandwich panels firmly, permanently 
-and instantly. There's no time-consuming 
curing. The tough, flexible D-253 bond also 
has high shear strength, excellent resistance to 
moisture, and good resistance to heat. 

Armstrong D-253 is versatile, too. With it, 
you can bond honeycomb or other cores to 
many different skins, including plywood, stain
less steel, aluminum, and plastic laminates. 

For more information on D-253 and other 
Armstrong Adhesives, send for a copy of our 
36-page 1955 Adhesives Manual. It's free to in
dustrial users. Armstrong Cork Company, In
dustrial Division, 8012 Inland Rd., Lancaster, 
Pa. In Canada, 6911 Decarie Blvd., Montreal. 
Armstrong Adhesives are available for export. 

@mstrong 
ADHESIVES . COATINGS . SEALERS 

. • .  used wherever performance counts 
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The Satellite Project 
Work has only started on specific designs for the artificial moons 

to be launched during the International Geophysical Year. Surveyed 

here are S01ne of the possibilities and limitations to be considered 

S
ome time in the next few years a 

new object will appear in the heav
� ens. It will be quite inconspicu
ous: only an observer who knows exactly 
when and where to look for it will be 
able to see it at all. But as men lift their 
heads and, watching, catch a glimpse of 
this faint body racing across the sky, 
they will feel the excitement of witness
ing a great historic event. For the tiny 
object circling the heavens will be metal 
that man has touched, a satellite that 
man has made and flung from the earth 
into space. It will be mankind's first 
feeler on the space frontier. 

The man-made satellites that the U. S. 
is planning to launch for the Interna
tional Geophysical Year (1957-58) are 
still, of course, only scribbles and sketch
es on pieces of paper. The design details 
have yet to be worked out. But there has 
been enough progress in rocketry in the 
last few years to make the experts of 
more than one nation confident that a 
target date can at last be set for achiev
ing this project-a first step toward man
kind's age-old dream of breaking the 
chains that bind him to the earth. 

No specific details of the program for 
creating the artificial satellite have been 
announced. This article can, however, 
outline some of the problems facing the 
designers, as well as ways in which a 
satellite may be used to study our planet 
and outer space. It should be empha
sized that the following is not a descrip
tion of actual plans but simply a review 
of possibilities. 

Exploration by rocket of our upper at-

by Homer E. Newell, Jr. 

mosphere and its borders has been going 
on for several years. During the Interna
tional Geophysical Year the U. S. will 
fire hundreds of research rockets into 
the atmosphere, and other countries will 
do the same. But these vertical sound
ings give us only momentary and local 
glimpses of our air ocean and the space 

outside. For at least a decade scientists 
have been giving serious attention to the 
possibility of sending up an instrument
carrying platform which would revolve 
around the earth above the atmosphere 
and take continuous observations of cos
mic rays, the sun's radiations and so on. 

A satellite of this kind is truly called 

SPECTRA made from an ascending Aerobee rocket show how the short·wave end of the 
spectrum is extended with altitude. The spectrum at bottom, made at a height of six miles, 
goes down to 3,300 Angstrom units. The spectrum at top, made at 40 miles, extends to 2,200. 
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an artificial moon. If it is traveling at 
the right speed to balance the earth's 
gravitational pull, it will follow a fixed 
orbit around the earth, as the natural 
moon does. 

The first problem is to raise the satel
lite to a height where the drag of air 
will not slow it appreciably, so that it can 
maintain its orbiting speed for a consid
erable time. Eleanor Pressly of the Na
val Research Laboratory has calculated 
that a satellite weighing two pounds per 
square foot of cross section would not 
girdle the earth even once if it started 
out with the circular velocity at an alti
tude of 100 miles. At 200 miles, it 
would fly around the earth for about 
15 days before falling to the ground; 
at 300 miles the atmosphere is so thin 
that the satellite would stay aloft for al
most a year. 

This means the satellite must be shot 
to 200 miles or higher. Once there, it 
must be given a sideways shove to drive 
it in a circling orbit around the earth. 
How fast must it travel to stav in this 
orbit? At a velocity of seven �iles per 
second the object would escape from the 
earth's gravitational pull and fly off into 
space. On the other hand, a velocity of, 
say, four miles per second would allow 
it to fall closer to the earth on the oppo
site side from the launching point, giving 
it an elliptical orbit which it could not 
maintain long. The speed required to 
keep it in a circular path around the 
earth is estimated to be about five miles 
per second. 

The sideways shove must be not only 
at the correct velOCity but also in a pre
cisely horizontal direction. If the "bird" 
is not propelled exactly parallel to the 
earth's surface, it will again follow an 
elliptical instead of a circular orbit. As
suming the satellite wel'e launched at 
five miles per second at an altitude of 
200 miles, a deviation of only one and a 
half degrees from the true horizontal 
would cause the object to dip down to 
within 100 miles at the closest point 
(perigee) in its orbit. Such an error 
would greatly shorten the satellite's life
time. 

Besides being prOjected exactly on the 
horizontal, the satellite must be launched 
in a precisely calculated and controlled 
direction with respect to the equator or 
the poles, so that we may know its path 
around the globe and place observing 
stations accordingly. Here we run into 
the complications of the earth's rotation 
and its bulge at the equator (the radius 
of the globe being about 13 miles longer 
at the equator than at the poles). 

The earth's rotation will call for com
plicated calculations to plot the places 
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from which the satellite can be seen in 
successive trips around the globe. If the 
bird is launched to fly straight around 
the equator, it can be followed by sta
tions along this line, and the only prob
lem will be to compute how the earth's 
rotation will affect its time of arrival over 
each station. But if its orbit is at an angle 
to the equator, its path will wind in a 
kind of sine cllrve back and forth across 
the equator, and the crossing points will 
change from one trip to the next be
cause of the earth's spin [see map on 
these two pages]. The satellite's flight 
will also be influenced by the equatorial 
bulge, for the excess mass will speed 
it up and shift its path slightly as the 
object comes close to the equator. Final
ly, if the orbit circles the earth in the 
pole-to-pole direction, the satellite's path 
will spiral around the spinning globe 
in a most complicated fashion; the only 
points at which it will pass overhead 
on every trip will be the poles them
selves. 

For different purposes, all three of 
these kinds of orbits-equatorial, polar 
and intermediate-will be wanted. To 
follow the satellite it will be necessary 
to track it with instruments as soon as it 
is launched and to plot its expected path 
quickly by means of computers. An un
observed satellite would be quite use
less. Keeping track of the satellites that 
are launched will require cooperative 
work by observers in various countries 
around the globe. 

W
hat sort of object will the satellite 
be? It need not be very large to be 

useful. A sphere only 20 inches in diame
ter, it is calculated, would be visible 
even to the naked eye near the horizon 
shortly before sunrise or after sunset if 
it were at an altitude of 300 miles, pro
vided it had a good reflecting surface. 
The satellite's shell may be aluminum, 
thin stainless steel, plastics coated with 
a reflecting surface or almost anv other 
light, strong material. Its shape, except 
for measurements of air densitv, will be 
immaterial; it may be rocket-shaped, to 
fit into the launching rocket, rather than 
spherical. 

Even a hollow shell carrying no in
struments whatever would be useful: as 
a near moon it might be helpful in map
ping and measuring distances on the 
earth; it might be used to indicate the 
density of the high atmosphere, and so 
on. But it is hoped that even the first 
satellites will be "active," that is, will 
carry some instruments. A satellite 
weighing only 20 to 30 pounds could 
pack some important items of equip
ment. From the standpoint of the infor-

mation wanted, probably the most es
sential items are Geiger counters and 
instruments for detecting or measill.'ing 
light radiations, magnetiC fields and me
teorites, as well as amplifiers and radio 
transmitters to relay the information to 
the ground. 

All this will call for a power supply. 
A small bird probably will be able to 
carry batteries providing a total of 500 
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THE SATELLITE'S PATH over the earth 
will depend on the direction of its orbit. 
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watt-hours of energy. To conserve the 
energy, it will be desirable to find ways 
to turn the instruments on and off by 
radio from the ground. Eventually de
vices drawing energy from sunlight, 
such as the solar battery [see Q1·ticle on 

page 102], may power the vehicles, but 
it does not appear that we can count on 
them for the International Geophysical 
Year. And it is certain that the first satel-

lites will not be able to carry equipment 
such as telescopes, television or cameras. 
Aside from the weight question, the 
problem of getting the satellites back to 
earth safely! finding them and recover
ing their film is too formidable at this 
time. 

The possible uses of a satellite as a 
platform for scientific research are lim
ited only by the imagination. Besides the 

geodetic and air-density measurements 
already mentioned, a small bird could 
investigate cosmic rays, the earth's mag
netic field, ultraviolet light and X-rays 
from the sun, the electrification of the 
upper atmosphere, the bombardment of 
the earth by meteorites and other parti
cles and even the contents of "empty" 
space just beyond the borders of our 
atmosphere. Of course these observa-

The gray line shows the simple path that would be traced by a ve· 

hicle launched along the equator. The colored curves show the 
course for an orbit that makes a small angle with the equator. The 
black lines give the spiral path of a satellite in a polar orbit. 
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SATELLITE ORBIT for a horizontal launching will be a circle (B) if launching speed is 

about five miles per second. Ellipse A will result from lower speeds and C from higher. 

ESCAPE PATH of a vehicle would be a parahola (A) if launching speed equaled es

cape velocity (seven miles per second). It would be a hyperbola (B) for greater speeds. 

A 

NON·HORIZONTAL LAUNCHING would give an elliptical orbit for any launching speed. 
If aimed down, a satellite would trace out an ellipse like A, if aimed up, an ellipse like B. 
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tions could not all be made simultane
ously with a single satellite. 

Cosmic rays, as is well known, are 
high-energy charged particles, ranging 
from protons (about 80 per cent) up to 
nuclei of fairly heavy atoms. Most of 
them penetrate into our atmosphere, but 
those of the very lowest energy do not. 
Consequently a satellite at 200 to 300 
miles altitude, moving in a pole-to-pole 
orbit along the magnetic lines of force 
followed by the cosmic rays, would de
tect low-energy rays we cannot observe 
near the ground. It could also record 
fluctuations in intensity, sort out the 
cosmic particles into different energy 
groups and perhaps throw light on the 
mystery of their origin. From a practical 
point of view, cosmic rays interest the 
promoters of space flight as a potential 
hazard to passengers. Astrophysicists are 
coming to the belief that this hazard is 
not as serious as used to be thought, but 
it is certainly desirable to get more data 
for judging the danger. 

What sunlight is composed of before 
it enters our screening atmosphere, how 
it affects the upper layers of air and 
through them the weather-these are 
matters of great interest about which a 
satellite vehicle could enlighten us. The 
ultraviolet and X-ray radiations of the 
sun are absorbed at high altitudes, and 
the absorption produces chemical activ
ity, the ionosphere, heating and winds. 
Monitoring variations in the intensity of 
solar radiations which accompany sun
spot activity and solar flares, a vehicle 
above the absorbing atmosphere could 
provide information which would relate 
these events to our weather, climate and 
radio communications. 

Geophysicists just now are keenly in
terested in the effects of the ionosphere 
on the earth's magnetic field. An Aerobee 
rocket experiment recently detected a 
sheet of current flowing in the E layer 
about 60 miles up. Thousands of miles 
farther out is the Chapman-Stprmer cur
rent ring-a ring of charged particles 
from the sun which is supposed to be 
formed by the earth's permanent mag
netism and to encircle the earth around 
the equator. As the supply of particles 
from the sun varies, so does the effect of 
the ring upon the surface magnetic field. 
Also, one theory has it that particles 
spraying off from the Chapman-Stprmer 
ring account for the auroras of the north 
and south. 

J. P. Heppner of the Naval Research 
Laboratory has proposed a satellite ex
periment to determine the amount of 
current flow in the Chapman-Stprmer 
ring. It would consist in making simul
taneous measurements of the earth's 
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CHAPMAN·STORMER RING, indicated by the large stream of 
colored dots. is a current composed of charged particles from the 

snn. Aurora; (colored ballds) may be caused by particles traveling 
from the ring to the earth along paths like those shown in black. 

magnetic ReId at the ground and 200 or 
300 miles up in a satellite, using a re
cently developed lightweight magne
tometer. From the difference in the ReId 
it should be possible to gauge the sepa
rate magnetic effects of the Chapman
St�rmer ring and thus estimate its cur
rent. 

F
or a long time now as.trophysicists 
have been using the Rgure of one 

atom per cubic centimeter as the stand
ard estimate of the density of matter in 
the "empty" space outside our atmos
phere. The estimate is based on meager 
data, and to obtain more information 
H. Friedman and his NRL co-workers 
have proposed a most fascinating exper
iment. Excited hydrogen atoms emit 
radiation at a certain ultraviolet wave
length-1216 Angstroms. Friedman's 
group suggests that photon counters in a 
satellite vehicle could measure the in
tensity of this radiation both from the 
direction of the sun and from some other 
direction in space. The difference in the 
intensity curves might provide a means 
of determining the average density of 
hydrogen atoms and ions in space. 

Tiny meteorites, specks of dust only a 

few thousandths of an inch in diameter, 
are constantly bombarding the earth's 

atmosphere. Estimates as to the amount 
of this material that falls on the earth's 
surface run as high as 1,000 tons per 
day. These micrometeorites, as they are 
called, are believed to contribute a small 
share of the ionization of the ionosphere. 
They undoubtedly come in at high 
speed, but they are soon slowed by col
lisions with air molecules and drift im
perceptibly to the ground. A satellite 
above the atmosphere could record their 
Rrst impact and count them by means of 
scintillation counters or electriool resist
ance plates. 

The foregoing are some of the experi
ments that could be performed in the 
early satellite vehicles with techniques 
already available. They would not call 
for large vehicles or raise extremely dif
Rcult engineering or operational prob
lems. Probably a satellite weighing only 
20 to SO pounds would suffice for these 
experiments. 

U
ndoubtedly the Rrst successful 

launching of a satellite will inspire 
immediate talk of manned space stations 
and manned space Hight. But anyone 
confronted with the practical problems 
must consider these only possibilities of 
the distant future. We have alreadv 
noted how difficult it is even to launch 

a tiny satellite in a predictable orbit. A 
manned vehicle ,,,ould multiply all the 
problems by many oi-del's of magnitude. 
Consider, for instance, the single matter 
of the working components of the ship. 
In an unmanned "bird" we can afford 
to be content with less than complete 
perfection; if any of the components 
fail to work or to last long, we can 
try again. But in a manned vehicle 
every component, and the system as a 
whole, will have to operate with per
fect reliability throughout the Right. 
Similarly, the weight problem alone 
compounds the difficulties many times. 
To project a vehicle big enough to 
carry men and the equipment they need 
for survival will call for a propulsion 
system far more powerful and efficient 
than we need for the simple satellite ex
periment. 

Meanwhile there is excitement enough 
in the project immediately at hand. The 
National Academy of Sciences is work
ing on the scientiRc experiments to be 
made, and has called on the Department 
of Defense for support in the design and 
launching of the rocket vehicle. The 
scientists and engineers engaged in the 
project have good reason to hope that 
some kind of orbiting vehicle will ap
pear in the heavens on schedule. 
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THE COELACANTH 

There are now 11 specImens of this CUrIOUS fish, which until 
1938 was thought to have been extinct for 70 million years. 

They provide prime evidence on the evolution of land animals 

I
n 1938, off the east coast of South 

Africa near the mouth of the 
small Chalumna River, a fisherman 

brought up a strange fish. It came to 
the attention of the zoologist J. L. B. 
Smith, at Rhodes University College in 
Grahamstown, and he recognized the 
fish as an authentic coelacanth. The dis
covery revolutionized the zoological 
world. For the coelacanth was a mem
ber of a very ancient class of fishes which 
was supposed to have disappeared some 
70 million years ago. This great group 
of fishes, called crossopterygians, flour
ished during that decisive era in the 
history of the earth when the first land 
animals evolved-when the fish, taking 
on legs and lungs, went forth to conquer 
the continents. The crossopterygians 
were distinguished by lobed fins which 
were the forerunners of the limbs of 

by Jacques Millot 

higher animals, and that fact alone 
makes them extraordinarily interesting. 

The news that a representative of this 
supposedly extinct group was still in ex
istence naturally created a great sensa
tion everywhere. The coelacanth ac
quired a world-wide celebrity such as 
few animals have ever achieved. Zoolo
gists became extremely eager to find 
other specimens in better condition, in 
order to investigate the anatomy and 
physiology of the fish. It was an unpar
alleled opportunity to study at first hand 
a living link from the ancient evolution 
of vertebrates. 

For 14 years Smith and others 
searched without success in the Indian 
Ocean along the ea-st coast of Africa. 
At last, in 1952, word came that a fisher
man had pulled up a second coelacanth 
in the waters off Anjouan, an island in 

the French Com oro archipelago north 
of the Mozambique Channel. The South 
Mrican Government provided Smith 
with an airplane to fetch it. Unfortu
nately this specimen was, like the pre
ceding one, in such sad shape-muti
lated and half decomposed-that no real
ly useful study could be made of it. 

The interested scientists decided that 
they must organize a methodical search, 
mobilizing all possible facilities to in
sure success. A system for catching, pre
serving and transporting the fish by air 
was therefore set up in the Com oro 
Islands by the Madagascar Institute of 
Scientific Research, aided by the local 
government. This organization has been 
rewarded by the capture of nine new 
coelacanths, all in good condition. 

Thorough study of these fish is now in 
progress. Specialists of various countries 

DRAWING of a coelacanth is based on specimens caught in the 

Com oro Islands. Its fins, with the exception of one on its back, are 
characteristically paddle·shaped. An adult coelacanth is between 

four and five·and·a-half feet long and weighs from 70 to 180 pounds. 
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are collaborating in a program which is 
centered in the laboratory of compara
tive anatomy of the National Museum of 
Natural History in Paris. 

W hen I was a high-school student, 
we were taught that there were 

five major classes of vertebrates: the 
fishes, the amphibians, the reptiles, the 
birds and the mammals. This view is 
now out of date. The label "fish" covers a 
range of animals as diverse as those that 
live on land. For a zoologist the differ
ence between, say, a lamprey and a carp 
is greater than between a frog and a 
man. It is more useful, therefore, to di
vide the vertebrates into two great 
groups: the fislles on the one hand and 
the "tetrapod" (four-limbed) animals of 
the land and air on the other. The fishes 
can be subdivided into four principal 
categories: the agnatha (without jaws) , 
the placoderms (armored), the chon
drichthyes (cartilaginous) and the os
teichthyes (bony). 

The agnatha were not only the earliest 
fishes but also the first vertebrates we 
know of. They sucked in food particles 
through round mouths. Lacking not only 
jaws but also paired fins, they probably 
swam clumsily, tadpole-fashion. In our 
time they are represented only by two 
degenerate descendants, the lampreys 
and the hagfishes, which lead a near
parasitic life [see "The Sea Lamprey," 
by Vernon C. Applegate and James W. 
Moffett; SCIENTIFIC AMERICAK, April]. 
At their apogee the agnatha apparently 
evolved into fish armored with bony 
plates. During the Devonian Period 
(some 400 million years ago) , they grad
ually disappeared and were replaced by 
the placoderms, which retained the 
armor and acquired primitive jaws and 
paired fins. Then the placoderms in turn 
vanished as two new lines of fishes with 
jaws came into being-the cartilaginous 
and the bony fishes. 

One of the great problems of evolu
tion has been to find anatomical links be
tween the fishes and their land-invading 
descendants, which emerged at the end 
of the Devonian epoch. Comparative 
anatomists have speculated for half a 
century on how the fin of the fish evolved 
into the forelimb of the frog, the fore
runner of our own arm. It is hopeless to 
trace a connection if we look only at a 
modern fish. In the fish we know well
the goldfish of the aquarium, the trout 
of the dinner table-the fins are alto
gether different in structure and orienta
tion from the limbs of a frog. For a long 
time evolutionists were troubled by this 
major gap between the fishes and the 

X·RAY PHOTOGRAPH represents a vertical section through the tail of a coelacanth. At 

the top and bottom are the fin rays. In the middle is a section of the fish's primitive spine. 

35 

© 1955 SCIENTIFIC AMERICAN, INC



amphibians. But the gap has now been 
bridged by studies of ancient fishes, and 
this is where the coelacanth comes in. 

The fins of the crossopterygians are 
strikingly different from those of all 

other fishes. Instead of being attached to 
the main body directly, they are borne 
on a scaly stalk protruding from the 
body. The fin articulates through a 
single structure, just as the limbs of a 
tetrapod-toad, eagle, dog or man-hinge 
on a single bone, e.g., the humerus of the 
arm and the femur of the leg. The fin of 
the crossopterygians can be thought of 
as a true little limb-the missing link be-

AGNATHA 
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tween the typical fin of fishes and the 
limb of the other vertebrates. Further
more, the skull of the crossopterygians is 
constructed along the same general lines 
as that of primitive amphibians. These 
striking resemblances have quite natu
rally led paleontologists to consider the 
crossopterygians as the pivotal group 
that brought forth amphibians and the 
land and air animals. 

The crossopterygians are very ancient 
bony fishes which appeared some 400 
million years ago at the start of the 
Devonian. They include two distinct 
lines of descent. One line is the coela
canths (whose name, from the Greek, 

PLACODERMI 

means literally "hollow spine"). The 
other is called the rhipidistians. 

It sometimes happens in a family that 
two brothers, while bearing a close re
semblance to each other physically, have 
contrasting temperaments and aptitudes 
and lead quite divergent lives. The same 
sort of thing can be noted in the history 
of animal descents. The coelacanths and 
the rhipidistians offer a striking example. 
The rhipidistians were the bright boys 
of the crossopterygian family, resolutely 
turned toward progress. They fore
shadowed the later vertebrates not only 
in their fins and skull structure but also 
in possessing internal nostrils-a develop-
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ment which seems to indicate that they 
possessed functional lungs and led an 
amphibian existence. Indeed, fossils of 
primitive amphibians are found beside 
them in many a geological deposit. The 
rhipidistians show a remarkable struc
tural kinship to early amphibians found 
in deposits of late Devonian times in 
Greenland. They form a solid bridge be
tween the fishes and the amphibians. 

On the other hand, the coelacanths 
have shown themselves to be as stable 
and as obstinately conservative as their 
rhipidistian brothers were progressive. 
Throughout the hundreds of millions of 
years the coelacanths have kept the same 

form and structure. Here is one of the 
great mysteries of evolution-that of the 
unequal plasticity of living things. Why 
are certain organisms so labile while 
others apparently very like them retain 
their identity through the ages, no mat
ter what vicissitudes they have to under
go? \Vhatever the reasons or the moral, 
the fact is that the unchanging coela
canths far outlived their rhipidistian 
brothers, for the latter disappeared by 
the end of the Devonian Period. 

�l of the coelacanths now captured 
belong to one species, named 

Latimel'ia chalumnae by Smith. They 

OSTEICHTHYES 

are good-sized fishes, between four and 
five-and-a-half feet long as adults and 
weighing from 70 to 180 pounds. The 
living coelacanths are a good deal larger 
than those previously found as fossils. 
Their body build calls to mind some of 
the big modern rock fishes, and their 
mode of life cannot be far different, 
though they live at greater depths. The 
coelacanth's flat, powerful tail is not 
distinctly differentiated from the rest 
of its body. Its body is entirely clothed in 
large, circular scales, whose size, exact 
shape and ornamentation vary with the 
region of the body. Alive the fish has a 
steely blue-gray color, flecked with 
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SINGE SCALE of a coelacanth is enlarged three times in the 

photograph at the left. At the left side of this photograph is the 

part of the scale that is overlaid with other scales. At the right 

side of the photograph is the exposed part of the scale, ornamented 

light spots; after death its color changes 
rapidly, usually to chocolate brown. 

Its fins at once identify the coelacanth 
as a crossopterygian. Six of its seven fins 
have a characteristic paddle shape and 
are borne on well-developed, scaly stalks 
[see illustration on page 34]. Each has 
about 30 fin rays. The seventh fin, on the 
forward part of its back, is fan-shaped 
and is attached directly to the back. 

Coelacanth fossils have been found in 
many parts of the world-from Brazil to 
Spitsbergen, from Great Britain to Mada
gascar. But today the fish seems to be 
restricted to the waters washing the lit
tle Comoro archipelago, situated half
way between Madagascar and east 
Mrica at the north entry to the Mozam
bique Channel. The first specimen, found 
off South Africa, must have been a wan
derer from the Comoro area. 

Although the local Comoro fishermen 
have been mobilized almost to a man 
and have been spurred on by sizable 
rewards, the catch of coelacanths is only 
three or four per year. The fishing is 
rather difficult: coelacanths live on the 
deep, rugged bottom and cannot be 
bagged with nets. Except for the first 
stray specimen, all have been caught at 
from 80 to 200 fathoms-the limit of the 
fishing lines. In all likelihood they go 
down to about 400 fathoms. Their eyes 
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are phosphorescent, and they shy away 
sharply from the light. They survive 
only a few hours after being brought to 
the surface. One specimen, taken in per
fect condition, was immediately placed 
in a submerged boat as an aquarium, but 
in spite of all the care lavished on it it 
died within a day, plainly through the 
combined effect of the decompression 
and the rise in temperature. Samples of 
water taken precisely where the fish 
were caught have shown temperatures 
of the order of 54 degrees Fahrenheit, as 
against the 79 degrees of surface waters. 

The coelacanths are probably no great 
swimmers. They seem to be rather se
dentary animals which live amidst basal
tic rocks where they find shelter and lie 
in wait for their prey. Their powerful 
tail should enable them to hurl them
selves at their victims with an irresistible 
pounce. Perhaps their stalked fins permit 
them to creep along the rocks like seals. 
But for the time being this is mere spec
ulation. The only fish that was observed 
alive for any length of time was slow
moving (at the surface at least), but ex
hibited exceptional mobility of its fins. 
The pectoral fins, notably, can turn in 
just about all directions-nearly 180 de
grees fore and aft as well as up and 
down. At the time of death the two fins 
may set themselves in opposite ways; the 

fish then presents an asymmetry highly 
disconcerting to an uninitiated observer. 

The Mozambique coelacanths are car
nivores feeding only on small fishes. 
They usually swallow their prey whole, 
and some of the -little fishes have been 
found intact in the predator's stomach. 
For the most part the coelacanth's food 
fishes are believed to live at depths from 
300 to 500 fathoms. 

The discovery of the living coela-
canths magnificently confilIDs, and 

amplifies, what paleontologists had de
duced about the early vertebrates from 
their fossils. It gives ringing testimony to 
the remarkable powers for reading the 
past that mankind has developed 
through sophisticated modern paleontol
ogy. When we read archaeologists' con
clusions about ancient life on our planet, 
pieced together from the most fragmen
tary evidence, their assertions must some
times _ seem rash, and we wonder how 
much reliance can be placed on their 
picture. But now that we have a "living 
fossil," the coelacanth, to check their de
ductions, we can see that the paleontolo
gists' reconstructions of the crossopte
rygian fishes are masterpieces of skill and 
insight. 

The bringing to light of living coela
canths adds some 70 million years to 
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with tubercles. In the photograph at the 

right several scales are enlarged two times. 

their estimated longevity. They are be
yond compare the oldest "higher ani
mals" on the earth. To appreciate their 
age, we must bear in mind that when 
they arrived the only other vertebrates 
in the world were a few strange fishes 
now long extinct; that in their heyday 
there was not yet the least sign of a rep
tile or an amphibian animal, to say noth
ing of a mammal or a bird. Compared 
with the coelacanths, the ancient and 
extinct dinosaurs lived only yesterday; 
the coelacanths are nearly 200 million 
years more ancient. And yet these as
tonishing fishes turn out to be still with 
us and still robust-by no means degen
erate or tired of living. 

What is even more remarkable is that 
in spite of drastic changes in the world 
environment, the coelacanths are still 
much the same organically as their an
cestors. Their living organs yield many 
secrets of the past. As Smith has said, 
the coelacanths are incomparable "ma
chines for reading time backward." 

It has long been realized that the age
old evolution of animal organs is more 
or less reflected in the development of 
the embryo of a vertebrate animal today; 
biology students of my generation were 
suckled on the formula: "Ontogeny fol
lows phylogeny"-the development of 
the individual repeats the development 

of the race. As Thomas Huxley used to 
say: "The individual must climb back to 
the top of his genealogical tree." The 
classic view is that in the course of a few 
weeks or months the young embryo re
travels the entire evolutionary path trav
eled by his forefathers in the course of 
the ages. Whether this is strictly true has 
been much debated, but it is indispu
table that the study of embryonic stages 
gives invaluable aid in reconstituting the 
ancestral stages. 

�t us take the heart, for instance. In 
the very young embryo of a verte

brate animal, including man, the heart 
begins as a simple enlargement of the 
principal blood vessel. The enlarged sec
tion partitions itself into four chambers 
in a row. As the organ develops, the ves
sel coils back on itself S-fashion, and the 
two rear chambers fold over above or 
ahead of the forward ones. As a result 
the heart acquires a globular shape, with 
the auricle (consisting of the atrium and 
sinus) folded over the ventricle. 

Now if this development truly repeats 
the evolution of the vertebrate heart, we 
should expect the coelacanth to have a 
more or less linear heart, with a sinus 
and atrium behind the ventricle. Dissec
tions of the fish have verified the correct
ness of this prediction. The heart is not 
cluite linear but has the shape of a flat
tened V. The atrium and venous sinus 
are behind the ventricle, with only the 
merest suggestion of an overlap. Alto
gether the form of the coelacanth's heart 
neatly matches a diagram, picturing 
what a primitive vertebrate's heart 
should be like, which was drawn some 
30 years ago by the British zoologist 
Edwin S. Goodrich! Such confirmations 
are the compensation of men of science. 

An equally striking finding emerges 
from examination of the coelacanth's 
pituitary gland. This tiny but important 
organ, situated just beneath the brain, 
originates in a curious manner in the 
embryo of a modern vertebrate. It de
velops from two separate bulbs: one 
coming from the floor of the cerebrum, 
the other from the back wall of the 
pharynx. In other words, one bulb de
velops from nerve tissue, the other from 
digestive tissue. In the course of the 
fetus' development, the pharyngeal bulb 
detaches itself completely from the di
gestive tube and joins the nerve bulb to 
form the pituitary, so that no indication 
of its origin in the pharynx remains. But 
in the coelacanth that connection per
sists: throughout the fish's life its pitui
tary gland is connected to the roof of the 
palate by a long tube, richly supplied 
with blood vessels and functioning in 

hormone production. Here again we 
have a telling illustration of an ancient 
stage in animal evolution. 

Study of the coelacanth's nervous cen
ters is especially interesting. Its brain is 
tiny and simple in construction; it occu
pies only a minute part of the fish's 
cranium, and is extremely small in pro
portio'll to the whole body. The brain of 
a gO-pound coelacanth WElighs less than 
50 grains-that is, no more than one 
15,000th of the body weight. No pres
ent-day vertebrate that we know of has 
so small a brain in relation to its size. 
And yet the coelacanth's marked micro
cephalia has not prevented it from out
classing all other vertebrates in life's 
competition across the ages. Here, then, 
is food for thought: smallness of the 
nerve centers is in no way a hindrance 
to triumph in the struggle for life. In
deed, it would seem that other biological 
factors, such as fecundity and physio
logical adaptability, play a role far great
er than intelligence in the survival of 
species. But it must be said that the 
coelacanthian brain, though tiny and 
simple, seems perfectly pt·oportioned 
within itself. It!> various elements seem 
to have remained in balance, none de
veloping out of proportion to the others. 

T here are still a great many things 
to be learned from this uniquely in

structive anatomy-from the fish's hol
low spine extending far forward into the 
head; from its double respiratory system 
(both gills and lungs-now degenerate), 
which permitted the animal to evolve 
toward either an aquatic or a terrestrial 
life; from its unusually complex fins, 
which foreshadow our own limbs, and 
from its exceptionally rich musculature, 
which allows the fish to make precise 
and varied movements. 

Detailed studies now in preparation 
will soon apprise the scientific world on 
all these points. In the meantime, re
search is continuing. It will throw light 
on the mode of life of these remarkable 
crossopterygians and will try to pene
trate the secret of the adaptability which 
has enabled them to live through many 
geological eras under widely differing 
conditions without modifying their con
stitution. It will also try to penetrate 
their mode of reproduction and their 
stages of embryonic development, in 
which we can expect some real revela
tions about evolution. 

Let us thank fortune for permitting 
the coelacanths to live on into our time. 
They open a window onto the past of the 
higher animals, including ourselves, and 
help us to reconstruct and to understand 
our history. 
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The Strange Case 

of the Blind Babies 

During the past 15 years there has been a little-known epidemic 

of a form of blindness called retrolental fibroplasia. How its 

cause was discovered is an intricate tale of medical detection 

I
t was first noticed in Boston. In 1940 

a Boston ophthalmologist, Theodore 
Terry, was abruptly confronted with 

a new disease which defied his skill to 
diagnose, let alone to treat. In the course 
of just a few months he was called to 
examine six cases of babies going blind 
froin some obscure cause. Soon after
ward the same mysterious disease began 
to be reported in other cities-Baltimore, 
New York, Chicago, Denver. All through 
the 1940s the toll mounted steadily, not 
only in the U. S. but also in Europe, 
until the number of infants stricken by 
blindness ran into the hundreds each 
year. And then, after much labor by 
groups of investigators in many coun
tries, the mystery was solved, almost as 
suddenly as it had arisen. 

To determine the causes of a new 
disease requires good detective work as 
well as precise scientific analysis. Hence 
it may not be amiss to commence this 
account of what might be entitled "The 
Tragedy of the Sightless Babies" by 
quoting Conan Doyle: 

"The principal difficulty in the case, 
remarked Holmes in his didactic fashion, 
lay in the fact of there being too much 
evidence. What was vital was overlaid 
and hidden by what was irrelevant. Of 
all the facts which were presented to us 
we had to pick just those which we 
deemed to be essential, and then piece 
them together in their order so as to re
construct this very remarkable chain of 
events." 

These words tell in a nutshell why it 
took 14 years to solve a problem that 
seems relatively simple in retrospect. 
Before I go further I should make clear 
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that there was no single Sherlock Holmes 
here. At least 25 or 30 scientists-oph
thalmologists, pediatricians, chemists, 
physiologists, pathologists, statisticians, 
epidemiologists-contributed the clues 
which gradually assembled the pieces of 
the puzzle into a recognizable pattern. 
Some of the scientists whose discoveries 
helped had been dead for many years; 
some were military researchers working 
for Hermann Goering's Nazi Air Force; 
some were men and women who gave 
all their time to this baffling problem; 
and some will be genuinely astonished 
if they happen to see their names in this 
article, so undramatic was their role in 
the gathering, analysis and eventual syn
thesis of seemingly conflicting data. 

To go back to Dr. Terry: he found 
that the most characteristic feature 

of the disease which had blinded his six 
baby patients was a curtain of fibrous 
scar tissue behind the lens of the eye. 
Hence he named it retrolental fibro
plasia-formation of fiber behind the 
lens. (William and Ella Owens in Balti
more later traced the steps by which the 
membrane of fibrous tissue developed in 
the eyes of stricken babies.) What might 
have caused the damage? Terry counted 
off many reasonable possibilities-pre
mature exposure to light, for example
without once centering his suspicion on 
the actual culprit. He did, however, no
tice something that struck him as odd
and tllis was to become the first clue. All 
six children had been born prematurely. 

Terry set about with a high-power 
microscope and drawings by prism pro
jection to study the developing eyes of 

kittens and baby opossums, especially 
the latter, for they crawl out of their 
mother's womb and fasten themselves 
onto her nipples long before their eyes 
are formed. He was tireless in preparing 
and analyzing his material, but he was 
not to know where his clue would lead, 
for he died before the epidemic or the 
investigation of the disease had really 
got under way. 

A committee took over the research 
Terry had started. Merrill King exam
ined babies who were stTicken with the 
disease, and Everett Kinsey and Leona 
Zacharias began a statistical and epi
demiological study. All the victims of 
retrolental fibroplasia were infants in the 
first few months of life. The epidemic 
had a definite beginning and an appall
ing climb. Among babies born in one of 
the Boston hospitals, for example, there 
were no cases in 1941, four in 1942, 
seven in 1943, nine in 1944 and 11 in 
1945. In the State of New York, where 
an organized study of the epidemic was 
undertaken, thanks to the initiative and 
imagination of Edward Schlesinger in 
the State Department of Health, the 
number of cases rose steadily from 12 in 
1941 and 1942 to more than 300 in 1951 
and 1952. In certain U. S. cities during 
the late 1940s the chances were one or 
two in 10 that a markedly premature 
baby would go blind. And yet through
out the affair it was always a striking 
fact that the affliction tended to spare 
some hospitals, some states and even 
whole nations. 

It was not until 1946 that the second 
solid clue to the mystery was recognized. 
Arlington Krause, the perspicacious pro-
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PREMATURE INFANT lies in an incubator at the Pennsylvania 

Hospital in Philadelphia, one of 18 hospitals participating in the 

Cooperative Study of Retrolental Fibroplasia. When this photo· 

graph was made, the infant, which was some 26 weeks premature, 

was nine days old and weighed one pound, six ounces. Here the in· 

fant is fed a special formula by means of a syringe and a tube ex· 

tending through its nose. The nurse holds the syringe through 

rubber ports in the side of the incubator, ordinarily closed. 
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BLOOD·VESSEL GROWTH in the eye of the human fetus was 

plotted by the Italian anatomist Riccardo Versari. The red vessels 

are arterial; the black, venous. These diagrams illustrate stages 

between the ages of three months (top left) and eight months 
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(bottom right) . Since the blood vessels that will nourish the retina 

develop during the fifth, sixth and seventh months, the vision of a 

premature infant is particularly vulnerable. Any severe injnry to 

the growing capillaries at that time may well resnlt in blindness. 
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fessor of ophthalmology at the Univer
sity of Chicago, concluded from au
topsies that retrolental fibroplasia was a 
"systemic disease." Don't look only at 
the eyes, he suggested; look at the brain 
and other tissues also. And look at the 
blood vessels. The blood vessels were 
implicated by Krause's descriptions of 
his microscopic studies and by a report 
of two New York ophthalmologists, Al
gernon B. Reese and Frank Payne, who 
found that premature infants with re
trolental fibroplasia frequently had 
birthmarks on the skin. Krause's work, 
supported by the discovery of the capil
lary disturbance by Reese and Payne, 
suggested that some general physio
logical disorder, which would attack not 
only the eyes but also other organs, was 
responsible for the epidemic of blind
ness among babies. 

This was the state of affairs when I 
began my own studies of the subject. 

I had come back from the Army to the 
Harvard Medical School and thrown in 
my lot with the late W. Lloyd Aycock 
for a joint review of the severe damage 
suffered by babies born to mothers who 
had had German measles during preg
nancy. The observation that this mild 
infection of the mother might blight the 
eyes, ears, heart or brain of the develop
ing embryo had given physicians a new 
view of the importance of supposedly 
insignificant disturbances of the mother 
during pregnancy. 

While considering this subject, Ay
cock and I frequently discussed retro
lental fibroplasia, for his own grand
child had developed the condition and 
had died in infancy with hydrocephalus. 
Impressed by Krause's idea of a systemic 
disease, I got in touch with Judson 
Smith, the obstetrician who had deliv
ered Aycock's grandchild, and with the 
baby's pediatrician, my oId office col
league Richard Tefft. The records of 
both physicians were revealing. Dr. 
Smith's notes indicated that the mother 
had had massive hemorrhages from a 
misplaced placenta during the seventh 
and eighth months of pregnancy and the 
baby had had to be delivered by Cae
sarean section. Dr. Tefft had found the 
baby so tense even in the first few days 
of life that he had done a spinal punc
ture. The fluid had proved to be bloody 
-not fresh blood but a "prune-juice-col
ored material which was obviously the 
result of an old intracranial hemor
rhage." Tefft thought that this bleeding 
might have been due to a defiCiency of 
oxygen in the blood. 

Here, then, was a major clue. Was 

oxygen deficiency the cause of retro
lental fibroplasia? Hemorrhage from a 
misplaced placenta might be expected 
to produce such a deficiency. I found 
evidence of oxygen deficiency in other 
cases of the disease. And Bertha Klien 
of �Chicago demonstrated that growths 
found in the retinas of the blind babies 
were of a kind that lack of oxygen 
might promote. The oxygen question 
began to get attention from various in
vestigators. But in the meantime other 
possible culprits were attracting suspi
cion-transfusions given to babies, defi
ciencies of vitamin A or vitamin E, and 
the like. Kinsey and Zacharias, studying 
the records of almost 100 cases, were im
pressed with the possibility that the rise 
of retrolental fibroplasia might be asso
ciated with the increasing tendency to 
prescribe iron and water-soluble vita
mins for infants. Suspicion also fell on 
the use of anesthetics and sedatives in 
premature deliveries. 

The survey by Kinsey and Zacharias 
included the fact that it had become a 
general practice to place premature ba
bies in oxygen incubators immediately 
after birth. But no one, either then or 
before, could attach much Significance 
to that. If oxygen was involved in retro
lental fibroplasia at all, it was because 
of a lack of it, not a surplus. There 
seemed no reason for suspecting the giv
ing of oxygen in the sleek, smoothly 
efficient new incubators that had come 
into wide use in hospitals in the 1940s. 

T he turning point in the mystery of 
retrolental fibroplasia �ame in 1950 

and 1951. More and more studies, in 
the U. S., France, England and Austra
lia, focused on the connection of the 
babies' blindness with oxygen supply. In 
July, 1950, I came back to the statistics 
of Kinsey and Zacharias to emphasize 
that, according to their study, babies 
who became blind had been kept under 
oxygen longer, on the average, than 
those who did not. I argued that the 
statistics seemed to show that the babies 
who developed retrolental fibroplasia 
were those who needed treatment for 
oxygen deficiency, as evidenced by the 
fact that they were kept under oxygen 
longer. It had not yet sunk in that the 
giving of oxygen might itself be the 
cause of the trouble. But that suggestion 
came not long afterward. 

The first statement of it that I can 
find in the medical literature appeared 
in the French Medical Press for May, 
1951. It was a simple observation by 
Marcel Lelong and his colleagues in 
Paris that there was reason to wonder 

whether "suroxygenation" (an excess of 
oxygen) might not be responsible for 
retrolental fibroplasia. I have no idea 
how the French pediatricians came to 
their inspired opinion. It had been 
known for many years, however, that 
oxygen could be toxic at high tensions. 
For instance, an Italian flyer named 
Pezzi had written in 1938 that breath
ing pure oxygen below an altitude of 
26,000 feet produced "inflammation and 
burns of the respiratory tract." Other 
aviators, mountain climbers, balloonists 
and submariners had reported similar 
experiences. 

Confirmation of Lelong's surmise 
gradually emerged in reports by investi
gators in other countries. That oxygen 
overdosage might be the culprit in retro
lental fibroplaSia had been suggested to 
Kate Campbell of Australia by col
leagues who had visited England and 
the U. S. and had noticed that while 
oxygen was used freely in the U. S., in 
England it was used sparingly and there 
were few cases of the disease. Dr. 
Campbell examined the figures in Mel
bourne and found that among 123 pre
mature babies kept in a high-oxygen at
mosphere, 23 developed retrolental fi
broplasia, whereas among 58 infants 
given moderate amounts of oxygen, only 
four were stricken with the disease. 

If Americans were using oxygen free
ly, they were also among the first to 
sense the danger. As early as 1950 three 
Denver doctors-Harry Gordon, Lula 
Luhchenko and Ivan Hix-had begun to 
curtail drastically the administration of 
oxygen to "preemies." Even after Dr. 
Campbell's finding, however, the in
crimination of oxygen was far from 
clinched, and it was not easy to decide 
how far to limit its use, especially for 
blue babies that became rosy when put 
into an oxygen tent. 

Ironically, it was in England in 1951 
that the most dramatic epidemic of re
trolental fibroplasia broke out. In that 
year 20 babies became blind in the city 
of Manchester, where the use of oxygen 
"cots" had just been introduced in one 
of the large hospitals. The hospital 
thereafter gave oxygen only sparingly, 
and in the following two years no blind
ness developed. 

High oxygen tension, then, was pretty 
clearly the primary cause of the 

disease. Yet its infant victims showed 
unmistakable evidence of oxygen defi
ciency. Here was the great paradox of 
the whole strange affair. Somehow heavy 
administration of oxygen was bringing 
about a shortage of oxygen in the blood; 
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the babies were starving for oxygen in 
the midst of plenty. The treatment of 
premature infants with oxygen was cre
ating the very deficiency it was designed 
to counteract! 

Why? How? This is not the place to 
set forth the details of the clinical 0 b
servations, the pathological studies, the 
experiments on laboratory animals, that 
led to the final solution. Important con
tributions were made by Gordon, Lub
chenko and P. D. Bruns in Denver; by 
Eirlys Jefferson and Mary Crosse in 
England; by A. Patz and his colleagues 
in Washington, and by T. S. Szewczyk 
in St. Louis. Some of the clues were dug 
up from reports of oxygen experiments 
made many years ago. Physiological 
studies carried out by John W. Bean at 
the University of Michigan were espe
cially pertinent. 

One of the last breaks in the case came 
during a luncheon conversation I had 

with an Air Force officer taking graduate 
training at Harvard University in the 
fall of 1954. We had been discussing 
oxygen toxicity, and he called to my 
attention that some interesting reports 
on this very subject, by German scien
tists who had worked for the Luftwaffe, 
had been translated and published by 
the Air Force in a volume entitled Ger
man Aviation Medicine, World War II. 
My colleagues and I lost no time looking 
it up, and two of its chapters gave us 
key pieces to the puzzle. 

In the first, J. Pichotka described how 
long exposure to high concentrations of 
oxygen had so irritated the lungs of ex
perimental animals that many of the 
tiny air sacs had degenerated. In the 
second, H. Becker-Freyseng reported 
that rabbits kept in an oxygen atmos
phere for several days showed a steadily 
increasing deficiency of oxygen in their 
blood, leading to suffocation. 
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Two other pieces complete the pic
ture and reveal the whole pattern. Many 
years ago, around 1900, an Italian anat
omist named Riccardo Versari observed 
that it is during the fifth, sixth and sev
enth months that a human fetus devel
ops the tiny blood vessels which will 
nourish the delicate retinas of its eyes. 
This means that a baby born in those 
months, ahead of its time, enters the 
world in a vulnerable condition from the 
standpoint of its future vision. Any in
jury which nips these tender shoots, 
which destroys the growing capillaries, 
will ultimately manifest its effect in 
blindness. And so we come at last to the 
final piece in the "very remarkable 
chain." Retrolental fibroplasia emerged 
in epidemic proportions when hospitals 
began to expose premature babies to 
very high oxygen atmosphere in efficient 
new incubators. Often the atmosphere 
used was more than 50 per cent oxygen 
(contrasted with 21 per cent in ordinary 
air) . 

As Becker-Freyseng succinctly put it: 
a too-rich oxygen atmosphere "acts si
multaneously as a poison and as a thera
peutic agent." The italics are his, but we 
can adopt them as well, for these few 
words tersely summarize the explana
tion of the tragedy of oxygen and the 
sightless babies. 

This was the end of the trail as far as 
understanding the outbreak of retrolen
tal fibroplasia was concerned. Once the 
hazard was fully recognized, the epi
demic quickly subsided. Physicians and 
hospitals are now aware that when oxy
gen is administered, it should be bal
anced carefully to the infant's needs and 
capacities. The accepted ceiling is an 
atmosphere with no more than 40 per 
cent oxygen. 

To be sure, oxygen deficiency and re
trolental fibroplasia may arise from 
causes other than excessive exposure to 
oxygen. There have been a few recent 
cases of the disease in babies who re
ceived no oxygen treatment. But this is 
another problem. The chapter we have 
reviewed here is closed. 

Yet the story may not be ended. Al
most two centuries ago Joseph Priestley, 

_ the qiscoverer qf "dephlogisticated air" 
(oxygen) , conjectured prophetically 
that man might get in trouble if "this 
pure kind of air" became a "fashionable 
article in luxury." The tragic fulfillment 
of his conjecture during the past decade 
should put us on our guard. Experiments 
on animals suggest that adults are more 
vulnerable to excessive oxygen than in
fants. It is possible that adults have suf
fered oxygen injury without anyone 
having suspected it. 
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___ Kodak reports to laboratories on: 
half-second butyrate on the road ... how we became horticultural apothecaries ... what darkroom 
craftsmanship can now accomplish ... Iooking through the microscope with movie film and camera 

Skin for aluminum 

This is the freshly washed side of an 
aluminum truck trailer. The portion 
on the left had once been sprayed for 
demonstration with a clear lacquer 
made from Eastman Half-Second 
Butyrate, and the portion on the 
right left bare. Note the difference 
brought out by 16 months and 
128,000 miles of weather, flying 
gravel, and road salt. There was 
also a dent that penetrated the lac
quer but failed to start it peeling 
or chipping. 

III summary, aluminum resists the ele
mellts till killgdom come, but a coat of 
Egyptian Lacquer Company's (South 
Kearny, N. J.) lIew Half-Second Butyr
ate-based product helps to keep it c1eall 
and unpitted while waitillg. Full informa
tion about Eastman Half-Second Bu
tyrate is obtainable from Eastman 
Chemical Products, Inc., Kingsport, 
Tellll. (Subsidiary of Eastman Kodak 
CompaIlY). 

Orchid medicine 
Medicine for people we don't sell, 
nor medicine for animals. Medicine 
for orchids, yes-the two aromatic 
salts, o-Phenylphenol Sodium Salt 
(Pract.) (Eastman P2896) and 8-
Quinolinol Sulfate (Eastman 1776). 
Only this past spring did we learn 
that we had it to sell. Letters began 
to drift in asking for descriptive lit
erature on our orchid remedies. 
What could we answer? Of course 
we had no such literature, but could 
we deny that among our 3500-odd 
items there might be something to 
cure an ailing orchid? 

(People are always assuming that 
because we sell a chemical we know 
all about its sundry uses and have 
hungry salesmen panting for an 
opening to demonstrate them all. 
This is a perfectly natural assump
tion that happens to be false with 
respect to Eastman Organic Chemi
cals. Unlike the entrepreneur who 
sells the sizzle instead of the steak, 

we sell the chemicals rather than 
the benefits they confer. But we do 
love to sell the chemicals.) 

What we did was to track down 
the plant pathologist who had 
found these two particular com
pounds to be capable of making a 
fine distinction between the met
abolic systems of orchids and those 
of certain bacteria and fungi that 
infest them. (Use in 1 :2000 dilution 
by spray or immersion for 60 
minutes or longer.) We checked 
with him on the identity of the 
compounds and then hung out our 
shingle as horticultural apothecaries 
with a limited line. 

If allY man thillks he can make a living 
by putting these compounds up under his 
own trademm'k and backing it with more 
helpful senice to orchid growers thall 
ours, more power to him and we hope he 
lets us quote 011 supplying the chemicals. 
They're among some 3500 available 
from Distillation Products Industries, 
Eastman Organic Chemicals Depart
ment, Rochester 3, N. Y. (Divisioll of 
Eastmall Kodak CompaIlY). 

Color prints while you wait 
The day when you can ask one of 
the boys in the darkroom to bang 
out a few color prints before lunch 
has just about dawned. 

Just like reaching into the drawer 
for Kodabromide Paper, they can 
now reach for a new paper bearing 
the name Kodak Color Print Mate
rial. It comes in Type R for making 
prints directly from Kodachrome 
or Ektachrome transparencies and 
Type C for color negatives such as 
are obtained with Kodak Ektacolor 
or Kodacolor Film. 

There is, frankly, still a little more 
to it than making black-and-white 
prints. There are quite a few more 
processing steps, and the instruc
tions for them must be followed 
rather carefully. When the direc
tions read 75 F for the developing 
bath, they don't mean 76 F. 

Because the acceptability of a 
color balance is influenced by an 
intricate set of psychological, physi
cal, and chemical factors, there is 
plenty of room for creative crafts
manship in the selection of filter 
combination, lamp voltage, and ex
posure. The more painstaking the 
craftsmanship, the more pleasing 
the results are likely to be. On 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 

other hand, it is possible to slack 
off on the craftsmanship a bit and 
still get color prints on paper that 
convey more information than even 
the best monochrome could ever 
give. 

If you use color photography ill your 
business, we would deem it all hOllor to 
have you among the first Oil board. For 
a more precise idea of what's illvolved 
in the use of Kodak Color Print Mate
rial, write Eastman Kodak CompallY, 
Professiollal Color Sales Divisioll, 
Rochester 4, N. Y. 

Cinephotomicrography 
That motion pictures made 
through the microscope might 
have much value both as an 
investigative technique and as 
an aid to scientific communica
tion and instruction doubtless 
occurred to thoughtful men in 
earliest nickelodeon days, if 
not before. Certainly the art 
has been widely and effectively 
practiced and improved since 
then, but how many laborers 
in the various vineyards have 
had too many other important 
and more difficult matters mer
iting their attention to give 
thought to what cinephotomi
crography could do for them? 

Therefore, with no loftier 
motive than moving a little 
merchandise, it may be that by 
publishing a new revision of 
the booklet, "Motion Pictures 
Through the Microscope," we 
shall accomplish the greater 
good of a seed dropped in the 
right place at the right time. 

The booklet speaks of how 
to use a motion-picture camera 
to alter the apparent rate of 
events on a microscope stage, 
making them many thousand
fold faster or four times slower, 
as desired; of the details of 

aligning camera with microscope; 
of illumination, exposure, color 
rendition, the defeat of vibration, 
and a hundred other petty points 
that distinguish exasperation from 
proud achievement. 

A copy of "Motion Pictures Through 
the Microscope" (Kodak Pamphlet N-2) 
is obtaillable without charge from 
Eastman Kodak Company, Sales 
Service Divisioll, Rochester 
4, N. Y. 
Cinephotomicrograpn by E. J. Farris. 
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THE DUAL ROLE OF 

OV6£Z 
IN INIJVSTRY 

make stronger boat hulls 

Your business could 
profit with BOTH 

If you make a product in which light 
weight, lustrous surfaces, impact strength, 
and e xcellent thermal, electrical, and 
chemical properties, or any combination 
of these are desirable, the phenolic mold
ing compounds could be your most profit
able field of inquiry. Or a phenolic resin 
may improve your product or processes 
when used for bonding, coating, or im
pregnating. For the many advantages of 
phenolics in any form, call on Durez ex
perience. You'll have at your service the 
facilities of a leader in developing these 
plastics, and their largest producer. 

Write for our latest general bulletin 
DUREZ PLASTICS DIVISION 

HOOKER ELECTROCHEMICAL COMPANY 

812 Walck Road, North Tonawanda, N. Y_ 

"LEADERS IN PHENOLIC PLASTICS" 
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T he Nobel awards in science, each 
worth a record $36,720 this year, 
went to one Swedish and three 

U. S. investigators. 
Hugo Theorell, head of the biochem

istry department of the Nobel Medical 
Institute in Sweden, won the medicine 
prize for his work on enzymes. He sepa
rated, purified and identified the various 
enzymes by which living cells carry out 
oxidation or breathing reactions. After 
he had crystallized the first of these, the 
so-called yellow breathing enzyme, he 
split it into two parts, each biologically 
inactive, and then recombined the parts, 
forming the potent enzyme again. This 
was the first time that any enzyme had 
been separated into its two components 
-coenzyme and apoenzyme. Theorell 
went on to identify a whole spectrum 
of breathing enzymes-red, pink, green, 
colorless. He was also the first to pre
pare a pure sample of myoglobin, the 
red coloring substance in the muscles. 

The physics prize was divided be
tween Willis E. Lamb and Polykarp 
Kusch for their independent but related 
measurements of electron energies with 
radio waves under I. 1. Rabi at Colum
bia University. Lamb, together with 
Robert C. Retherford, used microwave 
radiation to determine precisely the 
amount of energy required to shift the 
electron in a hydrogen atom between 
two very nearly equal energy states. 
Kusch, by observing the behavior of 
beams of various atoms in a field of ra
dio waves, was able to measure the 
magnetic strength of an electron with 
great accuracy. Both results differed 

SCIENCE AND 
from the values predicted by P. A. M. 
Dirac's theory of the electron. (Dirac 
had earlier won the Nobel prize for the 
theory.) The discrepancy touched off a 
ferment in theoretical physics out of 
which emerged the new quantum field 
theory. 

Vincent du Vigneaud, chairman of the 
department of biochemistry at Cornell 
Medical College, received the Nobel 
chemistry award for his studies of two 
hormones of the pituitary gland known 
as oxytocin and vasopressin. Du Vig
neaud was the first to isolate individual 
hormones from the secretions of the rear 
half of the pituitary, an undertaking 
requiring 10 years and the glands of 
some 100,000 cattle. Having found that 
two distinct substances were involved, 
he proceeded to determine their chemi
cal structure. Both are polypeptides, or 
strings of amino acids. Oxytocin, which 
du Vigneaud succeeded in synthesizing, 
is the first polypeptide hormone to be 
produced artificially. It causes contrac
tions of the uterus during childbirth and 
releases the mother's milk from the 
breast. Vasopressin, which raises blood 
pressure and decreases the kidney's 
urine production, is given to diabetics. 

Antiproton 

O nly a few months after it was first 
turned on, the giant Bevatron at 

the University of California paid off one 
of the biggest bets its designers had 
made on it. The $9.5-million accelerator 
materialized the long-sought antiproton. 
The existence of this particle, with the 
mass of a proton but carrying a unit of 
negative rather than positive charge, 
had been taken virtually for granted for 
more than a quarter of a century. But it 
could not be produced until the Beva
tron's energy of 6.2 billion electron volts 
became available to experimenters. 

It was in 1928 that the British physi
cist P. A. M. Dirac first suggested that 
anti-particles could be created out of 
energy. He predicted that when an anti
particle encountered its corresponding 
particle, the two would combine in a re
action which released the energy of 
formation and annihilated both par
ticles. In 1932 the prediction was strik
ingly borne out by the discovery of the 
anti-electron, or positron. Since then 
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THE CITIZEN 
physicists have been heavily committed 
to the idea that the antiproton also must 
exist. Its appearance, at long last, was 
greeted with a universal sigh of relief. 

To make antiprotons the physicists at 
the University of California Radiation 
Laboratory bombard copper atoms with 
the 6.2 Bev proton beam from the Beva
tron. The theory is that when a proton 
collides with a neutron in a copper nu
cleus, about two Bev of energy disap
pear, and in their place appears a pro
ton-antiproton pair. 

The crux of the experiment is to sepa
rate and detect the antiprotons before 
they encounter protons and are annihi
lated. A magnetic field separates the 
negative products of the bombardment 
from the positive and neutral frag
ments. The negative beam contains a 
few antiprotons and about 50,000 times 
as many pi mesons. Since the deflection 
in a magnetic field depends on mo
mentum, a fast pi meson will be bent at 
the same angle as a slower antiproton. 
To distinguish between the two, the 
particles' time of flight is measured be
tween two counters spaced 40 feet apart. 
The "slow" antiprotons take one twenty
millionth of a second to negotiate this 
distance; the mesons, much less. When 
the discovery was announced last month, 
more than 50 of the slow particles had 
been picked up in the counters. 

As a further check, the experimenters 
also try to detect the final fate of the 
antiprotons. After the beam has spent 
most of its energy, it is sent into a large 
counter set up to detect energy bursts 
of two Bev. Such bursts could come only 
from an annihilation, since the particles 
themselves have much less energy. 
Eventually the scientists hope to get 
pictures of antiproton tracks in cloud 
chambers or photographic emulsions. 

The experiments are being done by 
Owen Chamberlain, Emilio Segre, Clyde 
Wiegand and Thomas Ypsilantis, assist
ed by Herbert Steiner. Edward J. Lof
gren is the physicist in charge of all work 
with the Bevatron. . 

Red-Shift Law Amended? 

T he "law" of the red shift is one of 
the main reasons why the 200-inch 

telescope on Palomar Mountain was 
built. The displacement of light from 
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New titanium alloy was developed by 
Armour Research Foundation under 
contract to Watertown Arsenallobora· 
tory. and commercially developed for 
production by Mallory-Shoron Titanium. 

HOT PERFORMANCE 
titanium alloy is born 

AIRCRAFT designers judging a metal don't just ask, "how light 
.fi and how strong?" ... but, "how light, how strong, at how high 
a temperature?" A glance at a streaking jet tells you why. 

Thus, Mallory-Sharon's commercial development and production 
of a truly high temperature titanium alloy is so important. Called 
MST 6Al-4V, this alloy "stays put" at elevated temperatures. It 
has minimum "creep", -the metallurgists' term for stretch under 
load when hot. Working temperatures don't change its properties, 
or cause brittleness. 

Designers have long been waiting for a lightweight metal with this 
hot performance-thus it's destined for wide use in airframes and jet 
engines, and similar tough applications. It's now in large-scale pro
duction by Mallory-Sharon, leading producer of a full range of titan
ium and titanium alloy mill products. Use our experience for your 
applications of lightweight titanium. 

Mallory-Sharon Titanium Corporation, Niles, Ohio. 

MALLORY @ SHARON 
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distant galaxies toward the red, indi
cating that the galaxies are moving away 
from us, has been the basis of the theory 
of the expanding universe. Since the red 
shift increases with distance, the speed 
of the galaxies also is believed to in
crease with distance. Does this law of 
the increasing red shift hold indefinitely 
into space? The 200-inch telescope has 
now given what seems to be an exciting 
answer. Out at the limits reached by the 
telescope the red shift apparently is not 
increasing in proportion to distance; in 
other words, the acceleration of galaxies 
is slowing down. 

At the recent meeting of the National 
Academy of Sciences at the California 
Institute of Technology a group of 
astronomers reported that this was their 
conclusion on the basis of measurements 
of the spectral displacement of light 
from 26 extremely distant clusters of 
nebulae, ranging up to one billion light
years away. The measurements were 
made by N. U. Mayall of the Lick Ob
servatory and M. L. Humason of the 
Mount Wilson and Palomar Observa
tories. They were announced by A. R. 
Sandage of Mount 'Nilson and Palomar. 
He cautioned that the results were not 
yet "conclusively established." 

Polio Virus Crystallized 

The first animal virus, one of the polio 
viruses, has been crystallized. The 

difficult chemical feat was performed by 
C. E. Schwerdt and F. L. Schaffer of 
tile Virus Laboratory at the University 
of California. Until now the only viruses 
prepared in crystalline form have been 
plant viruses. 

The California biochemists prepared 
an extremely pure and concentrated 
sample of one of the Type II strains of 
polio virus, extracting four lOO,OOOths 
of an ounce of material from some four 
gallons of infected monkey kidney tis-

POLIO VIRUS CRYSTALS are photo
graphed under the light microscope. They 
average one thousandth of an inch in length. 
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Vacuum-dried vaccines control 

diseases fatal 

Stokes Freeze-Dryers Used In Producing 
The New Veterinary "Wonder Drugs" 
Veterinary medicine too, has its triumphs, though they 
are not so widely heralded as those achieved in its 
human counterpart. 

Hog cholera, for example, is one of the most devastating 
diseases known to swine. Though a preventive vaccine 
has been available for some years, it is only since the 
advent of vacuum freeze-drying that the potency of the 

preparation could be prolonged, allowing its widespread 
distribution and storage. Vacuum-dried vaccines last 
indefinitely at room temperature; reconstitute quickly 
and easily to original form. 

The vacuum freeze-drying equipment vital to this work 
was first developed commercially by Stokes. Used to 
process many veterinary biologicals, it is also essential 
to the production of blood plasma, hormones, anti
biotics, anti-venoms and other life-saving remedies. 
Stokes has also developed freeze-drying equipment par-

to livestock 

ticularly designed for hospital and laboratory use in 
histological study and the preservation of bones and 
arteries for grafting. 

Stokes engineers have over fifty years' experience in the 
applicarion of vacuum equipment to industry. If you 
have a problem involving vacuum, its production or 
application, it is likely that we can help you. Wrire for 
informative literature available on the subject: (1) Freeze
Drying in Industry, Catalog 735, (2) Histological and 
Tissue Bank Freeze-Dryers, Bulletin 745, (3) Vacuum 
Drying, Catalog 720, (4) Vacuum Furnace, Bulletin 790, 
(5) Vacuum Metallizing, Catalog 780. 
F. J. STOKES MACHINE COMPANY, PHILADELPHIA 20, PA. 

49 

© 1955 SCIENTIFIC AMERICAN, INC



HOW 
MICRO-VISION 

HELPS 

FAIRCHILD 
manufacture ""arid's 

tiniest production-run 

potentiometer 

In a case less than Yl" in diameter, 35 sub-min
iature parts are precision-assembled; hair-thin 
springs are welded into fine slots. This tiny 
unit, designed and developed by the Guided 
Missiles Division of Hughes Aircraft Company, is a sensing and control 
ling element for aircraft and missiles; critical tests must assure highest 
mechanical and electrical efficiency. 

Fairchild Camera and Instrument Corporation attributes the efficient 
mass-production of this unit to the use of Bausch & Lomb Stereomicro
scopes-in assembly, inspection, and quality control. "Operators have both 
hands free and use both eyes to obtain normal, three-dimensional vision 

magnified to the required power-with high efficiency and operator 
comfort." 

Write for FREE Copy of this Exclusive 

3-D MicrO-Vision Data Book 
• See actual stereo views! 

• Know how and where to use Stereomicroscopes! 

• Fit exact model to job needs with Selector-Chart! 

BAUSCH 6- LOMB I 

WRITE TODAy for Data Book 
D-15. Bausch & Lomb Optical Co., 
69448 St. Paul St., Rochester 2,N.Y. 

SINCE.18Sl 
America's only complete optical source •.• from Blass to finished product. 
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sue. They placed their tiny sample in a 

vessel with some weak salt and acid 
solution, cooled the mixture to a few 
degrees above freezing and gently 
rocked the container overnight. In the 
morning they found that about 40 per 
cent of the sample had turned into small 
crystals which were easily seen under an 
optical microscope. 

The crystals average about one thou
sandth of an inch in length and look like 
rectangular boxes with pyramids at 
either end. Each contains almost a bil
lion virus particles. That the crystals are 
made of virus is proved by the fact that 
the material is infective when dissolved. 

Schwerdt and Schaffer, reporting 
their work at the meeting of the National 

. Academy of Sciences in Pasadena, said 
it emphasizes the "basic similarities be
tween animal and plant viruses." They 
believe that other small animal viruses 
also can be crystallized. This develop
ment would provide researchers with 
samples of infective material known to 
be almost perfectly pure and exactly re
producible. 

Synthetic's Success 

A year ago chemists of the Goodrich-
. Gulf Chemical Company and the 

Firestone Tire and Rubber Company 
announced they had artificially synthe
sized the natural rubber molecule. 
Natural (hevea) rubber, as had long 
been known, consists of a rather simple 
hydrocarbon compound called isoprene 
linked in a certain way to form long 
chainlike molecules. The strength and 
wearing quality of natural rubber de
pend largely on its peculiar molecular 
pattern. 

The first tires of the man-made "natu
ral" rubber have now been road-tested. 
Reports to a recent meeting of the 
American Chemical Society's Rubber 
Chemistry Division said that it per
formed as well as natural rubber. GR-S, 
the wartime synthetic rubber, predom
inates in today's automobile tires, but 
generous proportions of natural rubber 
must be mixed with it in heavy-duty 
tires because GR-S does not stand heat
ing well. 

Safer Streptomycin 

A new form of streptomycin, which 
appears to eliminate some bad side 

effects of the drug, has been devel
oped in Germany. In its common fOlm 
streptomycin is tackec\ onto a sulfate 
group. Chemists at the drug firm of 
Chemie Grunenthal in Stolberg have 
substituted the B-vitamin pantothenic 
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At last . • . a clean drum 
CLEAN . . .  absolutely clean-so clean 
in fact that you can take a swipe 
around the inside with a fresh hand
kerchief without finding the slightest 
trace of grease, dirt, scale or rust. 

This revealing "handkerchief test" 
that anyone can make has been used 
for some time now to convince skep
tical shippers that here is a new kind 
of container-one so clean that it will 
carry their products from plant to 
user, not only safely, but without 
fear of contamination. Here at last 
was a container that would practi
cally end claims caused by contam
inating residues that for years have 
cost drum users many, many thou
sands of dollars. Shippers were quick 
to see the light. 

Today, as a result, enormous quan
tities of oils, greases, chemicals and 
paint are being shipped in these 
USS Steel drums with their original 

purity unimpaired. 
Chemically clean and protectively 

coated USS Steel Drums were pio
neered by the United States Steel 
Products Division. Their develop
ment, so highly important in the 
container industry, illustrates how 
United States Steel is constantly 
working to give America ever finer 
and more efficient products made of 
steel ... is just further proof that 
only steel can do so many jobs so 
well. United States Steel Corpora
tion, 525 William Penn Place, Pitts
burgh 30, Pennsylvania. 

-----I�--
U N I T E D  STAT E S  S T EEL 
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Highly polished steel, stored in this dehumidiJied room, is ready Jar immediate use. No 
costly, time·consuming cleaning operation is required, since the steel was completely 

degreased beJore it was placed in storage. 

Are your products in 
dead storage or "in readiness"? 
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"DEAD STORAGE" usually means exactly that - products deterio-
rating day after day and requiring expensive, time-consuming 

labor to get them back on your live list. DRY storage eliminates this 
waste. Materials retain their original high quality, often need no 
other protection, and are held in constant readiness. 

DRY storage is insurance against depreciation. But unlike insur
ance, it pays off constantly by safeguarding your investment and 
cutting the cost of getting materials ready for use. The Army, Navy, 
and Air Force demonstrated its worth beyond question. DRY storage 
calls for dehumidification machinery and an area properly insulated 
against infiltration of moisture. If you have a storage problem-or 
if your processes require DRYing of air, gases or organic liquids-

Air·drying Lect,"odryer 

ee 

ask Lectrodryer* for help. Our engineers have 
been answering DRying questions for years, 
recommending methods and equipment. 

The book, Because Moisture Isn't Pink, 
describes many of these DRYing jobs. For a free 
copy, or for help on dehumidification, write 
Pittsburgh Lectrodryer Corporation, 336 
32nd Street, Pittsburgh 30, Pennsylvania. 

&# 9:+4% {&£**+I. &$&1.§fH 

LECTRODRYER 
:;" REGISTERED T�ADEMARI{ U S. PAT, OI'"F. 

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 
FeREM. %&**&1 fM£&: i he£& &1. 

acid for the sulfate. When small amounts 
of the new drug, streptomycin pantoth
enate, are mixed with ordinary strep
tomycin sulfate, the combination is an 
effective antibiotic and avoids damage 
to the eighth cranial nerve, responsible 
for the deafness and dizziness that often 
accompanies use of streptomycin. 

Henry Welch, a Food and Drug 
Administration antibiotic speCialist, 
summed up the significance of the new 
drug by saying: "If it performs the way 
the Germans say it does, it may affect 
the entire method of treating tubercu
losis in the U. S." 

Basic Research Institute 
� anonymous donor has given the 

University of California $2,750,000 
to set up an Institute for Basic Research 
in Science, modeled along the lines of 
the Institute for Advanced Study at 
Princeton. The nameless philanthropist 
asked that the new institute dedicate 
itself "to the encouragement of creative 
thought." He speCified that its chief pur
pose is "to discover and encourage the 
work of individuals of great talent and 
promise." 

The annual budget will start at 
$100,000 and is expected to be doubled 
soon. The institute plans to concentrate 
at first on about 10 research projects 
which might have a hard time getting 
funds from any other source. 

New AEC Commissioner 
p reSident Eisenhower last month filled 

a long-standing vacancy in the five
man Atomic Energy Commission by ap
pointing Harold S. Vance, 65, chairman 
of the executive committee of the Stude
baker-Packard Corporation. Earlier in 
the year the President had nominated 
Allen Whitfield of Iowa for the post, but 
Whitfield withdrew while the Joint 
Congressional Atomic Energy Commis
sion was investigating his political and 
business background. 

Vance began as a mechanic and rose 
through the Studebaker ranks, becom
ing chairman of the company's board of 
directors in 1935 and succeeding Paul 
Hoffman as its president in 1948. 

Satellite Business 

The artificial satellite project [see 
article on page 29] has been made 

official by executive orders and signed 
contracts. The various major responsibil
ities as outlined by the Defense Depart
ment are as follows: 

The Navy will be executive agent of 
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HOW YOU BENEFIT WHEN YOU USE 

SUN RUBBER PROCESS AIDS 
fl • 

IF YOU PROCESS: USE s BECAUSE ; 
� m 

I i 
OIL EXTENDED m m 

Now Available at New Low POLYMERS i m 
Cost. Has relatively low stain-S ill ing properties for use on white GR-S TYPE.S 1703 S CIRCOSOL-2XH goods. Improves the rebound 

1707 E t characteristics of GR-S vulcani-&Ii 

I = zates. Assures constant uniform-
1708 B E ity with minimum downgrading. 

1801 m � 
� I 
· � 

OIL EXTENDED m m 
m 

POLYMERS m i Versatile. Gives quicker, more 
i 

SUNDEX-53 
m thorough plasticization. Highly 

GR-S TYPES 1705 D i compatible with natural rubber 

1709 I i and reclaims as well as with 

� ; GR-S rubber types. 

1710 m m 
· 

• I Highly Extended, Neoprene 

NEOPRENE WHV � SUNDEX-53 II WHY compounds can be made 

I m for p r i c e s  c o m p a r a b l e  w i t h  

I I those of low·cost elastomers. 

!l m 

I i 
REGULAR NEOPRENES I CIRCO LIGHT m Gives True Softening by phys-

I i ical changes in rubber structure 

and m RUBBER I rather than chemical. Large 

I PROCESS-AID I quantities can be absorbed with-
NATURAL RUBBER m m out blooming. 

! I 
@ � 

To learn more about using Sun Rubber Process Aids to get better physicals, 

lower costs, and easier processing, see your Sun representative. Or write 

for your copy of Sun's latest Technical Bulletin describing any of the above 

products. Address SUN OIL COMPANY, Philadelphia 3, Pa., Dept. SA-12. 

INDUSTRIAL PRODUCTS DEPARTMENT 

SUN OIL COMPANY 
_ PHILADELPHIA 3, PA. 

IN CANADA: SUN OIL COMPANY, lTD., TORONTO AND MONTREAL 
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(above) Cuttings taken at 20 ft. intervals 
from a producing oil well are carefully 
weighed. (at right) Each cutting is ana· 
Iyzed with a sensitive Geiger counter 
mounted in the automatic sample changer. 

RADIOACTIVE 

WELL CUTTINGS 

USED TO HELP GEOLOGISTS 

LOCATE NEW OIL DEPOSITS 

Standard radiation measuring instruments are used by Petro
leum Consultants, Pasadena, California to extend and further 
develop existin,g oil fields. The radioactivity of each cutting 
taken from a producing well is measured and recorded by a 
Nuclear-Chicago counting system. Known oil deposits are re
ported on the resulting radiation "profile" of the well. The 
profile is then used to indicate the approximate location of oil 
in other nearby areas where radiation profiles are similar. 

Helping petroleum geologists locate oil deposits is another 

way in which scientists are using the great sensitivity and 

accuracy of radiation measuring techniques. Nuclear-Chicago 

instruments and radiochemicals have contributed to the devel

opment of this new field since 1946. Write today for full details 

on our complete line. 

� Huclea,·c!J/clTgo 

� 
N UCLEAR INSTRUMENT AND CHEMICAL CORPORATION 

247 West Erie Street, Chicago 10, Illinois 

lEADERS IN MAKING RADIOACnVITY COUNT 
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the program, which has been named 
Project Vanguard. Chief of Naval Re
search Rear Admiral F. R. Furth is gen
eral supervisor, and John P. Hagen is di
rector. 

The satellites themselves are in the 
hands of the National Academy of Sci
ences and National Science Foundation. 

The Glenn L. Martin Company of 
Baltimore has a $2 million contract to 
build the three-stage rockets which will 
project the satellites to their orbits. 
Martin builds the Navy's Viking rockets. 

The General Electric Company will 
furnish the rocket motor for the first 
stage. Reportedly it has already been 
built and tested in the Army's Hermes 
rocket. 

Electron Mirror 

For the conventional electron micro-
scope specimens have to be sliced ex

tremely thin, otherwise they are opaque 
to the not very penetrating electron 
beam. The fact that electrons are so 
easily reflected is the key to a new and 
entirely different kind of electron mi
croscope described in the current issue 
of the Journal of Applied Physics. 

The author of the article, Ludwig 
Mayer of General Mills, Inc., calls the 
new instrument an electron mirror mi
croscope, because it portrays on a flu
ori\scent screen the pattern of electrons 
reflected from the surface of the speci
men. At this stage of development, he 
says, it has the resolving power of a light 
microscope. Potentially it could show 
details as fine as those an electron-emis
sion microscope can resolve. 

The electron mirror microscope actu
ally shows any irregularities of the elec
tric potential at the surface of the spec
imen. Thus it pictures such purely elec
trical properties of the specimen as 
surface charge and conductivity as well 
as its geometrical profile. The image that 
appears on the screen is a kind of elec
tron-optical schlieren diagram and has 
to be interpreted carefully. 

Anesthesia and the Aged 

" He's never been the same since his 
operation." P. D. Bedford, a noted 

physician of Oxford, England, had heard 
that said about too many elderly pa
tients. He therefore investigated the 
cases of 1,193 persons who had under
gone surgery after they reached the age 
of 50, and he reports in The Lancet 
that the trouble seems to lie in the an
esthesia connected with the operation. 

The minds of 10 per cent of these 
aged persons had been affected to some 
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YOU FURNISH THE PRINT, WE'LL FURNISH THE PART 

Practically everything made requires a combination of 
several properties. And this terminal insulator is a shining 
example. It has to have high dielectric strength in a 
machinable insulator, good moisture resistance, excellent 
arc resistance,' good heat resistance and mechanical 
strength. These and other requirements indicate Synthane 
laminated plastics for the job. 

Starting with the blueprint, Synthane Corporation pro
duces the needed base material with the right combina-

- -------------------------, 
SYNTHANE CORPORATION, 2 River Rood, Oaks, Po 
Please send me more information about Synthane laminated 

plastics and fabrication service. 

Name ________________________________ __ 

Title ______________________ � ________ _ 

Company ______________________________ _ 

Address ______________________________ _ 

I I I I I J I 
I I I I I 

City Zone --- State I 
----- ---------------------� 

tion of properties, machines it with accuracy, and supplies 
the finished parts, with no waste, to the customer. 

Each year Synthane turns out thousands of different 
finished parts. They are made from the more than 33 
different grades of Synthane laminated plastics which are 
also regularly supplied to industry in sheets, rods, tubes, 
and molded parts. Good service and quality are charac
teristic of Synthane fabrication. 

If you are looking for parts with many different 
properties -- physical -- mechanical -- electrical -- and 
chemical, in combination, Synthane may be your answer. 
Mail the coupon for information. 

SYNTHANE CORPORATION • OAKS, PENNSYLVANIA 
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Inspection a problem? 

Sylvania· "electronic lighting" 

can help supply the answer 

If your need is the precision inspection of transparent 
materials, take a tip from America's leading pro
ducers of glass, film and plastics. They know that 
every imperfection and flaw can be detected through 
proper point source lighting in their production 
quality control. 

Whether you require shadowgraph, refraction, or 
lens projection, there is a new Sylvania Concentrated 
Arc Lamp for every need. Widely used in micros
copy, metallography, spectroscopy and signalling, 
their versatility is unparalleled. 

Available with point source from .005 in. in the 2 
watt to 0.1 in. in the 300 watt, these Sylvania CAL's 
offer an output brightness up to 29,000 candles, psi. 

Investigate the new Sylvania CAL and other 
revolutionary developments of Sylvania "electronic 
lighting." For technicalinformation; write to Sylvania 
Electric Products Inc., Dept. SASS I 2, 1740 Broad
way, New York 10, N. Y.-your best source for 
technical lighting needs. 

In Canada: Television made by Sylvania Electric (Callada) Ltd. 
and distributed by Northern Electric Company Limited. 

A Sylvania Strobotrons 

Internally triggered, cold 
cathode delivers light pulses 
of short duration. For study 
of rotary and reciprocatory 
motion. 

B Sylvania Glow Modulators 

Crater-glow, cold cathode 
type, used in facsimile equip
ment. Light output varies 
with tube current. A modula
tion frequency range from 
15-15,000 cps. 

C Sylvania Photo Tubes 

Diode types for light sensing 
devices and relay controls. 
Multipliers for applications 
requiring extreme sensitivity. 

". SYLVANIA: 
... fastest growing name in sight 

LIGHTING· RADIO. ELECTRONICS. TELEVISION. ATOMIC ENERGY 
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degree. Most had become untidy, forget
ful, unable to concentrate as intensely 
as before. Two professional men-a his
tory don and a surgeon-had been 
forced to abandon their work. Twenty
nine had become mental patients. 

Dr. Bedford warns that the aging 
brain may be sensitive even to brief 
periods without sufficient oxygen. In an 
editorial endorsement of his article, The 
Lancet advises that in the case of an 
elderly patient "general anesthesia 
should be brief, light, devoid of nitrous 
oxide and accompanied by generous 
oxygen intake." 

Gorilla Gastronomy 

Bushman, the famous Chicago gorilla, 
died on New Year's Day, 1951, at 

the Lincoln Park Zoo. A seven-month 
illness had shrunk his muscular frame 
to a mere 500 pounds. He left no 
family, for never in his 22 years had 
he mated. 

Three hours after Bushman died, two 
University of Chicago phYSicians and a 
zoo veterinarian began an exhaustive 
autopsy on his still warm corpse. Why, 
they wondered, do gorillas fare so poorly 
in captivity compared with other apes? 
Zoo gorillas never breed, and they age 
much more rapidly than wild gorillas. 

Bushman, at an age when he should 
have been in his physical prime, showed 
unmistakable signs of senility. His heart, 
blood vessels and spinal cord had degen
erated. His testicles were ah·ophied. Yet 
his muscles seemed still strong, and his 
hair had not turned gray. 

After long study Paul E. Steiner, 
Theodore B. Rasmussen and the veteri
nary, Lester E. Fisher, reported in a re
cent issue of the A. M. A. Archives of 
Pathology that Bushman's decline was 
due to improper diet. He seemed to have 
a nutritional disorder akin to beriberi, 
which accounted for a partial paralysis 
of both legs and one arm. There was ad
ditional evidence of a defiCiency of B 
vitamins and possibly vitamin E. 

Bushman had eaten each day 22 
pounds of fresh fruit, vegetables and 
whole wheat raisin bread, plus three 
quarts of milk, some water and multiple 
vitamins. On this ample caloric intake 
he had reached a weight of 550 pounds 
and at one time got so chubby that the 
cream was skimmed from his milk. 
Chimpanzees thrive on this sort of food. 
Evidently a gorilla needs some other nu
trient of which physiologists are not yet 
aware. This idea is supported by the fact 
that a 700-mile area in Africa where 
chimpanzees abound is totally devoid 
of wild gorillas. 
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Navigation and Control Devi 

Cn!UlU'I" for Missiles and Aircraft 

Kollsman has designed, developed and produced 
the following navigation and control systems and 
components: 

FOR NAVIGATION OR GUIDANCE 

navigation. 

Photoelectric Sextants for remote semi

automatic celestial navigation. 

precise 

celestial directional reference and 

Photoelectric Tracking Systems For many years 

Kollsman has specialized in high precision tracking 

systems. 

Periscopic Sextants for manual celestial observations. 

Computing Systems to provide precise 

electromechanical, and pressure 

FOR CONTROL 
proven components 

now in production 

Pressure Pickups and 
Synchrotel Transmitters 

to measure and electrically transmit 
• true airspeed • indicated 

airspeed • absolute pressure 

• log absolute pressure • dif

ferential pressure • log differ

ential pressure • altitude 

• Mach number • airspeed 

and Mach number. 

Pressure Monitors - to provide con

trol signals for altitude, abso

lute and differential pressure, 

vertical speed, etc. 

Acceleration Monitors - for many 

applications now served by 

gyros. 

Pressu re Switches - actuated by 

static pressure, different ial 

pressure, rate of change of 

static pressure, rate of climb or 
descent, etc. 

Motors - miniature, special purpose, 

including new designs with in

tegral gear heads. 

SPECIAL TEST EQUIPMENT 
optical and electromechanical for flight 

test observations. 

Please write us concerning your 

specific requirements in the field of missile 

or aircraft control and gUidance. 

Technical bulletins are available 

on rilost of the devices mentioned., 

ko Iisma n INSTRUMENT CORPORATION 

80·18 45th AVE., ELMHURST, NEW YORK. GLENDALE, CALI FORNIA .  SUBSIDIARY OF g� COIL PRODUCTS CO. INC. 
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PERUVIAN MINERS play soccer near Morococha, the altitude of 
which is near 15,000 feet. At this height (pressure eight pounds per 

58 

square inch) men who are accustomed to living at sea level (pres· 
sure about 14 pounds) are exhausted bv climbing a few steps. 
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LIFE ,AT HIGH ALTITUDES 
As man extends the vertical dimension of his environn1ent, he reflects 

on the role of oxygen in his physiology. Here the matter is discussed 

in terms of men who pass their lives in the thin air over 10,000 feet 

R
SPiration presents a striking exam
ple of the close dependence of life 
on non-life. It is not only man and 

the animals that breathe, but also (ex
cept for certain primitive organisms) 
every plant down to microbial forms
all must have oxygen, the breath of life, 
to burn their fuel and release the energy 
needed to sustain their living processes. 
The ultimate source of this oxygen is the 
vast supply which presses from all sides 
in the atmosphere. 

Air symbolizes lightness, but the 
earth has five million billion tons of it. 
Distributed over the surface of our 
planet, this weight exerts a pressure of 
about 14 pounds to the square inch at 
sea level. Our lungs, blood, heart and 
other organs are adjusted to receive and 
utilize the amount of oxygen which the 
accustomed pressure delivers to them. 
All the factors in respiration are set to 
operate at this load. It is inevitable, 
therefore, that when a person ascends or 
descends from the level to which he is 
habituated, his internal equilibrium is 
affected by the changing pressure. 

Studies made in balloons and air
planes, and more recently in altitude 
chambers, show that for the first mile 
of ascent only minor adaptations can be 
detected. With continuing rise the ef
forts of the system to adjust become ap
preciable, and as high altitudes are 
reached critical changes may ensue. 
Three levels of behavior have been ob
served, marking three stages in the 
body's response to the anoxia, or oxygen 
want. The thresholds vary from person 
to person, but in general they follow a 
well-defined pattern. 

1. The reaction threshold, the altitude 
at which the body's effort to compensate 
for decreasing pressure begins to be 
noticeable, ranges from about 6,000 to 
10,000 feet. The pulse quickens; the 

by George W. Gray 

spleen launches its reserves of red cells 
into the blood stream; the tiny muscles 
controlling capillaries relax, allowing 
more blood to reach the tissue cells. 
While adjustments of such kinds are 
operating to get the maximum of oxygen 
into the system, other mechanisms are 
economizing its use, seeking to conserve 
the gas for vital functions. At around 
10,000 feet it usually becomes difficult 
for the body to make further adapta
tions, and from then on anoxia openly 
disturbs the life processes. 

2. The disturbance threshold ranges 
from 10,000 to about 16,500 feet. 
Muscles now are slow to react; sight be
comes fuzzy; hearing, taste, smell and 
the other senses are dulled; the faculties 
of decision, attention, judgment and 
insight weaken, showing symptoms like 
those of alcohol intoxication. Compensa
tory mechanisms strive to make up for 
the scarcity of oxygen, and they may 
succeed in restoring functions to near 
normal. But if the ascent continues the 
needs of the body become critical. 

3. The critical threshold, like that of 
the other two, varies with the individual 
and may be reached anywhere between 
16,500 and 26,000 feet. Vision darkens; 
the heart pounds; muscles refuse to 
move. Some individuals lose conscious
ness; others go into convulsions; the ulti
mate crisis is death. A dramatic example 
of the effects of a sudden rise to high 
altitude was given in 1875, when the 
French aeronauts Gaston Tissandier, 
H. T. Sivel, and J. E. Croce-Spinelli 
made their famous ascent in the free 
balloon Zenith. Tissandier recorded his 
feelings on the way up. "I had taken care 
to keep absolutely still, without suspect
ing that 1 had already perhaps lost the 
use of my limbs," he wrote. "At about 
7,500 meters (24,600 feet) the torpor 
which overcomes one is extraordinary. 

Body and mind become feebler little by 
little. There is no suffering. On the con
trary, one feels an inner joy. There is no 
thought of the dangerous position; one 
rises and is glad to be rising. I soon felt 
myself so weak that I could not even 
turn my head to look at my companions. 
I wished to take hold of the oxygen tube, 
but found I could not move my arms, 
My mind was still clear, however, and I 
watched the aneroid barometer with my 
eyes fixed on the needle, which soon 
pointed to 290 millimeters, and then to 
280. I wished to call out that now we 
were at 8,000 meters (26,200 feet), but 
my tongue was paralyzed. I shut my 
eyes, fell down powerless, and lost all 
further memory." 

The Zenith continued to rise, and the 
barometer recorded a maximum of 
27,950 feet. The balloon then lost gas 
and began to sink. When it reached the 
ground both Sivel and Croce-Spinelli 
were dead-but Tissandier was sitting 
up! He had revived when the descent 
brought him to a level of adequate 
oxygen-and apparently is the first per
son to return from critical anoxia with a 
record of its subjective symptoms. 

Oxygen starvation underlies many ill
nesses which medical science calls by 
other names, and of the body's three 
primary requirements-air, water and 
food-the most quickly felt lack is that 
of oxygen. Aeronautics, with its swift 
transition to levels of low pressure, has 
dramatized the relation of the living 
body to the inanimate air, and has given 
a fresh emphasis to the importance of 
knowledge in this area. There is a whole 
new clinical field known as aviation 
medicine, with specialized research 
equipment such as altitude chambers, 
oxygen masks and now even space 
suits-and in a number of institutions the 
body's capacity for adaptation to low 
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MOROCOCHA STATION of the Institute of Andean Biology has 

a laboratory fully equipped for physiological studies at 14,900 feet. 

SAN NICOLAS STATION of the Institute is a small building 
for occasional studies of miners who work nearby at 16,500 feet. 

oxygen pressure is being intensively in
vestigated. Most of these research cen
ters are at sea level and many are 
branches of military aeronautical estab
lishments, but the world's truly unique 
outpost of high-altitude study is a 
civilian establishment in Peru-the Insti
tute of Andean Biology. It is a division of 
the four-centuries-old University of San 
Marcos, and was founded in 1928 at the 
proposal of Carlos Monge, professor of 
clinical medicine in the San Marcos 
Faculty of Medicine. Monge is director 
and administrative head of the Institute, 
and Alberto Hurtado, professor of path
ological physiology, is director of re
search. The following account is based 
on a visit to the Institute and interviews 
with Hurtado. 

High-Altitude Man 

Peru offers strategic advantages for 
the study of high-altitude effects. Here, 
as in Chile, the Andes rise precipitously 
almost out of the ocean, and within a 
few miles of the coast one can mount 
from sea level to heights of 14,000 to 
20,000 feet. Because of this peculiar 
topography there have been several ex
peditions of research scientists from 
other countries, and prominent among 
them was the visit of the British-Ameri
can group of 192 1-22. This expedition 
was led by the distinguished British 
physiologist Joseph Barcroft and it in
cluded representatives from the univer
sities of Cambridge, Edinburgh and 
Harvard, the Massachusetts General 
Hospital of Boston, the Presbyterian 
Hospital of New York and the Rocke
feller Institute for Medical Research. 
The Central Railway of Peru, the chief 
artery of transport between the seacoast 
and the mining centers on the moun-
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tains, placed a baggage car at the dis
posal of the visitors, and the car served 
as a mobile laboratory for their studies 
at the various heights they occupied dur
ing the two months of their stay in Peru. 
This was one of the historic projects in 
high-altitude research. Its findings threw 
new light on many problems of anoxia, 
and the official report of the expedition, 
which Barcroft published in the Trans
actions of the Royal Society in 1923, at
tracted wide attention in scientific cir
cles. "It became a text of absorbing in
terest to members of our Faculty of 
Medicine in Lima, particularly to those 
concerned with human physiology," said 
Hurtado. "I was a student in the United 
States, in the third year of my medical 
course at Harvard, when this publication 
appeared." 

The fact that eminent biologists had 
traveled halfway around the world to 
study anoxia in their Peruvian Andes 
was like a shot in the arm to the small 
group of budding physiologists in Lima. 
n pointed up the fact that Lima students 
of high-altitude physiology did not need 
to travel outside their own country, for 
here, almost on their doorstep, was a 
research setup all ready and waiting. 
More than four million Peruvians lived 
at elevations between 6,000 and 13,000 
feet; and another 165,000 dwelt above 
13,000 feet, including a few hundreds 
in mines above 15,000 feet. There was 
therefore at hand ample opportunity to 
observe how the human body reacts, not 
only temporarily in persons recently as
cended from sea level, but in whole 
populations who were born, reared and 
had lived to maturity and old age under 
continuous exposure to low oxygen 
pressure. 

"Professor Barcroft and his associates 
gave little attention to study of the 

mountaineers," said Hurtado. "To be 
sure, they did report a few incidental 
observations regarding the natives' ana
tomical and physiological characteristics, 
but these studies were an almost insig
nificant part of their program. The 
primary subjects of their investigations 
were themselves, and it was their own 
pulse rates, blood counts, vital capaci
ties and other respiratory factors that 
the expedition members recorded at va
rious stages of their ascent from sea 
level up to more than 14,000 feet. The 
assumption seemed to be that man at 
sea level was the normal human being." 

Yet to most Peruvians, sea-level con
ditions are the rare exception. Over the 
centuries, countless millions have lived 
their entire lives working at heavy labor 
in the mines and on the slopes, without 
ever experiencing the "normal" atmos
pheric pressure of 14 pounds to the 
square inch. Surely here is a phenome
non deserving of study and offering a 
promise of interesting results. It was this 
sort of thinking that prompted the es
tablishment of the Institute of Andean 
Biology. 

"In our research there is no slighting 
of the man accustomed to sea-level con
ditions, who doubtless represents the 
majority of the world's population," ex
plained Hurtado. "But equally we do not 
ignore the well-acclimated man accus
tomed to the low pressure of the moun
tain heights, who surely represents the 
maximum of adaptation to anoxic condi
tions. We study them both. We have 
measured the breathing performance, 
blood content and blood circulation of 
high-altitude men in our mountain sta
tions, and then have brought the same 
individuals down to sea level and re
peated the measurements there. Simi
larly, we have studied sea-level men in 

© 1955 SCIENTIFIC AMERICAN, INC



Lima, and then have taken them to 
Morococha and measured the same 
properties and capacities at 14,900 feet. 
Finally we have compared the reactions 
of high-altitude men with those of sea
level men at both elevations-and have 
found some striking contrasts." 

The findings are of interest to lay 
people as well as scientists, but before 
taking them up it may be helpful to look 
briefly at the Institute, its stations and 
equipment. 

From 490 to 16,500 Feet 

The Institute of Andean Biology has 
three laboratories. One is at Lima, seven 
miles from the Pacific shoreline, which 
at its elevation of only 490 feet may be 
considered sea level; a second laboratory 
is at Huancayo, in the western range of 
the Andes some 300 miles southeast 
from Lima, at an altitude of 10,700 feet; 
while the third is at Morococha, 90 
miles due east from the capital and at 
14,900 feet altitude. In addition to its 
main station, Morococha has a branch 
at the nearby mining camp of San 

Nicolas for observations at 16,500 feet. 
Nor are these mountain laboratories iso
lated outposts. Huancayo is a teeming 
city of 27,000 occupied primarily with 
farming, cattle raising and other agri
cultural pursuits; Morococha is a mining 
town with some 8,000 residents; and 
although San Nicolas is rated as a camp, 
it has a permanent population of 800, 
workers in the nearby Volc:in Mines. 
The Institute thus is organized to make 
laboratory studies over the altitude 
range from sea level up to more than 
three miles, with ample human material 
at each site to serve as subjects for the 
research. 

Staff members live in Lima or its sub
urbs. They go to the mountain stations 
for periods of observation, and bring the 
records of their high-altitude studies 
down to Lima for analysis. Each trip up 
and back means a new experience in 
adaptation, which varies with the indi
vidual; once Dr. Hurtado lost 32 pounds 
during a year of intermittent stay in 
Morococha. 

The Lima laboratory is housed in one 
wing of the Loayza Hospital, a large in-

firmary operated in association with the 
Faculty of Medicine. The laboratory has 
a complete assembly of apparatus for 
the study of respiratory, circulatory and 
metabolic changes, and as Hurtado es
corted us through its many rooms, in
troducing his staff associates and telling 
briefly of their work, he pointed to in
strument after instrument. There was a 
large treadmill, used to measure the 
work capacity of a subject, a Barclay 
flame photometer, a high-sensitivity 
galvanometer, a Millikan oxymeter, an 
ergometer and many another tool of 
this specialized research. Much of the 
equipment was the gift of the Rocke
feller Foundation, which also provided 
fellowships for the postgraduate train
ing of 11 of the 20-man staff. 

Recently assistance has come from 
other sources. There is an X-ray installa
tion for studying the size of the heart, 
lungs and other internal organs, and an 
altitude chamber for which a special 
room has been built-both here on in
definite loan from the U. S. Air Force. 

At the end of our laboratory tour, we 
entered a small room in which a man 

VIEW FROM THE MOROCOCHA STATION shows Andean 
peaks rising above the town of Morococha. Morococha is 90 miles 

east of Lima. It has a population of 8,000. The Institute also has a 
station at Huancayo, 300 miles southeast of Lima at 10,700 feet. 
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ALTITUDE CHAMBER at the Morococha station is used to inves

tigate the effects of stratospheric atmospheres on men who are al-
ready accustomed to life at high altitudes. At the left an experimen
tal subject looks through an observation window in the chamber. 

was seated. He was small of stature, 
copper-colored, with jet-black hair and 
deep-set eyes. He got up hastily and 
bowed. "This is a man from Morococha," 
the scientist explained, "a native who 
had lived there all his life until he lost 
his adaptation and became distressingly 
ill, with dizziness, nausea and fatigue. 
It is a condition which occasionally 
strikes high-altitude dwellers and it was 
first systematically studied back in 1928 
by Dr. Monge-a chronic soroche or 
mountain sickness, known as Monge's 
disease. Apparently the illness is a result 
of the blood's overproduction of red 
cells, which means of course an over
abundance of hemoglobin, the oxygen
carrying pigment. At sea level a normal 
person in good health has from 15 to 16 
grams of hemoglobin in each 100 cubic 

62 

centimeters of blood, at the altitude of 
Morococha the average is 19 to 20 
grams, but this man had 26 grams per 
100 cc. when we measured him last 
week at the peak of his illness. That is 
about the highest hemoglobin content I 
have ever observed-it's what a man the
oretically would need at 20,000 feet." 

Hurtado had brought the mountaineer 
down to Lima both to relieve his acute 
condition and to study him. The man's 
blood had thinned and was now close 
to the sea-level average, his headache 
and other symptoms had disappeared 
and he was fast becoming a completely 
adapted sea-level man. 

This tour of the Lima laboratory was 
on a Saturday, and arrangements were 
made for a trip to Morococha the fol
lowing week. "There are other visitors 

from the United States," said the re
search director, "and we'll make a party 
of it and call for you at 8 a.m. in our 
station wagon." 

The drive up the mountain was a 
weird and unforgettable experience. 
Leaving the faint haze that perpetually 
envelops Lima in the Peruvian mid
winter of July, we passed through clouds 
and sunshine up a paved road that con
tinuously curved as it climbed. The 
Central Railway of Peru paralleled our 
course, first on one side of the highway 
and then, crossing under, on the other. 
The trains short-cut through 80 tunnels 
on the way up, but our station wagon, 
breathing through its humming super
charger, wound around cliffs and over 
precipices, chugged through the moun
tain towns of Chosica, Matucana, San 
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TREADMILL at the Morococha station is nsed to study metabolism during exercise. Here 
pulse, respiration rate, oxygen uptake and carbon dioxide output of subject are analyzed. 

Mateo and Casapalca, past sloping ter
races of potato plantings and diminutive 
cornfields, now threading deep gorges, 
sometimes clinging to a narrow shelf of 
a perpendicular palisade, but always 
climbing. At one place we were stopped 
by a red flag, and as we waited we saw 
a bulldozer a hundred feet above us 
nuzzling loose rocks over the side of the 
cliff. Some of them were as big as our 
car and 50 times heavier. One gigantic 
chunk, crashing down, bounced over the 
road into a eucalyptus grove and hurtled 
down the slope. Just before noon we 
reached Morococha. 

Morococha 

"Don't smoke," cautioned Hurtado, as 
the nervous visitor fingered his cigarette 

pack in a reflex of indecision and l
:
est

lessness. He had dropped into an arm
chair in the common room of the lab
oratory and was plainly ill at ease-as 
were we all after that 90-mile drive up 
to this rocky cleft in the Andes. Outside 
the window the snow-clad peak of Yana
singa towered another 1,000 feet above 
Morococha's 14,900, reminding us that 
there were yet greater heights and still 
thinner rations of air. 

The Indian woman who keeps house 
for the staff brought a tray of orange 
juice. Each of us took a glass, and Hur
tado handed out aspirin tablets. We 
were still limp from the exertion of 
climbing out of the car, climbing up 
the half-dozen steps to the laboratory 
entrance and stumbling to our chairs. 
But, as we rested, the feelings of light-

headedness, weakness and clumsiness 
gradually abated, and when lunch was 
announced everybody responded with 
appetites that did it full justice. After 
the meal all felt ready for a guided tour 
of the place. But we stepped gingerly 
as we were shown from room to room; 
and seeing the bluish tinge which col
ored the lips of our companions we 
could not keep from wondering how 
many grams of hemoglobin per HlO 
cubic centimeters were pounding 
through our veins. 

The Morococha laboratory occupies a 
two-story stone building erected with 
funds provided by the Peruvian govern
ment. It is thoroughly modern, and, 
thanks to the proximity of the power 
plant of the Cerro de Pasco copper 
mines, has electricity and running water 
as well as heat and the usual conven
iences. The first floor is mainly occu
pied with research equipment, the sec
ond has dormitory quarters for 10 per
sons, and there are also three beds on 
the research floor. The laboratory dupli
cates most of the apparatus seen in 
Lima, for the same kind of measure
ments have to be taken here. There is 
even an altitude chamber, a twin of the 
one we had inspected at Lima, also on 
loan from the U. S. Air Force. The alti
tude chamber is able to simulate pres
sures up to those of the sh·atosphere, 
and it is being used to see how persons 
acclimatized to 14,900 feet react when 
subject to the conditions of still higher 
levels. 

The most amazing sight of our three 
hours at Morococha was a group of resi
dents playing soccer. While we sea-level 
tenderfeet were laboring over every step 
and panting at the slightest extra exer
tion, these men of Morococha were run
ning and shouting, kicking the ball, 
chasing it, evading and pursuing one 
another, continuously in motion-and 
with no sign of discomfort. 

"We have made actual measurements 
of the Morocochans' endurance under 
heavy exercise," said Hurtado, "and 
their capacity for physical exercise is 
prodigious. In one study, 10 volunteers 
from the Peruvian Navy served as our 
control group. The treadmill was set to 
move 363 feet per minute up an ll-per
cent grade, and the test was to see how 
long each man could climb before reach
ing exhaustion. The experiment was be
gun in the Lima laboratory. It was the 
altitude to which the sailors were ac
customed, but most of them had to give 
up after 30 minutes of climbing-al
though one man kept going a full hour. 
Then we shifted to Morococha, allowed 
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COPPER MINES near Morococha maintain its high·altitude population. Electric power gen
erated for the mines makes possihle the operation of extensive equipment in the laboratory. 

b4 

the sailors a month to get adapted, and 
found that there they were able to walk 
the mill only four minutes, on the aver
age. By way of comparison, we next 
tested five engineers, natives of the U. S., 
who were employed at the mines and 
had been living at Morococha from two 
to five years. They did better than the 
sailors-but six to eight minutes was the 
limit of their endurance. Finally we 

tested a group of men who had lived on 
the mountain from birth-and most of 
them stayed with the moving treadmill 
about an hour; one kept climbing 96 
minutes." 

The high-altitude men thus not only 
outdid the sea-level men at 14,900 feet, 
but they were able to turn out more 
work at their accustomed mountain level 
than the sailors were at their accustomed 
sea level. And they did it, as the meas
urements showed, with a number of sur
prising differences-a proportionately 
smaller consumption of oxygen, less 
production of lactic acid and a lower 
oxygen debt. 

"This astonishing ability to scrimp on 
oxygen use, to reduce lactic-acid pro
duction and to get along with less oxy
gen debt, constitutes an extraordinary 
degree of adaptation," said Hurtado .. 
"The biological processes of respiration 
are conditioned at every turn by a purely 
physical phenomenon-the behavior of 
gases:"'and we want to know how it is: 
that at high altitude the Morococha na
tive is apparently better able than his. 
sea-level cousin to accommodate him
self to the gas laws." 

The Rule of the Gas Laws 

The gas laws, which Hurtado men
tioned as controlling respiration, are in
deed basic to our subject. Oxygen must 
get from the atmosphere to tissue cells. 
deep within the body, where the gas is 
needed to burn sugar and other fuels. 
At the same time carbon dioxide gas, a 
waste product of this burning, must be 
eliminated from the tissue cells and dis·· 
charged into the atmosphere. The gas 
laws ordain that a gas will move only 
from a place of higher pressure (or ten
sion) to one of lower. In order, then, to 
maintain the two-way transport of the 
breathing process, it is necessary that 
the oxygen tension be progressively 
lower as one moves from the atmosphere 
in toward the tissue cells-and that, con
versely, the carbon dioxide tension be 
progressively lower as one moves from 
the tissue cells to the outer air. 

The atmospheric pressure of 14 
pounds to the square inch at sea level 
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is measured by the barometer, in which 
a column of mercury rises in an evacu
ated glass tube to the height of 760 mm. 
When the barometer is carried to higher 
altitudes, the column of mercury in the 
tube descends, and at the elevation of 
Morococha it stands at only 442 mm., 
which corresponds to a pressure of 
slightly more than 8 pounds to the 
square inch. 

But oxygen comprises only about 21 
per cent of the mixture which makes up 
air; the major constituent of course is 
nitrogen, and air also contains a small in
clusion of carbon dioxide and usually 
some water vapor in addition to traces of 
rare gases. According to the gas laws, 
each constituent exerts a fraction of the 
total pressure proportional to its part of 
the mixture. This means that of the 760 
mm. measured at sea level, oxygen is re
sponsible for only 21 per cent of the 
pressure, or about 158 mm.; the rest be
ing provided by the weight of the nitro
gen and other gases. Thus, although the 
whole air at its total pressure of 760 mm. 
is inhaled, it is only the partial pressure 
of the oxygen that counts in pushing the 
indispensable gas into the tiny air pock
ets, or alveoli, of the lungs, where the 
blood threads its way through delicate 
capillaries to throw off the unwanted 
carbon dioxide and take on the precious 
oxygen. The partial pressures of the in
coming air from the atmosphere, the 
outgoing air from the lungs, and the 
gases within the alveoli were found at 
sea level to be as tabulated on this page. 

The tabulation shows at once the 
wherefore of the two-way traffic. The 
pressure of carbon dioxide in the alveoli 
is so much greater than that in the in
coming air, that the carbon dioxide will 
fairly rush to get out. But in the case of 
oxygen, the difference is in the opposite 
direction. The pressure of oxygen in the 
alveoli is so much lower than that of the 
oxygen in the incoming air, that the 
latter will stream into these inner air 
pockets to diffuse from there through the 
thin walls into the blood. And this diffu
sion is able to proceed because the 
amount of oxygen in the incoming blood 
is such that its tension is lower than that 
of the oxygen in the alveoli. 

Suppose now we transfer the sea
level man to Morococha. There the total 
pressure of the atmosphere is 442 mm. 
and the partial pressure of atmospheric 
oxygen only 93. This partial pressure 
on the mountain is lower than that of 
oxygen in the alveolar air at sea level, as 
shown in our table, and a man suddenly 
lifted from Lima to Morococha-if it 
could be done in the twinkling of an 

INCOMING AIR OUTGOING AIR ALVEOLAR AIR 

OXYGEN 158.25 mm . 116.2mm . 102.5 mm. 

CARBON DIOXIDE .30mm. 28.5 mm. 40.0mm. 

NITROGEN 596.45 mm. 568.3 mm. 570.5 mm. 

WATER VAPOR 5.00 mm. 47.0mm. 47.0 mm. 

TOTAL PRESSURE 760.00mm. 760.00mm. 760.00mm. 

PARTIAL PRESSURE of principal gases inhaled and exhaled at sea level are given in 

this chart. The pressure of gases in the alveoli, or air sacs, of the lungs is also tabulated. 

eye-would assuredly be in acute dis
tress, with the oxygen pressure within 
his lungs greater than that of the outer 
atmospheric oxygen. Actually, of course, 
a progressive adjustment takes place as 
one ascends the mountain, and by the 
time the sea-level man has reached Mo
rococha his alveolar oxygen has attained 
the partial pressure of 50 mm., which 
Hurtado finds is normal for that eleva
tion. But in a very swift ascent, such as 
the balloonists Tissandier, Sivel and 
Croce-Spinelli experienced in the Ze
nith, it might be that the atmospheric 
pressure decreased so much faster than 
the alveolar pressure in the lungs of the 
passengers, that there was an actual re
versal of the differential. 

The point is that the gas laws rule, 
and the body brings into play mecha
nisms which keep the oxygen moving 
continually inward to the tissue cells. 
One of the body's resources in promot
ing this inward traffic is the chemical 
affinity of hemoglobin, the pigment of 
the red blood cells. There is a mutual 
attraction between the atoms of oxygen 
and the molecules of hemoglobin, and 
they readily join to form a compound 
known as oxyhemoglobin. So an early 
defensive move of the body is to release 
additional red cells into the blood, each 
cell packed with hundreds of millions of 
molecules of hemoglobin. The number 
of oxygen carriers thus is increased, 
thereby enhancing the probability of 
picking up oxygen from the alveolar air. 
A second stratagem in the man newly 
arrived from sea level is the acceleration 
of the heart's contractions, which speeds 
up the flow of blood. The tissue cells 
thus receive more blood per second, and 
this blood is richer in its hemoglobin 
content. There is still a third adjustment, 
and that is an increase in the volume of 

air taken into the lungs and expired in a 
given time. This deeper breathing re
sults in a small but Significant rise of the 
oxygen tension over the level imposed 
by the diminished atmospheric pressure. 

"The native of Morococha also has 
this increased pulmonary ventilation
that is, his lungs take in a greater volume 
of air than is normal at sea level," said 
Hurtado, "but there is no increase in the 
rate of heart contractions nor in the 
amount of blood pumped beyond the 
limits which are considered normal. In 
this way, he is able to preserve his heart 
from undue strain. There are other char
acteristics in the native. His adjustments 
are more deep-seated and profound than 
those of the emigre from sea level. The 
significance of our research is not lim
ited to high-altitude physiology, for 
anoxia is associated with many illnesses 
which occur at sea level. The knowledge 
that we gain of the efficient adaptive 
mechanisms which enable the high-alti
tude man to compensate for anoxia may 
be useful from a clinical point of view. 
There is thus a practical incentive for 
our study of these people whose bodies, 
from their birth and even before, have 
been molded by the heights." 

Molded by the Heights 

The native of Morococha appears to 
be built for life on the mountain. His 
most obvious bodily endQ\vment for cop
ing with low.atmospheric pressure is a 
large chest occupied by a larger than 
normal pair of lungs. Barcroft was. im
pressed by this during his Peruvian ex
pedition, and wrote in 1923 that "the 
native of five feet three inches has the 
chest of a man of six feet." Hurtado has 
made a systematic study of chest dimen
sions both in Lima and in Morococha, 
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measuring them externally as well as in 
X-ray photographs. He found that the 
high-altitude native has a markedly 
larger lung area; and while his chest 
has a vertical diameter smaller than that 
of the Lima resident, its diameter from 
back to front and also from left to right 
is greater, giving it a rounder shape and 
larger volume. 

These measurements take on added 
significance when we consider the smaller 
stature and lighter weight of the native. 
Hurtado finds that the mean height of 
Morocochans is 157 centimeters (five 
feet, 1.8 inches), to compare with 169 
cm. (five feet, 5.4 inches) for residents 
of Lima. The ratio of weight to height is 
also lower; a fat person is a rarity among 
the high-altitude natives. John H. Law
rence of the University of California, 
who spent several weeks in research at 
the Institute in 1950, made a study of 
the body-fat constant, using an isotope 
of hydrogen as the tracer. He found that 
Morocochans averaged only 17.7 per 
cent of fat in their body weight, to com
pare with 24 per cent for Lima. This 
higher proportion of lean to fat seems 
important from the point of view of ac
climatization. Hurtado has suggested 
that it may explain, in part at least, 
some of the metabolic differences which 
he and his associates have observed 
in the natives during physical activity
for less fat means "a decreased pack 
load." 

Not only are the lungs proportionately 
larger, but the hearts of high-altitude 
natives are also, thus providing the 

blood with a more powerful pump. And 
there is a difference too in the source of 
the extra red cells which the body pours 
into the bloodstream. In the sea-level 
men moving to high altitude the source 
is the spleen, which serves as a tempo
rary storage center for reserves of red 
cells; but in the high-altitude native it is 
the bone marrow, the tissue which makes 
red cells, that launches the additional 
oxygen carriers into the circulation-and 
it turns them out in enormous numbers 
daily. Studies at the Institute show that 
red cells die at about the same rate at 
which they are produced, and thus the 
circulation is never clogged with too 
many-a condition that exists chronically 
in the disease known as polycythemia, 
which is occasionally found among sea
level people. 

"A lowering of oxygen tension in the 
blood seems to stimulate the bone mar
row to an increased output of red cells, 
and we are trying to find the means by 
which it does this," said Hurtado. "An
other problem is the changed behavior 
of hemoglobin at high altitude. Its affin
ity for oxygen is not as strong in Moro
cocha as it is in Lima, and this we be
lieve is a compensatory mechanism 
which enables the red cells to let go 
their oxygen more readily when they 
reach the tissue cells where the oxygen 
is needed. Just how this weakening of 
the bond between the gas and the pig
ment is brought about we do not know. 
It may be that the molecular structure 
of hemoglobin is different at high alti
tudes. We plan to investigate that pos-

DIRECTOR of the Institute for Andean Biology is Carlos Monge (right). Alberto Hurtado 

(left), professor of pathological physiology in the Institute, is its director of research. 
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sibility, both with the ultracentrifuge 
and with the analytical method of elec
trophoresis." 

It is under the stress of physical work, 
when muscles are called into action by 
violent exercise, that the differences be
tween the adaptation of sea-level man 
and that of high-altitude man become 
most conspicuous. For a muscle to act it 
must burn sugar, which means that it 
must have oxygen, and this demand is 
of course superimposed on the normal, 
constant, continuous oxygen consump
tion of the body at rest. 

"When at rest," explained Hurtado, 
"there is no difference between the high
altitude man and the sea-level man in 
their consumption of oxygen. But at high 
physical activity, such as one must do 
to climb our treadmill, the high-altitude 
man shows his superiority. He can do 
heavier work, as we have seen, and he 
can keep at it longer. Moreover, this 
greater activity is accompanied by less 
production of lactic acid. 

"His decreased production of lactic 
acid takes on special Significance when 
we remember that lactic acid is formed 
when the need for oxygen is not satisfied 
in the active muscle. The accumulation 
of lactic acid produces, or at least accom
panies, fatigue. Unless oxygen is avail
able to oxidize the acid, the muscle 
eventually enters into a state of rigor, 
followed by exhaustion. It was natural 
to suppose that the accumulation of lac
tic acid would be accelerated at high 
altitude, where oxygen is in short supply 
and at low pressure. 

"But such is not the case, and the 
first to report this was H. T. Edwards 
of the Harvard Fatigue Laboratory. He 
was a member of the International High 
Altitude Expedition which studied an
oxic reactions at various levels in the 
Chilean Andes in 1935. In these investi
gations Dr. Edwards noticed that the 
production of lactic acid in himself and 
other members of the expedition was 
not excessively high, but on the contrary 
was approximately the same as at sea 
level. This was surprising. However, the 
subjects of his study also showed a 
marked decrease in their ability to exer
cise at high altitude, and so the low 
lactic-acid values were interpreted as a 
consequence of low work output. But 
our findings at Morococha are funda
mentally different, because in the native 
mountaineers the decreased production 
of lactate is associated with a greater 
actual performance of work than the 
control group was able to accomplish, 
even at sea level." 
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-During violent exercise, muscles may 
operate for many seconds or even min
utes without adequate oxygen. It is esti
mated that in a 100-yard sprint occupy
ing a few seconds the runner's oxygen 
requirement may be more than six liters, 
whereas the maximum consumption pos
sible is not over four liters per minute. In 
this emergency situation the muscles op
erate with a minimum of oxygen, "go in 
debt" for what they lack, and replenish 
their stores when the burst of activity is 
over. The recovery period during which 
an oxygen debt is being repaid may last 
80 minutes or more-and the amount of 
the debt is determined by measuring the 
oxygen used during that period and then 
subtracting from it the quantity used 
during a rest period of equal length. 

Here again the high-altitude man has 
an advantage. Researchers at the Insti
tute of Andean Biology have found that 
the oxygen debt, proportioned to body 
weight, is about 15 per cent less in Moro
cocha natives than in sedentary people 
in Lima. Measurements made of Lima 
athletes give them an intermediate po
sition between the two extremes. 

"Now all these differences must have 
a bearing on adaptation," Hurtado rea
sons. "The fact that at high altitude the 
acclimatized man has a greater capacity 
for exercise, and that he accomplishes 
this with less expenditure of energy, 
with a decreased lactate production, and 
with less oxygen debt, suggests the ex
istence of compensatory mechanisms at 
the level of the muscles and other tis
sues. That is to say, it is not only the 
breathing apparatus and the circulatory 
system that have made readjustments to 
the lowered oxygen supply. In addition, 
we believe, the tissue cells to which the 
blood delivers the oxygen also partici
pate in the acclimatization. Indeed, it 
would be strange if this were not so. It 
would be strange if the body, in order 
to adapt itself to a condition of oxygen 
shortage, should modify, as we have seen, 
some of the processes for acquiring ox
ygen at the lung level and also for its 
transport to the tissues, and then leave 
unchanged the unloading and utilization 
of this gas where it is finally used." 

The search for adaptation at the tis
sue level is a primary interest of the 
Institute's program at present, and re
sults are beginning to appear. 

For example, there is a form of hemo
globin known as myoglobin, which is 
found in muscles and had been thought 
to serve as an agency for storing oxygen. 
Some years ago R. T. Clark, an investi
gator at the School of Aviation Medi-
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cine at Randolph Field in Texas, ob
served that rats which were made to 
exercise while living at low oxygen 
pressure in an altitude chamber built up 
extra supplies of myoglobin in their 
muscles. Following this clue, Tulio 
Velasquez of the Institute staff took a 
score of rabbits to Morococha, left them 
free to exercise, and then at fortnightly 
intervals made biochemical analyses of 
muscular tissues. After four months he 
found a sharp rise in the content of myo
globin, which was most marked in skele
tal muscle, less in white muscle and least 
in heart muscle. "We are now investigat
ing myoglobin in native animals," said 
Hurtado. "Physiologists believe that one 
of its functions may relate to the quick 
loading and unloading of oxygen-a fa
cility that should be extremely useful to 
muscles called on to function at high 
altitude. If an increase of the substance 
is definitely confirmed in our high-alti
tude animals, it will be evidence of a 
tissue compensatory process." 

Van R. Potter, professor of oncology 
at the McArdle Memorial Laboratory 
for Cancer Research at the University 
of \Visconsin, visited the Institute at the 
invitation of Hurtado and spent four 
months in tissue studies. Potter worked 
with two groups of guinea pigs, one born 
and reared at sea level, the other at 
14,000 feet. He studied muscle tissue in 
the two sets of animals, and focused his 
inquiry on the activity of succinoxidase, 
an enzyme system which contributes to 
the utilization of oxygen. The tests 
showed a higher activity in the Moro
cocha animals than in those living at sea 
level, and this activity, Potter says, "is 
believed to reflect an increased amount 
of enzyme per unit weight of tissue." 
After Potter's return to Wisconsin, Don
ald W. Tappan of the same faculty went 
to Peru, where he has confirmed and 
extended the finding. Collaborating with 
them has been Baltazar Reynafarji of the 
Institute staff. 

In addition to searching for tissue 
changes at the chemical level, Hurtado 
and his group have looked for possible 
changes in the number, size and struc
ture of the blood capillaries which 
thread among the tissue cells. In guinea 
pigs they have found that animals born 
and reared at high altitude have many 
more capillaries per muscle fiber than 
those raised at sea level, and these stud
ies are now being extended to human 
material. The Cerro de Pasco Copper 
Corporation maintains a hospital at Mo
rococha, and from the amputations and 
operations performed there specimens 
of muscle and other tissues are available 
for analysis . 

"Then it would seem, from all these 
superior adaptations, that the natives of 
Morococha are endowed with bodies de
signed by heredity to operate under the 
low-pressure conditions which meet 
them at birth. Is that your conclusion?" 
Hurtado was asked. 

"No," he answered. "I don't think we 
are dealing with a new physiology re
lated to a race especially fit for life at 
high altitudes and different from the one 
which corresponds to the sea-level man. 
I believe these characteristics represent 
only compensatory modifications im
posed by the environment on a common 
physiological pattern. As Barcroft has 
pointed out, acclimatization to high alti
tudes is made up of a series of integrated 
adaptations . But there is a difference be
tween the adaptation of the native and 
that of the newcomer. My personal 
opinion is this : The tolerance to high 
altitude acquired by a newcomer is 
based mainly on respiratory, circulatory 
and hematological changes, while the 
natural acclimatization which is present 
in a man born and raised on the heights 
is chiefly in tissue adjustments. And it is 
these deep-rooted adjustments that we 
are now trying to determine." 

An International Center of Research 

In addition to Drs. Potter and Tap
pan, several other investigators from the 
U. S. have studied physiological prob
lems at the Institute. The visit of Dr. 
Lawrence of the University of California 
was mentioned earlier; he has a special 
interest in polycythemia, and wanted to 
compare the blood composition and 
other characteristics of high-altitude na
tives with those of victims of the disease. 
Donald Gregg of the Walter Reed Hos
pital spent three months at the Institute, 
investigating the physiology of the 
blood circulation. F. G. Steggerda of the 
University of Illinois was another recent 
research visitor; he experimented on 
himself to study gastrointestinal gases at 
high altitudes. 

Both the U. S. Air Force and the U. S.  
Public Health Service have called on 
Institute members to explore certain 
problems of high-altitude physiology. A 
group from the Air Force School of 
Aviation Medicine has spent some time 
at Morococha studying problems of an
oxia from the point of view of aviation. 

"Our idea is to make this Peruvian in
stitution an international outpost of sci
ence," said Hurtado, "and we are happy 
that so many investigators in the United 
States have already recognized the ad
vantages which our unique site and 
completely modern facilities offer." 
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As electronics works its magic for defense and industry, 

scientists of Avco's Crosley Division reckon with the problem 

of making already reliable electronic systems more flexible

to give them greater usefulness in navigation, communication, 
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Safety teams with Color 
Suppose you had to design a football helmet . A helmet with bright 

colors that would endure; a helmet whose exceptional strength 

could be entrusted with the job of protecting a player's head. 

If you followed all the leading football helmet manufacturers 

your choice for the material would be tough Tenite Butyrate . 

Starting with the need for a colorful material, you'll find Tenite 

Butyrate offers an unlimited range of colors. But color is not the 

only reason for choosing Tenite. Player scrlety is more important. 

Tenite Butyrate, with its amazing strength fully meets the need. 

Tenite Butyrate offers both resilience and high impact strength. 

It takes hard knocks, it won't  dent, and it resists soiling. Color is an 

integral part of the material and will never chip, peel or wear off. 

The smooth surface has a natural high luster that makes it easy to 

keep clean. To the players, Tenite means cool, comfortable, light

weight helmets and assurance of the best protection available. 

To you as a businessman, what does Tenite mean? Perhaps the bright colors and 

rugged strength of versatile Eastman plastics could add more sales appeal. better 

performance, or longer life to some product you make. We will be glad to help you or 

your molder evaluate Tenite Acetate, Tenite Butyrate or Tenite Polyethylene for any 

use. For more information, write EASTMAN CHEMICAL PRODUCTS, INC . ,  subsidiary 

.of Eastman Kodak Company, KI NGSPORT, TENNESSEE. 

ACETATE · B U TYRAT E · POLY ETH Y L ENE 

plastics by Eastman 
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Isaac Newton 

This inward, 

inoented the 

optics-all In 

who often forgot to eat his meals, 

the foundations of mechanics and 

months after graduating from college 

quarrels ome man, 

calculus and laid 

18 "golden" 

T
he mind and personality of Isaac 
Newton challenge any historian. 
Newton was a strange, solitary 

figure, and the wellsprings of his be
havior were hidden even from his con
temporaries. A biographer of his time 
compared Newton to the River Nile, 
whose great powers were known but 
whose source had not been discovered. 
Nevertheless, the few facts we have 
about his early life do allow some specu
lation about Newton's character and de
velopment. 

He was born prematurely, a physical 
weakling. It is said that he had to wear 
a "bolster" to support his neck during his 
first months, that no one expected him 
to live. Newton later was fond of saying 
that his mother had said he was so tiny 

by I. Bernard Cohen 

at birth that he could have been put into 
a quart mug. 

Newton's father died three months 
before he was born. When the boy was 
less than two years old, his mother re
married, and he was turned over to his 
aged grandmother. He lived on an 
isolated farm, deprived of parental care 
and love, without the friendly compan
ionship and rivalry of brothers and sis
ters. The late Louis T. More, author of 
the best-known modern biography of the 
man, held that much of Newton's "in
wardness" could be attributed to his 
lonely and unhappy childhood. 

Born in 1642, Newton grew up in an 
era when England was still tasting the 
"terrors of a protracted and bitter civil 
war." Raiding and plundering parties 

were common. His grandmother was 
"suspected of sympathy to the royal 
forces." In the face of these real terrors 
and "the frights of his imagination," he 
could not have received much comfort 
from his grandmother or the hired labor
ers on the farm. Naturally enough, as 
More observed, the boy turned to "the 
solace of lonely meditation" and devel
oped a strong habit of self-absorption. A 
girl who knew him in his youth described 
him as a "sober, silent, thinking lad" 
who "was never known scarce to play 
with the boys abroad, at their silly 
amusements." 

He evidently overcame his physical 
weakness by the time he reached school 
age, for a schoolmate reported that 
Newton challenged a bully who had 

ORBIT of Halley's cornet in its appearance of 1682 was bound into 

the first edition of the Principia. Newton pointed out that cornets 
as well as planets are subject to the iuverse square law of gravita

tion. This hand·drawn picture was made by an unknown draftsman. 
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NEWTON'S "SILENT FACE," behind which Wordsworth saw a "mind voyaging strange 

seas of thought," appears in this engraving based on a painting by Godfrey Kneller. 

kicked him in the belly to a fight and 
"beat him till he would fight no more"
winning out because he had "more spirit 
and resolution." The bully stood high in 
the class, and Newton was so de
termined "to beat him also at his books" 
that "by hard work he finally succeeded, 
and then gradually rose to be the first 
in the school. "  

When Newton was 14, his mother 
took the boy back into her home, her 
second husband having died. She con
ceived the idea of making him a farmer, 
but the experiment proved an unquali-

fied failure. Newton found farming total
ly distasteful. Instead of attending prop
erly to his chores, he would read, make 
wooden models with his knife, or dream. 
Fortunately for science, his mother gave 
up the attempt and allowed him to pre
pare for Cambridge University. 

At the age of 18, Newton entered 
Trinity College. In his early years at the 
University he was not outstanding in any 
way. Then he came under the influence 
of Isaac Barrow, a professor of mathe
matics and an extraordinary man. He 
was an able mathematician, a classicist, 
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an astronomer and an authority in the 
field of optics. Barrow was one of the 
first to recognize Newton's genius. Soon 
after his student had taken a degree, 
Barrow resigned his professorship so that 
Newton might have it. Thus at 26 New
ton was established in an academic post 
of distinction and was free to pursue his 
epoch-making studies. 

He had already sown the seeds of his 
revolutionary contributions to three dis
tinct fields of scientific inquiry: mathe
matics, celestial mechanics and physical 
optics. After his graduation from the 
University he had returned to his home 
at Woolsthorpe for 18 months of work 
which can fairly be described as the 
most fruitful 18 months in all the history 
of the creative imagination. Newton's 
subsequent life in science consisted to a 
large degree in the elaboration of the 
great discoveries made during those 
"golden" months. What Newton did at 
Woolsthorpe is best stated in his words: 

"In the beginning of the year 1665 I 
found the method for approximating se
ries and the rule for reducing any dig
nity [power] of any binomial to such a 
series [i.e., the binomial theorem]. The 
same year in May I found the method 
of tangents of Gregory and Slusius, and 
in November [discovered] the direct 
method of Fluxions [i.e., the elements of 
the differential calculus], and the next 
year in January had the Theory of Col
ours, and in May following I had en
trance into the inverse method of Flux
ions [i.e., integral calculus], and in the 
same year I began to think of gravity 
extending to the orb of the Moon . . . 
and having thereby compared the force 
requisite to keep the Moon in her orb 
with the force of gravity at the surface 
of the earth, and found them to answer 
pretty nearly . . . .  " 

As a by-product of his analysis of 
light and colors, which he had shyly 
kept to himself, Newton invented a 

reflecting telescope, to free telescopes 
from the chromatic aberration of refract
ing lenses. He made a small version of 
his new telescope for the Royal Society 
of London, and was shortly elected, at 
the age of 30, as a Fellow of the Royal 
Society, the highest scientific honor in 
England. 

Newton was understandably over
whelmed by his sudden public recogni
tion. He had been loath to announce his 
discoveries, but within a week after his 
election to the Society he asked permis
sion to communicate an account of the 
"philosophical discovery" which had in
duced him "to the making of the said 
telescope. " With a disarming lack of 
false modesty, he said that in his judg-
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ment he had made "the oddest, if not the 
most considerable detection, which hath 
hitherto been made in the operations of 
nature. "  

Newton's letter to the Royal Society, 
"containing his new theory of light and 
colours," was sent to London on Febru
ary 6, 1672. This paper can claim a num
ber of "Rrsts. "  It was Newton's initial 
publication; it founded the science of 
spectroscopy, and it marked the begin
ning of a sound analysis of color phe
nomena. Briefly, what Newton showed 
is that a prism separates white light into 
its component colors, associated with 
speciRc indices of refraction, and that a 
second prism can recombine the dis
persed light and render it white again. 
These magniRcent experiments provided 
a new departure for the formulation of 
theories about the nature of color. Yet 
the paper did not win for Newton the 
universal applause that he had sought. 
The Royal Society was bombarded with 
letters disputing Newton's conclusions. 
Some of the objectors were unimportant, 
but others were men of stature: Chris
tian Huygens, Robert Hooke. With as-

tonishing patience, Newton wrote care
ful letters answering each objection. But 
he won over only one of his opponents
the French Jesuit Father Pat·dies. 

The controversy had an acid effect on 
Newton's personality. He vowed that he 
would publish no further discoveries. As 
he wrote later to Leibnitz: "I was so per
secuted with discussions arising from the 
publication of my theory of light, that I 
blamed my own imprudence for parting 
with so substantial a blessing as my quiet 
to run after a shadow. " And yet he did 
later continue to publish; he wanted the 
applause of the scientiRc world. This 
ambivalence was not overlooked by 
Newton's enemies. The astronomer John 
Flamst8ed, who broke with Newton, de
scribed him as "insidious, ambitious, and 
excessively covetous of praise, and im
patient of contradiction. . . . I believe 
him to be a good man at the bottom; 
but, through his nature, suspicious. "  

A t  Cambridge Newton was the very 
model of an absent-minded professor. 
His amanuensis, Humphrey Newton (no 
relative), wrote that he never knew 
Newton "to take any recreation or pas-

time either in riding out to take the air, 
walking, bowling, or any other exercise 
whatever, thinking all hours lost that 
was not spent in his studies. "  He often 
worked until two or three o'clock in the 
morning, ate sparingly and sometimes 
forgot to eat altogether. When reminded 
that he had not eaten, he would go to 
the table and "eat a bite or two stand
ing." Newton rarely dined in the college 
hall; when he did, he was apt to appear 
"with shoes down at heels, stockings un
tied, surplice on, and his head scarcely 
combed." It was said that he often de
livered his lectures to an empty hall, ap
parently with as much satisfaction as if 
the room had been full of students. 

.Nter the controversy, Newton with-
drew from the public eye as a scien

tist. He served the UniverSity as its rep
resentative in Parliament and worked 
away in private at chemistry and alche
my, theology, physics and mathematics. 
He became acquainted with Leibnitz, 
but refused to give his great contempo
rary any exact information about his dis
coveries in mathematics. Today it is gen-
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erally agreed that the calculus was dis
covered more or less independently by 
both Newton and Leibnitz, but the two 
men and their partisans quarreled acri
moniously over priority, and Newton ac
cused Leibnitz of plagiarism. Newton 
conceived a jealous proprietary interest 
in every subject he studied, and almost 
every achievement of his creative life 
was accompanied by some quarrel. 

In 1684 came the famous visit to 
Newton by the astronomer Edmund 
Halley. He had a problem concerning 
the gravitational attraction between the 
sun and the planets. Halley and Hooke 
had concluded from Johannes Kepler's 
accounting of planetary motions that the 
force of attraction must vary inversely 
with the square of the distance between 
a planet and the sun. But they had been 
unable to prove their idea. "What," Hal
ley asked Newton, "would be the curve 
described by the planets on the suppo
sition that gravity diminished as the 
square of the distance?" Newton an
swered without hesitation: "An ellipse." 
How did he know that? "Why," replied 
Newton, "I have calculated it." These 
four words informed Halley that New
ton had worked out one of the most 
fundamental laws of the universe-the 
law of gravity. Halley wanted to see the 
calculations at once, but Newton could 
not find his notes. He promised to write 
out the theorems and proofs. Under 
Halley's insistent urging he completed a 
manuscript for the Royal Society. Thus 
was born the Philosophiae Naturalis 
Principia Mathematica, known ever 
since simply as the Principia. 

Just before its publication a cnsls 
arose when Hooke laid claim to the in
verse-square law. Newton threatened to 
withdraw the climactic chapters of his 
work, but Halley mollified him and the 
great classic went to press intact. Hal-

ley's credit in this enterprise is enor
mous. He not only got Newton to write 
the work but also saw it through the 
press and paid the costs of publication, 
although he was not a wealthy man. 

The Principia is divided into three 
"books." In the first Newton laid 

down his three laws of motion and ex
plored the consequences of various laws 
of force. In the second he explored mo
tion in various types of fluids; here he 
was somewhat less successful, and much 
of his work had to be revised in the suc
ceeding decades. In the third he dis
cussed universal gravitation and showed 
how a single law of force explains at 
once the falling of bodies on the earth, 
the motion of our moon or of Jupiter's 
satellites, the motions of planets and the 
phenomenon of tides. 

One of the most vexing problems for 
Newton was to find a rigorous proof that 
a sphere acts gravitationally as if all its 
mass were concentrated at its center. 
Without this theorem, the whole theory 
of gravitation would rest on intuition 
rather than precise calculation. For in
stance, in the simple case of an apple 
falling to the ground-the occasion of the 
central idea of gravitation according to 
Newton's own account-what is the 
"distance between" the earth and the 
apple? Here the calculus came into play. 
Newton considered the earth as a collec
tion of tiny volumes of matter, each at
tracting the apple according to the 
inverse-square law of gravitation. Then 
he summed up the individual forces and 
showed that the result was the same as 
if the earth were a point mass, as if all 
the matter of the earth were shrunk into 
a tiny region at its center. 

Newton suffered some kind of "nerv
ous breakdown" after the completion 
of the Principia. He complained that 

NEWTON'S RINGS are explained in this diagram from the Opticks. The lines AB and CD 
represent the plane and convex surfaces of a pair of lenses which Newton pressed together 

to obtain the well-known pattern of colored rings. His interpretation of the result was that 

moving light corpuscles (slanted lines) are put into alternate "fits" of reflection and refrac

tion by passing through the varying thicknesses of the air space between the lenses. 
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he could not sleep, and said that he 
lacked the "former consistency of his 
mind." He wrote angry letters to friends 
and then apologized; he protested bit
terly to John Locke, for example, that 
the philosopher had attempted to "em
broil him with women." 

In 1696 Newton abandoned the aca
demic life for the position of Warden, 
later Master, of the Mint. Honors for his 
scientific achievements continued to 
come to him: he was knighted in 1705 
and served many years as president of 
the Boyal Society. But the last quarter 
century of his life produced no major 
contributions to science. Some say that 
his creative genius had simply burned 
out. Others argue that after having 
founded the science of physical optics, 
invented the calculus and shown the 
mechanism of the universe, there just 
wasn't anything left for him to do in the 
realm of science. 

Although he made no important dis
coveries, Newton's last years were not 
barren of ideas. Now famous and hon
ored, he felt secure enough to offer many 
public speculations on scientific prob
lems. He suggested various possible hy
potheses as to the "cause" of gravitation 
and speculated on the nature of the 
"aether," the size of the constituent units 
of matter, the forces of electricity and 
magnetism, the cause of muscular re
sponse to the "commands of the will," 
the origins of sensation, the creation of 
the world, the ultimate destiny of man. 
In the century after Newton physical 
experimenters followed up many of his 
bold speculations. 

Newton is often described as the in
augurator of the "Age of Reason." Alex
ander Pope expressed the sentiment of 
his time in the famous lines: 

Nature and Nature's laws lay hid in 
night: 

God said, Let Newton be! and all 
was light. 

But the late Lord Keynes called atten
tion to another side of Newton: his quest 
for an answer to the riddle of existence, 
his intense interest in alchemy, occult 
philosophy and religious studies, his un
orthodox theological views. Anyone who 
reads the nonscientific writings of New
ton, or even the speculations he pub
lished in the Opticks toward the end of 
his life, will not be wholly satisfied with 
Pope's famous couplet. He will, perhaps, 
prefer the summary by William Words
worth, who wrote of Newton: 

. .. with his prism and silent face, 

.. . a mind forever 
Voyaging through strange seas of 

thought, alone. 
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A Model of the Nucleus 

As an aid to understanding the atomic nucleus, physicists 

visualize it in terms of simplified models. A surprisingly 

fruitful approach is to regard it as a cloudy crystal ball 

by Victor F. Weisskopf and E. P. Rosenbaum 

M
odem physics is frequently ac
cused of deserting the real 
world for abstract mathematics. 

Instead of attempting to explain nature 
in terms of what we can see and feel, the 
impeachment runs, theoretical physicists 
offer only an arid set of equations whose 
physical meaning they will not even 
think about, let alone interpret to the 
vulgar. 

The reproach is not deserved. Nearly 
every physical theory begins with some 
model by which the physicist seeks to 
interpret it. It is true that as a theory 
grows more sophisticated the model 
tends to lose its connection with every
day experience. But the physicist never 

ceases to be conscious of the fact that his 
equations represent an endeavor to ac
count for the behavior of a real, physical 
universe. 

The field of nuclear physics is still an 
unfamiliar territory; hence model-build
ing is a major occupation of its investi
gators. In the nucleus of the atom we are 
dealing with an entirely new kind of 
matter: an unimaginably dense material 
composed of protons and neutrons, col
lectively called nucleons. How these 
parts interact, what law governs the 
enormous force they exert on each other 
-these are still mysteries. Therefore we 
cannot yet make use of the elegant 
mathematical methods of quantum me-

CROSS·SECTION EXPERIMENT using slow nentrons from the reactor at Brookhaven 

National Laboratory is depicted in this photograph. Bursts of neutrons from the pile pass 

through the target material (not shown) and then into the long helium·filled balloon in 

the left foreground. A scintillation counter immediately behind the balloon detects the 

incoming neutrons, separating them as to energy by their time of arrival. The helium path 

is provided because nitrogen atoms in air absorb neutrons and would weaken the beam. 
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chanics, which have so successfully ex
plained the properties of ordinary mat
ter, involving only electrons. Until the 
force acting inside the nucleus is as well 
understood as the electrostatic force that 
acts on the atomic electrons outside, the 
equations for nuclear matter cannot be 
written. And so, to help organize the 
facts learned by experiments in nuclear 
physics laboratories, and to guide the 
imagination toward useful insights, 
nuclear physicists have recourse to vari
ous simple, intuitive models picturing a 
hypothetical structure of the nucleus. 

Every model we build is an effort to 
make sense of some particular class of 
experimental results. In our attempts to 
get at the invisible world of the nucleus 
we are in the position of the three blind 
men examining an elephant: different 
experimE:utshring out different aspects 

, of the subject: Hence our different mod
els are not mutually exclusive. As we 
shall see, they can often be combined to 

- give a morE: coinplete understanding. 

We shall describe here a very simple 
model of the nucleus which has 

been surprisingly successful in predict
ing some quite complex behavior. It 
sidesteps the question as to how the in
dividual nucleons may interact, concen
trating instead on what might be called 
the gross structure of nuclear matter. To 
understand how the model works we 
should first know something about the 
specific experiments it was designed to 
illuminate. 

The experiments have to do with 
bombardment of the nucleus with neu
trons. These uncharged particles can 
easily enter the nucleus, because they 
are not resisted by the electrostatic force 
bf the nucleus' positive charge. 

Consider a simple, fundamental ex
periment. A sheet of iron about a quarter 
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NEUTRON CROSS SECTIONS of all the elements as predicted by 

the cloudy-crystal-ball model are shown at the top_ The actual 

values found by experiment appear below_ The graphs are three

dimensional, with atomic weight increasing horizontally to the 

right, the energy of the probing ueutrons increasing in the direc

tion from the plane of the page out toward the reader, and the cross 

section increasing vertically upward. The range of neutron ener

gies shown extends from zero to about three million electron volts. 

of an inch thick is exposed to a stream 
of neutrons flowing at a certain known 
rate, in particles per second, with all the 
particles moving at about the same 
speed_ Some of the neutrons will pass 
straight through the thin sheet of iron. 
Some will be deflected by collisions with 
nuclei of iron atoms. Some will be cap
tured, or absorbed, by nuclei. Behind 
the sheet a detector counts the number 
of neutrons that have passed straight 
through (those that are deflected miss 
the detector). Subtracting the number 
of neutrons that hit the detector from the 
number that entered the sheet, we get 
the number scattered or absorbed. 

All these neutrons have collided with 
iron nuclei (assuming that the sheet is 
pure iron). Hence the percentage of 
neutrons scattered or absorbed tells us 
what fraction of the cross-sectional area 

hit by the beam is effectively covered 
by nuclei. We know, from the weight of 
the iron, the number of atoms in this 
area. Thus we can calculate the area of 
interception represented by each nu
cleus. This area is called the scattering 
and absorption cross section of the iron 
nucleus for neutrons of the given speed. 

When the experiment is performed 
with fairly energetic neutrons (about 15 
million electron volts), the cross sections 
of vario�s nuclei turn out to obey a 
rather simple law. Each nucleus has an 
effective area about equal to that of a 
circle whose radius is found by the 
fOlmula: 1.4 times the cube root of the 
atomic weight times 10.13 centimeters. 
The length unit 10-13 centimeters has 
informally been given the name "fermi," 
after the late Enrico Fermi. The atomic 
weights of the natural elements range 

from one to 238, so the cross-section 
radii range in length from 1.4 fermis to 
about 9 fermis. 

Experiments with other types of bom
barding particles, such as protons, yield 
the same result, when we make correc
tions for the effects of electrostatic force 
in their case. It appears that the cross 
section actually is a physical area. 

N ow we can describe the foregoing 
experiment in other terms, consid

ering the neutron not as a particle but as 
a wave. We translate particle language 
into wave language by means of these 
two definitions: (1) the amplitude, or 
strength, of a wave at any point indi
cates the probability of finding a particle 
at that point-a strong wave means a 
high probability; (2) the frequency of a 
wave measures the energy of its parti-
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In our laboratories here at Hughes, more than 
half of the engineers and scientists have had 
one or more years of graduate work, one in 
four has his Master's, one in 15 his Doctor's. 
The Hughes research program is of wide 
variety and scope, affording excepti(mal free
dom as well as exceptional facilities for these 
people. Indeed, it would be hard to find a 
more exciting and rewarding human climate 
for a career in science. Too, the professional 
level is being stepped up continually to insure 
our future success in commercial as well as 
military work. 

Hughes is pre-eminent as a developer and 
manufacturer of airborne electronic systems. 
Our program includes military projects in 
ground and airborne electronics, guided 
missiles, automatic control, synthetic intelli
gence. Projects of broader commercial and 
scientific interest include research in semi
conductors, electron tnbes, digital and analog 
compntation, data handling, navigation, pro
duction automation. 
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ACADEMIC DEGREE 

Data obtained from a 20% random sample of the 2,200 
professional engineers and scientists of Hughes Research 
and Development Laboratories. 

RIGHT NOW the Laboratories in 

Clilver City, California, and the 

Missile Prodllction facility in Tucson, 

Arizona, have positions opell for 

el1gilleers who are experiellced in any 

or all phases of Test Equipment Design. 

SCIENTiFIC STAFF RELATIONS 
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WELL PICTURE of the nucleus with dis

crete energy levels is diagrammed schemati· 

cally. Solid horizontal lines represent orhits 

which are normally filled; dotted lines are 

orbits which are not occnpied nnless a nu

cleon acquired more than its normal energy. 

Levels above the top of the well indicate 

that a nucleon may have more than 40 mil

lion electron volts of motion·energy and 

still revolve in an orbit within the nucleus. 

cle-high frequency (short wavelength) 
means a fast particle, low frequency 
(long wavelength), a slow particle. 

In wave terms the cross-section ex
periment might read as follows: A sheet 
of iron is placed in a monochromatic 
(single-frequency) beam of short-wave 
neutrons. (An energy of 15 Mev corre
sponds to a wavelength of about six 
fermis.) The scattering and absorption 
of neutrons is measured by the dim
ming of the brightness of the beam in 
its passage through the sheet. In these 
terms, for neutrons of the specified 
wavelength the iron nucleus acts as an 
opaque ball with a radius of 1.4 fermis. 
It blocks a portion of the neutron "light" 
beam and casts sharp shadows. 

This wave description is very useful 
in interpreting the experiment. It sug
gests an optical model. 

Thinking in optical terms, we are at 
once led to suspect that the results of 
cross-section experiments should depend 
on the wavelength of the neutrons used. 
For one thing, a beam whose wave
length is considerably longer than the 
nuclear radius will not cast sharp shad
ows, just as a long water wave washing 
around a small rock will not cast any 
appreciable "shadow" of calm water be
hind it. Yet the rock will cut off a little 
of the water wave's energy. If a harbor 
were dotted with separate small, ex
posed rocks, one could compute how 
much energy they would extract from 
incoming waves. In much the same way 
we can figure out how much energy an 
assembly of opaque nuclei should sub
tract from a long-wave neutron beam. 
When this computation is compared 
with actual measurements, however, it is 
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found to be far off. The nuclei do not 
block nearly as much energy as they 
would be expected to. In fact, they act 
as though they were almost transparent 
to the waves! Nuclear matter, regarded 
as optical material, is opaque to short
wave neutrons but becomes more and 
more transparent as the wavelength of 
the neutrons increases. As observed in 
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the "light" of slow neutrons, the nucleus 
looks like a cloudy crystal ball. 

�t us see how this model helps us to 
understand the phenomena ob

served in experiments. 
A beam of light passing through a 

group of semitransparent glass balls 
would, of course, be dimmed. Some 

�o 

NEUTRON ABSORPTION is illustrated in these drawings. Left·hand diagrams show ener· 

gies, right.hand diagrams, locations in space. At the top, a bombarding neutron (open dot) 
approaches the nucleus. Solid dot represents the nucleon destined to be hit, colored lines, 

its orbit. Middle diagrams show particles just before impact, when no energy has been ex· 

changed. In the final result (bottom) the neutron has lost energy, dropping into a vacant 

orbit, and the target nucleon has picked up the energy, jumping to a higher orbit. The 

energy transaction is possible only if both particles find vacant positions. Cloudiness, or 

tendency to absorption, increases with the energy of the bombarding neutron because high. 

energy impacts put both particles into the upper, sparsely populated orbit region, while low· 

energy impacts leave them in the lower region where they are less likely to find vacancies. 

evo.SOG-LOW 

DUST SHORT CIRCUITS CAR'S IGNITION I Cars 
sometimes stall during a dust storm because 
dust short circuits the ignition system. The 
friction of dust particles rubbing together 
charges the air with static electricity, ground
ing all electrical wiring. But short of a freak 
situation like this, Air-M a z e  filters keep 
machinery on the go ... 

BAFFLES DUST! To keep out damaging dust 
and dirt, industry equips crankcases, gearcases 
and other housings with Air-Maze breather 
filters. Airborne particles are trapped by a 
series of oil-wetted wire bames. "Oil bath" 
types also available for greater protection . 

NEW FILTER TAKES ITS OWN BATH! Automaze 
automatic air filters stay clean by contin
uously taking a bath. Special "pulse-action" 
thoroughly washes each panel automatically, 
renews adhesive. Goes :3 to 6 months without 
attention. 

IF YOU BUILD OR USE engines, compressors, 
air-conditioning and ventilating equipment, 
or any device using air or liquids - the chances 
are there is an Air-Maze filter engineered to 
serve you better. Representatives in all prin
cipal cities. For condensed product catalog, 
write Air-Maze Corporation, Dept. D, 25000 
Miles Rd., Cleveland 28, Ohio. 

AI RsMAZI 
The Filter Engineers 

AIR FILTERS. SPARK ARRESTERS. LIQUID FILTERS 
SILENCERS. OIL SEPARATORS. GREASE FILTERS 
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A composition that is 
almost twice as hard 
as the hardest steel 

... that's 
KENNAMETAL* 

Kennametal is the registered trademark 
of a series of hard alloys of tungsten, 
tungsten-titanium, and tantalum car
bides. These compositions are the hardest 
practicable metals made by 'man. In 
scratch hardness tests, these hard car
bide particles are between sapphire and 
diamond. On the- Rockwell "Au Scale, 
different Kennametal grades test from 
90.0 to 93.0, while that of HSS 18-4-2 
heat-treated steel tests a maximum of 
85.0. The Knoop Test gives 2100 (K100) 
for Kennametal and 800 (K100) for steel. 

K8 tungsten carbide 18·4·2 steel 

Photomicrographs above show results 
of Knoop hardness test on Kennametal 
K8 (left) and HSS 18-4-2 steel (right) 
at 100g. Impression in the Kennametal 
is only about half of that on the steel. 

Photomicrographs below are of Knoop 
tests on grains of carbide ingredient of 
Kennametal. Knoop test numbers (at 
100g) are: Tungsten carbide, 1900; 

Titanium carbide Tungsten·titanium carbide 

tungsten-titanium 
carbide, 2200; ti
t a n i u m  c a r b i d e ,  
2500. These tests 
show those carbides 
a r e  f r o m  t w o  t o  
three times a s  hard 

Tungsten carbide as steel in the ab-
solute scale of Kgs per square mm of 
area of impression. 

Together with absolute hardness goes 
surprisingly greater resistance to wear 
and deformation. It is vital to innumer
able industrial applications. Perhaps it 
is the characteristic you need to get 
YOUR idea off the drawing board and 
into production. It is worth investigating. 
Write to Dept. SA, KENNAMETAL INC., 
Latrobe,Pa.,and ask for BookletB-lll. 
·Registered Trademark 5599 
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ATOMIC WEIGHT 

STRONG ABSORfTION for nuclei of atomic weights near 55 and 155 is predicted by tIle , 
optical model. The solid curve shows the absorption called for by the theory, the d�ts, , 
r

'
epresent experimental observations. Dashed lines indicate the limits of experimental err�i.>" 

light would be lost because of bending 
of rays out of the beam, the amount de
pending on the index of refraction of 
the glass. Some would be lost by absorp
tion within the balls, the amount de
pending on the glass's coefficient of ab
sorption, or cloudiness. If the index of 
refraction and the absorption coefficient 
are known, we can calculate by optical 

'theory the amount of dimming for balls 
of any size and spacing. 

By means of certain experiments it is 
possible to estimate the refraction in
dex and the absorption coefficient of nu
clear matter. 'Ve can then predict how 
strongly a neutron beam of any given 
wavelength, or energy, will be dimmed 
by a group of nuclei of any given size. 
The results of such a calculation are 

shown in the upper graph on page 85. 
The panels with curved upper edges in
dicate the theoretical cross sections of 
the elements (indicated by atomic 
weight) for neutrons of various energies 
ranging from zero to about three Mev. 
Each panel represents an atom of a cer- , 
tain size, and the curve of the top edge 
plots the predicted variation of the nu
cleus' cross section with increasing en
ergy of the neutron beam. The height of 
each point on the curve stands for the 
size of the total cross section (scattering 
and absorption) for that energy. 

The pattern is not simple. Usually the 
cross section decreases with increasing 
energy (shorter wavelength) of the neu
tron "light," but in some cases it rises 
along part of the range and there is a 
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hump in the middle of the curve. And 
as we look along the sequence of the 
elements, we can see that there are 
groups of elements, around atomic 
weight 40 and again between 100 and 
140, whose cross section for low-energy 
neutrons is small rather than large. 

If the actual measurements of cross 
sections were to match this intricate and 
peculiar theoretical pattern, we could 
certainly feel that it was no accident. 
The measurements have been made (by 
many independent experimenters), the 
curves have been plotted, and the agree
ment between the pattern based on the 
measurements and the pattern based on 
the theoretical predictions is astonish
ing. The results of the measurements are 
shown in the lower graph on page 85. 
These curves match almost exactly many 
of the detailed and complex variations 
in the theoretical curves. 

Evidently the cloudy crystal ball 
model is a highly useful way of pictur
ing nuclear matter. But the model sug
gests some new puzzles. To say that the 
nucleus is semitransparent implies that 
part of the wave energy that passes 
through it emerges intrinsically unal
tered. The emerging wave may be 
changed in direction but not in wave
length. Now in particle terms this means 
that some of the neutrons entering the 
nucleus get out again with their energy 
unchanged, which is surprising indeed 
in view of what we know about the 
strong interactions among nucleons. It 
is true that the force fields of the nucle
ons act only over an extremely short 
range-less than three or four fermis
but a bombarding neutron that gets into 
the nucleus surely comes within these 
fields. How can it pass through without 
interacting with the particles in the nu
cleus and exchanging energy? 

For help in resolving this paradox we 
can turn to the shell model of the nu
cleus [see "The Structure of the Nucle
us," by Maria C. Mayer; SCIENTIFIC 
AMERICAN, March, 1951]. In brief, this 
model says that the protons and neu
trons inside the nucleus are arranged in 
a system of orbits, or shells, as the elec
trons outside the nucleus are. Each orbit 
corresponds to a specific level of energy, 
and a nuclear particle can pass from one 
to another only by an abrupt "quantum 
jump." Furthermore, the famous Pauli 
exclusion principle applies to the nucle
ons as to electrons. Each nuclear orbit 
can contain only two particles, spinning 
in opposite directions. 

Now these occupancy rules imply "so
cial" behavior on the part of the nucle
ons. Any individual particle occupies the 
orbit that it does because othel:s are 

"The nelN Piasecki 

giant transport 

helicopter has 

been an exciting aSSignment." 
.ray!: Ken Water!, Senior Structmal Test Engineer. 

"Working on Piasecki projects like the H-16 has been challenging and 
rewarding. This, together with good employee benefits and the fact that the 
plant is located in suburban Philadelphia, where family living conditions 
are ideal, ,has made Piasecki the company for me." 

ENGINEERS, excellent opportunities are open today, just as they 
were for Ken Waters when he joined Piasecki in 1950 as Junior Engineer 
from Ohio State. Here is your opportunity to team up with men who are 
engineering a new era in air transportation, to join a firm internationally 
recognized as a leader in the field. The future for large helicopters is un
limited, so too is your future at Piasecki. 

Investigate the following job categories. There may be a place for you 
in this fast growing organization. 

DESIGN' POWER PLANT INSTALLATION' AERODYNAMICS; INSTRU· 
MENTATION · TESTING IFLIGHT AND STRUCTURE) • EQUIPMENT 
VIBRATION • STRESS ANALYSIS • TRANSMISSIONS' AIRFRAMES 

Send your resume today to John Tannone, Jr. Employment 
Representative 

FIRST IN TANDEM TRANSPORT HELICOPTERS 

HELICOPTER CORPORATION 
MORTON, PENNSYLVANIA 
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TOTAL WAVE MOTION inside nucleus is stl"Ong (gray curve in top diagram) when in· 

coming wave (solid black curve) and reflected wave (broken curve) reinforce each other. 

If nuclear radius is Wl"Ong length (bot/om) individual waves interfere giving small total. 
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filled. In some sense it "knows" the 
over-all situation and stays in its proper 
niche. To put it another way, the force 
on an individual nucleon is a group 
force stemming from the entire ensem
ble of its neighbors acting as a single 
body. So, also, neutrons entering the 
nucleus from the outside are confronted 
with a single force exerted by the entire 
population of resident nucleons. Many 
of the incoming neutrons respond only 
to this force, failing to interact with in
dividual nucleons. It is as if an individual 
entered a room full of dancers. He might 
try to cross the floor, in which case he 
would bump into some of the dancers or 
perhaps even be grabbed by a partner. 
But on the other hand he might skirt the 
group and emerge from the other side 
of the room without having lost or 
gained any momentum. So a neutron, 
swung away from individual contacts by 
the group force of the nucleus, may pass 
through it as if it were transparent. 

N ow to complete the picture of the 
energy conditions within the nu

cleus we shall forget cloudy crystal balls 
and shells for a moment and resort to 
still another model. In considering the 
energy states of the nucleons, it is con
venient to think of them as having nega
tive energy. That is, we arbitrarily 
choose zero as the top of the energy scale 
within the nucleus and represent the 
lower energy states by negative num
bers, just as we can speak of tempera
tures below zero. In the nuclear case the 
reason for doing this is to indicate that 
energy must be added to a nucleon to 
pull it free of the other nucleons' force 
fields and raise it to the isolated, mo
tionless state of zero energy. The nu
cleons are analogous to the water in a 
well, which has negative potential ener
gy, with respect to ground level, because 
work must be done to raise the water 
to that level. \Ve take a well, then, as a 
model of the nucleus. 

It is a "potential" well-a well simply 
representing the fact that various levels 
of negative potential energy exist in the 
nucleus. These levels correspond to the 
orbits that can be occupied by the nu
cleons [see diagram on page 86]. Note 
that the well is "square," with sharp 
corners at the top, i.e., no sloping edge. 
This reflects an assumption that a parti
cle just outside the nucleus feels no 
force while one just inside feels the full 
amount. A particle is either completely 
in or completely out of the well. As for 
the well's depth, experiments indicate 
that it takes about 40 Mev of energy to 
lift a particle out of the nucleus from the 
lowest level. 
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This well model is a precise counter
part of the cloudy crystal ball. The 
depth of the well is the measure of the 
nucleus' index of refraction, or the crys
tal ball's effect as a single body upon a 
neutron passing through it-an effect 
which may change the neutron's direc
tion but not its energy. When we say 
that the crystal ball is transparent to the 
neutron, it is the same as saying that the 
neutron has not fallen into the well, be
cause it has been acted on by the poten
tial (single-body force) of the well as a 
whole. When we say that the ball is 
cloudy, we mean there is a finite prob
ability that the neutron will be absorbed 
by the nucleus, or, in terms of energy, 
will fall into the well (exchange energy 
with individual nucleons). This prob
ability is the coefficient of absorption. In 
other words, the cloudiness of the nu
cleus is determined only by absorption, 
not by scattering. 

The crystal-ball concept pictures the 
nucleus in terms of waves; the potential
well model considers it in terms of par
ticles. Both pictures are consistent with 
and supplement each other, when we 
examine the energy transactions in the 
nucleus. 

[St us return to the cloudy crystal ball 
and try to discover what further in

vestigations it may suggest. 
We have observed that the cloudiness 

(absorption) of the crystal ball depends 
on the energy of the neutron "light" that 
attempts to pass through it. The lower 
the energy of the neutron beam, the 
more transparent the nucleus becomes. 
But this is not the whole story. Remem
bering that the neutrons behave as 
waves, we realize that, from a theoreti
cal point of view, nuclei of certain sizes 
should be opaque even to neutrons of 
low energy. \Ve should expect a "reso
nance" effect to operate under certain 
circumstances. These circumstances are 
the creation of a "standing wave" within 
the nucleus. Every physics student 
knows that when sunlight passes through 
a water drop, part of its energy is re
flected back into the drop from the far 
boundary. Such reflection occurs when
ever waves encounter a boundary be
tween one medium and another, and the 
boundary of an atomic nucleus should 
be no exception. Now if a drop (or nu
cleus) is just the right size to allow the 
incoming waves and the reflected waves 
to reinforce each other, they will form 
what is known as a standing wave. This 
contains so much energy that even a 
poor absorber will soak up a consider
able amount of it. Thus a nucleus in 
which a standing wave is set up should 

absorb strongly a low-energy wave
length to which most other nuclei are 
transparent. \ 

We know what the size of the drop 
(or nucleus) must be in relation to the 
wavelength in order to have a standing 
wave. It has been calculated that a 
standing wave will occur whenever the 
radius of the body is an odd multiple of 
the wavelength divided by four. We 
know that the wavelength of the neu
trons entering a nucleus is 4.4 fermis. 
Dividing by four, we get 1.1 fermis. Any 
nucleus whose radius is an odd multiple 
of this distance-e.g., 3.3, 5.5, 7.7-
should exhibit strong absorption of neu
trons of the 4.4-fermi wavelength; in 
other words, it should be cloudy. 

The elements with these radii are 
those of atomic weight 11, 55 and 155. 
Several experimenters have tested the 
prediction by measuring the cross sec
tions of nuclei in the neighborhood of 
those atomic weights, and they have 
found that the 55 nucleus definitely is 
cloudy to the slow neutrons; that 11 
probably is, and that nuclei near 155 
also show the predicted absorption ef
fect when corrections are made for the 
fact that their shape is not spherical. 

Thus the cloudy crystal ball model 
not only accounts surprisingly well for a 
number of previously known experimen
tal results_ but has also predicted new 
ones. It must reflect an important aspect 
of the real nucleus. 

Many theoretical physicists are now 
trying to refine and extend the model. 
One problem is to determine whether 
the nucleus has a sharply defined sur
face as far as its optical properties are 
concerned, or whether it begins thinly 
and gradually becomes denser toward 
the center. The square-well concept as
sumes that it has a sharp boundary. By 
rounding off the corners of the well-i.e., 
varying the values for the index of re
fraction near the surface-one might de
rive cross-section curves which would 
agree with the measurements even more 
closely than the theoretical set shown 
here. 

I t should be emphasized that the 
cloudy crystal ball represents only 

gross properties of nuclear matter. Cal
culations based on the model yield only 
average values. The model cannot ac
count for the detailed variations in a 
nucleus' cross-section curves-the fine 
structure of ups and downs that appears 
in a chart of actual measurements. Yet 
despite its coarseness, in fact, because of 
it, the optical model can be expected to 
yield further valuable insights into the 
ultimate nature of matter. 

An industrial periscope is very 
often the answer to hard-to-get
at, underwater, hazardous loca
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia
tion are problems ... the peri· 
scope offers unsurpassed clartty 
and definition, true color, and a 
long, maintenance-free service 
life. Attachments are available 
for photo recording all viewed 
material. 

With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 301 

Plant: 347 King Street, Northampton, Mass. 
New York Office: 30 Church St., New York 7 
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Populations of House Mice 
fVhat controls the abundance of animals? Here the question lS 

approached by way of a sm�all pest which has the experimental 

ad()antages of an accessible habitat and rapid 7nultiplication 

(.(.The proper study of mankind," 
wrote Alexander Pope, "is man." 

- He might equally have said that, 
a very proper study of man is mankind, 
conSidering mankind as a population. 
Studies of human populations as such 
tell us many things about what kind of 
creature man is. This is also true of other 
animals. The survival, behavior and suc
cess of any living organism depend to a 

by Hobert L. Strecker 

considerable degree on its characteristics 
as a population. 

No animal voluntarily lives in a social 
vacuum. It must congregate with others 
of its own kind, even if only to propa
gate; if by some chance an individual 
gets isolated from its kind, that is the 
end of the line. Plainly, then, a primary 
need of every kind of animal is to main
tain itself as a population. There are 

POPULATION OF HOUSE MICE in the principal experiment described by this article 

was given a total of 250 grams of food per day. The species was the common Mus musculus. 
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laws of population development, just as 
there are laws governing all other mass 
phenomena in nature. Consequently we 
can learn something about any animal, 
including man, by studying populations 
in general, whether they he yeast cells, 
insects, mice or elephants. 

In theory all populations follow a cer
tain basic pattern of development: they 
tend to multiply according to a growth 
curve which rises slowly at first and 
then picks up momentum until it shoots 
upward almost vertically. If we start 
with a pair of mice, say, we may expect 
them to produce a litter of six young, 
half male and half female, in three 
weeks. The offspring will mature sexu
ally in five or six weeks and themselves 
begin contributing to the increase. With
in 12 weeks after the beginning the pop
ulation might total some 32 mice, and 
soon its numbers would be increasing at 
a tremendous rate. 

A colony of yeast cells, which may 
divide every 30 minutes, could reach the 
stage of very rapid growth in numbers 
in a matter of hours. Elephants, which 
do not mature sexually until the age of 
15, might take a century. But in theory 
the shape of the curve is essentially the 
same in each case. 

Actually for various reasons popula
tions do not follow this curve of unre
strained growth except on rare occa
sions such as a sudden plague of insects. 
Normally the population increase is held 
in check by the limits of food and water 
and living room, by predators, accidents 
and diseases. These factors tend to put a 
ceiling on the population rise, so that the 
actual curve of population growth is usu
ally shaped somewhat like an S-first 
rising slowly, then rapidly, then leveling 
off. If one of the major limiting factors 
(e.g., predators) is removed, the popu

lation may start rising again, but the 
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HOUSE MICE WERE CONFINED in pens which had been mouse· locations for food and water and two kinds of shelter. One (cor. 
proofed with sheet iro» to a height of 22 inches. This pen has four ners) is filled with paper and cotton; the other, with beaverboard. 
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EIGHT PENS were constructed in an empty 

'army barracks. The small pens were used 

chiefly to check on reproduction in winter. 

other limitations will soon stop it at a 
new plateau. 

M any attempts have been made to in-
vestigate just how the limiting fac

tors control the abundance or scarcity of 
animals. The studies I shall describe 
were carried out at the University of 
Wisconsin under the guidance of John 
T. Emlen, Jr. The subjects were house 
mice. Around some of the campus labo
ratories where various experimental ani
mals were kept in cages, there were sev
eral flourishing colonies of the ordinary 
little wild mice that infest houses. They 
fed mainly on food they stole from the 
cages of the laboratory animals. It was 
curiosity about their movements and 
community life that led us to discover 
they would make ideal subjects for de
tailed population studies. 

'We were originally interested to find 
out whether the mice lived in compact 
communities or drifted about at random 
among the buildings. Howard Young 
and I live-trapped many of the mice and 
marked them for individual identifica
tion by toe-clipping. After catching the 
same individuals a number of times (the 
total number of recaptures was 1,330), 
we were able to map their movements. It 
turned out that on the average a mouse 
was caught only 12 feet from the spot 
where it had been trapped previously, 
and rarely was the distance more than 
30 feet. 

Since the house mice apparently were 
content to live within a narrow range so 
long as they had plenty of food and shel
ter, they offered us a good chance to 
study a population intimately within the 
confines of a room. The confinement 
would not unduly restrict them, and a 
room in a building would be a natural 
habitat for them, as any housewife can 
testify. Furthermore, house mice are ex
celle�t subjects for population study be
cause they reproduce rapidly, frequent
ly and more or less continuously 
throughout the year. 

The home we first chose for the mice 
was a large room in the basement of one 
of the campus buildings. It had several 
large ventilating fans, boxes, jars, lum
ber, tile and other stored equipment 
which would supply hiding and nesting 
places for the mice. The room was 
closed, but the mice could escape from it 
if they had to by way of heating pipes 
and ventilating shafts. 

We first undertook to study the effect 
of limiting the population's food supply. 
Our plan was to colonize the room with a 
few mice, to give the colony just 250 
grams of food each day and to see what 
would happen when the number of mice 
increased to the point where this supply 
of food could no longer support the 
growing population. We trapped the 
mice in the room at frequent intervals to 
weigh them and mark them individually 
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Army, Navy, Air Force, A.E.C • 

. .. AND FORD INSTRUMENT COMPANY 

For security reasons we cannot tell in detail 
about the weapons systems, navigation instru
ments, nuclear controls, gunfire computers and 
other things designed and manufactured by 
Ford Instrument Company. However, we can 
proudly tell that this company, in building the 
first computer to automatically aim naval guns 
back in 1915, pioneered the great automatic 
control industry which today, guides our mis
siles, navigates our planes, aims our weapons. 
And keeps America strong. 

Non-military demands for the servo-mecha
nisms, the computer techniques, the precision 
machining, the engineering experience in which 

Ford Instrument Company has specialized for 
over forty years, have increased. Today the 
company is working on the solution of problems 
of automatic control for business and industry, 
as well as for the government. 

Write for more complete information. 76 

J: FORD INSTRUMENT 
lJ ' COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, long Island City 1, New York 

Beverly Hills, Cal. Dayton, Ohio 

ENGINEERS: FORD IS CONSTANTLY ADDING TO ITS STAFF OF ENGINEERS. IF YOU CAN QUALIFY, THERE MAY BE A POSITION FOR YOU. 
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MICE 

NUMBER GRAMS 

100 

1200 
50 

800 

- ........... ... 

FOOD 

GRAMS 

................ --.-.-

250 

200 

150 

100 

50 

MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. 

NUMBER OF MICE 

--- TOTAL GRAMS OF MICE 

----- DAilY FOOD CONSUMPTION 

for identification, and we set other traps 
throughout the building to catch mem
bers that strayed from the colony. 

During the first eight months only 
nine marked mice left the room and were 
caught outside. But by the end of the 
eighth month, when the population had 
grown to the point where it was consum
ing nearly all the daily food supply in the 
room, the mice began to leave in substan
tial numbers. In the next three months 
we caught 82 migrants outside the room. 
This increased flight from the colony was 
clearly due to the food limit. Enough 

NUMBER 
OF MICE 

NUMBER OF MICE in a single pen 

increased nntil limited by food snpply 

of 250 grams per day, then decreased. 

mice left so that no actual food shortage 
developed within the colony. 

The tide of mice throughout the class
rooms and offices of the building was not 
enthusiastically received, and we had to 
put an end to the colony. After trapping 
the mice, we were interested to see 
whether the group that had left the col
ony differed from the population which 
stayed behind. Did the youngsters tend 
to move out, while older, established 
mice remained; or did the vigorous 
young mice drive out the older ones? 
Were males more likely to leave than 

120r----------------------------------------------------, 

20 

OL-� __ � ____ � __ � ____ � __ _L ____ L_ __ _L ____ L_ __ � __ � 

MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. 

MAKE·UP OF POPULATION in the same pen developed in this manner. The appearance 

of each new litter is indicated hy a vertical jnmp from the uppermost line. The solid lines 

refer to marked mice; the dotted lines extend the record of litters hack to the estimated 

time of hirth. The small jump at top dght is due to two outside mice which got into the pen. 
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Engineers! 
Join this 
winning team! 
• 

: At DOUGLAS you'll be 
associated with top engineers 
who have designed the key 
airplanes and missiles on the 
American scene today. For 
example: 

fl---- . ' 

DC-7 "SEVEN SEAS" America's 
finest, fastest airliner 

't- -,-;> 
F4D " SKYRAY " Only carrier 
plalle to Iwld world's speed record 

Z: .. ::,,:,.>: '# 
C -124 "GLOBE MA STER" 
fForld's largest production tran sport 

NIKE Supersollic missile selected to 
protect our cities 

�o> 
"SKYROCKET" First airplalle 
to fly twice the speed of sOUlld 

1Ph yw=> 
A3D "SKYWARRIOR" Largest 
carrier·based bomber 

A4D .. SKYHAW K "  Smallest, 
lightest atom bomb carrier 

� 
B-66 Speedy, versalilejel bomber 

With its airplanes bracketing 
the field from the largest per
sonnel and cargo transports 
to the smallest combat types, 
and a broad variety of mis
siles, Douglas offers' the engi
neer and scientist unequalled 
job security, and the greatest 
opportunity for adyancement. 

For further informa�ion relative 
to employment opportunities at 
the Santa Jlfonica, EI Segundo 
alld LOllg Beach, CaLifornia, divi
sions alld the Tulsa, Okla homa, 
division, write today to: 

DOUGLAS AIRCRAFT COMPANY, Inc. 
c. C. LaVene, Employment Mgr. 
Engineering General Office 

3000 Ocean Park Blvd. 
Santa �fonica, California 
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Depend on DOUGLA 

Peace Officer 
ready for war 

This man is a peace officer. His beat is the 

whole world, for he flies for TAC-the 

Tactical Air Forces of the U. S. Air Force. 

Primary job of the Tactical Air Forces is to 

stamp out "brush fire" aggressions wherewer 

they may occur. This is being accomplished 

by maintaining at combat readiness a com

pletely self-contained striking force with a 

devastating nuclear punch, and a global reach. 

Such a far-reaching assignment calls for 

versatility in men, equipment, techniques and 

weapons. Douglas is proud to have its 

planes included in the Tactical Air 

Command's inventory of fighters, bombers, 

transports and reconnaissance aircraft. 

LONG·RANGE JET FOR 
TAC RECONNAISSANCE-

Defense is everybody's business 

The Douglas RB-66 can fly 600-700 m.ph but 

not without people to pilot and service it. The 

Air Force needs young men and women who 

agree that "defense is everybody's business." 

First in Aviation 
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J In ,. mind 1 
Gaskets, washers, wick lubricators are just a few 

applications of felt. Felt reduces vibration, con

trols noise, seals oil in, water out. American 

makes many types of felt, in rolls, sheets, and 

in parts cut to your blueprints, ready for assem

bly. Tell us what you make, or are designing, any 
we will send technical information � 
along with our suggestions. ;r � � / . 
FREE! Catalog containing 47 samples of / ,d. GENERAL OFFICES: 
felts plus 24-page booklet of Wool Felt " 58 GLENVILLE ROAD, 
Standards. Write for Catalog 185-52. GLENVILLE, CONN. 

PLUNGER TIPS OF BERYLLIUM COPPER LAST 10 TIMES 
LONGER ON THIS ALUMINUM COLD DIE CASTING MACHINE 

The Ohio Die Casting Company, using 
a 2" diameter by 4" long "BERYLCO" 
beryllium copper tip to drive molten 
aluminum through a sleeve into die 
cavities, ran more than 51,000 cycles 
without a tip failure. 
The tip of beryllium copper, turned to 
an initial fit of 0.0005" clearance, and 
subjected to constant pounding of 
150-160 cycles per hour and to tem
perature extremes of 1200°F. aluminum 

and the effects of the water cooling 
system, operated without sticking or 
excessive wear. It was once used 
through an entire 8-hour shift without 
water cooling! 
The advantages of "BERYLCO" beryl
lium copper-thermal conductivity, wear 
resistance, and ductility-make it the 
ideal metal for use in plunger tips. For 
specific details of this application, re
quest Technical Bulletin #29. 

THE BERYLLIUM CORPORATION o DEPT. SM. READING 23. PA. 
® 
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females? Examination of the groups 
showed that both were about the same, 
with no sex or age predominating, ex
cept that very young mice still dependent 
on their mothers of course stayed in the 
colony. Of the 87 mice trapped in the 
room at the end of the experiment, a 
fifth were babies barely out of the nest. 
Many of the mature females were preg
nant, indicating that reproduction had 
been going on steadily. 

To summarize, then, this study 
showed that as long as there was suffi
cient food the population stayed pretty 
much intact, with only an occasional in
dividual deserting; that as a food short
age approached, migration from the 
colony increased sufficiently to tap off 
mice as quickly as new ones were born; 
that reproduction apparently continued 
normally, and that the population which 
remained was a cross section, with no 
unusual features as to sex or age compo
sition. The experiment clearly demon
strated that when some stress, such as 
an approaching food shortage, is brought 
to bear on a population, it will spread 
out and occupy new areas. 

We wondered what would happen to 
the mouse population if members 

could not escape, if they had to remain 
in a confined place with only a limited 
amount of food available. Would the 
young or the old have the better chance 
to survive? Would the mice begin fight
ing and killing one another? Would re
production slow down or stop? 

In an attempt to answer this question 
we started two colonies of mice in two 
rooms of an empty building. The rooms 
were sealed so that mice could not es
cape. Each room was supplied with 
shelters, water and 250 grams of food 
per day. One colony was started with 
10 mice, the other with 50 mice, and 
both were closely watched for 11 
months. All mice were indiVidually 
marked so they could be identified. 
Every two weeks a thorough search was 
made to find the newly born mice and 
record them. Once every four weeks 
each mouse was caught, weighed and 
examined for physical condition. 

The colony that started with 10 mice 
did not grow large enough within the 
11 months to press on its food supply, 
so it served only for comparison. The 
50-mouse colony grew up to the food 
limit within four months. When it began 
to consume all the food each day, re
production stopped completely. No new 
baby mice were born, and those already 
present soon died. However, all the ani
mals past weaning seemed to hold their 
own. The older members of the colony 
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what helps a 
scientist grow? 

Here are four factors given by 
distinguished Avco scientists. They reflect 
both the thinking and opportunity 
at Avco Advanced Development Division. 

"Top-level associates" 

says Dr. Arthur Kantrowitz, 
noted authority in gas dynam
ics, member of Avco Ad
vanced Development, and 
professor, Cornell University. 

«A scientist's effectiveness de
pends on menta� stimulation 
provided by able associates. 
It's important at  all  levels 
and it is essential to a young 
scientist." 

"Technical sophistication" 

says Dr. E. R. Piore, former 
chief Scientist and Deputy 
Chief of the Office of Naval 
Research, now Avco V.P. and 
Chairman of its Committee on 
Advanced Research. 

"The more advanced, more 
challenging, the more techni
cally sophisticated his work
the better a talented scientist 
will respond." 

"An atmosphere of inquiry" 

says Eaton H. Draper, noted 
nuclear weapons systems expert 
and Engineering Manager of 
A vco Advanced Development 
Division. 

"Provide a climate which en
courages a healthy questioning 
of the known, as well as the 
unknown, and a scientist or en
gineer will perform at his peak 
... and even beyond." 

WANTED: 

"Freedom from routine" 

says Dr. Mac C. Adams, noted 
a e r o d y n a m i c i s t ,  author of 
papers on aerodynamics and 
gas dynamics, and Director of 
the Avco Research Laboratory. 

"A scientist is most effective 
when he is free to direct his 
fu l l  e n e r gy a g a i n s t  m aior 
problems. Adequate technical 
assistance releases him from 
time-consuming routine." 

Helping talented scientists and engineers-at all levels-become 
more effective is the best way we, at Avco Advanced Development, 

know of helping our own growth. For that reason, we offer them 
assignments worthy of their abilities, stimulating associates, and 

the fullest technical support possible. Add to these factors the unique 
combination of small-company flexibility and large-company 

stability-and you have an environment ideally suited to growth. 

Leaders in the exploitation of new areas of Science 

For outstanding men, Avco's long-range expansion-in missiles 
and in all the physical sciences-offers unprecedented opportunity. 

Write Dr. E. R. Pi ore, Vice-President in Charge of Research, 
Room 405, A vco Advanced Development Division, 

Stratford, Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 

Physical Scientists 
Advanced degree preferred - in Physics. 
Aerodynamics • Electronics • Metallurgy • 

PhYSical Chemistry • Mathematics 

Engineers 
Electronic · Mechanical· 
Aeronautical • Chemical 

avco 
MFG. CORP. 

advanced developm,ent division 
avco defense and industrial products 
combine the scientific skills, ond production facilities of 3 great Avco divisions of 

Avco Manufacturing Corp.: Avco Advanced Development; Crosley; Lycoming which 

currently produce power plants, electronics, air-frame components, and precision parts. 
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Which 

button? 

Today at Martin, one of the finest engineering 

teams in the whole new world of flight systems de

velopment is at work on tomorrow's design and 

development problems. 

Most of the people on that team are young-and 

moving ahead fast with a dynamic and fast-moving 

management. 

Push any button and you can get the story of 

some of the exciting things that are happening 

there. 

Contact J. M. Hollyday, Dept. S-12, The Martin 

Company, Baltimore 3, Maryland. 

declined in numbers, presumably dying 
of old age. But the total weight of the 
colony remained fairly constant, as the 
weight put on by the growing younger 
members offset the losses by death. In 
other words, the food supply maintained 
a certain weight of live mice for the 
colony as a whole. 

When, at the end of the 11 months, 
the surviving mice were autopsied, all 
showed heavy deposits of fat on their 
bodies, because the experiment was 
terminated in March, at the end of win
ter. None of the females was pregnant, 
as far as could be determined. The 
building had been unheated during the 
winter, and the cold would account in 
part for the suppression of sexual activ
ity. However, it could not have been 
wholly responsible, for in the companion 
colony, where the mice had an abun
dance of food, reproduction did occur 
during the winter. 

The experiments described give us a 
basis for speculation about the dynamics 
of population growth and spread, at 
least among house mice. The population 
grows rapidly and stays together in a 
restricted area until the limits of the food 
supply put pressure upon it. Then some 
of its members begin to migrate to new 
areas if they can. If they cannot, the 
colony may eventually stop reproducing. 
Probably it does not resume producing 
young until the pressure is relieved. Un
fortunately we lost our building before 
we could investigate the latter point by 
observing developments in the spring. 

Of course food is not the only factor 
that influences the development of 

a population. Other specific studies of 
house mice have shown, for example, 
that when mice are strangers to one an
other, they fight a great deal in establish
ing social position. The mice already 
living in an area are very antagonistic 
to newcomers. Obviously the amount of 
living space, in terms of the cover avail
able for shelters, will influence the size 
of the popl\lation. Crowding interferes 
with the construction and maintenance 
of nests and increases the mortality 
among baby mice. 

While there is no denying that the 
organization and development of a pop
ulation, even of house mice, is a complex 
affair, we need not be discouraged by 
the complexity. The experiments on 
house mice indicate that the determining 
factors can be studied individually, and 
such investigations should lead us even
tually to a fairly clear picture of the re
lated parts played by the various influ
ences on the abundance and scarcity of 
animals. 
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Dr. Volney C. Wilson (B.S., North
western, 1932; M.A., Ohio State, 
1934; Ph.D., Chicago, 1938) has been 
at the General Electric Research Lab
oratory since 1945. During World 
War II he was instrument section 
chief at the U. of Chicago metallurgi
cal laboratory, later working at Los 
Alamos. He has done extensive basic 
research in cosmic rays, in strum en ... 
tation, atomic power. and magnetism. 

Why magnets are magnets 
General Electric's Dr. Volney C. Wilson uses neutrons to 

discover fundamental facts for improving magnetic materials 

While Volney C. Wilson was director of instrumenta
tion and control for the first atomic pile, under the 

University of Chicago stadium, Enrico Fermi dem

onstrated to him and others working on the project 
that neutrons could be diffracted in the same manner 

as x-rays. Several years later, when Wilson's interests 

turned to an intensive study of magnetism, he recog

nized the special value neutrons would have in re

vealing atomic arrangements in magnetic materials. 
Neutrons are not affected by electric fields, but-since 
they are very much like little magnets themselves

they are scattered by magnetic fields within crystals. 

Accordingly, Dr. Wilson designed and constructed 
a unique neutron diffraction spectrometer at the 

General Electric Research Laboratory. It is now in 

operation at Brookhaven National Laboratory, giv
ing G-E scientists new insight into the problem of 

why magnets are magnets. Wilson believes that learn

ing new fundamental facts about "atomic-magnetic" 
structure will result in better magnetic materials

and that even a small improvement in these materials 
will significantly increase their usefulness in com
puters, control equipment, and color television. 

Progress Is Ovr Most Imporf;mf Prot/vel 

GENERAL e ELECTRIC 
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THE SOLAR BATTERY 
'This close relative of a junction transistor turns sunlight 

directly into electric current. In its first practical application 

it is powering eight telephones on a rural line in Georgia 

The idea of harnessing the power of 
the sun has interested both writers 
of fantasy and serious scientists for 

a long time. Their interest is easy to un
derstand. In two days the earth receives 
in sunlight more energy than is stored 
in all the known reserves of fossil fuels. 

by Gordon Raisbeck 

Time and again men have devised 
schemes for tapping this energy directly, 
usually by focusing sunlight to heat 
something, such as the boiler of a steam 
engine. None of these attempts to con
vert sunlight into power has ever 
achieved commercial success. But in re-

cent years there has been hopeful prog
ress in exploiting the possibilities of the 
photoelectric cell. This article will de
scribe a solar battery based on a new 
type of cell. 

The photoelectric cell has become fa
miliar in the form of the exposure meter 

SOLAR BATTERY used in the Georgia field test consists of 432 
individual silicon-wafer cells in an aluminum case with a glass 

lid. On a bright day it generates 10 watts. Excess electricity is 

reserved in a conventional storage battery for ope.-ation at night. 
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for photography, the "seeing eye" for 
opening doors, the light-detecting in
strument of astronomers, and so on. It 
can transform light directly into elec
trical energy. However, the conven
tional photocell delivers as power only 
one half of 1 per cent of the light energy 
it absorbs. Engineers and scientists have 
felt that this efficiency is too low to make 
a photocell useful as a source of power. 
But the Bell Telephone Laboratories are 
now developing a new photoelectric cell 
(or solar battery) which is 20 times more 

efficient than the usual light-detecting 
types. It is capable of generating electric 
power from sunlight at the rate of 90 
watts per square yard of illuminated sur
face. 

The Bell solar battery is an extension 
of the physical principles employed in 
the transistor. To see how it works we 
must review those principles. 

�t us start with a crystal of silicon. 
Each silicon atom has four valence 

electrons, by which it is joined to its 
four nearest neighbors. This is a highly 
stable arrangement. But energy from 
outside the crystal, in the form of light, 
heat or an electric field, may knock an 
electron from its position. In that case 
the electron is free to move about among 
the atoms. The place it has vacated be
comes what is called a "hole." Because 
holes, like free electrons, may move 
about in the material, they behave like 
free positive charges. 

1;'he situation is much like that at a 
bridge party with a number of tables. 
Each table has four players (electrons). 
If a player gets ul? from a table and be
gins to wander, he leaves a vacancy 
which some other wandering player may 
fill. The latter, in turn, may have left a 
"hole" at another table. Thus the "holes," 
like the players, may move from table 
to table. However, at most bridge parties 
with just the right number of players, 
these events are rare; the teams of four 
stay put. And so it is in a perfect silicon 
crystal. 

Now suppose we introduce into the 
crystal some arsenic atoms, each of 
which has five valence electrons. When 
an arsenic atom replaces a silicon atom 
and links itself to four neighboring sili
COIlS, its extra (fifth) electron becomes a 
free wanderer. Conversely, when we re
place a silicon atom with a boron atom, 
which has only three valence electrons, 
the replacement adds a hole to the crys
tal. It is as if a number of five-member 
and three-member groups came to the 
bridge party. The fifth member of each 
five-person group is an extra, and he 

SILICON CRYSTAL is made up of atoms with four valence electrons. Some of the elec

trons break loose and wander through the crystal as free negative electrical cbarges (gray 
dots) _ The stations they vacate, called "holes," can be considered free positive charges_ 

CRITICAL JUNCTION is boundary between one layer rich in electrons and another rich 

in holes_ Five-valenced arsenic (bottom) introduces excess electrons; three-valenced boron 

(top) creates holes_ Current results {rom flow of electrons and holes across the junction. 
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the story of 

Magnetic 
Domains 
If your responsibilities include 
research, development and design 
work involving magnetic materials, 
you'll be interested in the recently 
p u b l i s h e d  arti cle, "M agnetic 
Domains," by Dr.  Klaus J.  Sixtus 
of the Indiana Steel Products Co. 

Dr. Sixtus, well-known authority 
in the field of magnetics research, 
tells (1) what magnetic domains 
are, (2) what size they have, (3) 
what determines this size, and (4) 
how this knowledge has helped in 
the development of new types of 
permanent magnet materials. 

"Magnetic Domains" appeared 
in the November-December, 1954 
issue of Applied Magnetics, a bi
monthly publication carrying 
practical information about per
manent magnets and their applica
tion to industrial and consumer 
products. 

If you would like a copy of this 
issue, please send your request to 
Department J-12. 

THE INDIANA 
STEEL PRODUCTS COMPANY 

VALPARAISO, INDIANA 

DIFFUSION 
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DIFFUSION 

ELECTRON·HOLE DIFFUSION tends to distribute the two kinds of free charges in the 

two layers. This leaves the n.layer positive with respect to the p-layer, creating a potential. 

may move about looking for a vacant 
chair where he may sit in for a hand 
(or perhaps he looks for an exit) . On the 

other hand, a three-person group that 
sits down at a table presents an open in
vitation for a fourth to join it. In this 
manner it adds to the party a hole which 
may move from table to table as players 
shift. 

Draw a line across the middle of the 
room and imagine that the party starts 
with all the free players on one side and 
all the holes on the other. The free play
ers (electrons) and free holes move 

about at random; in other words, their 
movement is simply aimless diffusion. 
But at the boundary between the two 
halves of the room there has to be, at 
first, a certain pattern: from the side with 
the extra electrons, only electrons move 
across the boundary to the other side; 
from the side with holes, only holes move 
across the boundary. Now the first side 
of the room, previously neutral in charge. 
acquires a negative charge from the fact 
that only electrons are coming in. The 
other side, similarly, becomes positivel�· 
charged because of the arrival of positive 

o 0 0 0 

____ ---'�::::�:�:�}_ �O�---------_r------
�</ '" () 

ti 00000000000 
%J 7 (tI 
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0 

.. 
0 .t:§.o OO� 0 0  0 0 I 1 ----------F1ElO------ ---------- ----

EQUILIBRIUM of electrons and holes (top) is upset when light creates extra charges 

(middle). Arrows at right show increased potential when equilibrium is restored (bottom I. 
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Something for nothing 
In 1643 Evangelista Torricelli started 
studying causes and effects of vacuum. 
Two hundred years later, Sir James De
war applied the principle of insulation 
by nothing to the vacuum jacketed ves
sel ftlr storing liquid gases. 

Up-dating on the vacuum vessel brings 
us to the ubiquitous bottles-useful com
panion of factory and office workers, 
picnickers, campers and school children. 
We play an inside role in this hot-cold 
game by making the inner-and-outer 
glass liners which are so important to the 

function of a vac
uum bottle. Why 
glass? It's easy to 
c l e an,  d o e s n't 
change taste of 
liquids and may 
be readily formed 

Component parts by Cor- into shapes that 

ning help keep vacuum hal d a vaeu um. 

bottle makers happy and Firms like Alad
busy. From right to left din Industries, 
-inner blank, outer blank a n d  La n d e r s ,  
and first assembly of glass Frary, & Clark 
liners for vacuum bottles. buy these liners 
in great quantities. Then, with consider
able ingenuity, and with the aid of auto
matic machinery, they seal the matched 
glass units, silver the outside of the inner 
and inside of the outer lining for more 
effective insulation, evacuate air between 
the walls, and tip to seal the vacuum 
permanentl y. 

After 24 hours of testing, liners that 
make the grade are jacketed in attractive 
metal and/or plastic castings. Then, 
thousands of happy customers who want 
to keep food and drink both tasty, and at 
the right temperature, buy bottles in a 
wide variety of sizes, shapes, and styles. 

Moral? If you want something for 
nothing-a vacuum that is-glass can be 
handy and profitable. 

A more detailed story of Corning glass 
at work in both products and processes 
is unfolded in "Glass and You." A free 
copy is yours by request. 

Also for your perusal Bulletin B-83, 
"Properties of Selected Commercial 
Gla5sware." It's a handy reference vol
ume that will give you considerable in
si�ht into the amazing properties that 
can be custom-built into glass. 

Handling humidity-with a moral 
for the cost-conscious designer 
When it comes to handling and humor-

······L 
___ 

Zone State I ------------------------_J 
ing humidity to fit experimental con
ditions, today's researchers demand pre
cise control. 

Toward this end, the Blue M Electric 
Company, of Blue Island, Illinois, has 
developed a relative humidity chamber 
that automatically controls humidity 
from 20% to near saturation, at any 
point, depending upon dry bulb tem
perature. 

What interests us (aside from our 
curiosity about the precise handling of 
experimental conditions) is the use of a 
PYREX brand jar as the chamber. No 
small vessel this, it measures 16 inches 
in diameter, 12 inches in height. 

Blue Mis uVapor_ TempO uses a large PYREX 
jar as a humidity chamber. Result-production 
costs and resultant prices go down. 

Why a PYREX jar for this somewhat 
off-beat application? 

The obvious answer lies in the full 
visibility the glass gives the lab tech
nician who wants to observe test speci
mens from all angles. BUT . . . what 
isn't so obvious (except to Blue M) is 
the fact that, by using the PYREX jar 
they eliminate the expense of fabricating 
costly double wall alloy cabinets. 

Blue M gets the jars in the quantities 
they need when they want them, and at 
a price that enables them to sell their 
product, "Vapor-Temp," at a figure in 
reach of more customers. 

In turning to Corning for mass-pro
duced glass components, you get utility 
plus economy-and Corning's capacity 
to cope with both materials and produc
tion problems. 

Other examples of dollars-and-cents 
uses of glass components are spelled out 
in Bulletin IZ-l, "Glass ... its increas
ing importance in product design." 

How to engineer a continuing 
status quo 
Status quo is the old Roman way of say
ing "the state existing." 

Closely akin, and often of utmost im
portance to designers and engineers, is 
dimensional stability - a continuing 
status quo. 

Dimensional stability, plus nonabrasive quality 
makes this glass ring a vital component in 
Sprague's planetary-valve gas meter. 

Which leads us to the problem we ran 
into when the Sprague Meter people in 
Bridgeport were putting together their 
unique planetary-valve gas meter. 

The valve ring was the stumper. It had 
to move continuously in a circular mo
tion, sliding over a soft metal port in 
order to permit the measured flow of gas 
through successive orifices. 

To be effective, the ring had to keep 
its shape, have an exceptionally flat fin
ish, and neither wear (nor be worn down 
by) the metal part it moved against. 

It may come as a surprise to discover 
that glass was selected as the material 
for the ring. 

As mass-produced by Corning, this 
glass valve is precision flat finished by 
Sprague so smooth that it's nonabrasive 
to the metal it rubs against; it's hard 
enough not to be worn down, changing 
shape not a bit in operation. 

Hundreds of material matters (other 
than Sprague meter valves) have found 
their successful solution in glass. Per
haps you can get your answer with it. 
Jot your problem down and send it 
along. We'll peer into our vault full of 
50,000-odd glass formulas to see if we 
already have a glass to do your job. If 
not, we may be able to find just the right 
ingredients. We'd like to hear from you. 

CORNING GLASS WORKS • CORNING, N. Y. 

U ���Vet7.4� 
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ENGINEERS! 
SCIENTISTS! 

Join WESTINGHOUSE in the research 
and development of nuclear reactors
for co m mercial power plants and! 
for the propulsion of nllval vessels. 

New! Westinghouse 
Fellowship Progrllm 

• • .  in conjunction with the University 
of Pittsburgh. This new Westinghouse 
program enables qualified candi
dates to attain their M.S. and Ph.D. 
degrees WHILE ON FULL PAY. 

SALARIES OPEN 
Ample housing available 
in modern suburban com
munity 15 minutes from 
our new plant. Ideat 
working conditions. Ex
cellent pension plan. Edu-
cation program. Health 
& Life Insurance. 

Send Complefe Resume To: 
MR. A. M. JOHNSTON 

WESTINGHOUSE BEmS PLANT 
P.O. Box 1468 

Pittsburgh 30, Penna. 
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EFFECT OF LIGHT on silicon depends on its energy. Low.energy infrared (left) weaves 

through crystal. The shorter wavelengths are energetic enough to dislodge free electrons. 

holes. Thus an electrostatic force devel
ops between the two regions. This force 
builds up until it is balanced by the 
pressure of diffusion. At that point the 
negatively charged region repels any 
further invasion by electrons and the 
positively charged region repels holes. 
The situation is then at an equilibrium 
with a potential difference between the 
two regions. 

One might suppose that if we attached 
the two ends of a wire to the two re
gions, the potential difference would 
drive a current around the loop. Actual
ly no current will flow, because at the 
contacts between the wires and the 
crystal there exists an electric potential 
which counterbalances the potential 
difference at the boundary, or "junc
tion," between the two regions. How
ever, we discover that if we upset the 
equilibrium by producing more holes 
and more free electrons, we can make 
current flow. This is the essence of the 
solar battery idea. 

n 

Light shining on a silicon crystal will 
jolt electrons from their fixed positions, 
thereby generating free electrons and 
holes. Each photon of light absorbed 
creates a hole-electron pair. Not all 
wavelengths of sunlight have enough 
energy to dislodge electrons, and some 
wavelengths have too much energy for 
efficient use in this way. But about 45 
per cent of the energy in the total spec
trum of sunlight can be tapped by a 
photoelectric solar battery. 

T he basic unit in the battery is a thin 
wafer of silicon to which have been 

added very tiny amounts of the impu
rities mentioned-arsenic and boron. The 
body of the wafer consists of silicon with 
a trace of arsenic. This is called n-type 
(negative) silicon, because it has an ex
cess of free electrons, which can donate 
negative charge to the crystal. On the 
surface of the wafer body there is a thin 
layer of silicon endowed with a trace of 
boron; this is p-type (positive) silicon, 

+ 

VERY THIN P·LAYER locates junction only one 10,000th of an inch beneath the snrface 

of the silicon wafer so that it is in the region where light creates fresh elect.rons and holes. 
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Your business is in the Age of Electronics 

You reduce manufacturing costs 

the moment this ingenious new 

"grey box" enters your plant 

The new electronic measuring instrument pictured here is a Hewlett-Packard 

Model 521A Industrial Counter. It can reduce your manufacturing costs ma

terially by measuring machinery speed, RPM and RPS, frequency, pressure, 

weight, and temperature faster, more accurately and without elaborate setup. 

Results appear in direct number form. Operation is simple and does not re
quire technical personnel. The price-$475-is low for a high quality elec

tronic measuring instrument. 

-hp- 521A Industrial Counter is one of over 250 basic electronic instruments 

Hewlett-Packard has developed for science, the military and industry. 

HEWLETT-PACKARD COMPANY 
275 Page Mill Road • Palo Alto, California, U. S. A. 

Cable "HEWPACKn DAvenport 5-4451 
Sales engineers in all principal areas 

World leader in electronic measuring equipment 
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FILTRATION NEWS 

PORO-KLEAN FILTERS for aircraft. Standard 
cell and cylindrical types are at left rear. 

Precision 3-30 micron 
filters for 900°F 

Our technicians at Cuno are always look
ing for new and better filter materials and 
methods. They find them, too. 

Now they've done it again with Cuno's 
new PORo-KLEAN porous stainless steel. The 
remarkable properties of POR o-KLEAN
high-strength, corrosion - and temperature
resistance-allow filtration of 3- to 30-micron 
particles in applications where organic filter 
materials are either partly or totally unsuit
able. For instance: 

Naphtha at 400°F, 700 psi 
A PORo-KLEAN filter removes elutriated 

catalyst fines from 180 gpm of heavy naph
tha. The filter operates downstream from a 
hydro-former at 400°F and 700 psi in an 
ASME-API code vessel. A nitrogen gas blow
back cleans the filter. Cuno's unit cartridge 
desigJf allows for future 33% increase in 
capacity. 

3000-poise polymer at 550°F 
A plastics plant uses PORo-KLEAN to filter 

a polymer of 3000-poise viscosity at 500 lbs. 
per hour, 550°F and 2000 psi. Polymerized 
and carbonaceous material is removed from 
the stream. 

PORo-KLEAN is standard in a low-carbon 
316 stainless steel, in cell and cylindrical 
types for standard filter housings. Four 
grades cover the 3- to 30-micron range. 

If you have an application for this new, 
high-strength, high-temperature, corrosion
resistant filter material, get in touch with 
your local Cuno representative or write 
Cuno Engineering Corporation, 35·12 South 
Vine St., Meriden, Conn. 5-4 

AUTO·KlEAN (edge-type) • M ICRO-KlEAN (fibre cartridge) 
FlO-KlEAN (wire-wound) • PORO-KLEAN (porous metal) 
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with an excess of holes. The boundary 
between the silicon-arsenic body and the 
silicon-boron coat is known as a p-n 
junction. 

One electrical lead is attached to the 
n-type material in the body of the wafer 
and another lead to the p-type material 
on a surface. The opposite face of the 
wafer is left bare and exposed to the 
sunlight. The light striking this face 
releases electrons. As a result, the equi
librium between the p and n regions is 
upset, so that electrons move across the 
junction into the n-type material and 
holes across the junction into the p-type 
material. The charges then pass through 
the electrical contacts, and a current 
flows in the wire. What we have is a 
battery, with the positive terminal at the 
p-contact and the negative terminal at 
the n-contact. The battery in practice 
consists not of a single wafer but a series 
of them side by side, all enclosed in a 
transparent plastic case to protect them 
from damage and corrosion. 

The battery is simple, but it is not 
easy to make. Although silicon is one 
of the most abundant elements on earth, 
it is never found pure, because it is ex
tremely active chemically. For a photo
cell battery it must be purified to less 
than one part of unwanted impurity in 
a million-a difficult feat. After the 
silicon has been refined and crystallized 
in the form of a single crystal, the crys
tal is cut into wafers. The desired amount 
of arsenic has already been introduced 
into the crvstal. Now the wafer is sur-

rounded with a gas containing boron 
and heated. Boron atoms diffuse a short 
distance into the wafer and convert the 
surfaces into a p-type region. 

In bright sunlight the solar battery 
can develop a top voltage of slightly 
more than one half volt. It can deliver 
a maximum power of about one hun
dredth of a watt per square centimeter 
of exposed surface area. 

As we have seen, such a battery can
not respond to more than 45 per cent of 
the energy available in the sunlight spec
trum. Because of various other losses, it 
could not convert more than 20 per cent 
of the sun's energy into power, at the 
most optimistic estimate. But this is 
enough to make the device interesting 
to many people. 

What could it be used for? We must 
realize at once that it is imprac

ticable for many ordinary uses. Suppose, 
for example, that you decided to stop 
buying electricity from the local power 
company and to install a solar battery 
to take care of your household power 
needs. Since the battery can generate 
power only while the sun is shining, you 
would need to add to your plant a stor
age battery to store power for the periods 
when it is not shining. The storage bat
tery would have to be big enough to 
allow for a week or two of cloudy 
weather. For that you would need one 
ton of storage batteries, costing about 
$5,000 to make and $1,000 a year to 
maintain. In short, the storage batteries 

WAFER MODULE is protected from dirt and corrosion by silicone oil and plastic case. 

The back (left) shows the conductors that carry current from the wafers to binding posts. 
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Lockheed diversification 
in action ••• 

At right: engineers and scientists work on some 

of the 46 major projects in progress at Lockheed Operations Research discussion 
on continental defense 

Operations Research openings 

Electronics Specialists 
Fire Control and Guidance 

Specialists 
Aerodynamics Engineers 

Physicists 

Fatigue test on 
Super Constellation skin 

Structural Engineering openings 

Research Specialists 
Structures Engineers 

Stress Analysts 
Weight Engineers 

Why Lockheed offers Engineers better careers 

There are three main reasons;' 

1. More opportunity for promotion 
because there are more supervisory positions to 

be filled with 46 major projects underway, 

including 13 models of aircraft on assembly lines. 

2. More career security 
because Lockheed activities cover virtually the 

entire spectrum of aeronautical endeavor. 

3. Life in Southern California 
Scenic beauty, unmatched climate, wide 

recreational opportunities enhance life in 

the San Fernando Valley. 

To Engineers who lack aircraft experience 
Aircraft experience is not necessary to join Lockheed. 

It's your engineering training and experience that count. 

Lockheed trains you for aircraft engineering-at full pay. 

Coupon below is for your convenience in requesting 

application form and more information on how 

Lockheed's expanding program can advance your career. 

, ... . , ...... .... ........................... ....... .. .... . 

E. W. Des Lauriers, Dept. C-12-12 

LOCKHEED AIRCRAFT CORPORA nON 
CALIFORNIA DIVISION' BURBANK, CALIFORNIA 

Please send me a brochure describing life and work 
at Lockheed and an application form. 

Name 

Field of Engineering 

Street Address 

Home Phone 

City and State 

Design study on hydraulic 
requirements of new transport 

Desig n openings 

Design positions are open 
at all levels in controls, 

electrical, hydraulics, 
mechanical, power plant and 

structures fields. 

In-flight test on air 
speed performance 

Flight Test Engineering openings 

Flight Test Engineers 
Flight Test Analysts 

Instrumentation Engineers 
Electrical Research Engineers 

LOCKHEED 

IBM 70J applied to iet 
transport flutter problem 

Math. Analysis openings 

Math. Engineers 
Math. Specialists 

Math. Analysts 

Aerodynamic meeting on. 
high-speed fighter 

Aerodynamics openings 

Aerodynamics Engineers 
Aerodynamicists 

Dynamics Engineers 
Wind Tunnel Test Engineers 

AIRCRAFT CORPORATION 

California Division 
BURBANK CALIFORNIA 
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* N°,2 In A Series Devoted To 
: Practical Aspects of Automation 
, 

, 

· 

· 

Dehorning 
A Dilemma 
-The Story of 

the Ferristor* 

Some time ago, BERKELEY's Carl 
Isborn was handed a project: develop a 
line of industrial counting and control 
instruments offering electronic speed and 
accuracy, yet designed for 43,680·hour 
(5 year) continuous duty. It was a two· 

part problem: first, find a component with 
most of the vacuum tube's good traits
plus reliability, ruggedness, simplicity, 
economy; next, develop a line of long.life 
counters, controllers and timers around 
this unique component. 
Facing the good· bad vacuum tube dilem· 
ma, Carl Isborn and his group first ex· 
amined such current electronic develop· 
ments as transistors and long·life tubes. 
They then took a well·considered view of 
both the electronic future and past. Fu· 
ture developments, they felt, veered to· 
ward transistorized circuits of increasing 
complexity. But the transistors, although 
theoretically well suited to industrial in· 
strumentation, do not yet meet the prime 
requirement of continuous duty reliabil· 
ity. Looking backward, Carl Isborn "dis· 
covered" the JIlagnetic amplifier with all 

• its slowness, awkwardness, and dependa. 
bility. Here was a component antedating 
the vacuum tube which, even at a rela· 
tively primitive level of development, per· 
formed most vacuum tube functions. If he 
and his group could reduce the size and 
increase the speed of the magnetic ampli. 
fier, the problem could be licked. 
This, we proudly state, they did. 
The new component, a magnetic ampli· 
fier 9116" on all sides, has been chris· 
tened the "ferristor*." 
It has replaced the tube as the key com· 
ponent in our new line of industrial 
counters, timers, and controllers. Now 
we can count and package, 'cut to length, 
measure speed, flow, viscosity, frequency, 
or temperature, with a reliability never 
attained with vacuum tube instruments. 
Perhaps it is the dawn of a new era in reo 
liable industrial controls. At the very least, 
it means production line control on a 
continuous·duty basis. 
An informative bulletin describing the 
ferristor* and our new magnetic counters 
and controllers is yours for the asking. 
Please address Department 012. 

Berkeley 8=:UMENTS 'Nc.8 
2200 WRIGHT AVE .• RICHMOND 4. CALIF. 

'TRADEMARK 77 

1 10 

SILICON CRYSTAL is grown in a small induction furnace from a seed of pure silicon 

augmented by the molten material. Wafers for the battery are sliced from such crystals. 

alone would cost you much more than 
your present annual electricity bill. 

It would be a great mistake to jump 
to the conclusion, on the basis of such 
discouraging examples, that the solar 
battery will be of little practical use. 
Radically new inventions seldom merely 
replace old devices; they usually create 
new uses of their own. For instance, the 
telephone did not replace letter-writing 
but opened up a new form of communi
cation. Very likely the solar battery will 
find its greatest usefulness in doing jobs 
the need for which we have not yet felt. 

One field in which we can see imme
diate applications for it is communica
tions-telephone, telegraph, radio and 
television. Here is a job ideally suited 
for the solar battery: the power needed 
is small, but it is often needed in remote, 
inaccessible places where no power lines 
go. The solar battery has one great, over
riding advantage over the conventional 
dry-cell battery in such a situation: it 
will never run down, because it is fueled 
and recharged simply by the sun. 

Consider a telephone instrument. To 
transmit your voice it needs some electric 
power-about one twentieth of a watt. 
There was a time when the perishable 
dry cell was the usual source of power. 

Now one can imagine a permanent bat
tery-a solar battery teamed up with a 
long-lived storage battery-which would 
actuate a telephone instrument for years 
without attention. 

A telephone line needs amplifiers, or 
repeaters, at intervals along the line to 
maintain transmission of the signal. 
Where lines span uninhabited areas the 
repeaters may be far from any source of 
power. Their power requirement is very 
small. This need has prompted the first 
actual test of a Bell solar battery in the 
field. The battery was installed this fall 
at a repeater station on a rural telephone 
line near Americus, Ga. Mounted on top 
of a telephone pole, the battery gene
rates several watts of electricity during 
the sunlight hours, and it stores the 
power that is not being used in a storage 
battery, which supplies power at night 
and on cloudy days. 

The Bell solar battery is still only a 
laboratory product. It is manufactured 
by hand by a rather complicated process. 
Purified silicon used in making the cells 
is very expensive., When solar batteries, 
can be made more easily and inex
pensively, and when enough is known 
about them to predict their properties, 
precisely, their uses will certainly grow. 
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ENGINEERS 
SPE RRY' " Excellent Professional ' 

Opportunities Available at-:; . ' 
, 

1911 
1914 
1916 
1918 
1924 
1929 
1933 
1937 
WORLD 

WAR 
II 

POST 
WORLD 

WAR 
II 

FilsI gyro-compass installation in battleship 
USS Delaware-the Company's lirst product 

First gyro-stabilized automatic flight 
(demonstrated by Lawrence Sperry) 

Revolutionary high-intensity searchlight 

First ,odio-controlled "guided missileu 

first marine automatic pilot 
(installed on the LEVIATHAN) 

First gyro horizon and directional 9yro used 
in blind takeoff and landing by Doolittle 

First Gyropilot installed in the WINNIE MAE 
in time for record around the world flight 

Sperry enters the field of klystron tube 
development and improvement 

first automatic computing s;ght5 fOl 
flexible guns and furlets 

First electronic automatic pilot lor aircralt 
installed in the famous 8-24 

First to manufacture anti-submarine 
X-band airborne radar 

First successful instrument combining all 
essential flight information on a single 

� ,  

� I .1 
instrument (Zero Reader) � 
First large caliber automatic anti-aircraft � artillery weapon - the Skysweeper 

............... .. 
, . t· 'ht �?' f"st automatIc compu '"9 gunsl9 ("\... '_. 

rA' _--: 
First radio-controlled pilotless jet � .. :::;:.= 
First mortar locater - automatically computes . fi 
position of enemy mortars in a few minutes � 
first sub launched missile � 

From the memorable do in 19 compass Went aboard t�e U 
11 when the first gyro. 

electronic IImiracles" S 
55 

. 
Delaware to modern 

the way Their h" 
perry Engineers have pioneered • . ac levements have mad S . tutlon possessing a hI d b 

e perry an Insti. 
how" for ventures i 

OQ ose of �ngineering "know 1500 employees hav;t;: new �nd d,verse fields. Over 
feen yeors I Here is a 

een With Sperry more than fif-
0 " founded on foresi 

�onument
. to sound management 

confiden ce born of 
�

h
t. H looking to the future with 

dynamic. This is an orgo: ' 
p��t. Above all, Sperry is 

expanding . • . progressing
:za Ion constantly growing . • . 

We invite you to investigate ENGINEERING OPPORTUNITIES AVAilABlE AT SPERRY These open· ff lor I 
. mgs 0 eT unusual possibilities pro eSSlonal development and recognition ELECTRICAL ENGINEERS_S ' and Components • R d' 

e�vo-MechQmsms • Circuits metering. Digital on� ':0:1: �adar Systems • Te/eResolvers, Motor Design • S ,
9 o�PUfers - Synchros, sis· Klystron ond Traver 

yswems P anning and Analy. 
Devices Ing gve Tubes, Solid State 
MECIfANICAL ENGINEERS S bly Design • Packaging f A -: b 

mall Mechanical Assem
Equipment. Heat Flo .0 V'b

'T �rne Electro-Mechanical Antennas Design • Gy�O 
. '

A
Toll

l
on Analysis· Airborne S eee erometers AERONAUTICAL ENGINEE ity and Control . N . t

. RS-Aerodynamics • Stabi/. P rI aVlgQ Ion and Guida • A' e ormanee and Flight Tesfing 
nee Ircraft 

RELOCATION ALLOWANCES • LIBERAL EMPLOYEE BENEFITS ADEQUATE IIOUSING in Beautiful S b 
TUITION REFUND PROGRAM (9 d 

u urban Country Type Area 

M 
gra uate schools in area of plant) ODERN PLANT with Latest Technical Facilities ASSOCIA nON WITII OUTSTANDING PROFESSIONAL PERSONNEL Please submit resume to J. W. DWYER 

En�ineering Employment Supervisor Phone Flelds�one �-3600 Ext. 2605 or 8238 for mterVlew appointment. 
(Interviews arranged for Sat, or Wed. Eve.) 

SPfHRt 
O'IIIJSCIJPE CIJNPAN' Division 01 Sperry Rand Corp. GREAT NECK, LONG ISLAND, NEW YORK 

III 
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by James R. Newman 

I n this year's crop of science "books for 
children I can recommend several 
which your child should not miss. My 

first choice by a wide margin is Alan 
Paton's The Land and People of South 
Africa; I cannot remember a more moving 
and instructive book for youngsters. Also 
in the field of social studies, E. B. 
Fincher's The Pl'esident of the United 
States is a most timely and interesting 
volume. In the physical sciences, out
standing items are Anne Terry White's 
All About Our Changing Rocks and 
Irving Adler's book on timekeeping, 
Time in YOUI' Life. In biology, I would 
call special attention to OUI' Wonderful 
Eyes, by John Perry; Introducing Ani
mals-with-Backbones, by William and 
Helena Bullough; The Octopus, by Olive 
Earle; Seals and Walruses, by Louis 
Darling; The Plants We Eat, by Milli
cent Selsam, and Biology and World 
Health, by Madeleine Grant. Micheline 
Morin's Everest, a history of 10 expedi
tions, is absorbing, and so is Walter 
Buehr's Hamest of the Sea, which man
ages to make commercial fishing sound 
almost as interesting as mountain climb
ing. The best of the biographies are those 
on Humphry Davy and Charles Darwin. 
And the list includes a topnotch refer
ence book, Volume VIII of the Oxford 
Junior Encyclopaedia, whose articles on 
engineering will profit most adults as 
well as children. 

Biography 

GREAT DISCOVERERS IN MODERN SCI
ENCE, by Patrick Pringle. Roy Publishers 
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EDITOR'S NOTE 

The illustrations that accom
pany this article are not from the 
books reviewed here. They were 
made by Jerome Snyder. 

CHILDREN'S BOOKS 
Presenting a Christmas survey of books 
zn the varwus sciences for youngsters 

( $3.00). The lives and achievements of 
a dozen modern scientists and inventors 
are sketched in readable fashion. Pringle 
discusses several men whose work is im
portant but not widely known, for ex
ample Sir Edward Appleton, Sir Robert 
Watson "Vatt, Sir Frederick Gowland 
Hopkins, J. L. Baird, Sir Frederick Grant 
Banting. A good book. 

HUMPHRY DAVY, by James Kendall. 
Roy Publishers ( $3.00). Professor Ken
dall, a noted chemist, has written an 
agreeable introductory biography of the 
brilliant chemist who discovered sodium 
and potassium, was a founder of elec
trochemistry and invented the miner's 
safety lamp. Kendall is uncommonly 
skillful in his scientific explanations. 

ISAAC NEWTON, by Harry Sootin. 
Julian Messner, Inc. ( $2.95). A rever
ential, dramatized biography for adoles
cents. The author struggles manfully to 
explain Newton's scientific discoveries 
and does pretty well on some of them, 
but it is absurd to pretend that the basic 
ideas of gravitation, the calculus, the 
transmission of light and the reflecting 
telescope can be made clear to readers 
of any age without the support of a sin
gle illustration or diagram. 

CHARLES DARWIN AND HIS PROl:LEMS, 
by Evelyn Cheesman. Abelard-Schu
man, Inc. ( $2.50) . Miss Cheesman, a 
professional entomologist and a very 
able writer and popularizer, has done a 
much-needed biography for children of 
12 and older. The main part of her book 
deals with the celebrated voyage of the 
Beagle, which not only afforded Darwin 
the opportunity for important scientific 
work in the field but constituted the 
preparation for his epoch-making theo
ry. Her treatment of natural selection 
and Darwin's other scientific specula
tions is a little too terse to meet the re
quirements of a young reader, but this 
book is strongly recommended for its 
other conspicuous merits : good writing, 
clarity, authoritativeness. 

ROALD AMUNDSEN :  A SAGA OF THE 
POLAR SEAS, by J. Alvin Kugelmass. 
Julian Messner, Inc. ( $2.95) . Cold, 
stormy seas and darkness beckoned to 
Roald Amundsen as sunshine, gold and 
the fountain of youth beckoned to other 
explorers. He began to train himself for 
adventure and privation in his early 
teens : gnawed on his leather boots to see 
whether he could subsist on the rations 
that had kept Sir John Franklin and his 
men alive, starved himself for days at a 
time, practiced mountain climbing, mas
tered the use of skis and snowshoes, 
learned the waywardness and treachery 
of polar ice and storms, became an ex
pert sailor and navigator. Amundsen's 
first effort-a foolhardy attempt to cross 
Norway in the dead of winter-was a 
failure. Thereafter he succeeded in ev
ery undertaking until the last. He was 
the first to reach the South Pole; he 
guided a tiny ship, the Ciaa, in an almost 
incredible zigzag voyage through the 
Northwest Passage; he flew over the 
North Pole in a dirigible. In 1928 he 
lost his life while again flying to the 
Pole, this time on a rescue mission for 
the Italian braggart, Colonel Umberto 
Nobile. This book, for adolescents, gives 
a stirring account of the remarkable 
Norseman's career. 

CAPTAIN COOK EXPLORES THE SOUTH 
SEAS, by Armstrong Sperry. Random 
House ( $1.50). James Cook, the cele
brated 18th-century English navigator 
and geographer, was renowned not only 
for his explorations and discoveries in 
the Pacific and the southern oceans but 
also for his humane and enlightened at
titude toward the natives of the coun
tries he visited. This is a readable but not 
always factually accurate biography. 

CLARA BARTON-FoUNDER OF THE 
AMERICA:\' RED CROSS, by Helen Dore 
Boylston. Random House ( $1.50). 
Clara Barton was a small woman who 
intermittently throughout her long life 
was afflicted by various psychosomatic 
ailments, ranging from loss of voice to 
blindness. Despite this fact she managed 
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to perform labors which probably 
would have killed three men as durable 
as Yogi Berra. She taught school, tended 
her family, served as a matron in an in
sane asylum, singlehandedly ran a nurs
ing and relief group during the Civil 
War, worked in the Patent Office, gave 
aid to soldiers during the Franco-Prus
sian, Spanish-American and Boer wars, 
campaigned and lobbied to persuade 
the U. S. to sign the Geneva Convention 
giving official status to the International 
Red Cross, and founded and became the 
first president of the American Red 
Cross. She was obviously a woman as 
difficult as she was admirable. This story 
of her life is worshipful but readable. 

SIX GREAT INVENTORS, by J. G. 
Crowther. Hamish Hamilton Ltd. ( 10 
shillings, sixpence). Here are solid bio
graphical portraits of James Watt, 
George Stephenson, Thomas Alva Edi
son, Guglielmo Marconi, the Wright 
brothers and Frank Whittle. For this 
kind of sketch Crowther, the long-time 
science correspondent of the Manchester 
Guardian, is undoubtedly the ablest man 
in the field. He is not an elegant writer 
but he makes up for stylistic limitations 
by his straightforwardness, candor, ac
curacy, understanding of science, appre
ciation of social forces and refusal to in
dulge in nice-nellyisms. Crowther makes 
his characters plain, and, except for the 
occasions when he is carried away by 
political bias, makes them come alive. 
For adolescents and grownups. 

CARRY ON, MR. BOWDITCH, by Jean 
Lee Latham. Houghton Miffiin Com
pany ( $2.75) . Nathaniel Bowditch, 
though deprived of the opportunity of 
an education, became a mathematician 
and one of the foremost practical naviga
tors of his time ( 1773-1838). He pre
pared the famous mariner's bible, The 
American Practical Navigator, and 
translated with commentaries the first 
four volumes of Laplace's difficult 
Mecanique celeste. Miss Latham's fic
tionalized biography recounts Bow
ditch's boyhood and youth, the long 
period during which he taught himself 
computation while apprenticed to a 
ship's chandler, the sea voyages on 
which he learned the art and science of 
navigation. This lively, well-told story 
about a man too little known will give 
pleasure to youngsters of 10 and older. 

STEINMETZ: MAKER OF LIGHTNING, 
by Sigmund A. Lavine. Dodd, Mead and 
Company ( $3.00) . Charles Proteus 
Steinmetz, a cruelly deformed, frail 

gnome, arrived friendless and penniless 
in the U.  S. as an immigrant from Ger
many in 1889 at the age of 24. Within 
10 years he had risen to world fame for 
his researches on hysteresis, the behavior 
of alternating currents, the loss of elec
tric power in currents and kindred prob
lems. At the General Electric Research 
Laboratory, where he worked from 1893 
until his death in 1923, he became the 
"Supreme Court" -the final arbiter on 
all questions of design, construction and 
research, the only employee permitted 
to smoke on the premises, to come and go 
as he pleased, even to play disagreeable 
practical jokes (usually involving elec
tric shocks or exploding stoves) on 
colleagues and directors. This book, ad
dressed to "anyone from 14 up," re
counts Steinmetz' career, habits and per
sonality in considerable detail. The sci
entific explanations are not very clear 
and the story is too long, but the book 
is not devoid of merit. 

"Humphry Davy" 

SAMUEL-MonsE: INQUISITIVE Boy, by 
Dorothea J. Snow. The Bobbs-Merrill 
Company, Inc. ( $1.75). Samuel Finley 
Breese Morse is remembered as a pretty 
fair portrait painter of the 19th century 
and as the inventor of the code and the 
magnetic telegraphic system which bear 
his name. Mrs. Snow has written a pleas
ant, better than usual, not too treacly life 
of the man. For children of 8 to 11. 

Biological Sciences 

j'dONKEYS, by Herbert S. Zim. William 
Morrow and Company ( $2.00) . There 
are 225 species of monkeys. They are 
sociable animals and dislike cold 
weather. Old World monkeys, like US, 
have 32 teeth; New World monkeys have 
36. Old Worlp monkeys include the 
macaques, of which the best known is 
the laboratory favorite the rhesus-from 
which we get the term Rh factor. The 
pig-tailed macaque of Malaya is trained 
to climb coconut palms, select ripe nuts 
and throw them down to its employer. 
The New World monkeys look a little 
more intellectual and include the capu
chins, which for years have teamed up 
with organ-grinders. When monkeys are 
caged together, one of the group always 
takes over and becomes boss. The aver
age life span of a monkey is 10 to 12 
years, but a female mandrill has been 
known to live to 27. Monkeys sleep in 
a crouched position or leaning against 
each other or against a branch. An angry 
monkey draws back its lips in a grimace, 
and if it sees a human being doing the 
same it imagines the person is afraid-at 
least so the book says. Monkeys groom 
themselves even when they are free of 
pests. The tidbits they stuff in their 
mouths during the process are bits of dead 
skin-not only delectable but nutritious 
because of their salt content. If you want 
a monkey for a pet, be prepared for more 
alarms, diseases and demands on your 
attention than if you were raising a child. 
Monkeys are not easily housebroken. 
Verbum sap. A nice performance by Zim 
for youngsters of 8 to 12. 

INTRODUCING ANIMALS-WITH-BACK
BONES,  by William and Helena Bullough. 
Thomas Y. Crowell Company ( $2.50) . 
This is a sound, delightfully readable 
little natural history of the vertebrates 
from the simple Jamoytitls, which lived 
in the rivers of Scotland more than 300 
million years ago, to blue whales, mon
keys and men. The text, by a professor 
of zoology at the University of London, 
mixes just the right amount of evolution
ary theory with descriptive matter; his 
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"I ntroduci.ng A nimals·with·B ackbones" 

wife's illustrations are among the live
liest and best I have seen in a biology 
primer. Warmly recommended for 
youngsters 10 and older. A companion 
by the same authors, Introducing Ani
mals-without-Backbones, was reviewed 
here last December. 

OUR WONDERFUL EYES, by John Per
ry. Whittlesey House ( $2.75). Perry's 
clearly written book discusses how our 
eyes work, the nature of light, the speed 
and persistence of vision, color vision, 
animal vision, the function of the brain 
in seeing, optical illusions, how to take 
care of your eyes, what it's like to be 
blind and how the handicap is overcome. 
He gives directions for hundreds of sim
ple, informative experiments. Illustra
tions by Jeanne Bendick. Recommended 
for children of 12 and older with scien
tific curiosity about the most blessed of 
human faculties. 

SEALS AND WALRUSES, by Louis Dar
ling. William Morrow and Company 
( $2.00). Seals and walruses are of the 
order Carnivora, suborder Pinnipedia. 
More simply, they eat meat and have fin
like feet. True seals ( eat'less) cannot 
walk on land and have to slither along; 
even so they can slither as fast as a man 
can run. Walruses have long tusks and 
waddle nicely. Fur seals, of which there 
are five species, have highly developed 
breeding habits. Many congregate each 
year on the Pribilof Islands in the Bering 
Sea to bear their young and to mate. The 
bulls, arriving in early June, weigh about 
600 pounds, are fat, tough and full of 
fight. Each one carves out a strip of 
beach as his domain, collects a harem 
and fights any other bull encroaching on 
his property or ogling his wives. ( The 
females are delicate and weigh only 75 
pounds.) The business of guarding, bel-
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lowing, roaring, fighting, herding and 
mating goes on for months, during which 
the bull never gets a chance to eat and 
can sleep only for seconds at a time. He 
is "exhausted, wrinkled and thin" by the 
time he is ready to return to the sea. Sea 
lions are much bigger than fur seals, 
have smaller harems ( a  dozen cows, 
more or less) and are less aggressive. 
They spend a good deal of time on land 
resting and. basking in the sun; they don't 
even seem to mind joining a circus and 
doing tricks. The milk of true seal moth
ers has 10 times more fat than a cow's 
milk, and the pups gain four pounds a 
day for the first two weeks. Elephant 
seals weigh up to 5,000 pounds. This in
teresting book is simply written and 
helpfully illustrated by the author. Alto
gether a very nice item for childl'en 8 
to 12. 

THE OCTOPUS, by Olive L. Earle. Wil
liam Morrow and Company ( $2.00). 
Despite its horrid appearance the octo
pus is a timid soul. If you are good to it, 
it will do you no harm. Octopuses range 
in size from six-inch species that live in 
southern Florida waters to 32-foot va
rieties in the North Pacific. The octopus' 
eyes are set in knobs that stand out from 
its head so that it can see in all direc
tions; it has no ears and probably no 
sense of hearing. As is well known, the 
animal moves by jet propulsion, squeez
ing water out of a siphon by contracting 
its mantle cavity. Some varieties shoot 
out an ink cloud when pursued by their 
enemies; others change color in marvel
ous ways to match their background at 
the moment. Crabs, crayfish and mussels 
are the octopus' favorite foods, and it 
wants them alive. It is much better at 
opening a mussel than the most experi
enced human shucker armed with the 
latest Abercrombie and Fitch gadget. 

The octopus' method is simply to pull 
and keep pulling until the sides come 
apart; this way it never loses or mangles 
its dinner. A full-grown octopus has few 
foes to fear; it can either run away or 
squeeze the predator to death. Miss 
Earle ably describes this beguiling crea
ture and throws in for good measure ma
terial on the argonaut, the pearly nautilus 
and the giant squid, which has 10 arms, 
grows to 70 feet, is the largest of all in
vertebrates and has been known to at
tack whales and the characters of Jules 
Verne and Walt Disney. 

ANIMAL CLOTHING, by George F. 
Mason. William Morrow and Com pan v 
($2.00) . The coverings of animals range 
from Brooks Brothers shirts and gray 
flannel suits to the chitin rings on a but
terfly's thorax. Elephants have hair so 
stiff and sharp that "it must be singed 
off with a blowtorch before circus per
formers can ride on the animal." Cari
bou, moose and deer have extremely 
coarse, hollow hair, with a great deal of 
air space between the hairs so that body 
heat is retained. The horn on a rhinocer
os' snout is actually a mass of solidified 
hair. Other animals, from oysters to tur
tles, have magnificent built-in armor 
which serves both as a home and cloth
ing. Mason, an experienced naturalist, 
has written this palatable book for chil
dren of 10 to 14. 

How THE AKIMALS EAT, by Millicent 
E. Selsam. William R. Scott, Jnc. ( $2.50) . 
Eat or be eaten is not only a rule of na
ture bu t also a bill of fare. In the sea, 
for example, tiny animals feed on tiny 
plants; together they make up a kind 
of thin sea-soup eaten by bigger fish 
which are in turn gobbled up by still 
bigger fish. The herring, a typical fish, 
traps the food particles in the sea-soup 
with little rakes in its gill slits. The 
swordfish stabs its prey. The starfish 
pulls open an oyster's shell and slurps up 
the oyster with its stomach, thrust out 
through its mouth. The fish hawk dive
bombs its victims. The beaver cuts down 
trees with its teeth to get at the tender 
bark and leaves. Canaries, having no 
teeth, eat gravel to grind the food in 
their stomachs. The archer fish of Siam 
and India fires drops of water from its 
mouth at passing insects, stunning them 
so that they are easy to pick up. Mrs. 
Selsam's book is delightful, though some
times too babyish. 

WHA;;� INSI�E?, .  by May Garelick. 
William R .. Scott, Inc. ( $2.00). A snap
shot chronicle of how a baby goose 
cracks and chews its way out of the egg 
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and becomes a big goose. The text, mak
ing every allowance for the very junior 
audience (4 to 7) whose needs it is in
tended to meet, is insipid, but some of 
the photographs by Rena Jakobsen are 
delightful. 

BIOLOGY AND WORLD HEALTH, by 
Madeleine P. Grant. Abelard-Schuman, 
Inc. ( $3.50). This interestingly written, 
well-conceived book for teen-agers ( il
lustrated by Bunji Tagawa) briefly ex
plains some of the fundamentals of 
biology and then discusses various spe
cial topics, such as parasites, microbes, 
viruses, vitamins, vaccines and serums, 
antibiotics, natural and artificial defenses 
against disease. Much space is devoted 
to the activities of the World Health Or
ganization and to efforts in various coun
tries to assure young and old persons of 
a better, safer, more comfortable life. 
Highly recommended, both as a biology 
primer and as an inspiring report on sci
ence in the service of man. 

WHEN You Go TO THE ZOO, by Glenn 
O. Blough and �;[arjorie H. Campbell. 
Whittlesev House ($2.75). One of the 
best of th� many zoo books. It describes 
the inhabitants of the famous Washing
ton Zoo and purveys diverting sidelights 
on matters such as how the animals are 
caught and transported, the kinds of 
shelters they occupy, how they are fed 

"The Plants We Eat" 

and cared for, how a zoo is run adminis
tratively, how sick inmates are given 
medical care. It is nice to learn that from 
Henry TrefRich, an animal dealer in New 
York City who sells to zoos and circuses, 
one can buy an "Indian female ele
phant-two-months delivery-up to five 
feet" for $3,500; a "dwarf male hippo
good for children, gentle, four years old," 
for $3,500; "giraffes-spring delivery" 
for $7,000 the pair; "lion cubs ( tame)" 
for $250 each; and "Royal Bengal 
tigers-one to two years of age" for 
$2,000 each. The book, for children aged 
9 and older, is illustrated with mal?Y 
photographs. 

ZOO PETS, by William Bridges. Wil
liam Morrow and Company ( $2.50) . 
This engaging book by the curator of 
publications at the Bronx Zoo tells, 
among other things, about a baby wan
deroo monkey which broke its tail and 
had to be hospitalized; a diminutive ele
phant, Candy, which made friends with 
a huge female pachydelID named Pinky; 
a male baby hippo which fell in love 
with a female baby hippo and now 
shows its devotion by putting its chin 
on her back and going to sleep; a hum
mingbird which takes showers under a 
running faucet; a small sea lion which 
was a feeding problem and had to be 
taught to eat fish. Fine photographs. 

VULCAN : THE STORY OF A BALD 
EAGLE, by Robert M. �1cClung. William 
Morrow and Company ( $2.00). This is 
a chronicle of the birth, growth, educa
tion, love life and adventures of a speci
men of the great bald eagle, a fierce and 
magnificent bird which weighs only 
three ounces when it is born but within 
a few months attains a wingspread near
ly seven feet across. A nice blend of 
fiction and natural history. 

IKSECT FRIENDS, by Edwin Way 
Teale. Dodd, Mead and Company 
( $3.00). Brief natural histories of some 
30 "friendly" insects. They include bees, 
beetles, praying mantises, dragonflies, 
fireflies, froghoppers, water striders, 
crickets, cicadas, katydids, ants and dad
dy longlegs. The book is illustrated by 
nearly 100 of the author's photographs, 
many of which are amazing close-range 
shots of insect life. 

SPIDERS, by Dorothy Childs Hogner. 
Thomas Y. Crowell Company ( $2.00). 
A pleasing introduction for children of 
8 and up. Mrs. Hogner explains the 
spider's anatomy and domestic habits, 
how it hunts and weaves, how it differs 
from insects, how the black widow 

PHILOSOPHICAL 
LIBRARY BOOKS 
o HIGHWAY TO THE NORTH by FrOllk lllil/[}worfll. 
An account of a journey the author lIlade along: the iellg'til 
of the Alaskan Highway. nrid descriptions of the country, 
old tilllers' recollections of the Klondike gold rush. and
above all-the author's infectioliS enthu,.,iaslil for the Xorth 
and its Ilcople, combine to gi\'c a fascinating picture of a 
country still little known olllside. illustrated. $1i.OO 
o DISCOVERING BURIED WORLDS by A"d" Pamt. 
This volume, which introduces an exciting new series of 
Studies ill Biblical Arcl/(leolouy, provides a general suney 
of the great work done by the archaeologists o\'er the last 
hundred years or so. which has thrown so much light on 
the history and culture of near eastern ci\'ilizations, Be'lIIli
fully illustrated, $ -1. 7 5 

o GUIDE TO THE STARS by I-lector .lIacp1leJ'soll, 'rhis 
new edition has been thoroughly revbed and brought lIll-to
date, and contains an entirely new introductory chapter in 
which Dr, )Iacpherson traces very briefly the history of 
astronomy from the earliest times to the present day. 
illustrated. $1.75 

o CLIMATE IN MINIATURE by 7'. 8ed/ord f',.,Hlklill. 
.:\ study of :\licro-Climate and Eudronment. Hereals how 
beasts, bil'd:-\. plants and even hU/llans react to the local 
climates and enrirOllments ill which thcy lh'e. ('onteIl1S
What a .:\1icro-climate Is; \Yarmth & Hibernation; Cran
berry :\Iarshes; Soils; 'raking Earth 'Temperatures; What 
HaJ)Jlens to the Uail; �aLllre's Way; Frost; Air TelllJ)cra
tures; Humidity & Dew; \Vinci and Shelter; Light and 
Shade; Cloches & Framcs; :'I1icro-climate on the Farm; 
:\licro-climate in the Home. $ 3. ia 

o AMERICAN PHILOSOPHY eilited by Ral»" 8. lI'illll. 
What this volume seeks to accolllPlish is to presene the 
unique spirit of fresh vigor and tolerant hroadne�s \\hi('l1. 
in the editor's opinion, has always been the striking char
acteristic of ,\llIcrican thought. ll'U!1 tlle collaboration of 
l'an Jleter Ames, A . . CO'rneUlls Benjamin, renlUn J. 
8011rl.:e, Rul/lit 'J'. Flewelling, .)fa,!: C. Otto, /loy Wood 
Sellars, ctc. $6.00 

o CLASSICS OF BIOLOGY by .-i//oust Pi ,'jUller. Fa· 
molts controversies arc discussed and extensh'e textual ex
tracts from outstanding works lead e\'er along paths of 
forward-surging discO\'ery, generating in the reader a 
desire to delve still deel)er into the most interesting sub
ject within the COlllilass of :\Jan's :\Jind-Himsclf! $6.00 

o MICROBIOLOGY by Bmcst A. Gray. In ihe present 
work it is hOlled that by stressing the historical background 
of a science which, so far from helng modern, has been 
studied under anothcr name for three centuries-a more 
sober and a more realistic aPllroach is made to �Iicrobiology 
as a whole or to the many fascinating and importalll Illizzies 
it I)resents. At the same time the inraluable work of 
pioneers, many of whom are unjustIy forgotten, is Ilointed 
Ollt. The author is chief bacteriologist at Barer's Biological 
Institute. Illustrated. $ 3.75 

o ON THE NATURE OF MAN, ,1 8l1t([y ill /'rimitil:e 
Philosop1!y by Dagobert D. RUlles. This new work, fl'om the 
pen of the well-known Ilhilosollher, is offered as an at
tempt to define the borderlines of human thinking and 
human morality. Dr. Runes, in his search for real \'crHies 
and true humanity, takes the reader on an arduou8 yorage 
through the depths of the mind. $ :1. 0 0 

o GARDENING ENCYCLOPEDIA by S. d . .1/aycock. 
Written especially for the home gardener-tile I.an or 
woman whose garden is mostly made and looked after 
without professional heiJ)--and for the great army of 
those who 11a\'e wrned to gardening for all or part of 
their lidng'. $6.00 

o GEOLOGY by J. F. Ilirkaldy. Intended both as a 
general introduction It) the subject and also as a starting 
Iloint for sllecialized work on more limited aspects. The 
author has been a uni\'ersity teacher of geology for more 
than twemy years . .llallY uraphs alld m1l8trat�0�ls. $10.00 

n THE PRES ERVATION OF NATURAL HISTORY 
S P ECIMENS edited al/d cQlllpiled by Reginald H'a!]sta/Je 
and J. I-larelock Fidler. 'fhe techniques employed in the 
presenation of natural history specimens hare been de
scribed in a diVerse and scattered literature. often ditHcult 
of access to the researcher. ]n the present \'olume up-to
date Jllethod� hare heen hrought together which can be 
relied upon to demonstrate and presene permanently the 
taxonomic characters of specimens from Illost groups of In
\'ertebrates. Ric1lly illustrated Icill! Qrer 100 Hlie drawings. 

110.00 

o SOUND BARRIER by -"erille D1fke ami Edll)arri Lallch
bery. A highly informatire treatise 011 hoth the technical 
anci the historical aspects of high-speed flight. Completely 
re\'ised and enlarged edition. $-1.75 

o ATOMIC ENERGY RES EARCH AT HARWELL 
by ilell/letll Edullwd Brian Joy. '.rllis hook from the Luited 
Kingdolll �\toJllic Energy Authority rarries forward the story 
of the AlOmic Energy Uesearch Estahllshment from the 
point at which it was left in their last hook ("I-larwell
t1le British Atomic , .. '/teroy Research Eslablishmellt") tip 
to .·\uguSt 195·1. when the Cuiled Kingliom Energy Author
ity took over from the :\linister of Sunilir. The author is 
Principal Scientific Officer at Harwell since 1!).j i. 1.rJ Half
tOiles. $-1.75 

o PRES ENT DAY PSYCHOLOGY edited "" .1. .1. /1,
back. A deftnith'e \'olump of ·10 original contributions elll
hracing practically the whole range of psychology. Each 
challier is written by all expert in his field expressly for 
this work. 1000 pages. $12.00 

MAIL THIS COUPON TODAY 
,----------------, I )Jail to .your farorite book8eller or directly to I 
I PHILOSOPHICAL LIBRARY, ,'"blis"ers I 
I �!Il�a��o��thCh!:�:�lt.' '1

�

O

es:�I:e�it� e�11:1�:�lt 1�. e��lo:; I 
I remittance $.. I 
I I 
I XA�IE . .. I 
I ADDlIESS .... ........................ I �----------------� 
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Gift Books for the 
. Scientist of Tomorrow 

JET TRANSPORTS 
by John Lewellen 

A vivid, clear explanation of commer· 
cial jet planes with information on their 
development, the principles of their 
design, the function of the turbojet, and 
the future of the rocket and ramjet. An 
exciting book for young and old avia· 
tion enthusiasts. Illustrated. 52.50 

EXPERIMENTAL PLANES 
Subsonic and Supersonic 

by R. Frank, Jr. 

Here is a story of pioneers in flying lab· 
oratories that are breaking the way for 
the interplanetary travel of the future. 
Mr. Frank gives up.to·date information 
about the roles of aerodynamicists, 
mathematicians, stress engineers, and 
many others who combine their talents 
to make the planes of tomorrow. 

Illustrated. 52.50 

MARS 
by Franklyn M. Branley 

A calm, lucid examination that cuts 
through all the speculations and all the 
old controversies to present a sensible, 
coherent picture of Mars and its signi. 
ficance. Fact is separated from fancy in 
this dramatic book about our neighbor 
planet. Illustrated. 52.50 

EXPERIMENTS IN THE PRINCIPLES 

OF SPACE TRAVel 

by Franklyn M. Branley 

A sound frame of reference for those 
interested in space travel, explaining 
basic laws of science that underlie all 
rocket research and the development of 
space travel. Explanations are supple. 
mented with clear illustrations and by 
a series of experiments that can be per· 
formed with the simplest kind of equip. 
ment. Illustrated. 52.00 

POETRY FOR THE SCIENTIST 

IMAGINATION'S OTHER PLACE 
Poems of Science and Mathematics 

compiled �y Helen Plotz 

A poetry anthology that will ex. 
cite and startle those who have 
assumed that science and mathe. 
matics had little in common with 
poetry. Here are poems about 
astronomy, physics, biology, and 
medicine, representing the work 
of William Blake, Kathleen 
Raine, T. S. Eliot, E. B. White, 
Marianne Moore, and many 
others. The beautiful wood en. 
gravings by Clare Leighton are 
striking and appropriate. 53.50 
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serves the military, how a spiderling 
grows, and kindred matters. Clear, un
pretentious, unsentimental. Helpful il
lustrations by Nils Hogner. 

THE PLANTS WE EAT, by Millicent E. 
Selsam. William Morrow and Company 
( $2.50). Mrs. Selsam continues to hold 
her place as the best writer of botany 
primers for children. Here she describes 
the principal plant foods : roots such as 
potatoes and beets, stems such as aspar
agus, leaves such as rhubarb and let
tuce, flowers such as broccoli and arti
choke, fruits such as tomatoes and or
anges, cereal grains such as barley and 
wheat. The book gives sound botanical 
details, tells how to grow various plants 
yourself and has many interesting his
torical Sidelights. 

THE STORY OF MOSSES, FERNS AND 
MUSHROOMS, by Dorothy Sterling. Dou
bleday and Company, Inc. ( $2.75) . 
This book is a nice introduction to var
ious remarkable plants which have nei
ther seeds nor flowers, either absorb 
enormous quantities of water or survive 
with almost no water at all, require no 
sunlight, make their own soil by pulver
izing rocks. A single meadow mushroom, 
we are told, may produce 16 billion 
spores. The liverwort, the first land 
plant, gets its name from its resem
blance to the shape of the human liver. 
Horsetails are descendants of the 60-
foot trees of the Coal Age forests; by 
adapting to a smaller size they survived, 
while their more stubborn contemporar
ies, the dinosaurs, died out. For chil
dren of 11 and older. 

MEN, MICROSCOPES, AND LIVING 
THINGS, by Katherine B. Shippen. The 
Viking Press ( $3.00). An ably written 
biographical history of biology for 
adolescents. Miss Shippen begins her 
story with Aristotle's observations of liv
ing forms, and in turn sketches the lives 
and contributions of Pliny, Vesalius, 
Harvey, Malpighi, Swammerdam, van 
Leeuwenhoek, Linnaeus, Lamarck, Dar
win, Mendel and many less widely 
known workers. She enlivens the essays 
with vivid quotations from the writings 
of the scientists themselves. Illustrations 
by Anthony Ravielli help make this an 
attractive book. 

Physical Sciences 

TIME IN YOUR LIFE, by Irving Adler. 
The John Day Company ( $2.75). The 
rhythms of nature provide the standards 
for timekeeping. The author describes a 
number of these standards: the proces-

"Oxford Junior Encyclopaedia-Vol. VIII" 

sion of the stars; the motions of sun, 
moon and earth in their orbits; atomic 
radiation; pulsating stars; sunspot cy
cles; tl;!e tides; metabolism; heartbeat. 
He also discusses the working of various 
types of man-made clocks, the fiddler 
crab as a living clock, the fixing of time 
by geological layers and the carbon-14 
dating method. This is an original book 
which will give much satisfaction to any 
youngster over 12. 

THE VVONDERFUL WORLD OF MATHE
MATICS, by Lancelot Hogben. Garden 
City Books ( $2.95). A vivid catalogue 
of the growth of mathematics. In 69 
pages, more than half of which are de
voted to illustrations in full color, Hog
ben dashes through prehistoric methods 
of timekeeping and tally, the number 
systems of ancient Egypt, Babylonia, 
Rome, Central America and China, the 
founding and early uses of geometry, 
the determination of 71", the elements of 
trigonometry, Greek mathematics, meth
ods of navigation, the origin of zero, the 
application of mathematics to astrono
my, the beginnings of algebra, Galileo's 
discoveries, analytical geometry, gravi
tation, the infinitesimal calculus, modern 
computing devices, the theory of rela
tivity and other matters. Under the cir
cumstances it is understandable that not 
all subjects are fully explained : the cal
culus, for example, gets half a sentence. 
But despite the fact that the book some
times gives the impression of being no 
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more than a glorified assortment of dec
orative end papers, where Hogben 
chooses to simplify a subject he often 
does it with great originality and verve. 
Many of the illustrations are inspired, 
and the survey as a whole will afford 
adolescents and grownups an easier and 
more enjoyable encounter with mathe
matics than they would have dreamed 
possible. 

HURRICANES AND TWISTERS, by Robert 
Irving. Alfred A. Knopf ( $2.50). The 
word hurricane comes from Hunrakan, 
the name of the Guatemala Indian god 
of stormy weather. Hurricanes form 
over all tropical oceans except the South 
Atlantic. A full-grown hurricane can pro
duce 500 million million horsepower, as 
compared with 150 million horsepower 
produced annually by all the electric 
generators in the U.  S. Hurricane winds 
of 200 miles per hour have been re
corded. A hurricane which rolled 40-
foot waves up the Hooghly River in In
dia on October 7, 1737, killed 300,000 
people. During a hurricane in 1759 the 
Litbury cast anchor in what the captain 
thought was a channel in the Gulf of 
Mexico; the next morning he found the 
ship resting in the middle of an island 
(which had been covered by the storm 
waters) with its anchor hanging from 
the branch of a tree. This is a good hur
ricane book, though it is not as clear on 
the explanatory as on the descriptive 
side. For children over 9. 

ALL ABOUT OUR CHANGING ROCKS, by 
Anne Terry White. Random House 
( $1.95). An exceptionally clear, attrac
tively written introduction to geology 
for youngsters of 10 to 14 . Mrs. White 
explains how mountains and valleys 
were formed, the modern theories of 
igneous, sedimentary and metamorphic 
rocks, fossilization, stratification, the ru
diments of paleontology, the nature of 
minerals and crystals, the constant 
changes brought about by the sea and 
the wind. The writing is gracefully sim
ple and always interesting, and the illus
trations by Rene Martin are excellent. 

A CHILD'S BOOK OF MOUNTAINS AND 
VOLCANOES, by James V. Medler. Max
ton Publishers, Inc. ($.59). This slim 
volume contains a surprising amount of 
interesting information about some of 
the world's most admired, most loved
and most feared-mountains and vol
canoes. The register includes the Mat
terhorn, first climbed by Edward Whym
per in 1865; Paricutin, which pushed 
itself up in the middle of a Mexican corn
field in 1943; Mount Erebus, the only 
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HISTOR Y 
OF THE 

TELESCOPE 
By H. C. King 

Here is the first book in English that 

tells such a full story of the evolution of 

telescopes, from crude sights of the an

cients, through Galileo's "optick tube" 

and Newton's first midget reflector, to 

the 2oo-inch Mount Palomar giant and 

today's radio telescopes. The working 

methods of such master craftsmen as 

Herschel, Clark, and Ritchey are re

lated. This authoritative work, written 

for the amateur and professional alike, 

is by a well-known expert on optics 

and astronomy. 

443 pages and i n d e x .  196 illustrat i o n s  

$12.50 postpaid 
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What will the 
world be like 

in 2055? 

I N this new book, Sir George 
Thomson ventures a forecast 

of what science can accomplish 
in the next hundred years - the 
foreseeable future. These are not 
the wild guesses of science-fic
tion, but the informed p redictions 
of a Nobel Prize-winning physi
c i s t .  H i s  a p p r o a c h  i s  l e v e l 
headed ; his writing i s  clear and 
non-technical ; the new world he 
portrays is strange and exciting. 
Some of the things which can 
happen are : 

� Monkeys trained to harvest or
anges and col/all 

� Dillner cooked by rays of the SUII 
� 90-year-olds lookillg and feeling 

like 25 
� Dust cloths relegated to m useums 

� Travel time from New York to 
Londoll shortened to 90 minutes 

� Domestic workers subsidized by 
the governmellt 

� Seasick pills a m ust for space 
travel 

� G re e ll i a ll d  freed of ice a n d  a 
vegetable gardell ill the Sahara 

� A toms to heat city apartments 

This is a look into the future by 
a seer who is a scientist. His crys
tal balI is a sound knowledge of 
what we can and can't do. His is 
a utopi a  that we can live to see. 

THE 

FORESEEABLE 
FUTURE 

1 1 8  

By Sir George Thomson 
$2.50, at your bookseller's 

CAMBRIDGE University Press 

known volcano in Antarctica; Kiliman
jaro, the "Grand Old Monarch of Afri
ca" ; Mount Rainier, a huge dead vol
cano; Mount Mayon in the Philippines, 
still very much alive and dreaded ;  
Cotopaxi of  Ecuador, the tallest active 
volcano in the world ; Sangay, "the 
flaming terror of the Andes" ; Mount 
Everest; Vesuvius; Etna; Mount Pelee, 
which in the greatest eruption of mod
ern times ( May, 1902) erased within a 
few seconds the town of Saint-Pierre and 
killed its 40,000 inhabitants. 

THE GOLDEN BOOK OF ASTHONOMY,. by 
Rose Wyler and Gerald Ames. Simon 
and Schuster, Inc. ( $3 .95) . A survey for 
young readers over 12. The authors 
cover the solar system with its planets, 
the constellations, asteroids, comets, 
meteors, clusters and nebulae, the Milky 
Way, island universes, the changes of 
the seasons, gravity, the tides, eclipses, 
the measurement of time and space, the 
tools of astronomy, and of course the 
usual rigmarole about a rocket-ship voy
age to the moon. Their scientific expla
nations, while dependable, vary consid
erably in clarity and interest; a few are 
fresh and help to light up difficult con
cepts, too many others are stereotyped.  
The book is  colorfully illustrated by 
John Polgreen. 

THE PHENTICE-HALL BOOK ABOUT 
THE STARS, by H. Percy Wilkins. Pren
tice-Hail, Inc. ($2 .75) . A primer for 
children of 12 and older by a British 
astronomer. Dr. Wilkins discourses 
knowledgeably about the sun and the 
planets, the moon ( which is his spe
cialty) , stars, comets, meteors, constel
lations and the instruments used by as-

tronomers. He writes straightforwardly 
but without inspiration. 

EXPLORING THE MOON, by Roy A.  
Gallant. Garden City Books ( $2 .00) . 
This is a brief, lively text for youngsters 
over 10 about the origins, birth, appear
ance and physical influence of the moon. 
The colored illustrations by Lowell Hess 
are mixed : some are illuminating, some 
merely lurid. 

MAHS, by Franklyn M. Branley. 
Thomas Y. Crowell Company ( $2.50) . 
A dependable, honest, but not always 
easy account. It covers theories about the 
origins of the solar system, the geogra
phy of Mars, its atmosphere and tempera
ture, the moons of Mars, the canals, life 
on the red planet. This sound study will 
appeal to a high-school student who 
wants more than science fiction or gen
eralities and is prepared to follow the 
ingenious scientific experiments and rea
soning underlying present-day theories 
about the fascinating planet. 

FInE IN YOUH LIFE , by Irving Adler. 
The John Day Company ( $2.75) . This 
is an admirable explanation of the dis
covery, chemical and physical nature, 
uses and dangers of fire and its fuels, 
but it packs so much into one volume 
that a reader has to gallop from one sub
ject to the next without a chance to 
catch his breath. 

SCIENTIFIC INSTHUMENTS You CAN 
MAKE, edited by Helen Miles Davis. 
Science Service ( $2.00) . Winners in the 
National Science Talent Search compe
titions over the past five years describe 
the instruments they designed and built. 

"Harvest 0/ the Sea" 
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As you might expect of these capable 
and ambitious youngsters, most of the 
products are rather advanced, and make 
good reading only for youngsters with 
scientific aptitude. Among the instru
ments are a spectroscope, a telescope, an 
oscilloscope, cloud chambers, Geiger 
and scintillation counters, a Van de 
Graaff generator, electronic computers, 
a stroboscope, chromatographic appara
tus and a three-dimensional Mobius 
strip. 

YOUR CAREER IN PHYSICS, by Philip 
Pollack. E. P. Dutton and Company, 
Inc. ($2.75) . A serviceable guide to any 
youngster who is thinking of becoming a 
physicist. Chapters are devoted to elec
tronics, atomic energy, aeronautical re
search, optometry and optical engineer
ing, meteorology, power production, 
geophysics, astrophysics, biophysics and 
other branches. Appendices list educa
tional institutions for higher study, tabu
late the average salaries that can be ex
pected for different kinds of work and 
present other pertinent information. This 
is a levelheaded and practical book. 

Exploration 

EVEREST : FROM THE FIRST ATTEMPT 
TO THE FINAL VICTORY, by Micheline 
Morin. The John Day Company ( $3.50) . 
Last year I reviewed a good short history 
of the Everest expeditions by Leonard 
WibberIey. Miss Morin's, translated from 
the French, is an even better book. It is 
written with a fine feeling alike for the 
dramatic happenings, the actors and the 
magnificent scenery. Lithographs ( 12 in 
color) and maps. Recommended for 
teen-agers and grownups. 

FAMOUS SCIENTIFIC EXPEDITIONS, by 
Raymond Holden. Random House 
( $2.75) . Here are brief accounts of the 
Beebe-Barton bathysphere descent, the 
climbing of Mount McKinley ( including 
Dr. Cook's fraudulent jape) , the Carter
Carnarvon discovery of Tutankhamen's 
tomb, the Burden expedition to Komodo 
Island ( where antediluvian dragons 
were found) and Vilhjalmur Stefansson's 
Canadian Arctic expedition 40 years 
ago. Illustrated. 

TRAILS WEST AND MEN WHO MADE 
THEM, by Edith Dorian and W. N. Wil
son. Whittlesey House ( $2 .50) . Stories 
about the great pioneer roads that 
opened the American continent. Among 
them are the Golden Trail of the South
west, from Kansas into Mexico; the 
Wilderness Road cut by Daniel Boone; 
the tangled Natchez Trace of swamps, 

Antiquity 

A Q UARTE RLY R E V I E W  O F  A R C  H A E O L O G Y  

Edited by O. C .  S .  Crawford, C.B.E. , F.B.A. 

AN TI Q U I T Y  is a popular but authoritative journal of archae
ology. It was founded in 1 927 by its present editor to scrve as a 
link between specialists and the general public. All the articles 
are by writers with first-hand knowledgc about the exciting 
new discoveries that are continually bcing made in all parts of 
the world. They are written in a non-technical style and illus
trated by numerous photographs and plans. 

A popular feature of A N T I Q U I T Y  is  the Editorial comm ent 
on current events . 

A N T I  Q U I T  Y is published four titTles a year, and each llumber 
contains 64 pages of articles, notes and book-reviews. It has 
always represented the modern outlook in archaeology which 
is now becoming world wide. It has itself influenced the devel
opment of archaeological method in the past, and will continue 
to do so by maintaining a high standard of publication and by 
its constructive criticism of current work. 

A N T I Q U I T Y  is self-supporting and independent, and is not 
the organ of any society. It can only do its job properly if its 
circulation is maintained and increascd. 

YOH can help A N T I Q U I T Y  to do this by becoming a sub
scriber (if not one already) .  The amlual subscription is five 
dollars, covering postage to all parts of the world. 

Why not become a subscriber : You only have to send the 
money and your name and address to the publisher of 
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MAN 
an d t h e  

WINDS 
By E. AUBERT DE LA RUE 

T HE AUTHOR, a distinguished 

French scholar, has traveled 

widely and gives a survey of winds 

all over the world, showing how 

man has used them, or has pro

tected himself from them or 

adapted his habitation to them_ 

The book also shows the emo

tional appeal which has earned for 

the winds a large place in litera

ture and how they have affected 

the course of history and the 

progress of civilization. 

CONTENTS 
Types and Names of Winds 

R�gime Winds and Accidental Winds 

The Fohn 

Hurricane Winds 

Wind as a Determining Factor of Cl imate 

Physiological Effects of the Wind 

Adapting Dwell ings to the Wind 

The Wind as a Transporting Agent 

Sand Storms 

Soil Erosion by the Wind 

The Peri l  of Dunes 

The Wind as a Source of Energy 

Sai l ing Ships 

The Study of the Winds 

The Wind and Aviation 

Benefits and Drawbacks of the Wind 

The Protection of Cultivated Land and 

Forests 

Mythology and Legend 

Richly Illustrated . . . .  . . . .  $6.00 
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PHILOSOPH ICAL L I B R ARY, Publishers 

15 E.  40th St • •  Desk 96.  N. Y. 1 6 .  N.Y. 
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at $6.00 e a c h .  

I enclose remittance to expedite shipment 
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bogs, forests-and cutthroats-that con
nected Nashville and Natchez; the Santa 
Fe and Oregon trails, the famous river 
routes. This is an ideal subject for a book 
for youngsters, but the authors have 
crammed their account with so many 
names and details that half the life has 
been squeezed out. 

Technology 

OXFOHD TUNIOH EKCYCLOPAEDIA
VOL. VIII : . ENGINEEHlKG, edited by 
Laura E. Salt and Robert Sinclair. Ox
ford University Press ( $7.00 ) . This vol
ume is one of the best in the series .  
Handsomely designed and well-illus
trated, it treats a remarkable wealth of 
topiCS, including the calculus, loga
rithms, trigonometry, electric currents, 
blast furnaces, calculating machines, 
timekeepers, machine tools, geometry, 
wind tunnels, transformers, radio and 
television, radioactive isotopes, weather 
instruments, bridges, magnets, heat 
pumps, shipbuilding, gyroscopes, tur
bines, fuels, friction, mining, electron 
microscopes, dams, harbors , automatic 
controls. For an adolescent boy and for 
many an adult this is an ideal gift-and 
also a bargain. 

FAMOUS INVENTORS AND THEIR IN
VENTIOKS, by Fletcher Pratt. Random 
House ( $2 .75 ) .  Vignettes of 50-odd in
ventions, from explosives to quick freez
ing, all in 137 pages . Even for a veteran 
explainer and skillful condenser this is 
too much material for the allotted space. 
Readable, of course. 

MORE MODERN WONDERS AND How 
THEY WORK, by Captain Burr W. Ley
son. E. P. Dutton and Co. ,  Inc. ( $3 .50 ) .  
Captain Leyson explains in considerable 
detail the workings of a curious collec
tion of artifacts : guns, locks, atomic sub
marines, ultrahigh frequency, hydraulic 
transmissions, weather instruments, pho
nograph records. He is a painstaking 
expositor and his book is well illustrated;  
it will appeal to mechanically minded 
males over 12 . 

EXPERIMENTAL PLANES, by R. Frank, 
Jr. Thomas Y. Crowell Company 
( $2.50 ) .  A report on subsonic and su
personic aircraft. Among the airplanes 
covered are the Skystreak, the X-I ( first 
to break the sound barrier ) ,  the Sky
rocket, the X-lA, vertical takeoff planes 
and the delta-wing XF-92A. The most 
interesting sections of this book deal 
with the complex and ingenious strain 
and pressure gauges, yaw meters, cam-

eras, electrical dials, controls, pumps. 
ejection machinery and other devices 
built into these research craft to keep 
them flying, keep the pilot alive and 
gather essential information. The Sky
rocket, for example, has tucked away in 
its tiny cabin a refrigerating unit which 
weighs only 100 pounds but could cool 
the inside of a theater seating more than 
3,000 persons . 

"The Land and People of South Africa" 

THE PRENTICE-HALL BOOK ABOUT 
INVENTIONS , by Egon Larsen. Prentice
Hall, Inc. ( $2 .75 ) .  The author, an ex
perienced journalist and biographer, 
writes a reasonably accurate account of 
the invention of the steam engine, the 
mechanical loom, the electric light, the 
automobile, the airplane, photography 
and so on. It is hard to identify the au
dience for this brief survey ; youngsters 
under 12 will find the book too difficult, 
while adolescents will regret the ab
sence of clear or detailed explanations. 

HELICOPTERS : How THEY WORK, by 
John Lewellen.  Thomas Y. Crowell 
Company ( $2 .00 ) .  Youngsters of 1 1  to 
14  will find in this little book an admir
ably clear report on the helicopter : its 
history, the different types and their 
uses. In the first chapter the author de
scribes vividly a 3 1-mile flight in a heli
copter on a rainy winter night from the 
roof of Chicago's Merchandise Mart to 
a gas station near his home in the coun
try, during which the pilot had to keep 
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nosing the craft down to find his way 
by reading iIInminated street signs and 
following car tracks. 

ATOMS TODAY AND TOMORROW, by 
Margaret O. Hyde. Whittlesey House 
( $2 .50 ) . A primer of atomic energy, 
from ore to atomic locomotive, for 
youngsters over 12 .  An everyday sort of 
book. 

ELECTRONICS FOR YOUNG PEOPLE, by 
Jeanne Bendick. Whittlesey House 
( $2 .75 ) .  This revised edition has an en
larged section on atomic energy and dis
cusses some of the more recent applica
tions of electronics . Better than average . 

FUN WITH YOUR CAMERA, by Mae and 
Ira Freeman. Random House ( $ 1 .50 ) .  
Commandments, prohibitions and gen
eral hints for young beginners in pho
tography. How to focus, how to load, 
how to compose scenes and groups, how 
to catch action, how to do candid shots, 
how to make flash and trick pictures .  
Photographs illustrate the principles . A 
book of modest merit. 

THE TRUE BOOK OF CLOTH, by Esther 
Nighbert. Children's Press ( $2.00 ) .  For 
young readers 6 to 10 .  It gives small 
capsules of information ahout the proc
essing of wool, the weaving of cloth, 
the manufacture of cotton and linen, the 
spinning of silk, the making of nylon and 
rayon. 

THE FIRST BOOK OF ROADS, hy Jean 
Bothwell . Franklin Watts, Inc. ( $ 1 . 95 ) .  
Miss Bothwell's little volume on roads 
maintains the satisfactory standard of 
"The First Book" series by this publisher. 
She presents the historical background 
of road building and describes some of 
the famous ancient highways . Among 
them are the Via Salaria, which ran from 
Rome to the salt beds of Ostia and gets 
its name from the fact that along it was 
carried the salt allowance given to each 
Roman soldier, the source of our word 
"salary"; the Amber Route from the Bal
tic to the Mediterranean, dating to 2000 
B .C . ;  the 1 ,755-mile Royal Road from 
the Persian Gulf at Susa to Ephesus and 
Smyrna on the Aegean Sea; the road 
traversed by Paul of Tarsus in what is 
now Turkey; the great Appian Way; 
Watling Street, the old Roman road 
through the middle of England. South 
America also had roads representing re
markable engineering feats by the Incas . 
The story is brought up to date with dis
cussions of the growth of the southern, 
western and transcontinental trails in the 
U. S. and the planning and building of 
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Make your own baby genius computers 
G E N I A C S  

Scientific-Entertaining-Instructive-Safe 

through our construction kit including all parts : 

Kit  Kt : G E N I AC ELECT R I C  B R A I N CONSTRUCT I O N  K I T. 
Conta ins  b4· p a g e  m a n u a l  ( pu b l i cation P 30, sepa rate· 
I y  $3.) and over  400 pa rts ( i n c l u d i n g  6 m u l t i p l e  
switches  of a new desig n ) .  Arithmetica l ,  l o g i ca l ,  
reaso n i n g ,  computi n g ,  punle·so l v i n g ,  a o d  g a me· 
p laying machines  ( see  l i st be low) . 

Each Gen iac  d i sp lays i ntel l i gent  behavior ,  runs  
o n  one  fla s h l i g ht battery, req ui res n o  so l d e r i n g  ( a l l  
conn ections with n uts a n d  bolts) . This  k i t  i s  t h e  out· 
come of five yea rs of our design and deve lopment  
work with sma l l  robots. The k it  i s  s imple  enough 
for inte l l i gent  boy� ;  yet  i n structive to a nyone because 
it  demonstrates i n  eas i ly ·put·togeth e r  mode l s  the  
fasci nat ing va ri ety of comput ing a n d  reaso n i n g  c i r 
cuits .  Spec ia l  Ch ristmas Pr ice ,  $ 1 7 .95 (add 80¢ for 
sh ipment  i n  U. S .  West of M iss . ;  add $ 1 .60 for sh ip
ment  o utside U . S . ) .  Ret u r n a b l e  i n  one  week for fu l l  
refu n d  if not satisfactory. 

S o m e  of t h e  poss i b l e  G E N I A C S : Lor;ic .Hadl iltes : C o m ·  
p a r i n g ,  R eason i n g ;  Syl l o g i sm M a c h i n e ; I nt e l l i g e n c e  T e st . 
Gamc-PZaJJin u JJacki"es : T i t ·Tat·Toe, N i m .  A r U h meticaZ 
Macil ines ( both d e c i m a l  and b i nary) : A d d e r ,  S u btracter, 
M u l t i p l i e r ,  D i v i d tl r ,  A r i t h m e t i ca l  Carry i n g .  ('ryfouraphic 
Machines : Secret Coder, Secret D ecoder,  C o m b i n a t i o n  
L o e k s .  S imple .\l(lcld n es : B u r g l a r  A l a r m .  A utomat i c  O i l  
F urnace C i rc u i t ,  etc. Pll.zzle·Soluinu JJach ines : t h e  S pace 
S h i p  A i r l o c k ; t h e  Fox,  H en .  Corn . a n d  H i red M a n ; D o u g la s  
M ac d o n a td ' s  W i l l ;  t h e  U ra n i u m  S h i p m e n t  a n d  t h e  S p a c e  
P i rates. 

We are Berkeley E n t e r p r i ses, Inc . •  m a n ufacturers, affi i l i ·  
ated w i t h  E d m u n d  C .  Berkeley a.n d  Asso c i ates.  m a kers a n d  
e x h i b itors of s m a l l  r o b o t s  ( S i m o n .  m i n i at u r e  m ec h a n i ca l  
bra i n-c o n struct i o n  p l a n s .  P I ,  $5.50 ; S q u e e .  robot squ i r rel  
-construct i o n  p l ans.  P3.  $4.00 ; etc . ) .  

B U Y  Y O U R  K I T  FROM T H E  O R I G I NATOR. 

- - - - - M A I L  THIS C O U PON - - - - -, 
I Berkeley Enterprises , I n c .  
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• My name and address are attached. I 

T H E  J O U RNAL O F  

ASTRONA UTICS 
PUBL ISHED  BY  

T H E  A M E R I CA N  ASTRONAUT ICAL SOC I ETY,  I NC .  

TO KEEP I N FO R M E D  O N  
SP ACE FLIGHT 

H e a d  the ,I o u rll a l  of Ast ronautics.  This 
.l o u �· n a l  has information for everyone from 
the t e('hnolo;:!ist to t h e  layman. Signifteant 
a rticles by people who Imow the field are 
brought to you by the voice of t h e  American 
Astronautical  Society. t h i s  country's most 
u l'tic'ulate organization de\'oted t o  that ag
gregation of disciplines which comprise the 
seiellce of space flight .  

E v e n ts i n  this  rea l m  a r e  too i m p o rta n t  f o r  
e i t h e r  t h e  s c i e n t i st o r  b u s i n ess e x e c u t i v e  to 
s a f e l y  i g n o r e .  Q u a rterly a r t i c l e s ,  t e c h n i c a l  
n ews,  b o o k  rev i e w s ,  a bstracts.  a n d  a w e a l t h  
o f  i l l u st r at i o n s  k e e p  y o u  a b reast o f  d e v e l o p 
m e n t s  t h e  w o r l d  o v e r .  

(' u t  out and m a i l  the c o u p o n  b e l o w  t o  
{:> l I t e r  :'o"OUl' subscription. S o c i e t y  membership 
i s  a lso a \" a ilable a t  a number of levels, and 
i llcludes a suhscription to the Journal.  For 
membership requiremen t s ,  contact the Secre
t 3 r y .  

T H E  A M E R I C A N  A S T R O N A U T I C A l  S O C I E T Y  

5 1 6  F i fth Avenue.  N ew Y o r k  3 6 ,  N ew York.  U .  S .  A .  

Please enter m y  subscription t o  the Journal 
of A.stl'on autics.  I enclose my check for $ 6 . 0 0 .  

:Kame . 

Address . 

Company . 

O E D  I CATED TO PROG  R ESS I N T H  E ASTR ONAUT ICALSC I  ENCES 
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MR . EN G I N EER :  
I 
I 
I 

file way i! UP. . .  
WH EN YOU J O I N  TH E 

BENDIX RADIO 
ENG I N EERI N G  TEAM ! 

Eledronic Eng. 
Mechanical Eng. 

Physicists 
M a n y  m i ss i le  syste m s  a re g u i d e d  by 
B e n d i x  R a d i o  e q u i p m e n t. Our h i story of 
S u c c e s s  in prod u c i n g  the wor l d ' s  fi n e s t  
e l e c t r o n i c  e q u i p m e n t  i s  resu l t i n g  i n  a 
p h e n o m e n a l g rowth of b o t h  o u r  g o ve r n ·  
m e n t  a n d  c o m m e r c i a l  b u s i n e s s .  
C u r r e n t l y we o re p l a n n i n g  a g re a t  n e w  
e n g i n ee r i n g  b u i l d i n g-th e  m o s t  m o d e r n  
t h a t  e x p e r t  p la n n i n g  c a n  p rod u c e .  W e  
o re c o n ti n u i n g  to p i o n e e r  g re a t  n e w  
s t r i d e s  i n  a d v a n c e d  e l e c t ro n i c s ' T o p  
sa l a r i e s  . . .  m o v i n g  e x p e n se s  n e g ot i a te d  
. . .  p l a c e m e n t  a t  h i g h e s t  l e v e l  of y o u r  
c a p a b i l i t i e s  . . . a l l  e m ployee b e n efi t s .  
Idea l  w o rk i n g  c o n d i t i o n s .  

Bendix Radio is GROWI NG 
fad . . .  NOW is the time to 
rnwe up with u� to higher 
levek of aeeomplishment I 
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Wri te, wire or phone:  
MR. L. H. NOGGLE 

Dept. S 

lIenrl/t 
liamo 

D I V I S I ON  OF  B E N D I X  AV I A T I O N  CORP .  
TOWSON 4,  M ARYLA N D  

Pho n e :  VAl l ey  3 -2 2 00 

modern automobile highways. An in
formative and readable book for chil
dren 10 and older. 

HARVEST OF THE SEA, by Walter 
Buehr. William Morrow and Company 
( $2.50 ) .  A clear, attractively illustrated 
account of commercial fishing in the 
U. S. Some of the data on fish catches 
are astonishing:  the people of the U. S . 
eat 150 million pounds of shrimp a year, 
600 million pounds of Pacific salmon, 15 
million pounds of lobster. From the At
lantic Coast purse seiners take 400 mil
lion pounds of menhaden or pogy-a 
fish which is not good to eat but is used 
in manufacture and as a fertilizer. A very 
good book for children 10 to 14 .  

Social Sciences 

THE LAND AND PEOPLE OF SOUTH 
AFRICA, by Alan Paton. J. B. Lippincott 
Company ( $2 .75 ) .  The distinguished 
South African novelist and poet, author 
of Cry, the Beloved Countl'Y, here takes 
the reader on an escorted tour of Cape
town, of the diamond city Kimberley, 
of the gold-mining town Johannesburg, 
of the Kruger National Park ( where you 
may not leave your car because there 
are lions running free ) ,  of the capital 
Pretoria, and all the way to Victoria 
Falls in Rhodesia. Paton is a man who 
loves his country and knows it well, who 
appreciates and can describe its beauty, 
its wildness, its contrasts of squalor and 
splendor, who takes pride in what is 
worthy of pride and does not hesitate to 
express his shame over what is shameful. 
Along the journey he recalls the past of 
the Union of South Africa : the struggles 
and bloodshed, the blunders of politi
cians, the bitterness and prejudice and 
injustice which, still continuing, are the 
fruits of earlier follies .  One of Paton's 
most illuminating little stories concerns 
the Afrikaner ( Dutch ) teacher who 
taught English at an Afrikaner school 
and began his lesson with the words, 
"Kindel'S, laat ons nou met die vyand se 
taal worster ( "Children, let us now 
wrestle with the enemy's language" ) .  I 
cannot speak too highly of this richly 
informative, delightfully readable, wise 
and moving book. It is a model for chil
dren's books in any field. 

THE PRESIDENT OF THE UNITED 
STATES, by E. B. Fincher. Abelard
Schuman, Inc. ( $3 .50 ) . Who may be 
President? How are the candidates 
chosen? What are the principal features 
of preSidential elections? \;Vhat are the 
President's powers? These and many 
other questions are fully answered in 

The Expression of the 
E M O T I O N S  
in Man and Animals 

by 
C H A R L E S  D A R W I N  

with a preface by 
M A R G A R E T M E A D  

D AnWIN a pproached the subject 
of expression of the emotions with all the 
force of a powerful ima gination dealing with 
a new field. His list of ways in which the 
subject might b e  studied h a s  not been im
prored upon and indeed has h a  rdly yet been 
attempted : ( 1 )  the study of infants, ( 2 )  the 
study of the insane, ( 3 )  the use of photo
graphs of emotiona l  expression submitted 
t o  different judges, ( 4 )  the study of great 
p a intings and sculpture. ( 5 )  the compal'H 
t h' c  study of expression and gesture a mong 
the different peo11les of the earth, ill) the 
s tudy of some of t h e  commoner animals. 

From the C O N  T E N  T S 
A{ealls of Expression in A nimals.  SPecia l 
Expn'ssiol l s  of A10 1 l : S ufferin{} a n d  Weep
illg. Low Spi1'its, A ILrict)" Gric/. Dejcctiol ' ,  
Despair. fo)', High Spi1-its, Love, TClldn' 
Feelillgs, Dcvotio n .  Rcflcctio l1-Mcditatioll 
- 111- T c1llpcr � S1f lkill cSS - DctC1'1l1i l la t1:o I1 . 
HO h'cd a l l d  A llger. Disdaill-Coll tcmpt
Disgl lst - G lIilt - P" ide - H e lp lessllcss.Pa
ticll ce-AjJinJ1ation alld Negation.  S u rprise 
-A stollishmclI t-Fcar-J-l 01'1'01'. S clf-attc1I 
tiol1 - Sh o11lc - SII' \' l less- Modcst\' : Bl l fsh
ing. Photos & other illlf st1·atiol l s  . . � . . . . .  $6.00 

Expedite Shipment by prepayment 

PHILOSOPH I CAL L IBRARY 
Publishers 

1 5  East 40 St . ,  Desk 96, N. Y. 1 6 ,  N .  Y. 

A L i b ra ry B i n d e r  
fo r SCIENTIFIC 

AMERICAN 

Cl. A handsome and durable library 
binder in which to keep your copies 
of SCIENTIFIC AMERICAN. 
Cl. Bound in dark green library fabric, 
gold leaf stamped . 

Cl. Copies in binder open flat, may 
be inserted or removed separateiy. 
Address your order, enclosing check or 
money order for$2 .50for each binder, to: 
I
- - - - - - -

I
- - - - - - - - - - j 

I De partment B SCIENTIFIC AMERICAN I I 
I 2 West 45th Stre et, New York 36, N. Y. I 
� _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J 
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2 I NTERESTING POS IT IONS 
WITH GENERAL ELECTR IC  

Materials Development 
Position for a man able to do research 
and development work for high tempera
ture missiles application, including plan
ning test programs and facilities.  Five o r  
more years industrial eX)J�rience �l' a�a 
d emic equivalent in materwls fabncatlOll 
H & D a r e  desired, including experience 
i n  metals, plastics. ceramics. c?atings 
and sandwiches. )1inimum of M S  m Ap
plied )Iechanics, )lE ,  AE or )Ictallurgy. 

Applied Mechanics Specialist 
An unusually interesting position foJ' a 

mall able to develop techniques of high

temperature thermal all'llysis and methods 

o f  determining critical loads for creep , 

('reep buckling and thermal buclding. A 

P h . D .  0" equivalent in ApI1lied Mechanics 
desirable, plus 3 to 5 years industrial ex
perience o r  equhralent academic research 
i n  Elasticity. Shell Theory, Creep , Plas
ticity, Buckling, Structures, Thermal 
Stresses.  

General Electric ' s  Special De
fense Projects Department 
has a n  outstanding group of 
scientists, fine facilities and 
excellent wage sca le.  Both 
working and living environ
ments are attra ctive. 

Please send resume to: 
Mr. James Hevelin 

Special Defense Projects Dept. 

G E N E R A L  e E L E C T R I C  
2900 Campbell  Avenue 

Schenectady, New York e 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

e 

Can you think faster 
than this Machine? 

Control Panel  o f  G E N  l A C  set u p  t o  d o  a problem 
i n  c h e c k  valve resea r c h ,  

fie careful before you answer. GENIAC the first electrical 
brain construction kit is equipped to play tic-t..a.e-toe, cipher 
and encipher codes, conver� frOln lJinary to decimal ,  reason 
(in syllogisms) as well as add, subtract, multiply and di. 
vide. SpecifiC problems in a val"iety of fields-actuarial, policy 
claim settlement, physics, etc.-can be set up and SOlved with 
the components. Connections al'e solderless and are com
pletely explained with templates In the manual .  This covers 33 circuits and shows how !lew ones can be designed. 

You will find building and using CENIACS II wonderful 
exp�I'ience: one kit user wrote us: "this kit has opened up 
11 new world of thinking to nle , "  You actually sec how 
computing, prohlem solving, and game play (Tic-tac-toe, 
nim, etc . )  can he analyzed with Boolean Algebl'a and the 
algebraic solutions tl'ansformed directly into ci.rcuit dia
grams. You create> fl'om over 400 specially deSigned and 
manufactured components �\ machine that solves problems 
faster than you can express them. 

en:i����,li�1g�l�hil������s'or 
t���,I��';,�o::?: ,,�fliti;�d ��es�a!�: 

('ellent demonstrators of circuitry, solutions In symbolic 
logic, theory of numbel's, cybel'llCtics, and automation. 

Note: Teachers take advantage of OUl' 1 0 0-/0  discount to 
educational institutions and for group purchases. 
SEND for youI' GENIAC kit now. Only $ 1 9 .95  with over 
four hundred components and pal'ts. fully illustrated manual 
and wiring diagl'ams. 'Ve guaranlee that if you do not want 
to keep GE!'\JAC after two weeks you can return it for full 
refund plus shipping costs. 
- - - - - ·M A I L  TH I S  C O U P O N- - - - - 
SC I E N C E  K I TS. D e partment S A  1 45 
O l i ver G arfidd C o m pany, 

1 26 L ex i n gton Avenue 

N e w  Y o r k  1 6, N. Y .  

Please send me : 

1 GENIAC Electric Drain Construction Kit and :Manual. 

$ 1 9.95 (East of �lis sissippi ) 
520 ,95 ( Elsewhere i n  United States)  
5 2 1 .95 ( Outside the united States ) 

Heturnable in seven days for full refund if  not satisfied, 
1 enrlose $ , . ,  i n  full payment. 

)ly n a m e  and address an'! a t j :Jrhed,  

Professor Fincher's plainly written book, 
which also gives a wealth of historical 
material, including tables and charts, 
about the men who have striven for and 
held this office, the problems they have 
faced, the decisions they have taken, the 
philosophy of executive duties they have 
brought to it. An excellent job for young
sters of high-school age. 

THE YOUNG TRAVELER IN GERMANY, 
by Egon Larsen ; THE YOUi\'G TRAYELER 
IN ITALY, by David Raymond; 'flffi 
YOUNG TRAVELER IN NORWAY, by Beth 
and Garry Hogg. E. P. Dutton and Com
pany, Inc. ( $3 .00 each ) . These are, the 
latest volumes in a sound selies on var
ious countries. The young traveler has 
an enviably enjoyable and carefree time 
living with other youngsters his age in 
the country he is visiting, attending 
school, partaking in games and festivi
ties, exploring famous towns and other 
places of interest, learning from knowl
edgeable guides about local history, 
folklore, customs and the like . 

TRA VEL AND TRANSPORT THROUGH 
THE AGES, by Norman E. Lee. Cam
bridge University Press ( $2 .50 ) . This 
book, first published in Australia by the 
Melbourne University Press in 1951 and 
now substantially revised, presents an 
entertaining and informative account of 
the way men have moved themselves 
and their belongings from place to place 
since the Stone Age. The author takes 
us on a rambling journey through var
ious periods of history and many topics : 
Przhevalski horses, locomotives, the in
vasions of Rome and Britain, famous 
ships, the building of roads, bicycles and 
airplanes, the evolution of the stirrup 
and the horse collar, the railway age, 
water transport, stagecoaches. 

THE STORY OF OUR ANCESTORS, by 
May Edel. Little, Brown and Company 
( $3 .00 ) . Mrs. Edel's story, pOinted to 
the 12-and-up age group, deals with the 
critical period in the evolution of man 
when certain of his predecessors decided 
to come down from the trees, walk erect 
and try life on the ground. She describes 
various nearly human and early human 
types, and depicts the scientific recon
struction, from odd bones, tools and 
similar remains, of the appearance and 
habits of Australopithecus, Neanderthal 
man, Peking man, Pithecanthropus, 
Sinanthropus, Gigantopithecus and other 
kinsmen. Despite the fact that the au
thor is a clumsy writer, she knows her 
interesting subject so well and is so con
scientious in presenting it that this is a 
worth-while book. 

10 
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THE AMATEUR SCIENTIST 

john De Haas, whose system of 
phase contrast microscopy was de
scribed in this department in the 

July issue, makes a hobby of learning 
how to study protozoa the easy way. He 
combines the use of the phase contrast 
microscope with simplified methods of 
preparing slides which, he says, reduce 
the labor of preparation so much that 
they double the time one can spend on 
observing. 

"My first rule," he writes, "is to shun 
the temptation to make permanent 
slides. They are handy for reference, of 
course, but I suspect that most perma
nent collections accumulated by ama
teurs (including mine) owe their exist
ence largely to our simian love of bright 
trinkets. You can learn more about pro
tozoa by studying live material than by 
collecting desiccated specimens. 

"Here is one way of preparing a live 
slide that is the essence of simplicity. 
Put a drop of culture on a clean slide, 
ring it with a little dike of vaseline ap
plied by the tip of a toothpick and drop 
a cover glass on top. The vaseline re
tards evaporation around the edge of the 
cover glass and also prevents it from 
crushing the animals. Don't worry about 
smothering them. Long after fatigue has 
dimmed your eye, the protozoa will be 
darting about, feeding and reproducing. 
When you finish observing, return the 
organisms to a storage jar and wipe the 
slide clean. 

"It is possible to make a lot more work 
out of this simple operation. You can, 
for example, purchase slides with cir
cular concavities for the organisms, and 
you can make elaborate watertight seals 
to cover them. Some workers spend 
hours building little ponds on flat slides 
with rings of plastic or waterproofed 
ca-rdboard. Others make cells of special 
cements involving rubber, gutta-percha, 
shellac and so on. Although many of 
these slides are pretty and display as
tonishing craftsmanship, the effort ex
pended does not show up in noticeably 
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About the preparation of microscope slides, 

the testing of telescopes and other matters 

better results when you look through the 
eyepiece. 

"It is also easy to make hard work out 
of the preparation of a permanent slide. 
Back in the days when slides took the 
form of machined blocks of ivory fitted 
with mica windows held in place by slip 
rings, a proficient worker was lucky if he 
finished one per week. Some amateur 
microscopists still get fun out of making 
replicas of these historic slides as well as 
the time-consuming glass types. 

"Anyone who wishes to save time in 
making a permanent slide will appre
ciate the method devised about 25 years 
ago by a German biologist named 
Bresslau. It is especially suited for 
mounting ciliated protozoa, because they 
have relatively tough hides. 

"A culture of paramecia makes good 
practice material to work with while you 
are mastering the technique. This mi
nute creature looks somewhat like a 
transparent football covered with a fuzz 
of short hair. You can cultivate para
mecia from timothy hay. Pack a quart 
stewpan about half full of hay and add 
enough water to cover it. Boil the prepa
ration for 10 minutes. This kills many of 
the fungi, spores and other unwanted 
organisms in the hay. Then discard the 
water, let the hay drain for a few min
utes and transfer it to a clean pint jar 
filled with either pond water or distilled 
water. After the infusion has incubated 
for a week at room temperature, the 
paramecia cysts will have developed and 
you will find the jar swarming with or
ganisms. Some workers increase the 
yield by adding a nutrient, e.g., a gener
ous pinch of powdered skim milk. 

"Place a drop of the culture on a clean 
slide. To stain it, make a concentrated 
solution of opal blue in water, boil a half 
teaspoon of it in a small test tube and 
place one drop of this boiling hot stain 
on a slide near a drop of the culture. Mix 
the two drops quickly and smear out 
lightly with a toothpick. Avoid pres
sure, for it may crush the larger para
mecia. The staining process is completed 
in about five minutes. On a very dry day 
it may be necessary to put the slide into 
a moist chamber to prevent the stain 

from evaporating before it has had time 
to act. When the staining is complete, 
let the slide dry completely. Then add a 
drop of Canada balsam and gently press 
the cover glass into place. 

"The procedure is not half as compli
cated as it sounds, and the whole job 
should not take more than 10 minutes. 
If it is done correctly, most of the para
mecia will show no shrinkage or distor
tion. Speed, and care in applying pres
sure, are the only critical elements in the 
process. I have eight-year-old slides of 
paramecia [see photographs on opposite 
page 1 which show no deterioration." 

T he Foucault test for determining the 
shape of a concave mirror, capable 

of accuracy to a millionth of an inch, is 
the essence of simplicity. You make a 
pinhole in a tin can, put a candle inside 
and shine the rays from the pinhole (a 
synthetic "star") on the mirror. If the 
mirror has the figure of a true sphere, the 
reflected rays converge to form an image 
of the pinhole. When the mirror is 
viewed from a pOint just behind this 
image, it appears evenly illuminated and 
flat, like the disk of the full moon. And 
if you pass a knife-edge through the cen
ter of the image, the mirror should dark
en uniformly. 

That is the way the test is supposed 
to work. In practice it is much more 
interesting-or exasperating, depending 
upon your temperament. The slightest 
departure of the mirror from a true 
sphere-or an equivalent change in its 
position or an abrupt variation in the 
density of the surrounding air-destroys 
the apparent flatness of the disk. With 
appropriate modifications of the light 
source, you can take advantage of this 
sensitive property and use the apparatus 
for photographing rifle bullets in flight 
complete with the shock waves. Similar
ly, you can photograph sound waves, 
convection currents, sh'eamlines arotlncl 
airfoils and so on. The setup can even 
be adapted as an ultra sensitive seis
mometer, which will pick up the vibra
tions of traffic miles away. 

Amateur telescope makers have a lot 
of fun doing experiments like these. But 
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primarily they use the test as the French 
physicist Jean Foucault intended it: for 
determining when the mirror has been 
polished to the figure of a parabola, the 
shape required for a good reflecting tele
scope. When the parabola is examined 
at the knife-edge, it presents a pattern 
shaped somewhat like a doughnut in
stead of a flat disk. As the ratio of the 
focal length to the diameter of the mirror 
is increased, the distinction between the 
two patterns tends to disappear. The 
doughnut becomes flatter with increas
ing focal length. At about f /15 the 
curve of the parabola coincides with 
that of the sphere for all practical con
siderations, and the Foucault pattern for 
both appears flat. Below t/5 the "dough
nut" develops such pronounced shadows 
that interpretation becomes difficult and 
the test loses its usefulness. 

Many amateurs have dreamed up 
schemes for making the Foucault appa. 
ratus less finicky. The trouble stems from 
the fact that, as conceived by Foucault, 
the pinhole must be situated somewhat 
off the optical axis of the mirror, so that 
the reflected image will form on the op
posite side, where there is space for the 
amateur's eyeball. The strongly shad
owed doughnut of short-focus mirrors 
results from this angular illumination. 

Carl Bergmark, an amateur telescope 
maker of San Francisco, submits a solu
tion he has devised for the problem: 

"One of the defects of the Foucault 
test when working with short-focus mir
rors is the error introduced by the lateral 
distance between the pinhole and the 
knife-edge. I believe that my test rig 
eliminates this shortcoming [see draw
ings on next page J. The light from the 
pinhole is reflected into the axis by a 
microscope cover glass instead of being 
directed straight toward the mirror. This 
arrangement causes some loss of illumi
nation, but the comparatively great 
light-gathering power of the short-focus 
mirror compensates for it. Rays reflected 
from the mirror, as shown by the upper 
drawing, are transmitted to the eye 
through the cover glass, the knife-edge 
being inserted at the point of conver
gence between them. Although the sur
faces of the cover glass reHect a dou
ble image of the pinhole, the glass is so 
thin that the two images may be re
garded as a point. I am lucky in having 
access to a nine-inch metal lathe, the 
compound rest of which serves as a 
handy carriage for the gadget. While 
under test the mirror is supported on a 
wall bracket behind the lathe." 

After making the drawings to illus
trate Bergmark's rig, Roger Hayward, 

A paramecium photographed with an amateur's version 0/ the phase microscope 

Three paramecia are photomicrographed. Both slides are eight years old 
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This Xmas, Give or Get 
a UNITRON Refractor! 

: 

UNITRON Altazimuth Refractor 

COMPLETE with altazimuth mounting and slow mo
tion controls, tripod, viewfinder, choice of rotary 
eyepiece selector (as illustrated) or prism system for 
land observation and star diagonal, sunglass, cabi· 
nets ... 
2.4"' Model: �J�h .e���.i. e.ce� .. f.o" ... I .O.O.�.: .. �2.� .•. .. ���: ... $125 3"' Model: :�lI'. �eteceSf orI71�.133�:96�:.$265 

4"' MOdel: mtW*�c6sl�.r .. 255�:.�.I.��:. I.�O�: . .. $465 1.6" Model: r::.' ��t�' s�:f di��i:�:rr.prism SYS� ....... $75 

UNITRON 4" Photo-Equatorial with Clock Drive 
COMPLETE with equatorial mounting and slow mo
tion controls, metal pier, clock drive, lOX, 42mm 
viewfinder, 2.4" guide telescope, astro-camera, rotary 
eyepiece selector, 8 eyepieces, sun apparatus, cabi
nets and accessories ... 

only.. . ....... .... . . ... $1280 
As above but with wooden tripod . .............. .. ............ $1175 

OTHER UNITRON REFRACTORS INCLUDE: 
2.4" EQUATORIAL with Accessories ... .......... ............ $225 

3" EQUATORIAL with Accessories... .. ................ $435 
<\" EQUATORIAL with Accessories .... ........ ... ........... $785 

All in8trumel1ts fully ouaranteed. Shipment ex-
pre88 collect. Prices include standard acces8ories. 
AdditiQnal eyepieces and accessories availab�e for 
all models. Se�ld check or M.O. or 20 % deposit 
with bala11ce C.O.D. 

Xmas orders shipped same day as received. 
TIME PAYMENT PLAN AVAILABLEI 

This voluoble cotolog /s 

yours for the asking! 

LEARN ABOUT-
• equatorial and 

altazimuth mountings 

• objective lenses 

• refractors and 
reflectors 

• magnification and 
eyepieces 

• the latest accessories 

t"lO� rt ,... "':;. U� >. "c.
""'

. 
• 

" . ...•...•• . '" 

Send for your FREE copy now! 
1; .'\'. , 

/ e· 
$�<ji< 

United SeteHUPC (30., 
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204-6 MILK STREET • BOSTON 9, MASS. 
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--
- micY05COpe Gil knife-edge 

cover fj 

to P/�-volt 
battery 

pinhole 

solder 
threaded 

sleeve for 
Ia.mp socket 

A Foucault.test rig for short·focus mirrors 

who is an old hand at devising optical 
tricks, observed: "I have a feeling that 
Bergmark's scheme of using a microscope 
cover glass for an image divider is not 
altogether new, but I cannot remember 
having seen it applied in just this way. 
The secret of its success lies in the fact 
that, bad as cover glasses are optically, 
a very small area of one is always good 
enough. Incidentally, the formula for 
computing the difference between the 
position of the knife-edge at which the 
center of the mirror appears to darken 
uniformly and that at which any radial 
zone of a parabola similarly darkens is 
computed by the equation: D=r2j2R, 
where l' is the radius of the zone, R the 
radius of the mirror's curvature and D 
the difference in position through which 
the test rig must be moved to achieve 
the desired darkening." 

For some time amateur telescope mak
ers have been wondering how to 

make use of the war-surplus lenses of 

wide aperture and short focal length 
which have been much advertised at 
prices of less than $20. Many are ce
mented achromats of superb quality
corrected for two colors and manufac
tured to rigid tolerances. A number are 
coated for maximum light transmission 
and come ready-mounted in precision 
cells. The catch in using these lenses as 
telescope objectives, of course, is that 
their focal length is only about 10 to 20 
inches and their magnification is corre
spondingly low. A one-inch eyepiece 
gives a magnification equal to the focal 
length of the objective lens in inches. A 
half-inch eyepiece doubles this power; a 
quarter-inch quadruples it and so on, To 
utilize the maximum light which the sur
plus lenses are capable of gathering, one 
would need an eyepiece only an eighth 
of an inch or less in diameter, and so 
small an objective is impracticable. 

Wilfrid T. Patterson, an optician of 
Guelph, Ontario, suggests an ingenious 
if unconventional solution for the prob-
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Boeing engineers create America's first iet transport 

Here is another important "first" for 
Boeing engineers. It is the Boeing Jet 
Stratoliner 707, shown here as it will look 
when it takes to the air. Many Boeing 
engineers are now at work perfecting this 
epochal airliner. Other engineers are de
veloping years-ahead airplanes and mis
siles that will continue to enhance Boeing 
leadership-and their own professional 
prestige. 

A prototype of the 707 has been flight
tested for well over a year, both as a com
mercial jet transport and as the KC-135 
jet tanker for the Air Force. Boeing engi
neers are proud of their vital contributions 
to this and other aircraft: the Boeing 
IM-99 Bomarc pilotless interceptor, now 
under intensive development . . . the 
giant B-52 global bomber, at present 

being delivered to units of the Air Force 
... the B-47 jet bomber, mainstay of 
Strategic Air Command. These engineers 
are members of aviation's top creative 
team. There are more than twice as many 
of them with Boeing now than at the 
peak of World War II. This is evidence 
of the company's solid expansion, and of 
the opportunities for engineers' career 
growth. 

The importance of the engineer's art 
is steadily increasing at Boeing: in the 
exploration of heat, compressibility, and 
the tremendous stresses of supersonic 
flight, in electronic control of guided mis
siles, in nuclear power, and in many other 
fields. There is scope for all kinds of 
engineers to exercise their skills in avia
tion's great tomorrow at Boeing. 

Boeing needs additional engineers, 
mathematicians and applied physicists 
with advanced degrees now. If you feel 
that you would fit in with Boeing's tradi
tion of engineering leadership, there may 
be a place for you on a team in research, 
design or production. 

JOHN C. SANDERS, Stan Engineer-Personnel 
Boeing Airplane Co., Dept B·46, Seattle 14, Wash. 

R. J. B. HOFFMAN, Administrative Enlineer 
Boeinl Airplane Co., Dept B·46, Wichita, Kansas 

If you want further information on the advan� 
• tages of a career with Boeing, please send coupon 
• to either of the above addresses. 

• Nam. ____________________________ _ 

Coll.g.(s) _________ D.gre.(s) ___ y.ar(s)_ 
• 

Address __________________________ __ 

• City _____________ Zon._ Stat. ______ _ 

• T .Iephone Number ____________________ _ 

BOEING 
Aviation leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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Dear ....................................... . 
I (Insert name of person most likely to give you I 

ALL I WANT FOR 
CHRISTMAS 

I 
I 
I 

is a New Universal J 

DESK· TOPPER : 
Personal Size Drafting Ensemble 

For a LIFETIME of Drafting Easel 

I 
I 
I 
I 

'S;���d"""" ..... .. .. . I 
P.s. You can get it : 
at most every draft� I ing materials dealer 
• . . or wri te to . . . I 

Executives and Engineers 
deserving higher salary 
now can completely, confidential
ly make arrangements for better 
positions through our unique Job 
Improvement Service. 

As publishers of Engineers' 
Job Directory we have close con
tact with leading manufacturing 
and research firms in all sections 
of the country. 

Here's what you do. Send us 
your name, title, company and 
home address. We will forward 
to your home brief forms which 
you fill out and return. We com
pare your experience and desires 
with our file of specific job open
ings. You make the decision. No 
obligation to you, no cost what
soever. Our clients pay us to find 
you. Find out what you're really 
worth-today. Write, phone or 
wire. 
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It- DECISION INC. 
Management and 
Recruitment Consultants 
Oliver P. Bardes, President 
430 First National Bank Building 
Cincinnati 2, Ohio 

lem. "1 rather doubt that my idea is 
new," he writes, "but 1 can assure you 
that it works. Some time ago 1 obtained 
an tl5 photographic lens of four inches 
diameter. It was assembled as the ob
jective of a refracting telescope fitted 
with an ErRe eyepiece taken from what 

appeared to have been part of a bomb 
sight. The combination proved excellent 
for scenic viewing and bird study. The 
image was inverted, of course, but years 
of playing with astronomical telescopes 
had accustomed me to looking upside 
down. While working with this instru-

c..ast byonz.e 
focus;ne 

gUide flange 

objective 5eat3 against 
machined end of tube 

sun Vi50t" 

field stop 

"surplus" steel-tank 
----- telesc.ope tube 

I ' 

\ I 
II 
,\ 
/\ 
I \ 
I \ 
I \ 
I \ 
/ \ 
{ \ 
/ \ 
I \ 
I \ 
I \ 
I \ 
I \ 
I \ 

1"',2"' or 4 

objective 

stray-light 
diaphragm 

I \ I short-focus objective 
ls"'focal leneth, J��'d;am 

1It"'-""-L..L..J.::..L...£.J.--'1I:I ---./ 

ret<1ining ring cut 
from end of tube 

A short./ocus re/mcti.ng telescope with a microscope eyepiece 
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ment, I got an urge to try out some of 
the surplus objectives. They turned out 
to be of substantially higher quality than 
the camera lens. The images were much 
more brilliant and showed astonishing 
resolution. It was obvious that they 
could withstand high magnification 
without becoming fuzzy. Why not ex
amine them under a compound micro
scope? 

"The idea was given a try by means 
of a hybrid arrangement using a 40-
power microscope of the type designed 
for machine shops. This gave the com
pleted instrument an over-all power of 
400 diameters [see drawing on opposite 
page J. The field of view was exceptional
ly wide and sharp to the very edge. Al
most the whole face of the moon ap
peared in exquisite detail. The objective 
did not gather quite enough light at this 
magnification for a satisfactory view of 
Saturn. 

"I next assembled from surplus parts 
a microscope which could be varied 
through a wide range of powers. The 
objective lenses were selected from an 
assortment of achromats picked up at a 
few cents apiece. They work nicely as 
low-power elements and, incidentally, 
can also be used for building excellent 
eyepieces. Various tubes designed for 
spotting scopes and tank sights also are 
available on the surplus market. One 
end of these tubes is usually machined 
to take eyepieces, and the other can 
easily be modified as a cell for the ob
jectives. With a selection of three or 
four objectives and eyepieces you have 
a microscope, ranging in power from 10 
to 100 diameters, which will find end
less use around your shop as well as in 
the telescope. 

"Alignment of the optical train is criti
cal. The holes in the focusing sleeve and 
guide flange must be carefully centered. 
The body of my scope is made of seam
less aluminum tubing. It is stocked by 
dealers in surplus optical parts and is 
easily worked with hand tools. Hayward, 
when he made tbe drawing of the in
strument, observed that by using an ar
rangement in which a thick tube must 
slide in a solid brass sleeve I am asking 
for trouble. The combination may stick 
and even freeze. A springy sleeve would 
be preferable. The problem was solved 
in old microscopes by lining the sleeve 
with velvet-and a fine solution it is." 

patterson equips his astronomical tele
- scopes with slow-motion drives using 
homemade worm gears. "These drives," 
he says, "have many applications. They 
are handy for adjusting the position of 
Yemote optical parts, shifting the fre-

ENGINEERS and SCIENTISTS 
are needed to develop Industry's FIRST 

HOMOGENEOUS REACTOR 

Powerplant for the Electric Utility Industry. 
Experience in any of the following fields desirable: 
• Chemistry of Uranium Solutions and slurries 

• Homogeneous Reactor Technology 

• Reactor design and analysis 

• Instrumentation and control 

• Mechanical Design and Analysis 

• Heat Transfer and Fluid Mechanics 

• Mechanisms and Servos 

Westinghouse COMMERCIAL ATOMIC 'OWER 
FOREST HILLS • BOX 355 • PITTSBURGH 30, PA. 

GIANT "3" inch TELESCOPE .(.:-.�. ' : : : : : .,: : : . :. :.- S+D 
postpaid $57.50 

);E\Y!! JUS1' OFF ASSE�lBLY LI�F.!!-Ne\'cr before 
has anything like this been offered at so Iow a price. Here is 
another example of American Ingenuity, Big 3" diameter 
Achromatic Coated Objective, which will give needle·sharp 
clear images. Focusing is 1l delight with the :\ficromeler 
Spiral Focusing Draw 'fube. Light weight aluminum con· 
strllction throughout, black crackle finish, length open 22", 
clo.�cd 15%". Telescope gins an upright image. The ideal 
telescope, WO�DEnFUL for afltronomy. SUPERB, for long 
distances, EXCELLEXT spotting scope. 

MOUNTED AIR SPACED OBJECTIVES 
\Yo offer the lowest priced air spaced hand-cor
rected American made astronomical ohjectives 
Mounted in Black Anodized Alumin urn Cells. 
DlA. F.J.. l'IUCE 
3Y4" 48" Not Coated . ....... .............. $28.00 
3Y4" 48" Coated.. 32.00 
4\-8" 62" Not Coated ..... 60.00 
4Ys" 62" Coated .. 69.00 

We can supply ALUMINUM TUBING for the above lenses. 

flBIG" LENSES 
Our selection of diameters and focal lengths is the 
largest in the United States available for immediate 
deliYel'Y. Perfect magnesium fluoride coated and 
cemented achromatic telescope objecti,·es. 

Diameter Focal Length Each 
54m/m (2',.") 254m/m (10") ........... 512.50 
54m/m (2%") 390m/m (15.356") ......... . $ 9.75 
54m/m (2%") 622m/m (2.'12") ............. $12.50 
54m/m (2%") 1016m/m (40") ................. $12.50 
78m/m (3N') 381m/m ( 15") ................. $21.00 
8lm/m (31\,") 622m/m (24'12") . ........... $22.50 
83m/m (3'4") 1016m/m (40") .. .............. 530.00 

Il0m/m (40/8')* I069m/m (42.'0") ............ . $60.00 
Il0m/m (4%") 1069m/m (42.'0") .............. $67.00 
128m/m (5k")* 628m/m (24%") ............. $75.00 
128m/m (5N') 628m/m (24%") ............. $85.00 
*Not Coated 

Free Catalogue "MILLIONS" of Lenses. ete. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

A. JAEGERS 691 A Merrick Road 
LYNBROOK. N.Y. 

CALCULATIONS 
of all kinds can be easily solved on the 

BINARY CIRCULAR SLIDE RULE 
This rule will quickly solve the simplest as well as the 
Iliore difficult prol)lelUs i1l\'olving cakulatiullS in Arith· 
meth:. Algebra and Tri�unollletry. Any number of fae· 
lors call be hundled in long aud diflicult calculations. 
The C scale of tile Hinary is 2;) inches long with grat..lll· 
aliolls �5% further apart than those of a 20·inch slide 
rille. The CI. A. K. & Log scales are t..lh·hled as closely 
as a :W-inch slide rule. Log·!.o:.; �c<dc extends froBl 1.UOI., to 1,OOO.IHlll. Ci,es 'frig. fUllClions from 0 to DO 
degrees Oil bad •. Ellgine·dh·ided scales yellow and bl3:ck 
Oil white coaled aluminum. Perllluncllt!:". accurate. DIU. 
8%". Price $8.:iij in raflC, with imtnlctions. ApJHO\'ed 
at leading Univ. Used by many large firms 1n the U. S. 

ATLAS SLIDE RUL E 
The Atlas Slide Hule will Quicldy suIre problems in 
.\Juitil)lieatioll. Dirislon. and l'rujlOrtion and gh'e re
!Hllts with a maxllllum error of less than 1 in 36.000. 
The Atlas has two C scales. One Is 2,)" lOll;:!; and the 

second one is a �pil'al of 2.) ('nils Tlli� i� equivalent to 
a straight rule 50 ft. long and gires answers to 5 
ti<ru!"e�. e>

Chernists, Physiciflts and Engineers !Inre topnd t� ls 
rille irn'all1ahle for its great accuracy. 1)la. 8112'. EaSily 
(lorlable White coated aluminum ",illl leglhle hlack and 
yellow s�ales. Price $11.00 !n case with instructions. 

MIDGET 

CIRCULAR SLIDE RULE 
Similm' to Binary, ha s C, Cl, A. LL and Binary scales. 
C scale is 12" 10l1g:. Trig. functions on back. Appl·oved 
at school s and leadin::-; Unlv. Ideal for Student s and 
beg-mile.·s. or for po<;ket u sc.' Half million s<?ld. Pl"ice 83. ca. in ca se with mst,·uctlOilS. 1\lade of whIte coated 
me6�l

sc;�prt�� circulars frec. Sati sfaction guaranteed. 

GILSON SLIDE RULE CO. 
Box 1 237 SA. Stuart, Fla. 

Slide Rule Makers since 1915 
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Your inquiry will 

receive prompt 

attention. Ferson 
Optical Company, Inc., 
Ocean Springs, 

Mississippi. 

_M4Urt�!;4Si.�II;U 
SPITZ JR. PLANETARIUM 
Latest Model . . .  Fascinating! 

Amazing! Projects on ceiling of darkened 
I'oam nearly 400 stars. mOl'c than 70 constel. 
lations in propel'relation. No battel"ies; uses 
home curren at control for bright. 
ness. About on a 7"x7" base. Pro. 
jection spher meter. Included FREE: 

n������}g� 00 . • • •  also 32 page 

Stock No. 10.040-5 $14.95 Pstpd. 
SKY ZOO PROJECTOR fits above planetarium. 
Stock No. 70,059-5 ........................................ 53.98 Pstpd. 

50-150-300-power MICROSCOPE 
Low Price Yet Suitable for Classroom Use! 

3n �c�r�in��iC Objective Lenses on Revah-jug 
Turret! 

A terrific valUe because it's imported! The 
color-corrected, cemented achromatic lenses 
in the objectives give you superior results. 

Fin.e rack a
c��a�i���J ����inKev�f�i��l<>J1s�� 

able mirror. Square stage (23/4" 
h slide clamps. Pack in sturdy. 

ished hardwood case. 
This is the greatest microscope bargain on 

e market! Try it for 10 days • • •  if you'I'e 
not completely saUsfied, we'll refund your 

in full! 
............... $14.95 postpaid 

NEW! ���p I\:���:C�P��� �n��·�alc� ���r 

':�O��t�;2:��� 
ASTRONOMICAL TELESCOPE KIT !'t��lg,��i 
wm·th up to $500.00. Grind your own mirror. Contains: 
mirror blank, eye-piece lenSes, diagonal, abrasives, etc, 
Stock #70.004-S ................ Si:lte 6"' .... ..... .. ..... $11.40 Pstpd. 

See th e Stars. Moon, Planets Close Up! 
BUILD A BIG 100 POWER, 3" REFlECTING TELESCOPE 
. . •  with This Complete 87 Piece "Do-It-Yourself" Kit 

���r?J�:rf�h EJo���le���ee�i���! 
instructions. Kit includes: 3" 
fllO Aluminized and Over-��?:�?ec�Ph��'�cal

l Jt�{ro�
ar

��� 
Lens, Cross line Finder. Sturdy 

�o';.�ar·k�gei-lt 
F��rth

tYf�ck�q�� 
both axes. Ventilated 3" �'lir-
1'01' Mount, heavy wali, black 
Telescope Tube. All nuts and 
bolts supplied. Nothing extra 
to buy. Our 3" spherical mil'-
1'01' (30" Lt.) is g'uaranteed to 
resolve detail right up to the
ol'ctical limit. YOUI' fin\shotl 
scope can also be used tel'
l'cstl·ially. Money back guat·antee. Shipping weight-lO Ibs. 

stock No. 85,025-5 .. ........... $29.50 f.o.b. Barrington, N. J. 
Order by Stock NQ. Send check or M.O. (Open acct. to rated 

We hav/���!'/aiV:'J�rl Ngg� If,�a���eesu RPLU5 
LENSES AND PRISMS AT BARGAIN PRICES Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 
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An antateur's device for cutting WOrl1t gears 

quency of electronic oscillators, driving 
the charts of pen recorders and so on. 
With the fixture shown here [drawings 
above 1 you can turn out a $20 gear for 
$1.50. The teeth of the gear are cut by 
means of a tap, and those of its com
panion worm, by a matching die. 

"I cut the blank gear from brass plate, 
usually a quarter of an inch thick. The 
approximate radius of the disk is found 
by dividing the gear ratio desired by 
6.28 (271') times the number of threads 
per inch which the tap cuts. If the de
sired gear ratio is 365 to 1, for example, 
and you use a tap which cuts 16 threads 
per inch, the blank should have a radius 
of approximately 3.66 inches. In prac
tice you make it just a trifle larger to al
low for the depth of the threads. 

"A hole is drilled in the center of the 
blank disk so it will turn freely on the 
stud of the fixture. The blank is ad
vanced by means of the feed screw of 
the fixtur� and the tap is rotated lightly 
through one revolution of the blank to 
mark the points at which the teeth will 
be cut. The work is then examined to as-

sure that the tooth spacing will come out 
even. If the blank has been made over
size, the spacing between the first and 
last tooth will be too wide. The blank is 
then dressed down and another experi
mental cut is taken.' 

"There is nothing hard and fast about 
the design or dimensions of the tooth
cutting fixture. It would be simple, for 
example, to drive the tap with an elec
tric drill instead of the arrangement 
shown. But that would hurry the job. 
After you have spent two evenings or 
more making the fixture, you will feel 
cheated unless you have the fun of turn
ing the crank for half an hour or so." 

D espite the storms and floods in New 
England this fall, more than 200 

amateur astronomers and a generous 
sprinkling of professionals turned out for 
the annual Stellafane meeting at Spring
field, Vt. 

James \\1. Gagan, secretary of the Am
ateur Telescope Makers of Boston and 
one of the meeting's moving spirits, re
ports that the weather cleared to 96 per 
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1955 
OVER 600 EXPERIENCED ENGINEERS 

AND SCIENTISTS* CHOSE RCA SYSTEMS, 

DESIGN OR DEVELOPMENT CAREERS 

1956 
NEW SYSTEMS, DESIGN AND DEVELOPMENT 
POSITIONS AT RCA OPEN HIGH-LEVEL 
OPPORTUNITY FOR YOU! 

FIELDS OF ENGINEERING ACTIVITY 

RADIO SYSTEMS-HF.VHF-Microwave-Propagation Analysis
Telephone, Telegraph Terminol Equipment 

MISSILE ELECTRONICS-Systems Planning and Design-Radar-Fire 
Control-Shock Problems-Servo Mechanisms 

COMPONENTS-Transformers-Coils-TV Deflection Yokes (Color or 
Resistors 

Mechanical and Electrical-Automatic or Semi-Automatic Machines 

M 

* Plus hundreds of field 
service, recent graduates 
and other engineers. 

W 
M 

L L L 

H 

L L L L 

M 
C 
X 
M 
C 

M M 

c c 

L L 

z z 

Locations: C-Camden, N.J. H-Harrison, N.J. I-International Div. L-Lancaster, Pa. M-Moorestown, N.J. W-Waltham, Mass. X-Los Angeles, Calif. Z-Findlay, Ohio 

Mr. John R. Weld, Employment Manoger 

Dept. A-1M. Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N. Y. 

.. ::: :::.::.� ;;,�:::"�::"::;:::�"" ,�,;'" .""". ,, i 
'�l�. · U® RADIO CORPORATION of AMERICA 

COPYright 1955 RadIo Corporation of Amenca 

13 1 

© 1955 SCIENTIFIC AMERICAN, INC



cent seeing and held good for two nights. 
"Many of the gang," he writes, "camped 
on Breezy Hill and enjoyed naked-eye 
observation of clusters and nebulae. Arc
turus and the Alcor-Mizar system, along 
with a comet about nine degrees below 
Polaris, provided excellent objects for 
judging the resolution of telescopes 
placed in competition. 

"Winfred Lurcott of Cranford, N. T., 
who spent two days behind the wh�el 
of his car detouring New England's 
flooded areas, arrived just in time to set 
up his big portable reflector and take 
both Rrst prizes. His lO-inch Newtonian 
has a rigid yoke mounting, a clock drive, 
a rotating multiple-eyepiece turret and 
accurate setting circles [see photogmph 
below J. It can be stowed in the trunk of 

a car, and can be unlimbered and set up 
ready for observation in Rve minutes 
flat. 

"Other awards were taken by John E. 
Welch of SpringReld, Mass.; Guy Gor
don of Natick, Mass.; Tohn Sanford of 
Newburgh, N. Y.; Ge�rge Random of 
West Acton, Mass., and Bruce Wood
ward of Rye, N. Y. Incidentally, the 
committee is still trying to locate un
identiRed winners. The judges tried out 
a system of tagging entries by number to 
eliminate any possibility of bias. It 
worked so well that two contestants left 
for home without their awards. 

"August 11, 1956, has been set as the 
date of the next Stellafane meeting, that 
being the Rrst Saturday after the new 
moon in August." 

Win/red LlLrcolt and his JO·inch Newtonian ref/ector 
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The Story of 

DEMETRA 

and 
the 
headless 
doll. • 

DEMETRA is a lively, mischievous 15 month old hahy with light hrown 
hair and a face always scruhhed shiny and clean. She toddles around on the 
floors, generally gets in her mother's way, and gurgles over her doll. 

The headless rag doll is an important plaything to Demetra. Important 
hecause it is her only plaything. And important also hecause it symholizes 
the poverty and struggle of living in modern Greece-torn and ripped hy 
war, earthquakes and the austerity of economic rehahilitation. 

The only "home" Demetra has known is a refugee camp in Athens-a 
large warehouse partitioned off with ropes and rags to make "rooms" for 
many families. 

Demetra's mother has sold most of the family's possessions, even her own 
winter jacket, to huy milk and hread for the hahy. Demetra's father, a news
paperman hefore the wal', has heen unahle to find employment. He is hard 
working and conscientious, hut in poverty-stricken Greece there is little 
opportunity to earn a living wage. In a country where tragedy and sorrow 
walk hand in hand, Demetra's parents can only pray that someone-some
where-will help their tiny daughter. 

HOW YOU CAN HELP DEMETRA 
You can help Demetra or another needy baby through the BABY SPONSORSHIP plan 

of Save the Children Federation. For only $60 a year, $5 a month, SCF will send "your" 
baby, food-including extra milk and cereal-attractive new clothing, warm bedding and 
many other essential items -delivered in your name in Greece, Finland, France, Western 
Germany or Korea. 

Full information about the baby you sponsor and a photograph will be sent to you. You 
may correspond with "your" baby's family, so that your generous material aid becomes 

part of a larger gift of understanding and friendship. The cost of an SCF Baby Sponsorship 
is so small-the good is so great. 

SCF NATIONAL SPONSORS include: Faith Baldwin, Mrs. Mark W. Clark, 

Mrs. Shel'wood Eddy, Mrs. Dwight D. Eisenhower, Herbert Hoover, 

James A. Farley, Rev. Ralph W. Sockman, D.D., Mrs. Wendell L. Willkie. 

---------- ---.... ..... .. -•••••• _--_. ---------_. ------•••• po 

SAVE THE CHILDREN FEDERATION 
Carnegie Endowment International Center, 

United Nations Plaza. New York 17, N. Y. 

Established 

1932 

• 1 would lU,e to sponsor a needy baby like Demetra in.... . ......... (Creece, 

Finland, France. "restern Germany or Korea) or where the need is greatest. I will pay $60 for 

one year (or" $15 for first quarter, or $5 per month). Enclosed is payment for the full year D. 
the first qua I'tel' D. the first month O. Please send me the bab:r's name, story and picture . 

• I cannot sponsor a baby. but I would like to help by enclosing my gift of $ ... 

Name .. 

Address .. 

City .. ....................... Zone.. . ..... .... State .. 
Contributions to Save The Children Federation are deductible from Federal Income tax 

SA-lO 
. ______________ • ..,. .••••••••••• _______________ .... . . . .  1 •••••• � 
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Douglas 
announces ... 

Corporal Bumper Sparrow 
Wac 

Roc Wac B Nike 
00·1000 

Missiles by 

the formation of a separate 

Missiles Engineering Department 

Growing importance of missiles 

in the nation's defense has led to the 

separation of missiles engineering 

from aircraft engineering functions 

at Douglas Aircraft Company. 

Leadership in this important field 

has been won by Douglas in 14 years 

of development and design of 

guided missiles for the Armed Forces. 

Douglas is currently engaged in 

eight major missiles projects, under 

contracts from the Air Force, 

Army and Navy. 

Formation of the new department 

at Douglas opens new opportunities 

for engineers and scientists interested 

in the missiles field. Write to: 

E. C. Kaliher, Engineering Personnel 

Manager, Missiles, Douglas Aircraft 

Co., Santa Monica, California. 

First in A viatioll 
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Attention! 

NON·CITIZEN 

ENGINEERS & 

DES I G N E R S ••• 

. . . now you can work at Republic Aviation Corporation through 

a liberal new arrangement made available to all engineers and 

designers experienced in the. Aircraft and Guided Missiles fields. 

If you have had 5 or more years experience 
in AERONAUTICAL ENGINEERING 

and DESIGN - emphasizing one or more 
of the following areas, Republic may have 
an important position for you in: 

AERODYNAMICS 

DYNAMICS 

FLIGHT TEST 

THERMODYNAMICS 

FLUTTER & VIBRATIONS 

STRESS 

WEIGHTS 

AIRCRAFT & MISSILE DESIGN 

PRELIMINARY DESIGN 

ELECTRONICS 

CONTROLS 

SYSTEMS 

Today Republic's famous Thunderjets and 
Thunderstreaks are in service throughout 

the free world. These planes, as well as the 
new RF-84F Thunderflash, form part of 

the striking arm of the air forces of the 
U. S. and other NATO countries. Soon to 
appear are the F-103 and F-I05, while 
planes embodying advanced aerodynamic 

concepts are already in the mock-up and 
prototype stage. Still others are on Re
public's drafting tables. 

AND TO WORK FOR REPUBLIC IS TO 

LIVE ON LONG ISLAND! You'll enjoy liv
ing in the playground of the East Coast, 
with its fine suburban communities, mod
ern highways, miles of beaches and many 
state parks. 

RELOCATION EXPENSES PAID ... L1BERAL 

BENEFITS. Republic relieves you and your 

family of all financial worries connected 
with moving to a new position on Long 

Island. The company also pays life, health 

and accident insurance - up to $20,000-

for you, plus hospital-surgical benefits for 
the whole family, and V3 the cost of your 

collegiate and graduate studies. 

If you wish to join the select group of Republic engineers, 

no matter where you are located now, write promptly, 
describing your experience and training in detail. 

• 

A convenient interview can be arranged in your vicinity. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Add1'ess: 
Mr. R. L. Bortner 

Assistant Chief Engineer 

FARMINGDALE, LONG ISLAND, NEW YORK 
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$AVINGS in $TEEL 
NOW POSSIBLE WITH THE NEW t 

ALU#U�£��min= r. Coating Process 
In many cases. expensive high alloy 

strategic steels may be replaced with low alloy 
steels which have received the ALUMICOAT 
Molten Aluminum Coating Process. Under high 
temperature conditions. these low alloy steels 
would ordinarily oxidize and scale. but after 
the application 01 the ALUMICOAT Process. 
they have proven superior to strategic alloy 
steels. 

Sl�e' Samplu 

WITHOUT ALUMICOA T 

18·8 Chromium Nick",1 1,)50 " - 17.0% 
2.5·20 Chtomium Nk�.el 1,)50 . - 8.3% 
27% Ch.omium Steel 1,350 " - 8."% 
WITH AlUMICQAT 
Plc;n STeel 1,).50 192 
18·8 Chromium Nickel 1,350 192 
plain Steel 1.100 .8 

1,700 '8 
'Alter cOHosion Hole wOI lopped off. 

The above lable showing ALUMlCOAT 
protection, i, a 'actual reparl of the pro
tective capacities inherent in the application 
of this process to djfferent metals at different 
conditions. 

The Alumicoat Process has been successfully 
applied to Jet Aircraft Components. Petroleum 
Refinery Equipment. Exhaust Manifolds. Diesel 
Engine Components. etc. Full details of the 
Alumicoat Process will be furnished upon 
request. 

ARTHUR TICKLE 
ENGINEERING WORKS, INC. 
21-A Delevan Street Brooklyn 31. N_ Y. 

Brown 

�onverters 

- for low noise. 

highly stable 

servo circuit service 

Ideal for converting low-level doc to a-c. 
these precision-made components are 
designed for exceptionally low noise level 
and freedom from stray pick-up. 
Synchronous "make before break" contact 
action eliminates inductive transients. 
Rugged design assures long service life. 
Operate in any position. Nominal 
frequencies are 25, 40, 60 and 400 cycles. 

Write for Data Sheets No. 10.20-5 
and 10.20-1. 

MINNEAPOLIS-HoNEYWELL REGULATOR 
CO., Indust,-ial Division, 
4580 Wayne Ave., Philadelphia 44, Pa. 
-in Canada, Toronto 17, Ontario. 

Honeywell 
BROWN INSTR UMEN'TS 

1--lH)�t�� 
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prociuct by Brush ••• 

helps create 

the good look 

in textiles 

Producers of textiles have new tools to improve 

quality while reducing costs in manufacture. For 

example, the Brush Tension Analyzer measures and 

records the static and dynamic tensions of 

all types of yarn. It's used in research to improve 

yarn and processing methods, used in production to 

adjust machinery and to locate troubles pots before 

they become expensive. Other Brush instruments 

enable textile producers to count imperfections in 

yarn, or to measure its uniformity. 

Whether you make textiles, operate machine 
tools, or design guided missiles, 

Brush Instrumentation can help 

you get necessary data 

quickly and easily. 

Brush Tension Analyzer records 
tension in the processing of 

filamentary materials. 

DIVISION OF 

CLEVITE CORPORATION In 
For complete information write Brush Electronics Co., 
Dept. B-ll, 3405 Perkins Avenue, Cleveland 14, Ohio. 
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Second in the "Atoms for Peace" international poster series recently 
displayed in Geneva by General Dynamics. Design inspired by iso· 
tope symbols used in the promising new field of nuclear medicine. 
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