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Spark of genius 
�'The great objective ... 

is to open the avenue of scientific knowledge to youth"* 

Franklin", Fulton, "Lincoln ... Bell. .. Willard -geniuses? 
Yes, in the sense 'that they had the creative spark and 
the ability, courage, and leadership to see and speed to 
us inventions and ideas beyond the horizon of their day. 

FUTURE IN TO DAY'S YOUTH-The scientists, states­
men, inventors, and humanitarians of tomorrow are 
among our youth of today. The future depends upon our 
discovering, fostering and using their creative genius. 

OPPORTUNITIES ABOUND for all of us "to direct the 
genius and resources of our country to useful improve­
ments, to the sciences, the arts, education . . . "* 

SCHOLARSHIPS AND FELLOWSHIPS-To help meet 
this' need, Union Carbide has established undergraduate 
scholarship and fellowship programs in a number of 

liberal arts colleges and technical institutions to assist 
deserving students who are interested in business and 
scientific careers, 

THE PEOPLE OF UCC hope you, too, will do everything 
in your power to discover and encourage the creative 
talent of our American youth. In them is our greatest 
assurance of an ever better tomorrow. 

TO LEARN MORE about the Union Carbide scholarships and 
fellowships, their purposes, and the colleges and universities in which 
they have been established, write for booklet A. 

*from Tablels in tbe Hall of Fame, New York University. 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET � NEW YORK 17, N. Y. 

UCC's Trade-marked Products include 

LINDE Oxygen 

PREST-O-LITE Acetylene 

SYNTHETIC ORGANIC CHEMICALS 

ELECTROMET Alloys and Metals HAYNES STELLITE Alloys PRESTONE Anti-Freeze NATIONAL Carbons 

PYROFAX Gas DYNEL Textile Fibers UNION Carbide LINDE Silicones 

EVEREADY Flashlights and Batteries BAKELITE, VINYLITE, and KRENE Plastics 
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---------------------------------- _ ._--

BUSINESS IN MOTION 

Like other companies whose people do outstanding 

work, Revere receives many letters of appreciation. 

They are a source of great gratification, first because 

we want to render service, and second because good 

work shows that the way we select, train, and pro­

mote men to positions of responsibility is the right 

way. Let us quote from a recent letter. 

"Thank you for bringing your welding engineer 

to assist us, in solving our problems. 

"On his visit to our plant 

last month, he helped us to 

establish sound procedures 

and in so doing, eliminated 

several expensive errors we 

were unknowingly making. 

We are especially grateful to 

him for the energetic way in 

which he went about his work, 

in spite of physical difficulties 

encountered due to our plant 

being in full operation. We appreciate his patience 

in answering all questions ;with which he was bom­

barded by operators, supervisors, and management 

alike. 

"It was a real pleasure to have your welding spe­

cialist and a technical advisor with us, and we hope 

it will be possible for you to visit us again soon under 

less strenuous circumstances." 

Our interest in welding stemmed originally from 

the fact that years ago it became evident that the 

market for Revere Metals would be expanded con-

siderably if customers could be shown how to make 

perfect welds, quickly and at minimum expense. A 
Welding Section was set up within the Research and 

Development Department, where it was given full 

laboratory facilities. The activity was organized on 

both scientific and practical lines, with capable per­

sonnel who have solved many problems. In one case, 

two men were flown to a customer's plant, where they 

worked 20 hours a day over a weekend, and by Mon­

day afternoon had the satis­

faction of seeing the custom­

er's operators turning out 

perfect welds, saving a sub­

stantial sum in penalties for 

delayed delivery. 

The normal procedure 

whereby the Welding Section 

is called into action is simple. 

Usually a Revere Salesman 

uncovers a welding problem, 

and calls in the Technical Advisory Service. Often a 

Technical Advisor can provide the needed know-how. 

If additional help is needed, he can get it from the 

Welding Section people. 

You may not be at all concerned about welding 

metals, and never expect to be. That does not matter. 

Whatever you make, or how you make it, you may 

have problems. Our suggestion is that you look 

around among your suppliers and see if one or more 

of them may not have just the special skills that you 

can use to good advantage. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

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

SEE "MEET THE PRESS" ON NBC TELEVISION, SUNDAYS 
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Presenting INDOX I ... 

a NEW 
CERAMIC 
PERMANENT 

MAGNET 
• • •  Opens New 

Fields for Produd Design 

INVESTIGATE THESE 
CHARACTERISTICS 

• Higher coercive force than 
any other commercial, perma­
nent magnet material. 

• Negligible hysteresis and 
eddy-current losses in mag­
netic circuits having an alter­
nating-current component. 

• High electrical resistivity. 

• No critical materials are 
required. 

• Lightweight. 

• Magnetization practical 
prior to assembly. 

Let our forty-three years of 
accumulated permanent 
magnet experience help 
you to utilize this new 
magnet in your products. 
Write to Dept. 3} for com­
plete details. 

NDIANA 
PERMANENT 

MAGNETS 
The INDIANA STEEL PRODUCTS CO. 

VALPARAISO, INDIANA 

World', largest Manufacturer of Permanent Magnefs 
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LETTERS 

Sirs: 
The short article "Too Many People" 

in "Science and the Citizen" [SCIENTIFIC 
AMERICAN, January] contains the er­
roneous statement that "the birth rate 
(of India), 27 per 1,000, is the highest 
in the world . . . .  " For the period 1947-
5 1, Costa Rica had an average birth rate 
of 45. 1; Mexico, 45.2; EI Salvador, 46.8; 
and Guatemala, 5 1.3. 

Actually India's birth rate is only two 
per thousand higher than that of the 
U. S. India's terrible population problem 
arises from the fact that she cannot now 
afford any increase in her population at 
all-and her numbers are growing at the 
rate of five million a year. Despite the 
fact that India's rate of natural increase 
is lower than that of the world as a 
whole, her population will double in the 
next 56 years if the 1940-50 rate of in­
crease continues-let alone rises. 

It is true that in the past birth rates 
have dropped only in conjunction with 
rising standards of living. But today 
modern medicine and insecticides can 
and do cut the death rates of unde­
veloped countries in a very few years­
thereby sending populations soaring. So 
ways must be found to cut birth rates in 
such countries more rapidly than they 
were reduced in the West; otherwise, all 
the benefits our Western "know-how" is 
bringing these countries will simply be 
swamped in an upsurge of numbers 
which the undeveloped countries them­
selves neither want nor can cope with. 

WILLIAM ESTY 

Planned Parenthood Federation 
of America, Inc. 

New York, N. Y. 

Sirs: 
In order to meet the space require­

ments for the article on "Radio Waves 
from Interstellar Hydrogen" [SCIENTIFIC 
AMERICAN, December, 1953], I was un­
able to include some general information 
that your readers might find of interest. 

With regard to the radio astronomy 
program at Harvard, considerable credit 
is due the engineers of the Raytheon 
Manufacturing Corporation of Waltham, 
Mass., for their assistance which was 
provided free of charge in the interest of 
furthering the research program. In ad­
dition the National Radio Company of 

Malden, Mass., made the facilities of its 
model shop available to the Harvard 
project at a direct cost rate in order to 
expedite construction of several sensitive 
circuits requiring precise test equipment 
facilities. 

The Harvard radio astronomy program 
under the direction of Bart J. Bok is sup­
ported by a grant from the National 
Science Foundation and by gifts from a 
friend of Harvard's Agassiz Station. 

During the past few weeks the tele­
scope has been put into full operation 
and has already provided a considerable 
amount of previously unpredicted in­
formation concerning the structure of 
our galaxy. 

HAROLD I. EWEN 

Harvard College Observatory 
Cambridge, Mass. 

Sirs: 
I have read the elegant essay by Sir 

Edmund Whittaker on G. F. Fitzgerald 
[SCIENTIFIC AMERICAN, November, 
1953] with more than ordinary interest. 
(Sir Edmund's exposition is always ele­
gant and beautiful.) He speaks of the 
conception of the "Fitzgerald contrac­
tion" and writes: "He died in 1901, too 
soon to know that his notion led to the 
theory of relativity." It is on this point 
that I wish to comment. 

These years (the days of Fitzgerald, 
Hamilton, Stokes, Maxwell, and the 
other "giants" of the late 19th century) 
were rapidly ripening for a revolution in 
physical thought. There is every evi­
dence that relativity theory was inevi-

Scientific Amcrh·all. :March, 1954; Vol. 190, 
No. 3. Published monthly by Scientific American, 
Inc., 2 \Vest 4·5th Street, New York ;{6, N. Y.; 
CeraI'd Piel, president; Dellnis Flallagan, vice 
prcsitlcnt; Donald H. IHilicr. Jr., vice president 
anti treasurer. Entered at the New York, N. Y., 
Post Office as second·c1ass m allcr JUlle 28, 1879, 
unucr nct of .\Jan'h 3, 1&79. Additional entry at 
Grecnwich. COIlII. 

Editorial l�ol'rt�SIH)ll(ll�IICC should be addressed to 
The Euitors, SCIENTIFIC AMEIlICAN, 2 West 45th 
Street, New York 36, N. Y. Manllscripts are sub· 
milted 31 the author's risk and will flot be returned 
unless accolllpanied hy postuge. 

Ad"Cl"tisillg cOl'rcspolldclICC should be addressed 
to .Martin 1\'1. Davidson, Arhertisiug Manager, 
SCIENTIFIC AMElliCAN, 2 West 45th Street, New 
YMk 36, N. Y. 

Suhscription corl'cspolldcncc should be ad· 
dressed to Circulation Manager, St:lEN'f1F1C AMEu(' 
CAN, 2 West 45th Street, New York 36, N. Y. 

CJlange of addl'ess: Please notify us fOllr weeks 
ill advance of change. If nvnilable, kindly furnish 
all address imprint from a recent issue. Be sure to 
give hoth uld and new addresses, il1dllclill� postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
ye:ar, 55; 2 years, 89; 3 years, 512.50. Canada anti 
Latin America: 1 year, $6; 2 years, SIO; 3 years, 
$14. All other countries: 1 year, S8; 2 years, $12. 
3 years, $16. 
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HOW TO KICK OFF A ROCKET 

in the right direction . /. 

Load! Aim! Launch! And off goes a rocket from shipboard ... but not 
without precise devices that start the rocket in the right direction. 
Devices ... such as Ford Instrument has manufactured for the 
Armed Forces since 1915. For from the vast engineering and pro­
duction facilities of the Ford Instrument Company, come the 
mechanical, hydraulic, electro-mechanical, magnetic and electronic 
instruments that bring us our "tomorrows" today. Control problems 
of both Industry and the Military are Ford specialties. 

14 

You can see why a job with Ford Instrument offers young 
engineers a challenge. If you can qualify, there may be 
a spot for you in (Jutomatic control development at Ford. 
Write for brochure about products or job opportunities. 
State your preference. 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 

3 
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x 

oscillog ams 

grams 

spectrogr ms 

Operation: The operator 

makes measurements by 

rapid X-Y cross-wire motion. 

The measurements are then 

electronically converted into 

digital form for readout to 

an electric typewriter, tape 

perforator, summary punch or 

key punch. Measuring and 

readout are almost simultaneous. 

y 

measure records faster ... 

with the low-cost 

Contact Telereader System 

The problems of manual measurement-slowness, 
inaccuracy and high labor cost-are solved by 

the Contact Telereader System. 

It measures oscillograms, spectrograms and other graphic 
records, makes up to 40 measurements per 

minute and provides .01" accuracy. 

Flexibility is a major advantage of the system. It handles 
single sheet or roll records of any length, any width 

up to 18", performs linear and non·linear 
calibrations, reads out in typewritten reports, 

punched cards, or perforated tape. 

Please send requests for specifications to 
Preston W. Simms, Dept. SA·3. 

TELECOMPUTING CORPORATION 

BURBANK, CALIFORNIA . Washington, D. C. 

table and Fitzgerald's conception was 
most certainly a keystone in the' new 
structure. One is convinced, when study­
ing how things were pointing in these 
vears, that the universe was about to be 
�stablished anew. (Newton did it in one 
very acceptable fashion.) Now in this 
connection Einstein's remarks are ex­
ceedingly illuminating: "It appears to 
me as a foregone conclusion that he 
would have developed the Special 
Theory of Relativity, had that not been 
done elsewhere; for he had clearly per­
ceived its essential aspects." Einstein's 
reference here happens to be to the 
French physicist Paul Langevin. 

JULIUS SUMNER MILLER 

El Camino College 
Los Angeles, Calif. 

Sirs: 
In a letter in your November, 1953, 

issue Lloyd Espenschied commented on 
our article about Francis Hauksbee 
[SCIENTIFIC AMERICAN, August, 1953]: 
"I feel I must remonstrate against the 
practice ... of maximizing the hero of 
the play by minimizing the supporting 
cast, in this case those upon whom the 
Hauksbee advance was built." We agree 
with this point of view, but we cannot 
agree, as Dr. Espenschied suggests, that 
Otto von Guericke was minimized by us 
when we pointed out that he was not the 
effective inventor of the triboelectric 
generator. The "many authorities" that 
Dr. Espenschied cites are unfortunately 
but one, for they are all the intellectual 
descendants of Joseph Priestley who, in 
looking back from the 18th century at 
Guericke's 17th-century sulfur globe ex­
periments, realized that electrical phe­
nomena were involved, and in his famous 
History and present state of electricity 
(1767) gave the story that many writers 
have since repeated. Fortunately we no 
longer have to depend upon Priestley's 
interpretation: a detailed modern study 
of Guericke's sulfur globe experiments 
has been made by the British historian of 
science N. H. de V. Heathcote. In­
terested readers may turn to his article 
in Annals of Science (1950, pages 293-
305) to find why he concluded that 
"Guericke's sulfur globe was not devised 
as an electrical machine nor were the ex­
periments made with it electrical ex­
periments in the sense that they were in­
vestigations into the properties of elec­
tricity." 

As for the review of Guericke's book in 
the Philosophical Tmnsactions for 1672, 
it was hardly of such a nature as to en-

/ 
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Pattern of things to come 

IN ADDITION TO THE PROPERTIES AlREADY MEN· 
TIONEO IN THE ADVERTISEMENT, SYNTHANE HAS 

G 
+-CI===JI� 

x 7<::: 

1. Impact ,trength. Synthane 
stonds up in mechanical applica· 
tions where jolts, iars and light 
shock loads are common. It does 
no •• plinter or break readily: will 
not delaminate. 

t. T.n.lI. .".ngth. Synthane is 
strong in tension and compression. 

3. Light w.lght. Synth ane has 
approximately half the weight of 
aluminum. 

-4. Flexural strength. Synthane is 
suitable for jobs where dellexion, 
torsion and vibration ar. present. 
It has excellent fatigue resistance. 

5. Stabl. 0 • ., Wid. T ...... 'a. 
tvr. Ranoe. Syn t h a n e  i s  
thermosetting; does no. Row as 
temperature rises, has a low coeffi­
cient of thermal expansion. 

Here is one of the brightest ideas in 
electronics-and one of the materials 
which helped make it possible. The 
idea is the printed circuit; the material 
is a laminated plastic called Synthane. 

For years radio sets were put to­
gether by laboriously soldering a forest 
of wires to terminals. It was a time­
consuming and expensive operation. 
If one connection proved faulty, the 
whole assembly had to be rechecked. 

Then someone came up with the 
idea of printing the circuit with an acid­
resisting ink on foil bonded to a base­
and etching away the metal not needed. 
It would be quick, easy and error-proof 
-if the right base material could be 
found. 

Among many tested, Synthane was 
one sheet material selected. Synthane 

SYNTHANE CORPORATION, OAKS. PA. 

has the necessary strength, low mois­
ture absorption, is an excellent insula­
tor and can be punched easily. It 
bonds securely to metal foil and with­
stands the etching acid used to remove 
the excess metal. 

The printed circuit is still in de­
velopment-but it has zoomed into 
favor for radio, TV, hearing aids, and 
many other electronic devices. There 
are now a dozen ways to produce what 
are still called "printed" circuits. And 
Synthane is an accepted base material 
for every one of them. 

Synthane laminated plastics are 
available in a variety of grades and 
colors-in sheets, rods, tubes, and fab­
ricated parts. You are invited to write 
for information to Synthane Corpora­
tion, 2 River Road, Oaks, Pa. 

5 
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VARIAN announces 

6 

magnetic fields to order 

with the new, multi-purpose 
V·4007 LABORATORY ELECTROMAGNET 

This versatile six-inch magnet produces a remarkable range of field 
values and configurations. It is the answer - in one instrument - to 
the exacting yet diverse requirements of laboratory research. 

LOOK AT THESE FEATURES: 
• Changeable pole caps for uniform or high field work. 
• Easily adjustable gap - from 1f4 inch to 6 inches. 
• Yoke angle readily adjustable for best working access. 
• Dolly mounting provides mobility without loss of rigidity in 

operating positions. 

• Precise machining and accurate alignment assures high degree of 
field uniformity. 

FOR OPTIMUM MAGNETIC FIELD STABILITY ... 

Varian's new, matching V-2200 Regulated Magnet Power Supply pro­
vides highly stable direct current for operation of the V-4007 electro­
magnet. Its significant features include: 

• Maximum current regulation against line and load change .. 
• Slow drift essentially unaffected by room temperature 

changes. 
• Provisions for field modulating and n·m·r (nuclear mag· 

netic resonance) field controlling signals. 

FOR THE ULTIMATE IN ... 
Large-volume uniform magnetic fields, Varian offers the 
Model V-4012 Twelve-Inch Electromagnet with new trunnion­
style mount, permitting choice of yoke angles. 

FOR THE FULL STORY ... 
Write today for complete technical data and specifications 
on these outstanding Varian laboratory magnets and ossa· 
ciated power supplies. 

THE MARK OF LEADERSHIP 

V A R I A N associates 
PAL 0 A L T 0 7, CAL I F 0 It N I A 

Representatives in all principal cities 

courage reading of the book, since right­
ly or wrongly it called attention prin­
cipally to the reviewer's belief that 
practically all of the work published 
therein had been done by others be­
fore Guericke. The one paragraph de­
voted to the sulfur globe experiments 
makes no mention of electricity, rather 
skeptically noting that Guericke "affirms 
that the Impulsive, Attractive, Expul­
sive, and other vertues of the Earth, 
as he calls them, may be ocularly ex­
hibited." 

Robert Boyle knew of Guericke's work 
with air pumps. Yet Boyle in his own 
book on electricity, published three years 
after the appearance of Guericke's book, 
did not mention Guericke as an electrical 
experimenter, although he listed seven 
other 17th-century scientists-not all of 
them English-who had studied electri­
cal phenomena. 

As for Newton, there is nothing in his 
writings that we know of to indicate that 
he suggested the substitution of a rotat­
ing glass ball for one of sulfur, although 
several subsequent writers credited 
Newton with having made this sugges­
tion. 

Several decades after Hauksbee pub­
lished his work, Dufay, in France, men­
tioned Guericke's book and, recognizing 
that the sulfur globe experiments were 
electrical in character, repeated and ex­
tended one in which the rubbed globe 
had been seen to repel a feather. But by 
this time there were other sources of in­
formation on electrical repulsion. The 
phenomenon had been observed as early 
as 1629, by Cabeo in Italy; and various 
striking experiments on repulsion were 
described by Hauksbee, with whose 
work Dufay was familiar. Indeed Dufay, 
in transmitting a summary of his elec­
trical discoveries to the Royal Society of 
London in 1733, began by saying: "I owe 
this homage to that illustrious body, not 
only as a member thereof, but as a debtor 
to its works, in that the writings of Mr. 
[Stephen] Gray and of the late Mr. 
Hauksbee, both of that society, Rrst put 
me upon the subject and furnished me 
with the hints that led to the following 
discoveries." 

DUANE ROLLER 

American Association for the 
Advancement of Science 

''''ashington, D. C. 

DUANE H. D. ROLLER 

Harvard University 
Cambridge, Mass. 
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New Paints '-, 

, . 
�--

that "breathe" ... 

from Celanese* 

Vinyl Acetate Monomer 

Of the many recent developments in the paint 

industry, the new polyvinyl acetate emulsion 

paints offer the greatest promise today. Water­

based, they can be sprayed, rolled or brushed 

on any surface - indoors or out. They dry in 

less than an hour. They are fast to sunlight, 

alkali and weather resistant, and durable. Best 

of all, these new paints form a film surface 

that is porous to moisture-vapor. This permits 

application on fresh plaster and masonry with­

out danger of blistering or peeling. This can 

prove to be a tremendous time-saver in con­

struction and maintenance. 

Celanese is contributing to the development 

of polyvinyl acetate paints, through the vol­

ume production of Vinyl Acetate Monomer. 

Celanese production has introduced a realistic 

price stability that should make these paints 

competitive in every application. This has been 

a spur to increased activity by the chemical 

companies who process the Monomer into the 

polyvinyl acetate resin emulsions for use by 

paint manufacturers . 

• Reg'. U. S. Pal. Oil. 

Celanese Vinyl Acetate Monomer·- one of the many chemical raw 

materials produced from natural petroleum gases-is also a rich source 

for product improvements in many other fields-textile finishes, paper 

coatings, adhesives, plastics, protective lacquers and varnishes, soil con­

ditioners. W ith virtually unlimited natural resources to draw upon, 

Celanese Vinyl Acetate Monomer offers a solid basis for hundreds of 

other industrial opportunities. We think you'll find the complete 

monomer story rewarding. Write to Celanese Corporation of America, 

Chemical Division, Dept. 582-C,180 Madison Ave.,NewYork 16,N.Y. 
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Look What's Happening 

FLOOD OF APPLIANCES OUTMODES MUCH HOME WIRING. 
In 1930 you could buy only about 20 home appliances. Now 
young homemakers may shop for 75 or more. Some call for 
more current on one circuit than all the wiring in most pre­
World War II homes was designed to carry. Lights dim. 
Fuses blow. If this happens in your home, don't blame the 
appliance or your utility company. Your wiring is probably 
at fault. The man to see is your electrician. Let him save you 
trouble and money by replacing outgrown circuits now with 
more of them and with new and better wires and cables. 

ANACONDA 
PRODUCERS OF: Copper, zinc, lead, silver, gold, platinum, cadmium, vanadium, 
selenium, manganese ore, ferromanganese, superphosphate and uranium oxide. 

MANUFACTURERS OF: Electrical wires and cables, copper, brass, bronze and other 
copper alloys in such forms as sheet, plate, tube, pipe, rod, wire, forgings, stamp­
ings, extrusions, flexible metal hose and tubing. "ANACONDA" IS A REGISTERED TRAOEMARK. 
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In Metals 
It's an age of exciting new 

electrical appliances. But, 

despite warnings, our homes­

and factories too-often 

suffer from "skimpy" wiring. 

Here's how Anaconda helps 

your electrician correct this 

situation for you. 

I
s YOUR house-or apartment-almost new? 
Already its wiring may be dated. 
Our "electrical" needs have grown day 

by day. Electric light companies have been 
saying this for years. Now, as we buy dish­
washers, grills and air conditioners at an 
amazing rate, these needs have become acute. 

Wiring never seems to catch up. Evenjust 
after we build them, we sometimes find our 
homes underwired. We can't enjoy all the 
fun, comfort and freedom from work that 
electricity offers. 

Our factories feel the same pinch. We 
install wonderful new machines. Only to 
find last year's wiring a bottleneck. 

Best prescription: wire ahead-years 
ahead! It costs less in the long run. Anaconda 
Wire & Cable Company now offers your 
electrician a wide choice of many new wires 
and cables. Modern plastic and synthetic 
rubber insulations make it possible to replace 
outgrown circuits most economically. 

Good products and modern production 
methods-to meet U. S. metal needs-are 
typical of Anaconda and its manufacturing 

3-D GEOLOGY SHOWS COPPER TREASURE. Since 
1876 Anaconda's famous Butte Hill in Montana has 
yielded over 13 billion pounds of copper. For more than 
50 years three-dimensional records of Butte's geological 
structure were kept. Recently, this precise geological 
mapping paid off. It showed vast resources oflow-grade 
ores. Anaconda is now tapping a proved reserve of 
2,600,000,000 extra pounds of copper from "the richest 
hill on earth." Much is already going into wires, 
cables and brass mill products for our homes, factories 
and electric companies. 

subsidiaries. From their mills come products 
as varied as pre-formed copper tube grids for 
radiant panel heat, stainless steel flexible con­
nections for jet engines, and aluminum cable, 
steel reinforced, for electrical transmission 
lines. 

Leadership is a habit with Anaconda and 
its subsidiaries. Each is a part of a fully 
integrated business working with many 
metals. That's why each can serve you better 
• . .  todaJ' and tomorrow. 68267A 

WHERE WILL WE GET THE "EXTRA" 
ELECTRICITY WE NEED? In 1 0 
years, electric companies have 
doubled their generating capacity, 
and in the next 1 0 years will 
doubtless double again. This year, 
t h e  n e w  A s t o r i a  p l a n t  o f  C o n  
Edison will give New York City 
360,000 kilowatts more power ca­
pacity. The American Brass Com­
pany, an Anaconda subsidiary, 
supplied thousands of "aluminum­
brass" tubes which condense the 
s team that turns its  turbines. 
Anaconda is well-equipped to help 
engineers select the best metals for 
such tubes. Its experience with 
copper and copper alloys goes back 
over a century. 
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This 450·ton Verson Press Brake is installed on 
UNISORB mountings • • • without drilling the 
floor or bolting machine in place. 

I" JOI_ 
ls done the 

lAS,YlA' 
VI"" 

UNISORB® MOUNTING 
From giants like this to drill presses �nd lathes, you can save installation time and 

money by mounting machines on UNISORB pads. 

DON'T DRILL FLOORS - Simply use the correct type of UNISORB mounting 

pads, cement pads to floor and machine base, let dry overnight and the job is done. 

REDUCE VIBRATION AND NOISE- Plant studies show 60% to 85% less trans­

mitted vibration from UNISORB·mounted machines. 

EASY INSTALLATION- Less labor is needed when you use UNISORB instead of 

the old drill·and·bolt method. UNISORB is available precoated with adhesive, for use 

with machines which do not require shimming. 

10 

WRITE TODAY for your copy of the UNISORB book. Just 
return the coupon and your book will be put in the mail. 

look for Ihe red- cenler and UNISORB brand mark 

The FELTERS 
Company 

2�O SOUTH STREET, BOSTON 11, MASS. 

Offices: New York, Philadelphia, Chicago, Delroil, SI. louis 
Sales Representative: San Francisco 

Mills: Johnson Cily, New York; Millbury, Mass.; Jackson, Mich.; New York Cily 

r -------------------------. 
I RETURN COUPON NOW! Please send my free copy of the book: "Facts About I 
I 

Anchoring Your Machines with UNISORB". I 
I Name ... . .... . . . . . . . .... . .. . ...... . . . . . . . . . . .. . .. . . . . . . . .  Title.......... I 
I 
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I 

Company........................... • • • •• • • • • • •  . . . . .. . .... . . . ... . . . . . . .. I 
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50 AND 100 
YEARS AGO 

MARCH, 1904: "In describing his 
successful experiments in po wered Aight, 
'''1ilbur Wright says, 'After the motor 
device was completed, two Aights were 
made by my brother and t wo hy mvself 
on December 17 last. The first Aight 
covered but a short distance. Upon e;\ch 
successive attempt, ho wever, the dis­
tance was increascd, lII�til at the last trial 
the machine Aew a distance of a little 
over a half mile through the air by 
actual measurement. \Ve decided that 
the Hight ended here, because thc op­
erator touched a sli?;ht hummock of sand 
by turning the rudder too far in attempt­
ing to go nearer to the surface. The ex­
periments, however, showed that the 
machine possessed sufficient po wer to 
remain suspended longer if desired. Ac­
cording to the time taken of each Aight 
a speed varying from 30 to 35 miles an 
hour was attained in the air.' " 

" Sir 'Villiam Crookes and T. Dewar 
have made some interesting experiments 
to determine whether the scintillations 
produced by radium on a sensitive 
blende screen are affected bv cold. A 
'spinthariscope,' a small screen of bIen de 
with a morsel of radium close in front, 
was sealed in a glass tube. On clipping 
the whole into liquid air, the scintilla­
tions gre w fainter and soon stopped al­
together. To test wlwther this was due 
to a cessation of the raclio-act:vitv or a 

cessation of the sensitiveness of the 
screen, t wo different cooling tubes wcrc 
constructed, in one of which the radiu m 
salt adjoincd the wall cxposed to the 
lilluid air, while in the other the screen 
was in that position. It was found that 
in the former case the scintillations re­
mained as vigorous as before, while in 
the latter case they soon ceased. Hence 
the disappearance of the scintillations is 
due to loss of sensitivity of the screen 
and not to loss of radio-activity." 

" The chemist of the old school objects 
scornfully to the ne w theory of electrolv­
sis. The idea of the spontaneous dissocia­
tion of a substance like chloride of 50-

cli um appears to him to be absurd. He 
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More than ever, light, flexible polyethylene sheathed cable 
developed by Bell Telephone Laboratories is providing speedy 
answers to the demand for more telephone service. 

But at thousands. of splices, the sheath must be thoroughly 
sealed against moisture. Laboratories engineers developed a 
protective casing which is quickly and simply bolted in place. 
The edges and ends of the casing are permanently sealed witl� 
a new compound developed by Laboratories rubber chemists. 

Now, economical polyethylene cable can be installed much 
faster and at lower cost. Here is another example of how Bell 
Laboratories continually finds ways to keep telephone serVice 
high in quality, while the cost stays low. 

BOLTING 

VOICES 

TOGETHER 

� Adjusting casing over splice in polyethylene 

cable. Edges and ends are sealed with a new 

Butyl rubber compound that won't harden, dry 

out or lose adhesion even in extreme heat or cold. 

CLOSED CASING IN PLACE 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 

II 
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SIGMA 
SENSITIVE RELAY 
FACTS 

MECHANICAL CONSTRUCTION 

OPERATING CHARACTERISTICS 

FORCE CURVES 

OPERATING TIME CHARACTERISTICS 

HOLD TIME CHARACTERISTICS 

SENSITIVITY . ADJUSTMENTS 

MOUNTINGS • ENCLOSURES 

DIMENSIONS . WIRING DIAGRAMS 

STANDARDS : OPERATING LIFE 

SALT SPRAY . TEMPERATURE CYCLING 

HUMIDITY . IMMERSION 

BAROMETRIC PRESSURE 

MOISTURE RESISTANCE . VIBRATION 

ACCELERATION · DIELECTRIC 

FINISH • ETC. 

The Sigma Relay Manual is frankly pat· 
torned after the RCA Tube Hand Book 
which in our view is one of the best 
things in the industry. It will be a long 
time before the Manual, even in its 
mllch more limited field of usefulness, 
achieves anything like the ncar per­
fection of its modeL 

Howsoever, there arc here assembled 
all known facts about each Sigma relay, 
type, series, and adjustment. Each 
available combination is tabulated so 
that it can be selected with foreknowl· 
edge of all important attributes,1Iotl1"'Y 
indl(djllg ratings uMder all test co"ditiolls 
,,/«I,d for rt911/ar proof les1i1l9. 

Doubly important is the fact that in 
the Sigma Relay Manual is provided a 
means whereby - through the regular 
supplement service - new information 
can be easily accumulated and dis­
seminated. 

The Sigma Manual Service consists of 
the basic loose leaf manual of approxi. 
mately 260 pages and additional and 
replacement pages in groups as issued. 

SUBSCRIPTION PRICE IS FIVE DOLLARS, 

YEARLY RENEWAL, ONE DOLLAR. 

forlb(s"lllct oftbos(wbobaJoll/y S I GM 
OtIt nasoll for rtadil19 fbt ab"vc and 
wb. art d;,.ppo;'"J, "" ba", a."brr 

. 
. 

book: for salt ,,,,,rt to IbM fastc: . 
·Sigma 1115lrumtnts :In/.:.· (Ads and 
stllelttf mail) 

Priet .S!.oo postpaid 

SIGMA INSTRUMENTS, INC. 
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS. 
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knows chlorine as a gas exceedingly un­
pleasant to breathe. He knows sodium as 

a metal possessed of a remarkable ener­
gy, quite ready to cause explosions in 
the presence of water. He kno ws com­
mon salt as a perfectly harmless, indeed, 
salubrious compound, resulting from the 
combination of those t wo elements. No­
body has ever denied that a solution of 
salt in water is salt, that it tastes like 
salt, and that the solid salt can be re­
covered from the brine as manv times as 
we desire. And no w people ;ome and 
tell him that, in brine, we have ions­
whatever they be-of chlorine and of so­
dium roaming about, under certain re­
strictions, yet independently of one an­
other. He declines to entertain these 
ne wfangled notions which pretend to 
explain phenomena that chemistry has 
duly labeled and shelved by an impos­
ing array of ne w terms and arguments 
which become the more involved the 
further they are developed. These ob­
jections are not justified." 

"Mr. E. W. Maunder has made exper­
iments at the Royal Hospital School at 
Greenwich which, he believes, demon­
strate that the Martian canal system, as 
figured by Schiaparelli and others, is an 
illusion. A class of about twenty boys, 
from t welve to fourteen years of age, 
were seated in four or five ro ws at differ­
ent distances from a carefully-lighted 
diagram which they were told to copy. 
The diagram was reproduced from some 
published drawing of Mars, but in nearly 
every experiment the canals were omit­
ted. The general result was striking. In 
several of these experiments nearly all 
the boys dre w 'canals' on their copies, 
though there were none on the original 
from which they were copying." 

"Regarding the airship contest at the 
coming St. Louis World's Fair, Leo 
Stevens, an American aeronaut, writes 
us that he has decided not to enter. ' The 
rules,' he says, 'call for a speed of at least 
20 miles per hour. This is impossible. 
The prize is perfectly safe with the Ex­
position Company.�" 

MARCH, 1854: " The opening lecture 
of the Royal Institution of London this 
season was delivered by Faraday to a 
very crowded audience. The principal 
point which Professor Faraday was anx­
ious to illustrate was the confirmation 
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Tile way ,ve cllange angles on 

'�� � 
puts a bl-and new slant on conti-oiling po,vel-

One of these days, when you hop from 
home to the office in your personal 
helicopter, you'll marvel aC the way 
you "shift gears" ... from "straight up" 
-to "full speed ahead" ... from "side­
winder" to "h over". It will be done 
fast, smoothly, accurately. 

Today, helicopter builders are using 
Cleveland Pneumatic's friction-less 
combination of a screw and some balls 
to adjust the angle of the whirling 
blades on the 'copter. Thi s  device 
is  called a "ball-screw actuator". 

Ball-screw actuators are useful in many 
applications in either of two ways ... to 

Cleveland PneuIllatlc 

multiply the power of a drive ... or to in­
crease its speed. You also get the hair's­
breadth accura cy of a metal- to-metal 
drive that eliminates merely- approxi­
mate positioning of other systems. 

Somewhere in your product or your 
idea for a product, you may be able to 
use Cleveland Pneumatic ball-screw 
actuators. They've been engineered by 
us in all sizes . .. from tiny ones for 
'copter blades to the giants that we make 
to raise and lower bomber landing gears. 

If y o u  w i s h  t o  know m o r e  a b out 
Cleveland Pneumatic, write for our 
16- page booklet. 

To �USH ION SHO�K 

� �� CLEVElAND S. OHIO I 
Department 0-3 

BAll-SCREW ACTUATORS _ AUTOMOTIVE SHOP EQUIPMENT 
AIR - OIL IMPACT ABSORBERS 

World's largest Manufaefurer of Aircraft landing Gears 

CPT's shock absorber principle com­
bines pneumatic and hydraulic cush­
ioning. It can control minute vibrations 
or lons of impact. It is the shock ab­
sorber for the largest aircraft landing 
gears <CPT is the world's biggest manu­
facturer of landing gears), and the same 
principles are often adapted to finger­
sized units. ,May we discuss with you 
how to take the shock out of stopping 
or the motion out of vibration? 

13 

© 1954 SCIENTIFIC AMERICAN, INC



14 

IS A FLATTERING WORD 

VERSENE@ VS IMITATIONS 
The Versenes are our products. We originated and developed them. 

We alone manufacture them. They are good products. This is pointed 

out by the fact that others are now beginning to imitate them. In 

one sense this is rather flattering because it indicates an actual 

superiority of the Versenes. But in another, it creates a 

confusing and somewhat deceptive situation for those 

who actually prefer the original Versenes. 

VERSENES VS COMPARISON 
"Just like Versene," "just as good as Versene," "the same thing as 

Versene." These are all sales arguments which imitators must use. 

And, it is interesting to note, that it is extremely difficult 

for them to even explain their imitations without 

direct comparison to the originals. 

VERSENE@ SETS STANDARDS 
In Agriculture, Industry or Medicine - wherever and whenever trouble 

is caused by metal ions in solution you can count on chelate 

chemistry and the Versenes for help. Extremely stable at high 

temperatures throughout the pH range, these powerful Chelating Agents 

are guaranteed for uniformity of chelating power. We will be 

glad to share with you the more than a generation of 

accumulated experience in chelation. Send for technical 

data and samples. Chemical counsel on request. 

YJ/ _ .. .h /; 

��1Mdj&d1e � 

BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 
Copyright 1954 - Bersworth Chemical Co. 

which experiments on the large scale of 
the electric telegraph have afforded of 
the identi�y of dynamic or voltaic elec­
tricity with static or frictional electricity. 
Some interesting facts connected with 
the conduction of electricity have also 
been disclosed by the working of the 
submarine telegraph. it has been de­
termined that the velocity of transmis­
sion through iron wire is 16,000 miles 
a second, whilst it does not exceed 
2,700 miles in the same space of time in 
the telegraph wire between London and 
Brussels, a great portion of which is sub­
merged in the German Ocean. The re­
tardation of the force in its passage 
through insulated wire immersed in wa­
ter is calculated to have an important 
practical bearing in effecting a tele­
graphiC communication with America; 
for it was stated that, in a length of 
2,000 miles three or more waves of elec­
tric force might be transmitting at the 
same time, and that if the current be 
reversed, a signal sent through the wire 
might be recalled before it arrived in 
America." 

" At the present moment there are not 
over two-certainly not more than three 
-efficient steamships belonging to our 
navy. By late accounts from Europe it 
appears that the British steam marine 
amounts to 55,000 horse power-enough 
to match all the steam fleets of the world 
put together. We do not need such a 
large steam navy as this, but we cer­
tainly do need a better and much larger 
one than that which we have at present. 
vVe ought at least to have twelve or 

fifteen first-class steam frigates, whereas 
we have not one." 

"Reports from both the Atlantic and 
Pacific expeditions across the Isthmus of 
Darien, to explore the country for a ship 
canal, have been received. The result of 
these observations is that the proposed 
route is a continuous chain of mountains, 
with summits of four thousand feet. One 
portion of the Atlantic party is still Oil 

the way to the Pacific. The construction 
of the canal, according to these reports, 
is utterly impracticable." 

"In Boston they have a telegraph fire­
alarm system by which, in a second of 
time, information is sent to almost every 
engine house of the exact situation of a 

fire when it breaks out, so that the nn'­
men can dash off in an instant to the 
point of action. This system has been the 
means of preventing many disastrous 
fires in that city. Let it be adopted in 
New York and it will save the city some 
millions every year." 
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... and see for yourself 
how economical they are 

The only way you can be sure that a corrosion­
resistant material will work in your plant is to test 
it under actual operating conditions. Laboratory • 
tests will give you some idea of what to expect, but 
they don't show the effects of the variables involved 
in production operations. That is why we have pre­
pared standard test specimens of HASTELLOY nickel­
base alloys . • •  and they are available to you with­
out cost. 

Test these alloys yourself against the materials 
you are now using, or against others that you are 
considering using. Prove to yourself that they have 
exceptional corrosion resistance ... high mechanical 
strength, even at elevated temperatures ... and that 

. they are economical to use. We can support these 
claims with records of laboratory tests and with case 
histories of actual installations in chemical, petro­
leum, textile, and metalworking plants over the past 
20 years. But don't take our word for it-see 
for yourself. 

Use the handy coupon below to order your samples 
of HASTELLOY alloys. Alloys B, C, and F are available 
in either cast or wrought forms, while alloy D is 
supplied as castings only. If the equipment you have 
in mind is to contain welded joints, be sure to advise 
us, so that we may furnish you with welded samples. 

"Haynes" and "Hastelloy" are registered trade·marks of 
Union Carbide and Carbon Corporation. 

H�l�JS�_ 
Haynes Stellite Company 

A Division of 
Union Carbide and Carbon Corporation 

m 

USE THIS 

HANDY 

COUPON 

These standard spool.type test specimens of 
HASTELLOY alloys are available on request. 

-----------------------------------� 
Haynes Stellite Company, UCC, P. O. Box 746, Kokomo, Ind. -

Please send me, without obligation, the following samples of 
HASTEllOY alloy" (Please Check) 

CAST WROUGHT 

o D O D  D O D  
B C o C 

o Above samples should have welded joints. 

NAME ___________________________________ __ 

C OMPANY'------____________________________ _ 

I 
I 
I 
I 
I 

ADDRESS I 
,-------------------------------- --------� 
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IN TERMS OF PROFIT . •• THE GREATEST . 

PERFORMANCE ... COMFORT 

Latest model of the famed Douglas DC-6, the DC-6B 
represents the ultimate in this series of great, four-engine air 

transports. It was the DC-6B which flew 5700 miles from 
. Los Angeles to Paris last May in 20 hours to complete 

the longest non-stop flight ever made by a commercial airliner. 
The superior performance of this airplane under all 

conditions and its acceptance by the flying public have 
established it as an outstanding profit-maker. SERIES 

"Queen of the Fleet" on these leading airlines of the world is the famous Douglas DC·6 or DC·6B 

AA Argentine· *AIGLE AZUR French· ALiTALIA Italian ' AMERICAN U. S . •  ANA Australian' BCPA Australian New Zealand' BRANIFF U. s. 
CMA Mexican' *CGTA-AA French' CONTINENTAL U. s . •  CPAL Canadian· DELTA-C&S U. s . •  "EASTERN U. S . •  FLYING TIGER u. S. 

JAL Japanese· KLM Netherlands' LAI Italian· *LAN Chilean ' NATIONAL U. S . •  *NORTH AMERICAN u. S . •  NORTHWEST u. S . •  PAL Philippine 

PANAGRA U. S . •  PAN AMERICAN u. S • •  SABENA Belgian · SAS Danish Norwegian Swedish' SLICK U. S . •  SWISSAIR Swiss 

TAl French' UAT French· UNITED u. s . •  WESTERN u. S. 'SOOI\ 

TWICE AS MANY PEOPLE FLY 
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AIRLINERS EVER BlIILT! 

SERIES 

These airlines are flying or have ordered 
the luxurious new Douglas DC-7 

AMERICAN AIRLINES· DELTA·C &S AIR LINES 

EASTERN AIR LINES· NATIONAL AIRLINES 

PAN AMERICAN AIRWAYS· PANAGRA 

UNITED AIR LINES 

Already 88 of these new turbo- compound sky giants have been 
ordered by the airlines. This brings to a total of 476 the number 
of DC-6,DC-6B and DC-7 airplanes delivered by Douglas 
or under construction. So aerodynamically clean . . .  so powerful 
is the DC-7 that it is the only commercial airliner making 
scheduled non-stop flights both ways across the United States. It is 
designed for maximum operating profits and to bring 
the air traveler comforts never possible before. 

DOUGLAS AS ALL OTHER AIRPLANES COMBINED 

17 
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A modern home temperature 
control system-symbolized by 
the slim silhouette of a General 
Controls room thermostat, 
could not exist without automatic 
controls. General Controls, 
pioneer manufacturer of the 
nation's most comprehensive line 
of automatic controls, makes 
thousands of varieties for 
domestic, industrial and military 
applications. For 24 years 
General Controls research 
engineers have been perfecting 
automatic control systems to 
increase the productivity of 
industrial processes, improve the 
quality of products, and make 
home life safer and more 
enjoyable. The General Controls 
trademark shield on an 
automatic control is your 

guarantee of dependability, 
_�""''''''U'�J and trouble-free 

performance. For the best in 
automatic controls, it's 
General Controls. 

GENERAL CONTROLS 

18 

Plants in: Glendale, Calif., Burbank, Calif., Skokie, Ill. 

Factory Branches in 37 Principal Cities 

SEE YOUR CLASSIFIED TELEPHONE DIRECTORY 

Manufacturers of Automatic Pressllre, Temperature. Lel'el and 
Flow Controls jor Heating, Home Appliances, Refrigeration. 
Industrial and Aircraft Applications. 

THE AUTIIORS 
LAWRENCE P. LESSING ("The 

National Science Foundation Takes 
Stock") is a member of the Board of 
Editors of this magazine. 

ANDRE L WOFF ("Thc Life Cycle of 
a Virus") was cducated at the University 
of Paris and is now head of the depart­
ment of microbial physiology at the 
Pasteur Institute. His own capsule sketch 
of his career follows: "Dr. Lwoff has 
worked here and there on this and that. 
Has been fellow of thc Rockefeller 
Foundation at Heidelbcrg and at Cam­
bridge and Dunham Lecturer at Har­
vard. Is now visiting the U. S. for thc 
sixth time, driving from one place to an­
other, until, sooncr or later, he returns to 
France. In 33 years of scientific activity 
has discovered some strange creatures 
and some uncxpcctcd phenomena which 
have been published in 250 papers 
(much too much) dealing with various 
aspects of microbiologv. His activity 
since 1949 has been devoted to the study 
of lysogeny, which was put on a firm 
base by the discovcry of prophage. Has 
produced a certain number of books. Is 
now preparing an Essai de Biologie the­
orique which will sometime be published 
somewhere and be, if it ever comes to 
light, a very remarkable book. As a result 
of that and this, is now a member of va­
rious scientific societies, here and therc. 
Born in 1902, Dr. Lwoff seems to be onc 
of the promising young French scien­
tists." In an appended note Lwoff sym­
path izes with the task of a biographer 
of scientists: "Reduced to the essential, 
the life of those people is alwars of the 
same tvpe." Of his spare-timc activity he 
says, ""Vhcll I do not work, I play." 

ERNEST \'1. GRUENBERG ("The 
Epidemiology of \1ental Disease") 
brings both a mathcmatical and a medi­
cal training to his studies of community 
mental health. He majored in mathe­
matics at Swarthmore College, where he 
graduated in 1937, took his medical 
work at Johns Hopkins and also holds a 
degree in public health from Yale Uni­
versity. During World War II Gruenberg 
served as a medical officer with combat 
battalions and later as an intelligence 
officer in the Surgeon General's office. 
After the war he was for a time executive 
director of the New York State },1ental 
Hcalth Commission. He teaches courses 
in psychiatry and public health at Syra­
cuse Universitv, Columbia University 
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Parts that put new "starts" 

in iets n.� 
Good news for new-born jets! This typewriter-size 
Bendix Aviation self-starter is built-in _ . . develops 340 
horsepower in just 3Y2 seconds . • .  enables a jet's main 
engine turbine to reach take-off speed in a matter of seconds 
after the pilot hits the starter. No more precious minutes lost 
while ground crews bring up mobile auxiliary starting power! 

For 14 of the rugged, dependable, precision-machined 
parts that make up this self-starter for jets • . •  

Eclipse-Pioneer Division of BENDIX AVIATION CORPORATION 

looks to Lycoming. 

Do you need precision parts • • •  or any other of the diversified 
services listed with our signature? Lycoming's wealth of 
creative engineering ability • • .  2Y2 million square feet of floor 
space ... and 6,000-plus machine tools stand ready to serve 
you. Whatever your problem • • •  look to Lycoming! 

Just off the press! "THE LYCOMING STORY" . • . 40 interesting, 
illustrated pages showing many ways Lycoming is ready to 
help you. Write for it on your letterhead. 

For 14 major 
components of, the 
first mass-produced 
self-contained starter 
ever built into large jets, 
Bendix Aviation looks 
to Lycoming 
for precision production. 

Aircraft Engines 
Industrial and Tank Engines 
Engine Overhaul 
Generating Units 

Turbine Engineering and Research 
Engineering Design and Development 
Hardened and Ground Precision Parts 
Gears and Machine Parts 

Complete Assemblies 
Heat-Treating and Plating 
Steel Fabrication 
Castings 
Boilers 

FOR RESEARCH . FOR PRECISION PRODUCTION 

LOOK TO Lycoilling 
DIVISION OF (.fLVfJO) STRATfORO. CONN. 

�":.::= Manufacturing plants In Stratford. Conn .• and Williamsport,. At. 
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No time to waste ... 

Pond's cuts 

raw materials 

analyses 99% 
with Infrared 

A Perkin-Elmer Double Beam Infra­
red Spectrometer recently did just 
this for Pond's Extract Company ... 

saved enough money to pay for itself 
in a few months .. . and is now saving 
and making even more money. It can 
do the same for you in your business! 

Complete spectrum can be run in 8 minutes 
on Model 21; material is recoverable. 

Pond's had been taking as long as 
forty hours to check their raw cos­
metics materials for uniformity and 
freedom from extraneous matter. 
Today, Perkin-Elmer infrared is do­
ing this same job in 15 minutes. It 
grades geraniols, determines the pres­
ence of extraneous alcohols in aro­
matics, and controls the checking of 

multicomponent blends of essential 
oils and aromatic chemicals used in 
perfumes. Many of these analyses are 
impossible by conventional methods. 

If you have a problem in chemical 
analysis of either raw materials or 
finished products, it will pay you to 
investigate Perkin - Elmer's infrared 
instruments and methods. Perkin­
Elmer has already saved time and 
money for scores of manufacturers 
throughout the industry_ At your dis­
posal are the modern infrared labora­
tories of this largest manufacturer of 
analytical infrared equipment_ 

Learn how 6 chemical companies 
solved their Product Control Prob­
lems by infrared analysis. Just fill 
in the coupon below. You will also 
receive Instrument News, a quar­
terly publication designed to keep 
you up-to-date on modern electro­
optical analytical methods. 

The Perkin-Elmer Corporation 
875 Main Avenue, Norwalk, Conn. 

Southern Regional Office: 
New Orleans, Louisiana 

PERKIN V@J ELMER 
875 MAIN AVENUE, NORWALK, CONNECTICUT 

Please send Product Control Brochure and Instrument News. 

Name .. 

Company Nome .. 

Address .. 
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.. Title .. 

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

and Yale. He is the son of Sidonie Mats­
ner Gruenberg, past Director of the 
Child Study Association of America, and 
Benjamin C. Gruenberg, prominent edu­
cator and author. 

GEORGE GAMOW ("Modern Cos­
mology") is professor of theoretical 
physics at the George Washington Uni­
versity in Washington, D. C. Born in 
Odessa, Russia, in 1904, he was edu­
cated at the University of Leningrad, 
taught and did research at the Academy 
of Sciences in Leningrad and at Got­
tingen, Copenhagen, and Cambridge 
universities, and came to the U. S. in 
1934. He has done pioneering studies on 
the theory of radioactivity and the struc­
ture of the nucleus. When nuclear 
physics became "too crowded," he 
turned his attention to thermonuclear 
reactions in ·stars and to the field of 
cosmology and the origin of the ele­
ments. Most recently he has become in­
terested in fundamental biology, believ­
ing that "new advances in this discipline 
are transforming it from a mostly de­
scriptive into an exact science, thus 
opening new fields for theoretical stud­
ies." Gammv has written nine popular 
books on science, of which his own Fa­
vorites are those devoted to the adven­
tures of "Mr. Tompkins" in the fields of 
relativity, nuclear physics, physiology 
and genetiCS. He is a frequent contribu­
tor of articles to SCIENTIFIC AMERICAN. 

GERALD S. POSNER ("The Peru 
Current") was a member of the Yale 
University South American Expedition 
of 1953, which explored ocean waters off 
that continent. He was born in New 
York City in 1927, graduated from the 
College of the City of New York and 
took a master's degree in marine biology 
at the Marine Laboratory of the Univer­
sity of Miami. He is now a candidate 
for a Ph.D. in zoology at Yale. 

A. KATCHALSKY AND S. LIFSON 
("Muscle as a Machine") are members 
of the vVeizmann Institute of Science in 
Rehovoth, Israel. Katchalsky is head of 
the Research Council of the Institute, 
chairman of its department of polymer 
research and professor of physical chem­
istry at Hebrew University. He was 
born in Poland in 1913. His family fled 
before the German Army to the Ukraine, 
survived the Ukrainian pogrom of 1919-

1920 and emigrated to Israel in 1925. 
His interest in the physical chemistry of 
biological systems dates from his student 
days at Hebrew University. One of the 
most prominent scientists in Israel, Kat­
chalsky is a member of its Scientific Re-
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Air pressure explosion-proof portable flood light designed 
by Safe Lighting, Inc., New York. Formica laminated 

plastics contribute to the perfect performance of this new 

lamp under hazardous conditions. 

req u i rements are absolute 

OrmlCD is absolutely essential 
This remarkable new explosion proof lamp 

brings safe lighting to arsenals manufacturing 

explosives, to refineries and tankers, and even 

under water-places where the slightest defect 

could mean instant death and infinite destruc­

tion. Perfected by Safe Lighting, Inc., it is the 

first unit of its kind ever to receive the Under­

writers' Laboratories approval and listing for 

Class 1, Groups A, B, C and D hazardous lo­
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One of the toughest problems facing the 

lamp's designers was how to obtain absolute air 

and water integrity? Formica engineers helped 

solve the problem with a special material that's 

first molded then machined to extremely close 

tolerances. The resulting parts fit together so 
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seal that's good for more than 4000 hours! 

Many other problems were solved, too, by 
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dropping it 10 times from a height of three 

feet onto a concrete floor) . . •  heat resistance 

up to 2500 F • . . .  minimum water absorption 

... reliable electrical insulation • • •  corrosion 

and weather resistance ... light weight. 

What's your problem? Perhaps Formica's 

engineering ingenuity, plus Formica's inherent 

superiority can help solve it? You can get 

complete information promptly by using the 

convenient coupon below. The Formica Co., 

4593 Spring Grove Ave., Cincinnati 32, Ohio. 
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21 

© 1954 SCIENTIFIC AMERICAN, INC



This Friden Calculator (Model 

acts Square Root 

ally 
touch of one key 

(first time on any desk calculator) 

features which enable the 
Calculator- The Thinking 

Business-to perform 

_ _ _  more kinds of figure-work 

without operator decisions 

than any other calculating 

machine ever developed 

Send today for this Information Sheet 
describing features and abilities of the fully 

automatic Friden Square Root Calculator in detail. 
Write FRIDEN CALCULATING MACHINE co., INC., 

Dept. SA-I, San Leandro, California. 

Frl- den BUILDS CALCULATORS IN A WIDE P� I(E RANGE, 
IN EVERY SIZE, FOR EVERY FIGURING NEED 

Friden sales, instructton and service available throughout the U.S. and the world. 
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search Council. He served as a lieutenant 
colonel in the Israeli Army. In 1951 he 
was invited by the American Chemical 
Society to be chairman of its section on 
polyelectrolytes and water-soluble pro­
teins at a national meeting. He will re­
turn to the U. S. this summer at the in­
vitation of the American Association for 
the Advancement of Science to lecture 
on ion exchange at the Gordon Research 
Conference to be held in New Hamp­
shire. Ufson, born in Tel Aviv in 1914, is 
the senior physical theoretician in Kat­
chalsky's department of polymer re­
search. 

DONALD R. GRIFFIN ("Bird 
Sonar") , professor of zoology at Harvard 
University, is a specialist in the sensory 
physiology of animal orientation. He has 
devoted much study to the radarlike 
navigation system of bats, and has writ­
ten articles on this subject and on the 
navigation of birds for SCIENTIFIC 
AMERICAN. The investigation of oil birds 
which he describes in this issue was 
made as a side trip while he was on an 
expedition in South America to study the 
sounds made by tropical bats. Born in 
1915, Griffin was educated at Harvard 
and took his Ph.D. in 1942. During 
World War II he did physiological re­
search for the Government at Harvard. 
After seven postwar years at Cornell 
University he returned to Harvard last 
year. His chief hobby is sailing. 

EDWARD L. GINZTON ("The Kly­
stron") was one of the pioneers who 
helped develop the tube he describes. As 
a graduate student at Stanford Univer­
sity he worked under the late '\IV. W. 
Hansen. Ginzton was born in the Russian 
city of Ekaterinoslav in 1915 and came 
to the U. S. in 1929. He took his under­
graduate work at the University of Cali­
fornia and his doctorate at Stanford in 
1940. In the following year he and the 
other members of Hansen's laboratory 
transferred to the Sperry Gyroscope 
Company. As director of the Sperry de­
partment of microwave research he 
worked on various phases of radar and 
holds some 40 patents in the field. In 
1946 he returned to Stanford, where he 
is now professor of applied physics and 
electrical engineering and director of the 
University's microwave laboratory. 

FREEMAN J. DYSON, who reviews 
Sir Edmund Whittaker's book on the his­
tory of the theories of the aether in this 
issue, is professor of physics at Cornell 
University. A biographical sketch of 
Dyson was published with his article on 
field theory in the April, 1953, issue. 
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ALTEC'S BEST 

From the special minute transistor amplifier which weighs only five ounces and provides 

power of approximately 1 fl 000 of a watt to the huge 1200 pound amplifier with 

one million times the power, Altec produces the finest in the field of sound equipment. 

Between these two extremes Altec has developed such special products as the High Intensity 

Microphone system used for the measurement of explosive blasts and jet engines; and 

the "heart" microphone, an important tool in medical diagnostic problems. 

No fi�ld of sound development, no phase in the manufacture of audio equipment 

is outside the scope of the Altec Companies. 

Altec's contributions in such diverse fields as medicine and entertainment have been 

outstanding. Altec pioneered in the development of stereophonic sound and today the 

finest stereophonic sound systems are made by Altec. 

Priceless experience and the highest standards of craftsmanship coupled with a select staff 

of outstanding engineers drawn from throughout the world have earned for the Altec 

Companies an unquestioned position of leadership in the field of sound. 

If you have any problems .relating to sound, call on the Allec Companies 

for help ... in research, development, manuf�cture and maintenance. 

Altec quality is top quality in the field of sound. 

THE ALTEC COMPANIES 

• PEERLESS 
elECTRICAL PRODUCTS 

9356 Santa Monica Blvd., Beverly Hills, California 

161 Sixth Ave., New York 13, New York 
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Brush Analyzers help Production 

INCREASE MACHINING SPEEDS 

Before setting up machine tools for long production runs, 
Monarch Machine Tool Company, Sidney, Ohio,recommends 
this simple preliminary test-which permits using the fastest 
machining speeds consistent with satisfactory tool life. 

A strain-gage type dynamometer toolpost is mounted on the 
lathe to measure cutting force and feed force. As test materials 
are then machined, a Brush Analyzer immediately records the 
forces. Using the charts-which eliminate laborious plotting of 
data--engineers can quickly spot any chatter, vibration, or 
unusual tool wear. The optimum cutting speeds, feeds, and 
depths of cut can thus be easily determined for each specific 
job and material. 

Versatile Brush Analyzers save time and simplify analysis in 
many applications. You can use them to record stress, strain, 
force, torque, vibration, pressure, and other mechanical or 
electrical characteristics. These precision instruments give you 
immediate answers in writing. For help on your measurement 
problems or for latest literature, call your nearby Brush rep­
resentative-or write Brush Electronics Company, Dept. B-3, 
3405 Perkins Avenue, Cleveland 14, Ohio. 

BRUSH ELECTRONICS COMPANY 
INDUSTRIAL AND RESEARCH INSTRUMENTS 

PIElO.ELEC TRIC MA T ERIALS • ACO USTIC DEVIC E S  
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M A GNtTlC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 

formerl, 
The Brush Development Co. 
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is an o/IeTatinc unit of 
Cltvitt Cor/loralitln. 

THE COVER 
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vessel sent by Yale University to 
study the Peru Current (see page 
66). At the left is a fine net to filter 
plankton out of the water. Second 
from the left is a grab to take 
samples from the bottom. Third is a 
thermometer. Fourth is a bottle to 
take samples of water at various 
depths. Fifth is a reel which mea­
sures the length of cable paid out. 
Last is a bathythermograph, which 
records temperature and pressure. 
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DESIGNING WITH ALUMINUM 

THERMAL TREATMENTS 

This is one of a series of information 

sheets which discuss the properties of 

aluminum and its alloys with relation to 

design. Extra or missing copies of the 

series will be supplied on request. 

Address: Advertising Department, Kaiser 

Aluminum & Chemical Sales, Inc., 1924 

Broadway, Oakland 12, C a lifornia. 

PROPER USE OF ANNEALING AND HEAT TREATMENT WIDENS 
SCOPE OF APPLICATION, DESIGN AND FABRICATION WITH ALUMINUM ALLOYS 

FAMILIARITY with the thermal treat­
ments which apply to aluminum and 
with their influence on metal behavior 
is frequently as important in design 
and alloy selection as in fabrication. 
This is especially the case in dealing 
with the wrought alloys, where forming 
of some sort is a regular concern; with 
the cast alloys the problems custom­
arily revolve around such require­
ments as castability, machinability and 
strength, but not forming. 

The major thermal treatments are 
annealing, and the solution and precipi­
tation heat treatments which are often 
referred to singly or together under the 
general, but loose term "heat treat­
ment." Their intelligent consideration 
in design and manufacture makes it 
possible in many cases to derive maxi­
mum advantage of aluminum's combi­
nation of desirable properties such as 
light weight with strength, corrosion re­
sistance, conductivity, reflectivity and 
appearance. 

The metallurgical aspects of the ther­
mal treatments are quite complex, but it 
is possible to discuss their processes and 
effects satisfactorily in a general way 
insofar as they affect design problems. 

Annealing Only Way 
To Remove Hardening 
Annealing is a treatment to soften the 
metal and render it more ductile and 
susceptible to forming operations. It 
applies to both the non-heat-treatable 
and heat-treatable alloys although there 
is some difference in how the annealing 
treatment accomplishes its purpose. 

Because cold working produces pro­
gressive hardening, it is frequently 
necessary in fabrication to anneal non­
heat-treatable material after one or 
more sets of fabricating operations in 
order to proceed with further forming. 
With most of the group of alloys, an­
nealing is carried out by raising the 
metal to a temperature of about 650°F 
although a higher temperature, 760°F, 
is required for the manganese-type al­
loy 3S that is so generally used for 
many formed articles. Normal air cool­
ing to room temperature follows. 

During the annealing process the 
grains which have been deformed by 

Fig. 1 - TYPICAL GRAIN STRUCTURES 
Photomicrographs show grain structures typical 
of non-heat and heat-treatable wrought alloys. 
Top: 505-0 (anodic etch); bottom: 755-T6 (phos­
phoric-Keller's etch). 

cold working are recrystallized into new 
ones that are equiaxed, and the metal 
reaches a stable condition in which 
there is no strain. It is important that 
the material be brought to temperature 
as rapidly as possible and that it be ex­
posedto heat only long enough to bring 
the entire part to temperature. Slow 
heating rates and overlong heating tend 
to create larger grains in the annealed 
metal, a structure that is usually unde­
sirable. 

When annealed, metal which has had 
only a small degree of cold work also 
tends to form larger grains than that 
which has been work-hardened consid­
erably. With the non-heat-treatable al­
loys, of course, strength and hardness 
can be increased again, after annealing, 
only by further cold working. Therefore, 
where annealing is required at some in­
termediate stage in fabrication, careful 
consideration should be given to its ex­
act location. 

Cooling Rate Critical 
For Heat-Treatable Alloys 
Annealing of the heat-treatable alloys 
removes the effects not only of any cold 

working the material has undergone but 
also of previous heat treatment, so that 
practice differs from that followed with 
the non-he at-treatable alloys. Precipi­
tated particles of alloying elements 
must be coalesced, which reduces them 
in number and enlarges them in size, 
thus nullifying their hardening effect. 

Higher temperatures, ranging be­
tween 750°F and 800°F, are therefore 
required, and the rate of cooling be­
comes of critical importance. It must be 
slow, no more than 50° per hour down 
to temperatures of at least 500°F, so 
that constituents taken into solid solu­
tion are precipitated as relatively large 
particles and heat treating effects are 
avoided. As with the non-heat-treatable 
alloys, excessive temperature and time 
may cause undesirable grain growth. 

The annealed tempers of the heat­
treatable alloys are used for forming 
purposes. Aside from the fact that there 
would be no reason for using them in a 
finished item, several of this group of 
alloys have lower resistance to corro­
sion resistance in the annealed temper 
as compared with heat-treated material. 

The fact that a large class of alloys 
acquires optimum properties through 
heat treatment is a strong factor in ex­
tending the versatility and applications 
of aluminum. These alloys are heat­
treatable because some of the elements 
and compounds go into solution with 
aluminum at elevated temperatures, 
and then after appropriate treatment 
are precipitated out at lower tempera­
tures. This action promotes a structure 
that resists internal crystal slip and so 
increases the strength and reduces the 
ductility of the material. 

Heat-treatable alloys include those 
of the highest strength, ranging up to 
83,000 psi tensile strength for 758. In 
general, they fall into three types, de­
pending upon the chief alloying ele­
ments: the magnesium-silicide, copper 
(including copper-magnesium) and 
zinc-magnesium groups. 

PLEASE TURN TO NEXT PAGE .. 
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DESIGNING WITH ALUMINUM Continued 

TABLE 1 • TYPICAL HEAT TREATMENTS (1) 
Solution HeotTreolmenl 121 Precipitation Heel Treatment 

Alloy 
Metal 

Resulting 
Metal 

Time, Resulting Temp. Temp. 
OF Temper (3) OF Hours Temper (3) 

115 935·970 115-14 325 12-16 11S-T6 

14S 930-950 145-T4 (4) 335-345 8-12 145·T6 

175 935·950 175-T4 (4) 

18S 950·970 185-T4 340 8-12 185-161 

245 910-930 245-T4 (4) 

255 955-970 255-14 340 8-12 25S-T6 

325 945·960 325·14 340 8-12 32S-T6 

A51S 960-980 AS! S-T4 340 8-12 AS1$-T6 

535 960-980 535-T4 340 8-12 53S-T6 

61 S 960-1000 61S-T4 (4) 325·340 10-16 615-T6 

755 860-925 755-W 245-255 22-26 75S-T6 

or 21Q 4 

followed by 

310 4 

195 IS) 960 195·14 310 3-6 195-16 

356 (5) 1000 356-T4 310 3-5 356-T6 

(1) Figures ore given as a guide onlYi more 

details may be obtained for specific applications. 

(2) Solution heat treatment times depend on the 

section thickness, varying from 10 minutes for 

thin sections up to several hours for thicker sec­

tions. Soaking sh.ould be followed by immediate 

quench; in cold water for light sections, in boil­

ing water for heavier, thicker sections. 

(3) Addition of cold work would change tempers 

- i.e., 11 S·T3, 11 S-T8, etc. 

(4) After aging at room temperature for approx­

imately four days. 

(5) Casting alloys. Soaking time at solution tem­

perature for overage costing is 12 hours - hot 

water quench. 

Heat Treatment 
Consists of Two Phases 
Heat treatment to attain maximum 
strength consists of two phases: solu­
tion heat treatment and precipitation 
or aging, which may be natural or arti­
ficial (the latter being termed precipi­
tation heat treatment) . 

In solution heat treatment, the metal 
is heated to temperatures ranging ap­
proximately from 900°F to 975°F (see 
Table 1) . At that point certain of the 
alloying elements go into solution, or 
dissolve, in the solid metal. When the 
temperature is quickly lowered by 
quenching, the alloying elements re­
main in solid solution. 

Immediately after quenching, the 
metal is quite soft. But it is not in a 
state of equilibrium because the mate­
rial is in a supersaturated solution­
the solid solubilities of these alloying 
elements in aluminum being less at 
room temperature than they are at so­
lution heat treating temperatures. 

Within a few minutes, however, the 
alloying constituents begin to precipi­
tate as extremely fine particles in the 
solid metal and the strength begins to 
increaseo There is considerable differ­
ence between alloys in the rate of this 
precipitation, or natural aging, as shown 
by Figures 2a and 2b. In 24S it pro-
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gresses rapidly and uniformly at room 
temperature and is virtually completed 
at the end of four days, with maximum 
strength and hardness then obtained. 

In 75S, natural aging proceeds at a 
much slower rate: there is practically 
no increase in strength during the first 
hour and it is actually many months be­
fore 75S will attain maximum strength. 
Therefore, in practice this alloy requires 
a low-temperature thermal treatment 
after solution heat treatment to have 
adequate precipitation for desirable 
strength. This is the artificial aging 
process called precipitation heat treat­
ment. 
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NATURAL AGING TIME AT ROOM TEMP. 
Another type of behavior is exhibited 

by 61S. It ages naturally at room tem­
perature to one level of strength in four 
days, but can be given precipitation 
heat treatment (before or after natural 
aging) to T6 temper for maximum 
strength. It is quite common for a fab­
ricator to obtain 61S material in the 
first condition (T4 temper) from the 

mill, do necessary forming and then 
achieve the full T6 properties by the 
relatively simple precipitation heat 
treatment. 

Possibilities for Forming 
In Interim Condition 
The behavior of the heat-treatable al­
loys as outlined above - especially the 
"delayed action" of varying duration 
between quenching and full precipita­
tion-offers considerable opportunity 
in design and planning for forming 
operations. 

For example, it is possible to solution 
heat treat and quench, do considerable 
forming while the metal is still rela­
tively soft and then age the formed part 
either naturally or by precipitation heat 
treatment to maximum strength. This 
procedure can help avoid distortion 
problems likely to occur when forming 
the part entirely in the annealed tem­
per and then heat treating, especially 
where light gauge material is being used. 

Refrigerating material after quench­
ing also slows down the rate of precipi­
tation to such an extent that there is no 
increase in strength or hardness for an 
extended period of time. It is common 
practice to handle rivets made of heat­
treatable metal in this manner, and the 
air-frame manufacturers have further 
developed the technique to a high de­
gree for use in forming large parts and 
in bending large extrusions. 

Other Thermal Treatments 
Although they are of only minor inter­
est to the designer, there are several 
other thermal treatments used with 
aluminum, such as stabilization and ho­
mogenization which are used in alumi­
num rolling mills and the treatment 
of some castings for stress relief and 
growth removal. Stabilization is a low­
temperature treatment to establish the 
harder tempers of some of the magne­
sium-type non-heat-treatable alloys in 
a stable condition. Homogenizing con­
sists of soaking the ingots of heat­
treatable wrought alloys at elevated 
temperatures to distribute the alloying 
constituents uniformly before rolling. 

More detailed assistance with design, 
alloy selection and fabrication and heat 
treatment procedure is obtainable 
through any of the Kaiser Aluminum 
sales offices located in principal cities. 
Or write to Kaiser Aluminum & Chem­
ical Sales, Inc., 1924 Broadway, Oak­
land 12, California. 

Setting the pace ° ° ° in growth, quality and service 
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A �satisfactory' adhesive 
may be costing you money 
If some bond failures and customer complaints are regarded as 
normal in your business, you may be able to prevent them for 
less than they're now costing you in trouble and ill will. 

Some newer, only slightly more expensive adhesive probably 
can reduce your bond failures to zero and cut costs at the same 
time. In fact, savings may be possible even if your bonding re­
quirements appear to be so simple that looking for an improved 
adhesive seems hardly necessary or worth while. 

Take metal desks, for example. For years, manufacturers felt 
that the annual cost of replacing a certain number of loose lino­
leum tops was more or less inevitable. Today, they completely 
eliminate this expense by using Armstrong's D-253 Adhesive. 
In another case, a plant making Roor panels for station wagons 
cut rejects from 10% to zero, also with D-253. 

If reducing or eliminating bond failures could cut your costs, 
why not call us now? We may be able to help you, too. Arm­
strong Cork Company, �ndustrial Adhesives Dept., 8003 Inland 
Hoad, Lancaster, Pa. These adhesives are available for export. 

ARMSTRONG�S 
ADHESIVES • COATINGS • SEALERS 

by the makers of Armstrong's Linoleum 
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The National Science 

Foundation Takes Stock 

Some $16 milliun in funds over three years and a mass of 

new statistics showing the need for 1nore SU1n up the short, 

spartan history of the first u. s. agency for basic science 

T
he National Science Foundation is 
rarely noticed by Washington cor­
respondents. This newest and 

smallest arm of the U. S. Government 
has a staff of 113, a current budget of $8 
million and makeshift offices in the old 
Cosmos Club-a once fashionable but 
now decadent structure at 1520 H Street, 
N.W. On Washington's scale of values 
the NSF is about as piddling as a govern­
ment agency can be-for all its great im­
portance to the future of the nation. 

Considering the central role of science 
in modern life, the grudging and spartan 
support given to this agency, belatedly 
set up to see that basic science is ade­
quately promoted in the U. S., is not easy 
to understand. Despite the tremendous 
contributions of scientists to the winning 
of World War II, it took five years after 
the war to get through Congress an act 
establishing the Foundation. The act, as 
passed in 1950, put an unheard-of limit 
of $15 million a year on the new agency's 
activities. Before the NSF could be born, 
the outbreak of the Korean War, focus­
ing Washington's attention on appro­
priations for military hardware, almost 
killed it in the womb. The NSF got a 
scant $225,000 for its first year. Its 
budgets of $3.5 million, $4.7 million and 
$8 million for the succeeding fiscal years 
have been less than half the amounts 

by Lawrence P. Lessing 

asked for and a smaller fraction of the 
actual needs for basic research. 

In the closing days of the 1953 session 
Congress erased the $15-million limita­
tion, and the NSF enters its fourth year 
in a better position. The executive 
budget calls for $14 million for the fiscal 
year 1954-1955; how much Congress 
will actually allow remains to be seen. 
Whether the infant will be given the 
nourishment necessary to enable it to 
grow in a healthy manner is up to the 
national legislature. 

Though Congress passed a reasonably 
lucid law giving birth to the NSF, and 
some members have given it intelligent 
support, most Congressmen have had to 
be constantly reminded or reconvinced 
of its purposes. It is not an agency for 
the development or engineering of nevv 
weapons; the military has budgets for 
this running to some $1.5 billion this 
year. It is specifically enjoined from sup­
porting nuclear research; the Atomic 
Energy Commission is spending more 
than $265 million on that. It cannot 
build laboratories or carry on any re­
search of its own, as is done in the N a­
tiona I Bureau of Standards and in the 
Department of Agriculture to the tune of 
some $50 million a year. Nor is the NSF 
aimed at finding a cancer cure or a better 
way to make fuels or a preventive for the 

common cold. If it were designed for any 
or all of these things, it would have less 
difficulty getting funds. Ironically the 
huge sums given for military and other 
applied research have been the chief 
obstacle to obtaining adequate support 
for basic research. 

The NSF Act declares the Founda-
tion's prime purpose to be "to de­

velop and encourage the pursuit of a 

national policy for the promotion of basic 
research and education in the sciences." 
In other words, the NSF is created to 
promote the increase of that pool of basic 
knowledge from which the whole U. S. 
technology must eventually draw sus­
tenance. Any great new advances in in­
dustry, agriculture, medicine or even 
weaponry in the coming decades can 
come only from this source. That is a 
paradox of the "impractical" activity 
known as basic research. 

A paradox which people not engaged 
in basic science find even harder to grasp 
is that in this age of the apparent su­
premacy of science, fundamental scien­
tific work in the U. S. is actually in a 
state of declining support. College in­
comes and endowments, once the major 
support of basic science, are down 40 per 
cent from prewar days. Private founda­
tion subsidies are drying up; for ex-

29 

© 1954 SCIENTIFIC AMERICAN, INC



DIRECTOR Alan T. Waterman, former physics teacher at Yale, came to lead the Foundation from a 
solid administrative background as head of the Office of Naval Research and ,n the wartime OSRD. 

DEPUTY DIRECTOR Charles E. 
Sunderlin, chemist and associate 

ample, the Hockefeller Foundation, 
which almost alone financed the genera­
tion of scientists who performed so bril­
liantly in the last decade, has diverted 
most of its curtailed funds to emergency 
measures to raise agricultural and living 
standards abroad. IVreanwhile the costs 
of basic research have risen sharply, not 
only in terms of equipment and man­
power but also because of the new neces­
sity for team research. 

These were among the reasons that 
impelled Vannevar Bush and the scien­
tists associated in the wartime Office of 
Scientific Hesearch and Development to 
urge after the war a great, unprece­
dented national effort to extend and 
deepen U. S. basic research. After three 
years of trying to find itself and to ex­
amine the problem, the NSF now at least 
has some information and some modest 
progress to report. 

The Foundation's active life dates 
from the 1951 appointment of Alan T. 
Waterman, former physics teacher at 
Yale University, as its director. Water­
man, a thoughtful, able administrator, 
had been head of the Navy's well-run 
Office of Naval Hesearch and before that 
a top staff member of the OSHD. The 
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problems confronting him in the NSF 
were quite different from those of the 
military agencies. On one hand he had to 
parry political back-stabbings by estab­
lished departments which inevitably 
took a fearful view of a new agency. On 
the other he had to quiet the fears of 
some scientists and universities that the 
NSF would grow into a bureaucratic 
colossus over science. 

These fears have been largely dis­
pelled by vVaterman's tactful administra­
tion and by the operations of the NSF's 
main ruling body, the National Science 
Board. This unpaid panel of 24 eminent 
scientists, educators and businessmen, 
appointed by the President, is now 
headed by the noted telephone executive 
and former president of the Hockefeller 
Foundation, Chester 1. Barnard. It repre­
sents a sufficiently broad, devoted cross 
section of regions and interests to hold a 
balance. It has been meeting about every 
six weeks, passing on all NSF business, 
with an attendance record of over 80 per 
cent. 

The NSF has had to formulate its 
policies from scratch, for earlier 

agencies, devoted to supervising military 

or other applied research, offered few 
useful precedents. The NSF has four 
main functional areas: fact-finding, 
granting of funds for basic research and 
fellowships, dissemination of information 
and, most important, advising the Presi­
dent and Congress on matters of scien­
tific import. 

The largest accomplishment to date is 
in the first area. By fact-finding surveys 
the NSF has been plotting the dimen­
sions of its problem, developing hereto­
fore unavailable data on U. S. research. 
Some of the findings are presented in 
the charts with this article. Since 1940 
Federal expenditures for research of all 
types have increased 20-fold: from $97 
million in 1940 to some $2.2 billion 
last year. Nearly all the increase went to 
applied research and engineering, 
prompted mainly by wartime needs. This 
imbalance continues. Of last year's $2.2 
billion, less than $125 million was spent 
for anything resembling fundamental re­
search. When the $2.2 billion is broken 
down in other ways, even more remark­
able imbalances appear. The physical 
sciences got nearly 95 per cent of the 
total; the biological sciences got less than 
5 per cent, and the social sciences re-
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professor at the U. S. Naval Academy, came over 
from the Office of Naval Research with Waterman. 

ceived the remaining tiny fraction, most 
of that merel), for statistical research. 

The NSF began a series of detailed 
studies on the status of knowledge in the 
various sciences. It has completed the 
first, on certain fields in biology. It found 
the life sciences, though meagerly sup­
ported, in a state of ferment and nascent 
growth. Because the approaches of bi­
ologists are shifting, it has been neces­
sary to classify the various life sciences in 
a new, more logical way. The sections 
into which they are now divided are: 
developmental, environmental, genetic, 
micro-, molecular, psycho-, regulatory 
and systematic biology. 

The most active biological areas need­
ing support were found to be molecular, 
regulatory and systematic biology. The 
first has to do with important molecules 
such as proteins and related substances 
in living tissue, particularly those in­
volved in central life processes. The 
second has to do with the mechanisms by 
which life processes are controlled or 
regulated: studies of these have resulted 
in such applications as the use of insulin 
in diabetes and vitamin B12 in pernicions 
anemia. The third area-the description 
and classification of living species-is 

now being affected by so many accumu­
lating discoveries and new techniques as 
to need thorough updating. 

To make a start toward remedying the 
neglect of the biological sciences, as soon 
as research money became available to it 
(in 1952) the NSF gave most of the 
funds to that field. It distributed 
$763,000 for biological work in a num­
ber of institutions. One of the grants, for 
example, was $50,000 for five years to 
University of California geneticists for 
studying polygenetic variability in poul­
try; another was $41,000 to The Johns 
Hopkins University for a three-year 
study of antibody reactions. In 1953 a 
big part of the NSF's funds again went 
to biology, but its budget was large 
enough to make substantial grants in the 
physical and mathematical sciences also. 

Surveys like thos' in the biolo�ical 
sciences already mentioned are now 
being made in the fields of physiology, 
psychology and applied mathematics. 
The NSF makes a grant to a scientific 
society in each specific field to carry out 
the survey. It plans to go through all the 
neglected sciences in the same way. By 
periodically repeating the survey of each 
field, it will keep a running inventory of 
th.e progress and lags in the various dis­
ciplines. Psychology, now in a period of 
chaotic growth and widespread applica­
tion, will almost certainly show a lack of 
research on fundamentals, particularly in 
the psychiatric division. The mathe­
matical survey already shows that ap­
plied mathematicians must have a 
deeper grounding in pure mathematics 
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for future growth. Given this command­
ing view of the sciences, never before 
obtainable, the NSF will then do some­
thing about their needs. 

The Foundation now has four major 
divisions: the biological sciences, includ­
iflg medical research; the mathematical, 
physical and engineering sciences; sci­
entific personnel and education; and 
program analysis, or fact-finding. 

U ltimately what the Foundation can 
do to promote basic research will be 

limited not by money but by men. The 
total number of persons in the U. S. 
capable of doing important original re­
search in science (men and women with 
doctorates in science) today does not ex­
ceed some 35,000. Even if it had un­
limited funds, the NSF could not use 
fruitfully more than about twice its pres­
ent allowance of research funds in the 
next few years, according to its estimates. 
But in part this is due to the fact that 
people who might be doing basic re­
search have been drawn into applied 
research. NSF surveys show that of the 
$338 million in Federal research funds 
going to universities and non-profit in­
stitutions in fiscal 1953, four out of every 
five dollars is for applied research and 
development, including the building of 
laboratories. Many scientists have been 
pulled by this big magnet into short­
range, short-sighted work on "practical" 
problems. 

This subversion of the universities, 
which by tradition are the fountain­
heads of long-range, fundamental sci-
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ence, has so frightened many scientists 
and educators that the NSF is launching 
an exhaustive study of its effects on the 
standards, aims and operations of U. S. 
higher education. For this study it has 
assembled a committee headed by Ches­
ter Barnard and including Vannevar 
Bush, President Harold Dodds of Prince­
ton University, J. A. Stratton of the 
Massachusetts Institute of Technology 
and other leading figures. When its re­
port is in later this year, the NSF will 
have a key diagnosis of science's present 
deficiencies. 

In its grants to workers in universities 
the NSF has been troubled by a war­
time hangover. In order to get military 
research done swiftly the OSRD used a 
"no-gain-no-loss" contract which com­
pensated universities for all costs, in­
cluding overhead. The NSF, in contrast, 
has adopted the policy of giving funds 
as direct grants to reputable investiga-

tors, with a minimum of strings attached 
and no allowance for overhead. Its Board 
feels that, as a matter of principle, basic 
research, which should be a central func­
tion of universities, should not be made 
to pay for their general maintenance and 
housekeeping. Many college business 
offices do not like this arrangement, and 
some have resisted it. It is a policy that 
probably will be argued further. 

In the training of new scientists the 
NSF has had to limit itself to graduate 
fellowships. It gave some 550 last year, 
ranging in size from $1,400 to $3,400 a 
year. The Foundation believes that to 
carry out its mission fully it will need 
to finance undergraduate scholarships 
also and even promote science in the 
secondary schools, where the heart of 
the problem lies [see "A Crisis in Sci­
ence Teaching," by Fletcher C. Watson; 
SCIENTIFIC AMERICAN, February J. The 
NSF-supported Commission on Human 

Resources and Advanced Training fore­
casts that in the five-year period ending 
in 1957 the number of B.S. graduates 
will decline 30 per cent from the pre­
vious five years, falling to a rate of 
66,800 per year. This decline will be 
followed by a fall in science doctorates­
from a peak of 5,400 per year. 

T he NSF has other activities. It main-
tains a national register of scientific 

and technical personnel, underwrote 
some 10 scientific symposia and a num­
ber of smaller conferences in the past 
year, helped pay the traveling expenses 
of some 50 U. S. scientists to attend im­
pOltant foreign scientific meetings. It 
advised Congress on bills having to do 
with the complex subject of weather 
control, i.e., rain-making. It set up for 
President· Eisenhower a Committee on 
Minerals Research which is now inves­
tigating all known means of minerals ex-

DIRECTOR AND STAFF stand before the fading elegance of 
Washington's old Cosmos Club where the NSF has makeshift 
offices. Left to right: Assistant Directors H. Burr Steinbach for 

biological and medical sciences; Raymond J. Seeger (acting) for 
mathematical, physical and engineering sciences; Harry C. Kelly 
for scientific personnel and education; Sunderlin and Waterman. 
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ploration in order to advise on future 
research in this critical field. It also, 
when consulted about the matter, vig­
orously advised the President to liberal­
ize travel restrictions on foreign scien­
tists seeking visas to attend U. S. 
scientific conferences. At least 50 per 
cent of all foreign scientists trying to 
enter the U. S. meet serious difficulties 
or delays, and some international socie­
ties have refused to schedule meetings in 
the U. S. The Foundation pOinted out 
that the situation is inimical not only to 
the international traditions of science 
but also to scientific progress in the U. S. 

At the request of the National Acade­
my of Sciences, the Foundation is pre­
paring for participation by the U. S. in 
the Third Geophysical Year in 1957-58. 
In 1882 and again in 1932 many na­
tions banded together to make a large 
series of important measurements simul­
taneously in many parts of the world to 
check such scientific constants as the 
speed of light, the positions of stars and 
so on. This time the measurements will 
be much more elaborate, with batteries 
of new instruments. So far 28 countries 
are behind the effort. If the U. S. is to 
participate, the NSF will have to obtain 
from Congress this year about a $10 
million supplementary appropriation. 

S
o far the NSF has spent a total of 

some $5 million on nearly 500 grants 
for research and a slightly larger amount 
on research fellowships. The research 
supported ranges from important work 
on steroids, enzymes; radio astronomy, 
evolution, coals, probability, antibiotics, 
atomic masses and the metabolism of 
leaves down to projects on coal-ball flora 
and the biochemistry and nutrition of the 
bat-samples distributed over the whole 
fructifying range of knowledge that is 
basic science. But the NSF has been able 
to support only about half of the worthy 
projects proposed to it, and last year for 
lack of funds it had to turn away two 
thirds of the 2,000 qualified young ap­
plicants for its graduate fellowships. The 
names of those turned away were put 
on an honorable mention list and circu­
lated to institutions which might con­
sider them for fellowship grants. But un­
doubtedly many of these promising per­
sons were lost to science. 

At the moment the Foundation is in 
danger of being overloaded with political 
freight as a result of the new Adminis­
tration's pressure for economy. Some 
people in the Budget Bureau and in 
Congress believe it would save money 
to concentrate all federal activities in 
basic science under the NSF. The new 
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budget transfers some $3 million for 
basic research from the Department of 
Defense to the NSF, and there is pres­
sure to do likewise with basic research 
financed by the Atomic Energy Com­
mission. The danger is that there may 
be a net constriction of the total avail­
able for basic science and injury to some 
programs. Some basic research is so 
closely associated with other work of a 
department that it should remain under 
that department's supervision. In basic 
science, unlike applied research, some 
duplication of effort is necessary. That is 
how science has grown in the past and 
continues to grow. 

I
n a Reith Lecture for the British Broad­

casting Corporation last fall J. Robert 
Oppenheimer observed: "We regard it 
as proper and just that the patronage of 
science by society is in large measure 
based on the increased power which 

knowledge gives. If we are anxious that 
the power so given and so obtained be 
used with wisdom and with love of Im­
manity, that is an anxiety we share with 
almost everyone. But we also know how 
little of the deep new knowledge which 
has altered the face of the world, which 
has changed-and increasingly and ever 
more profoundly must change-man's 
views of the world, resulted from a quest 
for practical ends or an interest in exer­
cising the power that knowledge gives. 
For most of us, in most of those moments 
when we were most free of corruption, 
it has been the beauty of the world of 
nature and the strange and compelling 
harmony of its order that has sustained, 
inspirited and led us. That also is as it 
should be. And if the forms in which 
society provides and exercises its pa­
tronage of science leave these incentives 
strong and secure, new kno\Vled�e will 
never stop as long as there are men." 
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THE LIFE CYCLE OF A VIRUS 

\Vhat happens in the tilne betwccn the jnI'C(;LLOn of a (;cH and 

the appearance of ne,v vjl'USCS 'I The behavior of bactcriophagcs 

suggrsts that this sta�e illyolves a new concept: the pl'oyi'T'S 

Close !follr eyes and look. What you 
sa tV at first is there no 111 are; and what 
'lOll will see l1e�·t has not yet come to 
life. -Leonardo da Vinci 

W
e can apply these words very 
aptly to a virus-of the bacte­
ria-infecting kind known as bac­

teriophage. When a phage particle enters 
a cell, it loses its infective power and its 
identity as a particle. Generally its en­
trance into the cell is followed within 
15 minutes to an hour by the emergence 
of a new generation of infectious virus 
particles. Sometimes, however, there is 
no immediate pathological event. The 
genetic material of the virus that has 
passed into the cell combines with the 

genetic material of the cell itself. In do­
ing so it is converted into something that 
has been named a "provirus," meaning 
before virus. Days or years afterward the 
provirus may suddenly develop into virus 
and the bacterium give rise to a group of 
virus particles. 

The term provirus needs some ex­
planation. The expression "prom an" 
would certainly not evoke the idea of a 
human egg, from which Homo sapiens 
always develops, but rather that of an 
evolutionary ancestor of man which 
would have to undergo a genetic trans­
formation to become man. A provirus 
may perhaps correspond to an evolution­
ary ancestor of a virus. But it is also 
much more than that. 

Before attacking the question of the 

BACTERIOPHAGES of the T2 strain, which infects the colon bacillus Escherichia coli, 
are enlarged 65,000 times in this electron microgral)h made by Robley C. Williams and 
Dean Fraser at the University of California. The short tails and hexagonal heads of the 
phages are brought out with unusual clarity by the method of freeze·drying the specimen. 

34 

nature of proviruses, we must know 
something about viruses themselves. 
What is a virus? We shall leave out of 
the discussion the much debated issue 
as to whether viruses are living organ­
isms or not; our concern is to find out 
how they differ from "normal" organisms 
of the microbiologist's world. The two 
attributes that are usually thought to de­
fine viruses are their very small size and 
the fact that they can multiply only in­
side living cells-usually re(luiring a 
specific kind of ccll host. But to learn 
more about their peculiarities let us go 
beyond this definition and compare 
viruses with other small biological units. 

l::;-'irst of all, how does a virus differ from 
a cell? Most cells are capable of re­

producing themselves: they possess the 
gcnetic material which is the basis of 
heredity and the tools necessary to syn­
thesize the essential building blocks and 
to organize these into a structure just 
like themselves. 'ATe can see three im­
pOl'tant differences between a cell and 
a virus, taking bacteriophage as a typical 
virus: (l) whereas cells contain both 
desoxyribonucleic acid (DNA) and ribo­
nucleic acid (HNA), the phage contains 
only DNA; (2) whcreas cells are repro­
duced from essentiallv all their constit­
uents, bacteriophage is reproduced 
from its nucleic acid; (3) whereas cells 
are able to grow and to divide, the virus 
particle as such is unable to grow or to 
undergo fission. Bacterial viruses are 
never produced directly by division of all 
existing virus; invariably they are formed 
by organization of material produced in 
the host cell. 

Next we must consider whether virus­
es bear any likeness to the particles 
within a cell, particularly the particles 
called plasmagenes. Here differences are 
less easy to find. The theory has been 
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CYCLE begins when the phage, attached to a colon bacillus by 
the tail, empties its contents into the bacterium (upper left). 
Phage may then reproduce until it dissolves the bacterium (upper 
right), 0" it may remain harmlessly in the bacterium and its de-

BACTERIOPHAGE , 
UNDEVELOPED BACTERIOPHAGE o 

PROTEIN GHOST 9 
PHAGE DESOXYRIBONUCLEIC ACID • 

PHAGE PROTEINS • 

CHROMOSOME A./".. 

I I I 
INDUCING AGENTS / I / 

scendants as prophage (lower left), If bacteria containing pro­
phage are treated with an inducing agent such as X-rays, either 
they continue to reproduce in the normal manner or the phage sud­
denly begins to multiply (center) until the bacterium dissolves, 
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proposed that viruses may originate as 
mutated plasmagenes. But we know that 
some plasmagenes (e.g., the chloroplasts 
of green plants) can grow and <;livide. 
Furthermore, plasmagenes are not path­
ogenic or lethal to the cell, as virus 
particles are. Let us just note, for the 
time being, that nothing which resem­
bles a bacteriophage in its properties, 
life cycle, shape or organization has been 
found in normal cells. 

�t us now consider the peculiar be-
havior of the virus. The virus par­

ticle as such is only the beginning and 
the end of a life cycle. Its only physio­
logical function is to obtain entry of the 
virus' genetic material into the host cell. 
After this occurs, what remains of the 
virus is devoid of infectious power. 
There follows a vegetative phase in 
which the specific constituents for new 
viruses are produced. Finally these con­
stituents are organized into virus par­
ticles, which are liberated by lysis (dis­
solution) of the cell. The whole process 
usually takes from 15 to 60 minutes. 

But a bacterial virus may multiply in 
another way, and this is where the pro­
virus enters the picture. Ordinarily the 
virus nucleic acid passed into a cell pro­
ceeds promptly to multiply and to syn­
thesize specific protein material for new 
phage particles. Sometimes, however, 
the nucleic acid may anchor onto a bac­
terial chromosome and act as if it were a 
normal constituent of the cell. It behaves 

IMMUNITY against infection by a related 
phage is conferred on a bacterium by pro­
phage (bar). In the multiple attack de­
picted here, virus particles (circles) do not 
multiply but thin out with each generation. 

36 

as a bacterial gene, being replicated at 
each bacterial division and transmitted 
to each daughter bacterium. This is what 
we call a provirus. It is a potential virus; 
it may eventually give rise to virus par­
ticles. In the meantime the bacterial off­
spring go on growing and dividing as 
normal bacteria, and each daughter bac­
terium yields progeny capable of produc­
ing viruses. In other words, the ability to 
produce viruses is perpetuated inside the 
bacterium; no new infection from out­
side is needed. 

Bacteria containing pro viruses are 
called lysogenic. When a small number 
of such bacteria are broken down, no in­
fectious particles can be found. This 
means that the provirus is not infectious. 
And yet in every large population of 
these bacteria some mature bacterio­
phage particles appear. From time to 
time a bacterium in such a culture sud­
denly disappears, and about 100 phage 
particles emerge. The probability of a 
lysogenic bacterium spontaneously giv­
ing rise to viruses varies from 1/100 to 
1/100,000. In some systems the prob­
ability is apparently independent of ex­
ternal factors; it cannot be modified. In 
other lysogenic systems phage produc­
tion may be initiated at will by inducing 
agents, such as X-rays, ultraviolet rays, 
nitrogen mustard and other substances­
all of which are known to be capable of 
producing mutation. Within 30 to 60 
minutes after exposure to one of these 
agents, practically all of the bacteria 
produce viruses and lyse. 

How do lysogeniC bacteria produce 
viruses? Before discussing this question 
we must know more about the provirus­
es. We are inclined to think that pro­
viruses originally arose as mutants of 
normal bacterial genes. Whatever their 
origin, the reservoir of bacterial viruses 
seems to be the provirus-carrying bacte­
ria. These bacteria may have perpetu­
ated provirus, that is to say, the heredi­
tary ability to produce virus, for many 
thousands of years. 

The study of lysogeniC bacteria has 
led to a clear picture of the provirus. 
Apparently it does not contain vims pro­
tein, for lysogenic bacteria do not cause 
the production of specific antibodies to 
phage protein in experimental animals. 
It is therefore tempting to visualize the 
provirus as a large molecule of nucleic 
acid. Secondly, the provirus is associated 
with a certain genetic character of bac­
teria and is located at a specific site on a 
bacterial chromosome. Thirdly, two 
genetically related proviruses in a bac­
terium may cross over and recombine. 
Fourth, a lysogeniC bacterium is immune 

to infection by a phage particle related 
genetically to its provirus, though it can 
be killed by an unrelated phage. As long 
as the provirus remains in that state, a 
genetically related superinfecting phage 
is unable to develop into phage. Finally, 
the mere presence of the provirus may 
modify the properties of a bacterium: it 
may endow certain bacteria with the 
ability to produce a toxin they could not 
otherwise make, or it may change the 
typical appearance of bacterial colonies. 
Things happen as if the provirus either 
carries a specific gene or modifies the 
neighboring bacterial genes. From all 
these data it may be concluded that pro­
virus is the bacterial virus' genetic mate­
rial, bound to a specific site in the bac­
terium and responsible for a specific bac­
terial immunity. 

Now it is difficult to imagine that this 
immunity is· due only to the presence 
of the provirus. A particle cannot exert 
a speCific action by its mere presence. 
The only way the provirus can make 
the bacterium immune-that is, prevent 
multiplication of a virus invader-is by 
modifying or blocking a specific activity 
of the bacterium necessary for that re­
production. And the provirus can do this 
only if it is present at a specific site. As 
a matter of fact, we can account for all 
the properties of pro viruses and of lyso­
genic bacteria by the hypothesis that the 
provirus is the genetic material of the 
virus anchored at a given site in the bac­
terium. The genetic material of an infect­
ing virus becomes a provirus when and 
because it becomes bound at that site 
to a specific receptor, which modifies 
the material. It then gives the bacterium 
immunity against genetically related in­
fecting particles. An inducing agent such 
as ultraviolet rays destroys the immunity 
because it displaces the genetic material 
of the virus from its specific site. 

l�or a long time virologists have con-
centrated on the virus particle itself. 

Yet the particle is only a prelude to the 
infection. During the longest and most 
important part of the life cycle, the 
pathogeniC phase in a cell, no virus par­
ticle is present. As a matter of fact, dis­
appearance of the virus particle is the 
sine qua non for the development of the 
cellular lesion. Indeed, there are cases in 
which all the bacteria in a lysogenic 
population die although very few 'of 
them produce bacteriophage particles; 
the cells are killed by a defective de­
velopment of proviruses initiated by an 
inducing agent. One could even conceive 
of a condition in which the probability of 
the virus ever appearing would be in-
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finitely small, that is to say, practically 
absent. Some bacteria actually carry a 
gene which can initiate the synthesis of a 
protein lethal to themselves. But that is 
another story. 

Biologists have long been accustomed 
to think of death in terms of the destruc­
tion or alteration of some vital structure. 
We have been less inclined to think of 
living cells as carrying the seeds of their 
own destruction, or of the possibility that 
lethal agents may kill in more than one 
way. For example, X-rays sometimes 
kill by destroying essential structures, 
but they may also destroy a cell by in­
ducing a gene to express its lethal po­
tentiality. This potentiality is sometimes 
the power to start a new synthesis which 
may or may not end in virus particles. 

T
o what extent are the phenomena 
disclosed in bacteria valid for higher 

organisms? May animal or plant cells 
perpetuate proviruses? Are some viral 
diseases of man the result of the activa­
tion of a provirus? May immunity to 
virus diseases be explained in terms of 
proviruses? Do the findings concerning 
lysogeny have any bearing on cancer? 
Let us recall that the inducing agents 
which can trigger proviruses to give rise 
to viruses are all not only mutagenic but 
also carcinogenic-radiations, nitrogen 
mustard and so on. It is indeed tempting 
to theorize that carcinogens may induce 
malignancy by initiating the formation of 
a pathological structure from a provirus­
like material. Many facts are in favor of 
the hypothesis that pro viruses originate 
some animal diseases, but the problem 
cannot be discussed within the limits of 
this article. Suffice it to say that this is, 
at any rate, a working hypothesis. 

I have tried to outline the concept of 
the provirus, to analyze its relations with 
the concept of the cell and of the virus 
and to show the impact of the newly 
acquired knowledge on our conceptions 
of cellular disease. The common denomi­
nator of the various phases of the life 
cycle of a virus is the genetic material­
the nucleic acid-which may exist in 
three states: infectious, proviral and 
vegetative. Throughout these three states 
the genetic material apparently remains 
essentially the same in structure, but it 
ohanges radically in dynamic potenti­
alities and behavior. The virus particle, 
the end product of the vegetative phase, 
is a quiescent nucleoprotein particle, 
unable to grow or to divide. The provirus 
is an integrated nucleic acid, which be­
haves like a gene and is replicated like 
the host genes. Neither the virus particle 
nor the provirus is pathogenic pe'r se; 
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their pathogenic property is only poten­
tial. The only pathogenic phase of the 
virus is the vegetative phase, during 
which the specific viral nucleic acid 
multiplies and during which the specific 
viral protein is synthesized. Things hap­
pen as if the synthesis of the protein is 
responsible for pathogenicity. 

The provirus produces provirus; it is 
order. The vegetative particle produces 
virus particles and a disease of the host; 
it is disorder. The virus particle does not 
produce anything; it is an extremely 
oonservative particle-the absence of 
any activity, that is to say, a kind of 
order. Thus the virus is an alternation 
of order and disorder. 

As a result, my presentation of the 

subject may seem somewhat disordered. 
For this I had decided to apologize, 
when I came across an unpublished let­
tel' which Martin de Barcos, Abbot of 
Saint-Cyran, wrote to Mother Angelique 
in 1652: "Allow me to tell you that you 
would be wrong to apologize for the 
disorder of your discourse and of your 
thoughts, because, if they were other­
wise, things would not be in order, espe­
cially for a person belonging to your 
profession. As there is a wisdom which 
is folly before God, there is also an order 
which is disorder, and in consequence, 
there is a folly which is wisdom and a 

disorder which is the true rule." This 
being exactly the case of the virus, I 
decided not to apologize. 
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The Epidemiology 
of Mental Disease 

The Inethods of investigating infectious disease In populations 

have recentl.r been turned to the question of whether one group 
has a pattern of Inental iLLness differing from that of another 

E
pidemiology is not the study of epi­
demics, as some dictionaries would 
have us believe, but the study of 

the distribution of disease. It is interested 
in the pattern of disease occurrence, in 
the factors that determine the pattern 
and particularly in how the factors can 
be modified to eliminate the disease from 
the population. An epidemiologist is a 
public health detective; he seeks to ferret 
out the factors responSible for speciRc 
diseases, and conducts experiments to 
establish their guilt and to find ways to 
bring them under control. 

Epidemiological analysis generally 
proceeds according to a simple pattern: 
A factor, f, is suspected of playing a role 
in the production of a disease, d; popula­
tions having much f are examined to see 
if they have more d than populations 
having little f; through inferences based 
on all the relevant knowledge and on 
theories derived from clinical familiarity 
with the disease, the investigators obtain 
a picture of the chain of circumstances 
that leads to the occurrence of the 
disease; finally crucial links in the chain 
are attacked experimentally. The rela­
tionships are often indirect and highly 
complicated, but this general strategy 
has succeeded in bringing many animal 
and plant diseases under control. 

If the germ diseases of man can be 
fought effectively in this manner, why 
not his mental illnesses? It is true that 
the scientiRc study of mental disorders is 
still very young, and some have doubted 
that epidemiological research can be 
helpful in this ReId. Indeed, the experts 
do not even agree on whether different 
populations have different rates of oc-
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currence of mental disease. Nonetheless 
the epidemiological investigation of 
men,tal illnesses is now receiving much 
attention, and it is beginning to show 
promise. 

A mental disease may flare up in a 
population for a time and then die out. 
A famous example is a disorder which 
began in Italy in the 
13th century. It was re­
corded by many reliable 
writers, notably two 
physicians named Fer­
dinandus and Baglivi. 
The episode was re­
viewed recently bv The 
Johns Hopkins Univer­
sity medical historian 
Henry Sigerist. The dis­
ease was called the 
Dancing Mania or Tar­
antism. Sigerist writes: 

"The disease occurred 
at the height of the 
summer heat, in July 
and August, and par­
ticularly during the dog 
days. People, asleep or 
awake, would suddenly 
jump up, feeling an 
acute pain like the sting 
of a bee. Some saw the 
spider, others did not, 
but they knew that it 
must be the tarantula. 
They ran out of the 
house into the street, to 
the market place, danc­
ing in great excitement. 
Soon they were joined 
by others who like them 

had just been bitten, or by people who 
had been stung in previous years, for 
the disease was never quite cured. The 
poison remained in the body and was 
reactivated every year by the heat of 
summer. People were known to have re­
lapsed every summer for thirty years . . . .  

"Thus groups of patients would gath-

A historic example 
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er, dancing wildly in the queerest attire. 
'Sometimes their fancy leads them to 
rich clothes, curious vests and necklaces 
and suchlike ornaments [reported Bag­
liviJ. They are most delighted with 
clothes of a gay color, for the most part 
red, green and yellow. On the other 
hand, they cannot endure black; the very 
sight of it sets them asighing and if any 
of those that stand about them are clad 
in that color, they are ready to beat 
them, and bid them be gone.' Others 
would tear their clothes and show their 
nakedness, losing all sense of modesty. 
. . . Some called for swords and acted 
like fencers, others for whips and beat 
each other. Women called for mirrors, 
sighed and howled, making indecent 
motions. Some of them had still stranger 
fancies, liked to be tossed in the air, dug 
holes in the ground and rolled them­
selves in the dirt like swine. They all 
drank wine plentifully and sang and 
talked like drunken people. And all the 
while they danced and danced madly to 
the sound of music. 

"Music and dancing were the only 
effective remedies, and people were 
known to have died within an hour or a 
few days because music was not avail­
able. A member of Dr. Ferdinandus' own 
family, his cousin Francesco Franco, 

died thus within 24 hours because no 
musician could be found after he had 
been stung." 

Ferdinandus did not believe that the 
spider bite was the cause of the disease; 
he suspected that it was a form of in­
sanity. Sigerist points out that the part 
of Italy where the disorder apparently 
originated, Apulia, had been a part of 
the ancient Greek empire. In this region 
Dionysus and other gods had been wor­
shiped. Sigerist adds: "Orgiastic rites 
of a decidedly erotic character were per­
formed. People danced madly to the 
sound of music, dressed in bright clothes 
with garlands of vine leaves, waving the 
thyrsus, uttering obscene words, tearing 
their clothes, whipping each other, 
drinking wine. The analogy between 
these rites and the symptoms of t.ar­
antism is striking. What is the connec­
tion? 

"Christianity came late to Apulia and 
found a primitive and conservative popu­
lation in which ancient beliefs and cus­
toms were deeply rooted. In competi­
tion with paganism Christianity had to 
adjust itself in many ways in order to 
win over the population . ... There were 
limits, however, that the Church could 
not well oversteiJ. It could not assimi­
late the orgiastiC rites of the cult of 

0/ a mental disease characteristic 0/ a population was the Dancing Mania 0/ medieval Italy 

Dionysus but had to fight them. And 
yet these very rites that appealed to the 
most elementary instincts were the most 
deeply rooted. They persisted, and we 
can well imagine that people gathered 
secretly to perform the old dances and 
all that went with them. In doing so 
they sinned, until one day-we do not 
know when but it must have been dur­
ing the Middle Ages-the meaning of 
the dances changed. The old rites ap­
peared as symptoms of disease. The mu­
sic, the dances, all that wild orgiastic 
behavior were legitimized. The people 
who indulged in these exercises were no 
longer sinners but the poor victims of 
the tarantula. " 

The Dancing Mania spread through 
Europe for a few centuries and then 
disappeared. We have had somewhat 
similar outbreaks in our own time. The 
most comprehensive analysis of such a 
happening was the psychologist Hadley 
Cantril's study of the panic caused by 
Orson Welles's broadcast of an "inva­
sion from Mars." Another study investi­
gated an outbreak of hysteria in Mat­
toon, Ill. A man was reported to be 
spraying a paralyzing poison in women's 
bedrooms. The attacks were always re­
ported by women who were alone. The 
outbreak had been preceded by com-

39 

© 1954 SCIENTIFIC AMERICAN, INC



munity alarm regarding possible Ger­
man gassing of U. S. communities. The 
reports died down shortly after the 
mayor and chief of police became con­
vinced that there was no prowler and 
began to disband posses. 

Recently the child psychologist Fritz 
Redl made an epidemiological in­

vestigation of outbreaks of certain spe­
cific kinds of distressed group behavior­
destructive forays, anxiety attacks, bully­
ing and so forth-among the members 
of a camp for emotionally disturbed 
children that he operated near Detroit. 
He concluded that behavior can be con­
tagious in a group, and that contagion 
is most likely when it is started by a 
popular individual, when the size, struc­
ture and atmosphere of the group favor 
the behavior, and when the behavior 
itself gives "vent to the suppressed 
needs" of many of the members. 

Some behavior patterns spread more 
readily in large groups, others in small 
ones. Division of the group into sub­
groups reduces contagion. High de­
pendence of a group on adult leadership 
fosters contagion; experience in group 
initiative opposes it. 
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A study in Syracuse, N. Y., indicated that people who lived in one·family dwellings (left), 

Redl also reported that one kind of 
disturbance may evoke a different kind 
in the responding group. For example, 
he placed a boy who had considerable 
tendencies toward masochism in a 
friendly group of boys who had had a 
year of club work in which they had 
developed group pride and the ability 
to discharge grievances and disputes 
harmlessly in group gripe sessions. The 
entry of the new boy, AI, into the group 
was carefully prepared, and the group 
attitude toward him when he entered 
was most favorable. But within a few 
days "the group was in an uproar." Al 
wanted to be chased, pushed and 
wrestled with; the youngsters began in 
a spirit of fun to gratify this wish, but 
he lured them into more and more ag­
gressive behavior. After about a week, 
the boys "were like a bunch of sadistic 
bullies, . . . started to bicker and fight 
with each other." A gripe session and in­
dividual interviews confirmed that AI's 
display of extreme masochistic desires 
had stirred up within the boys "more 
sadistic pleasure temptations than they 
could cope with." 

This kind of induction of a disturbance 
different from the one that evokes it is 

not unknown even in microbial diseases. 
For example, a mother who during the 
first three months of pregnancy has Ger­
man measles, a virus disease, may trans­
mit to her fetus a disorder which is not 
at all like German measles-it may be an 
encephalitis that results in mental defi­
ciency. The mental deficiency of course 
is not contagious. 

It is reasonable to believe that many 
personality disorders are produced by 
induction. There is a type of mother that 
some psychiatrists have called "schizo­
phrenogenic"; that is, she is thought to 
induce schizophrenia in her children. 
These mothers are not schizophrenic 
themselves, but they suffer from severe 
emotional conflicts which make them 
vacillate between extremely affectionate 
play with their children and extreme re­
jection. This concept of a schizophreno­
genic mother type has not been vali­
dated; it is mentioned only as an illus­
tration of the postulate that one mental 
disorder may induce another. 

I n the early years of this century the 
great psychiatrist Adolf Meyer, then 

associated with the mental hospitals of 
New York State, directed attention to 
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had a lower rate 0/ psychosis than those who lived in l1ut.ltiple·fal1J,ily dwellin!!s (right) 

the influence of social conditions in gen· 
erating mental disorders. He found that 
some counties in the state had much 
higher rates of admissions to mental hos­
pitals than others, and he attributed the 
differences to variations in social condi­
tions. Unfortunately this study was not 
followed up. In the 1930s a group of so­
ciologists led by Ernest Burgess at the 
University of Chicago became interested 
in the subject. The French sociologist 
Emile Durkheim had propounded the 
theory that in an industrialized com­
munity, the modern city, individuals 
suffer a loss of the sense of identity-he 
called this feeling "anomie." He had 
used the suicide rates in Europe as an 
index of anomie. The Chicago sociolo­
gists found that in Chicago anomie was 
highest in the central and socio-eco­
nomically depressed sections of the city. 
Suicide rates and the rates of admissions 
to mental hospitals for schizophrenia 
were highest there. Hence there was a 
strong indication that schizophrenia has 
something to do with (a) socio-economic 
status, (b) anomie and (c) migratory 
patterns of life, for the high-rate areas 
had a mobile population. 

Not until after World War II was the 

question pursued furthel'. The war, of 
course, greatly heightened interest in 
mental hygiene, partly because of the 
large number of draft rejections and dis­
charges from the armed services for psy­
choneurotic difficulties. After the war 
Herbert Goldhamer and A. W. Marshall 
conducted for the Air Force a very care­
ful study to determine whether schizo­
phrenia is increasing among young men. 
The study was based primarily on rec­
ords of the Massachusetts state mental 
hospitals. It covered the first admissions 
to mental hospitals of all psychotic pa­
tients of both sexes and all ages for the 
past century. The two investigators 
found that the rate of admissions per 
100,000 of population had not changed 
much in the age groups under 50, but 
that older people were entering mental 
hospitals at a rising rate. Goldhamer and 
Marshall searched for other locations to 
check their findings and lit on Oneida 
County in New York, where the first 
New York state mental hospital was 
built in 1843. Their findings for Oneida 
County were similar to their findings for 
Massachusetts. 

On their face these figures failed to 
show that changing social conditions had 

had any effect on the incidence of psy­
choses among people under 50. How­
ever, Massachusetts and New York were 
the first states to develop state mental 
hospitals. It is at least possible that the 
social forces which produce high rates 
of psychoses are intimately connected 
with those which produce state mental 
hospitals, and that these forces had 
reached a plateau by the beginning of 
the period the investigators reviewed. 

In 1949 Yale University began a study 
of the relationship between social 

class and prevalence of psychiatric dis­
order. The study was designed by the 
psychiatrist F. C. Redlich, the sociolo­
gist A. B. Hollingshead and myself. It 
surveyed patients under psychiatric care 
in New Haven. Redlich, Hollingshead 
and their colleagues have recently re­
ported some of their findings. The preva­
lence of psychoses has proved to be 
much higher in the lowest socio-eco­
nomic classes in New Haven than among 
those farther up the scale. These facts 
have opened up questions for further in­
vestigation which the Yale group is vig­
orously pursuing. 

In 1950 the New York State Mental 
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Some mothers are thought to induce schizophrenia in their children 

Health Commission set up a Reid unit 
to study the epidemiology of mental dis­
orders. Studying admissions of elderly 
people to mental hospitals from Syra­
cuse, it has shown that the sections of 
the city with the highest rates of new 
hospital admissions for senile and arte­
riosclerotic psychoses are low in socio­
economic status. But other parts of the 
city just as low on the socio-economic 
scale do not contribute disproportionate­
ly large numbers of cases to the hospitals. 
It turned out that the areas producing 
more than their share of cases consisted 
mainly of multiple-family dwellings. In 
Syracuse the apartment areas have high­
er rates of psychosis than those made up 
of one-family houses. Possibly this is re­
lated to the fact that more of the people 
in apartments live alone, but there is no 
evidence yet on that point. 

These and other studies make clear 
that mental hospital admissions do vary 
under varying social conditions. How-
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ever, to identify the social conditions 
that make for a psychol9gically un­
healthy life will take a great deal more 
research. 

The Milbank Memorial Fund, which 
has long been a leading sponsor of new 
developments in the ReId of public 
health, organized in 1949 a conference 
of psychiatrists, epidemiologists and so­
ciologists which gave great impetus to 
the epidemiological study of mental 
disorders. It brought research groups to­
gether again in 1951 for further discus­
sion of common technical problems. Im­
portant research on these problems is 
being carried on by groups at Yale and in 
the New York State Mental Health Com­
mission, at Cornell University under 
the psychiatrist-anthropologist Alexander 
Leighton, at the Cornell Medical School 
under the psychiatrist Thomas A. C. 
Rennie, at the Harvard School of Public 
Health under the psychiatrist Eric Lin­
demann and at Wayne University under 

the sociologist Joseph W. Eaton, who has 
been studying mental health among the 
Hutterites [see "The Mental Health of 
the Hutterites," by Joseph W. Eaton and 
Robert J. Wei!; SCIENTIFIC AMERICAN, 
December, 1953]. Members of the staff 
of the National Institute of Mental 
Health and workers in other projects also 
have collaborated and consulted with 
one another. These consultations have 
been valuable in the planning and evalu­
ation of studies. 

One of the acute technical problems 
confronting all these investigators 

is to Rnd some measure of community 
mental health more inclusive than mere 
hospital admission rates. It is not easy 
to devise a test of mental illness which 
will be equally reliable among people 
of different social groups and at different 
times. An X-ray picture or a Wasser­
mann reaction is no respecter of persons, 
but mental-disorder epidemiology must 
be based on a deep respect for persons. 
Furthermore, the only present criterion 
for mental illness, in the last analysis, is 
the clinical judgment of psychiatrists. A 
psychiatrist cannot check his diagnosis 
with physical instruments such as micro­
scopes, chemical reactions or an X-ray 
machine. The most sensitive instrument 
for detecting personality disorders is the 
clinician himself. His own perception 
and his way of relating to people is the 
instrument that must be standardized 
and calibrated. 

Mental diseases need to be better de­
Rned and classified. Some people believe 
that all the psychiatric syndromes are 
variations on one basic theme. But the 
clinical pictures do vary, and it remains 
for epidemiological and other studies to 
relate the clinical patterns to the cause 
or causes. 

More detailed and more scientiRc sys­
tems of reporting and recording per­
sonality disorders must be developed. 
Public health officers learned long ago 
that reporting of communicable diseases 
was necessary to lay the groundwork for 
combatting them. 

Finally, there is a need to formulate 
theories in such a way that they can be 
tested. So far the most useful hypotheses 
have been provided by the sociologists 
and the eugenicists.- But these hypothe­
ses have been only distantly related to 
clinical observations or the ideas of psy­
chiatrists. We are approaching a time 
when the views of psychiatrists, psy­
chologists, sociologists, geneticists and 
physiologists will have to be brought 
into relationship with one another. In 
this epidemiology will play a key role. 
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_____ Kodak reports to laboratories on: 
identifying multicarbide phases by color photomicrography ... high speed movie 

success stories ... some things you can do with oxidized cellulose 

Metallography in (olor rior creep properties, better service 

Meet Mr. Foster. Charles S. Foster 
is our ace photomicrographer. 
Charlie's function with us is to dole 
out individualized advice on how 
most expeditiously to get where you 
want to go with a photomicrograph­
ic or metallographic undertaking. 
Being the kind of chap he is Char­
lie's advice is likely to be highly per­
sonalized. 

A year or two ago the chief metal­
lographer in the Powder Metals Re­
search Department at Firth Sterling 
Inc. in Pittsburgh thought he would 
ask Mr. Foster for a little help on 
the problem of identifying-constitu­
ents and phases in multicarbide mix­
tures through photomicrography in 
color. Worked out fine. Recently 
that hard-boiled publication Steel 
carried a short illustrated article o� 
the results. It may turn out to be 
something of a landmark in metal­
lography. Time will tell. 

The technique is heat-tinting at 
900 F for 5 minutes after careful 
polishing and electrolytic etching in 
5 % sodium carbonate. The various 
phases assume characteristic colors: 
grey for tungsten carbide grains, 
yellow for tantalum carbide, tan for 
the solution areas of tungsten car­
bide plus titanium carbide, deep 
purple for the eta phase formed by 
carbon deficiency, blue for the co­
balt matrix, and so on. Though Mr. 
Foster is no metallurgist, he did 
prove helpful on the important mat­
ters of illumination and filtering to 
record these color nuances repro­
ducibly on Kodak Ektachrome Film 

Daylight Type. 
' 

Bulking large in making the proj­
ect practical was the fact that this 
film can be processed on the spot to 
judge the results. 

Perhaps life is not really that sim­
ple, but we like to think that in supe-

in jet engine blades, etc. Firth Ster­
ling products are now �r soon will 
be reflecting the knowledge gained 
through heat-tinting. 

Mr . Foster will be most happy to send 
you a reprint of the Steel article if you 
want to see color reproductions of Firth 
Sterling's heat-tinted carbides at 1500 
dtameters. Also, if you have problems of 
yo

.
ur own in photography through the 

microscope, dOIl't hesitate to write him 
about them. His address: Eastman 
Kodak Company, Industrial Photo­
graphic Division, Rochester 4, N. Y. 

High speed booklet 
For only $1713.50 one may pur­
chase from any Kodak Industrial 
Dealer a Kodak High Speed Camera. 

Some of the best-known type­
writer.s, diesel locomotives, ciga­
rette lighters, oil-drilling bits, break­
fast foods, circuit breakers, printing 
papers, auto tires, beet pickers, cas­
serole dishes, power looms, power 
tools, addressing machines, shot­
guns, vacuum cleanerS, airplanes, 
and adding machines are being 
manufactured today on the basis of 
information their makers learned 
or confirmed by buying a Kodak 
Hi!J.h Speed Camera and submitting 
their products or processes to its 
quick and glassy gaze. (On the more 
academic side, we know of at least 
one diverted biologist who used the 
camera to find out how holes in 
fluids appear and disappear when a 
missile passes through.) 

The subject is mentioned at this 
time because we have just published 
a new booklet which explains how 
the camera works and how it has 
performed some of its industrial 
research feats. 

.
For a copy of "High Speed Motion 

Picture Making ill Industry," write 
Eastman Kodak Company, Industrial 
Photographic Division Rochester 4 
N. Y. 

' , 

Slightly degenerated (otton 
Instead of oxidizing cellulose as man 
has done from time immemorial to 
take the chill out of his bones cook 
his dinne.r, and dispel his gloo'm, we 
have a tnck of oxidizing it only to a 
10 % to 22 % carboxyl level. This we 
do by treatment with nitrogen diox­
ide. The product, called, surprising-

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 

Iy enough, "oxidized cellulose," 
looks like this: 

It has the appearance and even 
some of the strength of ordinary cot­
ton, along with some rather extraor­
dinary properties. The most recent of 
these to come to light is its use in 
the diagnosis of congenital hyper­
plasia (enlargement) of the adrenal 
gland in children. This comes about 
from the remarkable affinity of ox­
idized cellulose for ACTH, which it 
absorbs quantitatively. ACTH is 
not detectable in the blood of nor­
mal children but does appear where 
this affliction exists. After cortisone 
treatment, no ACTH is detectable. 
One advantage of oxidized cellulose 
in ACTH assay is that the concen­
trates it yields are not toxic to the 
assay animal. 

This is not the debut of the stuff 
as a tool in the healing art. Its first 
flush of prominence a few years ago 
was based on the surgically useful 
fact that it has the physical attri­
butes of cotton gauze, yet is wholly 
absorbed in the blood stream after 
fulfilling its mechanical function. 

Aside from its medical use oxi­
dized cellulose is an ion exchange 
medium, plucking cations out of 
aqueous solution to form metallic 
salts of cellulose. Plain cotton as far 
as the eye can see and the finger can 
feel, it bewitchedly vanishes into 
solution when popped into a 2 % 
sodium hydroxide solution. Whe� 
kept dry and cold, however, it sur­
vives indefinitely without change. 

Trimming the cellulose chains with 10 
to 22 percent of carboxyls drives the 
price of. cotton lip to $62.25 per pOllnd, 

FOB KlI1gsport, Tenn. If you are inter­
ested ill concentrating some ACTH, this 
may be a bargain for you right no IV and 
if YOIl can develop some decent v�lum� 
of demand for it, we'll probably drop the 
price. For the cold facts, write Eastman 
Chemical Products, Inc., Chemical Divi­
sion, Kingsport, Tenn. (Subsidiary of 
Eastman Kodak Company). 

Prires qu.oted are subject to 
change withoull/olice. 
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Your open door is 
a respected privilege 

The Durez field representative 
who accepts an invitation to 
talk with you comes from a firm 
that 'values his time and yours. 

He is unusually well-equipped to ren­
der you service involving the profitable 
use of phenolics in your products, as 
h

,
e �pea�s for a company that has spe­

Clahzed III these materials from the in­
dustry's earliest days. 

Apprised of your specific purpose, 
Durez men can tell which phenolic 
molding compound among the hun­
dreds commercially used - which in­
dustrial or coating resin - will meet 
your needs best in cost and perform­
ance. Their counsel in engineering as­
pects of plastics design may save you 
from unforeseen problems. 

You may be investigating the inher­
ent advantages of these materials for 
the first time. You may be a long-time 
user of them. In either case, a talk with 
your Durez man puts our 32 years of ex­
perience at your disposal. Write." and 
ask for ollr monthly "Plastics News." 
Durez Plastics & Chemicals, Inc., 803 
Walck Road, North Tonawanda, N. Y. 
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PHENOLIC PLASTICS 
THAT FIT TODAY'S PRODUCTS 
lor 'he New Era 01 Compe,i,ion 

New Investigation 

C
ongress is having another go at tax­

exempt foundations, with hear­
ings by a special investigating 

committee of the House of Representa­
tives scheduled to begin this month. The 
committee chairman is B. Carroll Reece, 
Republican of Tennessee, a member of 
the Cox committee that investigated 
foundations last year. 

The new investigation is the result of 
a speech in the House by Reece, who as­
serted that "an overwhelming portion of 
foundation grants for many, many years 
has been awarded for the propagation of 
the so-called liberal viewpoint and in 
som� ca�,

es an openly communistic point 
of vIew. 

The committee staff has already begun 
to interview a "sample" list of founda­
tions and has sent a detailed question­
naire to members of the Association of 
American Colleges, professional journals 
and university publishing houses, asking 
for information about all foundation 
grants they have received since 1920. 
The institutions are asked to report, 
among other things, their religious affilia­
tion. The college questionnaire states 
that the information requested will help 
determine "the manner in which certain 
types of schools are favored or ignored" 
by foundations. It lays special stress 
upon grants in the "fields of social 
sciences." 

AEC Report 

SCIENCE AND 
its first general power reactor, the design 
of which is "well under way." The an­
nouncement disclosed the surprising fact 
that both the moderator and the coolant 
in this nuclear furnace will be ordinary 
water. Although water absorbs neutrons, 
the Commission's researchers apparently 
have found that with slightly enriched 
uranium as fuel a reactor will be able to 
maintain a high-level chain reaction in a 
water medium. Earlier plans were based 
on graphite or heavy water as the mod­
erator and a liquid metal as the coolant. 
The new design is called the Pressurized 
Water Reactor (PWR). 

The report noted that estimates of 
what it will cost to build and fuel power 
reactors have continually been lowered. 
Nevertheless, the current estimates of 
cost still "exceed by a wide margin the 
$150 to $250 per kilowatt cost of in­
stalled capacity of conventional [coal] 
plants." Studies show that atomic power 
plants must cost no more than $300 per 
kilowatt if they are to produce power 
competitively with other sources, the 
Commission said. Nine industrial groups 
are now studying reactor technology. 

The Commission made public the fact 
that it had established a "weapons re­
search laboratory" at Livermore, Calif., 
in June, 1952. The New York Times re­
ported that this laboratory was the site 
of the hydrogen bomb development. The 
laboratory is run by the University of 
California under the direction of E. O. 
Lawrence and Herbert York. It now em­
ploys 1,500 people. The report said that 
the California Research and Develop­
ment Company, a subsidiary of the 
Standard Oil Company of California, is 
working at Livermore on a project "not 
related to the weapons effort of the Uni­
versity of California." 

Summarizing the financial history of 
the atomic energy enterprise, the AEC 
said that at the close of the last fiscal year 
the U. S. had invested a total of $12.1 
billion. Some $4 billion was spent in the 
year 1953, mainly on new plants. The 
Commission's net assets as of June 30, 
1953, were $8.6 billion. Of the $900-mil­
lion operating budget last year, $280 
million went for source and fissionable 
materials, $236 million for weapons and 
$153 million for research. perhaps the biggest news in the Atomic Other highlights of the report: 

Energy Commission's Fifteenth Semi- The American Meat Institute has 
annual Report, published last month, " found that a "modest dose" of gamma ra­
was the announcement of some details o'r diation from fission products increases 
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THE CITIZEN 
the shelf life of meats from three days to 
15 days. 

Brookhaven physicists believe that the 
so-called V particles may be excited 
states of a neutron, for a V particle pro­
duced in the Cosmotron decays into a 
proton and a pi meson. 

AEC researchers have discovered evi­
dence that spleen cells produce a sub­
stance which protects the body from 
radiation damage. A few cells from the 
spleen of a normal mouse, when trans­
planted to the anterior chamber of an­
other mouse's eye, protected the second 
animal from fatal doses of radiation. 

Bargain with Belgium 

As part of the wartime agreement by 
.t\. which the U. S. obtained sole rights 
to the uranium output of the Belgian 
Congo mines, the U. S. promised to give 
Belgium technical information and as­
sistance on atomic power when it was 
developed. This stipulation came to light 
last month when the New York Times 
reported that Pierre Ryckmans, presi­
dent of the Belgian Atomic Energy Com­
mission, had asked the U. S. to make 
good its promise. 

Ryckmans called attention to a 1950 
amendment of the Atomic Energy Act 
which empowers the U. S. Atomic Ener­
gy Commission to enter into "specific ar­
rangements involving the communic�­
tion to another nation of restricted data" 
on processing of source materials, re­
actor development, production of fission­
able materials and research and develop­
ment relating to these matters. He said 
Belgium had not yet received a reply to 
its request from the U. S. Government. 

25 Billion Volts 

The Brookhaven National Laboratory 
has received authorization to build a 

25-billion volt "strong-focusing" syn­
chrotron, the Atomic Energy Commision 
announced last month. The machine 
will cost some $20 million and will be 
finished in five or six years. 

The strong-focusing principle reduces 
the weight of the magnet needed in an 
accelerator [see "A 100-Billion-Volt Ac­
celerator," by Ernest D. Courant; SCI­
ENTIFIC AMERICAN, May, 1953]. In the 
Brookhaven Cosmotron, which has at­
tained energies of 2.3 Bev, the protons 
travel through a channel 32 inches wide, 

Please send me: 

o Tall Tales and Fabulous Facts about Silicone Products. 

o Data on Dow Corning Silicone Greases. 

ATLANTA • CHICAGO • ClEYHAND • DALLAS • DETROIT • NEW YORK • LOS ANGElES • WASHINGTON. 0 C 
(Silver Spring Md I 

In Canada DOW CORNING SILICONES. LTD. TORONTO. In England MIDLAND SILICONES. LTD • LONDON • In rrance CIE ST GOBAIN. PARIS 
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Automatic washers and dryers were m­
vented because housewives were dissatis­

fied With washboards. Dissatisfaction. and 

the determination to improve, is one of 

this country's greatest assets. 

Dissatisfaction-
AMERICA'S GREATEST A SSET 

Today, we encourage physicists, 

engineers and designers to be 

dissatisfied with their achieve­

ments. At Meletron, our re­

search people are constantly 

testing new materials and devis­

ing new manufacturing methods. 

Measured by today's standards, 

we are producing excellent in­

struments that are used by every 

major aircraft manufacturer. 

But tomorrow's standards will 

be higher. Dissatisfaction with 

what we have done, plus a de­

t e r m i n a t i on t o  i m p rove i s  

America's greatest asset. 

9S0 NORTH HIGHLAND AVENUE. lOS ANG£llS 38. CALIFORNIA 

]. M. WALTHEW CO .. Boeing Field. Seattle. THOMSON ENGINEERING SERVICE. 708 Hemphill 
St .. Fort Worth and 732 So. Broadway. Wichita. ROUSSEAU CONTROLS Ltd .. 2215 Beaconsfield Ave. 
Montreal 28. Canada. W. M. HICKS & J. A. KEENETH. 29-27 Forty-first Avenue. Long Island City. 
New York. JOSEPH C. SORAGHAN & ASSOCIATES. 1612 Eye St .. Northwest. Washington 6. D.C 
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and the surrounding magnet weighs 
2,000 tons. The channel in the 25-Bev 
machine will be only six inches wide and 
its magnet is expected to weigh no more 
than 2,500 tons. 

Supersensitive Photography 

A self-amplifying camera which pro-
duces strong, sharp pictures in very 

dim light has been developed at the 
Massachusetts Institute of Technology. 
It operates on the principle of the Geiger 
counter: light energy from thc object to 
be photographed is made to trigger a 
large electrical discharge which in turn 
develops the emulsion. The instrument is 
described in the Office of Naval Research 
publication Research Reviews by its in­
ventor, Kurt S. Lion, associate professor 
of biophysics at M.LT. 

The camera consists of a pair of paral­
lel plates, one transparent to the radia­
tion being used (Lion has been working 
chiefly with X-rays) and the other coated 
with a photographiC emulsion. A high­
voltage difference is maintained between 
the plates. When a single photon of ra­
diation enters the instrument through 
the transparent plate, it releases elec­
trons from the plate or from the gas in­
side. As in the Geiger counter, the high­
voltage field quickly expands this initial 
ionization into an avalanche of ions and 
electrons rushing toward the negative 
and positive plates. The discharge pro­
duces a large amount of energy, mainly 
in the ultraviolet, which develops the 
photographic emulsion. 

What is remarkable is that Lion has 
found a way to keep the discharge from 
spreading. Each avalanche runs as a 
pencil beam from one electrode to the 
other. It makes a small developed dot on 
the film. The picture, consisting of a huge 
number of dots, has high resolution. 

The device is still in an early stage of 
development, and Lion sees many ways 
to improve it. His present electrodes are 
made of untreated metal which does not 
emit many electrons per X-ray photon. If 
the plate were covered with a lumines­
cent substance, the X-ray energy could 
yield many more photons. In this way he 
expects to increase the sensitivity a 

thousandfold. It should also be possible 
to replace the ordinary emulsion with a 

substance in which the discharge leaves 
a permanent, visible trace, thus eliminat­
ing the need for development. 

Doctor Bills 

�st year U. S. families spent a total of 
$10.2 billion for medical care, and 

16 per cent of them went into debt for 
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their medical bills. This is the report of 
the Health Information Foundation, 
which has published the results of an ex­
tensive survey of medical costs for the 
year ending July 31, 1953-the first such 
study in 20 years. 

Half of the nation's families spent 
more than 4 per cent of their income on 
medical care. A million families incurred 
illness expenses amounting to more than 
50 per cent of their incomes and in half 
of these cases the medical bills were 
greater than their total income for the 
year. Almost eight million families are in 
debt for medical care; they owe a total 
of $1.1 billion. 

The Foundation's report emphasized 
the importance of health insurance. 
Families with some sort of health insur­
ance (58 per cent of the population) 
bought more than twice as much health 
service as uninsured families; the median 
for the insured group was $145 as com­
pared with $63 for the uninsured. The 
report noted the "phenomenal" expan­
sion of voluntary health insurance plans 
since 1940: coverage by hospitalization 
insurance has risen from 9 per cent to 57 
per cent of the population; and surgical 
coverage, from 4 to 48 per cent. The 
Foundation said there is still debate over 
whether heal th service is really insur­
able. "Fire insurance does not necessarily 
increase fires ... but health insurance 
does increase the utilization rate of per­
sonal health services." 

Insurance coverage varies with in­
come. Of families who earn less than 
$3,000, 41 per cent have some type of 
coverage; in the $3,000 to $5,000 group 
the proportion is 71 per cent; of those 
with incomes above $5.000, 80 per cent 
are insured. Employees in mining and' 
manufacturing industries have the high­
est enrollment-80 to 90 per cent-. 
whereas agricultural workers are only 30 I 
per cent covered. Self-employed persons. 
and those working in small groups have

' 

difficulty getting insurance with as wide II 
coverage and at as Iow a cost as is avail­
able to members of larger groups. 

W MICROSCOPES LEAD THE TREND 
TOWARD CONVENIENCE 

Only 

WITHIN THE 
ZONE OF 
CONVENIENCE 

NOT 
T HIS 

Coarse adjustment way up­
fine adjustment way down 
and toa close to the body. 

OR 
��7THIS 

fine adjustment high and too 
close to coarse adjustment. 
Mechanical stage adjustments 
low and out af sight. 

Here today -- in AO Microscopes - is the crowning 
achievement in the long evolution toward convenient 
centralization of microscope controls. No matter at 
what angle you tilt the microscope, coarse adjustment, 
fine adjustment, revolving nosepiece, and mechanical 
stage movements are all within effortless reach. 

Placed a little lower, the fine adjustment would be 
uncomfortable to operate -- a little higher and it would 
crowd the coarse adjustment. 

You'll find similar examples of AO Design Perfec. 
tion in the dust-proof nosepiece, "pinch-grip" mechan· 
ical stage, "auto focus", custom tension adjustment, 
built-in full field illumination and many other details. 
Test the numerous advantages of AO Microscopes yourself. Ask your AO distributor for a demonstration 
or write Dept. Cl78. 

Physicians' fees account for 37 per I 
cent of the total medical expenditure, I 
dental bills for 15 per cent, hospital 
charges for 20 per cent, medicines for 15 
per cent and other medical goods and 

-
- - - - - - - - - - - - - - -, 

services for 13 per cent. Dental care Mail Coupon Today! I 
American Optical 

GEl INSTRUMENT DIVISION 
especially is closely correlated with in- I 
come: in the under-$2,OOO income group Dept. CI78 I 

� BUffAlO 15 NEW YORK 

17 per cent went to the dentist during 0 Please send me literature 0 Please arrange a demonstration 
the year; in the over-$7,500 group, 56 I � Nome ----------------------------------------------------------- I per cent. 

All the statistics in the report were ob- Addr."_________________________________________________________ I 
tained from interviews with 8,846 per- I sons in 2,809 families, chosen by the City ______________________________________ State -----------------

I same methods used by the Bureau of the i � ___________________________ ______ _ 
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graphic recording 
simplified by the new 

Desk or rack mounted. Fits standard 
RCA or RMA rack mountings. Takes 
standar d  11" x 16J�" or 8J�" x 11" 
graph paper. 4-Quadrant operation. 
Zero Offset and Scale Expansion 
adjustable on both axes. Unique ink 
pressure regulator assures trouble­
free pen operation. Unit is self-con­
tained with ser¥o amplifiers, power 
supply and control circuits.-mechan­
ically rugged, attractively designed . 
Accurate to ±0.1% full scale, power 
consumption 150 watts. Write for 

catalog information. 

If you desire the challenge of advanced 

otter 

For discrete point. plotting or contin­
uous-trace recordings on standard 
graph paper" Librascope produces a 

two coordinate portable recording in­
strument called the X -Y Plotter and 
Recorder. This unit is noteworthy for 
rapidity and accuracy of performance 
and is applicable to a great variety of 

data reduction operations. 

Input choice 
includes: 
Punched Cards 

Decimal Keyboard 
(shown) 

Digital Computers 
Analog Signals 

(including polar 
coordinates) 

design fields and qualify in education and 

experience, write to Dick Hastings; Personnel Director. 

Census in its Current Population Survey. 
The survey was conducted by the Na­
tional Opinion Research Center at the 
University of Chicago. 

In a special health message to Con­
gress President Eisenhower has re­
quested a $25 million fund for reinsuring 
risks of voluntary insurance plans, to en­
courage them to "offer broader health 
protection to more families. " A bill in­
troduced in Congress would reimburse 
two thirds of each claim in excess of 
$1,000 paid by a private insurer to an in­
dividual in any 12-month period. To be 
eligible for reinsurance, plans would be 
required to put their premium charges 
on a sliding scale, geared to subscribers' 
incomes. Subscribers would have to pay 
part of all hospital and doctors' fees. 

Drawing Conclusions 

I s it possible to judge an individual's 
personality adjustment from his draw­

ings of human figures? Some schools of 
psychologists think so. John W. Whit­
myre, a psychologist with the Veterans 
Administration, decided to put the ques­
tion to a test. 

He obtained 50 drawings by psychi­
atric patients at a V. A. hospital and an 
equal number by a comparable group of 
veterans with no apparent psychological 
difficulties. After having all the drawings 
rated for artistic merit by art experts, he 
submitted them to panels of psycholo­
gists to judge them both for artistic ex­
cellence and for personality adjustment. 

Whitmyre's findings: 
Artists and psychologists agreed on 

the artistic ratings of the drawings. 
The psychologists were unable to dis­

tinguish the psychiatric patients from the 
well-adjusted. 

They ranked the pictures in very near­
ly the same order whether they were as-

. 

sessing art or psychological adjustment. 
Reporting his results in the Journal of 

Consulting Psychology, Whitmyre con­
cluded: "If it is not possible for the aver­
age clinical psychologist to differentiate 
those who are well-adjusted from those 
who are not on the basis of the human 
figure drawing, it appears that the use of 
the instrument to assay level of adjust­
ment is questionable. " 

Scientists' Insecurities 

The psychiatrist Lawrence S. Kubie, 
who has been studying the mental 

health of scientists, delivered another 
instalment of his conclusions in the 
January issue of the American Scientist. 
He wrote: "The idyllic picture of the in­
nocent, childlike scientist who lives a life 
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Proved wherever 
UHF stations 

are on the a.ir 

Any TV Set 

All-Channel Receiver 
! 

UHF CONVERTER 

In less than two years, some 125 TV stations have gone into 
operation on the 70 new UI tra High Frequency channels. 

In everyone of those UHF areas, the precision-built Mallory 
UHF Converter has enabled families by the thousand to enjoy 
the new programs on sets designed to receive only the twelve 

channels originally allocated to TV. The performance record 
of the Mallory Converter is another demonstration of the 
dependability so carefull�- built into all Mallory products. 

The Mallory Converter ... the Mallory UHF Tuner used in 
new all-channel receivers ... the time control switch on your 
automatic washer and dryer ... the batteries in tiny new 

hearing aids ... the contacts in every kind of electrical device 
• . .  all these are products of Mallory's far-reaching research 
development in electronics, electrochemistry and special­

ized metallurgy. 

As a consumer in any UHF area, you can increase your 
television enjoyment with a Mallory Converter. As a manu­

facturer using components in our spheres of activity, you may 
be able to improve performance or reduce costs with a Mallory 

product. Why not get in tOllch with us? 
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DIALUX 
MICROSCOPE 

When Leitz brings out a new microscope design, it is 
big news, and the new DIALUX is the greatest Leitz news in more than 
a decade. Exclusive new features give the DIALUX a convenience and 
practicability which reaffirm Leitz leadership in microscopic develop­
ment. See it, try it, compare it soon. We think you'll agree it's years 
ahead in precision and ease of operation. 

For transmitted light· 4 apochromatic objectives' also available with 
achromatic objectives' Both Monocular and Binocular tubes' Monoc­
ular tube for photomicrography ' Stage controls on common axis ' 
Sturdy yet light weight construction' Polished oak fitted case. 

Re m o v a b l e  head 

with exc l u s i v e 

bayonet clamping 

a rrangement 

Tub e  re v_Ives in 

3600 are, may be 

used in any position 

No s e p i ec e  a n d  

objectives slide out 

horizontally 

Objec t i v e  safety 

retractor • . •  backs up 

a u t o m a t ically o n  

sl ig htest pressure, 

p revents da maging 

contact with slide 

Substage condenser 

slides out of dove­

ta iled fo rk 

S a fe t y  l o c k i n g  

device prevents ver­

tical or horizontal 

movement of me ­

chanical stage when 
not in use 

For details, write Dept. SA 

E. LEITZ, Inc., 468 Fourth Avenue. New York 16. N. Y. 

lEITZ MICROSCOPES · SCIENTIFIC INSTRUMENTS · BINOCUlARS 

lEICA CAMERAS AND ACCESSORIES 
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of simple, serene, peaceful, dignified 
contemplation has become an unreal fan­
tasy. Instead, the emotional stresses of 
his career have increased to a point 
where only men of exceptional emotional 
maturity can stand up to them for long, 
and remain clear-headed and generous­
hearted under such psychologically un­
hygienic conditions." 

Dr. Kubie believes that young ,re­
search scientists must have better psy­
chological conditioning for their career. 
Few of them are prepared for the fact 
that the economic cards are stacked 
against them. "I do not remember one 
who had included in planning for his 
career a budget of reasonable living 
costs for a prospective family, compared 
with existing academic and research sal­
aries .... There is the initial poverty and 
the crowded living quarters, ... the pres­
sure of anxiety about the future as these 
insecurities slowly come to be appre­
ciated, . . .  the consequent tendency to 
overwork, .. , the inadequate social life, 
the cramped and hampered sexual life, 
the increasing monastic absorption of the 
man and the wife's early fading and 
gradual loss of vitality and of confidence 
in herself as a woman." 

Nor
'
are young scientists prepared for 

the hazards of their work. For every 
successful and positive piece of research 
there are "hundreds which merely prove 
that something is not so .. , . A scientist 
may dig with skill, courage, energy and 
intelligence just a few feet away from a 
rich vein . .. but always unsuccessfully." 
Failing to realize that prestige and suc­
cess are not entirely within their control, 
they find failure hard to take, and many 
have "nervous breakdowns " in middle 
age. Kubie compares the immature in­
ability to see the hazards of the profes­
sion with "a serene but unrealistic fan­
tasy of personal invulnerability" with 
which some soldiers go into battle. These 
are the soldiers, he says, who are most 
likely to break down under the stress 
of battle. 

Immaturity may be on the one hand 
a reason for choosing a "sheltered " aca­
demic career, and on the other a result 
of the long, dependent student's life 
which scientists must undergo. "This 
protracted quasi-adolescence also stirs 
tides of conscious and unconscious re­
bellion." The long period of "subordina­
tion, insecurity and rebellion " and the 
desire to achieve rapid positive results 
may lead to a collapse of scientific in­
tegrity. "For many reasons," Kubie re­
marks, "I suspect (although 1 cannot 
prove) that we may be seeing today the 
birth of a new psycho-social ailment 
among scientists, one which may not be 
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NeV\f 

for Nevv 

Firebird . . . hottest thing on wheels . . . GM 
laboratory on wheels! It's America's first experi­

ment in gas turbine power for automobiles. 

And to New Departure, Firebird is another 

research lab for testing new ball bearing appli­

cations. For the New Departures in the Fire­

bird must operate under very unusual condi­

tions-yet perform as faultlessly as the New 

Departure ball bearings in present cars. 

Through continuing research, New Departure 

keeps pace with industry's new products and 

new methods. It is one of many reasons why­

tomorrow as today-you can look to New 

Departure for the finest in ball bearings. 

Call on your New Departure sales engineer 
for application assistance when improving. 
a product or designing a new one. 

New Departure research has pioneered 
such "firsts" as the lubricated·for·life pump 
shaft and rear wheel ball bearings. 

NEW DEPARTURE . DIVISION OF GENERAL MOTORS. BRISTOL. CONNECTICUT 

Plants also In Menden, Connecticut, and Sandusky, OhiO 
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AIR INSTRUMENTATION 
BY BENDIX-FRIEZ 

FOR RECORDING TEMPERATURE, HUMIDITY 

HYGRO· THERMOGRAPH The leader in it. 
field.Noted for precise accuracy and long­
time dependability. Portable, easy to 
operate. Widely used in laboratories, 
factories and offices. 

PORTABLE TEMPERATURE, HUMIDITY 
RECORDER Rugged, c o m p a c t  design. 
Ideally suited for use in small space and 
difficult locations. Provides convenient 
3 x 5 charts for 10 or 30 hour records. 

FOR CHECKING BAROMETRIC PRESSURE 

MICROBAROGRAPH A key meteorological 
instrument. Records atmospheric pressure 
to within 0.01 inch mercury. Record chart 
expanded 2:1 times for greater visibility. 

ANEROID BAROMETER Inexpensive, de· 
pendable, easy-ta-read. Shows pressure and 
barometric tendency. Housed in handsome 
brass case. Favored by professionals and 
amateurs alike. 

FOR MEASURING WIND SPEED, DIRECTION 

WINDIAL A fine precision instrument with 
large dials that show wind speed and 
direction at a glance. Popular with smaller 
airports, yacht clubs, schools, plants, etc. 

AEROVANE Indkates and records wind 
speed and direction. Recognized as "best 
all-purpose wind measuring instrument 
yet devised." Readily installed and easily 
maintained. 

FRIEZ INSTRUMENT DIVISION OF � 1422 Taylor Aven ue • Baltimore 4, Md. ��;=.;J�11 
--,,-------,,----- .if -Export Sales 
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wholly unrelated to the gangster tradi­
tion of dead-end kids." Growing up 
"hardened, cynical, amoral, embittered 
and disillusioned, " some scientists today 
find an outlet for their feelings in "fash· 
ioning implements of destruction." It 
will be society's fault if the tendency 
continues and these men should turn to 
"even more disastrous channels of ex­
pression." 

Apes and Bishops 

In the history of science the story of 
what T. H. Huxley said to Bishop 

Wilberforce is a piece of folklore like 
what the Governor of North Carolina 
said to the Governor of South Carolina. 
At a famous meeting of the British Asso­
ciation for the Advancement of Science 
in 1860 Bishop Wilberforce debated 
Darwin's theory of evolution with Hux­
ley. At the end of his long speech the 
Bishop turned and inquired whether 
Huxley claimed descent from an ape on 
his father's or his mother's side. Huxley 
made a devastating reply, but as to just 
what the reply was there have been 
many versions. The question has now 
been authoritatively settled. A British 
engineer, D. J. Foskett, recently un­
earthed a Huxley letter giving his own 
account of the incident. Said Huxley'S 
letter, now published in Nature: 

"When I got up, I spoke pretty much 
to the effect-that I had listened with 
great attention to the Lord Bishop's 
speech but had been unable to discover 
either a new fact or a new argument in 
it-except indeed the question raised as 
to my personal predilections in the mat­
ter of ancestry-That it would not have 
occurred to me to bring forward such a 
topic as that for discussion myself, but 
that I was quite ready to meet the Right 
Rev. prelate even on that ground. If 
then, said I, the question is put to me 
would I rather have a miserable ape for 
a grandfather or a man highly endowed 
by nature and possessing great means 
and influence and yet who employs those 
faculties and that influence for the mere 
purpose of introducing ridicule into a 
grave scientific discussion-I unhesitat· 
ingly affirm my preference for the ape. 

"Whereupon there was unextinguish. 
able laughter among the people, and 
they listened to the rest of my argument 
with the greatest attentjon .... I hap­
pened to be in very good condition and 
said my say with perfect good temper 
and politeness- I assure you of this be· 
cause all sorts of reports [have] been 
spread about, e.g., that I had said I 
would rather be an ape than a bishop, 
etc." 
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What General Electric people are saying. • • 

T. M. LINVILLE 
Mr. Linville is Manager, Research 
Operation Services Department, General 
Electric Research Laboratory 

..... It may well be that the supply 
of professional managers may deter­
mine the fate of our civilization. 
Adequate supply coupled with 
further development of the science of 
managing is needed, because the 
fulfillment of human wants demands 
organized human effort on an ever­
increasing scale. 

People today, as always, are seek­
ing more comforts and less drudgery 
as well as protection from the hazards 
of life. Today the outstanding haz­
ards are war, unemployment, illness, 
old age, and dependency of loved 
ones. The comforts being sought are 
the age old ones of food, shelter, and 
clothing, and the newer ones of 
education, recreation, and personal 
freedom and development. 

If professional managers fail to 
meet these objectives, some short­
sighted politicians are likely to lead 
the people to give up their economic 
and political freedoms, thereby freez­
ing the economy into low-level 
production. 

Professional managing is a calling 
in which one puts special kqowl­
edge to use with broad human under­
standing in the services of not only 
himself and his employers, but also 
in the service of his employees, his 
customers, and the community and 
nation. 

This is a very different way of 
managing from the pre-Civil War 
slavery in the South and autocratic 
empire building in the industrial 
North. It has come about in this 
twentieth century. It is a professional 
kind of job. 

The feudal concept that first 
dominated the industrial world has 
been replaced by business organiza­
tions which operate in the interest 
of, and by the consent of, owners, 
employees, customers, and the 
public. The managers are profes­
sional employees. The ownership is 
diffused. Such organizations put to 
work the people's savings. They 
provide the best means to gain the 
benefits sought by the people at 
large. 

at The University of Illinois 

E. S. LEE 
Mr. Lee is Editor of the General Electric 
Review 

., . . . The prophecy made years ago 
by Dr. Steinmetz that the electrical 
age-and the electrical industry­
was in its infancy, can still be made 
today. In 1935 the electrical manu­
facturing industry supplied only 1.7 
percent of the gross national product. 
Today it supplies 4 percent. There 
are those who forecast that as early 
as 1961 the products of electrical 
manufacturing will represent an esti­
mated 5 Yz to 6 percent of the gross 
national product. 

The forecasters have been busy, 
too, drawing dotted lines to show 
the probable kilowatt-hour output 
of electric power in the years ahead. 
A once daring prediction of one­
trillion kilowatt-hours for the year 
1970 is now moved ahead to 1965, 
and the really long-range prophets 
are talking among themselves about 
an annual output of five-trillion 
kilowatt-hours by the year 2000. 

By virtue of its position, the 
electrical industry must be prepared 
to grow more than twice as fast as 
the remainder of the economy. Based 
on the best estimates of the growth 
of the economy as a whole, it is 
probable that in the next 10 years as 
much electrical generating equip­
ment will be built, sold, and installed 
as has been buil t and installed in the 
industry's past 75-year history. 

What a prospect for the engineer! 
Such growth means the solution of 
new and more complex technical 
problems, together with the ad­
vancement of managing ability to 
solve the many human problems that 
come with the expanded units of 
production. In both of these realms 
the call for solutions is intense. In 
ever-expanding avenues the oppor­
tunity for the new is more extensive 
than ever. 

G.B. Review 

J. K. WOLFE 
Dr. Wolfe is a Research Associate at the 
General Electric Research Laboratory 

" . . .  Recently, a new class of fluor­
ine compounds, namely 'fluorocar­
bons' have appeared which show 
promise of considerable commercial 
as well as scientific interest. 

These fluorocarbons whether 
gas, liquid or solid, show extra­
ordinary stability toward heat and 
oxidation from air of chemicals. The 
solids and liquids are not swelled or 
attacked by gasoline, solvents, acids, 
or other chemical materials. High 
thermal stability is a well-known 
characteristic of the inert fluoro­
carbons. On heating they decompose 
only at high temperatures in the 
range of 1000 degrees F. to mixtures 
of saturated and unsaturated com­
pounds. They are not attacked by the 
usual chemicals, acids, bases, or 
oxidizing agents, even at high tem­
peratures. In the electrical field, 
fluorocarbon liquids have many prop­
erties which can afford a basis for 
new equipment design. A combina­
tion of properties which these ma­
terials possess is certainly not found 
in any other class of fluids. Besides 
being nonflammable and usually 
stable, they possess exceptional elec­
trical properties being particularly 
resistant to the flow of electrical 
current over a wide range of fre­
quenCIes. 

Some of the more recent develop­
ments of fluorocarbon derivatives are 
just beginning to open more fields. 
The initial high prices of these ma­
terials will undoubtedly be decreased 
as the volume and use becomes more 
extensive. The price will undoubtedly 
follow the established pattern as 
production increases and there are 
many other places where you will see 
fluorocarbons occupying a very im­
portant spot in the future. 

G.E. Science Fomm 
WGY, Schenectady, N. Y. 
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MODERN COSMOLOGY 
Its theories utilize evidence fron1 such things as the decay 

of aton1s, the metabolism of stars and the flight of galaxies 

to describe the structure of the Universe in space and time 

T
he subject of cosmology is the 
study of our Universe's general 
features,  its extension in space and 

its duration in time. With the great 200-
inch telescope on Palomar Mountain 
man today can look over two billion 
light-years into space and see nearly a 
billion galaxies, spread more or less uni­
formly through that vast volume. 

It is important to realize that we are 
looking not only far into distance but also 
far back in time. For instance, the 
present-day photograph of the great 
Andromeda Nebula shows that group of 
stars as it looked about two million years 
ago, for it has taken this time for its light 
to reach us. The most distant galaxies 
detected by the 200-inch are seen by us 
in the state in which they were more 
than two billion years ago. 

The view of the Universe that we are 
seeing at this instant can be represented 
schematically by a cone-shaped diagram 
that takes the time factor into account 
[see illustration on next page]. At the 
apex of the cone is our own galaxy as it 
is now; down the surface of the cone are 
the other galaxies photographed by our 
telescopes as they were at dates in the 
past corresponding to their distance 
from us. A horizontal cross section 
through the cone would show the Uni­
verse as it was at a given date ; this is 
known as a world map. 

Theoretical cosmology attempts to 
correlate the observed facts about the 
Universe at large with known physical 
laws and to draw a consistent picture of 
the Universe's structure in space and its 
changes in time. In studying the struc-

CLUSTER OF GALAXIES in Coma Bere­
nices was photographed with the 200-inch 
telescope. It is 40 million light-years away. 

by Gcorgr: Gamow 

ture we must accept the Copernican 
point of view and deny to man the honor 
of a privileged position in the Universe; 
in other words, we must assume that the 
structure of space is very much the same 
in distant regions as it is in the part we 
can observe. We cannot suppose that our 
particular neighborhood is specially 
adorned with beautiful spiral galaxies 
for the enjoyment of professional and 
amateur astronomers. 

The Paradox of Finite Light 
To make clear the nature of the prob­

lems with which cosmologists must deal, 
let us begin with a paradox Rrst pointed 
out by the German astronomer Heinrich -
albers more than a century ago. If stars 
are distributed uniformly through space, 
and if space is infinite, why, he asked, 
are we not blinded by their light? (Now­
adays we must think of space as RIled 
with galaxies, then unknown, but that 
does not affect the question. ) albers' 
argument goes as fol lows: Suppose we 
think of space as a series of concentric 
spheres with ourselves at the center­
imagine it as having the structure of an 
inRnitely big onion . Each sphere is larger 
in radius than the next smaller one by a 
certain Rxed amount; that is, the thick­
ness of the onion layers, or shells, is uni­
form [see illustration on page 57]. Now 
the volume of each successive shell is 
greater than that of the next smaller one 
in proportion to the square of the in­
crease in radius, and the number of 
galaxies in the shell is larger in the same 
proportion. On the other hand, the light 
reaching the center from galaxies farther 
and farther away decreases in proportion 
to the square of the increase in radius. 
Hence the two opposing factors-the in­
crease in the number of galaxies and the 
reduction in light from each galaxy-

cancel out, and we should expect the 
center to receive the same amount of 
light from every shell, no matter how 
near or how far. Therefore in an inRnite 
universe any given point theoretically 
should receive an inRnite amount of 
light! Actually, of course, the l ight 
sources partly screen one another and as 
a consequence of this interference the 
illumination could not exceed the surface 
brightness of an individual star. But this 
means that our night sky would be as 
bright as the sun's disk from horizon to 
horizon! In daytime the sun itself would 
be practically unnoticeable against the 
shining background of the galaxies in the 
heavens . 

What is wrong with this reasoning? 
Early in this century the Swedish as­
tronomer C. V. L. Charlier proposed an 
ingenious answer to albers' paradox. 
The visible stars in the �1ilky Way sys­
tem altogether occupy so negligible a 
fraction of the sky area, and our galaxy 
itself is so limited-a droplet in the vast 
reaches of space-that all the YIilky 
Way's starlight scarcely illuminates the 
earth at all. And the distances between 
galaxies are far greater than those be­
tween stars in our galaxy. Because of 
their distance from us and their great 
dilution in space, the total illumination 
of our night sky from the billion galaxies 
within the range of the 200-inch tele­
scope is only a small percentage of the 
faint light we get from the �1i1ky Way. 
This still does not invalidate albers' ar­
gument, if we assume that space is Riled 
with the same density of galaxies for an 
indeRnite distance beyolJd the range of 
our telescopes . But Charlier suggested 
that there may be a limit to 

"
this popula­

tion : that we may be part of a giant 
cluster of galaxies which is surrounded 
by empty space at some distance beyond 
our telescopic range. If this is so, the 
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total illumination at the earth from the 
cluster would indeed be negligible. 

Of course we cannot stop there ; we 
have to assume that there are other giant 
clusters, and that they are combined in 
superclusters , and these in turn in super­
superclusters, and so on without end. It 
is apparent, however, that as we take in 
larger and larger volumes of space, the 
mean number of galaxies per unit of 
space becomes smaller and smaller, be­
cause of the increasingly large portions 
of empty space between the clusters and 
combinations of clusters [see illustration 
on page 58]. Since albers' paradox 
rested on the assumption that the num­
ber of galaxies per space unit remains the 
same no matter how large a volume is 
considered, Charlier's "hierarchy Uni­
verse" neatly solved the puzzle. 

Expanding Space 

Today we have a more direct answer 
to albers' paradox: namely, the shift to­
ward the red end of the spectrum in the 
Iigh t reaching us from distant galaxies, 
which weakens or "dims" their light in 
proportion to their distance from us. The 
discovery of the red shift has had far 
more important consequences, however, 
than merely the solving of old puzzles; it 
has profoundly changed man's thinking 
about the cosmos [see "Galaxies in 
Flight," by George Gamow; SCIENTIFIC 
AMERICAN, July, 1948]. The chief 
change was to introduce the notion of the 
expanding Universe-an idea which has 
now become firmly established.  One 
should remember that the expanding 
Universe theory finds support not only in 
the red shift but also in classical New­
tonian mechanics. Because of the gravi­
tational forces between the galaxies, the 
cosmic system cannot be expected to re­
main static, just as a tennis ball cannot 
hang motionless in midair. The system 
must either con tract, under the forces of 
gravitational attraction,  or expand, as 
the result of some dispersing force over­
coming the attraction . 

From the observed red shift one can 
calculate that the galaxies are fleeing 
from one another with a kinetic energy 
which is about 50 times as great as the 
potential energy of gravitational attrac­
tion between them. This means that the 
present expansion of the Universe will 
never stop, or, in mathematical language, 
that the expansion of our Universe is 
hyperbolic. Further, from the observed 
recession velocity and the distances be­
tween the galaxies one can also compute 
how long ago the Universe began to ex­
pand from its original compressed state. 
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On this basis Edwin P. Hubble and 
Milton L. Humason calculated a quarter 
of a century ago that the age of the Uni­
verse was 1.8 billion years . Until recently 
that estimate stood in serious contradic­
tion to the estimates of geologists and 
astrophysicists, who calculated from the 
decay of radioactive materials in the 
earth and from the rate of burning of 
nuclear fuel by the stars that the Uni­
verse must be Rve billion years old . But 
the discrepancy was eliminated a little 
over a year ago when Walter Baade of 
the Mount Wilson and Palomar Observa­
tories discovered that as a result of new 
observations the distances between 
galaxies, and therefore the age calcu­
lated on the basis of the red shift, must 
be multiplied by a factor of 2.8. This cor­
rection ( 2.8 times 1.8 ) raises the ex­
pansion age to Rve billion years, in per­
fect agreement with the geological and 
astrophysical estimates! 

Curved Space 

So far we have been discussing the 
properties of the Universe without re­
ference to the so-called relativistic cos­
mology based on Einstein's general 
theory of relativity. The essential pOint 
of Einstein's general theory is the intro­
duction of the notion of curved space, 
and the identiRcation of the effect of 
gravitational forces with the change of 
free motion of material bodies in a 
curved non-Euclidean space. After the 
great success of his theory in predicting 
the deflection of light rays by the gravi­
tational ReId around the sun, Einstein 
proceeded to apply the theory to the 
Universe as a whole. According to the 
cosmological principle of uniformity, 
one should assume that the curvature of 
space is the same throughout the Uni­
verse; in terms of a two-dimensional 
analogy, our Universe should be round 
like the surface of a basketball. There are 
two possible types of curvature for a 
curved surface: positive and negative. 
Positive curvature turns inward, like the 
surface of a ball ; negative curvature 
turns outward, like a western saddle. Be­
tween these of course lies the surface of 
zero curvature, which is perfectly flat. 

In complete analogy with these two­
dimensional examples, three-dimensional 
space can be curved positively or nega­
tively, with zero curvature representing 
ordinary Euclidean space . In Euclidean 
space the volume of a sphere increases as 
the cube of its radius. But in a positively 
curved space the volume increases at a 
less rapid rate, while in a negatively 
curved space it increases more rapidly. 

OLBERS' PARADOX supposed an even distribution of stars in the Universe and con­
centric layers of equal thickness. The modern paradox substitutes galaxies for the -stars. 

Now if the space of our Universe is 
curved either way, in principle it should 
be possible to Rnd that out observation­
ally by counting the galaxies within vol­
umes of space of successively greater 
radius from us. If the number of galaxies 
increases more slowly or more rapidly 
than the cube of the distance, this would 
indicate a positive or a negative curva­
ture. During the past two decades the 
late E. P. Hubble carried out such counts 
at the Mount Wilson and Palomar Ob­
servatories, but unfortunately with very 
indeRnite results . 

The difficulty is that we can expect to 
Rnd noticeable curvature effects only at 
very great distances, and we cannot 
make reliable distance estimates for 
galaxies so far away. The only way we 
can judge their distance is by the faint­
ness of their light. But we must also re­
member that we are looking far back in 
time. The intrinsic brightness of galaxies 
may change with time. Consequently we 
cannot be sure that a distant galaxy 
which is fainter than another is farther 
away; it may instead be at a different 
stage of evolution. Until we know more 
about evolutionary changes in galaxies, 
we shall not be able to reach any deRnite 

conclusions about the curvature of space 
from counts of the nebulae. 

Models of the Universe 

Relativistic cosmology went through 
several interesting stages . Due to an 
algebraic error in his calculations, E in­
stein concluded that the Universe must 
be static. ( This was, of course, before 
the discovery of the red shift . ) The only 
way to make such an idea work was to 
introduce some kind of repulsive force to 
counteract the gravitational one. This 
force, in contrast to any other known in 
physics , would have to be assumed to 
increase with distance . Einstein met this 
dilemma by introducing into his equa­
tions of general relativity the so-called 
"cosmological term," and that led to the 
famous spherical Universe-a Rnite cos­
mos closed on itself. But Einstein's static 
model failed to agree with astronomical 
observations: it was too small to repre­
sent the actual Universe.  

Soon afterward the Dutch astronomer 
Willem de Sitter found another possible 
solution. His model of the Universe, 
however, turned out to be even less ac­
ceptable than Einstein's. It satisRed the 
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CHARLIER'S UNIVERSE supposed galaxies formed iuto clusters formed into larger 
clusters aud so on. The dots are galaxies; the circles, clusters of galaxies or of clusters. 

equations only if one assumed that space 
was completely empty and there was no 
matter whatsoever! 

Then in the early 1920s the Russian 
mathematician Alexander Friedmann 
noticed the error in Einstein's computa­
tion. He showed that with this correc­
tion one could get solutions of basic rela­
tivistic equations which yielded models 
of a Universe that changed with time. 
The matter was further developed by the 
Belgian cosmologist Georges Lemaitre. 
Associating Friedmann's dynamic Uni­
verse with the new red-shift observa­
tions of Hubble and Humason, he formu­
lated the theory of the expanding Uni­
verse in the form in which we know it 
now. 

Einstein's original equations of a static 
Universe related its curvature to the 
mean density of matter in space and to 
an ad hoc cosmological constant. The 
present dynamic equations of the ex­
panding Universe connect its curvature 
with two directly observable quantities: 
the mean density of matter and the rate 
of expansion. With the observed value of 
these two quantities one can calculate 
that the curvature of our Universe is 
negative, so that space is open and in­
finite. It bends in the way. a western 
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saddle does. The radius of curvature 
comes out as five billion light-years. 

About five years ago an entirely new 
idea was introduced into theoretical cos­
mology by the British mathematicians 
Herman Bondi and Thomas Gold. They 
started from the assumption that if the 
Universe is homogeneous in space, it 
must also be homogeneous in time. This 
would mean that any region of the Uni­
verse must always have looked in the 
past, and will always look in the future, 
essentially the same as it looks now. The 
only way to reconcile this postulate with 
the well established movement of the 
galaxies away from one another was to 
assume that new galaxies are continuous­
ly being formed to compensate for the 
dispersal of the older ones. If new galax­
ies are being formed, then new matter 
must be continuously created throughout 
space. Bondi and Gold calculated that 
the creation of new matter must proceed 
at the rate of one hydrogen atom per 
hour per cubic mile in intergalactic 
space. This idea of Bondi and Gold was 
soon extended by the British astronomer 
Fred Hoyle, who modified the original 
Einstein equations of general relativity 
so that they would permit the continuous 
creation of matter in space. 

Besides circumventing the philosophi­
cal question as to the "beginning" of the 
Universe, the Bondi-Gold-Hoyle theory 
claimed to dispose of the painful dis­
crepancy in the estimates of the age of 
the Universe that was still troubling as­
tronomers at the time. If new galaxies 
were continuously being created, the 
Universe must be populated with galax­
ies of all ages, from babies to oldsters liv­
ing on borrowed time. Bondi, Gold and 
Hoyle assumed that the average age of 
the population was about one third of the 
figure of 1.8 billion years that Hubble 
had arrived at for the total age of the 
Universe, that is, 600 million years. Ac­
cording to this point of view, since our 
own galaxy is estimated to be several 
billion years old, we are living in a rather 
elderly member of the population. 

The recent revision of distances that 
eliminated the age discrepancy and 
placed the age of the Universe at five 
billion years does not disprove the Bondi­
Gold-Hoyle theory of a steady-state Uni­
verse; it merely raises the average age of 
galaxies to about 1.7 billion years and 
makes our own galaxy three times in­
stead of nine times as old as the average. 
Nevertheless the elimination of the dis­
crepancy does deprive the steady-state 
idea of its main support. As far as ob­
servations go, the weight of the evidence 
at present is definitely in favor of the idea 
of an evolving Universe rather than a 
steady-state one such as is envisioned by 
Bondi, Gold and Hoyle. 

One of the most important recent 
pieces of evidence was a discovery made 
in 1948 by the U. S. astronomers Joel 
Stebbins and Albert E. Whitford. Using 
light filters of different colors, they 
measured the reddening of light from 
distant galaxies, and to their own and 
everyone else's great surprise they found 
the reddening to be about 50 per cent 
greater than could be accounted for by 
the red shift, or Doppler effect, due to­
the galaxies' movement away from us 
[see "Measuring Starlight by Photocell," 
by Joel Stebbins; SCIENTIFIC AMERICAN, 
March, 1952]. 

It is well known that light rays may be 
reddened by dust, which scatters and 
screens out the blue part of the light; the 
dust in the atmosphere is what makes the 
sun look red at sunrise and sunset. The 
excess reddening of the distant galaxies 
was therefore attributed at first to dust 
floating in intergalactic space. But when 
the investigators calculated how much 
dust would have to be present there to 
produce the observed reddening, they 
got an astounding result : the dust in in­
tergalactic space would add up to 100 

© 1954 SCIENTIFIC AMERICAN, INC



times as much matter as the total amount 
concentrated in the galaxies themselves! 
This finding not only contradicted all ac­
cepted views about the distribution of 
matter in the Universe but also played 
havoc with astronomers' distance scales 
and the theory of the curvature of space . 

Fortunately further studies by Whit­
ford extricated the astronomers from this 
impasse .  To understand them we must 
look into the composition of galaxies. 
Baade has shown that there are t\vo 
kinds of stellar populations : Population 
I consists predominantly of blue stars, 
with great clouds of dust and gas floating 
among them; Population II, mainly red­
der stars, has no dust or gas whatever. 
The spiral galaxies are made up largely 
of Population I, the elliptical ones of 
Population II. Since interstellar dust and 
gas afford material for forming new stars, 
one may assume that spiral galaxies are 
in a more or less steady state, with new­
born stars replacing old ones that are 
slowly fading out. On the other hand, 
elliptical galaxies, lacking dust and gas, 
are producing no new stars to replace the 
dying population. The two types of com­
munities may be likened respectively to 
the population of Cambridge, Mass ., a 
dynamic community in which new births 
replace those who die, and to the Har­
vard University alumni of the class of 
1925, a declining population. 

Now Stebbins and Whitford had 
limited their original observations to el­
liptical galaxies . In his new studies Whit­
ford included spiral galaxies, located in 
the same clusters. And he found that the 
light from the spirals showed no excess 
reddening! Thus the extra reddening of 
the light from the elliptical galaxies 
could not be due to any factor (such as 
dust ) affecting it in its travel through 
space, since the elliptical and spiral 
galaxies observed lay side by side the 
same distance from us . The only pos­
sible conclusion was that the excessive 
redness of the distant elliptical galaxies 
is due to the fact that we see them now 
as they were in a distant past when they 
were intrinsically redder. This finding is 
one of the strongest evidences in favor 
of the idea that galaxies are evolving and 
against the theory of a steady-state Uni­
verse. 

There are other arguments against 
that theory. For instance, if our own 
galaxy is older than the average, we 
should expect the stars in our system to 
be older and different from most of those 
in neighboring galaxies, but no such gen­
eral difference has been observed. On 
the whole it appears that the steady­
Universe theory, attractive as it may 

VIRGO 750 MILES PER SECOND 7,500,000 LIGHT YEARS 

URSA MAJOR 9,300 MILES PER SECOND 100,000,000 LIGHT YEARS 

CORONA BOREALIS 13,400 MILES PER SECOND 130,000,000 LIGHT YEARS 

BOOTES 24,400 MILES PER SECOND 230,000,000 LIGHT YEARS 

HYDRA 38,000 MILES PER SECOND 350,000,000 LIGHT YEARS 

RED SHIFT is illllstrated by spectra. At the left are galaxies from five constellations. At 
the right are their spectra. Above and below each spectrum is the comparison spectrllm or 
helium. The shift is indicated by the position of two faint dark lines: the Hand K lines 
of calcium. Speed of recession and distance indicated by each spectrum is given below it. 
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THE PRINCIPAL KINDS OF GALAXIES appear in the same 
photograph made with the lOO·inch telescope on Mount Wilson. 

At the right is a spiral galaxy. At the left is an elliptical galaxy, 
which presumahly represents a later stage of galactic evolution. 

seem from certain philosophical points of 
view, is neither necessary nor correct. 

The Evolving Universe 

Returning now to Lemaitre's theory of 
the expanding Universe, let us try to ex­
plain how the cosmos evolved from the 
original highly compressed, very hot gas 
to stars, galaxies and matter as we know 
it today. First of all we must consider the 
relation between matter ( represented by 
particles such as protons, neutrons and 
electrons ) and radiation ( represented by 
light quanta ) .  In classical physics it 
was customary to regard matter as pon­
derable and radiation as imponderable, 
but we know now that radiant energy 
has mass, which is calculated, according 
to Einstein�s basic law, by dividing the 
quantity of energy by the square of the 
velocity of light. On the earth the weight 
of radiant energy is negligibly small com­
pared to that of matter: the total mass of 
all the light quanta passing through the 
atmosphere on a bright, sunny day is less 
than a thousandth of a millionth of a 
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millionth of a millionth of the weight of 
the air. Heat radiation is slightly heavier 
than light, but its weight amounts to only 
one microgram per 10 billion tons of air 
in the atmosphere! 

In interstellar and intergalactic space 
the ratio is not so large: the mass of 
matter there is only about 1,000 times 
the mass of the stellar radiation. Still, in 
the Universe as we know it today matter 
is everywhere more massive than radia­
tion. But it need not always have been 
so. During the early stages of the Uni­
verse's evolution the mass density of 
radiation must have exceeded that of 
ordinary matter. The reason for that con­
clusion, which the writer first suggested 
several years ago, lies in the different be­
havior of matter and radiation. Imagine 
two cylinders, one filled with a material 
gas, the other a vacuum containing only 
thermal radiation. Both cylinders are 
sealed and thermally insulated, and the 
one containing the radiation has its inner 
walls made of an ideal mirror which does 
not absorb radiation. The cylinders have 
movable pistons. Now we pull the pis-

tons, increasing the volume of space in 
each cylinder. In the cylinder filled with 
material gas, the density of the gas will 
be reduced in direct proportion to the in­
crease in volume. But in the other cyl­
inder, the mass density of the radiation 
will fall off more sharply, because the 
energy ( and consequently the mass ) of 
each quantum of radiation will be re­
duced by reRection from the receding 
piston. The laws of physics tell us the 
radiation's mass density will decrease in 
the ratio of 4/3 to the increase in volume. 

Applying similar considerations to the 
Universe as a whole, we arrive at the 
conclusion that once upon a time in the 
distant past radiant energy had the 
upper hand over ordinary matter; there 
must have been pounds and pounds of 
light quanta for every ounce of atoms. 

A Universe filled almost entirely with 
thermal radiation presents a rather 
simple case in the relativistic theory of 
expanding space. One can show that, 
starting from the time of maximum com­
pression, all distances will increase in 
proportion to the square root of the 
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elapsed time, and that the temperature 
of the radiation will decrease in inverse 
proportion to the square root of the 
elapsed time. The temperature of the 
Universe at any date is equal to 15 bil­
lion degrees absolute ( degrees Centi­
grade above absolute zero) divided by 
the square root of its age expressed in 
seconds. Thus we get a chronological 
picture of the "changing climate" of our 
Universe: at the age of five minutes its 
mean temperature was about one billion 
degrees absolute; at one day it was about 
40 million degrees ( comparable to the 
temperature at the center of the sun or 
of an atomic bomb); at 300,000 years it 
was 6,000 degrees ( the temperature at 
the surface of the sun) and at 10 million 
years it was 300 degrees ( about room 
temperature) . 

Computing the mass densities of ra­
diation and of matter at various epochs, 
we can find the date of the great event 
when matter took over from radiation, 
i.e., surpassed it  in mass density. The 
date was about the year 250,000,000 
A.B. ( After the Beginning). The tem­
perature of space was then about 170 
degrees absolute, and the density both of 
radiation and of matter was comparable 
with the present density of interstellar 
gas. The Universe, in short, was dark and 
cool. 

The Genesis of Galaxies 

The transition from the reign of 
thermal radiation to the reign of matter 
must have been characterized by a very 
important event: formation of giant 
gaseous clouds . From these "protogalax­
ies" the galaxies of today must have de­
veloped, somewhat later, by the con­
densation of gas into individual stars . 
During the period when matter had 
played only a secondary role in the in­
finite ocean of thermal radiation, it had 
had, so to speak, no will of its own; the 
particles of matter were "dissolved" in 
the thermal radiation, much as molecules 
of salt are dissolved in water. As soon as 
matter took the upper hand, however, 
the forces of gravity acting between the 
particles must have caused a growing in­
homogeneity of the matter in space . The 
English astronomer James Jeans showed 
more than half a century ago that the size 
of the clouds into which a gas of particles 
will be collected by gravitational forces 
can be calculated from the density and 
temperature of the spread-out gas . Using 
Jeans's formula and the transition­
period temperature and density values 
given above, we find that the primordial 
gas clouds must have been about 40,000 
light-years across, and each cloud must 

have had a total mass about 200 million 
times that of our sun. These figures, de­
rived purely from theory, are in quite 
reasonable agreement with the observed 
figures for the average dimensions and 
mass of the present galaxies. ( The Milky 
Way and the Andromeda Nebula are 
considerably larger than the average 
galaxy.) 

The protogalaxies were pulled apart 
by the general expansion process. Their 
material later condensed into billions of 
stars, presumably by repetition on a 
smaller scale of Jeans's accretion process . 
Planets were formed, and the Universe 
again became brightly illuminated, as a 
result of nuclear reactions taking place in 
the interiors of the stars. But these 
"secondary" processes are a topic in 
themselves, which we shall not discuss 
in detail here. 

The Beginning 

Let us now go back to the beginning 
-the earliest stages of expansion. Ac­
cording to our calculations, when our 
Universe was five minutes old its tem­
perature was a billion degrees, and it 
must have been still higher before that. 
At such temperatures particles move with 
energies of millions of electron voIts­
energies comparable with those in mod­
ern atom-smashing accelerators . This 
means that nuclear reactions must have 
been going on at a high rate all through 
the matter of the Universe. It is natural 
to conclude that the chemical elements 
were formed, in the relative abundances 
that were to make up the Universe we 
know, during that early stage of evolu­
tion. This assumption is strengthened by 
the fact that the natural radioactive ele­
ments are calculated today, from the ex­
tent of decay, to be about five billion 
years old. 

During the first few minutes of the 
Universe's existence matter must have 
consisted only of protons, neutrons and 
electrons, for any group of particles that 
combined momentarily into a composite 
nucleus would immediately have dis­
sociated into its components at the ex­
tremely high temperature . One can call 
the mixture of particles ylem ( pro­
nounced eelem ) -the name that Aristotle 
gave to primordial matter. As the Uni­
verse went on expanding and the tem­
perature of ylem dropped, protons and 
neutrons began to stick together, form­
ing deuterons ( nuclei of heavy hydro­
gen), tritons ( still heavier hydrogen ) ,  
helium and heavier elements. 

On the basis of what we know about 
the behavior of nuclear particles and of 
the assumptions about the rate of tem-

Lockheed 
in California 

calling 

aero dynamicists 
and 

aerOdynamics 
• engineers 

to work on 

nuclear energy 

jet transports 

super·sonic fighters 

continuing development of 

the Super Constellation and other 

production models 

These career positions have been 

created by Lockheed's program of 

diversified development - a program 

that means more scope for your ability 

and more opportunity for promotion 

because it is diversified. 

Lockheed invites qualified aerodynamicists and 

aerodynamics engineers to apply for these positions. 

Coupon below is for your convenience. 

LOCKHEED 
AIRCRAFT CORPORATION 
BUR B A N  K, C A L  I FOR N I A 

Mr. E. W. Des Lauriers, 

Engineering Recruiting, Dept. SA·A·3 

Lockheed Aircraft Corporation 

Burbank, California 

I 
I 
I 
I 
I 
I �==----------------- I 

my name I 
�1I1�y�s�tr�ee�t�a�dd�r�e7.ss�------------------ I 
my city and siale 

I 
I 
I 

-----------------� 

61 

© 1954 SCIENTIFIC AMERICAN, INC



perature and density changes in the ex­
panding Universe, one can calculate the 
net result of all the possible nuclear re­
actions that must have taken place dur­
ing those early minutes of the Universe's 
history. The time available for the forma­
tion of the elements must have been very 
short, for two reasons : (1) the free neu­
trons in the original ylem would have 
decayed rapidly, and (2) the tempera­
ture quickly dropped below the level at 
which nuclear reactions could take 
place. The mean life of a neutron is 
known to be only about 12 minutes ;  
hence half an  hour after the expansion 
had started there would have been prac­
tically no neutrons left if they had not 
been combined in atomic nuclei. Favor­
able temperature conditions lasted about 
the same length of time. Thus all the 
ehemical elements must have been 
formed in that half-hour. 

Many people would argue that it 
makes no physical sense to talk about 
half an hour which took place five billion 
years ago. To answer that criticism, let us 
consider a site, somewhere in Nevada, 
where an atomic bomb was set off several 
years ago . The site is still "hot" with 
long-lived fission products . It took only 
about one microsecond for the nuclear 
explosion to produce all the fission prod­
ucts. And simple arithmetic will show 
that a period of several years stands in 
the same ratio to one microsecond as five 
billion years do to a half-hour! 

Earl y Matter 

Calculations of the rate at which ele­
mentary atomic nuclei would have been 
synthesized under the assumed condi­
tions were carried out by the writer a 
number of years ago and were later ex­
tended by Enrico Fermi and Anthony L. 
Turkevich . The composite nuclei whose 
production was estimated were deu­
terium ( a  combination of a proton and a 

AGE 0-5 MINUTES 
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neutron ) ,  tritium ( one proton and two 
neutrons) and two isotopes of helium. 
By the end of 30 minutes free neutrons 
would practically have disappeared, and 
after that there would be no further 
change in the relative abundances of 
these elementary nuclei. At that time the 
Universe, according to these calcula­
tions, would have consisted of roughly 
equal amounts of hydrogen and helium, 
and about 1 per cent of the original ylem 
would have been converted into rare iso­
topes of hydrogen and helium which 
could combine to form the nuclei of 
heavier elements . 

Now the fact that the amounts of hy­
drogen and helium come out approxi­
mately equal in these calculations is 
highly gratifying, because this is just 
about the relative abundance of these 
two elements in the Universe today. The 
result of the calculations gives good sup­
port to the expansion theory, for it can 
be shown that the Universe would have 
emerged from the ylem state consisting 
practically entirely of hydrogen or en­
tirely of helium if conditions had been 
much different from those postulated. 

Beyond these first two elements , how­
ever, the theory runs into a serious and 
as yet unresolved difficulty. The theory 
assumes that the light elements com­
bined in successive steps to form the 
heavier ones . Helium consists of four 
nucleons ( nuclear particles ) ;  that is, its 
atomic mass is four. The next nucleus 
should have the atomic mass five, but the 
fact is that no nucleus of mass five exists ; 
at least, none of any appreciable length 
of life is known. For some reason five 
nucleons simply do not hold together. 
After helium 4 the next nucleus is an iso­
tope of lithium of mass six. One must 
therefore assume that helium was built 
up to the next nucleus either by the 
simultaneous capture of two neutrons 
( an extremely unlikely event) or by 
fusion with a tritium nucleus. But the 

5-30 MINUTES 250 MILLION YEARS 
0 

rate at which such fusions could have 
occurred under the given conditions is  
much too low to account for the amount 
of heavier elements that was actually 
produced. No likely reaction that bridges 
the gap at mass five has yet been found. 

Beyond mass five there is little or no 
trouble ; once that gap has been bridged, 
one can account quite satisfactorily for 
the relative abundances of the elements 
from lithium up through the periodic 
table to uranium, as has been shown by 
calculations carried out by the writer, 
Ralph A.  Alpher and Robert C. Herman. 
If no way is found to bridge the gap, we 
may have to conclude that the main bulk 
of the heavier elements was formed not 
in the early stages of the Universe's ex­
pansion but some time later, perhaps in 
the interiors of fantastically hot stars. 

The Explosion 

A theory which suggests that our Uni­
verse started from an extremely com­
pressed concentration of matter and ra­
diation naturally raises the question: 
How did it get into that state, and what 
made it expand? In his original version 
of the expanding Universe Lemattre 
visualized the beginning as a giant 
"primordial atom" which exploded be­
cause of violent radioactive decay proc­
esses. But this conception is quite out of 
keeping with the picture of early evolu­
tion that we have arrived at. The young 
Universe must have consisted almost ex­
clusively of high-temperature thermal 
radiation, and atoms, radioactive or not, 
could have played only a negligible role 
in its behavior. 

A much more satisfactory answer can 
be obtained by conSidering the operation 
in reverse of those same relativistic for­
mulae that we have used to describe the 
expansion process .  The .formulae tell us 
that various parts of the Universe are 
flying apart with an energy exceeding 
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EVOLUTION OF THE UNIVERSE is symbolized at five stages. 
During the first five minutes of its expansion photons (wavy 
lines) outweighed solitary particles of matter such as protons 
(black circles), neutrons (larger white circles) and electrons 
(smaller white circles). Between five and 30 minutes matter had 
gained the upper hand and the fundamental particles had begun 

to coalesce into more complex nuclei such as those of deuterium 
(proton and neutron) and helium (two protons and two neutrons). 

After 250 million years the primordial gas began to break up into 
huge proto galaxies. After a billion years the matter in the proto­
galaxies had condensed into stars and planets. The present epoch is 
eharacterized here by the presence of life on at least one planet. 
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the forces of Newtonian attraction be­
tween them. Extrapolating these formu­
lae to the period before the Universe 
reached the stage of maximum contrac­
tion, we find that the Universe must then 
have been collapsing, with just as great 
speed as it is now expanding! 

Thus we conclude that our Universe 
has existed for an eternity of time, that 
until about five billion years ago it was 
collapsing uniformly from a state of in­
finite rarefaction ;  that five billion years 
ago it arrived at a state of maximum 
compression in which the density of all 
its matter may have been as great as that 
of the particles packed in the nucleus of 
an atom ( i .e . ,  100 million million times 
the density of water ) ,  and that the Uni­
verse is now on the rebound, dispersing 
irreversibly toward a state of infinite 
rarefaction. 

Such motion is hyperbolic ; it can be 
compared with the motion of a comet, 
which does not revolve around the sun as 
planets do but comes in from the infinity 
of space ( in certain cases ) ,  sails around 
the sun in a bent path, developing a 
beautiful tail, and vanishes into infinity 
again without promise of return. 

Before the Begin ning 

Any inquisitive person is bound to 
ask : "What was the Universe like while 
it was collapsing?" One might give a 
metaphysical answer in the words of 
Saint Augustine of Hippo, who wrote in 
his Confessions: "Some people say that 
before He made Heaven and Earth, God 
prepared Gehenna for those who have 
the hardihood to inquire into such high 
matters ." 

More recently a mathematical-physi­
cal answer was given by the Japanese 
physicist Chushiro Hayashi, and his 
idea has been elaborated by Alpher, 
Herman and James W. Follin of the 
Applied Physics Laboratory at The 
Johns Hopkins University. Considering 
the known facts about the behavior of 
fundamental particles, they came to the 
conclusion that the present chemical 
composition of the Universe is quite in­
dependent of its constitution before the 
state of maximum collapse. Transforma­
tions of particles must have occurred so 
rapidly during that state that the out­
come was determined entirely by the 
conditions at the time rather than by 
what had gone on before. 

Thus from the physical point of view 
we must forget entirely about the pre­
collapse period and try to explain all 
things on the basis of facts which are no 
older than hve billion years-plus or 
minus five per cent. 

High-Detail Shadowing for every 
type of Microscopy 

Now, for superior shadowing . . .  for light or electron 
microscopy . . .  use the RCA Shadow Caster, Type EMV-6 
With this high-vacuum unit, you can 
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material on specimens in just a few 
s econd s .  Shadowing done by the 
Shadow Caster type EMV-6 produces 
a 3-dimension contrast effect-reveal-
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· Believe it or not . . .  here's where 
Bendix Power Steering for Trucks 

is valued most ! 
Truck drivers we 've talked to have an entirely different 
slant on Bendix Power Steering. 

They admit the dramatic advantages- preventing 
loss of control from front-wheel blowouts and soft shoul­
ders, and making parking and turning easy. 

But believe it or not they like it most on the straight­
away and here 's why : 

They say most of the time they are steering over long, 
straight stretches of road. Without power steering there 
is tension from playing the wheel constantly to maintain 
control, correcting and counter-correcting because of 
road and load conditions. . 

With Ben dix Power Steering they simply "poin t" 
the vehicle down the road. There is no tension. 

They main tain perfect con trol with minim um 
effort, and con trol m eans saiety. Witho u t  a good 
saie ty record yo u can ' t have a good profi t record 
in the tr ucking b usin ess . 

Power Braking, Too ! 
Bendix, pioneer and leading manufacturer of Power 

Braking for trucks and cars, has produced over 5 million 
units. For perfect control, you can't beat the combination 
of Bendix Power Braking and Bendix Power Steering. 

What Else Does Bendix Make ? 
Nearly a thousand other quality products. 
Some go directly to the consumer- television and 

new-lined brake shoes for cars, for example. Others 
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include radar, guided missiles, sonar, telemetering and 
essential automotive and aviation products. Some are 
complex, relatively small-quantity devices ; others repre­
sent big-volume, low-cost production. Industries served 
range from Atomic Energy to Bicycle, for which we make 
a very fine coaster brake. 

Bendix' eggs are in many baskets ; the partial list of 
products and divisions at the right gives you an idea 
how many. It's an odds-on bet that Bendix Aviation 
Corporation can help improve your business or operation, 
maybe with newly developed processes or technical advice 
on chronic problems now bottlenecking your production. 

Look into Bendix further. Have your secretary follow 
through on the following suggestion : 

.. 
FIND OUT How BENDIX CAN HELP YOUR BUSINESS 
The complete story of Bendix is best told and illustrated i n  a n  interesting 
new digest called "Bendix and Your Business." You are almost certain to 
find in its pages at least one idea of how Bendix can help improve some 
part of your own business. Please make requests for this 40-page booklet 
on your company letterhead to : 

BENDIX AVIATION CORPORATION • FISHER BLDG., DETROIT 2. MICHIGAN 

PRINC IPAL DIVISIONS AND BASIC PRODUCTS 
BENDIX PRODUCTS, SOUTH BEND, IND. 

automotive brakes, carburetors, power steering; 
aviation brakes, landing gear, fuel metering. 

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

magnetos; diesel fuel injection. 

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

and aviation radio; television. 

ECLIPSE MACHINE, ELMIRA, N. Y. 
Stromberg* carburetors, electric fuel pumps, 

starter drives, coaster brakes. 

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

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

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

and recorders. 

RED BANK, EATONTOWN, N. J. 
electronic tubes; dynamotors, inverters. 

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

BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 

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

actuators; depth recorders; boa t  steerers. 

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

BENDIX COMPUTER, Los ANGELES, CALIF. 
digital computers. 

BENDIX-EcLIPSE OF CANADA, LTD. 
Windsor, Onto 

BENDIX INTERNATIONAL 
New York City 

*REG. u.s. PAT. OFf. 
• • • • • • 
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THE PERU CURRENT 

Although it flo\vs through 

cool and rich In 

tropical 

life. 

\vaters, this oceanIC 

Sometimes it vanishes, 

a curious phenomenon investigated by a recent expedition 

stream IS 

C
oastal Peru is a picture in contrasts 

and anomalies. On the one hand 
the land is barren, eroded and 

almost wholly infertile; on the other 
hand, the sea teems with an immense fish 
and bird life. Anomalous is the fact that 
the sea is cool although it is near the 
Equator. 

These contrasts and peculiarities over 
a long stretch of the coast of western 
South America are due to the Peru Cur­
rent, a great body of cold water which 
flows north from Valparaiso, Chile, to the 
region of Cabo Blanco in northern Peru, 
where it veers westward and loses its 
identity in the South Equatorial Current. 

Cool, moist air from the ocean blankets 
the coast with perpetual haze and fog 

by Gerald S. Posner 

but gives no relief to the parched earth. 
In this land of calm and drought the 
fisherman leaves his adobe hut and goes 
far out to sea on a small balsa raft to take 
his food with a fishing line. There are fish 
in abundance for all-for the fishermen 
and for the millions of sea birds that 
darken the evening sky as they fly home 
to their nesting islands. 

The bird islands are a rich source of 
income. The Peruvians annually collect 
from them some 5,000 tons of guano-an 
excellent fertilizer much in demand. The 
consumption of fish by these birds must 
be enormous. Indeed, on the basis of 
production of guano it is estimated that 
the birds in these waters annually con­
sume about as much fish as the total com-

mercial catch of all fisheries of the U. S. 
In rare years-traditionally every 

seventh-the tranquil pattern of life on 
the Peruvian coast is interrupted by an 
event of sometimes catastrophic propor­
tions. The Peru Current seems to disap­
pear, and the temperature of the surface 
water rises rapidly. On land there are 
often torrential rains. At sea the fish are 
killed or move away, and the birds, too, 
must go or starve. This event has come 
to be known as El Nil10, "the child," be­
cause it appears shortly after the Christ­
mas season. Authorities differ about the 
meaning of the term. Some believe that 
El Ni110 is a current, but to avoid con­
fusion and possible error it seems best to 
define it simply as a condition. During an 

WATERS OF THE PERU CURRENT are often traversed by 
swarms of sea birds which feed on its teeming fish life. In the 

distance are the cliffs of the mainland, whitened by immense de­
posits of guano laid down by thousands of generations of birds. 
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EI Niiio the surface water is much 
warmer and less salty than usual. 

The Peru Current presents intriguing 
problems to an oceanographer. Gen­

erally speaking, tropical waters do not 
support large fish populations. Conse­
fluently no citizen of a "plundered 
planet" can fail to be interested in the 
reasons for the unusual productivity of 
the Peru Current. Of almost equally 
great interest is EI Nino. Its causes are 
open to controversy, as indeed is every 
aspect of the Peru Current. Even the 
name of the current has been disputed. 
Some prefer to call it the Humboldt Cur­
rent, after the renowned German natu­
ralist [see page 78]. In his classic work 
on the phenomenon E. R. Gunther, the 
English oceanographer, argued that the 
name Peru Current rated preference on 
the ground of priority. It is hard to dis­
pute this, and besides, it is sometimes 
confusing to associate phenomena or 
structures with the names of people. A 
good case in point is the Islands of Lan­
gerhans, which are found not in the 
Malay Archipelago but in your pancreas. 

Increasing interest in the Peru Current 
has brought two oceanographic expedi­
tions to Peruvian waters in recent years. 
In 1952 the Scripps Institution of Ocea­
nography sent the Shellback Expedition 
south as far as Lima. In 1953 the Bing­
ham Oceanographic Laboratory staffed 
the Yale South American Expedition, 
which made a study of the inshore waters 
of the Peru Current. The latter expedi­
tion was fortunate in having an oppor­
tunity to examine EI Ni,,10 for the first 
time by standard oceanographic methods. 

In normal years the surface tempera­
tures in the Peru Current are always far 
lower than those of the open ocean at the 

. same latitude. For example, at 3 degrees 
South latitude the water out at sea often 
has a surface temperature above 77 de­
grees Fahrenheit, while the Peru Cur­
rent surface temperature at the same 
latitude does not exceed 71 degrees, even 
during the southern summer. 

What makes the water so cold? It has 
been suggested that the cold water may 
come from the Antarctic or from the 
snows melting in the Andes, but these 
ideas have been disproved. The general­
ly accepted explanation is that the pre­
vailing winds bloWing along the coast 
literally turn the water over: they drive 
surface water away from the coast, and 
cold bottom water rises (from a depth of 
600 to 1,000 feet) to take its place. This 
phenomenon, termed upwelling, brings 
to the surface water low in dissolved 
oxygen but high in nutrients. It accounts 
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NORMAL COURSE of the Peru Current is up the coast of South America. It then flows 
into the South Equatorial Cunenl. Three zones of upwelling are shown by cross hatching. 
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ABNORMAL CURRENT was charted by the Yale expedition. Dotted arrows indicate the 
probable displacement of the Peru Current by the Equatorial Counte,·current. Some think 
the source of the southward flow is the Estero Salado (top) in the Gulf of Guayaquil. 

for all the properties of the Peru Current. 
Upwelling occurs in relatively few places 
in the seas of the world-off the coasts of 
lower California, Somaliland, West 
Africa and western South America. 

T he rise of nutrients from the bottom is 
primarily responsible for the high 

productivity of the Peru Current. To 
understand this it is necessary to look 
into the concept of the food cycle. In the 
sea, as on land, plants containing chloro­
phyll-the floating phytoplankton-con­
vert carbon dioxide and water into or­
ganic matter in the presence of light and 
nutrient salts. The plants, chiefly algae, 
are then eaten by the zooplankton (small 
floating animals) and some fishes. The 
zooplankton fall prey to carnivorous ani­
mals which in turn are eaten by other 
carnivores, including birds. Any organ­
isms that die before being eaten sink to 
the bottom, and are there consumed by 
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bottom animals such as worms and 
crabs. This "natural death," involving all 
organisms from phytoplankton to fishes, 
is itself an integral part of the food chain. 
By bacterial action the phosphate, nitrate 
and other nutrient salts are returned to 
the water in a soluble inorganic form. If 
and when these nutrients reach the 
upper zones, phytoplankton can use 
them for further growth. 

A marine biologist of today is far more 
concerned with the rate of production of 
living matter than he is with the number 
of organisms present at any given time. 
Obviously productivity is closely related 
to the food cycle. Since the food cycle is 
so dependent upon the phytoplankton, 
anything that affects phytoplankton pro­
duction (or photosynthesis) will affect 
productivity. The quantitative effects of 
temperature and light in the Peru Cur­
rent still await analysis; But one thing is 
clear: the bringing of nutrients to the 

surface by upwelling must increase 
photosynthesiS. The abundance of sun­
light in this region also must play a part 
in its high productivity. 

E very seven years, as we have noted, 
an El Nino covers the Peru Current. 

It is a layer of much warmer water about 
75 feet deep. Just how it comes into 
being is a matter of debate; some hold 
that the warm water flows down from the 
equatorial Pacific, others that it comes 
from the Gulf of Guayaquil. In any 
event, no problem has been of greater 
importance to the shore-dwellers of 
Peru than that of predicting the occur­
rence of El Nino. 

During the 20th century El Nino has 
held very well to the seven-year cycle; it 
has been traced back at seven-year in­
tervals to 1911, skipping only the year 
1946, when it may have occurred in un­
usually mild form. The question is: Will 
this regularity persist? The only way to 
find out is to determine the cause of El 
Nilio and see if it has an inherent perio­
dicity. Scientists have known for a long 
time that El Nil'io is associated with un­
usual rainfall. Most experts believe that 
it occurs in years when northeast winds 
of the North Pacific swing across the 
Equator and, because of the earth's rota­
tion, become northwest in the Southern 
Hemisphere. These winds sweep equa­
torial countercurrent of high tempera­
ture and low salinity over the Peru Cur­
rent. This theory of the winds has not yet 
been tested. Should the hypothesis be 
verified, it would be interesting to see if 
the atmospheric forces involved show a 
seven-year cycle. 

The Yale Expedition of 1953 came in 
a year when the Peru coast was experi­
encing an El Niiio. Observations of the 
offshore water were made between 
March 10 and May 25. They showed 
that the Peru Current water had a salin­
ity of 34.8 parts per thousand. Equatorial 
countercuri·ent water has less salt. The 
surface water in the upper 75 feet during 
El Niiio was clearly of the equatorial 
countercurrent type, modified near the 
coast by water run-off from the land. Its 
temperature ran as high as 83 degrees F., 
and its salinity was often as low as 32 
parts per thousand. 

The surface temperatures rose and fell 
in cycles. For 10 days .after March 10 
the temperature was high; then for 12 
days it was low, and this was followed by 
a high-temperature period which lasted 
13 days. Assuming that the low tempera­
ture was normal, the conclusion is ines­
capable that water of high temperature 
and low salinity invaded the area at least 
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EXPEDITION BOAT was the 60·foot Marise. This former fishing 
craft was refitted for oceanographic purposes and sailed by the 

PRIMITIVE RAFTS are used by some of the men who fish in the 
waters of the Peru Current. They are made of balsa logs in the 

members of the expedition from Mystic, Conn., to Peru. Usually 
it stayed close to the shore, but once it ventured out 100 miles. 

manner of the famous Kon·Tiki. When the Peru Current is abo 
normal, its content of plankton diminishes and fishing is poor. 
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BATTERY HIGHLIGHTS 
FROM NICAD 

Note: European industry has long depended 
on the nickel cadmium battery for services 
vital to human life and property. Nickel cad­
mium batteries are made in USA by NICAD. 

Alone 1n a 
Utility Substation 

Substations such as the one shown are 
normally unattended. 

Here the engineers wanted a battery 
of exceptional long life and dependa­
bility, which would require a minimum 
of care and attention. They made a 

Nicad battery installation. It supplies 
nominal 125-V, 2-wire service to remote­
controlled circuit breakers, emergency 
lights and the receiving end of super­
visory control service. Based on ex­
perience, this Nicad is expected to have 
a service life of 25 years or more. 

Long life, low maintenance, rugged 
steel construction and alkaline e1ectro­
I yte are characteristics that yield low 
overall costs . . . recommending the 
Nicad battery in many vital services. 
Data available. Write: Nickel Cadmium 
Battery Corporation, Easthampton ,  
Massachusetts. 
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WATER MASSES are distinguishable by their temperature and salinity characteristics. 
The data plotted from several expeditions, taken between Cabo Blanco lind Aguja Point, 
show the overlapping of equatorial and land run-off waters over that of the Peru Current. 

twice, probably from the north. The 
high-temperature invasions coincided 
with northerly winds from the Equator. 
Moreover the air temperatures were also 
noticeably higher (average: 79.9 de­
grees F.) during these periods. 

Instead of the normal northward flow­
ing current near the shore, during March 
and part of April there was a southward 
current roughly 20 miles wide. This re­
versal of current flow was noted as far 
south as Aguja Point. 

T he occurrence of El Nilio has a num-
- ber of interesting biological and 

chemical results. For example, at a sta­
tion in Pisco Bay we found that although 
the surface water had plenty of phos­
phate and nitrate for phytoplankton 
growth, the populations were small. It is 
possible that another nutrient, such as 
iron or manganese, was deficient. How­
ever, the explanation could be that the 
surface water had been very recently en­
riched with nutrients by upwelling and 
that the phytoplankton had not yet had 
sufficient time to respond to the enrich­
ment. In short, this situation might 
simply mean incomplete recovery from 
the El Niiio condition. At another station 
close to an island heavily populated with 
birds, phosphate was more abundant at 

the surface of the water than 15 or 30 
feet down. This may have been because 
the birds were replenishing the surface 
with their droppings. 

In general both the phytoplankton and 
zooplankton populations during the 
period of our observations were smaller 
than one would expect in a highly pro­
ductive area. As no information on 
plankton fluctuations within the year is 
available, it is impossible to say whether 
this was due to El NUio or simply a sea­
sonal drop. 

El Nino is not the only marine catas­
trophe that occurs on the west coast of 
South America. The most obvious fact 
about any body of water, aside from its 
wetness and temperature, is its color. 
The Peru Current displays many colors­
all the way from blue through green to 
red and orange. The color blue is a tattle­
tale- of a deficiency of life. In the sea the 
desert color is blue, as on land it is yel­
low. The color of a fertile sea, as of fertile 
land, is green. The color red may mean 
death. Everyone remembers the "red 
tide" that darkened the \vaters off Flori­
da in 1947 and the vast numbers of dead 
fish that washed ashore. The color was 
due to the sudden bloom of large num­
bers of tiny organisms called dinoflagel­
lates, which produced a substance toxic 
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to the fishes. Such blooms are now 
thought to be attributable to unusual 
physical or chemical properties of the 
water. Regions of red tide have been 
reported for many years in the Peru 
Current. During April and May of 1953 
several patches of red tide were sighted, 
and there proved to be a great abun­
dance of dinoflagellates in the water. 

The color scheme of bright salmon 
pinks, oranges and browns that some­
times is seen in the sea is believed to be 
the result of the meeting of cool coastal 
water and shoreward-moving warm 
oceanic water. It may produce a mass 
slaughter of marine organisms and great 
putrefaction. The large amounts of hy­
drogen sulfide produced by the decay­
ing organisms react with the lead of 
ships' paints to form a black coating. This 
is called "Callao painter," after the har­
bor of Callao, where it often occurs. The 
suggestion has been made that "souring" 
of the water by red tide, Callao painter 
or some other agency is responsible for 
the catastrophes that sometimes accom­
pany El Nino. This theory does not seem 
likely, because it would require a souring 
of the water over a distance of 600 miles 
or more to explain the catastrophic 
deaths of 189l. 

Whether the animals are killed by the 
warm water or by the reduced food sup­
ly accompanying an El Niiio can only 
be answered by close observation of a 
catastrophic year. The El N iiio of 1953 
came slowly and hesitantly. There was 
no catastrophe. Perhaps it takes a rapid, 
sudden invasion of the warm water to 
raise havoc with the sea life. 

As for the cause of El Niiio, it seems 
.t\.. that we shall have to look to the at­
mosphere rather than the sea itself for 
the answer. Very possibly the causes will 
be found to be exclusively meteorologi­
cal. The southward movement of the 
equatorial countercurrent that produces 
El Niiio apparently is associated with 
meteorological conditions whose basic 
nature is only now beginning to be ex­
plored. We do know that it is accom­
panied by unusual rainfall: the seven­
year cycle in rainfall records has been 
traced back to 1864. Before that the rain­
fall shows no regularity, which may in­
dicate that the cycle was established 
fairly recently. 

Obviously much work remains to be 
done to clarify the normal and abnormal 
aspects of the Peru Current. This much 
is clear: one could scarcely imagine any 
marine area in the world that holds more 
interest, from the standpoint both of 
pure science and of finding ways to in­
crease man's food resources. 

ENGINEERS 
f01' Lockheed's expanding Missile Systems Division 

Recently formed from other Lockheed Engineering organizations to 
prepare for the era of automatic flight, the Missiles Systems Division 
deals exclusively with missiles and their component systems. 

Its expansion has cTeated "gTotmd-f/,ooT" openings fOT: 

Aerodynamicists 

Thermodynamicists 

Dynamicists 

Design Engineers "A" and "8" 

Electronic Engineers 

(micro-wave techniques, electronic 
components, circuits or design flight 

instrumentation) 

Electro-Mechanical Engineers 
(circuits or servomechanisms) 

Applied Mathematicians 
and Physicists 

Mechanical Engineers 
(precision mechanisms or packaging 
of electronic equipment) 

In addition to outstanding career opportunities, the Lockheed 
Missile Systems Division offers you high salaries commensurate with 
your experience, generous travel and moving allowances, and a 
better life for you and �our family in Southern California. 

Address inquiries to L. R. Osgood, Dept. SA-M-3, Lockheed Missile 

Systems Division, 7701 Woodley Avenue, Van Nuys, Califol·nia. 

LOCKHEED 
VAN NUVS. CALIFORNIA 

MISSILE 

SYSTEMS 

DIVISION 
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Muscle as a Machine 

The contractile tissue converts che111ical into mechanical 

ener�y with re111arkable efficiency. The authors study this 

significant process by lnaking gels with similar properties 

Two years ago some excitement was 
aroused by a newspaper report 
that synthetic muscles were being 

made in Israel at our Weizmann Insti­
tute of Science laboratory. Amputees and 
cripples wrote letters asking us to replace 
their missing limbs and paralyzed mus­
cles; a gentleman wondered whether we 
could make a quiet and efficient muscle 
engine to take the place of the noisy 
gasoline job in his motorcycle; another 
offered to fit synthetiC muscles to the 
wings of Leonardo da Vinci's flying ma­
chine. Regretfully we had to inform our 
correspondents that their requests were 
premature. It would be many years be­
fore anything like true muscle could be 
developed from the simple mechano­
chemical systems under investigation. 

There is a strong imaginative appeal 
in the possibility of imitating the move-
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ment of living beings with synthetic 
models. It is clear even to a layman that 
natural motility, such as is shown in the 
whiplike lash of protozoan flagella or in 
the contraction of muscle, uses mecha­
nisms and energy transformations radi­
cally different from those found in a 
Diesel engine or an electric motor. To be 
sure, living and nonliving motor systems 
have one thing in common: both use 
energy stored in chemical substances and 
liberated by chemical reactions. But a 
living muscle transforms this chemical 
energy directly into mechanical power, 
whereas a nonliving device first converts 
it into heat or electricity. 

The study of the direct mechano­
chemical process is tempting even from 
a practical point of view, for the ef­
ficiency of living "engines" compares fa­
vorably with the best heat engines. The 
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1.9 cc NoOH 

1.7 cc HCL 

1.5 cc NoOH 
0.2 cc HCL 
1.2 cc HCL 

1.2 cc NoOH 
0.3 cc HCL 

0.7 cc HCL 

LENGTH (MILLIMETERS) 

CONTRACTION AND EXPANSION of a synthetic gel immersed in an alternately acidic 
and basic solution is illustrated by this chart. When hydrochloric acid (HC!) was added to 
the solution, the gel contmcted. When sodium hydroxide (NaOH) was added, gel relaxed. 
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muscles of an athlete, for example, con­
vert almost 45 per cent of the energy 
stored in foodstuff into useful work, 
while a modern steam turbine has no 
better than 40 per cent efficiency. 

More than half a century ago the great 
Dutch physical chemist J. H. van't Hoff 
analyzed the conversion problem. He 
showed that in any chemical reaction a 
certain amount of energy, called "free 
energy," is available for conversion into 
mechanical work. He also suggested a 
system of osmotic cells with pistons 
which might apply this energy directly 
to work. But van't Hoff's theoretical os­
motic engine did not simulate what actu­
ally takes place in living tissue. In mus­
cle the motive power is supplied not by 
the fluids that cross the membranes of 
the osmotic cells but by the solid matter 
of the muscle itself, which contracts and 
expands as the consequence of a chemi­
cal reaction. We shall confine our dis­
cussion to this elastic type of system. 

:1\1 any natural and synthetic gels have 
the property of contractibility. The 

word "gel" may suggest to a layman only 
soft jelly, but to a biologist and colloid 
chemist it also denotes some of the 
strongest living structures, includin� 
muscles, tendons, hair and skin. The 
fundamental structure of any gel is a 
submicroscopic network of large mole­
cules or very small crystals, joined to­
gether at numerous cross-linking points. 
Within this mesh is entrapped a liquid 
that permeates the material. The net­
work endows a gel with elasticity and 
tensile strength. In certain gels, which 
are of particular interest for mechano­
chemistry, the network is made up of 
threadlike molecules, sometimes consist­
ing of thousands of atoms, linked to­
gether in a long chain. Such molecules 
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are very flexible and tend to coil up 
under the impact of the thermal move­
ment of neighboring molecules in the 
gel. When held in a gel network they' 
are as elastic as rubber, which has, in 
fact, a similar structure. 

Now let us imagine that the molec­
ular chains of the network carry chemi­
cal groups able to combine with a sub­
stance dissolved in the liquid that per­
meates its meshes. If the reaction causes 
the chains to uncoil, the network will ex­
pand and the gel as a whole will swell. 
On the other hand, if the molecules are 
already extended by some internal force, 
certain chemical reactions may cause the 
chains to coil up and the gel to contract. 
When a weight is attached to the gel, 
this contraction will lift the weight, thus 
performing work. 

It is possible to reverse the chemical 
reaction so that the gel undergoes a cycle 
of alternate contractions and expansions. 
In such a cycle the chemical compound 
that reacts with the gel must enter it in 
the first half-cycle and leave it during the 
second half. Evidently it must be a com­
pound initially rich in chemical energy; 
i.e., it must have a higher chemical "po­
tential" when it enters the gel engine 
than when it leaves. Thus the mechano­
chemical engine works on a chemical 
potential difference in the same way that 
a turbine operates on pressure differ­
ences or a heat engine on temperature 
differences. Its efficiency depends on its 
ability to work on high chemical poten­
tial differences, converting the chemical 
forces between the reacting groups into 
contractile forces in the gel network. 

C
onsider a well-investigated example 

of a chemical reaction which may 
cause a gel to perform work. vVhen 
immersed in certain solutions (e.g., 
thioglycollic acid or mercury potassium 
iodide), hair, wool and animal tendons 
will contract like muscle. The details of 
the contraction process can be observed 
by X-ray analysis of the changes in the 
structure of a tendon thus treated. Be­
fore immersion the long threadlike mole­
cules of the tendon are straight and 
parallel to one another. The threads are 
kept stretched straight by the mutual 
attraction between them, which in turn 
is due to the interaction of their reactive 
groups. Upon immersion, the reactive 
groups in the threads combine with the 
solution, thus breaking the crystalline 
structure and liberating the long-chain 
molecules. The molecules now coil up, 
in response to the thermal impact of the 
surrounding molecules, and cause the 
tendon to contract. 

Such a reaction is not sufficient, 
however, to drive a mechanochemical 
engine. It gives us only half of the cycle: 
namely, a chemical reaction that makes 
a fiber contract (as in this case) or ex­
pand. To complete the cycle we need 
to reverse the process: that is, find a re­
action in which contraction or expan­
sion brings about a change in the chem­
ical reactivity of the material. A good 
example of this kind of reaction is the 
behavior of a certain synthetic plastic in 
water. The substance is polyvinyl a�co­
hoi-a long molecule consisting of a car­
bon chain with an alcohol group (OR) 
attached to every other carbon atom. 
Since alcohol groups are strongly at­
tracted to water, polyvinyl alcohol is 
highly soluble. But a fiber made of this 
plastic will not dissolve in water if it is 
stretched. X-ray analysis shows that 
stretching orients and crystallizes the 
long fiber molecules in a structure like 
that of the parallel fibers in a tendon. In 
this arrangement the alcohol groups are 
so strongly bound by their mutual at­
traction that they are not free to react 
with the water molecules, i.e., to dis­
solve. But as soon as the stretching force 
is released and the alcohol groups are 
freed, the fiber dissolves instantly. 

It was the study of certain water-solu-
ble plastics that led to the synthesis 

of the first mechanochemical system. 
These plastics are known today as "poly­
electrolytes," and we must consider the 
properties of polyelectrolytes to under­
stand how a mechanochemical engine 
can work. The essential property of any 
electrolyte (a general term for acids, 
bases and salts) is that, when dissolved 
in water, its molecules split into ions­
electrically charged particles. A poly­
electrolyte is a chain of electrolyte mole­
cules hooked together. It may contain 
many thousands of acidic or basic 
groups, and may therefore carry a high 
concentration of electric charges. The 
degree of ionization of a polyelectrolyte 
is variable; for example, the ionization 
of a weak polyacid may be increased by 
adding a strong base or decreased by 
adding a strong acid. 

The electrostatic charges on polyelec­
trolytes produce a force which may be 
used in a mechanochemical process. To 
see how this force operates, let us start 
with an uncharged polyelectrolyte mole­
cule. Like any other threadlike molecule, 
it coils up freely under the thermal im­
pacts of the molecules around it. But as 
soon as the molecule is ionized, the 
groups of atoms that compose the chain 
strongly repel one another. The force of 

WEIGHT IS LIFTED by a synthetic gel. 
The vessel at the left contains a basic so­
lution; the vessel at the right, an acidic one. 
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By O.SOGLOW 

COLD WALLS CATCH DUST! Walls get streaked 
with dust and dirt if they're only one degree 
colder than the air in a room. Reason: warmer 
room air callses dust particles to settle. 
Experts report cold nail heads and, plaster 
over metal laths are the best dust·oatchers. 

\ 

MOPPING UP OPERATION! Troublesome water 
never gets through the air lines when com­
pressors are equipped with Air-Maze pipe· 
line filters. A special whirling action traps 
the water and a cleanable, all-metal filter unit 
stops dirt and rust, too. 

MAGNETIC PERSONALITY! More than 90% of 
all air-borne dust and pollen, even smoke par­
ticles, are drawn right out of the air by Electro­
maze electronic ai r filters. Used from coast 
to coast wherever super-clean air is desir· 
able, Electromaze filters are more flexible in 
size, quicker to install and easier to clean. 

WHETHER YOU BUILD OR USE engines, com­
pressors, 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. Repre­
sentatives in all pri nci pal cities. For con­
densed product catalog, write Air-Maze Cor­
poration, Department D,25000 Miles Road, 
Cleveland 28, Ohio. 

AI.sMAZ. 
The Filter Engineers 

A'R FILTERS 
SILENCERS 
SPARK ARRESTERS 
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MOLECULAR STRUCTURE of the polyeleftrolyte polyacrylic acid is a coiled hydro· 
carbon elwin with carboxyl side groups (dotted rectangles at top). When the molecule is in 
solution, hydrogen atoms are removed from it. leaving charged carboxyl groups (left and 
right rectangles (It bottom). Because charged groups repel one another, the molecule uncoils. 

repulsion tends to stretch and straighten 
the molecule. Two opposing forces are 
at work: the contractile force of thermal 
impacts and the stretching force of elec­
trostatic repulSion. We can strengthen 
the stretching force by chemically in­
creasing the degree of ionization, or 
strengthen the coiling force by reducing 
the ionization. Thus in the ionization of 
polyelectrolytes we have a reversible re­
action which can be employed as a true 
mechanochemical process. Amplified in 
a gel network, the coiling and stretching 
of the molec;ules can perform work. The 
gel will contract when loaded with a 
weight and expand when unloaded. The 
driving force for the alternate contrac­
tion and expansion is supplied by the 
addition of acids or bases, which changes 
the system's acid-alkaline balance in one 
direction or the other. 

\V orking systems of this kind were 
developed independently and si­

multaneously five years ago in three 
laboratories: in Vienna, in Basel and at 
the Weizmann Institute. Each used a 
fiber or film made of a polyelectrolyte 
gel network which expanded on the 
addition of an alkali and contracted on 
immersion in a mineral acid. In our lab­
oratory we were especially delighted 

with the performance of polyphosphate 
gels: they contracted to about a third of 
their length and in a manner strikingly 
like that of muscle. 

A thin strip of suitable material can 
lift a fairly heavy weight and operate 
reversibly for many cycles. Such a sys­
tem is illustrated on the preceding page; 
it is made of polyacrylic acid and poly­
vinyl alcohol cross-linked together, and 
the strip is dipped alternately into min­
eraI acid and a strong base. The principle 
makes possible the construction of a con­
tinuously working mechanochemical en­
gine, and Moshe M. Zwick and Saul 
Gassner of our laboratory have built such 
a machine [see phOtOgTOph all page 76]. 
Its operation is rather sluggish and its 
effiCiency low, but it proves the feasibil­
ity of the idea and suggests that when 
technical difficulties are overcome, better 
devices may be developed. 

The most beautiful and efficient mech­
anochemical system known is, after all, 
a living muscle. Recent investigations 
have shed much light on how a mus­
cle contracts. Thanks to the brilliant re­
searches of Albert Szent-Gyorgyi and 
others, we know that the contracting 
substance in muscle fiber is the slightly 
soluble protein actomyosin and that the 
energy of contraction is supplied by the 
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Westinghouse 
No one loses identity at Westinghouse. Top 
management philosophy dictates that every en­
gineer be employed at his highest skill; that 
inventive abilities be stimulated and encour­
aged; and that leadership potential be quickly 
recognized and developed. 
In Baltimore, the AIR ARM AND ELEC­
TRONICS DIVISIONS offer a variety of chal­
lenging"opportunities, available as the result of 
long-range expansion programs in the elec­
tronics and aviation-electronics fields. 
Many engineers are already building for them· 
selves key positions in the organization that 
has produced some of the country's most ad­
vanced scientific developments. Current open­
ings offer a variety of challenging problems 
requiring engineers with a high degree of 
originality and ingenuity. Excellent ground­
floor opportunities exist for men from the B.S. 
to Ph.D. level. 
A few of the many exceptional advan­
tages of a career with Westinghouse: 
Professional recognition and industrial 
stability. 
Opportunities, at company expense, for 
advanced degrees. 
Exceedingly liberal patent disclosure 
compensation. 
Salaries individually determined accord­
ing to experience and ability. 
Promotion on basis of individual merit. 

Mr. R. M. Swisher, Jr. 
Employment Supervisor, Dept. M-7 
West,:nghouse Electric Corporation 
109 West Lombard Street 
Baltimore 1, Maryland 

Please send me a copy of "Gateway to an 
Engineering Future." 

Name ______________ _ 

Address _____________ _ 

City _______ Sta te ______ _ 

Engineering Field _________ _ 
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Mathematical versatility and simplicity of 
operation are noteworthy features of the Bendix 
Model 0-12 Electronic Computer. 

This Digital Differential Analyzer will solve 
the most complicated engineering problems 
quickly and precisely. The decimal numbering sys­
tem is used exclusively in both programming oper­
ations and in machine calculations. Operators are 
easily and quickly trained. 

Model 0-12 is the ideal machine for the 
solution of complex problems in the fields of 
aerodynamics, optics, chemistry and analytical 
mathematics. 

TIle Bendix Co"".ter ti'llS flU 
IIilll speed tlUlRerical .. Iutioll$ to-

1. Linear and non-linear differential equa-
tions 

2. Simultaneous sets of such equations 

3. Integral equations 

4. Split·boundary value problems 

5. Individual or simultaneous sets of linear 
or non-linear algebraic and transcenden­
tal equations 

6. Numerical simulation of certain physical 
phenomena 

For complete information 
please write for Brochure No. 2-2. 

DIVISION OF BENDIX AVIATION CORPORATION 

5630 Arbor Vitae St., los Angeles 45, Calif. 
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MECHANOCHEMICAL ENGINE made in the laboratory of the authors consists of five 
polyelectrolyte strips connected to a heavy weight by means of two pulleys. When the solu­
tion in the shallow pan around the strips is acid, the strips contract and lift the weight. 

energy-rich substance adenosine triphos­
phate (ATP). Fibers made from actomy­
osin solutions shrink and contract vio­
lently on contact with ATP. 

The detailed chemical process by 
which the metabolic energy of ATP is 
transformed into work, and the mecha­
nism of the mechanochemical coupling, 
are still not clear. M. C. M. Pryor of 
Cambridge University has suggested 
that the basis of muscular contraction is 
similar to the situation observed in ten­
dons: that is, in the expanded state mus­
cle fibers are straight and parallel in a 
crystalline structure; the addition of 
ATP breaks the crystallization points and 
causes contraction by liberating the acto-

myosin chains. Other workers prefer a 
polyelectrolyte model: they believe that 
ATP may change the electrostatic charge 
density of the protein molecules. Indeed, 
ATP is itself a highly charged molecule, 
and its absorption by actomyosin may 
initiate an electrostatic contractile cycle. 

The decisive experiments for arriving 
at the correct explanation of muscle 

contraction have still to be made. When 
the explanation is worked out, man may 
not be able to outfit himself with syn­
thetic wings, but he will have the greater 
satisfaction of approaching an under­
standing of the marvelous process that 
gives living things the power to move. 
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New recorder 
for high impedance circuits 
ANEW MODEL of the ElectroniK instrument 

now makes it possible to record data 
from high impedance sources without re­
sorting to external pre-amplifiers. It can 
measure voltages originating in sources with 
impedances ranging from 0 to 50,000 ohms 
without appreciable change in sensitivity, 
damping or speed. 

Because of its high input impedance, the 
instrument can be applied to voltage meas­
urements with negligible loading effect on 
the source. It is also applicable to current 
measurements in conjunction with photo­
cells, spectographs. and similar devices. 

The recorder is supplied with pen speed of 
24, 12, 4 Y2 or 2 seconds, for spans down to 

2 mv. The amplifier can be used separately 
in many high impedance servo systems. 

Excellent stray rejection, meeting the most 
stringent specifications, is incorporated in 
the new circuit. Stray a-c voltages, equal to 
full scale span for the 2-second model and up 
to 10 times the span for the 24-second model, 
are rejected with no appreciable loss in in­
strument sensitivity. 

Your nearby Honeywell sales engineer will 
be glad to discuss your applications ... and 
he's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 
Industrial Division, Wayne and Windrim 
Aves., Philadelphia 44, Pa . 

• REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-14. 

Honeywell 
BROWN IN ST R U M E NTS 
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CAVERN OF THE GUACHAROS near Caripe in Venezuela is 
totally dark 2,000 feet from the entrance, yet the guacharos are 

78 

able to fly from perch to perch without difficulty. These birds 
were photographed with high·speed flash by Guillermo Zuloaga. 
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Bird Sonar 
How the great HLunboldt, by describing the lnelancholy shriek 
of strange nocturnal birds called guacharos, brought a modern 
naturalist to a cr[()ern in Vene::.uela to study' their l1(fvi[!:ation 

I
n his account of his explorations in 

South America 155 years ago, the 
German scientist Alexander von 

Humboldt described a remarkable cave­
dwelling bird he found there. The bird 
is called the gU{LCharo (Spanish for "one 
who cries and laments" ). Humboldt 
visited the great Cavern of the GlHlcha­
ros near the town of Cadpe in the high­
lands of Venezuela. 

The gu{teharo, he reported, was "the 
size of our chickens," with a wingspread 
of three and a half feet, and had "the 
mouth of a goatsucker, the bearing of a 
vulture . . . an extremely strong beak 
furnished with a double tooth" and blue 
eyes which were "dazzled by the day­
light." A nocturnal bird, it quit the cave 
at nightfall to feed on fruit. The bird is 
covered with extensive deposits of fat, 
and it was and still is prized for its oil­
a transparent, odorless, butter-like food 
that was said to keep for a year without 
becoming rancid. (Humboldt named the 
bird Steatomis caripel1sis-the oil bird of 
Caripe. ) Once a year the Indians went 
into the cave with long poles, knocked 
down the guacharo nests from the high 
roof of the cave and killed several thou­
sand of the nestlings. Then they ex­
tracted the oil by melting down the 
S(llwbs in clay pots over brushwood fires 
outside the cave. 

One of the most remarkable attributes 
of the gu{teharo, as Humboldt observed, 
was the great "volume of its voice." He 
wrote: "It is difficult to convey any idea 
of the frightful noise which thousands of 
these birds produce in the dark portions 
of the cavern . . . .  The sllm'p and piercing 
sounds of the gU<lcharos are reBected 
from the rocky vault, and the echoes 
reverberate from the depths of the cav­
ern." 

by Donald H. r:rifrin 

bird that Bies about in dark caves utter­
ing sharp cries. Bats, which also live in 
caves, have an echo system of naviga­
tion based on high-pitched cries inaudi­
ble to human ears [see "The Navigation 
of Bats," by Donald R. Griffin; SCIEN­
TIFIC AMERICAN, August, 1950]. Does 
the guacharo guide its Bight in the dark­
ness by means of a similar sonar-like 
system in the audible range? I resolved 
to find out, and so a year ago I retraced 
Humboldt's footsteps to the Cavern of 
the Gm'tcharos in Venezuela. 

The trip was made possible by the 
. generosity of William H. Phelps, Jr. , 

the well-known ornithologist of Caracas. 

'rVe took along a portable tape recorder 
and the same apparatus that we usc to 
detect and analyze the high-frequency 
sound of bats. In 1953 we had a much 
more gentlemanly trip to the cave than 
that described by Humboldt in 1799. 
Humboldt and his botanist companion 
Aime Bonpland had been obliged to 
climb through a heavy tropical forest, 
criss-crossing a raging torrent on the way 
up. We debarked from an airliner at an 
airport .50 miles from Caripe. Near 
Caripe was a pastel-tinted "Hotel El. 
Gu[\charo." We were driven in an auto­
mobile up a gravel road to the very 
mouth of the cave. There we were 
greeted by a custodian and a crew of 

This part of Humboldt's account has GUACHARO was depicted in A. Brehm's lllltstrirtes Thierleben, published not long after 

intrigued me for some time. Here is a Humboldt's 19th·centmy description. The bird has a wingspread of three and a half feet. 
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Here is your 
new source of 
supply for ... 

STABILIZED 
ZIRCONIUM OXIDE 

Zr02 

Made by our newly developed 
process, this oxide offers three 
outstanding advantages: 

1. The only 100% stab i l ized 
crystal structure. 

2. The most uniform fine grain 
size obtainable. 

3. The highest available purity. 

The interesting c haracteristics of 
stabilized zirconia have already led to 
its successful use in the refracto ry, 
ceramic, electrical and abrasive fields. 
If these characteristics listed below in­
terest you, please contact us for de­
tailed information. 

1. Very high melting point at 4700° F. 
2. Excellent thermal shock resistance. 
3. low volatility. 
4. low reactivity. 
5. Low electrical resistivity at 

temperatures. 
6. High electrical resistivity at 

temperatures. 
7. Extremely low thermal conductivity. 

SEND FOR THIS DESCRIPTIVE 

This new folder completely describes 
the physical and chemical properties 
of stabilized zirconia. Proven and 
suggested uses are discussed. For 
your copy, write to Zirconium Corpo· 
ration of America, Solon, Ohio. 
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guides eager to lead us through the cav­
ern. Indeed, we were told that electric 
lights were soon to be installed in the 
cave to save tourists the inconvenience 
of carrying flashlights. 

The oil birds were still there in con­
siderable numbers, now protected by the 
government. Our first concern was to de­
termine the degree of darkness in which 
the birds could fly. We therefore walked 
deep into the cave, past a twilight zone 
full of nesting birds to a place where 
turnings in the passage shut out the 
daylight. Humboldt had described his 
penetration into the cave in the follow­
ing words: "We had had great difficulty 
in persuading the Indians to pass be­
yond the anterior part of the cavern, 
the only part which they visit annually 
to gather fat. .. . The natives attached 
mystical ideas to this cave inhabited by 
nocturnal birds. They believe that the 
souls of their ancestors reside at the 
bottom of the cavern .. .. To go to join 
the gmicharos is to rejoin one's fathers, 
is to die . .. .  We walked in a thick mud 
to a point where we saw with aston­
ishment the development of a subter­
ranean vegetation. The fruits which the 
birds carry into the cave to feed their 
young germinate wherever they fall into 

the mould which covers the calcareous 
incrustations. Blanched stalks provided 
with some rudiments of leaves grew to a 
height of as much as two feet . . . .  These 
traces of organization in the midst of 
darkness aroused a lively curiosity in the 
natives, otherwise so stupid and so diffi­
cult to excite. They examined [the 
blanched shoots] in silent contemplation 
inspired by a place which they seemed 
to dread. . .. The missionaries, despite 
their authOrity, could not persuade the 
Indians to penetrate farther into the 
cavern. As the roof of the cavern became 
lower, the cries of the gmlcharos became 
more piercing. It was necessary to give 
in to the pusillanimity of our guides and 
retrace our steps." 

We also found ourselves walking 
through a meadow of white shoots, just 
as Humboldt had described. About 2,000 
feet from the entrance we arrived at a 
large chamber called EZ BaTriaZ, which 
Humboldt apparently did not reach. 
Picking reasonably dry and comfortable 
rocks to sit down upon, we turned off all 
our lights and waited for our eyes to 
adapt to the darkness so that we could 
tell whether there was any natural light 
here. I also set up a camera facing the 
direction of the entrance, with its en-

CRIES OF GUACHARO AND BAT are compared by oscilloscope. At the left is the trace of 
the guachal'o's cry. Its pitch is about 7,000 cycles pel' second, well within the range of human 
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tire lens mount removed and its Super 
XX film directly exposed to whatever 
daylight might possibly penetrate to El 
Barrial. 

Over our heads gWlcharos circled 
noisily and called back and forth to one 
another from ledges 75 to 100 feet high. 
We waited 25 minutes to assure com­
plete dark adaptation of our eyes. I must 
admit that this wait in the clamorous 
darkness was an uneasy one, and I am 
sure more than one finger wandered 
wishfully toward a flashlight switch. I 
could only feel the deepest sympathy for 
the Indians of Humboldt's party and 
wonder what their reactions would have 
been if he had ordered them to extin­
guish their torches and listen to the gwi­
charos in total darkness. 

At the end of 25 minutes we were all 
agreed that no light was to be seen in any 
direction. Furthermore, the film, which 
had been exposed for nine minutes, later 
confirmed this by showing no evidence 
of light upon development. Our first 
question was thus conclusively an­
swered: the guacharos did fly in total 
darkness. 

N ow we had to determine whether the 
squawks and shrieks the birds gave 

forth almost constantly were used for 
orientation. Bats employ very brief 
bursts of ultrasonic sound for their echo­
locating system. Some of the sounds 
uttered by the guacharos were rather 
sharp, short clicks, but these clicks 
formed only a small part of the sounds 
we heard during our stay in the cave. 

Phelps had noted on a previous visit 
that the birds made particularly striking 
noises as they flew out of the cave for 
their night's hunting. We therefore set 
up a microphone at the cave entrance. 
We had to place it on the pinnacle of a 
rock 15 or 20 feet high, because the 
birds generally flew near the ceiling 
some 75 to 100 feet above our heads. 
Lower down on this rock were arranged 
amplifiers, a variable electronic filter, a 
cathode-ray oscillograph, a tape re-

hearing. At the right, on the same time scale, 
is the trace of a brown bat's ultrasonic cry. 

MEN vVANTED for precarious undertaking. Room for a few creative 

engineers willing to stake the future against greatcst of all challeng·es. 

Recognition and success in return for long, hard work and exceptional 

ability. No extraordinary inducements-resort accommodations or chamber 

of commerce climate. Only the opportunity to work with the finest mind­

power and engineering facilities in the whole new world of flying weapons. 

If it's only a job you want, the woods are full of them. But if Y01f are one 

of the few who are destined to go far in this industry, you'd be wise to take 

an engineer's-eye view of the mindpower and the facilities you'll be work­

ing with. 

Write to J. M. Hollyday, Director of Employment, Dept. S-3. 

",..,.... THE GLENN L. MARTIN COMPANY 
AIR CRAFT BALTIMORE - MARYLAND 
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Allen -"Bradley 
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)' of all Allen-Bradley 
controls-only ONE � moving part-is your 

guarantee of millions of 
trouble free operations. 

Fewer moving parts mean 

.... 

0 
fewer chances for trouble. 

, 
Also, remember that 

Allen-Bradley control is 
equipped with double 
break, silver alloy con­

tacts, requiring no mainte-
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nance. This combination of 
simplicity and dependability 

explains why engineers and 
electricians say-"No better 
control made." 

Allen-Bradley Co. 
134 W. Greenfield Ave. 

Milwaukee 4, Wis. 

ALLt:�,�LEY 
SOLENOID MOTOR CONTROL 

BLANCHED PLANTS sprout in the dark Cave of the Guacharos. They grow from seeds 
in the droppings of the birds. These plants would grow to a height of 50 feet in the light. 

corder, a 16-millimeter camera to photo­
graph the cathode-ray traces and a stor­
age battery plus vibrator to provide 60-
cycle power. 

At twilight the guacharos began to fly 
out. I could scarcely believe these were 
the same birds we had heard inside the 
cave that afternoon. For now there 
were no squawks, clucks or screeches. 
Instead there came out of the gathering 
darkness a steady stream of the sharpest 
imaginable clicks. Each click had a dura­
tion of only one to two thousandths of a 
second-about the same length as the 

ultrasonic signals of bats. Well into the 
night the stream of birds and the barrage 
of clicks continued undiminished. Dur­
ing the whole evening we heard no more 
than half a dozen of the longer calls and 
screeches that had predominated inside 
the cave during the day. 

We still lacked any direct evidence 
that these clicks were actually emitted 
to locate objects in the birds' path by the 
echo. Perhaps the clicks were only call 
notes or symptoms of some other avian 
emotion the nature of which we could 
not guess. Accordingly we trapped three 
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birds in a net and took them to an im­
provised darkroom to make further tests. 

The first test was to plug their ears. 
When both ear canals were tightly 
stopped with absorbent cotton and cellu­
lose acetate cement, the birds were com­
pletely disoriented. In the dark they 
banged into the walls whenever they 
took wing. But when the plugs were 
removed, they were again able to fly 
about in the dark room without colliding 
with anything. Thev also flew without 
difficulty when the light was turned on 
even if their ears were plugged. 

Even these limited tests were sufficient 
to show that these birds, like bats, use 
clicks to avoid obstacles in the dark by 
ccho-Iocation. Unfortunately we were 
not able to carry the tests much further, 
and many interesting questions are still 
unanswered. For example, we do not 
know how small an object the oil bird 
can detect. Since the wavelength of its 
clicks (about five centimeters ) is much 
longer than that of a bat's ultrasonic 
sounds (less than one centimeter ), the 
gmlcharo must fail to detect obstacles 
which a bat could easily locate. 

T he oil bird's sounds have a frequency 
- of about 7,000 cycles per second­

well within the range of human hearing. 
The question arises: If the oil bird can 
use such sounds to guide it in the dark, 
could not a man develop the same skill? 
The highly perfected human hearing ap­
paratus would appear quite capable of 
achieving the type of sound analysis 
nccessary for echo-location. 

Blind men do indeed achieve a con­
siderable skill in finding their way about, 
and this ability is often called "facial 
vision." But the skill is largely lost if the 
blind man's ears are tightly stopped or 
if loud noises interfere with the hearing 
of faint echoes. Very possibly man could 
develop the echo-locating ability by us­
ing short pulses of sound. Since sound 
travels roughlv one foot per millisecond, 
the pulse should be no longer than one or 
a few milliseconds to return a dis­
tinguishable echo at a distance of a few 
feet. Perhaps properlv designed click 
generators or similar sources of pulsed 
sound could enhance the ability of blind 
people to find their way about. 

The pragmatic experience of blind 
men, unconsciously using the taps of a 
cane, footsteps or other sounds to guide 
them, may already have produced as 
much skill in echo-location as the human 
auditory mechanism allows. But it might 
not be amiss to see what we can learn 
from the gu{\charo and other flying ani­
mals which have developed more precise 
systems of echo-location. 

PERATURE 
RECORDING ... 
Newly designed,Model"l 000" 
Auto-lite Recorder gives per­
manent proof of temperature 
behavior. _ 6" clear reading 
chart; various standard ranges 
from minus40°F.toplus550°F. 
_ 3 standard types; choice of 
24-hr. or 7-day cycle. _ Elec­
tric or mechanical chart drive. 
_ With capillary tubing for 
remote reading. Priced from 
$49.50. 
Send for new catalog describ­
ing many styles of Auto-Lite 
temperature Recorders and In­
dicators. 

Project research and consultation 
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Bacteriology and Entomology 
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secticide, fungicide and bacteri­

cide screening • Antibiotic As­
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16mm Sound-On-Fi 1m 
Camera. Your film will 
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or on Television Station film-broadcast equipment. 
SS9 IJ..!! with a 30 day money-back guarantee. 
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7371 West Beverly Blvd., los Angeles 36, Calif. 

MANUFACTURERS OF SOUND-ON-FILM 
RECORDING EQUIPMEN T SINCE 1931 

83 

© 1954 SCIENTIFIC AMERICAN, INC



TIlE KLYSTRON 

Long overshado\ved by the f�n10us maf!:netl'on, this ingenious 

radio tube has no,Y come into its o,,-n as a broadly useful 

means of generating, recejving and alnplLfyjng llllCrO\Vaves 

J
ust before World War II there was 

a brief blaze of publicity about a 
new vacuum tube called the klys­

tron. The klystron was celebrated as 
an invention that would open up a 
whole new region of radio frequencies 
and make possible the development of 
radar. It lived up to its promise, and it 
played a very important role in the war. 
But it was overshadowed by another 
new tube, the magnetron, and the klys­
tron faded from public attention. 

It may surprise many people, though 
it will certainly not surprise radio engi­
neers or physicists, to hear that the klys­
tron not only is still around but is flour­
ishing more brilliantly than ever. From 
radar, in which it still plays its impor­
tant role, it has branched out to other 
uses in the military field, in television, 

BUNCHER GAP 

FILAMENT 

by Edward L. Ginzton 

in telephony, in navigation and in phys­
ics research-with the promise of more 
services to come in the future. Since the 
end of the war the klystron has been de­
veloped to powers undreamed of when 
it was first conceived. 

The klystron works in the domain of 
microwaves [see "Microwaves," by J. R. 
Pierce; SCIENTIFIC AMERICAN, August, 
1952]. In that region it performs the 
same functions that ordinary electronic 
vacuum tubes do at conventional radio 
frequencies; that is, it can generate, re­
ceive and amplify radio signals or en­
ergy. The klystron was invented because 
the ordinary triode tube cannot handle 
microwaves effectively. Let us look at 
the reasons it cannot-at the problem 
which the klystron solved so beautifully. 

A triode radio tube, as almost every-

BUNCH OF 
ELECTRONS 

one knows, consists of three elements: a 

filament that emits a stream of electrons, 
a grid that stands in the path of the 
stream, and a plate that attracts the elec­
trons and catches them after they pass 
through the grid. The grid acts like a 
valve, opening or closing to the passage 
of electrons according to the voltage on 
it. Radio waves intercepted by an an­
tenna come to the grid as a weak alter­
nating current oscillating with the radio 
waves' frequency. The oscillating voltage 
thus applied to the grid modulates the 
flow of the electrons crossing the tube 
to the same frequency. The electron 
stream then delivers at the catching 
plate an alternating current which re­
produces with great amplification the 
weak signal on the grid. 

Now the time it takes an electron to 

CATCHER GAP 

FIRST RESONATOR 
(BUNCHER) 

SECOND RESONATOR 
(CATCHER) 

PRINCIPLE OF THE KLYSTRON is outlined in this diagram 
of a tube with two resonators. Electrons are produced by the 
cathode at the left and accelerated toward the collector at the 
right. As they pass through the oscillating electric field of the 
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first resonator, some of the electrons are speeded up and others 
slowed down. Then, as the electrons proceed down the drift tube, 
the faster ones catch up with the slower, forming a bunch. When 
the bunch passes the second resonator, an oscillation is excited in it. 
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cross the tube is something of the order 
of a billionth of a second. This transit 
time is short compared to a cycle of a 
long radio wave (around a millionth of 
a second); hence the electron is slowed 
or speeded by the voltage on the grid at 
one moment of the cycle. The Bow of 
electrons therefore can follow the volt­
age Buctuations. In the case of micro­
waves, however, the. oscillations are so 
rapid (i.e., the cycle is so short) that 
the voltage on the grid may go through 
several complete oscillations during an 
electron's travel across the tube. In 
other words, the grid voltage changes 
too fast and produces only chaos among 
the electrons. It no longer can impose 
the signal pattern on their Bow. 

There are other reasons why the con­
ventional triode tube fails in the micro­
wave range, but this is the most funda­
mental one. Several new types of tube 
have been invented to overcome the dif­
ficulty-the magnetron, the "close­
spaced" triode, the traveling-wave tube. 
With the possible exception of the trav­
eling-wave tube, none of these is quite 
as simple or versatile as the klystron. 

The klystron tube makes a virtue of 
the very thing that defeats the tri­

ode-the transit time of the electrons. 
What it does is to "modulate" the veloci­
ty of electrons so that as they travel 
through the tube they sort themselves 
into groups and arrive at their destina­
tion in bunches, thus delivering an os­
cillating current of controlled frequency. 

To take the klystron in its simplest 
form, picture a long vacuum tube con­
sisting of several sections, of which the 
most important are two chambers en­
closed in metallic shells [see illustra­
tion on opposite page]. At one end a 
cathode, as in any electronic tube, feeds 
a stream of electrons into the tube. The 
electrons are pulled toward the opposite 
end by a positively charged plate and are 
focused into a beam by a magnetic field 
applied from outside. 

When the electrons pass through the 
first chamber, crossing what is called 
the "buncher gap," they encounter an 
oscillating electric field analogous to the 
oscillating voltage on the grid in a triode 
tube. This metal-enclosed chamber, 
known as a cavity resonator, is the crux 
of the device. The electric field within 
the cavity is produced by the microwave 
signal to be amplified. When the cavity 
is a certain size, it will resonate to micro­
waves of a certain frequency, which 
thereby set up an oscillating electric 
field within the enclosure. The cavity 
can be tuned to various microwave fre-

REFLEX KLYSTRON has only one cavity (see diagram a/ the top of page 88). This tube, 
made by Varian Associates of Palo Alto, Calif., generates microwaves 15 centimeters long. Its 
output of 10 watts is conducted along a coaxial cable, a crOSS section of which is in the eenter. 

quencies simply by adjusting its size by 
some mechanical means. A crude anal­
ogy to the cavity resonator would be a 
glass goblet which resonates at a certain 
pitch depending on the level of the wa­
ter in it-that is, the size of the air cavity. 

The oscillating field alternately gives 
the ends of the gap a negative and posi­
tive charge. As a result some of the elec­
trons are slowed down as they pass 
across the gap and others are speeded 
up. In the next stage of their journey, 
through a so-called "drift tunnel," the 
faster electrons catch up with the slower 
ones and bunches are formed. Just when 
the bunching has become sharpest, the 

electron groups reach the second gap, 
also a cavity resonator. If this cavity is 
tuned to the frequency of their arrival, 
the electron bunches will excite electrical 
oscillations in it, just as hitting a pendu­
lum with periodic strokes timed to its 
natural frequency will keep it swinging. 
The electrical energy delivered at this 
"catcher gap" is taken oB;. by some suit­
able transmission line. After the electrons 
have passed beyond the gap, they are 
caught in a collector bucket and their 
remaining kinetic energy is spent in the 
form of heat. 

This simple klystron tube, like a con­
ventional triode tube, acts as an ampli-

85 

© 1954 SCIENTIFIC AMERICAN, INC



ONE·WATT KLYSTRON made by Varia." Associates is shown 
from two sides. It is a reflex tube which generates microwaves five 

THIRTY·MILLION·WATT KLYSTRON made at Stanford Uni· 
versity is similarly shown from two sides. Its output is used to 
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centimeters long. The oblong opening in photograph at right is 
coupled to a wave guide, the pipe used to conduct microwaves. 

propel electrons in the new Stanford linear accelerator. StandinJt 
about three feet high, it is the most powerful radio tube ever made. 
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Rer: it uses a weak microwave signal to 
convert the power of the electron beam 
into microwave power. The same tube 
can be employed to generate micro­
waves, feeding part of the power from 
the second cavity back to the Rrst. Many 
other variations of the klystron are pos­
sible. For instance, it can be made with 
only one cavity resonator, which serves 
both as the buncher and the catcher [see 
diagram at top of next page J. After the 
electrons have crossed the cavity, they 
are reflected back into it by a negatively 
charged plate; on their return they ar­
rive in bunches and boost the power of 
the electrical oscillations in the resonant 
circuit. This reflex klystron, as it is called, 
is very handy because there is only one 
cavity to tune, and it was used by the 
millions in radar sets during the war. 
Another version of the klystron has 
three or more cavities in series; this 
improves the bunching of the electrons 
and enhances the efficiency of the tube. 
Still another variation is the so-called 
"frequency-multiplier" klystron. The 
catcher gap is made resonant not to 
the frequency of the arrival of bunches 
but to some whole multiple of that fre­
quency-as if a pendulum were pushed 
not at every swing but at every second, 
third, fourth or even 20th swing. The 
tube then puts out a higher frequency 
than is fed into it. This klystron is espe­
cially valuable in applications where it 
is important to hold a transmitter to a 
given frequency with great precision. 

T he simplicity of the klystron, both in 
principle and in practice, is its most 

attractive feature. It contains no wires to 
dissipate and lose electrical energy. Its 
three basic functions-formation of an 
electron beam, generation of microwave 
power and disposal of the heat of the 
spent electrons-are physically separated 
and nearly independent of one another. 
This makes it easy to design new varia­
tions of the tube and to understand their 
operation. And the klystron's efficiency 
in converting electrical energy into mi­
crowave power is comparatively high­
usually between 25 and 40 per cent and 
sometimes as high as 50 per cent. In its 
early years the klystron was not believed 
capable of putting out much power, and 
it was used mainly as a receiver tube, 
with the magnetron taking over trans­
mitting jobs. But its development since 
the war has dispelled that idea; today 
there are klystrons which generate much 
more power than has ever been achieved 
with a magnetron or any other radio 
tube. A klystron developed at Stanford 
University for use in linear accelerators 
can put out, in short pulses, a peak 

I/E/fCOMPLETE LINE 

FAR MORE MICROSCOPE FOR YOUR MONEY 

In this complete new line you'll find time-saving features, 

convenience advantages never before attainable in a polar. 

izing microscope. Look, for example, at the many benefits 

you get with the Model LS-2 ... unequalled in this lowest· 

price range ... exclusive with Bausch & Lomb Polarizing 

Microscopes, the world's finest. 

Model LS-2, with all these 
advantages, only $304.50 

Easiest operation ever 
Fine focus knob is in hand-a'-rest position. 

Glide motion focus, drift-free; ball bearings 

and rollers throughout, for longest life. 

Fingertip-twirl operation of all controls. 

Dependable accuracy 
Fine focus, with l-micron divisions. 

Ball bearing stage is factory centered, 

graduated in single degrees. Boll 

bearing nosepiece-identical repeat 

settings (Centering nosepiece optional 

at extra cost). Pre-set polaroid polar­

izer, with iris diaphragm. 

Finest image quality 
Optical system is dust-proof, 

including polaroid .analyzer and 

a c c e s s o r y  s l o t. St r a i n - f r ee, 

achromatic objectives. Uniform 

light on full field. Opti-Iume 
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changeable with mirror; use 

attached or separate. 
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Dustproof 
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C
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polarizer. 
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STAGE 

• One of many 
new accessories. 
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WRITE for Catalog D-130 and 
demonstration. Bausch & Lomb 
Optical Co. 78127 St. Paul Street, 
Rochester 2. N. Y. 
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ANOTHER VIEW 

One manufacturer seems to feel that relays 
are a huge joke (if we take his advertisements 
seriously), He seems to feel that no sane per­
son would expect reliable operation. It has 
been implied that customers are naive-ex­
pecting satisfactory performance. Competitors 
have been pointed at humorously for trying to 
improve quality or production. 

We don't feel that way at Assembly Prod­
ucts, We are deadly serious about sensitive 
relays. For several years we have been trying 
the "impossible"-and partially succeeding, 
Along with many others we have been pushing 
at the barrier of impossibility and gradually 
getting results. Meter-relays are providing sen­
sitivity. accuracy and reliability thought fan­
tastic only a few years ago. 

Now we don't want to be accused of taking 
ourselves too seriously, but we can't see any­
thing funny about unreliability. All too often 
I1iuch valuable equipment depends on relays. 
Even human lives may be at stake. No, we take 
every report seriously. Why did it fail? Was 
the unit itself at fault or was the circuit wrong? 
What can be done to correct that weakness? 
These and many other questions we ask our­
selves and our customers many times. 

Meter-relays are not as well known as they 
should be. They have a moving coil armature 
pivoted in the field of an Alnico magnet. Bal­
anced for use in any position, the contacts 'lock 
in' when they close. Several methods are used to 
release them. Versatile in design, one may re­
spond to as little as � microampere. Another 
may require 100 amperes or more. Here is an 
example* of a three position, or "null seeking" 
unit. Actually it is 'three-in-one' ... the zero 
center moving coil relay, and two load relays. 
These give positive detent and high contact 
rating. This complete unit may be shock 

mounted and sealed in a can with plug-in 
terminals. Or, it may have a scale and pointer 
which indicates deviation from zero. Recent 
improvements are making it smaller, lighter, 
more sensitive and reliable. 

This is only one example of the adaption of 
a meter-relay to a difficult problem. The sales 
department and our project engineers offer you 
full cooperation in your sensitive relay needs. 
We believe there are still many new frontiers 
to explore. 

If you'll ask for it. we'll send you descrip­
tions of our present models including Bulletin 
112. This is eight pages of circuitry and speci­
fications for the use of meter-relays. 

You may also want to ask about two new 
models, the 255 and 355. These are being de­
signed to government specifications MIL-R .. 
5757-B and MIL-M-I0304 (Sig C). Samples are 
being tested now for compliance. . . . Call 
or write Bradley Thompson, Assembly Prod­
ucts, Inc., P. O. Box 191, Chagrin Falls 5, 
Ohio. Telephone CHagrin Fans 7-7374. 
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• Double contact meter .. relay. self releas .. 
ing, with high and low limit load relays. 
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VARIATIONS use resonators in different ways. In the reflex klystron (top) the electrollE 
pass through a single resonator twice. In the cascade amplifier (middle) the electrons pass 
through three or more resonators. In the frequency multiplier (bottom) the second 
resonator is tuned not to the frequency of arriving bunches but to a multiple of it. 

power of 30 million watts-a level that 
approaches the power consumption of a 
'small city. 

The klystron is now 15 years old. The 
principle of the velocity modulation 

and bunching of electrons was conceived 
independently by A. Heil and O. Heil 
in Germany in 1935 and by W. C. 
Hahn and G. F. Metcalf and the Va­
rian brothers, Russell and Sigurd, in the 
U. S. in 1939. Meanwhile W. W. Hansen 
of Stanford University, who was seeking 
ways to accelerate electrons to higher 
energies, discovered the principle of the 
cavity resonator. The first klystron was 
built in 1938 by the Varian brothers, 
Hansen and other collaborators at 
Stanford. During the war the U. S., 
England and France independently pro­
duced klystrons which were nearly iden-

tical in appearance and performance. 
This is not surprising, for the fundamen­
tal principles are simple and the original 
papers on them were sufficiently clear 
to point the way to development of va­
rious klystron devices. 

After the war many of the laboratories 
that had been working in the klystron 
field dropped this effort; only two or 
three in the U. S. and a similar number 
in England and France continued re­
search. At Stanford the Hansen-Varian 
group reassembled to develop the klys­
tron further, and one of their interests 
was to use it to generate unprecedented 
amounts of microwave power for ac­
celerators in nuclear physics. The tube 
they devised for the Stanford linear elec­
tron accelerator is the most powerful 
vacuum tube ever made. It operates at 
a wavelength of 10 centimeters . The 

© 1954 SCIENTIFIC AMERICAN, INC



Emblem ... of Engineering Opportunity ... 

and Professional Progress 
DEVELOPMENT. DESIGN • SYSTEMS ENGINEERING 

Consider RCA's engineering opportunities listed below! 

For professional association in the field of your choice, write: 

John R. Weld, Employment Manager 

Dept. 301 C, Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N. Y. 

Air Conditioners. Altimeters. Ampule Inspection. Analog Computers. Antenaplex • Antenna Systems· Aviation Radio. Beverage 

Inspection 0 Broadcast (AM and FM) 0 Calibration Equipment 0 Camera Tubes 0 Cathode Ray Tubes 0 Color and Monochrome TV 
Cameras, Receivers, Studio Equipment, Transmitters • Communications Equipment • Counter Measures • Custom Recordings • 
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Apparatus 0 Field Services 0 Gas Tubes 0 High Fidelity 0 Industrial Products 0 Information Disploys o inter-Comm Equipment 0 Kinescope 

Tubes. Loran . Microphones . Microwave. Microwave Tubes. Missile Guidance . Mobile Communications. Oscillograph Tubes 
o Phonograph Records 0 Photo Tubes 0 Power Tubes 0 Public Address Systems 0 Radar 0 Radio Receivers 0 Receiving Tubes 0 Rectifier 

Tubes· Semi-Conductors. Servo-Mechanisms . Shoran • Sonar· Sound Film Proiectors • Sound Powered Phones. Special Apparatus 

• Storage Tubes · Tape Recorders . Teletypewriter . Test Equipment. Theater Equipment. Theater Television. Transistors · Tube 
Parts· "Victrola" Phonograph� Tmks® 
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Gas analysis • Volume limiting • 

Surge protection • Vacuum mano­
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measurement· Radar power meas­
urement • Temperature compensa­
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new applications being developed. 
• Visit Victory at the IRE Show. 
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klystron can put out its great power of 
30 million watts only in pulses, for the 
equipment would quickly overheat if the 
output were continuous. Altogether the 
klystrons in Stanford's billion-volt ac­
celerator will provide about 400 million 
watts of power. 

The high-power klystron has been 
turned to many other uses, and several 
manufacturers now produce it commer­
cially. It is believed to have promising 
possibilities in moderate-sized electron 
accelerators for treating cancer, steriliz­
ing food and drugs, deinfesting grain 
and fruit and so on. 

In radar sets the klystron is still giv­
ing wide and rugged service. Reflex 
klystrons as small as one or two inches 
in length have been made for aircraft 
sets. Larger ones are serving as trans­
mitters in microwave relay systems, not 
only for television but also for other 
communications. One tube of this kind 
can generate as much as 10 watts of 
power. In the new ultrahigh-frequency 
television broadcasting region klystrons 
will be invaluable. One large klystron 
especially designed for transmitting 
service in that band is nearly as tall as 
a man. It is a three-cavity amplifier, 
capable of delivering more than 15 
kilowatts of power continuously. A 
high-power klystron must be large so 
that it can dissipate the heat produced 
by electrons straying from the stream 
in the tube. 

The magnetron, the close-spaced tri-
ode and the newly developed travel­

ing-wave tube will be competitors of the 
klystron in certain fields, but the klystron 
will cel:tainly more than hold its own in 
its large sphere of usefulness-as a trans­
mitter where large amounts of power are 
required, as a source of local oscillator 
power in nearly all microwave receivers, 
as a laboratory tool for studying micro­
waves and matter. 

Recently there have been suggestions 
that the transistor, the new solid-state 
device for controlling the flow of elec­
trons, may do away with vacuum tubes 
altogether. The fact is that neither the 
klystron nor the other microwave de­
vices is likely to be supplanted by the 
transistor. For theoretical and practical 
reasons it seems improbable that the 
transistor can be made to operate at 
microwave frequencies. 

The klystron has ,come into its own 
because it is a relatively simple device 
which can perform at high frequencies 
nearly every function required of a ra­
dio tube: it can amplify signals, mul­
tiply frequencies and generate small or 
large amounts of power. 
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" ... More than 6,000 

of our employees 

are now participating. " 
• • 

!IELVIN R. BAKER 
Chairman of the Board, National Gypsum Company 

"The Payroll Savings Plan for Bonds provides a convenient and profitable way 
for America's wage earners to save. Millions of Payroli Savers have become proud 
owners of homes purchased with Bonds bought this way. It also helps our national 
government with its problems of managing the public debt. We in National Gypsum 
urge the stimulation of the Payroll Savings Plan and are proud to report that more 
than 6,000 of our employees are now participating." 

Here's another success story of a person-to-person 
canvass: 

In the Wahoo (Nebraska) ordnance plant of the 
National Gypsum Company, employee participation in 
the Payroll Savings Plan was a very low 1.73'/0. 

In September of last year, with the whole-hearted en­
couragement of top management, the 3,000 employees 
of Gypsum's Ordnance Plant organized to conduct a 
person-to-person canvass to put a Payroll Savings Ap­
plication Blank in the hands of every employee_ 

90'1'0 of the employees signed up in the opening days 
of the campaign. By Septemher 12th, employee partic­
ipation was 93.7'1'0. On Octoher 2nd, participation was 
almost 97'1'o-and still going up. 

To quote from National Gypsum's printed report of 
the Payroll Savings campaign: 

• "Did we use fancy charts! Did we use advertise­
ments? Did we have long-winded meetings. Did we 

give prizes for production? T he answer is No! We put 
the proposition squarely to the people, and we reported 
to the people once a week in hulletin form to let them 
know where they stood in relation to other depart­
ments as well as to the plant total. Once the spirit of 
competition and teamwork caught fire, once it hecame 
a matter of personal pride; a successful conclusion was 
only a matter of time and effort." 

Justifiably proud of its sponsorship of the Payroll 
Savings Plan and the 97'/0 enrollment of its employees, 
National Gypsum Company prepared a very interest­
ing folder, "Bombs and Bonds for National Defense. 
T he Savings Bond Program of the National Gypsum 
Company." Savings Bond Division, U. S. Treasury De­
partment, Suite 700, Washington Building, 'Vashing­
ton, D. C., will be glad to send you a copy. Read how 
easy it is to build your Payroll Plan to 90% or more 
participation. 

The United Slates Government does not pay for this advertisement. It is donated by this publica­
tion in cooperation with the Advertising Council and the . Magazine Publishers of America. ® 
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by Freeman J. Dyson 

A HISTORY OF THE THEORIES OF AETHER 
AND ELECTRICITY, VOL. II, by Sir Ed­
mund Whittaker. Philosophical Libra­
ry ($8.75). 

Englishmen still speak of January 
and February of 1947 as "the bad 
winter." It began with a blizzard 

which disrupted communications, and it 
continued with five weeks of unceasing 
frost and biting east winds. Industry was 
at a standstill, and animals died of cold 
in the zoology laboratories at Cambridge 
University. Twice a week all through this 
time, Sir Edmund Whittaker delivered 
a series of public lectures. For each lec­
ture he traveled from Edinburgh to 
Cambridge (eight hours by train in good 
weather) and back again. He was then 
73 years old. The inhabitants of Cam­
bridge, of whom I was one, crawled out 
of their unheated rooms and groped 
along dark and icy streets to the big lec­
ture hall to listen to him. There we were 
warmed, not only by the physical 
presence of a big crowd packed together, 
but by the mental vigor and enthusiasm 
of the old man on the rostrum. 

With such memories of Whittaker, I 
was not surprised to find him at the age 
of 80 publishing this ambitious work, 
which is a rather complete and copious­
ly documented history of the whole of 
theoretical physics during the period 
1900 to 1926. The first volume of his 
history, dealing with the classical theo­
ries up to 1900, was originally published 
in 1910, and was reissued in a revised 
and up-to-date version in 1951. He said 
in the new preface to Volume I that he 
had long intended to write a second 
volume, but had had no time for it while 
he was a professor at Edinburgh, a posi­
tion which he held from 1912 to 1946. 
When, after this interlude of 34 years, 
he took up the task again, he found that 
so much had happened in the meantime 
that three volumes rather than two 
would be required. So Volume II goes 
only up to 1926, and Volume III will 
take the story up to 1950. Knowing 
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BOOKS 
Physics 1900-1926: a review reflecting upon 
how past theories shape those of the future 

Whittaker's pertinacity and indestructi­
bility, I feel confident that Volume III 
will appear in due course and will be as 
thorough and informative as its pre­
decessors. 

The second volume is necessarily very 
different in style from the first, because 
the history it records is of a different 
character. Up to 1900 the rate of pro­
gress in physics was determined mainly 
by the rate of discovery of new experi­
mental facts. A theory, or an argument 
between two conHicting theories, could 
hold the field for a hundred years, as 
new discoveries came slowly. For ex­
ample, for a hundred years after Newton 
no essentially new optical experiments 
were done, and so Newton's corpuscular 
optics could neither be proved nor dis­
proved. In the meantime the physicists, 
who in those days correctly called them­
selves "natural philosophers," could dis­
cuss the nature of light only in general 
philosophical terms. Thus the history of 
this period is the story of the exceptional 
geniuses who discovered, often acci­
dentally, new facts, and the story of the 
gradual assimilation of the new facts into 
the leisurely scientific speculations of the 
time. 

But toward the end of the 19th cen­
tury the pace quickened, and after 1900 
new experimental knowledge concerning 
light and electricity accumulated rapid­
ly. Now the rate of progress in physics 
was set by the speed with which observa­
tions could be understood and expressed 
in exact mathematical terms. The leaders 
of physics were a group of mathematical­
ly trained minds, working consciously 
toward the creation of a theory which 
should explain the wide totality of 
known facts. The history of the period 
1900-1926 is therefore the story of a con­
certed and sustained intellectual effort, 
giving birth to ideas of a highly technical 
and mathematical nature. There is prob­
ably no other period of history in which 
so much prolonged hard thinking was 
done. At the end of it the two great new 
ideas of modern physics had been born­
the Einstein theory of gravitation and 
quantum mechanics. 

Whittaker's two volumes reHect faith-

fully the different climates of science in 
the two periods they cover. The first vol­
ume is dominated by personalities, the 
second by logic. The first volume de­
scribes historical accidents by which in­
dividuals were able to change the way 
of thinking of their times; there is also 
much discussion of the connections be­
tween the physics and the general philo­
sophical ideas of each century. The 
second volume, like the physicists of to­
day, is more limited and professional in 
its scope. It gives a clear, logical account 
of the sequence of events in the intel­
lectual struggles which led up to rela­
tivity and quantum mechanics. Whit­
taker not only describes each stage of the 
struggle but explains the necessary 
mathematics and writes down the equa­
tions. The volume thus in a sense is a 
mathematical textbook in which the 
theories of relativity and quantum me­
chanics are outlined with emphasis on 
their historical development. If the au­
thor had not changed his style in this way 
for the second volume, he could not have 
written so useful a book. 

For us who have grown up after 1940 
and have accepted quantum mechanics 
as a fait accompli, it is extremely diffi­
cult to imagine the state of mind of the 
men who were creating the theory before 
1926. It is especially difficult for me, for 
I had my first introduction to the subject 
by way of the highly polished and com­
pletely unhistorical lectures of P.A.M. 
Dirac. 

It is much easier to understand the 
finished product than to examine critical­
ly the steps by which it came into being. 
Still it is important that we do make the 
effort of imagination to put ourselves in 
the position of the men of the 1920s. We 
must do this because we must expect 
changes in the theory in the future. If a 
theory is taught and learned dogmatical­
ly as it stands, without regard to its 
origins, then it is in danger of becoming 
fossilized and of being finally an obstacle 
to further progress. Science, and even 
quantum mechanics, is not a body of re­
vealed truth to be piously preserved. We 
must understand what is essential in the 
theory and what is not, and the best way 
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to reach such understanding is by study­
ing its history .  

The most striking fact that Whittaker's 
book brings out is the steady and con­
tinuous nature of the development that 
led up to the big jumps .  The actual dis­
coveries of relativity and quantum me­
chanics were indeed big jumps, but not 
so big or so miraculous as they seemed 
to us of the younger generation . For ex­
ample, Whittaker quotes passages from 
papers of Henri Poincare written in 
1904. If I had been asked to identify 
these passages without knowing their 
author, I would unhesitatingly have 
placed them in Einstein's historic paper 
of 1905, in which he announced the dis­
covery of special relativity . To say this 
does not detract from the achievement 
of Einstein . It only means that the story 
of Einstein's discoveries as it has taken 
shape in the public mind is oversimpli­
fied. Just because Whittaker emphasizes 
the continuity of the over-all develop­
ment, and reduces the size of the big 
jumps, his book is  an enormous help to 
anyone who wishes genuinely to under­
stand the state of mind of the men who 
made the jumps. 

Whittaker himself l ived as a working 
scientist through the whole of the de­
velopment he is describing. He made 
significant, though not leading, contribu­
tions both in quantum mechanics and in 
the field of general relativity . Whittaker 
has references in this volume to about a 
thousand original papers, which he pre­
sumably studied at the time they were 
published. These are advantages which 
hardly anybody now living shares with 
him. I am not able to pass judgment 
upon his historical accuracy, but I think 
it likely that this is the most scholarly 
and generally authoritative history of its 
period that we shall ever get .  

The book starts with a chapter de­
scribing the growth of experimeFital 
atomic physics from the discovery of 
radioactivity by Henri Becquerel to the 
artificial transmutation of atoms by Lord 
Rutherford. The facts revealed by these 
experimenters-that each atom consist s  
of  a nucleus with a definite number of 
electrons attached to it by the electric 
attraction of unlike charges-were basic 
for the detailed theories of atomic struc­
ture which came later . The rest of  the 
book is concerned mainly with theoreti­
cal and mathematical developments. 
Two chapters are devoted to special and 
general relativity, three to the "old quan­
tum theory" of Max Planck and Niels 
Bohr, and two to the "new quantum 
theory" of 'Werner Heisenberg and Er­
win ,Schrodinger, which we now call 
quantum mechanics .  

The central paradox in the physics of 
our time i s  shown very clearly in this 
history. Namely, the developments 
which led to general relativity and to 
quantum mechanics started out in op­
pOSite directions and have never been 
brought together again. General rela­
tivity is a theory of the gravitational ef­
fects produced by large masses of mat­
ter. Quantum mechanics describes the 
behavior of individual atoms and elec­
trons .  There is no practical overlap of the 
two theories, because the gravitational 
effects produced by individual atoms 
are exceedingly weak-many, many 
times below the limit of observability . 
Each theory appears to be correct within 
the domain to which it applies .  And still 
the two theories are formally incom­
patible ; that is to say, both cannot be 
exactly true in their present forms. 

General relativity is built upon the 
hypothesis that our space-time does not 
possess any special coordinate systems 
put into it a priori by the creator. By a co­
ordinate system we mean a system of at­
taching to each space-time point a set of 
four numbers which act as a label, so 
that given the four numbers we know 
what point we are talking about .  For 
example, the coordinate system that lo­
cates points upon the earth consists of 
these four numbers: latitude, longitude, 
height above sea level and Greenwich 
mean time. It is impossible to write down 
any mathematical laws of physics at all 
without assuming some kind of coordi­
nate system in terms of which the posi­
tions and velocities of material objects 
may be specified. The principle of gen­
eral relativity asserts that the laws of 
physics must be of such a kind that they 
hold good in any coordinate system . Na­
ture shall have no intrinsic preference for 
one coordinate system over another. 

As a consequence of this principle of 
relativity, geometry becomes a branch of 
physics. We cannot take a region of 
empty space with a given geometrical 
size and shape, and then imagine some 
piece of matter to be put into i t .  The 
matter will change the measurements of 
distances and angles, and so will change 
the geometry of the space . If the geome­
try of space could be defined inde­
pendently of the matter in it, this would 
enable us to construct a special, pre­
ferred coordinate system . So the Einstein 
law of gravitation describes the motion 
of matter through space, and the chang­
ing geometry of the space, as two aspects 
of the same thing . 

In contrast to general relativity, quan­
tum mechanics starts from the hypothesis 
that the position of a material particle is  
not something that exists in nature in-
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o NUCLEAR PHYSICS by Werner Heisenberg. This 
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dependently of our attempts to observe 
it . The particle has a definite position 
only at the instant when we-bring it into 
contact with a piece of apparatus de­
signed to measure its position-for ex­
ample, a photographic plate . A moment 
after the measurement is made, the posi­
tion is again uncertain . The result of a 
later measurement of its position cannot 
in general be predicted from the result of 
the first measurement . Therefore in 
quantum mechanics there is no way to 
speak about a distribution of matter in 
space-time as something existing pre­
cisely and objectively without our hav­
ing to observe it . 

To write down laws of nature in quan­
tum mechanics we still need coordinate 
systems . The points of space-time must 
be labeled in some way, and the labels 
must be definite numbers independent 
of our measuring apparatus . The space­
time with its coordinate system appears 
as a fixed framework, not subject to the 
uncertainties of quantum mechanics. 
The equations of quantum mechanics 
describe how particles move over the co­
ordinate framework . But the equations 
do not fix the movements of a particle 
precisely; they only determine the proba­
bility of seeing the particle at a given 
position at a given time, if its position 
has been found by observation at an 
earlier time . As the coordinate frame­
work is supposed to be fixed, while the 
particle motions are uncertain, there is 
no way in which we can allow the par­
ticle motions to react back-upon the geo­
metric properties of the space-time. The 
geometry is assumed to be known a 
pri01'i, and the particles travel through 
space-time in waves of probability with­
out disturbing the geometry in the least. 

It is by no means clear that it will al­
ways be impossible to find laws of nature 
which are quantum-mechanical and yet 
are valid in all coordinate systems. But 
nobody has produced any promising sug­
gestion of how to do it . All our existing 
quantum-mechanical equations presup­
pose a space-time with a definite geome­
try, and this geometry defines a preferred 
set of coordinate systems . 

There are three possible ways out of 
this dilemma. First, one may reject the 
idea that the principle of general relativ­
ity is universally valid . Second, one may 
believe that quantum-mechanical in­
determinacy will disappear in the 
physics of the future. Third, one may be­
lieve in both principles and look to the 
future to reconcile them. Let us briefly 
examine what is implied by each alterna­
tive. 

The first alternative is preferred by a 
substantial number of present-day physi-
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cists . As Einstein has always stressed, the 
observational evidence for general rela­
tivity is by no means conclusive . The ad­
vance of the planet Mercury's perihelion 
and the other two effects which to some 
extent confirm the theory could if neces­
sary be explained otherwise . To most 
people who believe in the theory strong­
ly, the convincing argument is an 
esthetic one . The theory explains in such 
a simple and natural way the basic facts 
of universal gravitation, especially the 
equality of gravitational accelerations 
for all masses at a given point of space, 
that it seems stupid to look for another 
explanation . The principle that God 
created the world without any special 
built-in coordinate system seems in har­
mony with the ideal of avoiding unneces­
sary hypotheses; to deny the principle 
seems by comparison uneconomical and 
ugly. Esthetic arguments of this sort may 
convince you or they may not . The im­
portant point is that if you believe in 
general relativity for such reasons, then 
you must believe that the principle holds 
universally, on the atomic as well as on 
the astronomical scale . If you believe 
this, as I do, then the first alternative is 
unacceptable . 

The second alternative is the one fol­
lowed by Einstein himself . He believes 
that quantum mechanics is correct as far 
as it goes, but that it gives an incomplete 
description of nature . He expects the 
physics of the future to be a deterministic 
theory, in which motions of particles are 
exactly predictable. The equations of 
quantum mechanics will describe then 
the incomplete knowledge of the future 
of a particle that would follow from an 
incomplete knowledge of its past . If such 
a deterministic theory could be found, 
the difficulty of harmonizing quantum 
theory with general relativity would dis­
appear. But few people besides Einstein 
place solid hopes in this direction . The 
acceptance of indetelminacy as a basic 
law of nature is supported by arguments 
of simplicity and esthetics which most 
physicists find as compelling as the ar­
guments for general relativity. 

There remains the third alternative: 
that we may be able eventually to con­
struct a quantum mechanics without 
special coordinate systems . Probably 
most physicists, if forced to choose, 
would call this the most promising al­
ternative . But it must be admitted that 
there has been absolutely no progress in 
this direction during the past 20 years . 
The difficulties are clear. We must sup­
pose a space-time to be given a priori, 
completely devoid of geometrical fea­
tures.  The equations of quantum me­
chanics must somehow be written with-

out the help of previously defined no­
tions of distance and time interval. Then 
the distances and time intervals between 
physical events will be defined in terms 
of the solutions of the quantum-mechani­
cal equations . These distances and time 
intervals, like other physical quantities, 
will be subject to quantum-mechanical 
uncertainties . So the geometry of space­
time will finally appear as part of the 
physics; it will be a quantum-mechanical 
geometry quite different from anything 
we have seen up to now. It is not clear 
whether the notion of a space-time point 
will any longer have a meaning . 

It is perhaps the strongest guarantee 
we have of ft:ture progress in funda­
mental physics that this big jump of 
reconciling general relativity with quan­
tum mechanics lies ahead of us . If this 
big problem is solved, a host of smaller 
problems will be solved with it. The time 
may already be ripe for a great theorist 
to construct by pure thinking and mathe­
matical insight a quantum-mechanical 
world geometry, and from it to deduce 
many of the puzzling features of our 
actual world. More probably the time is 
not yet ripe, and we face a rather long 
period of accumulating experimental in­
formation and groping for a piecemeal 
understanding of it . In any case, it is 
good for us occasionally to look over the 
past and the future, as Whittaker does, 
with a longer perspective than the exi­
gencies of day-to-day research allow to  
us. 

Short Reviews 

THE COMMON SENSE OF SCIENCE, by 
J. Bronowski . Harvard University 

Press ($2.00) .. This sensitive, searching 
book is concerned with the nature of 
science and the relation of its central 
cr(;)ative ideas to other human activities . 
The ideas of order, of causes and of 
chance have played immensely impor­
tant parts in the growth of scientific 
thought. Yet none of these ideas, Dr. 
Bronowski points out, is peculiar to 
science; they are common-sense ideas 
which we all use "to help us run our 
lives." In the history of science the de­
cisive moments occur when these com­
mon-sense ideas are reappraised and re­
formulated. In the 18th century, science, 
as well as other branches of thought, was 
dominated by the idea of order; the 19th 
century was ruled by Laplace's belief 
"that everything can be described by its 
causes"; in our century the concept of 
chance and the conviction of the under­
lying uncertainties of all knowledge have 
made possible the most spectacular ad­
vances in knowledge . Bronowski, who is  
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'sclence book club 
THE CREATION 

OJ: THE UNIVERSE 
By GEORGE GAMOW 

Now for the first time in a book for science-minded people, 
Dr. Gamow discusses the origins of galaxies, stars and planets 
in the light of known nuclear reactions. In a witty, readily 
understood manner, he traces the expansion of the universe 
through three billion years of gas-to-liquid and liquid-to­
solid evolution. To support his interesting conclusions and 
contentions, he draws upon geology, astronomy and the new­
est concepts in the fields of nuclear and atomic reactions. 

EXPLORATIONS 
IN SCIENCE 

By WALDEMAR KAEMPFFERT 

This is a fascinating non-technical exposition of the scien­
tific wonders that have made startling headlines in recent 
years, and the dramatic stories behind them. Intended as a 
"guided tour" for the intelligent reader who wants to keep 
abreast of today's increasingly important and complex scien­
tific developments, this book deals with current problems 
such as: the use of atomic energy in war and peace, the mys­
tery zone of supersonic speeds, the enigma of cancer, the 
cyclopean eye of Palomar, and even the prospects of made­
to-order weather. The author is a former Editor of Scientific 

American and is currently the Science and Engineering 
Editor of the New York Times. 

Combined retail price $7.25 BOTH FREE '0 new members 

Start your membership with --------

ROCKETS, MISSILES 
and SPACE TRAVEL 

By WILLY LEY 

Just how far has Science advanced to­
ward making interplanetary space travel 
a reality? Here are facts much stranger 
and more exciting than any fiction ever 
written-and theories that may be estab­
lished facts much sooner than we think .. 
The question is no longer whether space 
travel theory is serious, or correct. It is , 
now simply a matter of how quickly en-

' 

gineering practice can catch up with ex­
isting theory! Illustrated with many pho­
tos, drawings and charts. 

Relail price $5.95 
To members, only $4.75 
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Creation 01 the Universe FREE with your first selection, 
Rockets, Missiles, and Space Travel. For every four addi­
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an able mathematician, an imaginative 
director of practical research, a gifted 
man of letters (he has written a first-rate 
biography of William Blake) and a per­
ceptive and witty commentator on the. 
problems of society, is uncommonly well 
equipped to treat the broad theme of his 
essay, to give it unity and clarity. His 
small book, like a fine glass of brandy, 
is a rich and satisfying distillment. 

kIMAL BIOCHROMES AND STRUCTURAL 

COLOURS, by Denis L. Fox. Cam­
bridge University Press ($11.00). A 
14th-century Chinese writer, Li Hai Chi, 
marveling at the processes of nature, 
observed: "As for eggs, they have white 
on the outside and yellow on the inside. 
But when the development of form is 
accomplished, the yellow is changed to 
the outside and the white to the inside. 
How can this be?" Li Hai Chi ascribed 
the transformation to the interaction of 
Yin and Yang, the male and female prin­
ciple. A more reasoned explanation of 
the colors and pigments of animals is 
presented in this fascinating book by Dr. 
Fox, professor of marine biochemistry at 
the Scripps Institution of Oceanography. 
Color may arise from two fundamentally 
different sources: "chemical or pigmen­
tary compounds on the one hand, and on 
the other, purely physical structures of 
such fine dimensions as to interrupt vis­
ible light waves and disintegrate the 
spectrum." Fox discusses specific ex­
amples of structural colors, the pigmen­
tary compounds and the chemical, dis­
tributional and physiological features of 
colored bodies throughout the animal 
world. His survey is remarkable in bring­
ing together the researches and interests 
of biologists, biochemists, physiologists, 
anatomists, cytologists, pathologists, 
geneticists and naturalists. The book is 
illustrated by numerous text figures and 
three stunning color plates. 

T HE PAPERS OF THOMAS JEFFERSON, 

VOL. VII, edited by Julian P. Boyd. 
Princeton University Press ($10.00). 
During the 11 months of Jefferson's 
life spanned by this volume (March, 
1784, to February, 1785), he produced 
some of his greatest papers. The writings 
include reports on the national debt, 
surveys of the commerce and agriculture 
of the several states, recommendations 
for the establishment of a land office for 
disposing of lands in the national do­
main, model drafts of international 
treaties, and his famous Notes on Coin­
age, which persuaded Congress to adopt 
the dollar as the U. S. money unit and 
to apply to coinage the decimal system 
of reckoning. The correspondence be-

96 

tween Jefferson and his many friends is, 
as always, of the widest interest. He ad­
vises George Washington to force the 
Society of the Cincinnati to abandon the 
principle of hereditary membership, lest 
this feature create an elite within the 
state; he presses inquiries about recently 
discovered fossils and receives a report 
from Ezra Stiles, president of Yale, on 
monsters, four-pound teeth and giants 
"antediluvian and postdiluvian." From 
Paris, where he went with Benjamin 
Franklin and John Adams to negotiate 
treaties of "amity and commerce," he 
reports various scientific discoveries, 
among them the phosphorus match, a 
new cylindrical lamp and one of the 
earliest of self-regulating machines-a 
windmill "which offers itself to the wind 
in whatever direction that is." 

JANE'S ALL THE WORLD'S Am CRAFT, 

1953-54, compiled and edited by 
Leonard Bridgman. The McGraw-Hill 
Book Company, Inc. ($23.00). In 1909, 
the year Jane's first appeared, Louis 
Bleriot made the first flight over the Eng­
lish channel. The annual's 1953-1954 
edition, coinciding with the 50th anni­
versary of the Wright brothers' first 
flight, reports advances over Bleriot's 
time. In 1952 the world's airlines flew 
more than a billion scheduled miles, car­
rying 45 million passengers and 925 mil­
lion metric tons of cargo. But the domi­
nant theme of this edition is military. 
Every self-respecting air force now 
possesses craft that fly faster than sound. 
The British have Venoms and Javelins 
and Swifts and Furies and Ghos

'
t turbo­

jet engines, also Chipmunks and Doves 
and Fairey Fireflies and Rotodynes. The 
pride of the French air force is the 
Mystere, clocked at supersonic speeds. 
The fastest U. S. planes include the Bell 
X-5, Boeing's Stratojet, Convair's XB-58 
bomber, Douglas' Skyrocket, North 
American's F-86. Data about the 
U.S.S.R. are meager as always, but there 
is ample evidence that the Mikoyan, the 
Lavochkin and the Tupolev are keeping 
up with the latest products of the West. 

k ESSAY ON MAN, by Ernst Cassirer 
(75 cents); MODERN SCIE:-<CE AND 

MODERN MAN, by James B. Conant (65 
cents); MAN ON HIS NATURE, by Sir 
Charles Sherrington (85 cents); SOCRA­

TES, THE MAN AND HIS THOUGHT, by A. 
E. Taylor (65 cents); HISTORY OF ENG­
LAND, VOL. II: THE TUDORS AND THE 

STUART ERA, by G. M. Trevelyan (85 
cents); THE SEVENTEENTH CENTURY 

BACKGROUND, by Basil Willey (85 
cents). Doubleday and Company, Inc. 
These volumes appear in an excellent 

new series of paper backs (Doubleday 
Anchor Books) designed to make avail­
able at moderate price books of merit but 
not necessarily of mass appeal. Cassirer's 
study, an introduction to a philosophy of 
human culture, is a major work com­
pleted shortlv before his death and first 
published in 1944. Sherrington's famous 
essay, originally delivered as the Gifford 
Lectures at the University of Edinburgh 
in 1937-1938, is a profound analysis of 
the physical basis of life, stressing the 
view "that man is a product, like so much 
else, of the play of natural forces acting 
on the material and under the conditions 
past and present obtaining on the surface 
of our planet." Taylor's biography affords 
an attractive and authoritative introduc­
tion to Socrates' life and thought. Con­
ant's discussion of the role of modern 
science has been well received-though 
it must be admitted that this book scarce­
ly measures up to its companions in the 
series. Trevelyan's chronicle and Willey's 
survey of the thought of the 17th century 
in relation to religion and poetry are 
recognized as outstanding contributions 
to historical literature. 

WORLD POPULATION AND PRODUC-

TION, by W. S. Woytinsky and E. S. 
Woytinsky. The Twentieth Century 
Fund ($12.00). An invaluable survey of 
the world's economy and an almost in­
credible achievement of scholarship. 
The authors' 1,268-page, closely printed, 
double-column volume deals with migra­
tion, cities, births, deaths, marriages and 
divorces, health, consumer needs and 
consumption, human resources, agricul­
ture, livestock and animal products, for­
ests and forest products, fisheries, min­
ing, minerals, coal, petroleum, the eco­
nomics of energy and power, manufac­
tures in the world economy, the food, 
drink and tobacco industries, the textile 
industry, the iron and steel industry, the 
machinery and transportation equip­
ment industry, the chemical industry and 
so on. There are several hundred charts, 
maps, graphs and statistical tables, ex­
tensive notes and source references and 
a meticulous index. The authors say that 
the book represents five years of "inten­
sive work," but apparently only on a half­
time basis, for they are also publishing 
this year another behemoth on world 
trade, transportation and government. 
The Woytinskvs, it is clear, have learned 
to eclipse the bee by improving the non­
shining as well as the shining hours. 

THE MAJOR FEATURES OF EVOLUTION, 

by George Gaylord Simpson. Colum­
bia University Press ($7.50). In a 1944 
work, Tempo and Mode in Evolution, 
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Have You Ever Owned 
a Truly Rare Recording? 

For Those Who Demand I THE ULTIMATE IN HIGH FIDELITY I together 

with Superb Musicianship, Magnificent, .i!imiie.ci CJdion Reco.� 
Available Nowhere Else-cd alUf fl"Uce. 

WITH this announcement, the directors of 
the Concert Hall Society are breaking a 

long standing precedent. In the paSt, whenever 
due to currency or import restrictions abroad 
some of the Society's members were unable to 
receive their Limited Edition Series, these records 
were offered to-and eagerly purchased by-the 
members of the Society. And that was the end of 
it. These recordings were available only to the 
3,000 members of the Society-and when once in 
a while some found their way into the trade, they 
fetched "collectors' prices" which made us blush 
with embarrassment. 

For the fint time available singly, 27 copies of 
eaeh of the Limited Edition Recordings listed 
below have now become available to the Society 
(for various reasons, mostly due to import restric� 

tions abroad). In order to win new friends, the 
Society is offering these recordings to acquaint 
you with these discs and with the operation of the 
Society. Orders will be filled on a "first comc, 
first served" basis and no more than 3 records 
will be sent to any one person. 

What makes these recordings so rare? 

For one thing, they are not available in any store. 
Nor have they ever been available singly before. 
They were pressed in an edition strictly limited to 
only 3,000 numbered copies for distribution only 
(Q members of the Concert Hall Society who sub­
scribe to an entire series of these recordings. 

The music is rare. In many cases, no other 
recording of the music exists anywhere. In almost 
every case, the composition is one that is seldom 
heard in this country. 

The performances are outstanding too. The 
artists were chosen for their special skill in inter­
preting the particular composer. 

Finally, only the most advanced recording tech­
niques and acoustical designs are used to give to 
each recording a fidelity, a "concert hall realism" 
and a presence of tone which combined with the 
most meticulous musical supervision make of each 
Limited Edition Record an individual masterpiece 
such as would be impossible to achieve with mass 
production techniques. 

Since no more than 27 copies of each of the 
following records are available-you are advised 
to mail your order at once. Limit: 3 to a person. 

1. :L
i�S�A:?n��, ���R

5
Lt:T�: Jr.��:

hoC��s
ce�f� 

Grossi Nos. 1 and 2. Winterthur Symphony 
Orch.; Clemens Dahinden, condo 

2. JEAN PHILIPPE RAMEAU: Platee Ballet 
Suites Nos. I and II. Lausanne Chamber 
Orch.; Victor Desarzens, condo Pieces de Cla­
vecin. Theodore Sack, harpsichordist. ) A A R O N  COPL A N D :  Piano Concerto 

("Jazz" Concerto) 1926. Leo Smit, pian� 
ist; Radio Rome Symphony Orch; Aaron 

3. Copland, condo l ERNEST BLOCH: Four Episodes for Small 
Orch. R a d i o  Z u r i c h  S y m p h o n y  O r c h . ;  
Thomas Scherman, condo 

4. CLAUDIO MONTEVERDI: II Combattimento 
di Tancredi e Clorinda: Sonata Sopra Sancta 
Maria. Huges Cuenod, tenor; Dora Abel, so� 
prano; Derek Olsen, baritone; Radio Zurich 
Orch.; Walter Goehr, condo ) B E NJA M I N  B R IT T E N :  Variations on a 

Theme by Frank Bridge, Ope 10. Lausanne 
Chamber Orch.; Victor Desarzens, condo S'l RALPH VAUGHAN-WILLIAMS: Concerto 
Accademico. Louis Kaufmann, violinist, 
Radio Zurich Symphony Orch.; Clemens 
Dahinden, condo 

6. ROBERT SCHUMANN: Piano Quartet in 
E.Flat ... Op. 47. Ray Lev, pianist; members of 
the Guilet String Quartet. 

7. LUDWIG VAN BEETHOVEN: Concerto in D 
fo ... Piano and Orch" Ope 61 (original ve ..... 
sion of the violin concerto). Artur Balsam, 
pianist; Winterthur Symphony Orch.; Clem� 
ens Dahinden, condo 

8_ HENRY PURCELL: Fantasias in Four Parts. 
Concert Hall String Orch.; Walter Goehr, 
condo � N ICCOLO PAGAN I N I: String Quartet in E. 

The Guilet String Quartet. 

9. JUAN CRISTOSOMO ARRIAGA: String 
Quartet No_ 3 in E-Flat. The Guilet String 
Quartet. 

10_ ANTON IN DVORAK: Symphony No. 3 in F, 
Ope 76. Netherlands Philharmonic Orch.; 
Walter Goehr, condo 

11- THE SONS OF J. S. BACH: Four Sinfonias by 
J. S. Bach's outstanding sons. Concert Hall 
Chamber Orch.; Maurits van den Berg, condo 

Carl Phillipp E. Bach, Sinfonia in C. 

Johann Christian Bach, Sinfonia in B-Flatj 
Sinfonia in D. 

Wilhelm F. Bach, Sinfonia in D Minor. 

12. ANTON IO VIVALDI: Concerti for Two Trom­
pets in C and E·Flat. Fred Hausdoerfer and 
Harry Sevens tern, trumpets; Concert Hall 
Symphony Orch.; Otto Ackermann, condo 
Concerti fo... Oboe and Strings in D Minor 
and F. Egon Parolari, oboist; Winterthur 
Symphony Orch.; Clemens Dahinden, condo 

13. PETER ILiCH TCHAIKOVSKY: Fatum (Sym­
phonic Poem), Op. 77; The Voyevoda 

�-----------------------I 
Concert Hall Society, Inc., Dept. 463 
507 West 56th St., New York 19, N. Y. 

Please send me the recordings whose numbers (see descriptions 
above) I have written below .. \1Vhen I receive them, I will send you 
$6.50 per recording or I will return the recording and owe you 
nothing. Limit: 3 to a person. 

No. _____ _ No., _____ _ No. _____ _ 
(If any of the above records are not available, you may substitute the following alternates: 

No .... .. .. No. , ........................... , ...... No ....... , ............. , ... ............. ) 

Name 

Address 
463 

City .. , , .. , .. , ........ , ............ .. , .......... , ... ZOne. ....... ,.State .................................. . 
- - ---------------------------- -

Unanimous Critical Acclaim! 
New York Herald Tribune - ' 'Composers, 
compositions, unusual styles and forms are all 
nicely balanced in the catalogue ... rhe per· 
fafmances and engineering are equally im· 
pressive." -John. D. A1011esoll 

Chicago Tribunc--"All come under the head 
of expert performance of our of rhe ordinary 
music. beautifully recorded." 

-Claudia Cassidy 

\Vashingwn Posc-"Concert Hall has done a 
unique job of recording unfamiliar rcrcrcoire 
in brilliant style ... " -Pall HU1I1e 
San Francisco Chronicle - "Nobody makes 
better recordings than this firm." 

-Alfred F,.allkeusteill 

Boston Sunday Globe-"Concert Hall Lim· 
ired Edition Series invariably represents excel­
lent performances of interesting music, and 
done with the best in engineering skills." 

-Cyrus Dllrgi1z 
The American Record Guide - "Fortunate. 
indeed have been the members who sub· 
scribed from the beginning." 

-Peter Hugh Reed 

(Symph. Ballad), Op. 78: Elegy for Strings. 
Netherlands Philharmonic Orch.; Walter 
Goehr, condo 

14. BELA BARTOK: Contrasts (1938) for Violin, 
Clarinet and Piano. Daniel Guilet, violinist; 
Herbert Tichman, clarinetist; Ruth Budne� 
vich, pianist. 
Allegro Barbaro: Suite, Ope 14. Frank Pel­
leg, pianist. � CLAUDE DEBUSSY: Fantasy for Solo Piano 

and Orch. Frank Pelleg, pianist; Nether­
lands Philharmonic Orch.; Walter Goehr, 

15. condo l G A B R I EL F A U R E :  Masques et Berga­
masques, Ope 112. Netherlands Philhar­
monic Orch.; Walter Goehr, condo { JOHANN N E POMUK HUMMEL: Concerto 
for Piano and Orch. in A Mino .... Ope 85. 

16. :h��� �:�h�0Jtfc!aA���r::��:r���d. 
Sym� 

MUZIO CLEMENTI:  Piano Sonata, Op. 40 
No. 2. Artur Balsam, pianist. 

17_ GEORG PHILIPP TELEMANN: "Don Qui­
chotte" Suite: Suite in E Minor fo ... Flute and 
Strings. Aurele Nicolet, flautist; Concert Hall 
Chamber Orch.; Thomas Scherman, condo � ALBAN BERG: Seven Early Songs. Kathryn 

Harvey, soprano; Zurich Radio Orch.; Wal� 
ter Goehr, condo 

Four pieces for Clarinet & Piano. Ope 5. 
1 B. { Herbert Tichman, clarinetist; Ruth Budne� 

vich, pianist. 

PAUL H I NDEMITH: Sonata for Viola and 
Piano, Ope 11, No. 4. Francis Tursi, violist; 
Jose Echaniz, pianist. 

MAIL COUPON AT ONCE! 
Only 27 numbered copies of each recording 

are available for this precedent-breaking offer. So 
we can allow only 3 recordings to '1 person. And 
we must ask you to designate alternate choices 
because we cannot guarantee that you will get all 
-indeed, any-of those you order. Orders will be 
filled on a first come, first served basis. A bill for 
only $6.50 per record-just a few pennies more 
than comparable mass-produced records-will ac­
company delivery. But if not delighted with rec­
ords, you may return them and owe nothing. 

Don't be disappointed. Rush your order at 
once to Concert Hall Society, Dept. 463.507 W. 
56th St. , New York 19, N. Y. 
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I . 

AN IMPORTANT 
ANNOUNCEMENT 

J u st Published 

Science, 
Medicine, 

AND 

History 
Essays on the Evolution of 

Scientific Thought and 
Medical Practice Written 

in Honour of Charles Singer 

Collected and Edited by 

E. ASHWORTH U ND ERWOOD 
Charles Singer i s  mentioned 
wherever men talk o f  the birth 
and development of science and 
of medicine. The present work 
has enabled scholars and scien­
tists of many countries to pay 
tribute to Professor S inger. Its 
ninety essays-which encompass 
the whole field of the history of 
medicine and science, many in­
cluding important original re­
search-are arranged by broad 
chronological periods. 

The group dealing with the 
history o f  science stretches from 
archaeological subj ects to the 
twentieth century, and includes 
essays on Chinese science and on 
the scientific views o f  the Greek 
philosophers. Among the essays 
devoted to medical subj ects are 
contributions on the Egyptian 
method of treating fractures, on 
the origin of hospitals ,  on Arabic 
medical terms, and transcripts of 
a number of important medical 
manuscripts destroyed at Char­
tres during World War I I .  

All but five o f  the essays are 
written in English, with four in 
French and one in Italian. 

1 ,209 pages, with 1 06 hal f­
tone illustrations. 

Two volumes $45.00 
At ,),our bookstore 

OXFORD UNIVERSITY PRESS 
1 1 4  Fifth Avenue.  New York 1 1 .  N .  Y. 
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Publishers of Fine Books 

for nearly Five Centuries 

Dr. Simpson attempted "to apply popu­
lation genetics to interpretation of the 
fossil record and conversely to check the 
broader validity of genetical theory and 
to extend its Reid by means of the fossil 
record." This new idea was hailed at the 
t ime as a notable contribution to evolu­
tionary theory. In the past ten years a 
"veritable revolution" has taken place, 
says Simpson, not only in the knowledge 
of evolution but in the breadth and na­
ture of the approach to evolutionary 
theory. This volume, though drawing on 
its predecessor, is completely rewritten 
and greatly enlarged, and reports fully 
the progress made in combining the Rnd­
ings of paleontology with other branches 
of biological research-genetics, syste­
matics and related sciences. An import­
ant book for students and specialists. 

ENERGY IN THE FUTURE, by Palmer 
Cosslett Putnam. D. Van Nostrand 

Company, Inc. ($12.75). In 1949 the 
Atomic Energy Commission asked Put­
nam, a consulting engineer, to make a 
study "of the maximum plausible world 
demands for energy over the next 50 to 
100 years." This book embodies the re­
sults of the study. The "maximum plaus­
ible" world population in 2050, says Put­
nam, will be six to eight billions. Coal, 
oil and gas, the low-cost fossil fuels, will 
have been depleted. It is essential, there­
fore, to accelerate the development of 
atomic power, "explore nuclear reactions 
other than the fission of uranium and 
thorium" and "explore all ways to obtain 
income energy from sunlight in more 
useful forms and at lower costs than now 
appear possible." 

JAPAN'S NATURAL RESOURCES, by Ed­
ward A. Ackerman. The University of 

Chicago Press ($25.00). This valuable 
assessment of Japan's resources is based 
upon Reid studies made by the author, 
a University of Chicago geographer, 
with other members of the Natural Re­
sources Section of the Supreme Com­
mand of the Allied Powers in Tokyo. 
Ackerman's study was originally pub­
lished by General Headquarters in an 
edition of 57 copies,  in which the au­
thor's name and all text credits to him 
were deleted, as well as the foreword 
and the conclusions of the last chapter. 
Apparently this was an instance of the 
high-handedness of SCAP, about which 
journalists and other visitors to Japan 
have complained. The topics discussed 
include Japan's food resources and re­
quirements, its hydroelectric, coal, petro­
leum, lumber and mineral resources, pos­
sible advances in the efficiency of their 
use, its scientiRc research and technical 

• 

The first book in any 
language to provide a 
comprehensive picture 
of what naturalists have 
been able to learn about 
the life and customs of 
m a m m a l s  the  w o r l d  
over-their locomotion, 
feeding habits, environ­
m e n t ,  d e fe n s e ,  s e x u a l  
life, reproduction, lon­
gevity, social life, mi­
grations, etc. Acclaimed 
b y  J u l i a n  H u x l e y , 
George Gaylord Simp­
son, Roger Tory Peter­
son, and others. 

Profusely illustrated.  

$5.00 at all bookstor�s 
ALFRED A. K N O P F, Pllblis!ler 

Wan ted 
ELECTRICAL-MECHANICAL 

ENGINEER TO DEVELOP 
ACTUATI NG DEVICES 

1I0ne of our clients has an excel­
lent opening for an engineer in the 
development and engineering of 
electrical-mechanical devices. 

liThe company is located in Ohio 
and is the leader in its present 
fields. 

lIYour experience should qualify 
you to work with prospects and 
customers on their problems in­
volving actuation. 

lIIf you are a development en­
gineer with a faculty for working 
smoothly with customers and 
prospects on unusual jobs, our 
client would like to know about 
you. The company offers excel­
lent working conditions, generous 
profit-�haring insurance and other 
money benefits, and a chance to 
grow as the field for actuating 
devices grows. 

Write to: 
M E LDRUM & FEWSM I T H ,  I N C .  

Attjlntion of M r. Ol iver 
Room 303, 1 220 H u ron Road 

Cleve l a n d  1 5 , Ohio 

• 

• 
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competence. The author's treatment i s  
thoughtful and supported by a wealth of 
statistical detail , photographs, charts, 
maps and the like. While stressing the 
serious gap between Japan's require­
ments and production , Ackerman makes 
it clear that an intelligent development 
policy can go far towards overcoming 
the deficiency. But, he says ,  many 
"policy-makers" in the U. S .  and other 
member countries of the United Nations 
"for one reason or another consistently 
have opposed those regional develop­
ment projects which subordinate profits 
to public welfare. One day the existence 
or absence of such projects may mean the 
difference between a democratic and an 
autocratic Japan." 

OXFORD JUNIOR ENCYCLOPAEDIA, VOL. 
V: GREAT LIVES, edited by Laura 

E. Salt and Robert Sinclair . Oxford Uni­
versity Press ($8 .50) . This encyclopedia 
is in general an attractive and useful 
reference for young readers, but it is not 
always easy to perceive the basis of the 
editor's policy of selection . It is puzzling, 
for example, to find no article on Gauss,  
Laplace, Ampere, Huyghens, Claude 
Bernard, Helmholtz, Apollonius, Galen,  
Virchow, Tycho Brahe, Hooke or 
Hobbes . One would gladly trade the long 
articles on Andrew Carnegie, John Con­
stable, Admiral Hawke and similar fig­
ures for a little space on the scientists 
and philosophers so sadly neglected. 

Notes 

AUGUSTINE TO GALILEO: THE HISTORY 

OF SCIENCE A.D .  400- 1650,  by A. C .  
Crombie. Harvard University Press 
( $8.00) . This book, reviewed here in 
January, was first published in England. 
It is now available in a U. S. edition . 

SA1VIPLE SURVEY METHODS AND THEO­

RY, by Morris H. Hansen , William N. 
Hurwitz and William G .  Madow. John 
Wiley and Sons (Vol .  1 ,  $8.00 ; Vol .  2, 
$7.00) . A comprehensive work on the 
theory of sampling and the application of 
its methods. 

THE MACHINERY OF THE BODY, by 
Anton J. Carlson and Victor Johnson . 
The University of Chicago Press 
($5.50) . A fourth and revised edition of 
a clear, accurate and attractive introduc­
tion to human physiology. The authors 
have added material on radiation injuries 
and the use of radioisotopes, biological 
warfare, gamma globulin, blood banks, 
artificial respiration, hormones, effects of 
tobacco, traumatic shock, pregnancy 
tests, emotional factors in disease. 

JOSIAH MACY, JR. FOUN DATION 

Announces three new books 

COLD I NJURY. Transac:tions of the Sec:ond Con· 
ferenc:e. Edited by:  M.  I rene  Ferrer ,  M . D., Assista nt Professor of 
Clinical Medicine, Col u m bia U n iversity C o l l e g e  of Physicians  and 
Surgeons. $4.00. 

N ERVE I M PULSE.  Transac:tions of the Fou rth 
C onferenc:e. Ed ited by: David N a c h m a nsohn ,  Associate Professor 
of N e u rology,  Colu m bia U n iversity Co l lege  of Physici a n s  and Sur· 
g e o ns. $4.00. 

PRO B L E M S  O F  CON S C I OUS N E S S ,  
Tra nsa c:tions of the Fourth Conferenc:e. Edited by: H a rold A.  

Abra mson ,  Assista n t  Professor of Physio logy,  Col u m bia U n iversity 

Col lege  of Physici a n s  a n d  Surgeons .  $3.25. 

These verbatim tra nsa ction s  of m u ltidisci p l ine  confere nces con· 
cerning research progress,  new methods,  and theories e n a b l e  the 
reader  to share the give a n d  take  of authoritative i nvestigations 
a n d  make stimu lat ing  a n d  exciti ng rea d i n g .  Much of the  m a teria l  
is u n o bta i n a b l e  e lsewhere.  

JOSIAH M ACY, JR.  FO U N DAT I O N  P U B LICAT I O N S  

S A L E S  O F F I C E :  P .  O.  B O X  575,  PACKANACK LAKE, N EW J E RSEY 

Please make checks payable 10 Josiah Macy, Jr.  Foundalion 

LINGUAPHONE 
f o r L A N G U A G E S 

World's Sta n dard Con versational Method 

FRENCH · SPAN ISH · ITALIAN 
PORTUGUESE • GERMAN 

R USSIAN · JAPANESE 
of 29 l a n g u a g e s  available 

• 
No Textbook 

Can Teach You To Speak 
LEARN AT H O M E  

With LINGUAPHOKE World's  Stand­
ard Conversational :Method, you bring a 
foreign land right into your own home­
you LISTEN and LEARN another lan­
guage in the same easy. natutal way 
you learned English long before you 
went to school. 

AT HOME you hear native men and 
women speak about everyday m atters 
with a 1954 vocabulary. It's like living 
in another land-you listen-you under­
stand-YOU SPEAK oorrectlr. easily, 
naturally, You read and write. You can 
learn In 20 minutes a day, 

Used internationally by scientists.  
schools, colleges. Armed Services and 

business firms for personnel training. Over a milUOIl home­
study students of all ages.  

STOP W I S.H I N G  START TALK I N G  
S A V E  T I M E-WORK-MONEY 

W R I T E  T O D A Y  for fascinating FHEE book, "Pas sport to 

a Xcw "'orld of Opportunity, " Linguaphone Institute, 

303 HCA nui lLiing, x, Y. 20.  �, y, 

The 
Metals 
Handbook 
1 332 Large pages 

1 752 I l lustrations 

1 057 Tables 

803 Articles 

1 ,620,000 Words 

40,000 Copies in  use 

Here is a book without a competitor 
. . . . a book written by more than 500 
scientists and engineers for all those who 
need accurate and authoritative informa­
tion about metals. The Metals Handbook 
has been 25 years in the m aking. The cur­
rent. 7th edition was compiled and writ­
ten by 68 committees of the American 
Society for Metals ; more than 500 con­
tributors were hand-picked by the SOCiety 
as the top experts, the men best quali­
fied to write the most authoritative pos­
sible r e f  e r e  n c e book on metals, metal 
properties, fabrication and uses. The 
book is divided into 37 principal sections 
and contains 803 separate a r ticles and 
data sheets on metals, properties. uses. 
processing, testing, inspection, control 
and research. All metals, all pr ocesses, 
are included. The 64-page index and 4-
page section on how to use the book 
make it easy to find what you want. 

Over 40,000 copies of this edition are 
now in use by scientists and engineers of 
all kinds who need accurate information 
about metals. Order your copy today by 
returning the coupon. Price i s  $15.00. 

l I N G U A P H O N E  I N ST I T U T E  r - - - - - -- - - - - - � 
303 R C A  B u i l d i n g ,  N. Y. 20, N. Y .  

11' HEE book. LA::\GU.\GE 

IXTEnE S�' . . .  

)iA)1 E . . . .  

A l ) l ) H l<: S S  

C I T Y  . .  . . . . . . . . . . . . . .  ,ZQXF; . . . . . _ STATE 
Leaders fo1' 50 Yean, jn U p - To - Date Language Courses 

Am erican Society for Metals, Room 354 
73 07 Euclid Ave., Cleveland 3, Ohio 

Rush m e  a copy of Metals Handbook. 

NAME __________________________ _ 
COMPANY ______________________ _ 
ADDRESS ______________________ __ 
CITY, ________________ STATE _____ I 
o $1 5.00 Enclosed 0 Bi l l  me . 

1.. _ _ _ _ _  _ _ _ _  -' 
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THE AMATEUR SCIENTIST 

Conducted by Albert G. Ingalls 

J\' nd the Lord God said unto the ser­
pent, Because thou hast done this 

- [beguiled Eve] . . .  I will put 
enmity between thee and the woman, 
and between thy seed and her seed; it 
shall bruise thy head, and thou shalt 
bruise his heel. " 

Despite this curse in Genesis some 
people like snakes. A well-known com­
mercial artist once raised a young con­
strictor as a pet in his studio. Another 
acquaintance of ours rarely goes any­
where without carrying along a garter 
snake or two in his coat pocket. 

Most people develop in childhood an 
all-or-nothing attitude toward snakes. 
You either like them a lot or you don't­
a lot! If you belong to the exclusive little 
band of those who do, the chances are 
good that you are a herpetologist, ama­
teur or professional, and have been one 
for as long as you can remember. 

Herpetologists find the average per­
son's aversion to snakes hard to under­
stand. Snakes are not only useful and 
beautiful but most species are harmless. 
According to the excellent field guide 
Reptiles and Amphibians, by Herbert S. 
Zim and Hobart M. Smith of the Uni­
versity of Illinois, of 250 species and 
subspecies of snakes found in the U. S. 
only 36 produce poison that can harm 
man, and these are rare except in a few 
localities. Snake bites account for fewer 
than 150 deaths a year in the U. S. 
Snakes are clean, are easy to tame, live 
well in captivity, need little care and 
are lovely to look at. 

Herpetology offers to amateurs broad 
opportunities for original research. Zim 
and Smith emphasize that the life his­
tories of many species of snakes are still 
unknown. Most of the adults have been 
described, but data on their eggs and 
young are far from complete. Snakes' 
eating habits, hibernation, mating, dis-
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About snakes, the other side of the nloon 

and unusual telescopes to follow rockets 

eases and patterns of hunting remain 
relatively unexplored. 

An enthusiastic amateur herpetologist 
who has written much about snakes is 
D. F. Munro, professor of modern lan­
guages at Kansas State College. He says: 
"Prejudice against snakes, it seems to 
me, stems from the same source as most 
other prejudices. The attitude vanishes 
with a little firsthand knowledge. No one 
could ask for a more attractive or well­
behaved companion than I had in Lulu­
belle, a garter snake that used to share 
my lot. If a snake and a human being 
can have rapport, Lulubelle and I had it. 
I used to carry her around in the sleeve 
of my uniform when I was in the Army 
(left arm, to avoid jostling her when 
saluting) . She went everywhere with 
me, just sticking her nose out far enough 
to watch the world go by. In the eve­
nings when I was in charge of quarters 
I would put her in a cloth sack and leave 
it lying open on the desk. She would 
poke her head out and get in on the act 
no matter what I was doing. When I 
used the typewriter, it seemed as if the 
rhythmic movement of my fingers lulled 
her into a contented bedazzlement. I 
note the same effect on the copperhead 
on my desk just now. He has the free­
dom of the desk top as I write these lines 
to you. 

"Experiments have shown that babies 
and young monkeys do not fear snakes 
until 'taught' to do so by their elders. If 
you can overcome this imposed revul­
sion to snakes, you could hardly find a 
field of study more fascinating or one in 
which it is easier to make worthwhile 
contributions. " 

Munro has written many articles for 
H erpetologica, the official organ of the 
Herpetologists' League. He has based 
them on observations of Lulubelle and 
various other snake pets. 

"I never learned to fear snakes, "  he 
writes. "Small animals, including snakes, 
have always interested me. Living in 
Nova Scotia, a region free of venomous 
reptiles, I was brought up with the same 
regard for snakes as for other creatures 
in the wild. During fishing and hunting 
trips my father was doubtless glad to 

have me off exploring the meadows and 
hillsides for snakes and other animals 
because he was a most exacting and ex­
pert fisherman and gunner. 

"From these trips I brought many 
snakes home and released them in our 
garden, always wondering afterward 
why I never saw them again. Now I 
realize they must have made a beeline 
back to the tall timber. 

"The fascination of snakes dwindled 
after I got into baseball, language study 
and other activities in high school and 
college. But it revived during World 
War II military service, when, paradox­
ically, I had the leisure for an avocation. 
While on a leave in Kansas City I wan­
dered into a bookstore one day and 
chanced to thumb through Snakes of the 
World, by Raymond L. Ditmars. The 
striking illustrations caught my eye, and 
I could hardly wait to get back to camp. 
The volume was absorbed in a single 
session. 

"I had had no formal training in biol­
ogy, hence the story of snakes came to 
me as a revelation. It had never occurred 
to me that so much work had been or 
could be done in this relatively humble 
region of the animal kingdom. I was par­
ticularly stimulated by the emphasis 
Ditmars' book placed on the gaps in our 
knowledge of reptilian ways. 

"As spring approached, I made plans 
for acquiring a few snakes as pets, 
though the idea appeared awkward be­
cause I was still in the Army and living 
in barracks. Nevertheless, I built a cou­
ple of cages and pinned my hopes on 
an understanding 'Var Department. 

"Kansas and its environs is good snake 
country. I quickly picked up specimens, 
only to release them in favor of others 
more interesting. From the very begin­
ning the snakes proved endlessly divert­
ing. Gradually I learned to recognize 
each individual by variations in color, 
scalation, mood and pattern of behavior. 
For some months the snakes were little 
more than pets. I tended and fed them. 
In return they amused me. 

"In the summer of 1945 I captured 
an exceptionally beautiful female garter 
snake, and she bore a litter of young 
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immediately afterward. But with one 
exception all of them were stillborn. 
'Why?' I wondered. I decided to give 
Lulubelle, as 1 had named her, another 
chance. The next spring 1 found her a 
fine young mate. By this time I was so 
familiar with Lulubelle's behavior that 
the slightest departure from normal was 
strikingly apparent. This helped uncover 
some facts about the mating behavior of 
garter snakes not previously recorded. 

"According to the books, the male 
snake takes all the initiative during 
courtship and mating. Lulubelle proved 
that the female is far from passive. As 
soon as the pair were placed in the same 
cage, the male approached the female, 
slid along her back and wriggled. The 
female seemed indifferent to this ad­
vance, and the male retired to a corner. 
A few minutes later the female began to 
crawl and loop over the male and arch 
her tail in an obvious mating gesture. 
But the male now ignored the female's 
advances and showed considerable ti­
midity, as if disturbed by captivity. 

"I placed him in another cage and the 
next day brought Lulubelle another 
newly caught male. The pattern of be­
havior was repeated. When this second 
male failed to respond to the female, I 
replaced him with the first. The pair 
immediately approached each other. 
The male stroked the female with his 
chin and the female Simultaneously 
arched her tail. The union was consum­
mated at once. From the moment of 
mating an obvious change came over 
the female. Whereas for several days she 
had been restless and sensitive to any 
touch in the anal region, she now became 
almost sluggish, apparently content to 
lie in a loop without moving. Four 
months later she produced her young, 
all born alive this time. 

"The same summer I found Lulubelle 
frlso caught a newborn copperhead 

which likewise stimulated my interest in 
serious snake study. When you .spend a 
lot of time watching snakes, small de­
tails of their behavior catch your atten­
tion. The copperhead, for example, has 
a way of staring at you with an intensity 
that cannot be ignored. You find your­
self staring back. After a few hours of 
this, I became conscious of a unique 
characteristic of the pit viper's eye. 

"Like the eye of a cat and many other 
nocturnal creatures, the pupil of the pit 
viper takes the form of a vertical slit. 
But in one very remarkable respect it 
behaves differently from a cat's eye: in­
stead of turning with the tilt of the 
snake's head, the slit stays vertical, as 
if the pupil were under the control of 

an internal gyroscope! However the 
snake's head moves, the pupil retains 
its perpendicularity like a plumb line 
[see Roger Hayward's drawings below]. 
The only exception is that when the 
snake is on the verge of dozing off and 
its head droops the pupil may tilt for­
ward. Bnt if the snake is aroused by 
a camera flash, the pupil immediately 
snaps into the vertical position. The 
snake's eye can rotate not only in a for­
ward and backward direction but also 
in the sidewise direction; in sleep the 
slit turns under so that part of it is hid­
den [draWing at lower right in illustra­
tion below]. 

"When 1 sent a photograph of the 
viper's remarkable pupil adjustment to 
the vertical position to Herpetologica, 
it was a great satisfaction to receive 
word from Major Chapman Grant, the 
publisher, that 1 had a 'scoop.' 

"Herpetologists also welcome notes on 
the hatching and behavior of young 
snakes-an area of investigation that has 
not been well covered. 1 made a careful 
watch of a clutch of eggs laid by a hog­
nosed snake. When laid, the 11 eggs 
weighed about three quarters as much as 

NOl'mal 
Resting 

Position 

the snake did. They had a smooth, soft, 
rubbery feel. During incubation they 
were kept in covered glass jars with 
damp paper to prevent them from drying 
out. I weighed and measured each egg at 
intervals during the two-month period. 
The eggs had gained about 50 per cent 
in weight by the time they hatched. 

"Young snakes, like birds, are equipped 
with an egg tooth which enables 
them to cut their way out of the shell. 
Each emerging snakelet first made a slit 
in the egg shell and then enlarged the 
opening by forcing its head through. 
During this phase its tongue flicked in 
and out. The head emerged from the 
shell upside down-a position which had 
brought the egg tooth into play against 
the uppermost part of the shell. After 
about an inch of the body was exposed, 
the hatching process slowed down. Oc­
casionally the snake appeared to writhe 
and squirm inside the egg, as if disen­
tangling itself or straightening out kinks. 
The first snakeling escaped from the 
shell at the end of a 55-hour struggle. 
The remainder of the clutch followed a 
similar hatching pattern, the time rang­
ing from 40 to 60 hours. The plump, 

__ �rizont� ___ � _'2- __ _ 
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An amateur's study of the constalltly vertical pupil of the copperhead 
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Have you ever seen a living (ell? 
Or ar� you Camillar only with llfeless, stained slides 
whose static appearance resembles textbook illustra­
tions. With a UNITRON PHASE MICROSCOPE. 
highly transparent material such as lhing cells, bac­
teria, organisllls. etc. are re.ealed with startling con­
trast and clarity, No need for tiresome staining which 
distorts and kills li\'lng sl)ccimens. 

Phase Microscopy has been hailed as "the most im­
portant dc\'clopmcnl in light micrOSCODY since oil-1m­
mersion objectins" and earned for its inventor 'l'he 
Kobel Prize in l'hysics for 1953. 

UNITRON PHASE MICROSCOPES are priced so 
low that this newest microscope technique is now al'aH· 
able to all. The Amateur Scientist and School Labora­
ton' will find these microscopes an amazingly powcl'ful 
aid in the observation of living Ilrotozoa. rotifers. 
marine plankton. crystal growth, etc. For the Industrial 
Laboratory, there are a multitude of applications in 
the study of emulsions. suspensions, colloids, fibres. etc, 
Write today for informathe literature on phase micros­
copy which describes and illustrates all four UNITRON 
Phase models, 

• Can also be used for ordinary bright field microscopy. 
Model MPE allows continuous transition from bright 
field to phase contrast. 

• Extremely simple to use. No diaphragm adjustments, 
• Highest resolving power is obtained. 
• Choice of 4 contrasts: Bright-high. 111cdium and low. 

Dark. 
MODEL MPEA: Magnifica­
tion 32-600X. .\[edium stand 
with single forusing control. 
Substage phase diaphragm. 
Triple re\'ohing nosepiece with 
phase objectires: 4X. lOX, 
40X. Eyepieces: 8X, 15X. 

Only $99 
MODEL MPE: (Illustrated) 
50-1500X. Large research stand 
with coarse lind fine focllsing, 
graduated drawtube. mechani­
cal stage. Rack and pinion sub­
stage phase condenser. '1'riple 
revolring nosepiece wi til phase 
objectives: lOX. 40X. lOOX 
(oil immersion). Eyepieces: 
5X, lOX, l5X. 

Only $265 

Or the rings of Saturn, the moons of Jupiter. or the 
craters and mountains of the :Moon1 To merely read 
about the Universe is to deprh'e yourself of the intel­
lectual excitement of eXllloring the \'ast reaches of 
space. UNITRON Telescopes are chosen by leading 
uni\-ersities and amateur astronomers for their out­
standing Quality and proven performance; by engineers 
and business executives as a source of relaxation and 
mental dJrersion. Unexcelled also for real close-up 
views of dista.nt terrestrial objects. UNITRON values 
{'alHlot be duplicated. "'rite at once for free educational 
literature on how to select a telescope and illustrating 
all UNITRON models. Learn why astronomy is today's 
fastest-growing hobby! 

2.4" EQUATORIAL REFRACTOR 
Objective: Coated 60mm. (2.4") diameter, 900mm 

(35.4") focal length. f/15. 

Eyepieces: lOOX. 50X. 35X included. 150X, 129X and 

12X available at extra cost. 

Complete with the eQuatorial mounting and slow-motion 

controls. tripod. view finder, star diagonal, erecting 

prism system for terrestrial observation, sunglass, 
wooden cabinets, 

Express collect Only $225. 

OTHER UNITRON REFRACTORS 
4 IN,CH EQUATORIAL 
4 INCH ALTAZIMUTH 
3 INCH EQUATORIAL 
3 INCH ALTAZIMUTH 
2.4 INCH ALTAZIMUTH 

.......... $785. 

.......... 465. 
....... 435. 
....... 265. 

125. 
1.6 INCH ALTAZIMUTH ...................... . 75. 

Time payment plan available. 

I 
ALL INSTRUMENTS FULLY GUARANTEEO 

Send check or money order or 25% deposit with balance 
C.O.D. ('A'l'ALOGS available on MICROSCOPES for 
Industrial and Research Laboratories and School and 
Amateur use. 

Write for free Illustrated Literature 10 DEPT, SC-3 

Utited Sc£e� eo.· 
204·206 MILK STREET, BOSTON 9, MASS. 
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How to make a snake cage 

newly hatched snakes averaged seven 
inches in length and were perfect minia­
tures of the mother. 

"Immediately after hatching, the 
snakeling began crawling in an effort to 
shed its skin. It was dipped in water. The 
body skin came off easily. The Bedgling's 
tiny, thornlike egg tooth also seems to be 
shed soon after birth. This tooth is a 
special structure in the upper part of the 
mouth. An eight-power magnifying glass 
shows it to be forward-pointing and 
white. The tooth does a disappearing act 
that would challenge the detecting 
prowess of Philo Vance. I was unable to 
find a single egg tooth in the debris of 
cast skin. I kept a close scrutiny over one 
snakelet placed in a small bare cage by 
itself, and when it dislodged the scale 
from the end of its snout, I examined the 
material immediately. The egg tooth had 
vanished! I can only surmise that the 
snakelet had swallowed it." 

If Munro can get your ear, he will go 
on for hours about his pets. "Lack of time 
and facilities," he says, "has reduced my 
stock of snakes to seven. Still among 
them, however, is one of the early speci­
mens from Army days, the copperhead, 
now a veteran of over eight years of cage 
life. Lulubelle died three years ago after 
presenting me with several fine litters. I 
still miss her, of course. 

"One can't help being amazed that so 
many otherwise rational people feel an 
aversion for snilkes. For a busy person, or 
one who must be away from home oc­
casionally, they make ideal pets. Many 
practical considerations make it con-

venient to keep snakes in situations 
which would prohibit other pets. The 
reptilian tempo of life is slow, so that a 
study of their ways need not be based on 
daily contact. More important, snakes re­
quire feeding only once a week or so, and 
if necessary they can be left a month or 
so in safety if they are provided with a 
dish of water. 

"Cages are inexpensive and easy to 
build [see illustmtion above l, Only one 
precaution need be taken in their con­
struction: the screening should be se­
curely attached and its rough edges 
covered so the captives will not injure 
themselves. Cleanliness is easily main­
tained. Snakes abhor dirty cages. Lulu­
belle used to insist on being taken out in 
the yard for excretion. She would crawl 
back and forth against the wire of the 
cage to attract my attention, and acci­
dents happened only when I was too 
stupid to understand what she was try­
ing to tell me. On these rare occasions 
she would meticulously avoid the soiled 
area until I cleaned her cage. 

"Snakes do not sing, purr or dance for 
you, but that does not mean they are un­
responsive. Even when they just lie 
about like crooked sticks, they are watch­
ing you and will respond to attention in 
their own way. Different as they are from 
human beings, these silent creatures 
throw light upon many essentials of ani­
mal behavior." 

Ees there a person who has never 
wondered what lies on the other side 

of the moon? H. P. Wilkins, director of 
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the lunar section of the British Astro­
nomical Association and the foremost 
selenographer of our time, has sought for 
years to elucidate this mystery. He has 
prepared an advance guide map for the 
space explorers who in the not distant fu­
ture will visit the moon and become the 
first human beings to see its farther side. 

Because of the moon's libration we get 
glimpses of about 9 per cent of that half 
of the lunar sphere facing away from us. 
Each month the Man in the Moon nods 
a little and shakes his head a little. He 
nods (lib ration in latitude) because the 
moon's axis is tilted so that we can see 
6J� degrees over one pole and two weeks 
later the same distance over the other 
pole. He shakes his head (libration in 
longitude) because the moon's elliptical 
motion around the earth is not uniform, 
while its axial rotation is. This difference 
enables us to look about 7% degrees 
(more than 100 miles) around each of its 
sides. In addition, each day the viewing 
position of an observer on the earth shifts 
by about 8,000 miles because of the 
earth's rotation. This diurnal libration 
adds about another degree to our field 
of view of the moon. 

Wilkin's map of the back of the moon 
[see drawing on the next pagel shows 
around the edges the portions we can 
see during the various librations. It also 
shows rays like those on the moon's side 
facing us; these lines are not theoretical, 
for they are projections of sections of 
rays that can actually be seen in the 
zones of libration. Wilkins extends the 
rays to the centers, presumably large 
craters, from which they radiate. The 
shaded areas on the map are his sur­
mises as to topographical features on 
the other side of the moon. 

On the earth and Mars each large up­
land mass is balanced by a large de­
pressed region-an ocean or plain. Wil­
kins therefore supposes that the de­
pressed "sea" visible in the northern part 
of the moon side that faces us is bal­
anced by a mountainous portion dia­
metrically opposite it on the other side. 
This area is left white on his map. Simi­
larly he imagines that the mountainous 
region in the southern portion of the side 
that faces us is balanced by a depressed 
plain on the other side. The big shaded 
area on his map represents a large plain 
or "sea" similar to the great Mare Im­
brium on the earthward face. A dark 
area which may be one end of this region 
is just visible to us; it has been named 
Mare Incognito. Wilkins throws in three 
smaller plains, also shown as shaded 
areas, on the probability that such de­
pressions exist in the mountainous area 
on the other side as they do on the earth-
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new department which we are establishing. Our background is one 
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struments utilizing unique techniques and prinCiples. These physical 
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and his capabilities permit him greater growth than is available in 
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new physical principles to the design of a line of industrial instru· 
ments and seeing to it that they get into production. 

ENGINEER: SALES AND 
APPLICATION 

This man will be our "outside" man. He should be so familiar with 
this market that he has very definite opinions on what features and 
accuracies the line of instruments must have. He will have an 
opportunity not only to seek out the market. but to have a strong 
voice in the determination of the products he will sell. 
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--................ !.c;;QVI6N I 
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IMPORTED MICROSCOPE 
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Assurance is required that relocation 
of the applicant will not cause the dis­
ruption of an urgent military project. 

ward face. Four such depressions are 
visible in the zone of libration, 

No doubt when the first space ship cir­
cumnavigates the moon a selenographer 
broadcasting from it will report to the 
great listening earth audience that the 
back of the moon has about the same 
kinds of mountains, plains, craters, pits 
and clefts that we can see on our side, 
but he will nonetheless have a large and 
excited audience when he comes back to 
earth with his slides to tell the details. 

To compute the path of a projectile 
from a gun one must measure the 

projectile's greatest velocity, which oc­
curs just after it leaves the muzzle. In the 
case of a rocket missile the problem is 
different, for a rocket continues accel­
erating clear up to the point where it has 
burned all its fuel. Near that part of the 
flight velocity measurements must be 
made at two or more' points in the tra­
jectory. For this a missile-tracing tele­
scope is needed. Because rocket missiles 
have exceedingly high velocities, the 
telescope must work photographically. 
The motion-picture cameras used make 
16 to 64 exposures per second with ex­
posure times of 1/10,000 second. 

When Clyde Tombaugh, optical staff 
physicist of the Flight Determination 
Laboratory at the �Thite Sands Proving 

Grounds, set out to design the optics of 
telescope cameras for tracing missiles, he 
realized that the optical system must be 
fast. The smallness of the missile and its 
great height above the ground would re­
quire a scale of images that could be ob­
tained only with a focal length of about 
three feet. He hoped that this focal 
length might also make it possible to 
determine absolute positions of points in 
the trajectory by the most precise of all 
methods: graphing the missile with two 
cameras against the background of the 
stars. By this method the points can be 
determined with an accuracy of one inch 
in three miles. 

To obtain images of enough brilliance 
to be photographed in the necessary 
1/10,000 second at this focal length, the 
focal ratio must be at least fiS. Refract­
ing telescopes of this short focal ratio 
would be impracticable to make. Para­
boloidal reflectors, though relatively in­
expensive and easy to make, would not 
be satisfactory because of their excessive 
coma and astigmatism at this focal ratio. 
However, Schmidt cameras of 12-inch 
aperture and 16.5-inch mirrors would 
give the necessary speed if suitably 
modified. 

In a normal Schmidt camera [draw­
ing at left in illustration on page 106] the 
light rays enter through a thin lens or 

Wilkins' map of the other side 0/ the moon 
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correcting plate with its surface ground 
to a very shallow double curve (greatly 
exaggerated in the drawing). This 
curvature bends the incoming light rays 
just enough to neutralize the spherical 
aberration that will be caused later by 
the spherical mirror. The corrected rays 
from the mirror are then focused as a 
spherically convex image at a point mid­
way between the mirror and the correct­
ing plate. Here Tombaugh might have 
inserted a diagonal mirror similar in 
principle to the one in the Newtonian 
form of telescope [drawing in middle], 
which reflects the rays to a film holder 
outside the telescope. Unfortunately this 
diagonal mirror would cut off 40 per cent 
of the light-even more than a film 
holder. The decrease in light would in­
crease the necessary exposure time from 
1/10,000 second to 117,000 second, 
causing prohibitive travel blur in the 
images of the missiles. 

The solution of the dilemma was the 
off-axis form of the Schmidt camera 
[drawing at right]. Here the mirror is 
tilted to reflect the rays to one side of 
the telescope. After they pass through a 
small plano-convex field-flattening lens, 
which brings the convex image into co­
incidence with the flat film of the cam­
era, they enter the motion-picture cam­
era. This solution is not as simple as it 
may seem. The correcting plate used in 
the normal type of Schmidt is no longer 
suitable. The plate must now have the 
curvature shown in the right-hand draw­
ing: the curve is a section of a hypotheti­
cal Schmidt corrector of the diameter 
indicated by the dashed lines. 

The off-axis Schmidt was proposed in 
this department in August, 1939, by D. 
O. Hendrix and William H. Christie of 
the Mount Wilson Observatory in a clas­
sic article on uncommon variations on 
the original Schmidt. 

One method of making an off-axis cor­
recting plate is to make a normal one of 
full hypothetical size and then cut a cir­
cle from one side [drawing at lowel'left] 
with a rotating glass saw or cookie cut­
ter. This method tempted Tombaugh 
and his associates, the physicist William 
C. Braun and the mechanical engineer 
Clyde R. Dennon, especially because it 
would afford two correcting plates for 
the two cameras they needed. Tombaugh 
writes: "We were hesitant to attempt it, 
because the l4-inch correcting plate 
would have been 32 inches in diameter, 
and we had no means of supporting it 
adequately during grinding and polish­
ing to keep it from flexing. Hence we 
elected to make a correcting plate off­
axis by the use of a special jig [drawing 
at lower right]. The lever arm has a long, 
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We IJay the POSTAGE C.O.D.'s YOIl pay postage -Satisf�et.ion. guaranteed or money refunded If 
returned wlthm 10 days. 

A. JAEGERS 691A Merrick Road 
LYNBROOK. N. Y. 
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Research 
and 

Development 
BACKGROUND: 

Responsible positions open for 
top level development and 
project engineers with practical 
and research experience in: 

Advanced Electronic Circuits 

and Systems 

Microwave Radar 

Microwave Receivers and 

Transmitters 

Also Engineering Design and 

Analysis relating to fields such 

as: 

Analogue and Digital 

Computers 

Servomechanisms 

Communications 

Navigation 

Fire Control 

Requirements emphasize advanced 

analytical and/or management ex­

perience on highly complex elec­

tronic and electro-mechanical sys­

tems. 

-- e--
We are pleased to invite. 
you to visit our exhibit 

at the 
KINGSBRIDGE ARMORY 

NEW YORK CITY 

BOOTH 622 
MARCH 22 thru 25, 1954 

Headquarters: 
WALDORF ASTORIA 

Kindly send 
resume and 

salary 
requirements 

fo: 

I 

Off-axi5 � 
I 
I 

Figu.ring all. off-axis Schmidt correcting plate 

carefully machined slot through the mid­
dle, which permits a small grinding tool 
bolt to be clamped anywhere along a 
radius from the centered king bolt. The 
grinding tool is designed to slide up and 
down freely, so that variations of force 
on the grinding arm by the operator 
cannot cause variations in pressure of the 
tool on the correcting plate. Various 
weights can be put on this bolt to regu­
late the rate of grinding. The grinding 
is done by arc strokes with small tools 
(one to three inches in diameter) to 

scoop out the various zones." 
. 

Off-axis optical surfaces have been 
figured by professional and amateur op­
ticians for a number of years. Most of 
these workers regard a mechanical jig as 
too inflexible; it confines the abrasion too 
closely to separate zones without the 
necessary blending effects. Norbert J. 
Schell of Beaver Falls, Pa .. who with his 
co-worker T. J. Beede of Youngstown, 
Ohio, had made off-axis telescopes as 
early as 1939, said then that in figuring 
off-axis mirrors "no machine work or 
mechanical controls were used, although 
a mechanical control was first tried and 
discarded, as it was found unsatisfac­
tory." Today Schell adds: "Everybody 
who gives this any thought comes up 
with this lever method of control. Beede 

and I found that there was so much more 
to it that the machine we tried was a 
nuisance. \Ve wouldn't use it as in the 
drawing but only to control the central 
position of the stroke, which would be 
zigzag across the zone to give blending. 
The optician Daniel E. McGuire has 
used a large lever in much this manner, 
but with a smaller lever to make local 
arcs." 

The principle of this method was de­
vised independently and used by the 
Ferson Optical Company in 1946. Fred 
B. Ferson says: "This method can be 
readily used by hand by a skilled op­
tician with off-axis mirrors of fl5 to f19, 
and if the departure from the axis is not 
too great. It involves only rubbing the 
longest where most needed, and grading 
the figure to that part of a larger para­
bola. The figure can be determined in 
collimated light with the Ronchi test at 
the off-axis position. It can likewise be 
tested at the center of curvature with the 
Foucault test, which will exhibit the 
figure of that part of a hypothetical lar­
ger mirror. True correction will give 
straight bands with the Ronchi test in 
collimated light. This is the whole story." 

So far as this department knows, in­
structions for figuring an off-axis mirror 
have never been published before. 
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plas'·ti·ciz·er 
That which is add ed to a 
substance to impart softness, 

flexibility and r esiliency. 

Example: GLYCERINE! 
Did you know Glycerine keeps ad­
hesives flexible, makes the liners 
of bottle caps resilient, and pre­
vents cellophane from becoming 
brittle? Glycerine also keeps 
beauty creams, ointments, and 
other cosmetic preparations from 
drying out or peeling off. Your 
toothpaste and shaving cream 
squeeze smoothly because they 
contain Glycerine. Glycerine is 
nontoxic, nonvolatile, and ex­
tremely versatile. 

If you're looking for plasticity 
in a product, check Glycerine's 
possibilities. 

New Sausage Casi ng 
For example, a midwestern pack­
aging company is using Glycerine 
to plasticize a new type of sausage 
casing. It is the first coated cellu­
lose casing for liver sausage that 
controls moisture vapor transmis- . 
sion during processing and stor­
age. The material is opaque and 
permits sharp, multi-color print­
ing. Consumers will benefit be­
cause it provides retention of orig­
inal flavor and reduces surface 
crusting, discoloration, and loss of 
weight through shrinkage. 

8al an ce of Prope rties 
But Glycerine's ability to act as a 
plasticizer is only part of the story. 
You can count on versatile Glyc­
erine to serve as -

humectant 
solvent 
vehicle 
sweetener 

lubricant 
demulcent 
suspending agent 
chemical intermediate 

Booklets on the application 0/ Glyc. 
erine in the drug and cosmetic, food, 
protective coatings, and textile /ields 
are available. For your copy, write to 
Dept. S, Glycerine Producers' Asso­
ciation, 295 Madison Avenue, New 
l't>rk 17, N. Y. 
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OTHER SANBORN 

IMPROVEMENTS 

• Extended frequency response. 

• Improved regulated power 

supply. 

• Individual stylus temperature 

control for EACH channel. 

• Improved, single control, paper . 

speed selector. Nine speeds 

- 0.25 to 100 mm/sec. 

• Recorder slides out, if desired, 

for better view of recorded 

events, or for nofations on 

record (illustrated at right). 

• Improved control of input signals 

by use of 1, 2, 5 ratios on 

attenuator. 

Be sure to see the 150 Series 

at BOOTHS 455-457, I.R.E. Convention, 

Kingsbridge Armory, Bronx, N. Y. 

March 22-25, 1954. 

Th e BASI C f o u r­

channel assembly in­

cludes: Cabinet, Re­

corder, and, for each 

channel, a BUILT-IN 

unit (A), which com­

p ris e s  a Dr i v e r  

Amplifier with frame, 

and a Power Supply 

with control panel. 

ANEW 

design concept 
tllot brings even 

greoter versotility 
to industriol 

OSCILLOGRAPHIC 

RECORDING 

You have a CHOICE 

of readily interchangeable, 

plug-in Preamplifiers (B) 

for EACH channel, as 

The new Sanborn 150 Series 
offers greater operating efficiency 
and convenience, and encompasses 
a variety of uses which include the accurate recording 
of almost every phenomenon whose frequency spectrum lies in the 
range from 0 to 100 cycles per second. 

A wide selection of plug-in preamplifiers, or "front end" 
units, such as (B) above, are completely interchangeable in any or all 
channels of the 150 Series amplifier section, where they simply plug in to 
the driver amplifier and power supply, (A) above, 
which are already in place. 

Available plug-in Preamplifiers include: AC-DC, CARRIER, 
SERVO-MONITOR, DC COUPLING, LOG-AUDIO, and LOW 
LEVEL. Blank plug-in assemblies are also available for users to make 
input circuits for special measurement problems. 

And, there are the popular Sanborn advantages: a high torque 
movement (200,000 dyne cms per cm deflection), 
direct inkless recording in true rectangular 

coordinates, and provision for code 
and time markings. 

A new catalog on Sanborn Oscillographic 
Recording Systems and their components 
will be sent gladly on request. 

195 MASSACHUSETTS AVENUE 

CAMBRIDGE 39, MASS. 
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Photograph by Vile8 

Here's GOOD NEWS for gardeners! 
Millions of home gardeners have a pleasant surprise in store for them 
this year. For the first time "Cyanamid," agriculture's most useful form of 
nitrogen, is available for home garden use. 

Lawn and Garden Cyanamid, as this product is known, offers many 
advantages to the home gardener. It enables him to turn spaded-in plant 
refuse into humus in the soil ... build humus in a compost pile ... kill weed 
seeds in the soil for new lawns ... or repair old lawns. At the same time, 
Cyanamid supplies long-lasting nitrogen and soil-sweetening lime ... both 
essential to sturdy and season-long plant growth. In fact, this is the way 
commercial growers have achieved outstanding results for many years 
with flowers, vegetables and turf. Cyanamid is now available in 10, 25 
and 50-pound bags and will be on sale at garden supply outlets as 
rapidly as distribution can be completed. 

Lawn and Garden Cyanamid is a granular form of calcium cyanamide, the 
astonishingly versatile, basic material from which American Cyanamid Company 
has developed many chemicals for agriculture, industry and the home. 

• 

AMERICAN {janonud COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
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