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Both tires shown here have traveled 
14,000 miles under identical conditions. 

Sidewall on right was mode with PLiOFLEX 

"c" type rubber stabilized with new 

WING-STAY 100. 

Now-rubber that keeps its age a secret 

Whirling around a test track -or spinning through 

traffic-tires age with wear. The effects of this aging proc­

ess show up most often in the sidewalls, where small 

cracks appear. Not only do they mar the looks of the 

tire, they rob it of strength and cut into its service life. 

What causes cracking? Two things, mainly-atmos­

pheric oxygen and ozone. To combat them, antioxi­

dants have been developed. So have antiozonants. But 

not until now has a truly effective combination of 

antioxidant and antiozonant been perfected. And that's 

WING-STAY 100 by Goodyear. 

The superior protection of Wing-Stay 100 can be 

yours in four new PLIOFLEX rubbers. Dynamic aging 

resistance thus becomes another key advantage of 

PLIOFLEX 1500C, 1710C, 1712C, and 1714C - along 

with assured process ability, high uniformity and excel­

lent physical characteristics. 

For more information and complete technical service 

on PLIOFLEX "C" type rubbers-plus other rubber chem­

icals and a full line of synthetic rubbers-write: 

Goodyear, Chemical Division, Dept. C-9457, 

Akron 16, Ohio 

CHEMICAL DIVISION 
,ving.Stay, Plioftex-T. M.'s The Goodyear Tire & Rubber Company, Akron. Ohio 
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Donald L. Reed, Manager Gas Engine Compressor Sales, 

The Cooper-Bessemer Corporation, explains 

How we now make engines do 40% more work 

The diagram shows a recent major development in 
feeding air to the power cylinders of Cooper-Bessemer's 
big engine-driven compressor units. This unique "series 
turbocharging" overcomes many fonner supercharging 
limitations and successfully boosts air supply for better 
combustion, more effective scavenging of exhaust gases, 
greater efficiency and increased power! 

As a result, gas transmission, petroleum and chemical 
companies are getting 40% more power with these new 
V-angle compressor units than with predecessors of the 
same bore, stroke and speed. Or, for a given job, this 
means less fuel consumption and much lower costs for 
housing, foundations, piping and year-in, year-out 
operation. 

Find out what cost-saving advancements Cooper­
Bessemer can apply to your needs in power and com­
pression facilities. Call our nearest office. 

BRANCH OFFICES: Grove City ' New York . Chicago ' Washington. San 
Francisco • Los Angeles • Houston • Dallas • Odessa • Pampa • Greggton 
Seattle. Tulsa. St. Louis. Kansas City. Minneapolis. New Orleans· Shreve­
port • Casper 

SU BSI DI ARI ES: Cooper-Bessemer of Canada. Ltd .... Edmonton· Calgary 
Toronto • Halifax 

Cooper-Bessemer International Corporation ... NewYork. Caracas· Mexico City 

C-B Southern, Inc . . • •  Houston 

lNGINES: GAS· DlnEL· GAS.Dlnn 

COMP.nSOIS: IICI'IOCATING AND ClNUIfUGAL. 

ENGINE 01 MOTOR DIIYIN 
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BRITISH CROWN COPYRIGHT, SCIENCE MUSEUM, LONDON 

It's a far cry from Scarlett's day. . . when this purveyor of "all manner ofOptick Glasses" sold his wares to King 

and commoner, to sycophant and scientist alike. Imagine your laboratory dependent on instruments like these. 

And yet-look around you -the equipment you're using may be almost as outmoded as Scarlett's. For science 

and technology advance, not only by building on accumulated knowledge, but by discovering new tools for 

new ways to see and to measure. l::l That's the business of Beckman Scientific and Process Instruments Divi­

sion ... providing the ultimate in advanced laboratory analytical instruments ... ultraviolet and infrared spec-

trophotometers, pH meters, gas chromatographs, oxygen analyzers and many more. ;;rl Learn what Beckman 

instrumentation can mean to you. Write on your company letterhead for Data File L-55-98. We'll also send BeCkman1 
Scientific and Process Instruments Division 

Beckman Instruments, Inc. 

2500 Fullerton Road. Fullertol!, Cahfornia 

you a lithograph of Scarlett's trade card, suitable for framing. 

It's a Fact: The unique double-monochromator of the Beckman IR-4 Infrared Spectro­

photometer gives greater dispersion, energy and resolution than any instrument in its class. © 1959 SCIENTIFIC AMERICAN, INC© 1959 SCIENTIFIC AMERICAN, INC
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Harchem Sebacic Acid 
... the chain that spans from cold to hot 

From 650 below zero to 3500 above," modern lubricants must work 
under conditions where both temperatures exist in the same system. 
Only a sebacate makes it possible. 

Plastics must meet similar problems. Mustn't crack in cold or get 
sticky in heat. A sebacate solves these problems, too. 

Such sebacates are esters of pure sebacic acid - Harchem's 99% 
Sebacic Acid. And sebacates are only one of the many things that can 
be made with the help of Harchem Sebacic Acid. No other difunctional 
intermediate provides as much permanence and durability. The long 
straight chain of sebacic acid is present in synthetic lubricants, nylon 
fibres, moulding powders, polyurethanes, polyesters, alkyds and a large 
family of plasticizers for vinyls, synthetic rubbers, acrylics and a host 
of other plastics. In each, Harchem Sebacic Acid is the basis of im· 
proved performance that pays big dividends in competitive markets. 

The Harchem Laboratories will help with your developments if you 
wish. Developments which will, we're sure, bring better products to 
your customers; better profits to you. 

Samples of Harchem 99% Sebacic Acid and product information 
on request. Write Dept. H·55.83. 

* Fahrenheit 

� � '"",,"0 • HARCHEM DIVISION 
� WALLACE Be TIERNAN INC 

-= T'� ' \ "I 25 MAIN STREET BELLEVILLE 9 NEW.JERSEY 

I" (Ar-.ACA "" C HARDESTY CO OF CANADA LTD TORO"<TO 

THE COVER 

The painting on the cover depicts 
a seismometer used in the Lamont 
Geological Observatory of Colum­
bia University to detect earthquake 
waves of great length (see page 
131 ). The seismometer is essentially 
a mass suspended in such a way 
that when the earth shakes the 
mass tends to remain stationary. 
The apparent movement of the 
mass can then be used to record 
the vibrations of the earth. In this 
seismometer the mass is the round 
object at lower left. The mass is 
mounted at the end of an arm which 
is free to move vertically, and is sup­
ported by the spring which runs 
diagonally across the frame of the 
apparatus. When the frame is shak­
en by the earth, the mass oscil­
lates vertically with a period of the 
order of 30 seconds. Thus the sys­
tem detects only the vertical compo­
nent of very long earthquake waves. 

THE ILLUSTRATIONS 

Cover painting by Walter Murch 
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Raw Material - Zirconium tetrachloride is 
delivered to Mallory-Sharon's sponge 
plant in 6-ton rubber containers. 

Rolling sheet bar into finished sheets. Both 
titanium and zirconium are available in a 
wide range of mill shapes. 

FULLY IN 0 
for special metals production 

Titanium and zirconium have 
progressed, in a few short years, 

from limited application to practical 
special-purpose metals_ 

In the forefront of this development 
since its beginning, Mallory - Sharon 

now offers the only completely 
integrated production facilities 

in the industry_ 

From raw materials, through 
sponge production, vacuum melting, 

and rolling of mill products, we 
carefully control quality and physical 

properties at every step. 

Backing-up these physical facilities 
is an outstanding "special metals 

team" - research and 
development, technical staff, and 

application engineers. 

When you have a technical problem 
involving titanium, zirconium 

or other special metals, come to 
"headquarters". You'll find a 

Mallory-Sharon service engineer can 
be most helpful on properties and 

applications_ And he can provide 
you with a wealth of information 

on machining, forming and welding 
of titanium and its alloys 

for special purposes. 

Vacuum M elting- photo shows remote control panel for 
vacuum double melting furnaces at Niles, Ohio. 

Zirconium Chunklets produced at Ashtabula, Ohio, plant 
are used to produce ingots for forging or rolling. 

MALLORY e SHARON 
MALLORY-SHARON METALS CORPORATION · NILES. OHIO 

�ed p�ducer Or Titanlu�. Z;�onlu�. Special Metals 
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THE RA W MA TERIALS OF PROGRESS 

3M CHEMISTRY INVITES 
Set off, if you will, on a voyage of discovery in the realm of your own 

imagination. The versatility and variety of 3M Chemical Products 
invite you to explore their potential in your field. 

In such diverse areas as electronics, aeronautics, automotive, textiles, 

plating, leather, plastics and packaging, 3M Chemicals are helping to 

push processing and product development far beyond previously 

accepted limits. They solve problems of chemical, thermal and 

dimensional stability, combat contamination and corrosion, add excep­

tional flexibility, longevity, strength and functional improvements to 

many products. 

Each of the 3M Chemicals in the list at the right offers superiorities that 

invite imaginative use. Explore them-write for detailed data now. 

Inert fluids for electronic equipment ..... _ ................. __ 

© 1959 SCIENTIFIC AMERICAN, INC



Friction particles and binders for brake and clutch facings 

YOU TO TOUR YOUR OWN IMAGINATION 
Plastics and Elastomers: KEL-F® and fluorochemical polymers 
offering great chemical and thermal stability, high solvent 
resistance and outstanding electrical properties. 

Friction Particles and Binders for brake liners, clutch facings. 

Textile Finishes: "SCOTCHGARD" Brand finishes for textiles, 
which repel oil as well as water. Tanning Chemicals for leather. 

Protective Sile for papers and packaging: "SCOTCHGARD" 
Brand oil and water-repellent sizes for papers, container­
board. 

Corrosion Control Materials including plastics, carbon impreg­
nates, primers and coating resins. 

Cools Tube. 3M Fluorochemical Inert Fluid FC 75 was chosen 
by RCA as the best low-temperature coolant for this high­
power transmitting tube. FC 75 permitted design of tube 
for operation at temperatures below 32°F with essentially 
the same power output as that obtained with water 
cooling at temperatures above 32°F. 

Acids and Alkanes: KEL-F® oils, waxes and greases for use as 
lubricants, fluids, sealants; fluorocarbon chemicals and 

polymers with a broad spectrum of use, including "do­
nothing" chemicals from the fluorochemical family, which 
now serve as insulating and coolant fluids. 

Inorganic Oxides and Acids serving in steel pickling, chemical 
processing, or in paint, plastics or rubber industries. 

For literature, write on company letterhead, specifying 
product interest, to 3M Chemical Division, Dept. WH-39, 

St. Paul 6, Minnesota . 

Resists Chemical and Thermal Shock: Expellent bladders for the 
missiles field, made of tubing formulated of KEL-F® 
halofluorocarbon polymers, have zero moisture absorption, 
are so inert and temperature resistant that they survive 
liquid oxygen and both red and white fuming nitric acid 
for indefinite periods. 

3M CHEMICAL DIVISION, MANUFACTURERS OF: Acids. Resins. Elastomers. Plastics' Oils, Waxes and Greases. Dispersion 
Coatings • Functional Fluorochemicals Inert liquids and Surlactants 

CHEMICAL DIVISION r44 

M'NNESOTA M'N'NG AND MANUFACTURING COMPANY e.) 
• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � • . .  
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TECHNOLOGICAL LEADERSHIP IN SEMICONDUCTORS 

::E-1o"VV se:rn.icond u.ctor dice are 
"loaded" for better transistors 

LIGHTING 

8 

The silicon or germanium die is the 
heart of the transistor. Precise thick­
ness is vital to the transistor's per­
formance and must be measured within 
a few ten thousandths. At Sylvania 
this is accomplished by combining the 
roller micrometer principle with an 

ingenious and exclusive unit-feed mechanism 
developed by Sylvania engineers. 

For the circuit designer, this seemingly 

simple refinement makes important contribu­
tions to a better, more uniform transistor. It 
eliminates damage and contamination of the 
dice, both difficult to avoid in now obsolete 
hand-tweezer feeding. 

At Sylvania, technological achievements like 
the automatic unit-feed mechanism are in 
progress every day. Always, the objective is 
to produce the best possible transistor at the 
lowest possible cost. 

�SYLVANIA SYLVANIA ELECTRIC PRODUCTS INC. 
Semiconductor Division 

1740 Broadway, New York 19, N. Y 

TELEVISION RADIO ELECTRONICS PHOTOGRAPHY CHEMISTRY-METALLURGY 
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Foxboro 
makes 

a better 
instrument 

... or 
Foxboro 

doesn't 
make it! 

Final calibration of a Stabilf1a control valve. Development of this Foxboro product, with 
its wide-range V-port design, contributed new exactness to automatic process control. 

JlOXBORO 
REG. U.S, PAT. OFF. 

Creative Design and Manufacture of Instruments and Instrument Systems for Measure­

ment and Control of Process Variables. The Foxboro Company, Foxboro, Mass., U. S. A. 
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Voice of defense In the North 

Philco Microwave supports Nike control network across Alaska 
Unaffected by the most severe winter storms ... unham­
pered by rugged terrain . . .  impervious to electronic 
jamming ... Philco Microwave has been selected by the 
U.S. Army Signal Office to link Nike sites on the Alaskan 
Defense perimeter. 

Advanced Philco CLR-9 microwave equipment assures 
extremely reliable electronic communication between 
these isolated guided missile outpOSts. Because it pro­
vides a completely reliable, uninterrupted communica­
tions system in this frozen land, Philco Microwave has 
become America's "voice of defense in the North." 

At Philco, the world of tomorrow is now. To meet the 
challenge of advanced electronics research and engineer­
ing, Philco is pioneering advanced communications 
systems such as that developed for the Alaskan Nike sites. 
And, at Philco, engineering opportunities are also expand-

ing-in the development of advanced communications 
systems, weapons systems and data processing. 

Wherever you look at Philco; in guided missiles; in 
advanced navigation; in infra-red and radar technologies; 
as well as in communications systems ... being "out 
front" is a habit. 

In the wonder world of advanced electronics, look to 
the leader. Look ahead . and you'll choose Philco. 

PH I LCO® 
GOVERNMENT & INDUSTRIAL DIVISION 
4700 Wissahickon Ave., Philadelphia 44, Penna. 
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LETTERS 
Sirs: 

In his lengthy review of my book 
"Brighter than a Thousand Suns" [SCI­
ENTIFIC AMERICAN, December, 1958] 
Robert R. Wilson makes the surprising 
statement that I have "never inter­
viewed" one of my main subjects, Rob­
ert Oppenheimer. I interviewed Dr. Op­
penheimer in his directorial office in 
Princeton in April, 1956, on appoint­
ment. I am sure there must be some kind 
of secretarial record of my visit to the 
Institute for Advanced Study. Dr. Op­
penheimer knew the subject of the book 
I was preparing and after a more gen­
eral discussion about the 13th century 
our conversation moved to more recent 
times and problems. However, I had 
been asked by a common editorial ac­
quaintance not to touch upon the 
"Chevalier affair" because Dr. Oppen­
heimer did not want to talk about it. 

I have no doubt that the reviewer 
acted in good faith when he made his 
inexact statement. He had to rely on 
other people's testimony as much as I. 
I interviewed over a period of two years 
almost a hundred persons in seven coun­
tries in order to piece this extraordinary 
story together. I can assure Professor 
Wilson most emphatically that not a 
single fact in my book stems from my 
"own vivid imagination," as he seems to 
believe, and that I have tried to check 
every single fact as thoroughly as pos­
sible. What the reviewer calls "inaccura-

Scientific American, March, 1959; Vol. 200, 
No. 3. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York 17, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SCIENnFlc AMERICAN, 415 Madison 
Avenue. New York 17, N. Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 415 Madison Avenue, New 
York 17, N. Y. 

Subscription correspondence should be ad­
dressed to Jerome L Feldman, Circulation Man­
ager, SCIENTU'IC AMERICAN, 415 Madison Avenue, 
New York 17, N. Y. 

C.hange of address: Please notify us four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S,A. and possessions: 1 
year, 85; 2 years, 89; 3 years, 812.50. Canada and 
Latin America: 1 year, 86; 2 years, 511; 3 years, 
SIS. All other countries: 1 year, S8; 2 years, 814; 
3 years, S18. 

NEWS 
" 

, 

OUTER 
\ 

\ 
\ 
I 
I 

I 
I 

SPACE 
........... 

- ...... _- ------------

,/ ,/ 

/ 
/ 

,/ 

COSMIC ray intensity ... outer space temperatures ... atmospheric 
density . . . gravitational force . . . the soft pulse of �a monkey 

riding a nose cone. 
This is the important news from outer space. It comes to us via 

telemetry receivers designed and produced by Nems-Clarke Company, 
a division of Vitro Corporation of America. 

More than 95 per cent of the telemetry receivers at U. S. missile test 
stations and ranges were designed and built by Nems-Clarke, a company 
manufacturing communications, photographic, broadcast and tele­
vision equipment and scientific instruments for the U. S. Government 
for the past 50 years. . 

As the probe into deep space goes on, Nems-Clarke will continue 
to provide the best in telemetr}:, receivers and other electronic equipment 
for our defense. 

This vital role in telemetry is another example of Vitro's strength in 
weapon systems, nuclear energy, extractive metallurgy and other 
technologies of the atomic age. 

Vitro makes tomorrow's technologies available today 

'IF' Research, development, weapon systems 

$ Nuclear and process engineering, design 

CORPORATION of AMERICA 

261 Madison Ave., New York 16, N. Y. 

� Electronics development and production 

a Refinery engineering, design, construction 

� Uranium mining, milling, and processing 

�I Thorium, rare earths, and heavy minerals 

e Recovery of rare metals and fine chemicals 

� Aircraft components and ordnance systems 

o Ceramic colors, pigments, and chemicals 

II 
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. d magnetic latching 
polarize 

SOm 
w. sensitivity 

Sigma Series 32 Relay 

... and it's 

NOW AVAILABLE ACTUAL SIZE 

Sigma Series 32 DPDT polarized mag­
netic latching relays are now in full 
production and for sale actual size. Your 
incoming inspection dept. no longer need 
maintain postage stamps, paper clips, 
coins, matchbooks, loupes, grapes and 
other popular size standards; Sigma 
manufacturing tolerances and an elec­
tronic sanforizing process hold max. "32" 
dimensions to 0.800" x 0.400" x 0.900" 
high (including wiring diagram printed 
on side). You can even measure a "32" 
today and come back a week later and 
it will still be the same size. :That's uni­
formity you can work with! 

Now that the problem of dimensional 
parameters has been conquered with 

�ha;,
acteristic Sigma efficiency, other 

32 facts of general interest deserve 
mention. If you're looking for vibration 
immunity, a "32" probably has more in 
its favor than any other presently avail­
able relay of this type (if we've correctly 
gauged the rest of the field). Associated 
shock tests show that the contacts won't 
open, with the relay energized or de­
energized, under 100 g wallops. Operate 

time of the "32"is 2 to 20 milliseconds, de­
pending on overdrive, and max. contact 
bounce is 300 microseconds. Standard 
operating sensitivities are 50 mw. for a 
single - coil relay, 100 mw. for each coil 
of a dual-coil relay. 

Choice of either single or dual coil ver­
sions gives you some freedom in circuit 
hook -up: where the single -coil type 
must have a signal of both the correct 
polarity and magnitude to cause arma­
ture transfer from one fixed position to 
the other, a dual- coil "32" can be made 
to trip simply by changing the power 
level (assuming the presence of a refer­
ence bias and that you've got the + 
and - on the right pins). 

Production of the Series 32 is now going 
full blast and they're all coming through 
with a circuit diagram instead of "Merry 
Christmas" printed on the side. Goodly 
quantities are deliverable right now and 
nothing would please us more. If you're 
still not clear on the size reference 
problem, write for the "32" bulletin. 

IT'S BIGGER THAN BOTH OF US - WE'LL BE THERE AT BOOTH 2631·33. 
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SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE co. (51"0:.1030) 

des" are the "accuracies" of somebody 
else, who remembered and evaluated the 
facts differently. If I have not always 
been able to name the source of certain 
statements and information, this has 
been because I had to assure all the peo­
ple I interviewed that I would be dis­
creet whenever they said to me: "Better 
don't say who told you that." 

It would indeed be of great impor. 
tance if the men who made the atomic 
bomb would soon write their memoirs OJ' 
publish their diaries. But I doubt that 
this can be done successfully as long 
as they have to pull their punches out of 
professional courtesy. As an "outsider," 
who was able to write down what he 
heard without being afraid of any "re­
prisals" by some colleagues he had criti­
cized, I may after all have sketched a 
realistic picture of some value to future 
historians. Corrections will be made and 
should be made-that is the way history 
is written-but I doubt that Professor 
Wilson, who confesses to his "defensive 
bias," to his "indignation" and to his 
"emotional" response caused by my 
book, has been very helpful. 

In "overdestroying" my book with 
this "H-bomb review" Professor Wilson 
has unfortunately also knocked down 
some standards of quiet scientific reason­
ing. Instead of pin-pointing mistakes he 
offers mainly damning generalizations 
without offering further proof. I hope 
that Hans A. Bethe is closer to a real 
evaluation of my work when he states in 
his pretty critical review of it: "On the 
whole the presentation is fair in contrast 
to some previous attempts at writing the 
same history. It gives a good picture of 
the psychological development of the 
scientists as well as of the scientific and 
political events." 

ROBERT JUl\GK 

London, England 

Sirs: 
My apologies to Mr. Jungk for the 

incorrect statement about his lack of an 
interview with Robert Oppenheimer. I 
am happy to accept Jungk's word for the 
interview without recourse to any secre­
tarial record. More than ever am I mys­
tified that he could then so thoroughly 
have missed the essence of Oppenheim­
er's personality. Could it be that one 
interview was still on the scant side for 
the purpose of a biography? 

The harshness in my review to which 
Mr. Jungk objects came about in part 
because of my disappointment in the 
book after having had my admiration 
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Coating of a TFE-fluorocarbon resin is used on filler barrel of the Parker 61 pen, a product of 'f The Parker Pen Co., Janesville, Wisconsin 

THE INSIDE STORY: How a finish put an end to an inky problem 

The inner barrel of the new Parker Pen is 
dipped into ink and fills by capillary action. 
Puzzling to the designers at first was how 
to make it easy to clean the wet barrel. 
Solution: A coating of the TFE resin sheds 
the ink so well, that it is not necessary to 
wipe the cell case. 

Unless special techniques are used, 
nothing sticks with any strength to a TFE­
fluorocarbon resin surface. Moreover, TFE 
resins resist heat to 500°F., are unaffected 
by almost all chemicals, and have lower 
coefficients of friction than any other solid 
material. 

Special techniques can however be used 

<m! PORP !-�o�c�o�.�· 
� �G u. S P"'T ori 

BETTER THINGS FOR BETTER liVING . .  THROUGH CHEMISTRY 

to bond TFE resins. Sheets of TFE resins 
are often applied via these techniques to 
hoppers, conveyors and chemical vats. The 
exposed surfaces of the resins remain slip­
pery and "anti-adhesive". 

We've just issued a 20-page illustrated 
booklet entitled "TEFLON TFE-Fluoro­
carbon Resins in Mechanical Applications", 
packed with facts on uses of TFE resins. 
Send for your copy today. E. I. du Pont de 
Nemours & Co. (Inc.), Polychemicals De­
partment, Room T-393, Du Pont Building, 
Wilmington 98, Delaware. 

In Canada: Du Pont of Canada Limited, P.O. 
Box 660, Montreal, Quebec. 

TEFLON is Du Pont's registered trademark fOT its 
fluorocarbon resins, including the TFE (tetrafluoro­
ethylene) resil1S discussed herein. 
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THIS calculator 
frees creative minds 
from the burden 
of figurework 

chores 

Division of SMITH· CORONA MARCHANT 
OAKLAND 8. CALIFORNIA 

14 

Remarkable simplicity and 

automatic "self-control" of the 

MARCHANT DECI'MAGIC let you 

forget the calculator and 
concentrate on the problem 

More productive time for creative minds is 
the outstanding benefit that the Marchant 
Deci' Magic brings to the figurework of sci­
ence and engineering. It does this through a 
startling simplicity of operation. 

You simply "write" the problem in the 
Deci'Magic's keyboard as you would on 
paper ... and automatically your problem 
is solved! The Deci • Magic's fully automatic 
"self-control" takes over on tabulation, dial 
positioning and carriage shifting, and auto­
matically delivers your answer ... with the 
decimal point in the right place. 

This unprecedented operating ease applies 
to complex computations as well as simple 
figurework. Anyone on your staff can operate 
the Deci' Magic without special training 
and get correct answers. 

I 
I 
I 
I 
I 

INC. I 
I 

Would you like to know more about the 
Deci' Magic calculator? Just call any Mar­
chant office, or send the handy coupon below. 

Less time working out problems 
... more time working with results 
-because the Deci.Magic gives 
you these important advantages: 
• Automatic "self-control" of dials, 

decimals and carriage 
• Progressive dial proof of all entries, 

all results 
• Automatic single-entry squaring 
• Automatic accumulation of products 

or quotients 
• Automatic zeros 

Send full information about the Marchant 
Deci· Magic calculator and how it can 
help us in our figurework. 

l·3 
NAME ____________________________ __ 

PLEASE ATTACH COUPON TO YOUR ORGANIZATION'S LETTERHEAD 

thoroughly aroused by his well-written 
early chapters. J ungk, as he points out, 
is in the excellent position of being an 
"outsider." Furthermore, his perceptivity 
in understanding scientists is remark­
able; it seems more the pity that his ac­
count was marred by so many errors of 
fact. The "accuracies of somebody else" 
may be acceptable for a Hollywood col­
umnist but are not appropriate for the 
serious subjects he has attempted to 
analyze. I very much hope that he con­
tinues to lend his obvious talent for 
analysis and good writing to the study 
of relationships between science, scien­
tists and civilization, but I also hope that 
next time he divests himself of precon­
ceived biases and spends that extra ef­
fort so necessary in preparing any relia­
ble account. 

Cornell University 
Ithaca, N.Y. 

Sirs: 

ROBERT R. WILSON 

Sanford Rosenthal's clinical experi­
ence in Peru ["Wound Shock"; SCIEN­
TIFIC AMERICAN, December, 1958] con­
firms what has been known for many 
years, i.e., there is a large loss of sodium 
chloride and water into burned tissues, 
and that giving such patients large vol­
umes of salt solution by mouth, or par­
enterally when they cannot swallow, is 
good practice. The reader, however, will 
get the impression that this therapy is 
also appropriate and effective for shock 
due to wounds in general. Dr. Rosenthal 
should be aware of the well-documented 
reports from many clinicians that this 
therapy, which has been used in literally 
thousands of cases of wound shock of all 
varieties, simply does not work. It does 
not cure the shock of severe wounds, 
including extensive burns, such as those 
treated by Dr. Rosenthal himself in 
Peru. It is not the answer to the problem 
of wound shock, because the vast ma­
jority of patients who have been treated 
for, but have died of, wound shock have 
died in spite of full replacement of fluid 
and electrolyte deficits, when present. 
Nor is the successful treatment of tour­
niquet injury in rats or mice with salt 
solution applicable to other species, such 
as the dog, in which it has failed. The 
pathology of wound shock is far more 
complex than Dr. Rosenthal's descrip­
tion of the pathology of burns indicates. 
To be sure Dr. Rosenthal excludes bac­
terial activity from his consideration of 
the problem of wound shock, but unfor­
tunately it is rare that one encounters 
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TI- designed fully automatic wafer sorter. Silicon wafers 
for TI diodes or rectifiers are vibration fed to pick-up 
stations where they are vacuum gripped by upper contacts 
of test arms. During transit to drop chutes, lower contacts 
are applied, polarity checked, test circuits adjusted, and 
tests performed ... at a rate of more than 4000 per hour. 

THE WORLD'S LARGEST SEMICONDUCTOR PLANT 

Greater reliability, faster delivery and lower unit costs for 
users of TI diodes and rectifiers result from mechanized 
production and testing facilities such as the silicon wafer 
evaluator shown here. Designed and built by the TI Semi­
conductor-Components division, this machine automatically 
tests and evaluates each wafer that later becomes the heart 
of a TI diode or rectifier. 

Only advanced facilities can produce advanced components. 

The wafer evaluator automatically adjusts its own test 
conditions to correspond to each wafer being checked, 
measures the critical electrical parameters, and then 
guides it into an appropriate vial. These tests, performed 
before assembly at a rate of more than 4000 per hour, insure 
the performance of every TI diode and rectifier wafer. 

Continuous improvements in production technology at TI 
provide engineers the world over with precise reliable 
devices of practical economy and make possible new areas 
of semiconductor application. 

TEXAS� INSTRUMENTS 
IN COR P OR A T E D  
SEMICONDUCTOR-COMPONENTS DIVISION 
DALLAS. TEXAS 
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Generator G·5001 
500 watts output 

Transducerized Tank NT·5001 
Capacity, 10 gallons 
Dimensions, 20" L x 11 V2" W x 10" D 

GIANT 
narda 
SONBlAJTIR 

Generator features tank selector and load selector 

$13 2 5 switches on front panel to operate one or two NT·5001 
tanks alternately. Other combinations of tanks and sub-
mersible transducers available from stock; larger tanks 
available on special order. 

For mass - production cleaning and 
high capacity chemical processing! 
Here's a new Narda Son Blaster ultrasonic cleaner with tremendous cavi­
tation activity and generating capacity! Featuring full 500 watts output, 
this Son Blaster is available with a fully transducerized giant IO-galion 
capacity tank. In addition, it will operate from six to 10 Model NT-605 
high energy submersible transducers, at any one time, in any arrange­
ment in any shape tank you need up to 70-gallon volume. 

Install this new Narda Son Blaster, and immediately you'll start 
chalking up savings over costly solvent, vapor or alkaline degreasing 
methods! You'll save on chemicals and solvents, cut maintenance and 
downtime, eliminate expensive installations, save on floor space, and 
release labor for other work. But perhaps most important, you'll clean 
faster, cut rejects, and eliminate bottlenecks. 

Whether you're interested in mass'production cleaning or degreas­
ing of mechanical, electronic, optical, or horological parts or assemblies 
... rapid, quantity cleaning of "hot-lab" apparatus, medical instruments, 
ceramic materials, electrical components or optical and technical glass­
ware ... or in speeding up metal finishing and chemical processing of all 
types-you'll find this new SonSlaster will do your work faster, better 
and cheaper. Write for more details now, and we'll include a free 
questionnaire to help determine the precise model you need. Address: 
Dept. SA·20. 

Consult with Narda for all your ultrasonic requirements. The 
SonSlaster catalog line of ultrasonic cleaning equipment ranges from 
35 watts to 2.5 KW, and includes transducerized tanks as well as immers­
ible transducers which can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied to help improve your 
process, Narda will recommend the finest. most dependable equipment 
available for immediate delivery from stock-and at the lowest price 
in the industry ($175 up)! 

For custom· designed cleaning systems. write to our Industrial Process 
Division: for information on chemical processing applications. write to our 
Chemical and Physical Process Division: both at the address below. 

.. jj»)jjiJD 
11arda ultrasonics 

the corporation 
625 MAIN STREET, WESTBURY, L. I ., N. Y. 
Subsidiary of The Nardo Microwave Corporation 

wounds which are wholly free of bacte­
ria. Even a burn in man, if not in mice, 
is a good deal more than a loss of salt 
and water. It is also a destruction of tis­
sue, and if more than the supemcial lay­
ers of the skin have been destroyed, in­
fection by ubiquitous bacteria is an un­
avoidable complication. 

TACOB FINE, M.D. 

Harvard Medical School 
Boston, Mass. 

Sirs: 
At the beginning of our work on 

shock, inadequately controlled and 
standardized experiments had led to 
widely differing conclusions on the mer­
its of saline-solution therapy, such as 
those expressed by Dr. Fine. By stand­
ardized experiments on large numbers 
of small laboratory animals we were able 
to overcome these difficulties and to 
show that large volumes of saline were 
necessary to produce survival (see San­
ford Rosenthal and R. C. Millican, 
Pharmacological Reviews, Vol. 6, page 
489, 1954). Since no properly controlled 
studies in man had been carried out with 
large volumes of saline, the Peru Project 
was undertaken. Our results in man as 
well as animals speak for themselves. 
The fact is that in over 80 severely 
burned adults ( 1 1  with over 50 per cent 
of the body burned) not one died during 
the shock period. The Peru Project was 
the first well-controlled clinical evalua­
tion of large amounts of saline in burn 
shock, and I am unaware of any similar 
study in wound shock in man. 

Dogs present technical difficulties for 
the study of therapy of shock and the 
published results have been quite incon­
stant. There are, however, experiments 
on dogs in which saline solutions have 
been effective as well as others to the 
contrary (see the above review). 

We agree with Dr. Fine that much 
has to be learned about the causes of 
shock. Our publications have repeatedly 
pointed out that fluid and electrolyte 
disturbances were not the sale causes. 
We have shown that they are important 
factors, the correction of which can 
often prevent death. And we have shown 
that saline solutions are as effective as 
plasma in most cases of shock, if they 
are given in large enough amounts, by 
mouth or by injection. 

SANFORD M. ROSE],;THAL, M.D. 

National Institutes of Health 
Bethesda, Md. 

© 1959 SCIENTIFIC AMERICAN, INC



Keys to better catalysis 

... NORTON Ceramic Catalyst Carriers 

In modern chemical and petrochemical 

process reactions, very often the choice of 

proper catalyst carriers is as critical a fac­

tor as selection of the catalysts them­

selves. And time and again, NORTON 
Ceramic Catalyst Carriers have proved 

the best choice both for efficiency and 

economy. 

It's more than just a question of a qual­

ity product. There's a personal equation 

involved - the Norton Man. He brings 

to chemical engineers the benefits of 

NORTON COMPANY'S years of experience in 

the chemical and petrochemical fields as 

well as the end products of its advanced 

manufacturing and quality control 

methods. He understands the problems 

i n v o l v e d .  A n d ,  b a c k e d  b y  N O R T O N  
COMPANY'S extensive research and engi­

neering facilities, he's well qualified to 

help in their solution. 

Whatever the feedstock or thermal 

conditions involved ... whether reaction 

is in the gaseous or liquid phase . . . 

whether the carrier is to be coated or im­

pregnated with the active agent, he's 

ready to suggest the specific NORTON 
product that will do the job best. He also 

knows that every NORTON Carrier gives 

chemical processors the assurance of high­

est uniformity. From lot to lot - in any 

quantity - size, weight, porosity, pore 

diameter and purity are held to close tol­

erances that assure precise duplication of 

results. 

Take advantage of the service the 

Norton Man represents. Let him help you 

to meet catalyst carrier specifications 

exactly. It's the simple practical way to 

insure maximum catalyst activity and life 

... to keep catalyst costs low ... to get 

optimum yield from your process. Write 

NORTON COMPANY, Refractories Division, 

542 New Bond Street, Worcester 6, Mass. 

WIDE RANGE OF TYPES AS FOLLOWS 

Shapes 
Spheres 
Rings 
Pellets 
Granules 
Powders 

Materials 
Alumina 
Silicon Carbide 
Fused Magnesia 
Zirconia 
Silica, Zircon 
Magnesia - alumina 
Spinel, etc. 

Porosity - from 10% to 50% 
Surface Area - from less than 
1 to 70 m 2/gram* 

*BET Method 

Engineered .. . � .. . Prescribed 

Making better products . .  to make your products better 
NORTON PRODUCTS Abrasives · Grlndin, Wheels · Grlndinr Machines . Refractories . ElectrochemlClls - BEHR·MANNING DIVISION Coated Abrasives . Sharpening Stones ' Pressure·SensUI" Tapes 
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� .> I NEW PLASTICS inspire new product designs 

The news columns have been filled re­
cently with rapid-fire developments in 
thermoplastic materials ... materials that 
hold promise for the improvement of hun­
dreds of products, both old and new. As 
these stories break, you'll notice a high 
percentage of them featuring a Dow ma-

terial. Take Zerlon'" 150. A few weeks ago 
Dow introduced this weather resistant, 
optically clear plastic with an exciting 
new range of cost-saving properties. 
Several other news-makers in the com­
plete Dow line are discussed on these 
pages. 'Trademark 

UAGELESS" STYRON 480 GIVEN LIFETIME 

GUARANTEE IN NEW SUPERMARKET TOOL 

The housing of this new Cube Steak 
Tenderator is guaranteed for the life of 
the machine. This is a generous guar­
antee to make on equipment in rough 
and tumble supermarket service, but the 
manufacturer isn't worried ... he knows 
the housing is made of Styron® 480. 
This versatile thermoplastic was chosen 
because it's durable and highly resistant 
to meat juices, has super high impact 

strength, an easy-to-clean surface. 

The excellent aging characteristics of 
Styron 480 were also an important con­
sideration. In fact, the lifetime guarantee 
could not have been made without them. 
Fabrication was simplified and produc­
tion costs substantially reduced by 
switching to plastic. 

The housing made of Styron 480 is an 

excellent example of how Dow plastics 
help make good products better. An in­
creasing number of manufacturers are 
selecting from the extensive Dow line 
of eight basic thermoplastics and dozens 
of specialized formulations. And you get 
extras from Dow you can't buy on a 
cost-per-pound basis: technical service, 
marketing assistance and a color styling 
service that's second to none. 

THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
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Ready for the sales 
countdown ... 
with this abacus made of Styron 475 
A prominent publishing house markets 
this attractive, highly useful educational 
tool. It's made of polyethylene and 
Styron 475, a high impact Dow plastic 
with excellent dimensional stability, de­
sign flexibility and moldability to spare. 
This abacus was developed for the pub­
lisher by a custom molder who offers 
integrated design, engineering and pro­
duction services. It's another example 
of how creative engineering utilizes the 
many benefits of Dow plastics in new 
product designs . 

. . . and this adding machine housing 
molded of Styron 440 
Outstanding impact strength, design 
versatility and a wide range of colors 
make Styron 440 an obvious choice for 
this application. The housing is easy to 
keep clean and its high resistance to heat 
prevents distortion when the machine is 
displayed in direct sunlight. Styron 440 
also eliminated the extra fabrication and 
finishing operations that were necessary 
with the material previously used in the 
housing. The surface is smooth and 
polished when removed from the mold. 

4 MORE PRODUCTS 
fashioned from America's first family of thermoplastics 

STYRON 440. This new speaker housing for 
auditorium walls utilizes many of the proper­
ties of versatile Styron 440: Excellent large· 
area molding characteristics, a surface that 
requires no finishing. 

TYRIL. Characteristics such as beauty, strength 
and resistance to perspiration make Tyril® 
the ideal choice for this pen and pencil set. 
Tyril also provides excellent moldability for 
intricate details such as threaded sections. 

TYRIL. This transistor radio housing made of 
Tyril has toughness, dimensional stability and 
a wide range of colors. Excellent electrical 
properties are other benefits of this outstand­
ing Dow thermoplastic. 

FOR MORE INFORMATION about the versatile Dow plastics and the product 
designs discussed on these two pages, write to us today. THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Plastics Sales Deportment 1510EQ3. 

Industrial Molding Materials. Packaging Materials. Paint and Coating Materials· Building Products 
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solving today's problems today:Burroughs 220 Computer 

In scientific computation and business data processing, the new Burroughs 220 is delivering tangible results today. 

Linking a powerful digital computer to equally powerful input-output subsystems, the 220 offers balanced perform­

ance at the lowest application cost. Its expandable core memory, built-in floating decimal arithmetic, vast Datafile 

magnetic tape capacity and the multiple-card processing ability of Cardatron make this the most powerful system 

available in the medium price field. The 220 is just one part of a complete line of advanced Burroughs electronic 

data processing equipment _ _  .now in production ... now at work in hundreds of installations ... supported by an out­

standing team of computer specialists_ Write today for 220 brochure, ElectroData Division, Pasadena, California. 
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· 

THE P-E SPECTRUM 
· 
• 
............. . .... . .. . ........ • .......... • • . 

news of advanced systems and 
instruments from Perkin - Elmer 

NEW FAMILY OF AUTO-THEODOLITES "SQUARES-UP" at.. 
MISSILE GYRO CONTROLS BEFORE LAUNCHING , 

A new family of theodolites, sensitive to a fraction of a 

second of arc, or approximately the angle subtended 

by a dime a mile away, is helping to obtain the high 

order of accuracy demanded in long range missiles. 

Shown in use here is a short range theodolite, one of 

two used to align Ford Instrument Company's inertial 

guidance system on the Army Jupiter. 

These precise electronic-optical systems, developed 

by Perkin-Elmer, monitor the inertial guidance sys­

tems of missiles up to the moment of launch by continu­

ous observation of the azimuth angle formed by the 

missile gyro platform, the theodolite and a known refer­

ence mark. Automatic correction signals, as required, 

are transmitted to the missile's gyro platform via a 

closed loop system between the theodolite and the 

missile. P-E theodolites provide working distances 

ranging from 0 to 1500 feet. 

These theodolites are another example of Perkin­

Elmer's ability to combine electronics and optics into 

high-accuracy systems. 

J LOW-COST INSTRUMENT ATTRACTS NEW USERS 

, FOR INFRARED, SURVEY SHOWS 

Since Perkin-Elmer introduced the first low-cost infra­

red spectrophotometer two years ago, infrared has 

become as basic a tool in the laboratory as the analytical 

balance. A recent survey of 150 representative pur­

chasers of the P-E INFRACORD® spectrophotometer reveals 

that over half are first-time users of this powerful ana­

lytical technique. 

A typical INFRACORD user, Endo Laboratories Inc., of 

Richmond Hill, New York, employs the instrument to 

check both pharmaceutical raw materials and final 

product. These quality-control tests take a fraction of 

the time previously required for conventional wet meth­

ods. For example, the conventional method of assaying 

Endo's Coumadin Sodium or Percodan, an analgesic 

preparation - complicated mixtures of narcotic alka­

loids, sedatives and other drugs - in some cases took 

almost three days. With the INFRA CORD, Endo chemists 

make a positive determination in 25 to 30 minutes. In 

raw material checks, the instrument provides a perma­

nent record of its analyses for comparison with spectra 

of standard purity materials. 

The INFRA CORD is another example of P-E's more than 

fifteen years of infrared experience and development. 

For information on Perkin-Elmer and the products 

it makes for a wide range of growing industrial, scien­

tific and defense markets, write Perkin-Elmer Corpora­

tion, 915f Main Ave., Norwalk, Connecticut. 

ANALYTICAL INSTRUMENTS MILITARY SYSTEMS 
FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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The 3·Mev, Model K Van de Graaff 
can be furnished for horizontal in· 

stallation as illustrated above. 

Write our Technical Sales Depart. 
ment for more information on the 
Model K, 3·Mev Van de Graafj. 

This powerful multi-particle accelerator 
- proved in the field - is the basic tool 
for a broad program of fundamental or 
applied radiation research. 

Now in use for: nuclear physics, 
radiation processing, polymerization, 
radiation chemistry, reactor engineer· 
ing, sterilization, radiation damage, 
biology, particle injection, radiography. 

ELECTRONS: 1 microamp to 1 milliamp. 
X-RAYS: 900 R per minute at one meter. 
(Equivalent to 20,000 curies of Co-60). 

POSITIVE IONS: 10 to 200 microamp. 
NEUTRONS: 6 X 1011 neutrons per amp. 
Voltage and current output are stable, pre­
cisely controlled, and continuously variable. 

�HIGH VOLTAGE ENGINEERING 
CORPORATION 

BURLINGTON MASSACHUSETTS 

50 AND JOO 

YEARS AGO 

MARCH, 1909: "Twice lately have 
the Wright brothers given exhibitions 
before royalty. A few weeks ago King 
Alphonso XIII of Spain visited them. 
Last week King Edward of Great Britain 
also paid them a visit. On this occasion 
Wilbur Wright made a Right of seven 
minutes, in which he performed difficult 
evolutions with great precision. M r. 
Wright has started the construction of a 
half dozen aeroplanes in England, in 
addition to the 14 already nearing com­
pletion in France. Several of his pupils 
at Pau have made successful Rights 
alone." 

"At the meeting of the Aeronautic So­
ciety on March 10 Mr. Elmer A. Sperry 
gave an extremely interesting talk upon 
a new form of gyroscope which he calls 
active, to distinguish it from the ordinary 
or passive type. A gyroscope of the ac­
tive type has several hundred times the 
energy of the passive type. Mr. Sperry 
said he has found that the kinetic energy 
put into the outer ring to move it in one 
direction could practically all be recov­
ered from the inner or precessional ring 
that moved at right angles to it In mak­
ing the gyroscope active, he connects 
these two rings through gears so that 
they react upon each other." 

"Prof. Muensterberg's 'machine for 
detecting lies,' technically known as a 
galvanic psychometer, has attracted 
much attention, despite the caustic com­
ments with which it has been received in 
scientific circles. Many interesting results 
have been obtained with it by Dr. Vera­
guth of Zurich. A noise, a light, a touch, 
reading of an exciting novel, mental cal­
culation or the recollection of some ex­
citing incident, all produced-at the end 
of a few seconds, which may be called 
the latent period-a marked increase of 
the current." 

"Drs. Soubris and Cronson, with the 
aeronaut Decugris, have made a balloon 
ascension for the purpose of studying the 
cause of 'balloon sickness,' which has 
been ascribed both to deficiency of oxy-
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"Dry Land Ocean," under construction at Bell Laboratories, 
simulates ocean floor conditions, is used to test changes in 
cable loss. Sample cables are housed in pipes which contain 

salt water under deep-sea pressure. The completed trough is 
roofed in and is filled with water which maintains the pipes 

at 37° F., the temperature of the ocean floor. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS 
RESEARCH AND DEVELOPMENT 

Deep in the ocean, a submarine telephone cable 
system is extremely hard to get at for adjustment or 
repair. This makes it vitally important to find out what 
can happen to such a system before it is installed. 

Bell Laboratories engineers do this by means of 
tests which simulate ocean floor conditions on dry land. 
Among many factors they test for are the effects of 
immense pressures on amplifier housings and their 
water-resistant seals. They also test for agents which 
work very slowly, yet can cause serious destruction over 
the years-chemical action, marine borers and several 
species of bacteria which strangely thrive under great 
pressures. 

Through this and other work, Bell Telephone 
Laboratories engineers are learning how to create 
better deep-sea telephone systems to connect America 
to the rest of the world. 

Highly precise instruments developed by Bell Laboratories en­
gineers are used to detect infinitesimal changes in cable loss­
to an accuracy of ten millionths of a decibel. 

Seawater and sediment in bottle characterize ocean floor. Test 
sample of insulation on coiled wire is checked for bacterial 

attack by conductance and capacitance tests. 

23 
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• first electrostatic generators for 

industrial use that can give several 

kilowatts at up to 600,000 volts dc 

The complete line of "Sames" electrostatic 
generators-the first practical industrial elec­
trostatic power supplies-are now available in 
the U. S� from Sorensen & Company. They 
supply from 50 to 600 kilovolts dc at substan­
tial amounts of power (2400 watts for the 
600 kv model)_ 

The Sames generators (so-called from their 
manufacturer, Societe Anonyme de Machines 
Electrostatiques, Grenoble, France) are ex­
tremely compact and safe compared to trans­
former-rectifier-filter-type supplies in similar 
kilovolt ranges. The electrostatic generators 
are available in highly stabilized models sup­
plying 50, 100, ISO and 600 kilovolts that are 
particularly suitable for electron-microscopy 
and many critical nuclear physics applica­
tions. Medium stability models with outputs 
of 50, 80, 100, 140, 150, 250, 300, and 600 
kilovolts, have found wide application in Eu­
rope for testing cable insulation, alternator 
windings and other dielectrics, electrostatic 
flocking, painting and particle precipitation, 
electron and nuclear particle accelerators and 
similar applications. 

Write for complete details on Sames elec­
trostatic generators to Sorensen & Company, 
RichardsAvenue, South Norwalk, Conn, B.36 

SAMES 
600-kilovolt 
electrostatic 
generator 
with control 
panel and 
electronic 

SORENSEN & COMPANY, INC. 
Richards Avenue, South Norwalk, Conn_ 

WIDEST LINE OF CO NTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 

In Europe, contact Sorensen-Ardag, Zurich, Switzerland. 
In Western Canada, ARVA. In Eastern Canada, Bayly 

Engineering, Ltd. In Mexico, Electro labs, S.A., Mexico City. 

gen and to deficiency of carbon dioxide 
in the blood; Agazotti going so far as 
to recommend, for inhalation at great 
altitudes, a mixture of 13 per cent of 
oxygen and 87 per cent of carbon diox­
ide. Dr. Soubris experienced six distinct 
attacks, of which three were relieved by 
Agazotti's mixture, and the others were 
cured far more completely by pure oxy­
gen, which therefore appears preferable 
for inhalation." 

"The steamer Mauretania is reducing 
the time of the transatlantic passage on 
each succeeding trip. On March 2 she 
established a new record for the east­
bound passage of four days, 20 hours 
and two minutes." 

MARCH, 1859: "Mankind has been 
wonderfully ingenious from its infancy 
in the concoction of edible varieties. 
Who would relish a stew of red ants in 
Burmah, a half-hatched egg in China, 
monkey cutlets and parrot pies at Rio de 
Janeiro, bats in Malabar, polecats and 
prairie wolves in North America? Yet 
there can be little doubt that these are 
unwarrantable prejudices. Dr. Shaw en­
joyed lion; Mr. Darwin had a passion 
for puma_" 

"Athens, once the school and center 
of the world's civilization in arts and 
sciences, has lately been illumined with 
gas by English mechanics; and Con­
stantinople, once the focus of Eastern 
learning, is now seeking light from the 
same source. The city of the Sultan 
promises at an early date to be illumined 
with a stream of light from Christendom." 

"By recent accounts from Europe we 
learn that Mr. Henley has been sent out 
to Newfoundland to try and galvanize 
some life into the Atlantic cable at this 
end. He might as well try to resuscitate 
a dead whale. A banquet was recently 
given to Professor ,,yilliam Thomson, in 
Glasgow, in honor of his abilities and 
the services which he rendered without 
fee or reward in laying the Atlantic 
cable. The only signals of reliable char­
acter ever sent through it were trans­
mitted by his instruments, which are 
simple signaling galvanometers." 

"Not many years ago all the fashion­
able world of London flocked to Albe­
marle Street to see young Humphrey 
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ENGINEERS 

MOVE FORWARD 

FAST 

AT LINK 

Talented engineers who are looking for­
ward to careers with genuine opportunity 
will find that they can keep moving for­
ward at Link Aviation. 

Located in Binghamtori, in the heart of 
Upstate New York's all-season vacation­
land, Link's activities are steadily expand­
ing. New positions exist for men with 
productive experience in several fields: 

• Staff scientists, for advanced work on 
analog computers, airborne instrumenta­
tion, industrial cont rols and precision 
measurements 

• Mechanical engineers, for electronic and 
electro· mechanical packaging 

• Design engineers, for work on analog 
computers, systems, and components 

• Senior optics development engineers 

• Applied mathematicians 

Link Aviation, Inc., is engaged in projects 
whose scope far exceeds its long-standing 
reputation for flight-simulation equip­
ment. Engineers are stimulated by this 
diversity. And they like the recognition 
given them, i n  such forms as excellent 
salaries, exceptional insurance and retire­
ment p lans, and tuition-free ad vanced 
university courses. 

If you want to progress in this direction 
contact us at once. 

Write to: Mr. A. L. Wieland, 
Link Aviation, Inc., 

Binghamton, New York 

LINK AVIATION, INC. 
A subsidiary of General Precision Equipment Corporation 

© 1959 SCIENTIFIC AMERICAN, INC



MISSILES • • •  THERMAL SHOCK 

. • •  AND SILICONES 

Missiles blasting off launching pads . • •  

hurtling through space ... undergo ex· 

treme thermal shock caused by rapid 

changes from intense heat to frigId cold. 

Interior framework and "skin" are also 

subjected to severe stress and vibration. 

Here, helping glass·reinforced plastic 

components of missiles to stand up un· 

der such rugged conditions, are sili· 

cones, specially compounded for the 

purpose. 

While specific data on missile con­

struction has not been released, it's no 

secret that many interior and exterior 

parts of missiles and rockets get needed 

strength and rigidity from glass and 

plastic chemically bonded with silane 

finishes. This unmatched bonding pow­

er makes a solid, cohesive mass of glass 

The term "Union Carbide" is a registered 
trade-mark of Union Carbide Corporation. 
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and plastic, eliminating the problems 

caused by water or high humidity on 

both electrical and mechanical proper­
ties. 

In aircraft radomes and stationary 

installations, too, silicones give strength 

to glass-and-plastic covers .. _ for anten­

nas, guidance and aiming units, weather 

observation equipment. Such military 

applications are comparable to more 

familiar commercial uses ... in boat 

hulls, automobile bodies, household 

appliances, and building materials. 

MORE CELLS IN 

REFRIGERATOR INSULATION • . .  

Smaller, more numerous closed cells in 

urethane foam give better insulating 

properties - and please refrigerator 

makers. Foam processors, using ordi­

nary surfactants, can expect only 25 to 

50% closed cells-not enough to insu­

late refrigerators and freezers effec­

tively. Recently, foam processors have 

found that an organo-silicone copolymer 

added to the urethane formula gives 

more closed cells than conventional 

foaming agents. At the same time, cells 

are smaller and more uniformly distrib· 

uted. Thus, thanks to the use of a sili­

cone copolymer, new refrigerators can 

be smaller, yet hold just as much. 

. • •  AND BETTER SEALS 

FOR FURNACE DOORS 

Here's an example from the hot side of 

the scale: A metals refiner was losing 

efficiency and valuable gases from his 

big furnaces - the result of heat losses 

around the mud-sealed furnace doors. 

The Silicones Man suggested silicone 

rubber gaskets in place of the tradi­

tional mud. Now, heat losses from this 

source have been eliminated ... and the 

refiner collects enough CO2 to sell to 

nearby industries! 

The Silicones Man is accustomed to 

helping solve problems like these ... 

and he may be able to help you, too. 

For background information on these 

and other applications, write Dept. CF-
0901, Silicones Division, Union Carbide 

Corporation, 30 East 42nd Street, New 

York 17, N. Y. 

SILICONES 

Davy produce metals from earth. M. De­
ville, of Paris, under the patronage of the 
present Emperor, has now separated the 
metallic base of clay to such an extent 
that it is an article of commerce. Alu­
minium is now used for jewelry, espe­
cially bracelets, pins and combs; in 
cabinet-making it is excellent for inlaid 
work; its lightness renders it extremely 
convenient for pencil-holders, thimbles, 
seals, small statues, medallions, vases 
and the like; for spectacles also, as it 
does not blacken the skin like silver." 

"The mysterious Frenchman, Mon­
sieur F. B�lly, announces in the Paris 
journals that his organization of the Nic­
aragua Canal Company is completed; 
that the money necessary is secured; 
that the vessel has been freighted to 
carrv out the engineering material, and 
that this vessel, with himself, some of 
the engineers and clerks-sixty persons in 
all-will sail from Havre for Grey town 
in three weeks. We have no doubt that 
this energetic personage will get his 
stomach full of this job before he has 
been in Grevtown three weeks." 

''The breech-loading rifled cannon in 
England, which has recently sent shot 
crashing through their iron floating bat­
teries as if they were pasteboard, is the 
invention of Mr. R. Armstrong, of New­
castle, England. The interior is steel, this 
is surrounded by wrought iron twisted in 
a spiral form like the stub and twist bar­
rels of fowling pieces. Its strength is so 
great that it easily projects an 18-pound­
er elongated shot, and yet weighs no 
more than an ordinary 9-pounder." 

"Humboldt answers 2,500 letters an­
nually, and these form only a portion of 
the number he receives." 

"We sometimes give Uncle John Bull 
a thrust under the ribs for his conserva­
tive tendencies, but of late years he has 
far surpassed us in political progress, 
commercial and social reforms. He has 
driven our steamships from the Atlantic 
Ocean, and we think he will distance us 
shortly in weight and measure reforms." 

"The African expedition under Dr. 
Livingstone, by the last accounts, was 
proceeding up the Zambesi River, and 
had dug some very good coal on its banks 
for their steamboat." 

"By the report of the Registrar-Gen­
eral for 1858 we learn that London has a 
population of 2,876,000, and it is now the 
largest city by far in the whole world. In 
180 1 its population was only 958,000." 
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New Bendix® 

BACKWARD· 

OSCILLATOR 
for extremely 

An exclusive Bendix Red Bank product, the Type 
TE-67 Backward-Wave Oscillator Tube generates 
microwave energy at extremely high frequencies 
never before available. 

This new tube provides a wide range of usable 
frequencies for applications in: advanced types of 
multichannel telephone and television systems, high 
definition short-range radar, highly directive com­
munications, microwave spectroscopy and other fields 
where low power, voltage-tuned millimeter wave­
length radio frequency energy is required. As the 
backward-wave tube is voltage tuned, frequency is 
automatically changed by varying the voltage input. 
No mechanical tuning adjustment is required. 

For more detailed information on the tubes de­
scribed here, write to: RED BANK DIVISION, BENDIX 
AVIATION CORPORATION, EATONTOWN, NEW JERSEY. 

ELECTRICAL DATA 
Frequency Range ............... 49kmc-59kmc 
Anode Voltage .. ............ 1000-3000 volts 
Power Output ..................... 5mw average 
Beam Current. .............. 5ma 
Magnetic Field .......... 1300 gauss (minimum) 
Heater Voltage. . ........ 6.3±10% 

MECHANICAL DATA 
Output Flange ...... Special adapter to RG-98/U 
Maximum Diameter. . .......... 0.625" 
Length. .................. .8" 
Mounting Position. .......... . .... Any 
Weigh t .................................... 5 oz. * 
*Without magnet (tube only). Magnets are available. 
Also available: Type TE-66 with frequency range of 61 kmc to 71 kmc. 

Type TE-75 with frequency range of 33 kmc to 50 kmc 

WAVE 

TUBE 
high frequencies 

THE TRAVEliNG-WAVE AMPLIFIER TUBE, al,o available 
from Bendix Red Bank, is designed for operation in the 
4.0 to B.O kmc frequency range with approximately 
40 db gain and 200 milliwatt, output power. The tube 
utilizes a helical slow-wave structure with coupled helix 
attenuatar section. The mechanical design minimizes the 
effects of vibration upon the tube operation. 

West Coast Sales & Service: 117 E. Providenda Ave., 
Burbank, Calif . •  Export Soles & Service: Bendix Inter­
national Division, 205 E. 42nd St., New York 17, N. Y. 
Canadian Distributor: Computing Dev:ces of Canada, 

Ltd., P.O. Box 508, Ottawa 4, Ontario 

KId.IV Division "'ncfY 
AVIATION CORPORATION 
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If you handle corrosive, abrasive, or contaminable fluids, 

these two new design ideas will mean a lot to you! 

They are the Van ton sealless plastic pump (shown here 
disassembled), and the Flex-Plug throttlable plastic 
gate valve. Both are made by the Van ton Pump and 

Equipment Division of Cooper Alloy Corporation. 

The Vanton pump is widely used in chemical process­
ing, food, plating, products finishing, pharmaceutical, 
and similar processing industries. It eliminates problems 
of leakage, corrosion, contamination, and :maintenance 
associated with shaft seals (standard on most pumps)­
by eliminating the shaft seals! 

Design of plastic Flex-Plug valves is equally ingenious. 
When wide open, valve provides unobstructed, no-pres­
sure-drop flow; when throttled, it provides close flow 
control of a globe valve. Both these new designs are 
typical of Cooper Alloy's fresh thinking in the creation 

of top-quality, top-performance products for industry. 

Vanton Pump and Equipment Division 

COOPER ALLOY 
Corporation • Hillside, New Jersey 

STAINLESS STEEL VALVES, FITTINGS, CASTINGS • PLASTIC PUMPS, VALVES, FITTINGS 
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THEN, NOW and TOMORROW-

for the toughest jobs in electrical circuit protection! 

DELTA DART 

S"!e more at 

I.R.E. Booths 3107-9 

$'"- . � 
�- . � <.::::..-.... ..---" - PEACEMAKER � ' 

'1-01 

Where reliability under extreme service conditions is 
imperative,airborne electrical systems are protected by 
Burndy LIMITERS. Here's why-

• Higher tripping temperature provides uniform, pre· 
dictable performance in spite of ambient tempera­
tu r e  v a r i a t i o n  ... p i n p o i n t s  t h e  m o m e n t  f o r  
protection. 

• Inherently fail·safe. No mechanical parts. 

• High interrupting capacity-in ratings from l,4A 
to 125A. 

Indicating LIMITER (above) for dead front panel mount­
ing, a m bients up to 300'F, and visi ble indicating 
LIMITER (not shown) conform to MIL-F-5372B and 
MIL.f-5373B. 

LIMITERS now in development for 600' F operation and 
nuclear applications. 

$.8-28 

OMATON DIVISION BURNDY NORWALK, CONNECT.;TORONTO, CANADA; IN EUROPE: ANTWERP. BELGIUM 
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BABY BOTTLE COOLER-WARMER - one of numerous applications developed by Westing­
house using the thermoelectric cooling principle. The pre-set cycle (1) cools and keeps the bottle's 
contents at 40°F; (2) automatically switches to warm at lOO°F in 15-20 minutes; (3) sounds a 
buzzer when the cycle is complete; (4) automatically reverts to cooling after one hour. 

In recent months, Westinghouse has 
announced several important achieve­
ments in the science of semicon­
ductors. Among these have been a 
new series of highly efficient silicon 
power transistors and an extremely 
rapid and sensitive device for infrared 
detection. 

Westinghouse research efforts which 
produced these significant develop­
ments were the result of early scien­
tific studies which demonstrated that 
silicon is a more suitable material for 
semiconductors. Westinghouse engi­
neers recognized that silicon held 
inherent superiority because of its 
ability to handle high voltages at high 
operating temperatures. To realize 
these advantages, silicon's concomi­
tant disadvantage of high internal dis­
sipation had to be overcome. 

Thanks to vast improvements in 
purification techniques, and the suc­
cessful adaptation of hyper-pure sili­
con to transistors by Westinghouse 
engineers, the problem of high losses 
has finally been solved. And that ini­
tial Westinghouse conviction has 

justified itself in scores of successful 
applications-many of which have 
proven increasingly important to na­
tional defense. 

In still another phase of semicon­
ductor study-that of thermoelec­
tricity-Westinghouse research has 
pioneered products which only pre­
face the potential of this bright, chal­
lenging new field. Applications of the 
thermoelectric cooling principle have 
already proven their usefulness in 
consumer, industrial, and military 
products-design possibilities are vir­
tually unlimited. 

Continuing Westinghouse research 
and development in the field of semi­
conductors will find new and increas­
ingly useful applications for the future 
-applications that industry will 
adapt to ultimately enrich the lives 
of us all. 

For additional information on 
Westinghouse semiconductor prog­
ress, and its promise for the future, 
write or call us at Westinghouse 
Electric Corporation, Semiconductor 
Department, Youngwood, Pa. 

YOU CAN 8E SURE •.• 'F ITliWestinghouse 
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I THE AUTHORS 
JAMES A. VAN ALLEN ("Radiation 

Belts around the Earth") heads the 
physics department at the State Uni­
versity of Iowa. A native Iowan, he 
received his doctorate from the State 
University in 1939. During World War 
II he served as a Navy ordnance and 
gunnery officer and helped to develop 
the radio proximity fuze. Later he su­
pervised the development and scientific 
use of the Aerobee rocket and balloon­
launched rockets ("rockoons"). For the 
past 12 years his group at the University 
has been studying cosmic rays at high 
altitudes; Van Allen directed the cosmic­
ray instrumentation of the satellite and 
space-probe program of the Interna­
tional Geophysical Year. 

H. B. D. KETTLEWELL ("Darwin's 
Missing Evidence") visited Brazil last 
year to retrace the routes traveled by 
Charles Darwin in 1832. He has recently 
participated in the production of two 
Darwin centenary films, "Evolution in 
Progress" and "Darwin and the Insect 
Adaptations of Brazil." Educated at the 
Charterhouse School and the University 
of Cambridge (Gonville and Caius Col­
lege), Kettlewell qualified as a physi­
cian at St. Bartholomew's Hospital, 
London, in 1933, then practiced medi­
cine for 15 years. He has, however, been 
a lepidopterist since childhood. Long 
convinced that the genetics of evolu­
tion could be seen at work among moths, 
Kettlewell quit medical practice in 1948 
in order to prove his point. As Nuf­
field Research Fellow in genetics at the 
University of Oxford he has pursued 
his quarry in the Belgian Congo, Ugan­
da, the southern Sudan, Kenya, Portu­
guese East Africa, South Africa, Nama­
qualand, Norway, Corsica and Canada 
as well as Great Britain. 

IRVINE H. PAGE, F. MERLIN 
BUMPUS and HANS J. SCHWARZ 
("Angiotensin") worked together on the 
first synthesis of this blood-pressure 
hormone. Page, the senior author, is 
director of research at the Cleveland 
Clinic Foundation. He received his M.D. 
from the Cornell University Medical 
College in 1926, and after completing 
his internship served for three years as 
director of the chemical division of the 
Kaiser Wilhelm Institute in Munich. 
Later he worked at the Hospital of the 
Rockefeller Institute in New York and 
directed the Lilly Clinic and Laboratory 
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Controls Company of America 
(what's our line?) 

how can we work for you? 
We can supply single con­

trols or complete systems­

wi th design integrated to 

your product or process. If 
you have a control problem, 

our creative engineering ser­

vice may help you solve it. 

Controls Company of America has a "control­
ling" interest in the products of American 
industry. CC control systems figure in the 
aircraft, guided missile, electronics, air con­
ditioning, automotive, refrigeration and ap­
pliance industries. The story behind our 
growth is one of total engineering - in which 
we tackle all controlling factors to produce 
complete systems or single units perfectly 
mated to the products they control. Write to­
day and put these unequalled resources to 
work for you; 

Creative Controls for Industry 

{@J HEATING AND AIR 
CONDITIONING 
CONTROlS DIY. fIp MILWAUKEE, WIS. 

(OnTIlOLS (OmPAnY OF Am€IlICA 
EXECUTIVE OFFICES: SCHILLER PARK, ILLINOIS 

HETHERINGTON, INC., FOLCROFT, PENN . •  LAKE CITY, INC., CRYSTAL LAKE. Itl. 
CONTROLS COMPANY OF AMERICA (CANADA) LTD., COOKSVILLE, ONTARIO. 
CANADA • INTERNATIONAL DIVISION, SCHillER PARK, ILL., U.S,A • •  CONTROlS 
A.G, WG. SWITZERLAND . CONTROLS M AATSCHAPPIJ EUROPA N.V., NIJMEGEN, 
HOLLAND • CONTROLS COMPANY OF AMERICA (ARGENTINA) SRl, BUENOS AIRES. 
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AO Offers Low-Cost 

Stereophotomicrography 
. . .  in just three easy steps 

'iI SET the focusing adjustment on your 

U AO Spencer Cycloptic Stereoscopic 
Microscope, to bring specimen into 

sharp focus. Camera is mounted directly to 
Cycloptic ... out of the way ... ready for in­
stant use. 

d)) SNAP shutter with cable release. You 
� photograph the sharp rhree-dimen-

siona! image exactly as you saw it. 
Your film processor will supply stereo 
mounted photographs. Now you have per­
manent, three-dimensional photomicro­
graphs, in black-and-white or color, for 
future reference. 

American Optical 
� Company 

INURUMINT DIVISION, 8U"AlO 15. NEW YORK 
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� SWING the mounted 35 mm Graflex 
g., Stereo camera into position over eye-

pieces. Designed exclusively for Cy­
cloptic, special compensating prisms in 
adapter unit render camera parfocal with 
microscopes' optical system. Set camera for 
bulb exposure. No further adjustment is 
necessary. 

The full-size Graflex Stereoviewer, wirh 
built-in light source, compleres this easy· 
to·use 3-D photo package. You can review 
your findings over and over again ... anyrime 
... anywhere. Here is everyrhing you need 
for three-dimensional photomicrography ... 
unique ... easy-to-use. Available only from 
American Optical. 

Ask your AO Sales Representative or 
write: 

----------------- 1 
Dept. 0178 I 
Spenc�r �7St�r�

e
o�����a

i
�[�:�����.

on AO I 
o Als o includ e info rmati on on AO I 

Spencer Cyc10ptic Ste re oscopic Microscopes. I 
Name I 
Address I 
Ci ty Zon e __ S tate __ 

I 
_________________ J 

for Clinical Research, where he shared 
in the discovery of another important 
blood substance: serotonin [see "Sero­
tonin," by Irvine H. Page; SCIENTIFIC 
AMElUCAK, December, 1957]. Bumpus, 
a Kentuckian, graduated from Purdue 
University. He received a Ph.D. in bio­
chemistry from the University of Wis­
consin in 1949; since then he has worked 
with Page at the Cleveland Clinic. 
Schwarz, the third author, was born in 
Switzerland. After acquiring a Ph.D. in 
chemistry from the University of Basel 
in 1951, he spent two years in Ottawa 
as a fellow of Canada's National Re­
search Council, then joined Page's staff. 
He is now a biochemist at the Sandoz 
Chemical V,T orks, Inc. in Hanover, N.J. 

s. B. TREIMAN ("The Weak In­
teractions") is a theoretical physicist at 
Princeton University. A Chicagoan, he 
"drifted to mathematics in high school 
and, on bum advice, started college as 
a chemical engineer." This career was 
interrupted by World War II and serv­
ice as a Navy radar technician. "I 
switched to physics after the war," he 
reports, "for no strong reason except 
that during a whole year in the Philip­
pines my only reading material besides 
detective stories (of which I read at 
least 100) was, of all things, a popu­
lar exposition of relativity, atomic phys­
ics and all the other wonders of nature 
-badly written as I later learned but 
fascinating at the time." Treiman took 
his undergraduate and graduate degree 
at the University of Chicago, then joined 
the Princeton staff, where he is now an 
associate professor. 

JAMES D. EBERT ("The First 
Heartbeats") studied chemical and phys­
ical biology at Washington and Jefferson 
College, graduating in 1942. He then 
went into the Navy, where he served as 
a gunnery officer. At the end of the war 
the sinking of his destroyer left him with 
a Purple Heart medal and a bed in the 
Naval Hospital at Bethesda, Md. There 
he became intensely interested in skin 
grafting and tissue specifiCity. "I decided 
that I would like to learn much more 
about these problems," he says. "I have 
spent the last 10 years doing just that." 
Ebert worked for his Ph.D. at Johns 
Hopkins University under B. H. Willier, 
who urged him to study the early devel­
opment of tissue-specific molecules and 
immune reactions, especially in the em­
bryonic heart. Recently he has been us­
ing animal viruses as research tools in 
this work. He has taught at the Massa­
chusetts Institute of Technology and In­
diana University, and is presently head 
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The famed Voodoo fianTAY',''' ''' TT 

Missiles, the F4H Mach 
World's First Manned Satellite 

literal as well as figurative truth;; 
call for an electronic,capability of th2�ibh,pd 
Men able to combine bold imagination· 

the fields of electronics systems and e 

will find professional fulfillment on such 

the creation of an advanced high speed auto 

system for F-101B aircraft; developing the first 

space ship; and the design of advanced aircraft a . s.f'ace 
vehicles. If you seek the extraordinary in engineering growth, 
environment and diversity ... if pleasant suburban family liying 
is a must ... if the convenience of exceptional advanced 
educational facilities is important, we invite your resume. 

Write: Mr. Raymond F. Kaletta, Engineering Employment 

Supervisor, P.O. Box 516, St. Louis 66, Missouri. 

ST. LOUIS, MO. 
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ON PERIODICAL STORAGE SPACE 

SCIENTIFIC AMERICAN and over seven hundred 

and fifty other leading periodicals are now available 

on microfilm-cost about equal to library binding. 

Microfilms of issues from May, 1948 [first issue of 

new SCIENTIFIC AMERICAN] may be secured. 

Addressing inquiries to us on your organiza­

tion's letter head will help us be of better service 

to you. Write for details to Department S.A. 

SOLID STATE DEVICE 
SCIENTIST 

or ENGINEER 
To assume a senior position in a small 
group doing applied research on the 
principles of low noise, solid state a.111-
plifiers and related phenomena . Active 
progra;l1S to be expanded include 
masers, parametric se�11iconductor an� ­
plifiers and parametnc ferromagnetIc 
amplifiers . 

The philosophy and mode of opera­
tion of the group encourage acti ve con­
sultation with outstanding colleagues 
in the fields of solid state materials, 
semiconductor devices, infra-red and 
thermo-electric materials and devices, 
electro-luminescence phosphors, and 
physical electronics . 

The integrated research at the Elec­
tronics Laboratory, where two-thirds 
of the professional staff have advanced 
degrees, affords invigorating profes­
sional interaction with other groups 
studying and developing circuits, com­
puter circuits, microminiaturization, 
communication and display techniques. 

Requirements: PhD in Physics or 
Electrical Engineering with one or two 
years experience in the field, either as 
thesis or post doctorate work. 

Send resume in confidence to 

iVlr. Robert F. Mason, Div. 55-Me 

Electronics Laboratory 

GENERAl fj ElECTRIC 
Electronics Park, Syracuse, New York 

UNIVERSITY 

MICROFILMS 
ANN ARBOR, MICHIGAN 

name your 

sport 

Whatever your sport, you'll lind it in abun· 
dance in Florida and you can enjoy an in· 
teresting career to boot with fast-growing 
Radiation, Inc. The climate here is ideal for 
outdoor sports the year around. 

We have many openings for challenging 
and rewording work in electronic design 
and development. Radiation is well known 
in DATA PROCESSING, TElEMETRY, AN­
TENNAS, INSTRUMENTATION, and other 
areas of MISSILE ELECTRONICS. Our stable 
growth indicates a secure future with pro· 
fessional advancement for qualified elec­
tronic engineers with ideas and energy. 

Write today for complete details on 
opportunities available. 

Technical Personnel Dept. 35 

RAf)IArlON, Inc. 

MELBOURNE, fLORIDA 

of the Carnegie Institution of Washing­
ton's Department of Embryology, lo­
cated in Baltimore. 

STEPHAN F, BORHEGYI ("Under­
water Archaeology in the Maya High­
lands") recently became director of the 
Milwaukee Public Museum, A Hungar­
ian, he received a Ph.D. in anthropology 
from Peter Pazmany University in Buda­
pest in 1946, after wartime service as a 
mounted artillery officer in the Hungar­
ian Army and, upon the fall of Admiral 
Horthy's regime, as a fighter in the anti­
Nazi underground. Borhegyi taught clas­
sical archaeology in Budapest for two 
years, then journeyed to the U. S. on a 
Wenner-Gren fellowship. Before taking 
his present post, BOl'hegyi studied 
Spanish-American communities in the 
U. S. Southwest, taught at San Carlos 
University in Guatemala City and direct­
ed the Stovall Museum of Science and 
History at the University of Oklahoma. 

BRUNO BETTELHEIM ("Joey: A 
'Mechanical Boy''') is professor of edu­
cational psychology and principal of the 
Sonia Shankman Orthogenic School at 
the University of Chicago, After receiv­
ing his Ph,D. from the University of Vi­
enna in 1938 he spent a year in the con­
centration camps at Dachau and Buch­
enwald, an experience on which he 
based his paper "Individual and Mass 
Behavior in Extreme Situations," which 
General Eisenhower made compulsory 
reading for all U. S, military-govern­
ment officers, Bettelheim has headed 
the Orthogenic School since 1944. 

JACK E. OLIVER ("Long Earth­
quake Waves") comes from Massillon, 
Ohio. In 1941 he entered Columbia Uni­
versity with a scholarship which, he says, 
acknowledged his prowess in football "as 
well as other modest accomplishments." 
In 1946 Oliver returned to Columbia 
from a two-year hitch with the Pacific 
Fleet. Unable to decide between careers 
in civil engineering and physics, he 
called first on the adviser in civil engi­
neering. "He happened to be out of his 
office," Oliver writes. "The physics ad­
viser was in, however, so I proceeded to 
obtain a Bachelor's degree in physics in 
1947 and later an M.A. Being in need 
of financial assistance, I found employ­
ment with what was then a small group 
in geophysiCS under Maurice Ewing. 
This sort of physics appealed to me and 
I obtained a Ph.D. under Ewing in 1953. 
The group eventually grew into the La­
mont Geological Observatory and at 
present I am in charge of the program 
in earthquake seismology there." 
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• 

• 

G M I deas for tomorrow minded industrial men 

company, write for more informa­

tion. It could very well be your 

first step toward your next big 

business success . 

These four GMldeas have possi­

bilities in many fields. If you 

recognize among them even the 

hint of an opportunity for your 

INDUSTRIAL GROUP 

Chemical Division. Mechanical Division· Oilseeds Division· Special Commodities Division 

• 
GMldea/No. 731 for creative chemists 

New Versamid-Based "Concrete From a Can" 

• 

• 

Makes Tough Resurfacing Jobs Easy 
with a Versamid-epoxy blend and ordinary 

sand. It trowels like concrete, feathers 

smoothly, adheres even to uncured and wet 

concrete-in layers as thin as Yt6-inch. And 

the bond is stronger than the internal 

strength of the concrete itself. Other money­

saving topping and patching applications in­

clude highways, airfield runways, industrial 

flooring and non-skid approaches to bridges. 

What a beating this highway department 

garage floor takes from tractor lugs, tire 

chains, chemicals, salt, grease and the weight 

of multi-ton vehicles. But no matter how 

severe the damage, patching and resurfacing 

the concrete is simple, quick, inexpensive­

thanks to a new topping material made pos­

sible with our Versamid polyamide resin. 

This new "wonder product" is formulated 

GET MORE FACTS about opportunities with Versamids. Write GMldea man H. T. Von Oehsen, Kankakee, III. 

CHEMICAL- DIVISION 

General M ills does not make these new patching materials-only the Versamid polyamide resin that makes them possible. 
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GMldea/No. 732 for defense industries 

A General Mills "Pilot" 
Commands the Mace Missile 
From launching pad to target, a complex inertial 
guidance computer-developed and manufactured by 
General Mills-helps keep the Mace missile within its 
precise flight path. Along the way, this airborne elec­
tronic unit continuously computes the missile's actual 
position, compares this information with the program­
med position and signals necessary corrections to other 
components in the inertial guidance system. We have 
the experienced people and facilities to take an idea­
or to create that idea-and to build it into a complete 
system or sub-system for military or industrial appli­
cation. During the past 18 years we've made many 
contributions important to America's sea, land and air 
strength. Research promises still greater contributions. 

For new booklet describing our capabilities, write GMldea 
man Lloyd Pearson, 1620 Central Ave., Minneapolis 13, Minn. 

MECHANICAL DIVISION 

GMldea/No. 733 for 

product development 

people 

Need a Thickener In Your Product 
or Process? Investigate Guartec 
All our guar gums, Guartec, Galactasol and 
Supercol, are manufactured so that they dis­
perse quickly. and completely; producing 
solutions with viscosities that can be con­
trolled to meet specific industrial require­
ments. But, in hot or cold water, our gums 
are more than viscosity builders. In aqueous 
systems-acidic, basic or neutral-they are 

also suspending agents, stabilizers, film form­
ers, water sealers, flotation reagents and 
selective flocculants. Edible grades are ex­
cellent thickeners and stabilizers in foods. 
These natural hydrocolloids are produced in 
U. S. and Pakistan plants. Our Products Con­
trol Label on every bag certifies controlled 
dispersability, viscosity, stability. 

For more information about water soluble guar gums, phone, wire or write 
GMldea man Fred Pugh, Minneapolis 26, Minn. 

SPECIAL COMMODITIES DIVISION 
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GMldea/No. 734 for paint manufacturers 

Thanks to Safflower Oil-These Walls Will 
Still Be Color Fresh When She's a Big Girl 
New paint vehicles-based on Safflower Oil 
from General Mills-make possible decorative 
coatings, even delicately tinted short and long 
oil alkyds, that retain their fresh, true color 
years longer than ordinary paints. Safflower 
Oil is non-yellowing, naturally light in color. 
It bleaches and refines still lighter-almost 
water white. And, because it is high in iodine 
value, it dries quickly, leaving a durable, flex-

ible film. In many formulations, this versatile 
oil replaces and outperforms soybean and lin­
seed oils. Enterprising manufacturers of ex­
terior paints may provide professionals with 
specially tailored coatings formul ated with 
Safflower Oil to make good paints better. Other 
uses for this unusually high unsaturated fatty 
acid are in foods, cosmetics, pharmaceuticals. 
Research hints at still other uses yet to come. 

00 yeu see a new opportunity with Safflower Oil? Get the facts. Write GMldea man Walter 
Flumerfelt, Minneapolis 26, Minn. OILSEEDS DIVISION 

for other far reaching ideas yet to come, keep looking to 

INDUSTRIAL GROUP 
Chemical Division. Mechanical Division. Oilseeds Division. Special Commodities Division 
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Galileo ... on learning 

"Philosophy is written in that great book which 

ever lies before our eyes_l mean the universe­

but we cannot understand it if we do not first learn 

the language and grasp the symbols in which it is 

written. This book is written in the mathematical 

language, and the symbols are triangles, circles, 

and other geometrical figures, without whose help 

it is impossible to comprehend a single word of it; 

without which one wanders in vain through a dark 

labyrinth." -1l Saggiatore, 1610 

THE RAN D COR P 0 RAT ION, SAN TA M 0 N I C A, CAL IF 0 R N I A 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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Radiation Belts around the Earth 
Instruments borne aloft by artificial satellites and lunar probes 

indicate that our planet is encircled by two zones of high-energy 

particles, against which space travelers will have to be shielded 

so far, the most interesting and least 
expected result of man's explora­
tion of the immediate vicinity of 

the earth is the discovery that our planet 
is ringed by a region-to be exact, two re­
gions-of high-energy radiation extend­
ing many thousands of miles into space. 
The discovery is of course troubling to 
astronauts; somehow the human body 
will have to be shielded from this radia­
tion, even on a rapid transit through the 
region. But geophysicists, astrophysi­
cists, solar astronomers and cosmic-ray 
physicists are enthralled by the fresh im­
plications of these findings. The configu­
ration of the region and the radiation it 
contains bespeak a major physical phe­
nomenon involving cosmic rays and solar 
corpuscles in the vicinity of the earth. 
This enormous reservoir of charged par­
ticles plays a still-unexplained role as 
middleman in the interaction of earth 
and sun which is reRected in magnetic 
storms, in the airglow and in the beauti­
ful displays of the aurora. 

The story of the investigation goes 
back to 1952 and 1953, before any of 
us could think realistically about the use 
of earth satellites to explore the environ­
ment of the earth. Parties from our lab­
oratory at the State University of Iowa 
spent the summers of those years aboard 
Coast Guard and naval vessels, cruising 
along a 1,500-mile line from the waters 
of Baffin Bay, near the magnetic pole in 
the far northwestern corner of Green­
land, southward to the North Atlantic 
off the coast of Newfoundland. Along 
the way we launched a series of rocket-

by James A. Van Allen 

carrying balloons-"rockoons." (The bal­
loon lifts a small rocket to an altitude of 
12 to 15 miles, whence the rocket car­
ries a modest payload of instruments to 
a height of 60 to 70 miles.) Our objec­
tive was to develop a profile of the cos­
mic-ray intensities at high altitudes and 
latitudes, and thus to learn the nature of 
the low-energy cosmic rays which at 
lower altitudes and latitudes are de­
Rected by the earth's magnetic field or 
absorbed in the atmosphere. 

Most of the readings radioed down 
from the rockets were in accord with 
plausible expectations. Two rockoons 
sent aloft in 1953, however, provided us 
with a puzzle. Launched near New­
foundland by Melvin Gottlieb and Les­
lie Meredith, they encountered a zone 
of radiation beginning at an altitude of 
30 miles that was far stronger than we 
had expected. At first we were uneasy 
about the proper operation of our in­
struments. But critical examination of 
the data convinced us that we had un­
questionably encountered something 
new in the upper atmosphere. 

Significantly these measurements were 
made in the northern auroral zone. In 
this zone, which forms a ring some 23 
degrees south of the north geomagnetic 
pole, the incidence of visible auroras 
reaches its maximum. Since rockets fired 
north and south of the zone had revealed 
nothing unusual, we speculated that the 
strong radiation played some part in the 
aurora. Showers of particles from the 
sun, it was thought, come plunging into 
the atmosphere along magnetic lines of 

force and set off these displays [see "Au­
rora and Airglow," by C. T. Elvey and 
Franklin E. Roach; SCIENTIFIC AMERI­
CAN, September, 1955]. But the theory 
underlying this explanation did not ex­
plain satisfactorily why the aurora and 
the high-intensity radiation we had de­
tected should occur in the auroral zone 
and not in the vicinity of the geomag­
netic pole itself. Nor could it account 
for the high energies required to carry 
the solar particles through the atmos­
phere to such relatively low altitudes. 

The mystery deepened when we 
found in later studies that the radiation 
persists almost continuously in the zone 
above 30 miles, irrespective of visible 
auroral displays and other known high­
altitude disturbances. More discriminat­
ing detectors established that the radia­
tion contains large numbers of electrons. 
Our original observations had detected 
X-rays only; now it turned out that the 
X-rays had been generated by the im­
pact of electrons on the skin of the in­
strument package (as if it had been the 
"target" in an X-ray tube) and on the 
sparse atoms of the upper atmosphere 
itself. Sydney Chapman and Gordon 
Little at the University of Alaska sug­
gested that such a process might well 
account for the attenuation of radio sig­
nals in the lower ionosphere of the auro­
ral zones. 

T
he International Geophysical Year 

- gave us our first opportunity to in­
vestigate the "auroral soft radiation" on 
a more comprehensive scale. During the 
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STRUCTURE OF RADIATION BELTS revealed by contours of 

radiation intensity (black lines) is shown schematically by shading 
(left) ; dots (right) suggest distribution of particles in the two 
belts. Contour numbers give counts per second; horizontal scale 

summer and fall of 1957 Laurence Ca­
hill and I launched a number of rockoons 
off the coast of Greenland and also got 
off one successful flight in Antarctica. 
The latter flight established that the ra­
diation exists in the southern as well as 
the northern auroral zone. In February, 
1958, Carl McIlwain fired a series of 
two-stage rockets through visible auro­
ras above Fort Churchill in Canada, and 
discovered that the radiation includes 
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energetic protons (hydrogen nuclei) as 
well as electrons. 

Yleanwhile all of us had been pushing 
a new development that greatly expand­
ed the possibilities for high-altitude re­
search. During the summer of 1955 the 
President and other Government author­
ities were finally persuaded that it 
might be feasible to place artificial satel­
li tes in orbit, and authorized an I. G. Y. 
project for this purpose. In January, 

1956, a long-standing group of high­
altitude experimentalists, called the 
Rocket and Satellite Research Panel, 
held a symposium to consider how the 
satellites could be most fruitfully em­
ployed. At that meeting our group pro­
posed two projects. One was to put a 
satellite into an orbit nearly pole-to-pole 
to survey the auroral radiation in both 
the north and south auroral zones. Such 
orbits, however, did not appear to be 
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of the earth. Particles in the inner belt may originate with the 

radioactive decay of neutrons liberated in the upper atmosphere by 

cosmic rays; those in the outer belt probably originate in the sun. 

technically feasible in the immediate 
future. For the time being we were 
forced to abandon the use of a satellite 
to probe farther into the auroral soft 
radiation. We also suggested that a satel­
lite orbiting over the lower latitudes of 
the earth might usefully be employed in 
a comprehensive survey of cosmic-ray 
intensities over those regions. This proj­
ect was adopted, and we were author­
ized to prepare suitable experimental 

apparatus [see "The Artificial Satellite 
as a Research Instrument," by James A. 
Van Allen; SCIENTIFIC AMERICAN, No­
vember, 1956]. It was planned to place 
this apparatus on one of the early Van­
guard vehicles. 

The difficulties and failures of the 
Vanguard are now history. Sputnik I 
stimulated some high government offi­
cials to accept a proposal that a num­
ber of us had been urging for more than 

a year: to use the proven Jupiter C 
rocket as a satellite-launching vehicle. 
As a result on January 31, 1958, Ex­
plorer I went into orbit carrying our 
simple cosmic-ray detector and a radio 
to broadcast its readings. 

In the first reports from stations locat­
ed in the U. S. the intensity of radiation 
increased with altitude along the expect­
ed curve. Several weeks later, however, 
we began to get tapes from stations in 
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EXPLORER IV AND PIONEER III gave the first detailed picture of the radiation belts. 

The Explorer IV satellite (short ellipse) monitored radiation levels for nearly two months 

at altitudes up to 1,300 miles. The Pioneer III lunar probe (long ellipse) provided data out 

to 65,000 miles. Its orbit is shown distorted because of the earth's rotation during flight. 

EXPLORER IV ORBIT covered the entire region 51 degrees north and south of the equator; 

the black curve shows a small part of its trace on the earth's surface. More than 25 observa· 

tion stations !colored dots) recorded data from several thousand of the satellite's passes. 
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PIONEER III DATA gave the first confirmation of two distinct rings of particles. Counting 
rates on both the outbound (black curve) and the inbound (gray curve) legs of the flight 

showed two peaks. The two curves differ because they cover different sections of the belts. 
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South America and South Africa which 
gave us counting rates for much higher 
altitudes, due to the eccentricity of the 
satellite's orbit. These records brought us 
a new surprise. At high altitudes over the 
equatorial region the apparent counting 
rate was very low; in some passes it 
dropped to zero for several minutes. Yet 
at lower altitudes the rate had quite 
:"reasonable" values-from 30 to 50 
counts a second. Again we were uneasy 
about the trustworthiness of the instru­
ments. The only alternative seemed to 
:be that cosmic rays do not strike the 
uppermost layers of the atmosphere over 
the tropics, and we were quite unable 
to accept this conclusion. 

Our uneasiness was increased by the 
incompleteness of our early data. The 
Explorer I apparatus broadcast its obser­
vations continuously, but its signals 
could be picked up only intermittently, 
when the satellite came within range of 
a ground station. Our original apparatus, 
designed and developed by George Lud­
wig for the Vanguard satellites, included 
a magnetic-tape recorder which could 
store its observations for a complete orbit 
around the earth and then report them in 
a "burst" on radio command from the 
ground. 

By early February, working with the 
- Jet Propulsion Laboratory, we had 
converted this apparatus for use in the 
Explorer II satellite. The first attempt to 
get it into orbit failed. A second rocket 
placed Explorer III, carrying identical 
apparatus, in orbit on March 26. This 
satellite fully confirmed the anomalous 
results of Explorer 1. At altitudes of 200 
to 300 miles the counting rate was low. 
When the satellite went out to 500 to 
600 miles, the apparent rate ascended 
rapidly and then dropped almost to zero. 
One day, as we were puzzling over the 
first tapes from Explorer III, McIlwain 
suggested the first plausible explanation 
for their peculiar readings. He had just 
been calibrating his rocket instruments, 
and called our attention to something 
that we all knew but had temporarily 
forgotten: A sufficiently high level of 
radiation can jam the counter and send 
the apparent counting rate to zero. We 
had discovered an enormously high level 
of radiation, not a lack of it. As Ernest 
Ray, a member of our group, inaccu­
rately but graphically exclaimed:"Space 
is radioactive!" 

During the next two months Explorer 
III produced a large number of playback 
records, every one of which showed the 
same effect. At low altitudes the count­
ing rate was reasonably attributable to 
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EXPLORER IV INSTRUMENTS were designed to give a detailed 

picture of the nature and intensity of the radiation. Plastic scin· 

tillator counted only charged particles above certain energies; two 

different scaling factors adapted it to both high and low counting 
rates. Cesium-iodide scintillator measured the total energy input 

rather than individual particles. Shielded and unshielded Geiger 

tubes cOLlld be compared to estimate the penetrability of the radia· 

tion. Radio signals suggested by the red CLll'ves in upper drawing 
were recorded by ground stations and later played through a 
multichannel oscillograph to yield records like that shown below. 
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TWO SETS OF CONTOURS from readings on opposite sides of 

the earth (left and center) show the northern and southern "horns" 

of radiation, which point toward the auroral zones; the contour 

numben show radiation intensity in counts per second. The "tipped" 

cosmic rays. At higher altitudes-the pre­
cise height depended on both latitude 
and longitude-the count increased to 
very high values. Up to the pOints at 
which the counter jammed, it showed 
counting rates more than 1,000 times 
the theoretical expectation for cosmic 
rays. From the rate of increase and the 
length of the periods of jamming we 
judged that the maximum count prob­
ably went to several times this level. 
Since the radiation appeared to resem­
ble the auroral soft radiation, we would 
not have been surprised to find it in the 

. auroral zone or along the magnetic lines 
of force that connect these zones. But in 
the equatorial latitudes these lines of 
force lie much farther out in space than 
the altitudes attained by the satellites. 

On May 1 of last year we were able 
to report with confidence to the National 
Academy of Sciences and the American 
Physical Society that Explorers I and 
III had discovered a major new phenom­
enon: a very great intensity of radiation 
above altitudes of some 500 miles over 
the entire region of their traverse, some 
34 degrees north and south of the equa­
tor. At the same time we advanced the 
idea that the radiation consists of 
charged particles-presumably protons 
and electrons-trapped in the magnetic 
field of the earth. 

We could rule out uncharged particles 
and gamma and X-rays because they 
would not be confined by the magnetic 
field, and so would be observed at lower 
altitudes. The possibility that the earth's 
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magnetic field might act as a trap for 
charged particles was first suggested by 
the Norwegian phYSicist Carl Stormer 
in a classical series of papers beginning 
some 50 years ago, and there was a 
considerable body of evidence for the 
existence of low-energy charged parti­
cles throughout our solar system and 
specifically in the vicinity of the earth. 
But there had been no indication that 
these particles would possess the high 
energies we had detected. 

From StOrmer's theoretical discussion 
and our own observations we evolved a 
rough picture of the trapping mechan­
ism. When a fast-moving charged parti­
cle is injected into the earth's magnetic 
field, it describes a corkscrew-shaped 
tra jectory, the center line of which lies 
along a magnetic line of force. The turns 
of the helical path are quite open over 
the equator but become tighter as the 
particle reaches the stronger magnetic 
field toward the poles [see illustration at 
bottom of opposite page J. At the lower 
end of its trajectory the particle goes into 
a flat spiral and then winds back along 
a similar path to the other hemisphere, 
making the transit from one hemisphere 
to the other in a second or so. During 
this time its line of travel shifts slightly, 
so that the particle drifts slowly around 
the earth as it corkscrews from hemi­
sphere to hemisphere. An electron drifts 
from west to east; a proton, in the op­
posite direction. At each end of its path 
the particle descends into regions of 
higher atmospheric density; collisions 

with the atoms of atmospheric gases 
cause it gradually to change its trajectory 
and to lose energy. After a period of days 
or weeks the particle is lost into the lower 
atmosphere. 

T
here was obviously an urgent scien­
tific need to extend these observa­

tions with equipment of greater dynamic 
range and discrimination. In April of 
1958 we persuaded several Federal 
agencies to support further satellite 
flights of our radiation equipment as an 
adjunct to the I. G. Y. program, and we 
received the enthusiastic support of the 
National Academy of Sciences for the 
continuation of our work. We also per­
suaded the Army Ballistic Missile Agen­
cy and the Cape Canaveral Air Force 
Base to try to place the satellite in an 
orbit more steeply inclined to the equa­
tor; at an inclination of about 50 degrees 
to the equator it would cover a much 
greater area of earth and skim the edges 
of both auroral zones. 

Working night and day, we set out at 
once to build new apparatus of a more 
discriminating nature. We retained the 
Geiger tube, which we had used in pre­
vious satellites, as a basic "simple-mind­
ed" detector. To be ready for the highest 
intensities of radiation, however, we 
used a much smaller tube that would 
yield a lower count in a given flux of 
radiation, and we hooked it into a circuit 
that would scale down its count by a 
much larger factor. To obtain a better 
idea of the penetrability of the radiation 
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the earth near the auroral zones [see 
illustmtions at the top of these two 
pages]. The entire picture so far is com­
pletely consistent with the magnetic­
trapping theory. 

drawing at right shows the essential symmetry of the radiation around the earth's magnetic 

axis. The structure of the radiation zone was built up from hundreds of observed points. 

H was clear from the contours that 
Explorers I, III and IV penetrated only 
the lower portion of the radiation belt. 
As early as last spring we began to make 
hypothetical extensions of the observed 
contours out to a distance of several 
thousand miles. One of these speculative 
diagrams showed a single, doughnut­
shaped belt of radiation with a ridge 
around the northern and southern edges 
of its inner circumference, correspond­
ing to the horns of the contours. Another 
showed two belts-an outer region with 
a banana-shaped cross section that ex­
tended from the northern to the southern 
auroral zone and an inner belt over the 
equator with a bean-shaped cross section 
[see illustration on pages 40 and 41]. 
The latter diagram seemed to fit the con­
tours better. In our seminars and after­
hour discussions McIlwain held out for 
the two-belt theory. The rest of us tend­
ed to agree with him but preferred to 
stay with the single "doughnut" because 
of its simplicity. 

we shielded a similar Geiger tube with a 
millimeter of lead. As a more discriminat­
ing particle detector we adopted a plas­
tic scintillator and photomultiplier tube 
to respond to electrons with an energy 
of more than 650,000 electron volts and 
to protons of more than 10 million elec­
tron volts. Finally we glued a thin cesi­
um-iodide crystal to the window of an­
other photomultiplier tube; the light 
emitted by the crystal when it was ir­
radiated would measure the over-all in­
put of energy rather than the arrival of 
individual particles. To keep out light 
when the crystal faced the sun, we 
shielded it with thin, opaque nickel foil. 
A special amplifier gave this detector a 
large dynamic range extending from 
about . 1  erg per second to 100,000 ergs 
per second. 

Explorer IV carried this apparatus in­
to orbit on July 26, and sent down data 
for almost two months. Magnetic tapes 
from some 25 observing stations flowed 
in steadily from late July to late Septem­
ber; altogether we obtained some 3,600 
recorded passes of the satellite. A typical 
pass was readable for several minutes; 
some of the best were readable for up to 
20 minutes, a large fraction of the time 
required for the satellite to make a turn 
around the earth. We are still analyzing 
this mass of data, but the preliminary 
results have already proved to be en­
lightening. 

The readings have confirmed our ear­
lier estimates of the maximum levels of 
radiation. Moreover, we have extended 

our observations to more than 50 degrees 
north and south of the equator and have 
been able to plot the intensity of the 
radiation at various latitudes and longi­
tudes for altitudes up to 1,300 miles. 
The intensity contours follow the shape 
of the earth in the equatorial region, but 
as they approach high northern and 
southern latitudes they swing outward, 
then inward and sharply outward again 
to form "horns" reaching down toward 

To take the question out of the realm 
of speculation we had to secure 

measurements through the entire region 
of radiation. In May, therefore, I ar­
ranged to have one of our radiation de­
tectors carried aboard the lunar probes 
planned for the fall of 1958. On October 

TRAPPED PARTICLES spiral rapidly back and forth along a corkscrew·shaped path 

whose center is a magnetic line of force. At the same time they drift slowly around the earth 

(broken arrows) . Electrons (negative) and protons (posi,tive) drift in opposite directions. 
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11, 12 and 13 Pioneer I, the first lunar 
probe, carried our instruments nearly 
70,000 miles out from the earth. Though 
its readings were spotty, they confirmed 
our belief that the radiation extended 
outward for many thousands of miles, 
with its maximum intensity no more than 
10,000 miles above the earth. 

The next attempted moon shot, Pio­
neer II, was a fizzle. Pioneer III, how­
ever, went off beautifully on December 
6. Although this rocket was intended to 
reach the vicinity of the moon, we were 
almost as pleased when it failed to do 
so, for it gave us excellent data on both 
the upward and downward legs of its 
Hight, cutting through the radiation re­
gion for 65,000 miles in two places. 

The observations on both legs showed 
a double peak in intensity [see illustra­
tion at bottom of page 42], establishing 
that there are indeed two belts rather 
than one. The inner belt reaches its 
peak at about 2,000 miles from the earth, 
the outer one at about 10,000 miles. 
Beyond 10,000 miles the radiation in­
tensity diminishes steadily; it disappears 
almost completely beyond 40,000 miles. 
The maximum intensity of radiation in 
each belt is about 25,000 counts per sec­
ond, equivalent to some 40,000 parti-

cles per square centimeter per second. 
Most of us believe that this great 

reservoir of particles originates largely 
in the sun. The particles are somehow 
injected into the earth's magnetic field, 
where they are deHected into corkscrew 
trajectories around lines of force and 
trapped. In this theoretical scheme the 
radiation belts resemble a sort of leaky 
bucket, constantly refilled from the sun 
and draining away into the atmosphere. 
A particularly large influx of solar par­
ticles causes the bucket to "slop over," 
mainly in the auroral zone, generating 
visible auroras, magnetic storms and re­
lated disturbances. The normal leakage 
may be responsible for the airglow which 
faintly illuminates the night sky and may 
also account for some of the unexplained 
high temperatures which have been ob­
served in the upper atmosphere. 

This solar-origin theory, while attrac­
tive, presents two problems, neither of 
which is yet solved. In the first place 
the energy of many of the particles we 
have observed is far greater than the pre­
sumed energy of solar corpuscles. The 
kinetic energy of solar corpuscles has 
not been measured directly, but the 
time-lag between a solar outburst and 
the consequent magnetic disturbances 

HEAD OF EXPLORER IV includes nose cone (left), instrument "payload" (center) and 
protective shell (right). Payload includes four detectors, two radio transmitters, batteries 

and associated electronic circuity. The outer shell is approximately six inches in diameter. 
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on earth indicates that the particles are 
slow-moving and thus of relatively low 
energy. It may be that the earth's mag­
netic field traps only a high-energy frac­
tion of the particles. Alternatively, some 
unknown magnetohydrodynamic effect 
of the earth's field may accelerate the 
sluggish particles to higher velocities. 
Some such process in our galaxy has 
been suggested as responsible for the 
great energies of cosmic rays. The second 
problem in the solar-origin theory is that 
it is difficult to explain how charged 
particles can get into the earth's mag­
netic field in the first place. We believe 
that neither problem is unsolvable. 

Nicholas Christofilos of the University 
of California and the Soviet phYSicist 
S. N. Vernov have suggested an entirely 
different theory of how the radiation 
originates. They note that neutrons are 
released in large numbers in the earth's 
upper atmosphere by the impact of cos­
mic rays. These neutrons, being un­
charged, can travel through the mag­
netic field without deHection. In due 
course some of them decay there into 
electrons and protons, which are trapped. 

Our group agrees that particle-injec· 
tion of this sort is going on, and at a rate 
which can be easily calculated; but we 
feel for a number of reasons that it can­
not be the main source of radiation-belt 
particles. If we are right in supposing 
that the radiation belts provide the "res­
ervoir" for the aurora, the neutron hy­
pothesis cannot account for more than 
one 10,000th of the auroral energy out­
put. Even if the association between 
the radiation belts and the aurora turns 
out to be fortuitous, preliminary indica­
tions both from our work and from the 
Russian experience with Sputnik III 
suggest that most of the particles in the 
radiation belt have much lower energies 
than those of particles that would be 
produced by neutron decay. A full 
knowledge of the energy distribution of 
the particles will aid greatly in clarifying 
their origin. 

Neither theory explains why there 
should be two belts rather than one. It is 
tempting to combine the two theories 
and suppose that the inner belt orig­
inates with "internal injection" -i.e., neu­
tron-decay products-and the outer one 
with "external injection" of solar cor­
puscles. The two-belt configuration may 
of course be a transitory phenomenon, 
though the data from Explorer IV and 
Pioneer III indicate that the separate 
belts perSisted in essentially the same 
form for at least five months. We should 
bear in mind, however, that 1958 was 
a year of great solar activity. Three years 
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FOUR·STAGE ROCKET launched the Pioneer III moon probe on 
December 6, 1958. Though the flight failed to reach the moon; its 

outbound leg gave " continnous record of radiation out to 65,000 

miles; the inbound leg gave data between 30,000 and 10,000 miles. 

from now we may well find a much 
lower over-all intensity and perhaps a 
different structure altogether. 

In addition to these possible long-term 
changes, there may be short-term fluc­
tuations in the belts. While we feel sure 
that the influx and leakage of particles 
must balance in the long run, a major 
solar outbreak may temporarily increase 
the intensity of the radiation many-fold. 
If we were to detect such fluctuations 
and were to find that they coincide with 
solar outbursts on the one hand and 
with terrestrial magnetic disturbances 
on the other, we would have a plain 
lead to the origin of the particles. Be­
fore long we hope to launch a satellite 

that will monitor radiation levels for 
at least a year. 

Our measurements show that the max-
imum radiation level as of 1958 is 

equivalent to between 10 and 100 roent­
gens per hour, depending on the still­
undetermined proportion of protons to 
electrons. Since a human being exposed 
for two days to even 10 roentgens would 
have only an even chance of survival, the 
radiation belts obviously present an ob­
stacle to space flight. Unless some prac­
tical way can be found to shield space­
travelers against the effects of the radia­
tion, manned space rockets can best take 
off through the radiation-free zone over 

the poles. A "space station" must orbit 
below 400 miles or beyond 30,000 miles 
from the earth. We are now planning a 
satellite flight that will test the efficacy 
of various methods of shielding. 

The hazard to space-travelers may not 
end even when they have passed the 
terrestrial radiation belts. According to 
present knowledge the other planets of 
our solar system may have magnetic 
fields comparable to the earth's and thus 
may possess radiation belts of their own. 
The moon, however, probably has no 
belt, because its magnetic field appears 
to be feeble. Lunar probes should give 
us more definite information on this 
point before long. 
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Darwin's Missing Evidence 

In his time certain speCles of moths w ere light in color. Today 
in ntany areas these spec ies are largely dark. If he had noticed 
the change occurring, he would have observed evolution in action 

C
harles Darwin's Origin"of Species, 

the centenary of which we cele­
brate in 1959, was the fruit of 26 

years of laborious accumulation of facts 
from nature. Others before Darwin had 
believed in evolution, but he alone pro­
duced a cataclysm of data in support of 
it. Yet there were two fundamental gaps 
in his chain of evidence. First, Darwin 
had no knowledge of the mechanism of 
heredity. Second, he had no visible ex­
ample of evolution at work in nature.' 

It is a curious fact that both of these 
gaps could have been filled during Dar­
win's lifetime. Although Gregor Men­
del's laws of inheritance were not dis­
covered by the community of biologists 
until 1900, they had first been published 
in 1866. And before Darwin died in 
1882, the most striking evolutionary 
change ever witnessed by man was tak­
ing place around him in his own country. 

The change was simply this. Less than 
a century ago moths of certain species 
were characterized by their light colora­
tion, which matched such backgrounds 
as light tree trunks and lichen-covered 
rocks, on which the moths passed the 
daylight hours sitting motionless. Today 
in many areas the same species are pre­
dominantly dark! We now call this re­
versal "industrial melanism." 

It happens that Darwin's lifetime co­
incided with the first great man-made 
change of environment on earth. Ever 
since the Industrial Revolution com­
menced in the latter half of the 18th 
century, large areas of the earth's surface 
have been contaminated by an insidious 
and largely unrecognized fallout of 
smoke particles. In and around indus­
trial areas the fallout is measured in tons 
per square mile per month; in places like 
Sheffield in England it may reach 50 
tons or more. It is only recently that we 
have begun to realize how widely the 
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lighter smoke particles are dispersed, 
and to what extent they affect the flora 
and fauna of the countryside. 

In the case of the flora the smoke par­
ticles not only pollute foliage but also 
kill vegetative lichens on the trunks and 
boughs of trees. Rain washes the pollu­
tants down the boughs and trunks until 
they are bare and black. In heavily pol­
luted districts rocks and the very ground 
itself are darkened. 

Now in England there are some 760 
species of larger moths. Of these more 
than 70 have exchanged their light color 
and pattern for dark or even all-black 
coloration. Similar changes have oc­
CUlTed in the moths of industrial areas of 
other countries: France Germany Po­
land, Czechoslovakia, Canada and the 
U. S. So far, however, such changes have 
not been observed anywhere in the 
tropics. It is important to note here that 
industrial melanism has occurred only 
among those moths that fly at night and 
spend the day resting against a back­
ground such as a tree trunk. 

These, then, are the facts. A profound 
change of color has occurred among 

hundreds of species of moths in indus­
trial areas in different parts of the world. 
How has the change come about? What 
underlying laws of nature have pro­
duced it? Has it any connection with 
one of the normal mechanisms by which 
one species evolves into another? 

In 1926 the British biologist Heslop 
Harrison reported that the industrial 
melanism of moths was caused by a 
special substance which he alleged was 
present in polluted air. He called this 
substance a "melanogen," and suggested 
that it was manganous sulfate or lead 
nitrate. Harrison claimed that when he 
fed foliage impregnated with these salts 
to the larvae of certain species of light-

colored moths, a proportion of their off­
spring were black. He also stated that 
this "induced melanism" was inherited 
according to the laws of Mendel. 

Darwin, always searching for missing 
evidence, might well have accepted Har­
rison's Lamarckian interpretation, but in 
1926 biologists were skeptical. Although 
the rate of mutation of a hereditary char­
acteristic can be increased in the labora­
tory by many methods, Harrison's figures 
inferred a mutation rate of 8 per cent. 
One of the most frequent mutations in 
nature is that which causes the disease 
hemophilia in man; its rate is in the 
region of .0005 per cent, that is, the mu­
tation occurs about once in 50,000 
births. It is, in fact, unlikely that an in­
creased mutation rate has played any 
part in industrial melanism. 

At the University of Oxford during 
the past seven years we have been at­
tempting to analyze the phenomenon of 
industrial melanism. We have used many 
different approaches. We are in the 
process of making a survey of the pres­
ent frequency of light and dark forms of 
each species of moth in Britain that ex­
hibits industrial melanism. We are criti­
cally examining each of the two forms 
to see if between them there are any dif­
ferences in behavior. We have fed large 
numbers of larvae of both forms on 
foliage impregnated with substances in 
polluted air. We have observed under 
various conditions the mating prefer­
ences and relative mortality of the two 
forms. Finally we have accumulated 
much information about the melanism 
of moths in parts of the world that are 
far removed from industrial centers, and 
we have sought to link industrial mela­
nism with the melanics of the past. 

Our main guinea pig, both in the field 
and in the laboratory, has been the pep­
pered moth Biston betularia and its me-
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lanic form carbOl1al'ia. This species oc­
curs throughout Europe, and is prob­
ablv identical with the North American 
A";phidasis cogllatal'ia. It has a one-year 
life cycle; the moth appears from May 
to August. The moth Hies at night and 
passes the day resting on the trunks or 
on the underside of the boughs of J'Ough­
barked deciduous trees such as the oak. 
Its larvae feed on the foliage of such 
trees from Tune to late October; its 
pupae pass the winter in the soil. 

The dark form of the peppered moth 
was first recorded in 1848 at Man­
::hester in England. Both the light and 
dark forms appear in each of the photo­
graphs at right and on the next page. 
The background of each photograph is 
noteworthy. In the photograph on the 
next page the background is a lichen­
encrusted oak trunk of the sort that to­
day is found only in unpolluted rural 
districts. Against this background the 
light form is almost invisible and the 
dark form is conspicuous. In the photo­
graph at right the background is a bare 
and blackened oak trunk ill the heavily 
polluted area of Birmingham. Here it is 
the dark form which is almost invisible, 
and the light form which is conspicuous. 
Of 621 wild moths caught in these Bir­
mingham woods in 1953, 90 per cent 
were the dark form and only 10 per cent 
the light. Today this same ratio applies 
in nearly all British industrial areas and 
far outside them. 

We decided to test the rate of sur­
vival of the two forms in the contrasting 
types of woodland. We did this bv re­
leasing known numbers of moths of both 
forms. Each moth was marked on its 
underside with a spot of quick-drying 
cellulose paint; a different color was used 
for each day. Thus when we subsequent­
ly trapped large numbers of moths we 
could identify those we had released and 
established the length of time they had 
been exposed to predators in nature. 

In an unpolluted forest we released 
984 moths: 488 dark and 496 light. We 
recaptured 34 dark and 62 ligh t, indi­
cating that in these woods the ligh t form 
had a clear advantage over the dark. We 
then repeated the experiment in the pol­
luted Birmingham woods, releasing 630 
moths: 493 dark and 137 light. The 
result of the first experiment was com­
pletely reversed; we recaptured propor­
tionately twice as manv of the dark form 
as of the ligh t. 

For the first time, moreover, we had 
witnessed birds in the act of taking 

moths from the trunks. Although Britain 
has more ornithologists and bird watch-

DARK AND LIGHT FORMS of the peppered moth were photographed on the trunk of an 

oak blackened by the polluted air of the English industrial city of Birmingham. The light 

form (Bis/on be/ularia) is clearly visible; the dark form (carbonaria) is well camouflaged. 

49 

© 1959 SCIENTIFIC AMERICAN, INC



ers than any other country, there had 
been absolutely no record of birds ac­
tually capturing resting moths. Indeed, 
many ornithologists doubted that this 
happened on any large scale. 

The reason for the oversight soon be­
came obvious. The bird usually seizes 
the insect and carries it away so rapidly 
that the observer sees nothing unless he 
is keeping a constant watch on the in­
sect. This is just what we were doing in 
the course of some of our experiments. 
When I first published our findings, the 
editor of a certain journal was sufficient-
1y rash as to question whether birds took 
resting moths at all. There was only one 
thing to do, and in 1955 Niko Tinbergen 
of the University of Oxford RImed a re­
peat of my experiments. The RIm not 
only shows that birds capture and eat 
resting moths, but also that they do so 
selectively. 

These experiments le"d to the follow­
ing conclusions. First, when the environ­
ment of a moth such as Biston betularia 
changes so that the moth cannot hide 
by day, the moth is ruthlessly eliminated 
by predators unless it mutates to a form 
that is better suited to its new environ­
ment. Second, we now have visible 
proof that, once a mutation has oc­
cUlTed, natural selection alone can be 
responsible for its rapid spread. Third, 
the very fact that one form of moth has 
replaced another in a comparatively 
short span of years indicates that this 
evolutionary mechanism is remarkably 
flexible. 

The present status of the peppered 
moth is shown in the map on the oppo­
site page. This map was built up from 
more than 20,000 observations made by 
170 voluntary observers living in various 
parts of Britain. The map makes the fol· 

lowing points. First, there is a strong 
correlation between industrial centers 
and a high percentage of the dark form 
of the moth. Second, populations con­
sisting entirely of the light form are 
found today only in western England 
and northern Scotland. Third, though 
the counties of eastern England are far 
removed from industrial centers, a sur­
prisingly high percentage of the dark 
form is found in them. This, in my 
opinion, is due to the long-standing fall­
out of smoke particles carried from cen­
tral England by the prevailing south­
westerly winds. 

Now in order for the dark form of 
a moth to spread, a mutation from the 
light form must first occur. It appears 
that the frequency with which this hap­
pens-that is, the mutation rate-varies 
according to the species. The rate at 
which the light form of the peppered 

SAME TWO FORMS of the peppered moth were photographed 

against the lichen·encrusted trunk of an oak in an unpolluted area. 

Here it is the dark form which may be clearly seen. The light form, 

almost invisible, is just below and to the right of the dark form. 
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moth mutates to the dark form seems 
to be fairly high; the rate at which the 
mutation occurs in other species may be 
very low. For example, the light form 
of the moth Procus literosa disappeared 
h'om the Sheffield area many years ago, 
but it has now reappeared in its dark 
form. It would seem that a belated muta­
tion has permitted the species to regain 
lost territory. Another significant exam­
ple is provided by the moth Tethea ocu­
laris. Prior to 1947 the dark form of 
this species was unknown in England. 
In that year, however, many specimens 
of the dark form were for the first time 
collected in various parts of Britain; in 
some districts today the dark form now 
comprises more than 50 per cent of the 
species. There is little doubt that this 
melanic arrived in Britain not by muta· 
tion but by migration. It had been 
known for a considerable time in the in­
dustrial areas of northern Europe, where 
presumably the original mutation oc­
curred. 

The mutation that is responsible for 
industrial melanism in moths is in 

the majority of cases controlled by a 

single gene. A moth, like any other 
organism that reproduces sexually, has 
two genes for each of its hereditary char­
acteristics: one gene from each parent. 
The mutant gene of a melanic moth is 
inherited as a Mendelian dominant; that 
is, the effect of the mutant gene is ex­
pressed and the effect of the other gene 
in the pair is not. Thus a moth that in­
herits the mutant gene from only one 
of its parents is melanic. 

The mutant gene, however, does more 
than simply control the coloration of the 
moth. The same gene (or others closely 
linked with it in the hereditary material) 
also gives rise to physiological and even 
behavioral traits. For example, it appears 
that in some species of moths the cater­
pillars of the dark form are hardier than 
the caterpillars of the light form. Genetic 
differences are also reRected in mating 
preference. On cold nights more males 
of the light form of the peppered moth 
appear to be attracted to light females 
than to dark. On warm nights, on the 
other hand, significantly more light 
males are attracted to dark females. 

There is evidence that, in a population 
of peppered moths that inhabits an in­
dustrial area, caterpillars of the light 
form attain full growth earlier than 
caterpillars of the dark form. This may 
be due to the fact that the precipitation 
of pollutants on leaves greatly increases 
late in the autumn. Caterpillars of the 
dark form may be hardier in the presence 
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SPREAD OF MUTATION from the light form to the dark (melanic) is expressed by this 

curve, discussed in detail in the text. The mutation occurs in the period AB, spreads slowly 

during BD and spreads rapidly during DE. During EF the light form is either gradually elim­

inated, as indicated by the curve, or remains at a level of about 5 per cent of the population. 

PROPORTION OF FORMS of the peppered moth at various locations in the British Isles is 

indicated on this map. The open area within a colored circle represents the proportion of 

the light form Biston betularia recorded; the solid colored area, the proportion of the dark 

form carbonaria; the hatched colored area, the proportion of another dark form, 

insularia. Small black circles on the map indicate the location of major industrial centers. 
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A B C 

FIVE SPECIES OF MOTH that have hoth light and dark forms 

are depicted in their actual size. In each case the light form is at 

the top and the dark form is at the bottom. The species are: Cleora 

repandata (A), Procas literosa (B) , Biston betalaria (C), Ectropis 

of such pollution than caterpillars of 
the light form. In that case natural selec­
tion would favor light-form caterpillars 
which mature early over light-form cat­
erpillars which mature late. For the 
hardier caterpillars of the dark form, 
on the other hand, the advantages of 
later feeding and longer larval life might 
outweigh the disadvantages of feeding 
on increasingly polluted leaves. Then 
natural selection would favor those cat­
erpillars which mature late. 

Another difference between the be­
havior of B. beftllaria and that of its dark 
form carbonaria is suggested by our ex­
periments on the question of whether 
each form can choose the "correct" back­
ground on which to rest during the day. 
We offered light and dark backgrounds 
of equal area to moths of both forms, 
and discovered that a significantly large 
proportion of each form rested on the 
correct background. Before these results 
can be accepted as proven, the experi­
ments must be repeated on a larger scale. 
If they are proven, the behavior of both 
forms could be explained by the single 
mechanism of "contrast appreciation." 
This mechanism assumes that one seg­
ment of the eye of a moth senses the 
color of the background and that an­
other segment senses the moth's own 
color; thus the two colors could be com­
pared. Presumably if they were the 
same, the moth would remain on its 
background; but if they were different, 
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"contrast conflict" would result and the 
moth would move off again. That moths 
tend to be restless when the colors con­
flict is certainly borne out by recent field 
observations. 

It is evident, then, that industrial 
melanism is much more than a simple 
change from light to dark. Such a change 
must profoundly upset the balance of 
hereditary traits in a species, and the 
species must be a long time in restoring 
that balance. Taking into account all the 
favorable and unfavorable factors at 
work in this process, let us examine the 
spread of a mutation similar to the dark 
form of the peppered moth. To do so 
we must consult the diagram at the top 
of the preceding page. 

.Ncording to the mutation rate and the 
size of the population, the new mu­

tation may not appear in a population 
for a period varying from one to 50 
years. This is represented by AB on the 
diagram. Let us now assume the follow­
ing: that the original successful muta­
tion took place in 1900, that subsequent 
new mutations failed to survive, that the 
total local population was one million, 
and that the mutant had a 30-per-cent 
advantage over the light form. (By a 30-
per-cent advantage for the dark form we 
mean that, if in one generation there 
were 100 light moths and 100 dark, in 
the next generation there would be 85 
light moths and 1 15 dark.) 

On the basis of these assumptions 
there would be one melanic moth in 
1,000 only in 1929 (BC). Not until 1938 
would there be one in 100 (BD). Once 
the melanics attain this level, their rate 
of increase greatly accelerates. 

In the period between 1900 and 1938 
(BD) natural selection is complicated 
by other forces. Though the color of 
the dark form gives it an advantage over 
the light, the new trait is introduced 
into a system of other traits balanced 
for the light form; thus the dark form is 
at first at a considerable physiological 
disadvantage. In fact, when moths of the 
dark form were crossed with moths of 
the light form 50 years ago, the result­
ing broods were significantly deficient 
in the dark form. When the same cross 
is made today, the broods contain more 
of the dark form than one would expect. 
The system of hereditary traits has be­
come adjusted to the new trait. 

There is evidence that other changes 
take place during the period BD. Speci­
mens of the peppered moth from old 
collections indicate that the earliest me­
lanics were not so dark as the modern 
dark form: they retained some of the 
white spots of the light form. Today a 
large proportion of the moths around a 
city such as Manchester are jet black. 
Evidently when the early melanics in­
herited one gene for melanism, the gene 
was not entirely dominant with respect 
to the gene for light coloration. As the 
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COflsoltllria 10) and Amphidasis cogfllltriria IE). All of the species are European except 

the last, which occurs in North America and may be identical with Bistofl betnZ"r;". 

gene complex adjusted to the mutation, 
however, the new gene became almost 
entirely dominant. 

When the dark form comprises about 
10 per cent of the population, it may 
jump to 90 per cent in as little as 15 
or 20 years. This is represented by 
period DE on the graph. Thereafter the 
proportion of the dark form increases at 
a greatly reduced rate. 

Eventually one of two things must 
happen: either the light form will slow­
ly be eliminated altogether, or a balance 
will be struck so that the light form con­
tinues to appear as a small but definite 
proportion of the population. This is due 
to the fact that the moths which inherit 
one gene for dark coloration and one for 
light (heterozygotes) have an ad­
vantage over the moths which inherit 
two genes for dark coloration (homo­
zygotes). And when two heterozygotes 
mate, a quarter of their offspring will 
have two genes for light coloration, i.e., 
they will be light. Only after a very long 
period of time, therefore, could the light 
forms (and with them the gene for light 
coloration) be entirely eliminated. This 
period of removal, represented bv EF 
on the diagram, might be more than 
1,000 years. Indications so far suggest, 
however, that complete removal is un­
likely, and that a balance of the two 
forms would probably occur. In this 
balance the light form would represent 
about 5 per cent of the population. 

The mechanisms I have described are 
without doubt the explanation of indus­
trial melanism: normal mutation fol­
lowed by natural selection resulting in 
an insect of different color, physiology 
and behavior. Industrial melanism in­
volves no new laws of nature; it is gov­
erned by the same mechanisms which 
have brought about the evolution of 
new species in the past. 

1'here remains, however, one major 
unsolved problem. Why is it that, in 

almost all industrial melanics, the gene 
for melanism is dominant? Many genet­
icists would agree that dominance is 
achieved by natural selection, that it is 
somehow related to a successful muta­
tion in the distant past. With these 
thoughts in mind I recently turned my 
attention away from industrial centers 
and collected moths in one of the few 
remaining pieces of ancient Caledonian 
pine forest in Britain: the Black Wood 
of Rannoch. Located in central Scotland 
far from industrial centers, the Black 
Wood is probably very similar to the for­
ests that covered Britain some 4,000 
years ago. The huge pines of this forest 
are only partly covered with lichens. 
Here I found no fewer than seven 
species of moths with melanic forms. 

I decided to concentrate on the 
species Cle01'a Tepandata, the dark form 
of which is similar to the dark form of 
the same species that has swept through 

central England. This dark form, like the 
industrial melanics, is inherited as a 

Mendelian dominant. Of just under 500 
specimens of C. mpandata observed, 10 
per cent were dark. 

C. Tepandata spends the day on pine 
trunks, where the light form is almost in­
visible. The dark form is somewhat more 
easily seen. By noting at dawn the spot 
where an insect had come to rest, and 
then revisiting the tree later in the day, 
we were able to show that on some davs 
more than 50 per cent of the insects had 
moved. Subsequently we found that be­
cause of disturbances such as ants or hot 
sunshine they had had to By to another 
tree trunk, usually about 50 yards away. 
I saw large numbers of these moths on 
the wing, and three other observers and 
I agreed that the dark form was practi­
cally invisible at a distance of more than 
20 yards, and that the light form could 
be followed with ease at a distance of up 
to 100 yards. In fact, we saw birds catch 
three moths of the light form in Bight 
It is my belief that when it is on the 
wing in these woods the dark form has 
an advantage over the light, and that 
when it is at rest the reverse is true. 

This may be one of many ways in 
which melanism was useful in the past. 
It may also explain the balance between 
the light and dark forms of Cleam Te­

pandata in the Black Wood of Rannoch. 
In this case a melanic may have been 
preserved for one evolutionary reason 
but then have spread widely for another. 

The melanism of moths occurs in 
many parts of the world that are not 
industrialized, and in environments that 
are quite different. It is found in the 
mountain rain forest of New Zealand's 
South Island, which is wet and dark. It 
has been observed in arctic and sub­
arctic regions where in summer moths 
must By in daylight. It is known in very 
high mountains, where dark coloration 
may permit the absorption of heat and 
make possible increased activity. In 
each case recurrent mutation has pro­
vided the source of the change, and 
natural selection, as postulated by Dar­
win, has decided its destiny. 

Melanism is not a recent phenomenon 
but a very old one. It enables us to ap­
preciate the vast reserves of genetic vari­
ability which are contained within each 
species, and which can be summoned 
when the occasion arises. Had Darwin 
observed industrial melanism he would 
have seen evolution occurring not in 
thousands of years but in thousands of 
days-well within his lifetime. He would 
have witnessed the consummation and 
confirmation of his life's work. 
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ANGIOTENSIN 

The discovery of this substance \vhich can raIse the blood 

pressure has shed ne\v light on the causes of hypertension 

and on the role of the kidney in the control of circulation 

b\' Irvine H. Page, F. Merlin Bumpus and Hans J. Schwarz 

U
nder the constant variation of 

physical and emotional stress, 
the tissues in different parts of 

the body require constantly varying sup­
plies of blood. The heart and the vascu­
lar system meet these demands through 
the mediation of the nervous system. 
By controlling the bore of the blood 
vessels the nerves divert blood from one 
tissue area and shunt it to another that 
is in more urgent need. Though the con­
trol network is little understood, it must 
work with high efficiency. It ensures, for 
example, that the vital brain centers do 
not lack for blood during the perform­
ance of some act requiring the full capac­
ity of the brain. 

But this is not the whole story. Few 
nerves penetrate to the arterioles of the 
capillary bed. But it is the contraction 
and relaxation of the muscle cells sparse­
ly distributed along the length of these 
tiny vessels that causes them to constrict 
and dilate, and so determine the volume 
that flows into the capillary channels 
[see "The Microcirculation of the Blood," 
by Benjamin W. Zweifach; SCIENTIFIC 
AMERICAN, January J. Plainly some 
chemical system must share with the 
nervous system in controlling the deliv­
ery of the blood to the point at which it 
serves its vital functions. 

The nature of the chemical control is 
a matter of clinical as well as scientific 
interest. Certain severe types of high 
blood pressure were long ago traced to 
cherriical influences. For example, the 
tumor of the adrenal gland called pheo­
chromocytoma is attended by extreme 
elevation in blood pressure, due to excess 
output of adrenalin and noradrenalin. 
These adrenal hormones powerfully con­
strict the arterioles in the capillary sys­
tem, at times causing the patient's skin 
to blanch. Do other "pressor" substances 
play a similar role in other more common 
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types of hypertension? Efforts to answer 
this question have not only improved the 
prospects for control of a widespread af­
fliction, but have also found a new en­
zyme originating in the kidneys that has 
a powerful effect on capillary circulation. 

From the beginning it seemed logical 
that the source of such a substance might 
be found in the kidneys. It is their func­
tion to maintain the constancy of the 
internal environment; they receive and 
process more than a quarter of the blood 
pumped out of the heart in each cycle 
of contraction. This high through-put 
keeps the tissues in the most distant 
reaches of the body in intimate if in­
direct contact with the kidneys. If we 
exclude the heart, it is difficult to think 
of an organ more likely to be involved 
in the control of circulation. 

As early as the turn of the century 
extracts of kidney tissues were shown to 
raise the blood pressure in laboratory 
animals. In 1928 Franz Volhard in Ger­
many suggested that an unidentified 
substance secreted by the human kid­
ney might be the cause of some cases of 
hypertension. Then a Cleveland physi­
cian, Harry Goldblatt, showed that hy­
pertension could be produced by con­
stricting the artery of the kidney with a 
metal clamp. The implications of Gold­
blatt's finding were confirmed when 
physicians discovered clinical counter­
parts to his metal clamp in patients 
suffering from hypertension; the kidney 
arteries in these cases were constricted 
by arteriosclerotic plaques or other ab­
normalities. 

But only about a fifth of the hyper­
tensive patients showed these abnormal­
ities. Clearly this particular kind of ob­
struction to the flow of blood to the kid­
neys did not cause all cases of hyperten­
sion. The truth is we do not yet know 
the precise mechanism which causes the 

release of the substance from the kidneys 
which raises blood pressure. We have la­
beled this mechanism "stress" in the il­
lustration on the opposite page largely 
for convenience and to indicate our ig­
norance. 

One of ns (Page) had the good for-
tnne to work with Volhard, and 

returned to this country to start work 
with Donald Van Slyke at the Rockefel­
ler Institute and later with Oscar Hel­
mer, Kenneth Kohlstaedt and A. C. Cor­
coran at the Indianapolis City Hospital 
with the object of isolating the pressor 
substances from extracts of kidney tissue. 
We had an extract, now called renin 
(pronounced ree-nin, and not to be con­
fused with rennin, the milk-coagulating 
enzyme), which upon injection caused 
a rise in blood pressure in intact experi­
mental animals. And when we injected 
renin into an amputated tail perfused 
with salt solution, it caused the blood 
vessels of the tail to contract. When we 
set out to purify renin, however, we 
ran into a most puzzling situation. The 
purer we made it, the greater the rise in 
blood pressure it would cause in intact 
animals but the less constriction it would 
produce in blood vessels perfused with 
salt solution. We escaped from this blind 
alley when we found that the addition of 
a little blood plasma to the salt solution 
fully restored the activity of the purified 
renin. 

Now we thought we had the solution 
to the paradox: Renin had to be made 
active by plasma, most likely by some en­
zymatic mechanism. To confirm this de­
duction we incubated plasma and renin 
together, boiled them to stop the as­
sumed enzymatic action and injected the 
product into an anesthetized cat. The 
cat's blood pressure rose sharply but 
remained elevated for only a few min-
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utes. This was quite in contrast to the 
prolonged effect that followed the injec­
tion of renin alone into the bloodstream 
of a living animal. With a little further 
thought we made the right deduction: 
Renin was the enzyme which was de­
stroyed by boiling, and it was renin 
which released some substance in the 
plasma. When injected alone into a live 
animal, renin continued to produce the 
pressor substance in reaction with a plen­
tiful supply of plasma. Accordingly we 
sought to identify the substance in the 
plasma on which renin acted. We located 
this "renin-substrate" in the protein frac­
tion of blood plasma called alpha-two 
globulin, and found that it was produced 
by the liver. 

So now we had an enzyme contained 
in kidney cells that acted on a protein 
substrate in the bloodstream to liberate 
a third substance. We named this hypo­
thetical substance "angiotonin." At about 
the same time a group of investigators 
working on the problem in Buenos Aires 
under Eduardo Braun Menendez had 
come to the conclusion that the pressor 
substance was different from renin but 
that it was liberated by the kidneys. 
They called the hypothetical substance 
"hypertensin." The rival names re­
mained in circulation for 17 years until 
their chief promoters got together over a 

cafeteria breakfast at the University of 
Michigan and agreed to sponsor the 
hybrid name of "angiotensin." 

As we studied the chemistry of our 
third substance it became clear that it 
was a polypeptide, that is, a chain of 
amino acids. This was a step forward, 
but not a happy one. In those days no 
one knew much about the structure of 
pep tides except that their activity de­
pended upon the spatial arrangement of 
groups of atoms within the molecules, 
and that it was difficult to reconstruct 
the all-important arrangement from the 
fragments obtained by ordinary chemi­
cal analysis. Our group nonetheless 
pressed on with the slow work of purifi­
cation and determination of structure, 
and was jOined by other groups. 

To isolate pure angiotensin we first 
sought its precursor, renin-substrate. 

This we obtained from hog blood. Even 
though the protein could not be made 
pure enough to crystallize, we were able 
to concentrate it approximately 1,000-
fold. This indicated to us that renin­
substrate constituted only a very small 
part of the alpha-two globulin fraction 
of blood, and confirmed our suspicion 
that angiotensin, originating with renin­
substrate, must be effective in minute 
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INFLUENCE OF KIDNEY ON CIRCULATION is sum­

marized in this diagram. Stress on the kidney stimnlates 

the release of renin into the veins (gray) where it acts upon 

renin substrate (made in the liver) to release angiotensin 

I. "Converting enzyme" changes angiotensin I to angio· 

tensin II. Arteries (colored) carry angiotensin II to the 

capillary beds (bottom) where arterioles (normally as ill 
A of enlargement) are constricted (B of enlargement). 
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RENIN RENIN SUBSTRATE > ANGIOTENSIN I 

(KIDNEY PROTEIN) (BLOOD PROTEIN) (DECAPEPTIDE) 

BASIC REACTION in the kidney's mechanism for controlling 

circulation is the action of renin, a protein released from the 

kidney, on the blood substance renin substrate to form angio· 

tensin I. Renin, an enzyme, splits off part of the blood protein. 

quantities. From the partially purified 
substrate we prepared an angiotensin 
that was about 75 per cent pure. The 
preparation yielded our first clue to the 
structure of the angiotensin molecule. 
We identified the amino acids at the ends 
of the molecular chain as aspartic acid 
and leucine (or its close chemical rela­
tive isoleucine). 

Our early preparations produced two 
observable physiological effects: They 
elevated blood pressure, and they 
caused the muscle of the uterus to con­
tract. As the work of purification went 
on we found that these two activities 
could be partially separated into two 
chemically different fractions of crude 
angiotensin. Both fractions affected 
blood pressure, but only one caused iso­
lated uterine muscle to contract. Because 
it seemed to us that a substance that 
caused contraction in the involuntary 
"smooth" muscle of the uterus would 
play only a minor role in hypertension, 
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we focused our efforts on the substance 
that affected the blood pressure alone. 

Meanwhile Leonard T. Skeggs, JI'. 
and J. R. Kahn of Western Reserve Uni­
versity and the Crile Veterans Hospital, 
using selective solvents, succeeded in 
separating two forms of angiotensin. 
They identified one of these, "angiO­
tensin I," as the direct product of the 
action of renin on the substrate. The 
other, "angiotensin II," was formed 
from angiotensin I by the action of a 
blood protein which they called "con­
verting enzyme." It soon became clear 
that the uterine-muscle-contracting sub­
stance we had isolated was identical 
with their angiotensin II, and that this 
was the "true" angiotensin, the pressor 
substance we were seeking. Angiotensin 
J thus proved to be a precursor to angiO­
tensin II. It induces a rise in blood 
pressure only because it is rapidly con­
verted to angiotensin II in the blood­
stream; it has no effect on isolated uter-
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ine muscle because the' converting en­
zyme is not present in this organ. 

Angiotensin was first isolated in pure 
form at St. Mary's Hospital in London 
by W. S. Peart, who worked with the 
product of the reaction between rabbit 
renin and beef blood. In 1956 Peart 
and D. F. Elliot identified the 10 amino 
acids that make up angiotensin I and 
worked out the sequence in which they 
appear in its molecular chain [see illus­
tration below J. Skeggs and his co-work­
ers later found a similar 10-unit struc­
ture in the angiotensin I of horse blood, 
and showed that the angiotensin II 
formed from this precursor was a chain 
of eight amino acids identical with the 
first chain except for the two amino 
acids missing from one end. 

The final proof of the sequence of 
amino acids had to come through syn­

thesis. Starting with the eight naturally 
occurring amino acids our group set out 

TYROSINE ISOLEUCINE 

MOLECULE OF ANGIOTENSIN I is a .chain of 10 amino acids 

made up of �toms .of car�o,! JlJlack' baUs) , hydrogen (gray), 
nitrogen (white) and oxygen (colored) . The amino acids are 

linked by bonds joining the carboxyl (CO) group of one to 
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CONVERTING 

ENZYME 

> + ANGIOTENSIN I ANGIOTENSIN II HISTIDYLLEUCINE 

(DECAPEPTIDE) (OCTAPEPTIDE) 

CONVERSION OF ANGIOTENSIN from the inactive decapeptide 

(10 amino acids) to the active octapeptide (eigllt amino acids) 

is accomplished by the converting enzyme, a nonnal constituent 

of blood. It splits off the last two amino ".,ids of angiotensin I. 

on the arduous task of copying nature. 
Our svnthesis led through 26 steps, and 
therefore 26 intermediate compounds, 
each of which had to be laboriously puri­
fied and analyzed. Finally the last inter­
mediate yielded a peptide identical in 
structure with angiotensin II. Synthetic 
angiotensin fullv confirmed its identity 
by raising the blood pressure of men and 
animals and by stimulating the contrac­
tion of uterine muscle; it has proved 
more potent in the elevation of blood 
pressure than any other substance 
known. The synthesis established the 
composition and structure of natural 
angiotensin without ambiguity. 

We could now define the kidney 
mechanism more specifically. Renin, an 
enzyme produced in the kidney, acts on 
renin-substrate, a protein that occurs in 
the blood, to produce angiotensin I, 
a peptide chain of 10 amino acids with 
the sequence shown in the illustration. 
The converting enzyme, another blood 
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protein, then acts on the angiotensin I 
to spli t off a pair of ami no acids from 
one end of the chain, yielding angioten­
sin II. The structure of angiotensin varies 
somewhat in detail from species to spe­
cies, but the process appears to be the 
same in all. 

One naturally asks the question: 
"'Nhv does nature employ such a round­
about mechanism to achieve chemical 
control of blood pressure?" The answer 
mav simply be that the two-step break­
down of renin-substrate to angiotensin 
II provides a way to store a reserve of a 
physiologicallv powerful substance in an 
inactive precursor form. In time of need 
the mechanism can be called upon to re­
lease angiotensin for its effects on the 
blood pressure. Prolonged release, in­
duced by some abnormal physiological 
stress, could result in permanent hyper­
tension. The digestive enzymes pepsin, 
trypsin and chymotrypsin are similarly 
stored as inactive proteins. 

Several other peptides in the boch' 
exhibit the phvsiological properties of 
angiotensin. The pituitary gland secretes 
a hormone called vasopressin, which has 
a strong contractile effect on the capi 1-
lary vessels, and another called oxytOCin, 
which induces contraction in uterine 
muscle. Interestingly enough both of 
these resemble angiotensin II in being 
made up of eight amino acids. As yet, 
however, we have found no other struc­
tural similarity to explain the similarity 
of phvsiological activity. 

'�Ie do not yet know which of the 
amino acid groups in angiotensin elicits 
its characteristic behavior. The activa­
tion of the molecule by the amputation 
of two amino acid groups suggests that 
these groups may cover or in some other 
way neutralize the physiologicallv active 
sequence. Lesser changes in the chemi­
cal structure of various hormones can 
modify their biological activitv pro­
foundly. But it is not easy to locate the 
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the amino (NH) group of the other. Angiotensin II is derived 

from angiotensin I by splitting off the last two amino acids (box). 
Structure shown is angiotensin frolll horse or hog blood; angio­

tensin from cattle has a second valine in place of isoleucine. 
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key feature in the structure of even so 
comparatively simple a molecule as 
angiotensin. It has only eight amino acid 
groups; they can, however, form a great 
number of permutations and combina­
tions. With judicious replacement and 
rearrangement of some of the amino 

acids, it may be possible to synthesize 
peptides that are similar to angioten­
sin, yet lack its physiological potency. 
Such a molecule might be able to "fool" 
the body and occupy those places in the 
blood vessels where angiotensin normal­
ly acts, and thus keep it from stimulating 

the circulatory system. If we succeed in 
inhibiting the renin-angiotensin system, 
we may be well on our way to controlling 
one of the important humors of the kid­
ney, and so to be able to counteract a 
widespread type of hypertension at its 
point of origin. 
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15 20 25 

injection. Renin induces a great increase in arterial pressure, 

sustained for over half an hour; angiotensin, either natural or 

synthetic, produces smaller increases lasting only a few minutes. 
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___ Kodak reports on: 
trapping photons and transferring their energy ... a film that separates the 
lemons from the oranges ... the advantage of rising above a subject 

. . 
, , 

C - c 
I " H-e C-H '\ / 

Old model resonotor 
Look-with the eye of a quantum me­
chanic-at this marvelous little mo­

lecular resonating machine. For the 
trifling sum of $16.65 we can supply 
400 quintillion of these machines. They 
will weigh \/2 gram, all told, and will 
come in a small bottle labeled Neo­
cyanine (Eastman 2067). 

The two iodines come separately 
packed in the crystal lattice as ions. 
The points where they were detached, 
at the quaternary nitrogens, are posi­
tively charged, of course. Either of 
these two positive charges can be sent 
skittering back and forth through the 
branched chain of conjugated carbon 
atoms to bounce off the third nitrogen 
atom. All it takes to set the machine 
resonating thus is a photon of light or 
infrared that carries the difference in 
energy between quiescence of the posi­
tive charges and resonance thereof. 

This little resonator has proved use­
ful for trapping photons and trans­
ferring their energy to silver halide 
crystals. The silver halide thereupon 
responds photographically to wave­
lengths it would otherwise miss. 

This is a 1925 model. We have since 
devised thousands of more advanced 
models of this basic type of resonator, 
but stock only the above and five other 
simple ones for off-the-shelf delivery: 
Cryptocyanine (Eastman 1334), Di­
cyanine A (Eastman 1532), Pinacyanole 
(Eastman 622), Pinafiavole (Eastman 
1842), and Orthochrome T (Eastman 
623). As dyes they are exceedingly 
powerful. 

For a discussion of the working parts 
from which such ultra-subminiaturized elec­
tronic machines can be built by the skillful 
worker, see a paper entitled "A Century of 
Progress in the Synthesis of Dyes for Pho­
tography." As long as our supply of re­
prints lasts, we can send you a copy free. 

Write to Distillation Products Industries, 
Eastman Organic Chemicals Departmellt, 
Rochester 3, N. Y. (Division of Eastmall 
Kodak Company). The latest catalog, No. 
41, lists some 3700 other compounds for 
research. 

The cyanine dyes possess interest IIOt 
only in applied physics but in biology as 
well. Many of them have strollg and useful 
anti/ilarial, anthelmintic, and bacteriostatic 
activity. That the inhibition of E. coli by 
one of them has been found reversible by 
crude yeast and liver extract fascinates us. 

Process E-3 
Distinguished by the designation 
"(Process E-3)" from earlier versions, 
a new Kodak Ektachrome Film is aimed 

to please the worker who is pretty all­
fired sure that for any trifling deficiency 

in his color transparencies the fault 
has lain not in himself, not in his tech­
nique, not in his equipment, but in his 
film. 

Beyond the shadow of an illusion, 
this film is sharper than its predeces­
sors. Sharpness differs from contrast 
and from resolving power. It repre­
sents ability to render a boundary­
within how few microns the color on 
the transparency can change from (let 
us say) a certain yellow to a certain 
orange. This ability does not readily 
lend itself to quantitative statement. 

We mention yellow and orange ad­
visedly. A classic challenge to any 
color photographic process has been 
to distinguish between the hue of 
lemons and oranges in one bowl of 
fruit. The new film meets it handily. 
Greens are better, too. 

More valuable to some users will be 
the fidelity of the new film to the visual 
appearance of such photographically 
elusive biological stains as eosin and 
fuchsin. The photomicrographer now 
gets not only an enhancement of the 
fine color discrimination for which 
Ektachrome was notable even before 
but a new advantage in speed. Expo­
sure lndex is 32 for the Type B (which 
requires only heat-absorbing and pos­
sibly U-V filters in the usual photo­
micrographic setups) and 50 for the 
Daylight Type (used with electronic 
flash). Statistics show that in 1/25 
second you get only 20 % of the vibra­
tion contained in 1/5 second. 

Kodak dealers now stock the new Kodak 
Ektachrome Film (Process E-3) in the 
usual sheet film sizes. For 120 and 620 roll 
film cameras it's called Kodak Ektachrome 

This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 

Professional Film, Daylight Type (Process 
E-3). They also carry various-sized kits of 
the new processing chemicals that Process 
E-3 requires. The processing cycle takes 
about an hour. 

If a) you want paper prints and duplicate 
transparellcies, and if b) you want to be 
able to manipulate your color balance to­
ward a conception of reality transcendillg 
what can be built into inanimate film, alld 
if c) you are willing to process both a nega­
tive and a positive before you Judge your 
results, don't even bother with this new 
stuff. Stick to Kodak Ektacolor Film 
and Paper. 

Geologists os larks 
In Washington last spring, at the an­
nual meeting of the American Society 
of Photogrammetry, the photogeolo­
gists were there with bells on, giving 
papers and happy as larks. 

The higher you fly, said one, the 

quicker and clearer the big picture 

comes through of structural trends, 

stream alinements (such as might re­

flect fracturing in the bedrock, either 

jointing or shearing), topographic 

anomalies. The lower you fly, said 

another, the more subtle color differ­

entiation you can pick up unblurred 

with the new high speed aerial color 

films (which we happen to make), and 

the easier, then, to follow across the 

miles the contact of various strati­

graphic formations with each other 

and with alluvial and slope-wash de­

posits. In flatland areas, said a third, 

where the evidences for geological 

analysis are difficult or impossible to 

obtain, modern exploration for pe­

troleum and minerals demands geo­

morphological study from aerial pho­

tographs. 

Do you see the problem? S�ddle sores 
may still mark the field geologist who

. 
re­

fuses to jump at concluslOm, but hiS blind­
ers can be struck off by a /'Ide In an CIlrplane 
mounting a suitable aerial camera in its 
belly Does he have to go commerclCll or 
gove;nment to afford this, or beg for pic­
tures to study? Maybe not. Maybe we can 
put him in touch with an aerial photog­
rapher who wants his modest business. Let 
him write Eastman Kodak Company, 
Government Sales Division, Rochester 4, 
N. Y. And if he wants to read the papers 
gil'en in Washington, let him send $1.75 to 
the American Society of Photogrammetry, 
1515 Massachusetts Avenue N. W., Wash­
ington 5, D. C, for the September, 1958, 
issue of its journal. 

Price is subject to 
change without notice. 
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.� Herbert W. Westeren, 
Asst. Director of Hayes Research & 

Development Group, Reports • • •  

PRODUCTION 
HEAT TREATING 

BREAKS THE 3000°F. 
BARRIER 

Today's "exotic" refractory metals 
for nuclear reactors, rocket engines, 
and electronic components call for 
heat treating temperatures of 3000°F. 
plus ... temperatures heretofore lim­
ited to the laboratory. 
Vacuum is often the answer. In keep­i ing with our leadership in the vacuum 

� field, our group .. 

r 1 d eve l o p e d  a.� 
� \ ' � high tempera- ;! 
.� � \ \" � ture, high vac- ;: 
� '-\+ " :" .  ' u?m fll!nace for � 
• < � / , slntenng, a n - ? 
�: . nealing, and fir- � . ing operations. 

This versatile 
modification of 
t h e  w e l l -r e ­
c e i v e d  Ha y e s  
Va c uM a s t er® 

features changes in valving, power 
requirements, and low voltage heat­
ing elements to extend temperatures 
into the 4500°F plus range. Scaled 
for full production, Model HT/HV 
affords advantages of rapid cycling, 
saturable reactor control, cold wall 
construction, and vacuum to 0.1 
micron. 
Atmosphere furnaces are needed, 

too. For proc­
essing with non­
oxidizing atmos­
phere s, o u r  
group also de­
ve l o p e d  t h e  
M-Y Moly Ele­
ment Furnace. 
Us e s  of t h i s  
3300°F u n it: 

i reducin g tung� , 
� sten and silicon, '? 
� ceramic metal- ';i 
� lizing, and other ultra-high temp. � 
1; work. Also in design is an oxidizing S � and reducing atmosphere electric fur- �� � nace for the 3500°F range. .:1 � These new Hayes furnaces, devel- � � oped under actual production condi- i fi tions in our lab, are now serving in-

I
:,1r

. 
� dustry on high temp. jobs perhaps � similar to your own. Vacuum Furnace � ___ .... Bulletin 5709A � .......... - d MY F 
� ;jj� '\ I �ce �ulIefi� 
� �;:t:: . ju 5�05 glye de-

0R�. Q:\ ��bi�s�nte for 

e.l. HAYES, INC. 
SJ5 Wellington Avenue • Cranston 10, R. I. 

Established 1905 
iI ••••• fJl·m···:wt·q 

lilt Pays To See HayesU for m(>-tallur· 
gicol g Uidance, laboratory facdities, fur­
naces, otmosphere generators, gas. and 
OUld dryers 
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Steadier Support for Science 

T
he President's Science Advisory 
Committee has urged the Federal 
Government to strengthen its sup­

port of science and revise its ways of do­
ing business with scientists. In a report 
made public by the White House, the 
Committee says that support for basic 
research has lagged, especially since the 
Korean war. A disproportionate amount 
of money has been spent on scientific 
"things" such as ballistic missiles, nu­
clear reactors and computers. Mean­
while there have been scant funds for 
fundamental studies in many fields. 

The Committee also criticized the 
policy of supporting virtually all research 
through one-year contracts with indi­
vidual scientists. This kind of contract 
is neither broad nor long enough to 
finance effectively the development of 
ideas that may lead to important dis­
coveries. With termination dates always 
in the offing, the investigator gets bogged 
down in the paper work required to ob­
tain new grants. The Committee cited 
one important earth-science laboratory 
where 200 scientists are working under 
40 separate contracts. 

The Government ought to consider 
new kinds of contracts to support the 
sort of research that crosses the border­
lines of two or more sciences, the Com­
mittee proposes. Grants to finance broad 
programs or even the work of insti­
tutions would give scientific workers 
more freedom to change the direction 
of their research and would also he�p 
reduce the complexities of contract ad­
ministration. The Committee suggests 
that contracts should be extended for 

SCIENCE ANU 
up to three years so as to permit more 
sensible planning and greater efficiency. 

Prospects for Nuclear Power 

Within 10 years nuclear power may 
be as cheap as power from fossil 

fuels in some parts of the U. S., and 
within 20 or 30 years it may be com­
petitive throughout most of the country. 
This conclusion was reached by a com­
mittee recently appointed by the Atomic 
Energy Commission to review reactor 
policies and programs. The chairman of 
the committee is Alfonso Tammaro of 
the A.E.C.; the vice chairman, Henry D . 
Smyth of Princeton University, author 
of the celebrated "Smyth report." 

The new report states that the A.E.C. 
will for the time being have to take re­
sponsibility for developing nuclear pow­
er, because the technology is not yet 
ripe to be turned over entirely to 
private industry. While judging the 
A.E.C:s reactor program to be "gen­
erally sound," the committee recom­
mends some changes. There should be 
a comprehensive assistance program to 
develop nuclear power in the near fu­
ture for friendly foreign nations where 
energy is expensive. There should be 
more emphasis on breeder reactors, 
which generate power and create fresh 
fuel at the same time. The A.E.C. should 
shelve plans for building full-scale 200,­
OOO-kilowatt plants and concentrate in­
stead on 50,000- to 80,000-kilowatt pro­
totypes. There is no longer any need 
to demonstrate that nuclear power can 
be harnessed on a grand scale, the com­
mittee says, and smaller plants will yield 
just as much engineering information 
more quickly and more cheaply. 

Pear-Shaped Planet 

The world is in worse shape than any-
one suspected. Instead of being a 

sphere bulging at the Equator, the earth 
is decidedly pear-shaped, according to 
investigators of the National Aeronau­
tics and Space Administration. 

Precise measurements of the orbit of 
the Vanguard satellite launched last 
March reveal that sea level at the North 
Pole is 50 feet farther from the center 
of the earth than previously calculated; 
sea level at the South Pole is corre­
spondingly lower. Outside the polar 
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THE CITIZEN 
regions the Northern Hemisphere is 
pinched in by about 25 feet and the 
Southern Hemisphere bulges by a like 
amount. 

These findings indicate that the hot 
rock which supports the earth's crust 
cannot be perfectly plastic. It must have 
considerable rigidity, for viscous forces 
would not be great enough to maintain 
the deformity. J. A. O'Keefe, Ann Eckels 
and R. K. Squires, authors of the report, 
speculate that the odd bulges may be 
caused by convection currents in the 
rock surrounding the fluid core of the 
planet. They reported their results at 
the annual New York meeting of the 
American Physical Society. 

Universal Inch and Pound 

T he governments of the English-
speaking nations have finally decided 

that the inch and the pound shall be the I 
same the world over. The agreement 
was reached by directors of standards 
from Canada, New Zealand, the U. S. , 
the United Kingdom, the Union of 
South Africa and Australia. 

The inch has been redefined as a I 
length equal to precisely 25.4 millime­
ters. This is about two parts per million 
shorter than the inch that has been 
standard in the U. S. and two parts per 
million longer than the British inch. 

While it will be important in some 
meticulous scientific work, the new stan­
dard will not make much difference in 
industry. In fact the American Standards 
Association recommended the new inch 
for industrial measurements as early as 
1933, and the National Advisory Com­
mittee for Aeronautics began using it in 
1952. 

The new international pound will be 
equal to .45359237 kilogram, slightly 
lighter than the old standard of 
.4535924277 kilogram. The adjustment 
of weight is relatively much less than the 
adjustment in length, but it may be 
more critical since weighing is generally 
much more precise than the measure­
ment of length. 

Submerged Spacemen 

S pace travelers may make the first 
stage of their journey submerged in 

a tank of water. The buoyancy of water 
effectively reduces the inertia of the 

Stokes High Vacuum System simulates 
high -altitude, hypersonic conditions 
One of the many major problems being investigated by 

the Lewis Flight Propulsion Laboratory of the National 

Advisory Committee for Aeronautics, Cleveland, Ohio, 

is the study and analysis of high-altitude instrumentation, 

and the interpretation of instrument data into pertinent 

aerodynamic information. 

A Stokes High Vacuum Pumping System was selected 

for this research. A bank of 5 Stokes 16/1 ring-jet booster 

pumps reduce the pressure as low as 0.03 microns. The 

maximum flow rate for air is about 44,000 cubic feet per 

minute at a pressure of about 3 microns. This permits 

simulation of altitudes on the order of 75 miles and can 

produce velocities at 8 times the speed of sound. 

This NACA installation is another example of how Stokes' 

advanced vacuum technology can be applied to a variety 

of problems encountered in our modern, high-speed age. 

The Stokes Engineering Advisory Service can help you in 

planning a system that will dependably serve even your 

most unique vacuum requirements. Call or write-today. 

Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 

STOKES 
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AERONAUTICAL ENGINEERS 
• Physicists 

• Aerodynamicists 

A eronca Manufacturing Corporation of Middletown, Ohio, offers 
J-l. outstanding opportunities in long term programs in the air­
craft and missile industry, for a number of Aeronautical Engi­
neers, Physicists and Aerodynamicists of the highest professional 
caliber. These openings are the result of our constantly expanding 
facilities and our sizable hacklog of orders. Aeronca was one of 
the pioneers of high-strength-to-weight ratio materials and now 
L'anks among the recognized leaders of this dynamic field. 

If you have the professional competence we require and if you 
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ing initiative and personal drive will be quickly recognized and 
utilized to the fullest, then do contact Aeronca hy mailing the 
attached coupon. 

r-----------------------
To: MR. GORDON E. WILLIAMS, Personnel Dept. 

Aeronca Manufacturing Corporation 

Middletown, Ohio 
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Address ... 
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body and thus protects it against enor­
mous accelerative forces, such as would 
be produced by a rocket escaping at high 
speed from the earth. 

Experiments conducted by Rodolfo 
Margaria, a physiologist at the Univer­
sity of Milan, show that mammals com­
pletely immersed in water can survive 
an acceleration of 1,000 g, that is, 1,000 
times the acceleration due to gravity. 
Without the support of water, about 100 
g is the upper limit. 

Protection by immersion has its natu­
ral counterpart, Margaria points out. 
The brain floats in cerebrospinal fluid, 
which supports more than 97 per cent 
of the brain's weight. This is why a per­
son may be able to take a 100-g bump 
on the head without losing conscious­
ness. Severe brain injury is, in fact, un­
likely as long as the skull is not damaged. 

Margaria's research was supported in 
part by the U. S. Air Research and De­
velopment Command, and his report was 
published in The Journal of Aoiation 
Medicine. In a companion article four 
U. S. Air Force investigators tell how 
they extended Margaria's work to men. 

Breathing through a mask resembling 
those used by skin divers, the subjects 
were immersed half-reclining, half-sit­
ting in a tank of water attached to the 
arm of a large centrifuge. Whirling sub­
jected them to accelerations up to 14 g, 
which were prolonged so that the effect 
would be equivalent to that of a rocket 
attaining a velocity of 50,000 miles per 
hour. Comparison with previous human­
centrifuge experiments showed that the 
subjects immersed in water had at least 
double the normal human tolerance for 
acceleration. Moreover, such aftereffects 
as dizziness and nausea were much less 
severe. These experiments were made 
by Captains Stuart Bondurant, William 
C. Blanchard and Neville P. Clarke and 
Lieutenant Franklin Moore at the Aero 
Medical Laboratory of the Wright-Pat­
terson Air Force Base. 

Color Made Easy 

j\n astonishingly simple way of pro­
d ducing pictures in full color by mix­
ing light of only two different colors has 
been devised by Edwin H. Land, presi­
dent of the Polaroid Corporation. The 
current issue of Proceedings of the Na­
tional Academy of Sciences includes the 
first of three articles in which Land ex­
plains how his system works and how 
it may change theories of color vision. 

Land makes simultaneous pictures 
through two filters, say a red one and 
a green one, and develops them on ordi­
nary black-and-white emulsion. He then 
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41Missile and Space 
Vehicle flighf 

Controls" 

flight control for all environments 
Flight is moving into new regions, requiring new types of 

flight control systems. � � Today, General Electric's Light 

Military Electronics Department builds autopilot and stabili­

zation systems for such high performance aircraft as the 

Republic F-105 and the McDonnell F4H. 

In development for your missile or space vehicle applications 

are components and systems tolerant of extreme accelera­

tion, shock temperature, and radiation ... 400°C amplifiers ... 

self-adaptive flight controls ... reaction controls ... advanced 

computers ... pneumatic, hydraulic, and liquid metal control 

systems ... inertial navigation systems and components. 

Before you spend costly design time on your flight control 

system check with LMED. We can satisfy most of your needs 

from a wide range of integrated field-proven components­

available on an off the shelf basis*. 

The components and systems mentioned are only a few of 

the interesting new developments in LMED's Armament and 

Control Section. More complete details are available in bro­

chure form-or better still-request one of our Sales Engineers 

to pay you a visit to explore your problems. 

For your copy of a new brochure, "Missile and Space Vehicle 

Flight Controls", write: Manager-Marketing, General Electric 

Company, Light Military Electronics Department, Armament 

and Control Section, Johnson City, N. Y.-Dept. 9D. 
'HOT GAS SERVO SYSTEMS • HI-TEMP AMPLIFIERS ' GYROS ' STABLE 

TABLES • GEVIC VARIABLE INCREMENT COMPUTER · ACCELEROMETERS ' 

ADDER - INTEGRATORS • GROUND SUPPORT AND TEST EQUIPMENT 

GENERAL . E-LECTRIC 
LIGHT MILITARY ELECTRONICS DEPARTMENT 

FRENCH ROAD, UTICA, NEW YORK 

A DEPARTMENT IN THE DEFE NSE ELECTRONICS DIVISION 

© 1959 SCIENTIFIC AMERICAN, INC



64 

© 1959 SCIENTIFIC AMERICAN, INC



"THE MILITARY REQUIREMENTS FOR MOON BASE" 
This is the title of one of four major proposals developed 

within the past 12 months by Martin for the military and 

astroscientific branches of our Government. The impor­

tance of this proposal is two-fold: the inevitability of 

an actual moon base program by this country within the 

next 5 years, and; we could and can undertake such 

a project now - not in theory but in "hard" engineer­

ing design. In preparation for that inevitability, Martin 

already has built the capability for it. One important 

step was the creation of the Space Flight Division*, 

which is now directing Phase 1 of Project DYNA-SOAR. 

* The Space Flight Division is one of the 7 divisions of Martin 

projects the "red" picture through a red 
£liter and the "green" with no filter at 
all. When the two images are super­
imposed on a screen, the resulting image 
has the full range of natural color. Some 
who have witnessed his demonstrations 
say that Land's two-color system gives 
a color image as faithful as the best of 
today's color-film processes. 

Land stresses the point that his sys­
tem is not limited to two particular col­
ors. Any two filters of sufficiently differ­
ent color will work. In his opinion, the 
color message that the eye relays to the 
brain is determined only by the ratio 
of the short-wavelength stimulus to the 
long-wavelength stimulus. 

PPLO 

k obscure class of microbes, the 
"pleuropneumonialike organisms" 

(PPLO), are apparently much more 
widespread and harmful than investiga­
tors had suspected. They seem to be re­
sponsible for a variety of diseases in 
poultry, cattle, sheep, pigs and goats 
and for arthritic inflammations in man. 

Until the past few years little work 
has been done on these organisms, al­
though they were identified in 1898 at 
the Pasteur Institute in Paris as the 
cause of a bovine form of pneumonia 
and were isolated in 1937 from human 
beings. There is now a surge of interest 
in PPLO, and in January more than 300 
scientists from 10 nations compared 
notes on the organisms at a meeting 
sponsored by the New York Academy 
of Sciences. 

Several reports pointed out that PPLO 
are closely akin to certain bacteria. They 
resemble particularly the "L forms" of 
bacteria, which grow only under special 
conditions and lack rigid cell walls. 
Paul F. Smith and George Rothblat of 
the University of Pennsylvania School 
of Medicine have discovered an odd 
serological relationship between a strain 
of PPLO and two diphtheria-like bacilli. 
The PPLO react with the antiserums of 
the bacilli, but the bacilli do not react 
with the antiserums of the PPLO. 

PPLO can invade many parts of the 
human body, reports Harry E. Morton, 
also of the University of Pennsylvania 
School of Medicine. He has isolated the 
organisms from the genitourinary tract, 
the alimentary tract, the fluids of arthrit­
ic joints, eye tissues and skin lesions. 
When he injected PPLO into rats, they 
developed arthritis. 

PPLO are commonly found in the va­
gina, particularly in married women be­
tween the ages of 15 and 40. The or­
ganisms seldom cause trouble, although 
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now-a fire safe rust 
to solve your 

production coating 

New ... out of Dearborn's research laboratories 
:-:-:a revolutionary water base rust 
preventive - SAFEGAR D ! 
Think of it. No obnoxious fumes. No soluble 
oil ingredient. No fire hazard to multiply 
your insurance costs. Safegard drains 
quickly ... saves time . .. reduces 
housekeeping problems. 

Treated parts may be stored indoors or out • •• 

shipped anywhere under any conditions of 
climate or humidity including salt air ... 
assembled "as is" or cleaned for any specific 
requirement with one of Dearborn's 
easily applied formulas. 

Safegard has already proved its effectiveness 
in plants of four of the nation's largest 
manufacturers. Perfect performance and overall 
economies as high as 50 percent 
have been reported. 

Now, it is ready for you. Write or wire for 
detailed information and "in use" case histories. 

DEARBORN CHEMICAL COMPANY 
Merchandise Mart Plaza. Chicago 51,. 
Manufacturing Plants: Chicago. Linden 

Los Angeles. Toronto. Honolulu 

Havana· Buenos Aires 
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some women have suffered severe in­
flammations due to them after taking 
penicillin. Apparently the penicillin sup­
pressed competing microorganisms and 

ve permitted the PPLO to proliferate. 

Musical Feedback 

E xperiments at the University of Ox-
ford indicate that vibrato, the slight 

and rapid quaver of a singer's voice, is 
part of a feedback control system that 
helps the singer stay on pitch. Psycholo­
gists J. A. Deutsch and J. K. Clarkson 
have analyzed the system and found 
it to be remarkably sensitive. They re­
port their work in Natw·e. 

The authors observe that Singers can­
not hold a perfectly steady note; the fre­
quency always fluctuates periodically by 
Rve or six cycles per second. If there 
is so much background noise that a sing­
er cannot hear his own voice, he will 
sing badly out of tune. These facts sug­
gested that the fluctuation, or vibrato, 
must be a "hunting" procedure resem­
bling those that occur in automatically 
controlled machines. 

Deutsch and Clarkson tested their 
ideas by ingeniously regulating the feed­
back of voice to ear. They had experi­
mental subjects sing into a microphone, 
recorded the voices on tape and played 
them back to the singers through ear­
phones. By adjusting the spacing be­
tween the recording and playback heads 
of the tape machine, they were able to 
make the feedback instantaneous or to 
delay it by a fraction of a second. 

When the feedback was delayed by 
only .366 second, the vibrato was crude 
and the control was impreCise. The 
voices wandered much farther from the 
true frequency and hunted more slowly. 
Under ordinary conditions the feedback 
control system works rapidly and ac­
curately. A Singer hitting a 120 cycles­
per-second note senses an error of only 
1.6 cycles per second and begins to cor­
rect it within a 10th of a second. 

The Migration of Angels 

With the advent of more powerful 
radar sets employing higher fre­

quencies, radar operators have been 
bothered by "angels": clouds of dots 
that from time to time appear on the 
screen and sometimes become thick 
enough to obliterate what the operator 
is trying to see. Just what causes angels 
has been something of a mystery. Some 
scientists have suggested that various 
meteorological conditions may be re­
sponsible, but others have observed that 
this can scarcely be the explanation, for 
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Critical problems in weapons 
system testing: the reduction 
of test time with increased 
test reliability ... the 
reduction of equipment costs 
with increased test flexibility. 

The search for a system 

meeting these requirements 

has led to the SCATE concept 

of standardized block design. 

SCATE-Stromberg-Carlson 

Automatic Test Equipment­

embodies existing hardware 

as a nucleus. 

Implementation with special 

stimulus generators and 

response monitors rounds out 

the SCATE system, which 
meets the testing needs of any 

weapons system, component, 

or sub-assembly . . •  

and is flexible, 

self-checking, self­

calibrating ... 

brings lower cost, 

new speed and 

reliability to 

weapons testing. 

Brochure available 

on request. 

II 

angels usually move faster than the wind. 
After independent studies, three Brit­

ish workers have concluded that angels 
are simply radar pictures of migrating 
birds, chiefly small songbirds. In Pro­
ceedings of the Royal Society they pre­
sent their evidence: 

Angel activity is at a peak near the 
end of March and again late in October. 
Small birds migrate over Britain at just 
these seasons. 

There are daily peaks in angel activity 
about 10 p.m. and 10 a.m. Most small 
migrating birds feed during the day and 
start flying soon after dark. Others, in­
cluding crows and starlings, fly early 
in the day. 

Angels are more prevalent on clear 
days, especially after a stretch of stormy 
weather. Migrating birds tend to weath­
er storms by staying on the ground, then 
resume flying on the first good day. 

If birds are indeed responsible for 
angels, there seems to be little that radar 
operators can do to keep their screens 
clear. On the other hand, radar can be 
an invaluable tool for ornithologists, who 
up to now have had no reliable way 
to observe nighttime migration. 

The authors of the reports were J. G. 
Tedd of the Royal Air Force Fighter 
Command, David Lack of the Edward 
Grey Institute of Field Ornithology at 
Oxford and W. G. Harper of the British 
Meteorological Office. 

Weed Starvation 

Research with a commercial weed-kill­
er has revealed the details of an 

enzyme system common to many plants. 
James L. Hilton of the U. S. Department 
of Agriculture's Agricultural Research 
Service found that he could counteract 
the effects of the weed-killer Dalapon 
by giving a weed a dose of the B-vitamin 
pantothenic acid. Pantoate, a chemical 
precursor of pantothenic acid, also 
helped, although it was less effective 
than the vitamin itself. 

After further experiments Hilton dis­
covered that weeds have an enzyme 
system that synthesizes pantothenic 
acid from pantoate and the amino acid 
beta-alanine. Evidently Dalapon (2,2-
dichloropropionic acid) and related 
compounds attach themselves to the 
enzyme at the place ordinarily reserved 
for pantoate. This blocks the synthesis 
of the vitamin, which is essential to 
the plant. 

As a result of this finding the U.S.D.A. 
is preparing a new series of weed-killers 
that have chemical structures similar to 
that of pantoate. They may be able to 
obstruct the pantothenic acid enzyme 

GIVE 
THIS 
INGENIOUS 
MACHINE TOOL 
JUST 
SIXTEEN 
INCHES 

AND YOU'VE GOT IT MADE! 

precision 
workshop·jn-miniature 
saves time and money 

UNIMAT 
MANUFACTURERS developing new prod­

ucts find Unimat indispensable in the 

mock-up shop. No need to waste big, 

expensive-to-run machinery on tooling 

small parts. ENGINEERS and DESIGNERS 
supplement their sketches and blueprints 

with machined-to-scale models anybody 

can "read." TECHNICIANS in research labs 

turn out machine work with amazingly 

small tolerances, down to .0004 - of - an­

inch! Hundreds * of efficiency - minded 

companies, hospitals and government 

agencies are now putting their UNIMATS 
to a thousand-and-one-uses; let us tell 

you how they can serve you. 

Attachments and accessories that turn Unimat into a 

complete machine shop, 1. Lathe 2. Drill Press 

3. Tool and Surface Grinding Machine 4. Milling 

Machine 5. Polishing and Grinding Machine 6. Jig Saw 

7. Threader 8. Circular Saw 9. Indexer and Divider. 

*To mention a few: 
Atom Products Division 0/ CE, 
U.S. Naval Research, 
Bell Telephone Laboratories. 
Westinghouse, 
Pratt & Whitney, 
Raytheon. 
NYU-Bellevue Medical Center. 
Sandia Corp .. 
Smithsonian Institute. 
General Motors 

Write for illustrated literature and price list 

AMERICAN-EDELSTAAL UNIMAT DIV. 
Dept. No. SAi • 350 Broadway • N. Y. 13, N Y 

69 

© 1959 SCIENTIFIC AMERICAN, INC



70 

rOHIA�l[ 
PHOTOCOPIER 

P O R T A B L E 
MADE BY F. G. LUDWIG, INC., 501 COULTER AVENUE, OLD SAYBROOK, CONN. 

Presenting 
NEW 16mm FASTAX 

with NEW High-Index Glass 
2-Sided Prism 

Another fine camera is added to the Wollen­
sak FASTAX line, the W F-3T:This high-speed 
motion picture camera retains all of the fine 
reliable features of the time-tested FASTAX 
and incorporates a high-index glass, 2-sided 
prism for greater camera efficiency. No other 
camera in the high-speed field, with this speed 
range, has this feature. 

FIRSTI 

Now only the WF - 3T FASTAX delivers: 
* Overall sparkling picture quality * Higher resolution over the entire frame 

* More uniform frame density * 10% more frame height 

* 100 foot daylight loading * Faster, effective shutter speed 

.-.. * Speed range from 150 to 6,000 pps 

Plus . . . viewfinder ... timing light ... cut-off switch 

Write for complete information and prices, Bulletin WF-3T. 

WOLLENSAK 
OPTICAL COMPANY • ROCHESTER 21, N. Y. 

structure even more effectively than the 
commercial compounds now available. 

Hilton reported his work at the recent 
Northeastern Weed Control Conference 
in New York. 

Soviet Teaching Instruments 

A good many U. S. high school and 
college students are soon going to 

learn physics with the help of instru­
ments made in the U.S.S.R. The Ealing 
Corporation of Cambridge, Mass., has 
ordered 6,000 pieces of Soviet-made lab­
oratory-demonstration equipment for 
delivery this spring. Samples of the 25 
different kinds of instrument stole the 
show at an exhibition held in New York 
in conjunction with the recent meeting 
of the American Physical Society and 
the American Association of Physics 
Teachers. 

The price tags on the Soviet instru­
ments were astonishingly low. A hand 
rotator for demonstrating centrifugal 
force, for example, will sell for $ 15, com­
pared to $4 1 for a similar machine made 
in the U. S. A projector for an optical 
bench will cost $75; a comparable U. S. 
model costs $300. Paul Grindle, presi­
dent of Ealing, expects to undersell 
U. S. manufacturers by about two thirds 
across the board. 

Grindle got the idea of importing 
Soviet apparatus on a recent trip to the 
U.S.S.R. He has ordered models identi­
cal with those used in Soviet schools. 
The manual that goes with each instru­
ment will be printed in English as well 
as Russian, but all the switch and dial 
markings will be in Russian. 

Reaction from U. S. teachers was im­
mediate. Grindle picked up many orders 
at the exhibition. Sanborn C. Brown of 
the Massachusetts Institute of Technol­
ogy, chairman of the Association of 
Physics Teachers' Committee on Ap­
paratus for Educational Institutions, 
was, however, dubious about the quality 
of the Soviet instruments. He called it 
inferior to the best equipment made in 
the U. S., though better than much of 
the equipment in U. S. high schools. 

U. S. manufacturers reacted more 
strongly. Last year equipment for ele­
mentary-science teaching was only a 
$6 million market, but new Federal and 
State programs in education will short­
ly expand it to around $ 150 million. 
Alfred A. Strelsin, president of Cenco 
Instruments, criticized Ealing on the 
grounds that it was cooperating in a 
''brazen Russian attempt to propagan­
dize American youth by selling Ameri­
can schools made-in-Russia scientific 
classroom equipment." 
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In research ... 
The analog record at upper right, made by a 
Model 906A Honeywell Visicorder oscillograph, 
gave U. S. Weather Bureau scientists immediate 
readout of thunderstorm data at Mt. Washburn 
in Yellowstone National Park. As the storm sys­
tem passed, the Visicorder measured and re­
corded positive and negative air conductivity, 

rate of ionization of air, raindrop charge, corona 
discharge current from an insulated tree and a 
4'x 6' grass plot, times of camera exposure pho­
tographing droplet size and electrical charge, 
atmospheric potential gradient, and time. In any 
research field where high-speed variables are­
under study, the direct-recording Visicorder 
is providing instantly-readable, high - sensitivity 

data at frequencies from DC to 5000 cps. Models 
are available with 8, 14, or 36 channel capacities. 

- these are records 01 leadership 

In industrial use _ . .  

The Visicorder record at lower right, made by 
design engineers at Westinghouse, measured oil 
film thicknesses on the bearing pads of a 67,500 
KW water wheel generator supplied for Chief 
Joseph Dam at Bridgeport, Wash. In these tests, 
oil thickness encountered by the leading edge of 
the bearing (trace #6), center (#5) and trailing 
edge (#4) were found to be within the limits of 
safety as predicted by engineering assumptions. 
In this and hundreds of other scienrific and in­
dustrial applications, Visicorders are pointing 
the way to new advances in product design, rock­
etry, computing, control, nucleonics, and pro­
duction testing. 

For i11.fol·mati011. on applying the IIIzlimited IIseflll­
ness of the Visicorder to YOllr specific problems, phone 
)'0111' nearest Honeywell 1I1dmtrial Sales Office. 

Unretollched records 2/3 actual size. 

Honeywell 
���-p�� 

Reference Data: Write for Visicorder Bulletins 906A and 1012. 
Mil1neapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 
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THE WEAK INTERACTIONS 

They are no\v recognized as reflecting a fourth force of nature. 

The other three are gravity, electromagnetism and the "strong�' 

force which holds together the particles of the atomic nucleus 

J
ust as physics was engrossed with 

the force of gravity throughout the 
17th and 18th centuries, and with 

electromagnetic forces in the 19th cen­
tury, so it was to be expected that 
physicists in this century would remain 
preoccupied with nuclear forces. The 
immensely powerful forces that bind to­
gether the elementary particles in the 
nucleus of the atom are as yet imper­
fectly understood. Their nature is ex­
pressed not only in the enormous en­
ergy released in the fusion and fission 
of atomic nuclei but in the creation of 
new and mysterious particles in violent 
nuclear collisions. Nonetheless the nu­
clear forces have already begun to share 
the center of the stage-perhaps only 
temporarily-with an entirely new class 
of forces. These are the unimaginably 
weak forces associated with the spon­
taneous decay and transformation of 
most of the new particles that so con­
found the structure of physical theory. 
Though our acquaintance with these 
forces is short, it has already led to 
some of the most disturbing and hope­
ful developments in modern physics. 

We cannot, of course, observe forces. 
What we observe are interactions-the 
interaction of relatively substantial 
bodies in the case of gravity, the in­
teraction of charged bodies and fields 
in the case of electromagnetic forces and 
the interaction of subatomic particles in 
the case of the nuclear and weak forces. 
Physicists began seriously to conjure 
with the weak interactions as such only 
a dozen years ago, when the list of 
"elementary" particles had already be­
gun to assume alarming length. At pres­
ent the list of experimentally discovered 
or theoretically inferred particles stands 
at 30 [see chart on pages 74 and 75]. 
None of the late-comers to the list has 
any part in the constitution of matter in 
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by S. B. Treiman 

the ordinary sense. All of them are un­
stable; most of them decay by weak­
interaction processes. It was, in fact, the 
recognition of the weak interactions as 
the hallmark of one distinct class of 
particle transformations that gave the 
first hint of pattern and order in the 
multiplicity of particles. 

More recently certain anomalies ob­
served in the weak interactions inspired 
the now famons collaboration of Tsung 
Dao Lee and Chen Ning Yang and of 
Chien Shiung Wu and her co-workers 
at the National Bureau of Standards. 
Their brilliant theoretical and experi­
mental work showed that the weak in­
teractions violate the parity principle. 
For the first time one of the sacred con­
servation laws of physics was found in­
operable in nature. We can get an idea 
of the significance of this finding if we 
try to imagine physics without the law 
of conservation of energy, or try to think 
of order without symmetry. A second 
and equally sacred symmetry principle 
was toppled at the same time: the sym­
metry between matter and antimatter. 
We may yet find a way to resolve na­
ture's apparent disregard for these cen­
tral propositions of human understand­
ing. If we succeed, it is clear that we 
will find that order in nature rests upon 
symmetries subtler than our theories 
have hitherto imagined. 

Reaction Rate and Strength 

The notion of the weakness or 
strength of an interaction has, it must 
be admitted, somewhat medieval over­
tones. In the broadest sense what the 
physicist measures is the rate of a re­
action: the absolute rate and the rate 
with respect to other reactions. He 
measures the rate as a function of the 
several variables in the' process-the 

energies of the particles, their momenta 
and so on. One over-all determinant of 
rate is the amount of energy available 
in the reaction. But another and more 
fundamental determinant that turns up 
in the equations we invent to describe 
particle transformations is the intrinsic 
strength of the reaction. To be sure, 
these equations are exceedingly compli­
cated, and they can be solved only when 
we make approximations of dubious 
validity. What is more, the whole point 
of our awe at the richness of particle 
physics is that we are sure our theories 
are incomplete and inadequate. None­
theless the characterization of interac­
tions in terms of intrinsic strength is 
meaningful enough and has uncovered 

-, 
I 

DECAY of two fundamental particles by a 

weak·interaction process is illustrated in the 

bubble-chamber photograph at right, made 

by Luis W. Alvarez and his colleagues at the 
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University of California. The events in the photograph are traced 

in the drawing at left. A high·energy negative pi meson (17'-), pro· 

duced by the Berkeley Bevatron, enters the chamber at lower right. 

It strikes a proton in the liquid hydrogen of the bubble chamber, 

giving rise to a nentral K meson (KO) and a lambda particle ( A 0). 
Being uncharged, these two particles leave no track. The neutral K 

meson decays into a negative pi meson and a posllIve pi meson; 

the lambda particle, into a proton ([J) and a negative pi meson. 
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patterns and clues that are leading us 
to deeper insights. 

The rates observed in the strong and 
weak interactions are so widely differ­
ent as to segregate these interactions 
unequivocally into two classes of par­
ticle reactions. Consider first the strong 
interactions which predominate in high­
energy collisions. In one well-established 
"strong" process, the collision of a pro­
ton (a stable constituent of the atomic 
nucleus) and a pi meson (an unstable 
particle that contributes to the powerful 
forces within the nucleus) yields a 
lambda particle and a K meson (new 
unstable particles whose function in 
nature is still obscure). The time-scale 
of this reaction can be estimated in 
the following way. From a variety of 
experiments we know that the strong 
forces fall off sharply in SPilce and 
reach across interparticle distances 
of no more than 10-13 centimeter 
(.0000000000001 cm.). By observation 
we know that the particles in the colli­
sion are traveling at velocities close to 
that of light, that is, nearly 3 X 1010 
centimeters per second (30,000,000,000 
cm./sec.). To find the time interval 
during which the two particles are close 
enough to experience their mutual forces 
we divide the range of the forces by the 
velocity of the particles. The order of 
magnitude is 10-23 second, or approxi­
mately the time it takes light to travel 
across the diameter of a particle. For 
the particles to interact in such a brief 
instant, the forces between them must 
be immensely strong. 

Now let us consider by contrast the 
time-scale of a weak interaction. We 
observe that the lambda particle created 
in the high-energy collision decays into 
its daughter particles (a proton and a 
pi meson) in a mean time of about 3 X 

FUNDAMENTAL PARTICLES that are 

presently known are listed in the table at 

right. Negatively charged particles are in· 

dicated by a minus; positively charged par­

ticles, by a plus; neutral particles, by a 
zero. The particles in parentheses in the 

second column are antiparticles. In some 

cases the antiparticle is indicated by a bar 

over its symbol; in others, by a sign of 

charge opposite that of the "particle." The 

unit of mass in the third column is the mass 

of the electron. The particles to the right 

of an arrow in the fourth column are the 

particles into which the particle to the left 

of the arrow decays. Where there are alter­

native modes of decay, they are listed below 

the arrow. The symbol < indicates "less 

than"; the symbol _, "approximately." 
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10-10 second. On the time-scale of the 
strong interactions this is incredibly 
slow. If we magnify 10-28 second to a 
full second, 3 X 10-10 second becomes 
one million years! It may still seem that 
the "long" time interval of 3 X 10-10 
second is in fact rather short and per­
haps difficult to measure. But this is 
not so. Suppose the lambda particle is 
traveling with a speed one-third that 
of light, actually a rather low value in 
typical experiments. In its brief span 
of life it will travel three centimeters, 
quite a macroscopic and measurable 
distance. The lambda-decay process, 
typical of the weak interactions, needs 
all the time in the world. 

From such observation we deduce 
that the weak interactions have only 
10-14 the strength of the strong inter­
actions. This is not an entirely precise 
statement, because our theories are 
crude. But the statement is striking 
enough. Between the strong interaction 
and the weak there is an enormous gap 
in strength. 

Reference to the familiar electromag­
netic interaction shows just how weak 
the weak interactions are-. We think of 
electromagnetic forces as weak com­
pared to the nuclear forces; they are in 
fact somewhat less than 10-2 (to be 
more exact, .0073) as strong. But the 
weak interactions are 12 decimal places 
weaker! 

Beta-Decay 

The most instructive and the best 
known of the weak interactions is beta­
decay. This is one of the processes, first 
observed at the turn of the century, by 
which naturally occurring radioactive 
elements give evidence of their instabil­
ity. In a typical beta-radioactivity proc­
ess, a neutron (neutral particle) in the 
nucleus spontaneously breaks down into 
a proton and an electron. Since the 
negatively charged electron flies off and 
the positively charged proton remains 

LOW-ENERGY COLLISION of two pro­

tons leaves the particles unchanged. They 

carom off each other like billiard balls. 
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bound in the daughter nucleus, the atom 
is transformed to a species with one 
more unit of charge. The nature of the 
process was not clarified, of course, 
until some years after the radioactivity 
was first observed. 

If beta-decay can happen in some 
nuclei, why not in all? R. P. Feynman 
of the California Institute of Technology 
has given one answer: If matters stood 
otherwise, we would not be here to ask 
the question! A somewhat less theologi­
cal and more fruitful explanation invokes 
the inviolate law of conservation of ener­
gy. For most nuclei beta-decay is pro­
hibited by the law because the mass (a 
form of energy, in accord with the fa­
mous prescription e=mc2) of the nu­
cleus is smaller than the sum of the 
masses of the electron and the potential 
daughter nucleus. In a radioactive nu­
cleus the situation is reversed, and the 
inherent instability of the neutron is al­
lowed to manifest itself. The mass of 
the neutron itself exceeds the mass of 
proton and electron by the energy 
equivalent of 780,000 volts-a very tiny 
amount as these matters go. As a result 
the neutron ought to resist beta-decay. 
It does. Its lifetime is about 18 min­
utes, by far the longest of any unstable 
elementary particle on record. 

But we are not yet done with energy 
conservation. The excess 780,000 volts 
ought to appear in the energy of mo­
tion, that is, the kinetic energy, of the 
decay products. Careful measurement of 
neutron decay, however, demonstrates 
beyond any doubt that the proton and 
electron almost always carry off less ki­
netic energy (though never more), the 
amount varying from one event to an­
other. When this situation was faced for 
the first time, the alternatives seemed 
grim. Physicists either had to accept a 
breakdown of the law of energy conser­
vation, or they had to suppose the exist­
ence of a new and unseen particle. Such 
a particle, emitted along with the pro­
ton and the electron in the disintegra­
tion of the neutron, could save the cen­
tral pillar of physics by carrying off the 
missing energy. This was in the early 
1930s, when the introduction of a new 
particle was not the casual matter it is 
today. Nevertheless, after only the brief­
est vacillation, physicists chose the sec­
ond alternative. Enrico Fermi, following 
ideas outlined originally by Wolfgang 
Pauli, spelled out the properties of the 
missing particle, which he named the 
neutrino. 

No wonder the neutrino had been un­
seen! To balance the electrical charge in 
neutron beta-decay, it must be a neutral 

particle. Moreover, from subsequent 
beta-decay experiments we know that 
the neutrino has essentially no mass; in­
deed, there is every theoretical reason 
to suppose the mass is precisely zero. 
And the neuh'ino is essentially unstop­
pable and unreacting. The probability, 
for example, that a neutrino passing 
through the solid earth would be slowed 
down or do anything other than act as 
though it were in a vacuum is but one 
part in one million million. Only in 
recent years has it become possible to 
detect the neutrino directly, to catch it 
in the act of "doing something." The 
experimental effort required is heroic 
[see "The Neutrino," by Philip Morrison; 
SCIENTIFIC AMERICAN, January, 1956]. 

In many ways the neutrino is the 
strangest particle of all. It carries off 
the "missing" energy- in beta-decay; it 
also accounts for the missing linear 
momentum and angular momentum­
quantities which, like energy, satisfy 
basic conservation laws. Without the 
neutrino we could not have both beta­
decay and the conservation laws. Yet 
once it is produced the neutrino heads 
off to the ends of the universe and, so 
far as we know, does nothing more. 
Neutrinos from the sun and other stars 
(and from nuclear reactors) course 
through matter but are in no active 
sense part of it. 

The New Particles 

The conservation of energy plays the 
same pivotal role in the strong inter­
actions. Suppose a proton is accelerated 
in a cyclotron and is then allowed to 
collide with another proton. What hap­
pens? At low energies a simple deflec­
tion takes place: the target particle is 
kicked into motion and the incident par­
ticle bounces off in some new direction. 
Just as when billiard balls collide, the 
final particles are the same as the initial 
ones and the energy with which they re­
bound equals the energy with which 
they collided. But go to higher energies, 
say 350 million electron volts. Compet­
ing reactions now set in. Sometimes the 
final products consist of a proton plus 
a neutron plus a new particle: the posi­
tive pi meson. It has been created de 
novo out of the energy made available 
by the collision. One of the protons has 
transformed into a neutron and a pi 
meson, revealing not only a new patti­
cle but a new interaction. At even 
higher collision energies one finds still 
other reactions taking place, other more 
massive particles being created in vari­
ous combinations: K mesons, lambda 
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HIGH·ENERGY COLLISION of two protons produces a shower 
of particles. One of the original protons darts away unchanged 

(upper right). The other gives rise to a negative xi particle and 

two positive K mesons. These particles, being unstable, then decay 

into other particles, some of which in turn decay. At the end only 
stable particles remain, some 20 of them in the event depicted here. 

particles, sigma particles, xi particles. 
Much as these new particles may com­

plicate the picture of matter, their pro­
duction in the strong interactions serves 
to balance the energy account. The same 
is true of the other particles produced 
in collisions of these particles and in 
the processes, mostly weak interactions, 
by which they decay. The complexity of 
possible reactions and the profusion of 
particles are indicated by the diagram 

above, which depicts a typical sequence 
of reactions initiated by a very high­
energy collision of two protons. 

The proton-proton reaction suggests 
another ground for distinction between 
the strong and weak interactions, re­
lated to their respective intrinsic 
strengths. Usually one of the protons 
utilizes the collision energy to change 
into a neutron and a positive pi meson, 
via a strong interaction. But quite an-

other weak reaction ought sometimes to 
take place. The proton should also be 
able to avail itself of collision energy 
to go through a beta transformation into 
a neutron plus a positron plus a neu­
trino. This reaction is permitted by the 
conservation of energy (also by the con­
servation of linear and angular momen­
tum and by the conservation of charge, 
the positive charge of the proton being 
carried off by the positron, the anti-
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particle of the electron). No doubt this 
reaction sometimes occurs when protons 
collide. But its intrinsic strength is so 
incredibly small that the process is never 
in fact observed. It happens, presum­
ably, only once in 1014 collisions or so. 
This is a general situation. Whenever 
circumstances are such that both strong 
and weak interactions are possible, the 
strong overwhelmingly predominate. 
The weak processes reveal themselves 
only where the energy supply is such 
that the conservation of energy forbids 
the strong interactions. 

The weak interactions, however, are 
more common than this restriction might 
suggest. Consult the table of elementary 
particles on pages 74 and 75. With the 
exception of the photon, neutrino, elec­
tron and proton (and their antiparticles) 
every one of them is unstable. Only two 
of the unstable particles decay rapidly 
via strong processes which happen to be 
allowed by energy conservation. The re­
maining particles decay by way of weak 
interactions. The weak-decay lifetimes 
vary over a wide range, as one sees in 

the table. But most, and perhaps all, of 
this variation has to do with the differ­
ences in energy release. When analyzed 
in terms of intrinsic interaction strengths, 
the variations all but disappear. They 
are always of the same order: 10-14 the 
strength of the strong interactions. 

Nobody doubts that this pattern re­
flects some deep unity underlying the 
whole set of weak interactions, but as 
yet we have no clear idea what this unity 
might be. One thing at any rate is clear. 
Weakness and strength, as in human af­
fairs, are not intrinsic properties of 
the individual particles, but only of 
reactions among particles. There is but 
one exception: the neutrino enters only 
into weak processes; it is all weak. 

The Overthrow of Parity 

What is the use of the weak inter­
actions anyhow? Until recently they at­
tracted little attention; they served to 
clear away the debris of high-energy 
collisions, the province of the strong in­
teractions, removing the unstable prod-

ucts through leisurely decay processes­
vital work perhaps, but a bit dull. Phys­
icists nevertheless had to face the fact 
of these processes. When they began to 
look more closely, they found a paradox. 
The law of conservation of parity was 
being violated. 

The puzzle had to do with the K 
meson. Sometimes it decays into two pi 
mesons, and sometimes into three. But 
this should be impossible; with all the 
conservation laws in force, the K meson 
would be permitted to decay in one 
manner or the other, but not both. Per­
haps, it was at first thought, there are 
two kinds of K meson, each accounting 
for one of the two decay modes. It was 
easier to accept the existence of a new 
particle than to face the violation of a 
conservation law. But no evidence of 
any other differences between the two 
particles could be found; they really 
looked like one and the same. The sit­
uation grew untenable. Then, in 1956, 
Tsung Dao Lee of Columbia University 
and Chen Ning Yang of the Institute for 
Advanced Study drew the correct infer-

RIGHT·HANDED CONVENTION is applied to the production 

and decay of the lambda particle ( A  0). In tbe drawing at top a 

negative pi meson (71"-) strikes a proton (p) , giving rise to the 

lambda particle and a neutral K meson (K 0) • The lambda particle 

then decays into a proton and a negative pi meson. In the right. 

handed convention the negative pi meson tends to go off "above" 

the plane formed by path of the lambda particle and that of the neu· 

tral K meson. This preference is suggested by drawing at bottom. 
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99.999+% Pure 

available in ingot, stick,joil, sheet, and wire 
Illdiuln is a silvery white metal� 

nOll-tarnishable� very soft, lnalleable� 

ductile and crystalline. It is dianlagnetic. 

PHYSICAL CONSTANTS 

Atomic number . . . . ........ . ................. . . . .  . 49 Brinell hardness . . .... . ....................... . . 0.9 

Atomic weight . . . . . . . . .... . . . . . . . . . . . ... . . .. . . . 1l4. 76 

Boiling point . .. . . . .. . . . . . . . . . . . . . . . 2000'C (36 3 2'F) 

Crystal structure . . . . . ... . .. . . . Face·centered tetragonal 

Density at 20'C (68'F) 

Modulus of elasticity, psi .. . . . . . . . . ... . . . . . .  1,570,000 

Melting point . . . . . . . .... 156.17 ± .05'C (313.1 ± .1 'F) 

Nuclear Data 
Stable Isotopes (113,115) . .... . . . . . . . . ... . . . . . . . . . .  2 

Thermal neutron cross section (2 200 m/s) 
g/ee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.31 

lbs/eu. in . . . .. . . . . . . . . . . . . . . . . .. . . .. . . . . . . ... . 0.264 

troy ozs';eu. in . .. . . . . . . . .. . . . . . . .. . . . .. . . .. . . . .  3.85 

Electrical resistivity (microhm·em) 
(solid) 2 0'C (68'F) . . . ... . . .. . . . . . . . . . . . . . ...... 9 

(at melting point) 156'C (313'F) ................ 29 

Absorption (barns) . . . . . . . . . . . . . . . . . . . . . 190 ± 10 

Scattering (barns) ..... . . . . . .... . . . . . . . .  2.2 ± 0.5 

Solidification shrinkage . . . . . . . . . . . . .... . . .. . .... 2.5% 

Specific heat (cal/g/,C) 
(solid) 2 0'C .................................. 0.057 

Electrochemical equivalent 
In +++ (mg/eoulomb) . . . . .. .. . ... . ... . . . . . 0.39641 

Electrode reduction potential 
Iu +++ (H, == 0.0 volt) . . . . . . . . . . ...... . . ... . . .  0.34 

Lateut heat of fusion (cal/g) . . . . .. . . . . . . . . . . . . . . .. 6.8 

Latent heat of vaporization (cal/g) ............... .468 

Specific volume (cc/g) 
20'C (68'F) ................................. 0 .136 

Thermal conductivity (cal/sq. cm/cm/'C/sec) 

20'C ......................................... 0.057 

Valence .................... Usually 3, but also 2 and 1 

Vapor press. (mm Hg) 
1249'C (2280'F) ................................. 1 

Linear coefficient of thermal expansion/I' C . . . 3 3  x 10-6 1466'C (2671'F) . . ... . . . . . . . . . . . . . . . . . . .. . . . . . . . 1 0  
Mechanical properties: 1756'C (3193'F) ............................... 100 

Tensile strength, psi . . . . . ... . . . . . . . . . . . . . . . . . . . . 3 80 1863'C (3385'F) ............................... 20 0 
Elongation (% in 1") ... . . . . . .. . . . ... . .. . . . .... . .  22 1982'C (3600 'F) .............................. .400 

For further in/ormation on ASARCO High Purity Elements. write on your company letterhead. 

WRITE: AMERICAN SMELTING AND REFINING COMPANY, 1 20 BROADWAY, NEW YORK 5, N. Y. 
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ence. They reminded their colleagues 
that the parity principle, tested and 
found trustworthy throughout the whole 
of the better-explored realm of strong 
interactions, had never in fact been 
tested for the weak interactions. �!(aybe 
the rule broke down in this other­
worldly class. They proposed concrete 
tests that could decide the issue. 

The story is by now a familiar one. 
Chien Shiung Wu of Columbia Uni­
versity and a group of collaborators at 
the National Bureau of Standards under­
took a set of difficult and beautiful ex­
periments on the beta-decay of polarized 
nuclei of cobalt 60. In January of 1957 
they announced the overthrow of the 
parity principle. 

Shortly thereafter groups at Columbia 
and the University of Chicago reported 
the same result from experiments in­
volving the decay of pi and mu mesons; 
parity is not conserved here either. 
Later still a group at the University of 
California studied the decay of the 
charged K meson into a mu meson and 
a neutrino; once again parity was over-

thrown. Other workers proceeded to 
confirm the downfall of the battered 
principle in a great variety of nuclear 
beta-decay transformations and in the 
beta-decay of the free neutron itself. It 
was like a bandwagon at a political 
convention. The weak interactions were 
now at the center of the stage. In 1957 
Miss Wu attended the International 
Conference on High-Energy Physics, a 
conclave devoted mainly to the strong 
interactions; "I am, here," she could say, 
"on the strength of the weak interac­
tions." 

The Lambda Particle 

Some questions still remained. All of 
the processes for which the parity prin­
ciple had been directly shown to be in­
valid have in common a special feature: 
in each there is at least one neutrino 
among the decay products. Could it be 
that parity violation is peculiar only 
to the neutrino, a particle which has 
borne other heavy burdens in the past? 
To be sure, the neutrino is not involved 

in the paradoxical decay of the K meson 
which had provoked all of these startling 
developments, but the evidence for par­
ity violation in this case is indirect. A 
direct experimental test in at least one 
non-neutrino process was required be­
fore one could feel safe in attributing 
parity violation to weak interactions gen­
erally. The lambda particle offered an 
opportunity for such a test, and experi­
ments were undertaken by groups work­
ing at the Brookhaven National Labora­
tory and at the University of California. 
By the summer of 1957 the results be­
came known: here, too, parity is over­
thrown. The precise details of the man­
ner and degree of parity violation in the 
various weak processes remain to be 
established. The breakdown of parity, 
however, now seems to be a quite gen­
eral property of weak interactions, a 
further reflection of the deep unity that 
underlies them and sets them apart from 
the strong processes. 

The parity principle is simple and 
classical. It asserts that the laws of na­
ture do not distinguish between right 

1 

LEFT·HANDED CONVENTION is applied to the production and 

decay of the anti·lambda particle (A 0 ) . In the drawing at top a 

positive pi meson (7T+) strikes an antiproton (p), giving rise to the 

anti·lambda particle and a neutral anti·K meson (i(O). The anti· 

lambda particle then decays into an antiproton and a positive pi 

meson. If combined symmetry bolds, in the left·handed convention 

the positive pi meson tends to go off "above" plane formed by the 

path of the anti·lambda particle and that of the neutral anti·K meson. 
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NORTRONICS ASTRONERTIAL SYSTEM-ONLY GUIDANCE CONCEPT 
READY TO MEET THE CHALLENGE OF INTERPLANETARY NAVIGATION! 

READY NDW for the day man first explores the 
planets, Nortronics' concept of Astronertial 
Guidance is the most accurate known for 
long-duration flights. Astronertial Systems 
now in production deliver a wide margin of 
added accuracy-using Nortronics' exclusive 
24-hour star tracker to correct continuously 
for the small, then ever-compounding errors 
inherent in "pure" inertial systems. 

OPERATIONAL TODAY in the USAF-Northrop 
Snark SM-62 - free world's first and only 
operational intercontinental guided missile 
-Nortronics Astronertial systems have fur­
nished accurate guidance for more miles 
than all similar systems combined. 

CURRENT NORTRONICS SYSTEMS trim weight to 
one-tenth, size to one-twentieth that of 
original systems. They are designed to de­
liver pinpoint accuracy in applications to 
all types of space vehicles, cruise and ballis­
tic missiles, terrestrial manned aircraft, sur­
face ships and submarines. 

NORTRONICS EXPERIENCE in Astronertial Guid­
ance dates back to 1946-to the design and 
development of the first successful inter­
continental system. Now, Nortronics offers 
unique and proven capability in design, de­
velopment and production of complete and 
integrated guidance systems, including 
their ground support and test equipment. 

NORTRONICS 
Hawthorne, California 

A Division of Northrop Corporation 
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and left. You may think of examples that 
contradict this assertion; our hearts, for 
example, are nearly always on our left 
sides. But this is merely a fact of nature, 
not a law. In the domain of atomic and 
nuclear physics no intrinsic difference 
between right and left had ever been 
found. As sometimes happens in such 
situations, the powerful and fruitful 
principle of left-right symmetry had as-

sumed the status of a self-evident truth, 
though voices were raised from time to 
time to remind us that few truths in 
physics are self-evident. 

Let us look more closely at the im­
plications of parity in the context of the 
production and decay of the lambda par­
ticle. In the tests that have actually been 
carried out, protons are bombarded by a 
beam of high-energy (one-billion-elec-

tron-volt) negative pi mesons. Among 
the competing reactions that take place, 
the one that concerns us is the process: 
pi meson plus proton yields lambda par­
ticle plus K meson. The lambda particle 
emerges, and we observe its decay, usu­
ally into a negative pi meson and a pro­
ton [see illustration on page 78]. The 
line of flight of the original bombard­
ing pi meson and the line of flight of 

EXPERIMENTAL APPARATUS in this photograph was employed 

at the Argonne National Laboratory to demonstrate that parity was 

not conserved in the beta·decay of the neutron, another weak inter· 

action process. Neutrons from a nuclear reactor were directed at a 

magnetized cobalt "mirror" which reflected only those neutrons 

with their "north" and "south" poles aligned in one way. This sent 

a beam of polarized neutrons to the vacuum tank shown in the 

photograph through the vertical slot in the background. As the 

neutrons passed down the tank a small fraction of them decayed 

into protons and electrons. The boxlike object at the left side of the 

tank is a proton counter. Within the cylinder at right is an electron 

counter. By this means the experimenters were able to show that the 

electrons tended to go off in a preferred direction, thus violating 

the conservation of parity. The experimenters were M. T. Burgy, 

V. E. Krohn, T. B. Novey and G. R. Ringo of the Argonne National 

Laboratory and V. L. Telegdi of the University of Chicago. 
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the emerging lambda particle together 
define a plane, just as any two inter­
secting lines have done ever since Euclid. 
Now let us ask about the pi meson that 
is produced in the disintegration of the 
lambda particle. It can come off in any 
direction. But consider in particular only 
the two directions which are perpendic­
ular to the plane: the "above" direction 
and the "below" direction. How do we 
decide which is above and which be­
low? The words have no meaning until 
we make an arbitrary convention. Let us 
adopt such a convention. 

Take your right hand and direct its 
index finger along the line of Hight of 
the incident pi meson, and its middle 
finger along the line of Hight of the 
lambda particle. Let us then say that 
your thumb is pointing "above" the 
plane. This fixes the meaning of "above," 
and hence of "below." If instead you 
were to take your left hand and follow 
exactly the same instructions, "above" 
and "below" would be interchanged. 

Now the parity principle asserts that 
nature sets up no such arbitrary conven­
tions to distinguish left and right; she 
does not care which set of definitions 
you choose. The decay pi mesons should 
thus emerge with equal probability 
"above" and "below" the plane. The ex­
periments, however, showed that na­
ture does make such a distinction. It was 
found that, in the sense of the right­
handed convention, the pi mesons come 
out more often "above" than "below'" 

Another Symmetry Overthrown 

Very soon after the parity principle 
was called into question, and even be­
fore the first tests were carried out, phys­
icists began to worry about another 
of their beloved symmetry principles: 
the symmetry between matter and anti­
matter. This principle, too, had served 
faithfully in the strong interactions, but 
it h:::d never been tested for the weak 
interactions. 

.... The principle in question here is not 
a simple, geometrical one like the left­
right symmetry we have been discussing. 
It has its origin in the theory of quantum 
mechanics, and it is somewhat complex 
in detail. Nonetheless the principle can 
be described in a rather straightforward 
manner. The whole thing started with a 
beautiful mathematical theory of the 
electron that P. A. M. Dirac of the Uni­
versity of Cambridge developed 30 
years ago. The theory immediately 
proved to be enormously successful in 
accounting for the detailed behavior of 
electrons in atoms. But in another direc­
tion it led to a startling result: the pre-
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diction of a new particle, the positron . 
This antiparticle to the electron, with 
the same mass but opposite charge, was 
discovered several years later. The same 
theory also predicted the existence of 
antiprotons and antineutrons, particles 
that have been found only in more re­
cent experiments . Dirac's ideas have 
since been generalized to cover all of 
particle physics . We now believe that to 
every particle there corresponds a dis­
tinct antiparticle, the only exceptions 
being the photon and the neutral pi 
meson, where particle and antiparticle 
are one and the same. In fact, even the 
neutrino has an antineutrino ; it is  the 
antineutrino which is emitted in neutron 
beta-decay. The Dirac theory, and its 
subsequent generalizations, had been 
constructed in such a way as to treat 
particles and antiparticles on an equal 
footing; that is,  every reaction involv­
ing particles should have a correspond­
ing reaction involving antiparticles, and 
the two sets of reactions should proceed 
in the same way in every detail. Under­
standably this notion of a basic sym­
metry between matter and antimatter 
assumed the status of a firm principle 
of physiCS . It threatened to become a 
self-evident truth. 

Let us again consider lambda-particle 
decay and ask what the symmetry be­
tween matter and antimatter entails . The 
diagram on page 78 depicts the pro­
duction and the subsequent decay of 
a lambda particle, and shows how these 
processes violate the parity principle . 
Now turn to the diagram on page 80. 
Here we deal with the corresponding 
antiparticle processes. Suppose that the 
initial energy of the anti-pi meson as 
well as the angle of its flight with the 
line of Right of the lambda antiparticle 
are the same as for the particle reactions 
shown in the diagram on page 78. The 
two diagrams thus differ only in that 
particles have been replaced by anti­
particles. Now in the particle reaction 
we know that the decay pi mesons come 
off preferentially in the "above" direc­
tion, as defined in the right-handed 
convention. This preference reRects the 
breakdown of the parity principle. Be 
that as it may, the principle of symmetry 
between matter and antimatter requires 
that the same preference for "above," 
defined by the same right-handed con­
vention, should hold in the antiparticle 
reaction. In other words, particle and 
antiparticle should both violate parity in 
the same way. If it were otherwise, there 
would be an intrinsic distinction be­
tween matter and antimatter, which the 
svmmetry principle forbids. 

As a matter of fact our hypothetical 

antiparticle experiment has not yet been 
carried out, though it no doubt will be 
in due course.  However, the symmetry 
of matter and antimatter not only relates 
their reactions to one another; it also 
has certain internal consequences for 
either kind of reaction taken alone. The 
analysis is rather technical. What it 
comes to in the case of the particle 
processes is this . If matter-antimatter 
symmetry holds, then the asymmetry be­
tween "above" and "below" cannot ex­
ceed a certain calculable amount . In the 
experiments that have been carried out, 
this upper limit is exceeded by a wide 
margin. This means that the decay pi 
meson in the antiparticle reaction comes 
off preferentially in the "below" direc· 
tion, as defined by the right-handed con­
vention.  Similar tests have been made 
for beta-decay, and for pi-, mu- and K­
meson decay, with the same result. We 
conclude that symmetry between matter 
and antimatter does not obtain in these 
processes or, presumably, in weak inter­
actions generally. 

Two cherished symmetry principles 
have now been undermined by the weak 
interactions : left versus right, matter 
versus antimatter. The question is : Can 
anything of these symmetries yet be 
saved? There is one possibility. What 
happens if we simultaneously inter­
change right and left, matter and anti­
matter? Perhaps this combined sym­
metry survives, even in the world of 
the weak interactions. The diagram on 
page 80 shows what this would entail. 
In the particle reactions it is a fact 
that the decay pi mesons prefer "above," 
as defined by a right-handed conven­
tion.  If the combined symmetry is valid, 
then in the antiparticle reactions the de­
cay pi mesons should have the same pref­
erence for "above," but the "above" 
direction is now defined by a left-handed 
convention. 

Once again it is not actually necessary 
to go to the antiparticle experiments to 
test combined symmetry. The principle 
has internal consequences for purely 
"particle" reactions, and these are ac­
cessible to test. Highly accurate and 
difficult beta-decay experiments now 
under way should soon decide the mat­
ter with high reliability . At the moment 
the outlook for the principle of com­
bined symmetry is favorable. 

Suppose the principle holds true. 
Then it would be no violation of the 
laws of nature if somewhere in the uni­
verse a Tsung Dao anti-Lee and a 
Chen Ning anti-Yang are presently 
searching their hearts for the reason why. 
Their hearts, of course, would be on their 
right sides. 
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Imagine an unattended warehouse run by ant­

like machines ! It could be done, thanks in part 

to s o m e  m o d e r n  m a g i c  f r o m  A u t o m a t i c  

E lectric ! 

E lectric fork trucks, equipped with automatic 

memories, would follow preset instructions. 

E ach truck would pick up and store items ­

and would take inventory. At the end of the 

day, it would hand in a tabulated work ticket, 

then park itself for the night ! 

Making machines mind in this manner is an 

old story with AE.  For automatic control is 

a telephone art - and AE pioneered its prin­

ciples ! In fact, almost every device or system 

AUTOMATIC ELECTRIC 

that is operated automatically uses the type 

of switching and relay units originated or 

manufactured by Automatic Electric. 

That explains why people who want to make 

things happen automatically are coming to 

AE for the answers .  

Whether you need engineering advice, basic 

components or a control "package," to get 

things rolling, j ust write the D irector, Indus­

trial Products E ngineering, Automatic Elec­

tric, Northlake, Illinois.  

We'll roll up our sleeves to prove once again, 

AE can do ! 

M A K I N G  I D E A S  W O R K  A U T O M AT I C A L LY 
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The First Heartbeats 
The heart of the chick en1bryo begins to beat on the second day 
of developnlent. JVew che mical techniques now make it possible to 
investigate the formation of the heart at an even e arlier stage 

In superstition, legend and senti­
ment the beating of the heart is 
synonymous with life itself. The last 

heartbeat surely marks the end of life. 
The first heartbeat does not, however, 
denote the beginning. Although the 
heart begins to beat when most of the 
other organs are still unformed and the 
heart itself is but a simple tube, embry­
ologists have traced the origin of the 

'" 

,.' 

• 

by James D. Ebert 

heart to even more primitive stages of 
development. In this work the micro­
surgery of classical embryology is now 
extended by the powerful techniques of 
biochemistry. A battery of subtle chem­
ical reactions has disclosed the forma­
tion of the first fibrils that go to make up 
the heart-muscle fibers, and has de­
tected the synthesis of the contractile 
proteins that compose the fibrils. 

" 
-, . 

In the human embryo the heart and 
major blood vessels develop almost en­
tirely bet-ween the third and eighth 
weeks of life. By the second month, 
when the embryo is just over an inch 
long, the heart has assumed its adult 
form. The major sequence of events in 
the formation of the heart is essentially 
the same in all vertebrate animals. In 
this article the heart of the chick will 

NORMAL HEART IN A CHICK EMBRYO one and a half days 

old appears as a pouchlike structure protruding toward the left of 

the mid-line in this photograph of the underside of the embryo. 

DOUBLE HEART IN A CHICK EMBRYO resulted from treat­

ment with acetylcholine in experiments of Robert DeHaan. Acet­

ylcholine interferes with merging of paired primitive structures. 
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SODIUM FLUORIDE added to the medium on which the early em­

bryo at the left was cultivated has destroyed its heart-forming areas, 

ANTIMYCIN A, a metabolic inhibitor used to treat the embryo at 

left, prevented the development of the heart and other mesodermal 

88 

leaving the two eyelike holes_ At right is a normal embryo that 

was cultivated for the same length of time without the inhibitor. 

structures, but left the nervous system intact. In the normal embryo 

shown at the right the heart may be seen just to the right of center. 
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serve to illustrate the process for the 
entire vertebrate order, from fish to man. 

Two sets of primitive structures on 
opposite sides of the embryo give rise to 
the simple tube in which the first heart­
beats occur. Each set consists of a deli­
cate thin-walled tube and an adjacent 
ribbon of cells which are destined to be­
come muscle [see illustration on next 
pagel. Near the mid-line of the embryo 
the tubes fuse to form a larger tube 
sheathed with muscle cells. The fusion 
progresses from the head toward the tail, 
first forming the ventricle (which gives 
rise to the two chambers that pump 
blood out of the heart) and then the 
atrium (which gives rise to the cham­
bers that take blood into the heart). 

As the tube forms, so it begins to beat. 
Florence R. Sabin of the Johns Hopkins 
School of Medicine described the first 
beats in 1920 in a famous paper on the 
origin of the heart of the chick embryo; 
other investigators, using motion pic­
tures and time-lapse photography, have 
added to the story. The first twitching 
can be seen early in the second day of 
development. The slow but rhythmical 
beat begins along the right side of the 
ventricle and gradually involves the 
whole ventricular wall, spreading from 
the tail end of the embryo toward its 
head. Soon the entire muscle of the ven­
tricle is contracting synchronously, pe­
riods of pulsation alternating with pe­
riods of rest. Meanwhile the atrium has 
been forming below the ventricle. As 
the atrium takes shape, it too begins to 
contract, and at a more rapid rate than 
the ventricle. The ventricle, however, in­
creases its rate of contraction to keep 
pace. The contractions now set the blood 
in motion. 

The last region to develop is the 
"pacemaker," which controls the con­
tractions of the fully formed heart. 
When this region starts contracting, the 
beat of the whole heart accelerates fur­
ther. In the embryonic heart the region 
with the highest rate of contraction sets 
the pace for the entire organ; if the vari­
ous regions are cut apart and isolated 
from one another, each tends to revert to 
its characteristic rhythm. What synchro­
nizes their contractions at this early 
stage is a mystery; nerve fibers have not 
yet grown out from the central nervous 
system to the heart, nor has the heart's 
own internal system of communication 
been established. Perhaps the answer 
lies in the intrinsic contractile properties 
of the muscle, or in the activity of chem­
ical regulators. 

On the third day of development the 
ventricle, which is now U-shaped, as­
sumes its ultimate position behind the 

«(Th�ncQ/ G.f5 computer 
helps plan operations for 
our ultra-modern refinery:' 
says JOll" \V. RUSSELL, 
Process Engineering Analyst, 
OHIO OIL CO�{PANY, 
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refinery operation is a must. To handle the complex mathematics 
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G-15 and although it is one of the lowest priced machines, wc 
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businesses large and small throughout the world. For details, write to 
Bendix Computer, Department 0-7A, Los Angeles 45, California. 
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EMBRYONIC CHICK HEART forms from primitive structures that appear about 25 hours 

after an egg is incubated. Delicate tubes and accompanying ribbons of cells move toward 

the mid·line and merge into a single tube surrounded by a coat of muscle. First the ventricle 

forms (29 hours). Then, as the fusion moves rearward, the atrium forms behind the ventricle 
(41 hours). Finally the "pacemaker" forms behind atrium. These drawings are adapted from 

Bradley M. Patten's Early Embryology of the Chick, published by the Blakiston Company. 
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atrium. The structures that divide the 
ventricle and atrium each into two 
chambers appear in the course of the 
fourth day. By the fifth day the chick 
heart is substantially complete. 

So much is visible to the eye. But what 
events presage the formation of the 

primitive tube? 
The chick embryo begins to develop 

while the fertilized egg is moving down 
the oviduct of the hen. In a newly laid 
egg the embryo is already large enough 
to be seen with the naked eye; it is a tiny 
white disk on the surface of the yolk. At 
this point it is composed of only two 
layers of tissue: the epiblast (including 
both the ectoderm and the future meso­
derm) and the endoderm. If it is now 
cut up so that its fragments may be 
grown in tissue culture, pulsating tissue 
will grow from pieces taken from the 
edges of the embryonic disk but not 
from those taken from its center. Appar­
ently the heart-forming cells are distrib­
uted around the periphery of the embryo 
at the end of the two-layer phase. As de­
velopment proceeds, some of the cells of 
the upper layer migrate toward the mid­
line of the embryo. There an elongated 
opening-the "primitive streak"-has 
formed. The migratory cells move 
through this opening into the interior to 
form the third embryonic cell layer: the 
mesoderm. Tissue-culture studies at suc­
cessive stages in this process indicate 
that the heart-forming cells are among 
the migratory mesodermal cells. 

Maps of the embryo based on such 
studies show that the heart-forming cells 
move first toward the tail end of the em­
bryo and then through the primitive 
streak into the mesoderm, assembling in 
regions on either side of the head end of 
the primitive streak. Under the artificial 
conditions of tissue culture, or of trans­
plantation to another site in the embryo, 
it appears that a much larger population 
of cells is able to form heart than actually 
takes part in building the organ. There 
is no striking difference of shape or ex­
tent between the right and left heart­
forming areas, but the left side has a 
greater capacity to form heart muscle. 
This example of bilateral asymmetry in 
the embryo was discovered in 1943 by 
Mary E. Rawles of Johns Hopkins Uni­
versity, who mapped the heart-forming 
capacities of the chick embryo at this 
early stage [see illustration at the top of 
page 92]. 

In normal development the two heart­
forming regions gradually move toward 
each other, and the primitive structures 
that arise in them merge near the mid­
line. But one can prevent the two re-
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gions from joining by removing the 
wedge of tissue lying between them, 
by inserting a barrier or merely by hold­
ing them apart. The embryo will then 
develop two separate hearts. Both hearts 
usually have normal shape and orienta­
tion, but occasionally the right heart de­
velops as the mirror image of the normal 
left heart. 

Alteration of the chemical environ­
ment of the embryo can also induce 
double hearts to form. Recently my as­
sociate Robert DeHaan has found that 
substances such as "Versene" or acetyl­
choline, which are capable of binding or 
displacing calcium, exert this effect. Cal­
cium and magnesium salts act as a sort 
of cement in the tissue structure; for 
example, calcium ions may interact with 
charged groups of atoms on the surfaces 
of adjacent cells and thereby hold the 
cells together. The calcium-binding 
agents make calcium ions unavailable at 
a critical period, disturbing the intercel­
lular relations in the embryo sufficiently 
to prevent the movement of the heart­
forming areas. 

Although heart muscle arises from the 
mesoderm, we cannot say whether the 
process involves the mesoderm alone or 
the interaction of the mesoderm with 
other tissue layers. Many significant em­
bryonic events involve such interaction. 
Experiments by Robert L. Bacon, then 
at Yale University, have indicated that 
interaction of the mesoderm and the 
endoderm is necessary for the normal 
development of the salamander heart. 
The situation in the chick is not alto­
gether clear. The fragments transplanted 
for tissue-culture experiments usually in­
clude cells of all three embryoniC layers. 
If the fragments lack endodermal cells, 
pulsating masses still develop, but they I 
are not as well organized as those which 
arise when endoderm is included. 

A t what pOint do the cells that are to 
ft form the heart assume their chemi­
cal identity as heart cells? When do they 
begin to synthesize the special constitu­
ents of heart muscle? One of the first 
clues came from experiments I con­
ducted at Johns Hopkins University 
nearly 10 years ago. At that time ad­
vances in the field of immunology led 
Ruth Cooper of Princeton, A. M. 
Schechtman of the University of Cali­
fornia at Los Angeles and other embry­
ologists to utilize antigen-antibody re­
actions in the study of embryos. The 
antigen in this case is furnished by that 
organ in the adult animal which the in­
vestigator wishes to trace in the embryo. 

An extract of the characteristic pro­
teins of an organ in the chicken, for ex-
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Why the insights of Experimental Psychologists 
count for so much at General Electric's 

Heavy Military Electronics Department ... 

Systems in development at Heavy Military Electronics Department 
encompass mission parameters of great multiplicity and diversity. A 
single program may envisage the coordinated functioning of far-flung 
Data Gathering, Data Processing, and Communications Elements. In 
systems of such complex character, experience here has repeatedly 
demonstrated the value of investigating and controlling in depth the 
interaction of man-machine-environment relationships. 

The Human Factors Group works closely with engineering contributors, 
exercising a vital influence on the design of systems and equipments. 
Experimental Psychologists here shape basic concepts at all points 
where Human Factors impinge-whether in regard to operator vs. 
machine capabilities, data flow, or personnel selection and training. The 
Experimental Psychologist at Heavy Military knows the stimulation of 
extremely diverse problems, combined with professional responsibility 
for decisions of far-reaching consequence. 

Senior Positions Open Now In: 
Systems Philosophy • Data Flow • Design • Component Development 

Evaluation· Simulation. Personnel Selection and Training 

Inquiries are invited from Experimental Psychologists with broad 
backgrounds in systems development from the standpoint of Human 
Factors. A PhD degree is preferred. Familiarity with engineering con­
cepts in electronics and/or with military operations problems is highly 
desirable. Write in confidence to: Mr. George Callender, Dept. 55-Me 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

GENERAL . ELECTRIC 
Court Street, Syracuse, N. Y. 

9 1  
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HEART·FORMING AREAS in the chick 

embryo were mapped by Mary E. Rawles of 

Johns Hopkins University. Density of dots 

indicates degree of heart.forming capacity. 

ample, will induce the formation of anti­
bodies when injected into a rabbit. The 
antibodies that appear in the rabbit 
blood serum will react in turn with 
chicken tissues. Since each organ of the 
chicken contains a mixture of proteins, 
some of which are found in other tissues 
of the animal, the rabbit serum will con­
tain a mixture of antibodies. However, 
by "absorbing" the serum with the var­
ious chicken tissues, one can remove 

all the antibodies except those for the 
proteins peculiar to the organ under in­
vestigation. 

By this procedure I prepared a serum 
that would react only with chicken 
heart. The "anti·heart" serum gave rise 
to a clear-cut reaction when it was mixed 
with an extract of the chick embryo at 
the primitive-streak stage-several hours 
before the appearance of the primitive 
structures of the heart. The reaction 
showed that the early embryo contains 
substances identical with or closely re­
lated to those of the adult heart. This 
conclusion was soon supported by the 
finding that early embryos do not de· 
velop a heart when grown on a medium 
containing anti-heart serum, although 
the serum does not affect the emergence 
of other organs. Here was promising evi­
dence that immunological reactions 
might be used to detect the first appear­
ance of the proteins specific to the for­
mation of heart muscle in the embryo. 

We know that three proteins-actin, 
myosin and tropomyosin-make up about 
75 per cent of the total protein of muscle. 
Myosin extracted from the adult chicken 
heart contains three molecular compo­
nents, each of which can elicit antibodies 
when injected into rabbits. By absorbing 
the anti-heart-myosin serum with myo­
sin extracted from the leg muscle of 
chickens we succeeded in preparing 
antibodies specific for heart myosin, and 
had thus developed a chemical tool that 
could distinguish it from the myosin of 
other types of muscle. We found that 
this serum did not react with extracts of 
embryonic tissue before the appearance 

of the primitive streak. Heart myosin 
first shows up shortly after prospective 
mesodermal cells have begun their 
migration from the periphery of the 
embryonic disk toward the primitive 
streak. At the termination of movements 
through the streak, heart myosin is dis­
tributed widely, probably in the meso­
derm. (It has not been detected in the 
endoderm, but its absence from the ecto· 
derm has not been established.) 

This distribution surprised us, be­
cause embryologists had long believed 
that a group of cells had to be estab· 
lished at a certain location in the embryo 
before it could give rise to speCialized 
tissues. Two to three hours after the 
mesoderm is completed, however, heart 
myosin is restricted to the heart-forming 
regions. We found that heart actin, the 
other component of the contractile fibril, 
becomes detectable just when the heart· 
forming regions become demonsh·able. 

'fhe localization of heart myosin may 
result from the movement of cells; 

that is, the cells capable of synthesizing 
this myosin sort themselves out from 
among the other mesodermal cells and 
come together in the heart-forming re­
gions. But another view suggests that 
the cells outside the two heart-forming 
regions lose their ability to produce 
heart myosin through the failure or the 
inhibition of one or more steps in the 

DISTRIBUTION OF HEART·MUSCLE PROTEINS was deter· 

mined by testing cut·up embryos with antiserums. Heart actin 

(colored) does not appear in the young primitive·streak embryo 

(left), and in embryos a few hours older (center and right) it is 

confined to areas on either side of the primitive streak. Heart myo· 

sin (hatching) is widespread in the young embryo but gradually 

becomes concentrated in the same areas where actin is found. 

Density of hatching indicates the intensity of the myosin reaction. 
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THIS IS GLASS 
A BULLETIN OF PRACTICAL NEW IDEAS FROM CORNING 

HOW TO TAKE A SNAPSHOT 
OF A SATELLITE IN FLIGHT 
If snapshooting satellites is on your agen­
da, contact either Boller & Chivens/­
Joseph Nunn, South Pasadena, Califor­
nia, or the Perkin-Elmer Corporation, 
Norwalk, Connecticut. 

In collaboration, these two firms make 
just what space photographers need. It's 
called the IGY Satellite Tracking Cam­
era. And, of necessity, it's somewhat 
larger than the cameras most of you are 
accustomed to using. Like this. 

Twelve of these cameras are now in use 
around the world. Each is designed to, 
first, take a picture when fixed on and 
following the sateilite. This renders the 
subjects as a point against a background 
of streaks from the brightest stars. Then a 
second exposure is taken with the camera 
fixed on and moving with the stars. This 
provides the reference for determining 
the satellite's location. 

And us? We provide the mirror blanks 
for Perkin-Elmer, who in turn handle the 
complete optical system. (The West Coast 
firm provides mechanical components 
and does the assembling.) The blanks we 
furnish are 31 %;" in diameter and 7" 
thick. They are made from glass No. 
7160, the very same glass used in casting 
the now-famous, 20-ton, 200" disc for the 
Mt. Palomar Observatory. 

The big advantage in using this par­
ticular glass is its very low linear co­
efficient of expansion-23 x 10-7 per 0 C. 
Low expansion means a minimum of dis­
tortion, a much-appreciated contribution 
in the complex optics called for in taking 
pictures of satellites. 

These king-sized mirrors lead us quite 
naturally to remind you that Corning can 
do almost anything with glass. Find out for 
yourself. Get a copy of "This Is Glass." 
Use the coupon for quick service. 

NEW GIANT GLASS FLASK 
FOR THE IN-BETWEEN TASK 
What intrigues the man in the picture is 
the size of the crystal clear vessel he is ex­
amining. 

His interest is justified because as far as 
we know this is the biggest all-glass reac­
tion flask on the market. It's new; it 
measures 18 inches in OD and stands 26 
inches high. Capacity is 20 gallons. 

We provide this size-along with 5 and 
10-gallon versions-for people (maybe 
you) who need to fill the gap between lab 
and pilot plant. 

You also can get all the trimmings. 
Like the five-opening all-glass cover that's 
visible behind the flask. Such covers can 
be had with pipe flanges, T, or socket 
joints. Accessories include inlet tubes, 
condensers, blind caps, clamps and ther­
mometer wells. Need one? Just write for 
details. 

This outsized glassware is all made 
from PYREX brand glass No. 7740-a glass 
that performs admirably because of the 
virtues detailed elsewhere on this page. 

Which brings us to 
this diminutive and 
rei a ti vel y i n trica te 
container known as a 
Wa r b u r g  f l ask.  I t 's 
quite commonplace to 
biochemists who use it 
for measuremen t of cell 
respiration and tissue 

metabolism. It's also a stock item with us. 
We call the big ones and the little ones 

both to your attention because it points up 
the fact that size or shape is a c.onsidera­
tion-not a limitation-to the skilled 
glassworkers at Corning. 

Investigate by tossing us any one of 
your tough problems. We'll look for a 
glass answer and let you know soon what 
we can do. 

PLUMBING FOR POSTERITY 
An increasingly popular fixture in labs, 
hospitals, schools, chem plants, and photo­
engraving shops is the glass drain line. 

With good reason. Glass drainlines are 
fashioned from PYREX brand glass No. 
7740. 

This is the glass that ends your worries 
about corrosion. For example, if you were 
disposing of waste hot hydrochloric acid, 
your PYREX pipe would still be around at 
the end of 200 years. 

And glass is smooth; very little chance 
for block-up in the pipe. If such does 
occur, however, you can spot the exact 
point and take corrective action, without 
having to take down the whole system. 

In fact, almost anything made from 
PYREX brand glass No. 7740 will be 
around for quite a while because this glass 
is able to cope with thermal shock and 
physical knocks, too. 

Available in many forms-tubing, rod, 
pipe, plate, and all kinds of shapes. 

Fill in the gaps in your files with these 
basic references: PE-30, all about glass 
drainlines; IZ- l ,  design considerations in 
glass. Any or all, free. Use the coupon. 

_ CORNING MEANS RES EARCH IN GLASS 

d CORNING GLASS WORKS 49 Crystal Street, Corning, N.Y. 

Please send me; D "This Is Glass"; D Drainline Manual, PE-30; D Design 

Manual IZ-1: D Info on Reaction Flasks 

Name' __________________ Title ________ _ 

Company' ___________________________ _ 

Street' ____________________________ _ 

City __________________ Zone __ State _____ _ 

____________________________________ J 
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MOVEMENTS OF CELLS as the primitive streak formed in young chick embryos were 

traced by Nelson Spratt of the University of Minnesota. He marked embryos (a) with 

carbon particles (shown as dots in these diagrams) and then observed them at later stages 

in development (b and c). Similar movements carry heart.forming cells into the mesoderm. 

a 

b 

c 

o 6 12 24 36 
TIME IN CULTURE (HOURS) 

FATE OF HEART MYOSIN in cultured fragments of a chick embryo is not the same as 

that of the intact embryo. When fragments of embryos at left were cultured, myosin (or. 

rows), disappeared from cultures of a, d and e. It was still retained after 36 hours in cultures 

of b, c and f. Of these only b, e and f would have retained myosin in the intact chick embryo. 
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synthesis. It is not a simple task to dis­
sociate these phenomena; at such early 
stages of development cell movements 
and changes in synthetic processes are 
closely related. 

In searching for a clue to the reason 
why heart myosin disappears from tis­
sues outside the heart-forming regions, 
we have tested the synthetic capacities 
of isolated fragments of the embryo. 
Embryos were cut in various ways; the 
fragments were cultured separately and 
then analyzed for their myosin content 
with anti-heart-myosin serum. The re­
sults were confusing. If the embryo is cut 
as shown at upper left in the lower illus­
tration on this page, the sections grown 
in isolation do not behave as they do in 
the intact embryo. In normal embryonic 
development section a and section c both 
lose the capacity to synthesize heart my­
osin, while section b retains this capaci­
ty. In isolation, however, section c de­
velops into pulsating muscle, and after 
36 hours still reacts with antibodies for 
heart myosin. Isolated section a, on the 
other hand, does not form pulsating 
masses, and shows no sign of heart my­
osin in about 12 hours. If the embryo is 
cut somewhat differently, as shown at 
lower left in illustration, then only sec­
tion f retains myosin for longer than 24 
hours. In short, these experiments have 
not yielded the hoped-for clarification 
of the role of location in determining 
which cells will specialize in the produc­
tion of heart myosin. 

It must be emphasized, however, that 
we are using antibodies reactive to the 
heart myosin of adult animals in our ef­
fort to detect embryonic heart myosin. 
The parts of a molecule essential to its 
physiological function are not necessari­
ly those that combine with an antibody, 
and the fact that both the embryonic and 
the adult molecule react with the same 
antibody does not establish the identity 
of the two substances. It shows only that 
the immunologically active groups of the 
two molecules are identical or have a 
close similarity. Strictly speaking, our 
immunological techniques prove merely 
that certain cross-reacting groups are 
present. We have not yet determined 
whether the myosin first detected is 
adult heart myosin, or a subunit of that 
molecule, or a complete myosin mole­
cule closely related to but not identical 
with the adult protein (as in the case of 
fetal and adult hemoglobin molecules). 

It thus appears that in the formation 
of heart muscle certain of the contractile 
proteins are synthesized first and later 
aggregated in the form of fibrils that can 
contract. As yet we have little evidence 
on this point outside that furnished by 
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CHECKMATE 
in the face of enemy countermeasures 

Air Defense is a chess game for keeps-a game in 
which our nation and the rest of the free world are 
the stakes. The strategy of the game anticipates 

enemy actions and countermeasures and provides for 
that extra measure of ability to win. 

At Bendix, the capability to operate in the presence 

of enemy countermeasures is inherent in system design. 
All types of countermeasures-deception, multiple­

jamming, and camouflage-are included in Bendix 
threat evaluation. The effectiveness of these counter­

measures is investigated for advanced detection, raid 
resolution, tracking, and weapon control techniques. 

Facing up to the sophisticated threat is the prime 

objective of Bendix in air defense projects. The 
Systems Division, working cooperatively with the 

Radio Division, is engaged in programs involving 
passive techniques, electronic scanning, frequency 

diversity, data processing, anti-jam circuits, special 
radars, bistatic detection, and anti-submarine warfare. 

Other projects for which the Bendix Systems Divi­
sion has system management and engineering respon­

sibility are the EAGLE air-to-air missile system, global 
weather reconnaissance, supersonic target drones, 
and radiation-resistant mission and traffic control. 

These programs and emphasis on counter-counter­
measures exemplify Bendix Systems leadership. 

Bendix Systems Division �ncf� 
ANN ARBOR, MICHIGAN AVIATION CORPORATION 
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TRANSVERSE VIEW of the developing 
chick heart shows primitive structures (top) 

arising from the mesoderm (heavy black 

dots and lines). They move together and 

finally merge into one large tube (bottom) 

h",·ing two layers. Also pictured are devel­

oping neural tube (hatched structure above 

hearl) and foregut (V-shaped strl/cture). 

These drawings are adapted from Brad­

ley M. Panen's Early Embryology of the 

Chick, publis hed by the B1"kiston Company. 
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immunological experiments, although 
some electron microscope studies have 
also suggested a stepwise organization 
of the fibril. We cannot, however, be 
sure of this; in developing skeletal mus­
cle immunological techniques have de­
tected myosin only after the first simple 
fibrils have formed. 

The selective effects of various sub­
stances that interfere with normal cell 
chemistry have produced additional 
striking evidence that the heart-forming 
regions are distinguished chemically 
well before structures of the heart ap­
pear. Nelson Spratt of the University of 
'\1innesota has employed certain enzyme 
inhibitors to show that the metabolic 
pathways operating in the development 
of the brain and of the heart differ 
markedly. In studies I completed re­
cently in collaboration with Lowell Duf­
fey we cultivated early chick embrvos in 
a medium containing traces of the meta­
bolic inhibitor antimycin A, a substance 
produced by the Streptomyces mold. We 
found that concentrations of this inhibi­
tor as low as .1 microgram per embryo 
block almost completely the develop­
ment of the regions destined to form 
muscle, but leave the developing brain 
and spinal cord intact. Another meta­
bolic inhibitor, sodium fluoride, has a 
similar effect. In low concentrations it 
primarily affects the heart, but at high 
concentrations it causes the embryo to 
disintegrate according to a clear-cut pat­
tern starting in the heart-forming re­
gions. At any given stage of develop­
ment, from the appearance of primitive 
streak through the establishment of the 
heart, the locations of the cells destroyed 
by sodium fluoride coincide with the 
sites that have the greatest capacity to 
form heart muscle, and with the areas 
that have the greatest capacity for the 
synthesis of actin and myosin. Thus the 
primary forces in the formation of the 
heart seem to be operating almost at the 
very outset of embryonic development. 

\V ith the present rapid advance of 
biochemical techniques we should 

soon be able to state accurately when 
and where a given protein is first formed. 
To ensure continued progress, however, 
the biochemist must learn from embrv­
olog�' about cellular organization, the 
role of the cell surface and the interac­
tions of cells and tissues. One of the 
most effective tools of the experimental 
embryologist has been microsurgery. 
Now "chemosurgery" provides another 
means for deliberate intervention in the 
pattern of development and for the al­
teration of its course under experimental 
control. 

�: 
fLIGHT DATA and 

CONTROL 
lNGINllRS 

Cross new frontiers in system 
electronics at The Garrett Corpo-

ration. 
High-level assignments in the de­

sign and development of system elec­
tronics are available for engineers in 

the following specialties: 

1. ELECTRONIC AND FLIGHT DATA 
SYSTEMS AND CONTROLS A wide 

choice of opportunities exist s  for 

creative R&D engineers having 

specialized experience with control 

devices such as: transd ucers, flight data 

computers, Mach sensors, servo-mech­

anisms, circuit and analog computer 

designs utilizing transistors, magamps 

and vacuum tubes. 

2. S E R V 0 - M E C H A N  I S M S A N D 
ELECTRO-MAGN ETICS Requires engi­

neers with experience or academic train­

ing in the advanced design, development 

and application of magamp inductors and 

transformers. 

3. FLIGHT INSTRUMENTS AND TRANS­
DUCERS 
1) DESIGN ANALYSIS Requires engineers 

capable of performance analysis 

throughout preliminary design with 

ability to prepare and coordinate re­

lated proposals. 

2) DEVELOPMENT Requires engineers 

skilled with the analysis and synthesis 

of dynamic systems including design 

of miniature mechanisms in which low 

friction freedom from vibration 

effects and compensation of thermo 

expansion are important. 

4. PROPOSAL AND QUALTEST 
E N GI NEER For s pe c i fi c a t io n  

review, proposal a n d  qualtest 

analysis and report writing assign­

men t s. Three years electronic, 

electrical or mechanical experi­

ence required. 

C_PORATION 
9851 S. Sepulveda Blvd. 

Los Angeles 45, Calif. 

DIVISIONS, 
-- 'ng Los Angeles 

AiResearch Manufactun 
. 

-
Phoenix 

AiResearch Manufactunng:­

AiResearch Indust"al 

Air Cruisers· Airsupply 

Aero Engineering 
. 

AiResearch Aviation ServIce 
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OUT OF THE LABORATORY 

One million hours packed into 30 seconds . . . This tiny gas turbine 

power unit starts two giant jet aircraft engines at once in 30 seconds! One million hours of 

AiResearch gas turbine operational experience made this possible. The world's largest manufacturer of 

lightweight turbomachinery, AiResearch produces gas turbines of all types vital 

to military and commercial ground support as well as auxiliary and prime power applications 

• • .  another Garrett contribution to America's defense and industrial progress. 

ENGINEERING REPRESENTATIVES, AIRSUPPl Y AND AERO ENGINEERING. OFFICES IN MAJOR CITIES 

..... E CO ... ORA .... ON 

tliResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems, Packages and Components/or: AIRCRAFT. MISSILE. ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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CAPABILITIES FOR DEFENSE 

Westinghouse With 25 Years Of Leadership 
Is Meeting Today's Detection Problems 

Westinghouse has been in the radar field since 1933. In that year, Westinghouse 
engineers, pioneering in radar techniques, detected automobiles on a highway by 
beaming ultra short radio waves experimentally off a rooftop of the Westinghouse 
East Pittsburgh Plant (illustrated at right). 
Westinghouse has delivered over 35,000 radar sefs ... and continues its role today in 
ground and shipboard radar for ai,r defense and tactical missions, airborne radar 
for reconnaissance, AEW, mapping, ASW and missiles, and such specialized areas as 
pulse.doppler, infra·red, ECCM, and 3·0 radar techniques. 
Shown is one of the most significant advances in the field of tactical military equipment­
the lightweight, highly mobile Paraballoon® Antenna, developed at the Electronics 
Division. 
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NON-ROTATING ANTENNA. A new kind of 
radar antenna, the Helisphere is considered a 
possible forerunner of those to be used for 
powerful antimissile radars of the future. The 
antenna, pictured at the Westinghouse Research 
Laboratories, produces a rotating radar beam 
without rotation of the antenna structure itself. 

MOLECULAR SYSTEMS. A new, low-noise ampli­
fier developed by scientists at Westinghouse 
Research Laboratories for Air Arm Division ap� 
plication. This two level solid-state maser is one 
aspect of a broad Westinghouse program of 
molecular engineering for radar and other 
electronic systems of the future. 

200-MAN FLIGHT TEST FACILITY. Engineers at 
Ai, Arm Division install Aero 13-F radar and 
computer, latest and most advanced radar built 
by Westinghouse. Flight test facility includes 
over 200 people and all facilities necessary to 
completely service, instrument and test avionic 
equipment in Westinghouse owned and bailed 
aircraft. 

INFRA-RED. Westinghouse has been actively at work 
in infra-red research, design and development since 
World War II. Extensive programs are now being con­
ducled for applications of infra-red techniques to 
present and future military requirements as well as the 
space age. Pictured is an infra-red seeker, newly de­
signed at Westinghouse Air Arm Division. 

WORLDWIDE SERVICE. Wherever Westinghouse radar 
is in operation ... land, sea and air ... field engineers 
of the Electronics Service Department assist and in­
struct in the operation and servicing of radar manu­
factured by the Air Arm and Electronics Divisions. 
Graduate engineers provide this Westinghouse service 
the world over. 

BIGGEST RADAR TUBE. Heart of the longest range ship­
borne radar ever put in service, a magnetron tube nick­
named "Big Maggie" was developed at the Westinghouse 
Electronic Tube Plant at Elmira. "Big Maggie" delivers 
over 10 million walls of peak power, enough to search out 
enemy planes over 400 miles away. 

COMPLETE TEST FACILITIES. Radar undergoes composite 
test ot Electronics Division. A complete computer facility 
is available here and at Air Arm Division. Included are 
IBM 704 and large REAC, together with all environmental, 
shock, vibration and other test equipment necessary for 
the development of present and contemplated land, sea, 
air and space-borne systems. 

For additional information on detection systems and applications at Westinghouse, write to: 
Director, Customer Relations, Westinghouse Defense Products Group 
1000 Connecticut Ave., N.W., Washington 6, D.C. 

Westinghouse 
DEFENSE PRODUCTS AIR ARM DIVISION 

AVIATION GAS TURBINE DIVISION 

ELECTRONICS DIVISION 

AIRCRAFT EQUIPMENT DEPARTMENT 

ORDNANCE DEPARTMENT 

YOU CAN BE SURE ••• IF ITS Westinghouse 
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Underwater Archaeology 
in the Maya Highlands 

At the bottoln of a Guatemalan lake skin di()ers hu()efound objects 

sacrificed to the lake spirits as early as 2,500 years ago. These 

finds help trnce the history of a little-known branch of the Maya 

When we hear the word "Maya," 
we usually think of the impres­
sive flat-topped pyramids which 

archaeologists have cleared from the 
rain forest of Guatemala and southern 
Mexico. Or we may think of a second 
Maya area farther to the north on the 
plain of Yucatan, where the Spaniards 
pillaged the cities built by the ancestors 
of the present Indian inhabitants. Run 
your finger down the map from Yucatan 
southward across the rain forest and you 
come to a little-known third center of 
Maya civilization. This center lies in 
the Sierra Madre, which runs along the 
Pacific coast of Guatemala and of the 
Mexican province of Chiapas. Here in 
the cool highlands west of Guatemala 
City live nearly four million Mava In-

dians, cousins of the more familiar north­
ern lowland tribes. In pre·Columbian 
times these highland Maya comprised 
one of the Western Hemisphere's great 
civilized states. Less advanced than the 
northerners (they made Ii ttle use of the 
365-day calendar, hieroglyphic writing 
and the corbelled arch), they nonethe­
less possessed a rich cultural tradition 
dating from about 1000 B.C. Today this 
tradition is yielding its history to an un­
usual kind of archaeology. 

For the past few years the archaeology 
of the Maya highlands has proceeded on 
a modest scale. The ancient religious 
center of Kaminaljuyu and a number 
of other sites have been excavated, but 
for the most part the diggings have 
managed to stay out of the public eye. 

SKIN DIVER in this photograph, wearing an aqualung, has just surfaced with two Maya 

incense hurners from Lake Amatitlan in highland Guatemala. He is Jorge Samayoa, one 

of the lake's many amateur s!,ol'tsmen-turned-al'chaeologists cooperating with the authol'. 
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The reasons for this are twofold. First, 
the highland Maya rarely built in stone. 
Lacking the soft limestone of Yucatan, 
or metal tools with which to hew their 
own hard igneous rock, the highland 
architects resorted to sun-dried earth, 
adobe and plaster-materials that have 
crumbled with the passage of ti�e and 
the tilling of the soil. Today every high­
land palace and temple has collapsed in­
to a grassy mound, and smaller struc­
tures have almost vanished beneath the 
fields of Indian corn. 

Second, there is none of that specious 
glamour that surrounds archaeological 
research in inaccessible places. Almost 
without exception the highland sites lie 
on the outskirts of modern towns, close 
to highways, railroads and all the com­
forts of civilization. No expeditions need 
be outfitted. There is none of the ro- \ 

mantic austerity of camp life. The rain­
forest pyramids are another matter. Set 
in the deepest jungle, unseen for 1,000 
years save by wandering chicle-gatherers 
and primitive Lacandon-Maya hunting 
bands, their appeal to the imagination 
is undeniable. Small wonder that the 
lowland Maya have eclipsed the fame 
of their highland relatives! 

But every dog has its day, and the 
highland Maya have at last begun to 
attract attention. Curiously this has been 
brought about not by the archaeologist's 
spade but by modern techniques of free 
diving. By 1954 the new sport of aqua­
lung diving had become an international 
pastime, and in that year a group of ama­
teur divers began to probe the waters of 
Guatemala's Lake Amatitlan in search 
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LAKE AMATITLAN, set among volcanic peaks, is shown in this 

aerial photograph. From its western, or lower, basin (upper left) 

divers have recovered Maya offerings dating from about 500 B.C. 

Temple sites 011 the shore date from 1000 B.C. to 1500 A.D. 

10 1 
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of fishing grounds. In April, 1955, one 
of these diving enthusiasts, Manfred 
Topke, retrieved an interesting archaeo­
logical specimen from the bottom of the 
lake. It was the first of more than 600 
intact pottery vessels, incense burners 
and stone sculptures discovered by the 
skin divers. 

In the summer of 1957, when the 
news of these finds reached me, I was 
excavating in the highlands with a group 
af students from the summer school of 
San Carlos University. I wasted no time 
in getting in touch with the skin divers 
and examining their collections. With 
their help I mapped out a plan for a 
systematic survey of the lake bottom and 
shore. Jacques-Yves Cousteau, inventor 
of the aqualung, had initiated under­
water archaeology five years before with 
his famous exploration of a Greek ship­
wreck near Marseilles. Since then much 
of the Mediterranean and Danish coast 
had been explored by skin divers, but 
this was to be one of the first such ad­
ventures in the Americas. 

To be sure, the discovery of archaeo­
logical specimens in Lake Amatitlan 
came as no great surprise. As early as 

the mid-19th century travelers to Gua­
temala had made mention of apparently 
ancient pottery vessels found along the 
lake shore and in its shallow waters. 
Eduard SeIer, a noted German archaeol­
ogist, visited the lake in 1896 and de­
scribed "curious spiked vessels occasion­
ally decorated with maguey-like leaf 
decorations." A later visitor, Marshall 
Saville of the Heye Foundation in New 
York, not only witnessed the recovery 
of pottery vessels from the lake by fish­
ermen but also located two archaeolog­
ical sites on the lake shore. During the 
1940s members of the Carnegie Insti­
tution Guatemalan research team and 
I investigated and mapped these sites 
and others in the lake area. No one was 
aware, however, of the immense quan­
tity and diversity of the underwater ma­
terial. 

�ke Amatitlan is a beautiful resort 17 
miles south of Guatemala City on 

the highway from the capital to the 
Pacific seaport of San Jose. Its altitude is 
some 4,000 feet. Attractive week-end 
cottages belonging to the country's 
wealthier citizens line the shore, and in 

good weather the lake sees a good deal 
of swimming, boating and water-skiing. 
Two lakeside hotels feature thermal 
baths, said to be beneficial for arthritis 
and rheumatism. A short distance from 
the lake shore is the colonial town of 
San Juan Amatitlan, whose 6,000 per­
manent residents are mostly "Ladinos" 
of mixed Spanish and Pokomam-Maya 
ancestry. Spectacular lava hills surround 
the lake. In certain areas sulfurous water 
hot enough to boil an egg bubbles from 
the lake bottom or along the shore. 
Geysers appear and disappear erratically 
at various locations on the south side of 
the lake. The lake derives its name from 
the Amate tree (Ficus momceae), which 
abounds on the southern shore. 

The first task of our group was to pre­
pare accurate maps of the lake. This we 
did with the aid of aerial photographs 
from the Guatemalan Bureau of Cartog­
raphy plus some up-to-date bathymetric 
maps. We now tried to locate the exact 
sites of all underwater discoveries made 
by local skin divers since 1955. The 
upper basin of the lake is joined to the 
lower basin by a narrow channel only 
six feet in depth, crossed by a railroad 

ARCHAEOLOGICAL SITES at Lake Amatitlan include lake-bot· 

tom deposits of offerings (numbered 1 through 6) and lake-shore 

sites of ancient groups of buildings (lettered A through D2). The 

colored contours indicate the depth of the lake in meters; the black 

contours, the height of the land above sea level in meters. In both 

map and plan views on page 106 and 108 north is at the top. 
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look for the professional challenge . . .  available only to those 

who possess the creative initiative to explore, in thought, beyond what is known 

aboul space travel, and return with the serendipity that only the few would ItI"I � � ...... IV 
recognize. If you are one of those exceptional individuals who is seeking a D � '" V � F? D I VI SIc::;, '" 

challenge such as this, communicate with N. M. Pagan,Director of Technical and 

Scientific Staffing, Martin-Denver, P. O. Box 179, (C-2), Denver 1, Colorado. 
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FrOn7 the Kitchen to the Stars 

ADVANCED 
MATERIALS 

Io,;;.�_ TECHNOLOGY 

Already used as insulation inside the heating elements of electric appliances, mag­
nesium oxide is destined for an important part in the drama of advanced materials 
technology. Unique properties, discussed in the column opposite, promise exciting 
possibilities in the coming conquest of space. Immediate applications are seen in 
the fields of refractories and atomic energy. If you have problems of extreme heat 
abrasion or corrosion, perhaps Carborundum can help. Write to Carborundum, 
Research & Development Division, Dept. SA-3, Niagara Falls, New York. 

Where conventional materials fail ... call on 
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Unique refractory 
material from 

electrical fusion 
Electrically fused magnesium ox. 
ide is a white, crystalline refractory 
material of exceptional purity and in­
ertness.Its melting temperature is over 
4,700 F. It has a very high density that 
combats shrinkage problems in high 
temperature operations and its elec­
trical resistivity at elevated tempera­
tures is unusual. 

HIGH PURITY APPLICATIONS 

As a refractory, bonded fused mag­
nesia (over 98% MgO) holds great 
promise for use in crucibles in melt­
ing work where contamination must 
be kept low. Nickel, cobalt and their 
alloys - and even uranium - can be 
melted in such crucibles for high pur­
ity work. 

CONTROLLED GRAIN GEOMETRY 

Precise control over grain geometry, 
which permits controlled high-pack 
densities, leads directly to application 
in rammed linings for induction and 
arc furnaces and to investment molds, 
thermocouple swaging tubes and in· 
sulation for electrical use. 

THE PROMISE OF DUCTILITY 

Current interest has been heightened 
by recent rocket and missile develop­
ments and by indications that MgO 
crystals may in time make possible 
man's first ceramic material to possess 
the quality of ductility. To learn more 
about this interesting material ... 

send for your 
FREE COPY o! 
ADVANCED 
MATERIALS 
TECHNOLOGY 

A new quarterly publication dealing with 

materials for severe service applications, 

published by Carborundum. For your 
FREE subscription, write now! 

CARBORUNDUM 
Registered Trade Mark 

bridge [see map on page 102]. Since the 
Guatemalan divers reported that there 
was nothing to be found in the upper 
baSin, we concentrated our efforts in the 
lower. The depth of this portion of the 
lake varies from 10 to 130 feet. Nearly 
600 archaeological specimens in the 
divers' and other private collections were 
cleaned, photographed, described and 
measured. Each piece was catalogued 
according to its original location beneath 
the waters of the lake. We found that 
most of the material came from nine 
underwater deposits, seven of them near 
hot springs off the south shore and the 
other two in deeper water off the north 
shore. Fortunately for us the divers had 
made their collections with considerable 
care. They had carried depth gauges and 
taken accurate notes, numbering the 
specimens according to their original 10-
cation. The specimens consisted of of­
fering bowls, spiked vessels and incense 
burners. They ranged from a few inches 
to four and one-half feet in height. The 
incense burners were double-chambered 
or three-pronged; many bore unusual 
designs: cacao trees and pods, papaya 
fruits and flowers, quetzal birds, jaguar 
heads, spider monkeys, snakes, lizards, 
bats and even human skulls-motifs 
hitherto rare or unknown in the high­
land Maya area. Among the many Maya 
gods represented were the rain god, 
Chac or Tlaloc; the jaguar god; the sun 
god; Eecatl, the wind god (a form of 
Quetzalcoatl, the feathered serpent); 
Xipe Totec, a fertility god; and the death 
god. There were also beautifully ex­
ecuted human heads peering from the 
jaws of animals and monsters and the 
beaks of birds. 

It soon became apparent that certain 
types of vessel and design motif were 
restricted to particular underwater lo­
calities. This raised the intriguing pos­
sibility that each underwater deposit 
might represent a different time period. 
The location of the deposits in relation 
to the shore line strongly suggested that 
the specimens had been thrown into the 
la!(e as offerings, probably to the lake or 
water gods. To confirm the time se­
lluence of the sites it was necessary to 
reinvestigate all the archaeological sites 
on the shore. During the summers of 
1957 and 1958, with the help of students 
from the San Carlos University summer 
school, the mapping and test excavations 
of all five archaeological sites on the 
southern shore were completed. 

Site B (Contreras), the oldest lake­
shore site, shows an occupation from 

the beginning to the end of the 

Maya Pre-Classic Period (about 1000 
B.C. to 200 A.D.). It consists of five 
mounds located 300 yards from the 
shore behind the Contreras Yacht Club 
[see bottom illustration on next page]. 
Since Contreras lies only a few feet 
above the level of the modern lake, we 
can assume that the water level has not 
risen for at least 2,000 years. 

Site C (Mejicanos) consists of four 
mounds, also at or a little above lake 
level. The site occupies a small inlet val­
ley, hemmed in on three sides by steep 
mountains which still show traces of pre­
Columbian agricultural terracing. The 
mounds have been almost obliterated by 
modern corn cultivation and the use of 
their material for roads, but their re­
mains are still distinguishable. They 
were constructed of stone and earth and 
were probably faced with adobe. Frag­
ments of pottery collected from the site 
indicate that the major occupation of 
Mejicanos was during the Early Classic 
Period (200 to 600 A.D.). 

Considerably larger is Site A (Amatit­
Ian), located on higher ground overlook­
ing the west end of the lake. Retreat to 
higher and more easily defensible posi­
tions characterized Maya behavior dur­
ing periods of disturbance, so we need 
not infer a rise in the lake level. The site 
comprises buildings laid out in orderly 
fashion around aligned plazas. There are 
about 25 mounds of various sizes, two 
of them ancient ball courts. Extensive 
artificial terracing is still in evidence on 
the sides of the promontory. Many of 
the structures are faced with masonry of 
roughly cut stones and some with well­
cut and dressed blocks. Several test pits 
and surface specimens indicate that the 
site was occupied during the entire 
Classic Period (200 to 1000 A.D.) . 

Two other sites, Contreras Alto (Site 
Dl) and Los Jicaques (Site D2), were 
discovered on the slopes some 500 feet 
higher than Site B. Both of these sites 
must have been quite extensive, each 
with 10 to 15 large mounds and hand­
somely cut stone masonry. Although the 
majority of the pottery collected from 
the two sites dates back to the late Pre­
Classic and Classic periods, enough Post· 
Classic pottery was found on the surface 
to indicate the possibility that this area 
was still inhabited at the time of the 
Spanish conquest in 1524 A.D. One, or 
both of the sites may represent the long­
searched-for ruins of "Tzacualpal," indi­
cated on a map made in 1690 by the 
Guatemalan historian Francisco de Fu­
entes y Guzman. 

Our excitement was great when our 
records of the specimens brought up by 
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SITE A (AMATITLAN), the largest lake-shore site, dates from the Classic Period (200 to 

lono A_I).! _ The buildings reconstrueted here include two ban courts (stippled rectangles)_ 

SITE B (CONTRERAS) is the oldest site, dating from the Pre-Classic Period (about 1000 

B_C. to 200 A_D.). It stands near the south shore of Lake Amatitlan, 300 yards above the 

Contreras Yacht Club (hatched buildings). Modern roads and a railroad crOss the area. 
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divers showed that there was a definite 
correlation between the type and age of 
the underwater specimens and those 
found at the nearest archaeological site 
on the shore. This correlation was con­
firmed by our student divers, who made 
many descents to each of the nine under­
water deposits. The underwater speci­
mens fall into an orderly sequence which 
corroborates our time-scale for the sites 
on the shore; we now have a record of 
the fact that the lake area had been con­
tinuously inhabited for nearly 3,000 
years. Thus the region, though not com­
parable in architectural grandeur to 
Kaminaljuyu, the largest of the highland 
Maya sites, has a rich and full archaeo­
logical record. On the basis of this record 
I shall now attempt to reconstruct the 
history of the lake area. 

\Vhile the archaeological record does 
not begin before about 1000 B.C., 

we can assume that prior to this time 
wandering Maya groups entered the 
highlands from the Pacific-coast area, 
and settled in more or less stable com­
munities in the many fertile mountain 
valleys. Soon the domestication of corn 
and beans made it possible for these 
communities to set aside their food sur­
plus for times of scarcity; this eased the 
tremendous pressure of keeping alive 
from one day to another. Increasing 
leisure made it possible and practical 
for members of the communities to man­
ufacture objects of artistic and utilitar­
ian value. Their various kinds of pot­
tery and stone implements provide the 
first tangible chapter of prehistory. 
While archaeological data indicate a 
large population in the nearby Valley of . 
Guatemala, no permanent structures re­
main to document this earliest period at 
the lake. However, utensils and figurines 
from the Contreras site suggest that a 
settlement of some sort must have ex­
isted. The main occupations of these first 
settlers, as in later times, were fishing, 
hunting and farming. Religious ideas 
from the ceremonial center of Kaminal­
juyu reached this community around 
1000 B.C., attested by the beginning of 
mound building. The gods became ever 
more important as men depended upon 
them to bless and protect their corn and 
bean plots. Gradually the ritual magic 
practiced by individuals gave way to or­
ganized religious offerings and .ceremo­
nies. Religion was probably the concern 
of the menfolk, who erected buildings 
and monuments and carved sculptures 
in honor of their gods or their dead. The 
religion at this time was unsophisticated 
in concept, being entirely animistic; 
every aspect of nature had its spiritual 
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Western Electric reports ... 

PROPERTIES OF "MYLAR" 

"Mylar" offers a unique combina­
tion of properties that may help 
youimproveperformance and lower 
costs of your product. Here are two 
of the many important properties 
for evaluation. 

REMARKABLE TOUGHNESS. "Mylar" 
is the strongest flexible plastic film ever 
made ... tough even in extra-thin gauges! 

SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents. 

Du Pont MYLAR® cuts capacitor costs 
PROBLEM: Western Electric was search­

ing for a dielectric material which, when 

used in a film-foil construction, would 

cut capacitor manufacturing costs. 

SOLUTION: Du Pont "Mylar"* polyester 

film. According to Western Electric, the 

moisture resistance of "Mylar" mini­

mized the need for a costly outer metal 

enclosure. Capacitor design was sim­

plified ... over-all size was reduced while 

<@POfj)) 
R[G.U.S.PAT.orf. 

BETTER THINGS FOR BETTER LIVING 

electrical stability under normal operat­

ing conditions was maintained. 

RESULTS: Capacitors insulated with 

"Mylar" provide excellent performance 

for selected types of equipment pro­

duced by Western Electric. These new 

capacitors achieve high reliability and 

long life. Materials savings have been 

realized through reductions in size and 

use of less costly encapsulation. 

HOW CAN "MYLAR" HELP YOU? Whether 

you make heavy-duty cable or tiny com­

ponents, you may be able to capitalize 

on the outstanding com bination of prop­

erties found in tough, t ransparent 

"Mylar" film. For more information on 

how "Mylar" can help you improve 

product performance, solve knotty de­

velopment problems, or help cut costs, 

send in the coupon. 

*HMYLAR" is Du Pont's registered trademark for its brand of polyester film . 
. ---------------------------------- � 
I E. I. du Pont de Nemours & Co. (Inc.) I 
I Film Dept., Room SA-3, Nemours Bldg., Wilmington 98, Del. I 

• • •  THROUGH CHEMISTRY I Please send booklet listing properties, applications I 
I and types of "Mylar" polyester film available. I 

DU PONT 

AfYLAR® 
POLYESTER FILM 
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I Company I 
I Address I 
I City Siale I 
L __________________________________ � 
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SITE C (MEJICANOS) belongs to the Early Classic Period (200 to 600 A.D.). Shown here 

are offerings from Site C carried under water by lava flow in which they were embedded. 

SITES Dl AND D2, referred to as Contreras Alto and Los Jicaqnes, are hillside settlements 

probably inhabited until the time of the Spanish conqnest. One or both may be the "lost" 

city of Tzacualpal shown on an old colonial map. A modern power line crosses Site D2. 
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counterpart. It is easy to see why the 
sulfurous springs and geysers on the 
southern shore of Lake Amatitlan would 
be awe-inspiring to these pre-Colum­
bians. This awe, combined with fear of 
the four-peaked active volcano Pacaya 
overlooking the lake, could easily have 
made men believe that particularly pow­
erful spirits or gods dwelt in the area. By 
about 500 B.C. it was customary to cast 
offerings into the lake waters to appease 
the gods. But offerings at this time were 
neither as specialized nor as abundant as 
those in later periods. 

Apparently the Contreras site was 
abandoned by the beginning of the Early 
Classic Period, sometime around 200 
A.D. Two new ceremonial centers were 
then established, one at Mejicanos, ad­
jacent to the hot springs, and the other 
at Contreras Alto on the nearby hill 
slopes. The latter site, of considerable 
size, may indicate a growing population 
that needed to build and cultivate the 
surrounding agricultural terraces. Meji­
canos, with its four small mounds on the 
shore, must have served only as a shrine 
for pilgrims, who by now came in 
droves, bringing rich and varied offer­
ings to the water gods. The number and 
variety of specimens from the under· 
water deposits of Lavaderes nearby 
suggest that by this time the lake had 
become a pilgrimage center for high­
landers from far and near. 

periodic eruptions of the volcano 
Pacaya may also have prompted 

some offerings. Our divers found bowls 
in groups of four or five, standing erect 
and occasionally embedded in lava on 
the lake floor. This could only mean that 
to placate the angry gods residing in the 
volcano these objects had been placed in 
lava flows near the shore and were thus 
carried into the lake. Major eruptions, 
probably accompanied by earthquakes, 
may have prompted the more extrava­
gant offerings, including human sacri­
fices. One of our divers recovered at 
Lavaderes a brown-black jar with a 
modeled Tlaloc face on the neck. It was 
unusually heavy and upon investigation 
turned out to contain liquid mercury. 
After further cleaning we found in it 
fragments of cinnabar and graphite and 
nearly 400 ceremonially smashed frag­
ments of jade ear-spools, the most 
treasured jewelry of the Maya. 

Another diver brought up an offering 
bowl containing a cranium, apparently 
of a woman somewhere between 16 and 
25 years old. The cranium still showed 
faint traces of red ocher. Human sacri­
fice, or at least offerings of bodies of the 
dead, was probably not an uncommon 
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NEW GLOBAL WEATHER SYSTEM TO USE 
JETS AND ROCKETS TO PROBE UPPER AIR 

A flying weather·sensing system designed 
to probe the atmosphere on a global 
scale is under development for the Air 
Force by the Bendix Systems Division, 
Ann Arbor, Mich. The Boeing Airplane 
Company is the major sub·contractor. 

The new system is man's most ambi· 
tious attempt to understand and forecast 
weather. It will be particularly valuable 
over arctic regions and oceans where 
weather surveillance is especially difficult. 

The new airborne weather stations, 
consisting of four.engined Air Force jets, 
equipped with multiple radars, instru· 
ment packed rockets, atmospheric sensing 
equipment and electronic computers, will 
be in communication with ground sta· 
tions that will process and relay weather 
data over a national network. 

The jet planes will fly at altitudes up to 
50,000 feet. They will make 4,800 mile 
flights and will measure cloud formations 
and look inside storms with radar sweeps 
extending 150 miles from the aircraft. 
At periodic intervals radiosondes, or 
instrument packed units that radio in for· 

mation back to the aircraft, will be 
launched by rocket to probe the jet 
stream and other atmospheric phenom. 
ena at altitudes up to 150,000 feet. Radio· 
sondes also will be dropped by parachute 
to "read" weather data closer to earth. 
They will measure air pressure, tempera· 
ture, dew point, icing rate, wind speed and 
direction, index of refraction, ozone (a 
rare form of oxygen existing at high alti· 
tude), solar energy balance, and atmos· 
pheric electricity. 

ing industries and agriculture. 
The development of this new weather 

system is another step in Bendix'* long 
experience with weather sensing devices. 
The Bendix·Boeing development team 
includes the Bendix Research Labora· 
tories, for new techniques; Bendix Pacific, 
for airborne radar; and Bendix Friez 
Instrument Division, the world's oldest 
and largest manufacturers of instruments 
for weather bureaus as well as for scientific 
and industrial users. 'TRADEMARK 

While weather and 
geophysical data are vital 
factors in the military use 
of air power and missiles, 
t h e  n e w  p r o g r a m  i s  
unique i n  having impor· 
tant peacetime applica· 
tions.  In addition t o  
informing the Air Force 
it will also supply weather 
information to commer· 
cial airlines, the Weather 
Bureau, and to weather 
forecasting services serv· Cutaway shows how observers in plane monitor and control the 

weather-sensing system with the aid of a special electronic computer. 

A thousand products -"ncfY a million ideas 
AVIATION CORPORATION 

Fisher Bldg., Detroi! 2, Mich. 
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OFFERINGS found at the bottom of the lake include censer covers shaped like a jaguar 

!top) and a Mexican god (middle), either the "Old Fire God" or Quetzalcoatl. At bottom 

is a young woman's ocher-stained cranium in a bowl, possible evidence of human sacrifice. 
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practice among the pre-Columbian in­
habitants of the Amatitlan region. Fre­
quent representation of Xipe Totec, a 
god associated with human sacriRce, and 
many incense burners depicting jaguars 
and human skulls, strengthen the possi­
bility that this unsavory practice had 
entered religious ritual by the Classic 
Period (200-1000 A.D.). Similar evi­
dence of human sacriRce is abundant 
among the northern Maya. All of the 
specimens found from this period be­
speak the religious and artistic influence 
of nearby Kaminaljuyu and even of 
Teotihuacan in central Mexico. 

At the end of the Classic and during 
the following Post-Classic period (1000-
1500 A.D.) two more large population 
centers had come into prominence, that 
of the hilltop sites Amatitlan (Site A) 
and Los Jicayues (Site D2). The num­
ber of buildings and ball courts at these 
sites suggests that they were not merelv 
ceremonial centers but also permanent 
residences, at least for the governing 
classes. \lVe have yet to determine 
whether they were cities in the true 
sense. We also yuestion whether the in­
habitants of these sites were completely 
Maya in origin, since this is the time 
when Nahuat-speaking Pipil and Toltec 
groups from Mexico began to inRltrate 
the highlands. According to the Account 
Book of the Town of San Juan Amatitlan, 
1559-1562, an important document in 
the Smithsonian Institution, the town 
was inhabited shortly after the Spanish 
conquest both by people who spoke 
Pocomam-Maya and by others who 
spoke Nahuat. The Pipil and Toltec pref­
erence for spiked vessels and the repre­
sentation of speech scrolls, jaguars, spi­
der monkeys, human skulls and intricate 
vines and flowers can be seen in many 
late Classic and Post-Classic objects re­
covered from the lake bottom, indicating 
that these Mexican groups were present. 
Amatitlan and Los Jicayues must have 
been flourishing at the time of the Span­
ish conquest of Guatemala in 1524, for 
the historian Fuentes y Guzman in­
cluded them on his map made in 1690. 
One matter not yet established is wheth­
er Pipil, Toltec and Maya inhabitants 
shared the same settlements or merely 
lived as friendly neighbors. 

Unfortunately we do not know much 
of colonial times at the lake. Our best 
documents are the writings of an enter­
prising English Dominican friar, Thomas 
Gage, a parish priest of San Juan Amatit­
Ian during the years 1635-36. According 
to Brother Thomas, Amatitlan was by 
then a prosperous commercial cent�r 
surrounded by numerous large sugar 
plantations. Commoners and gentry 
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MEN 

WITH 

OPEN 

MINDS 

progress report on Aeronutronic 

Men with open minds hold the key 
to the future. They're creative 
men. They're skilled men. And they 
face the vast problems of the 
future eagerly and with confidence. 
They know that tomorrow-for 
America and the world -is what 
they make it. 

These are the men -exceptional 
scientists and engineers-who are 
at home at Aeronutronic. 

Ford Motor Company created 
Aeronutronic to conceive, design, 
and manufacture new products to 
meet the needs of a new age. Here 
advanced research, space sciences, 
missile technology, range systems, 
space vehicles, computers, and 
tactical weapon systems are major 
fields of research. 

In the Ford tradition, the men 
at Aeronutronic go as far and as 
fast as skill and brains can carry 
them. Such men are needed at 
Aeronutronic's new 200-acre 
Research Center at Newport 
Beach, California. Engineers and 
scientists will find unequalled 
opportunities with Aeronutronic. 
Why not look into it today? 

For information regarding positions, interests, 

facilities or products, write to Mr. K. A. Dunn. 

Aeronutronic Systems. Inc •• Bldg. �5. 12S� Air Way. 

Glendale. California. or call CHapman 5-6651. 

AERONUTRONIC 
a subsidiary of FORD MOTOR COMPANY 

NEWPORT BEACH. GLENDALE. SANTA ANA AND MAYWOOD, CALIFORNIA 

OFFICE OF ADVANCED RESEARCH· COMPUTER DIVISION 
SPACE TECHNOLOGY DIVISION· RANGE SYSTEMS DIVISION 
TACTICAL WEAPON SYSTEMS DIVISION 
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CONSOLIDATED SYSTEMS 

Custom-engineered instrumentation 

systems for industrial process 

control, digital data handling, 

chemical analysis, missile checkout. 

% Write for Bulletin 1304-X49. 

ANALYTICAL & CONTROL 
INSTRUMENT DIVISION 

Mass spectrometers, leak detectors, 

chromatographs, moisture monitors 

... lab or process models. 

Bulletin 1313-S. 

DATALAB DIVISION 

CEC's Advanced Electronic Data 

Laboratory ... conceives and 

develops new instrumentation under 

R&D contracts. Bulletin 1314-S. 

DATATAPE DIVISION 

Magnetic tape recording and 

reproducing equipment for ground­

station, airborne and mobile 

applications. Bulletin 1312-S. 

ELECTRO MECHANICAL 
INSTRUMENT DIVISION 

Direct-writing oscillographs, data 

amplifiers, vibration meters and 

power supplies ... for dynamic tests 

in missile, industrial, and flight-test 

environments. Bulletin 1310-S. 

TRANSDUCER DIVISION 

Sensing devices for industrial and 

military applications, pressure and 

vibration instrumentation, 

galvanometers, and telemetry 

equipment. Bulletin 1308-S. 

Consolidated 
Electrodynamics 
Corporation 
300 North Sierra Madre Villa 
Pasadena, California 
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INCENSE BURNER found in the lake is of the "three·pronged" variety. The decoration 

depicts a finely molded Maya face looking out through the beak of an unidentified bird. 

from the capital still came there to bathe 
and take the waters, or to fish or row 
about the lake in boats or canoas. 

Eke Amatitlan still plays a mystical 
role in the beliefs of present-day 

highland Maya Indians and Ladinos. 
The majestic stone church on the town 
plaza of San Juan Amatitlan is the home 
of an elaborately carved Spanish colonial 
wooden figure of the Santo Nino de 
Amatitlan, acclaimed for its miraculous 
healing powers. According to local leg­
end, similar magical powers were once 
attributed to a carved stone idol called 
Jefe Dios which in pre-Columbian days 
stood on a cliff on the north shore of the 
lake. One night during the 17th century, 
the story goes, there was a great rum­
bling in the earth accompanied by a se­
vere hailstorm, and the stone idol sank 
beneath the waters of the lake. The fol­
lowing morning devout visitors to the 
"pagan" shrine of J efe Dios found in its 
place the charming wooden statue of the 
Santo Nino (Christ Child), and with 

elaborate ceremonies it was removed to 
the church on the town plaza. 

Ever since then on May 3, the day of 
the Festival of the Cross, devout pil­
grims from all parts of the Republic of 
Guatemala come to the Fiesta of Ama­
titIan. The little wooden figure of the 
Christ Child is borne from the church in 
a magnificent religiOUS procession across 
the lake to the spot where legend places 
its miraculous appearance. Hundreds of 
gaily painted boats and canoes follow 
the statue on its journey; flowers and 
fruits are thrown into the lake by the 
pilgrims. It would seem that this mod­
ern Christian festival is a survival of an­
cient Maya lake rituals. In it we can see 
another example of the persistence of 
human ideas. The pre-Columbian belief 
that powerful spirits inhabited Lake 
Amatitlan, and with it the desire to pIa· 
cate these spirits, has survived virtually 
unchanged over. a period of 3,000 
years. It has managed to withstand or 
incorporate all foreign religious influ­
ences, including Christianity. 
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fourth in a series THE DIVISIONS OF THOMPSON RAMO WOOLDRIDGE INC. 

Solid·propellant 
auxiliary power unit 

Combination main and 
after·burner fuel pump 

100 MILLION JET ENGINE BLADES 

1.1 MILLION AIRCRAFT AND MISSILE FUEL PUMPS 

APU'S FOR 6 DIFFERENT MISSILES 

TAPeo GROUP 

These are some of the products of the 

T APCO Group of Thompson Ramo Wool­

dridge Inc. With $150,000,000 of high­

efficiency production facilities, T APCO is 

one of the nation's leaders in the develop­

ment and manufacture of mechanical 

systems, equipment, and components that 

must meet stringent performance specifi­

cations under extreme conditions of 

temperature, corrosion, and stress. 

Through its metallurgical and chemical 

laboratories, TAPCO continually extends its 

capabilities in the technology of high-tem­

perature alloys, powder metallurgy, 

cermets, ceramics, and other materials. 

T APCO was one of the principal pioneers 

in the fabrication of titanium, and is cur-

rently engaged, in cooperation with E. I. 

du Pont de Nemours & Co., in the devel­

opment of manufacturing techniques to 

handle niobium and its alloys. 

In product design and development, 

TAPCo'S 500-man engineering team is 

experienced in a wide range of specialties, 

including hydraulics, aerodynamics, elec­

tronics, pneumatics, thermodynamics, and 

nucleonics. 

Aircraft and missile technology increas­

ingly demands mechanical systems, equip­

ment, and components that can meet 

uncommon requirements of precision, 

strength, and reliability under the most 

severe environmental conditions. The com­

bination of engineering, metallurgical and 

manufacturing competence represented in 

the $160,000,000 per year activities of the 

T APCO Group provides an integrated capa­

bility of unusual effectiveness for the 

design and manufacture of such products. 

i.� Thompson Ramo Wooldridge Inc. 
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100,000 rpm turbine· 
driven alternator 
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MICROWAVE DEVICE NOISE FIGURE. What it 

means, how to measure it, automatic noise figure re­

cording, new meters and noise sources. 

MEASURING DC VOLTAGES DOWN TO 1 JJ.V. 

New techniques, new instruments permit direct read­

ings of extremely small voltages. 

TESTING QUARTZ PLATES FOR 5 x 10-8 WEEK 

ACCURACY in new lOMe electronic counter. 

"NO-CONNECTION" MEASUREMENTS OF DC 

CURRENTS. New milliammeter approach requires no 

soldering; doesn't load circuit. 

AUTOMATIC PRINTED RECORDS FROM DIGITAL 

VOLTMETERS; straightforward method of recording; 

new equipment available. 

YOURS WITHOUT CHARGE FROM r!jJ 
The rtjJ Journal, reporting throughout the year on measuring developments in all spectra, is sent without 

charge to engineers in electronics and allied fields. Simply write: 

EDITOR, 
Hewlett-Packard Journal 
5222 Page Mill Road 
Palo Alto, California 

� Complete Coverage in Electronic Test Instruments 
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EARLY SELF·PORTRAIT by Joey shows a robot made of elec· 

trical wires. The figure symbolizes the child's rejection of human 

116 

feelings. Reared by his parents in an utterly impersonal manner, 

he denied his own emotions because they were unbearably painful. 
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Joey: A"Mechanical Boy" 
A case history of a schizophrenic child who converted himself 

into. a "machine" because he did not dare be human. His story 

sheds light on emotional development in a mechanized society 

J
oey, when we began our work with 

him, was a mechanical boy. He 
functioned as if by remote control, 

run by machines of his own powerfully 
creative fantasy. Not only did he himself 
believe that he was a machine but, more 
remarkably, he created this impression 
in others. Even while he performed ac­
tions that are intrinsically human, they 
never appeared to be other than ma­
chine-started and executed. On the other 
hand, when the machine was not work­
ing we had to concentrate on recollect­
ing his presence, for he seemed not to 
exist. A human body that functions as 
if it were a machine and a machine that 
duplicates human functions are equally 
fascinating and frightening. Perhaps 
they are so uncanny because they re­
mind us that the human body can oper­
ate without a human spirit, that body 
can exist without soul. And Joey was 
a child who had been robbed of his 
humanity. 

Not every child who possesses a fan­
tasy world is possessed by it. Normal 
children may retreat into realms of 
imaginary glory or magic powers, but 
they are easily recalled from these ex­
cursions. Disturbed children are not al­
ways able to make the return trip; they 
remain withdrawn, prisoners of the in­
ner world of delusion and fantasy. In 
many ways Joey presented a classic ex­
ample of this state of infantile autism. 

At the Sonia Shankman Orthogenic 
School of the University of Chicago it is 
our function to provide a therapeutic 
environment in which such children may 
start life over again. I have previously 
described in this magazine the rehabili­
tation of another of our patients ["Schiz­
ophrenic Art: A Case Study"; SCIEN­
TIFIC AMERICAN, April, 1952]. This time 
I shall concentrate upon the illness, 
rather than the treatment. In any age, 

by Bruno Bettelheim 

when the individual has escaped into a 
delusional world, he has usually fash­
ioned it from bits and pieces of the 
world at hand. Joey, in his time and 
world, chose the machine and froze him­
self in its image. His story has a general 
relevance to the understanding of emo­
tional development in a machine age. 

Joey's delusion is not uncommon among 
schizophrenic children today. He 

wanted to be rid of his unbearable hu­
manity, to become completely auto­
matic. He so nearly succeeded in attain­
ing this goal that he could almost con­
vince others, as well as himself, of his 
mechanical character. The descriptions 
of autistic children in the literature take 
for their pOint of departure and com­
parison the normal or abnormal human 
being. To do justice to Joey I would 
have to compare him simultaneously 
to a most inept infant and a highly 
complex piece of machinery. Often we 
had to force ourselves by a conscious act 
of will to realize that Joey was a child. 
Again and again his acting-out of his 
delusions froze our own ability to re­
spond as human beings. 

During Joey's first weeks with us we 
would watch absorbedly as this at once 
fragile-looking and imperious nine-year­
old went about his mechanical existence. 
Entering the dining room, for example, 
he would string an imaginary wire from 
his "energy source"-an imaginary elec­
tric outlet-to the table. There he "in­
sulated" himself with paper napkins and 
finally plugged himself in. Only then 
could Joey eat, for he firmly believed 
that the "current" ran his ingestive ap­
paratus. So skillful was the pantomime 
that one had to look twice to be sure 
there was neither wire nor outlet nor 
plug. Children and members of our staff 
spontaneously avoided stepping on the 

"wires" for fear of interrupting what 
seemed the source of his very life. 

For long periods of time, when his 
"machinery" was idle, he would sit so 
quietly that he would disappear from 
the focus of the most conscientious ob­
servation. Yet in the next moment he 
might be "working" and the center of 
our captivated attention. Many times a 
day he would turn himself on and shift 
noisily through a sequence of higher 
and higher gears until he "exploded," 
screaming "Crash, crash!" and hurling 
items from his ever present apparatus­
radio tubes, light bulbs, even motors or, 
lacking these, any handy breakable ob­
ject. (Joey had an astonishing knack for 
snatching bulbs and tubes unobserved.) 
As soon as the object thrown had shat­
tered, he would cease his screaming and 
wild jumping and retire to mute, mo­
tionless nonexistence. 

Our maids, inured to difficult chil­
dren, were exceptionally attentive to 
Joey; they were apparently moved by 
his extreme infantile fragility, so strange­
ly coupled with megalomaniacal superi­
ority. Occasionally some of the appara­
tus he fixed to his bed to "live him" 
during his sleep would fall down in dis­
array. This machinery he contrived from 
masking tape, cardboard, wire and other 
paraphernalia. Usually the maids would 
pick up such things and leave them on 
a table for the children to find, or disre­
gard them entirely. But joey's machine 
they carefully restored: "Joey must have 
the carburetor so he can breathe." Simi­
larly they were on the alert to pick up 
and preserve the motors that ran him 
during the day and the exhaust pipes 
through which he exhaled. 

How had Joey become a human ma­
chine? From intensive interviews with 
his parents we learned that the process 
had begun even before birth. Schizo-
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GROWING SELF·ESTEEM is shown in this sequence of drawings. At left 

Joey portrays himself as an electrical "papoose," completely enclosed, 

suspended in empty space and operated by wireless sig. 

nals. In center drawing his figure is much larger, though 

phrenia often results from parental re­
jection, sometimes combined ambiva· 
lently with love. Joey, on the other hand, 
had been completely ignored. 

"I never knew I was pregnant," his 
mother said, meaning that she had al­
ready excluded Joey from her conscious­
ness. His birth, she said, "did not make 
any difference." Joey's father, a rootless 
draftee in the wartime civilian army, was 
equally unready for parenthood. So, of 
course, are many young couples. Fortu­
nately most such parents lose their in­
difference upon the baby's birth. But not 
Joey's parents. "I did not want to see or 
nurse him," his mother declared. "I had 
no feeling of actual dislike-I simply 
didn't want to take care of him." For the 
first three months of his life Joey " cried 
most of the time." A colicky baby, he 
was kept on a rigid four· hour feeding 
schedule, was not touched unless neces· 
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sary and was never cuddled or played 
with. The mother, preoccupied with her· 
self, usually left Joey alone in the crib 
or playpen during the day. The father 
discharged his frustrations by punishing 
Joey when the child cried at night. 

Soon the father left for overseas duty, 
and the mother took Joey, now a year 
and a half old, to live with her at her 
parents' home. On his arrival the grand· 
parents noticed that ominous changes 
had occurred in the child. Strong and 
healthy at birth, he had become frail and 
irritable; a responsive baby, he had be· 
come remote and inaccessible. When he 
began to master speech, he talked only 
to himself. At an early date he became 
preoccupied with machinery, including 
an old electric fan which he could take 
apart and put together again with sur· 
prising deftness. 

Joey's mother impressed us with a fey 

quality that expressed her insecurity, 
her detachment from the world and her 
low physical vitality. We were struck es· 
pecially by her total indifference as she 
talked about Joey. This seemed much 
more remarkable than the actual mis­
takes she made in handling him. Cer· 
tainly he was left to cry for hours when 
hungry, because she fed him on a rigid 
schedule; he was toilet· trained with 
great rigidity so that he would give no 
trouble. These things happen to many 
children. But Joey's existence never reg· 
istered with his mother. In her recollec· 
tions he was fused at one moment with 
one event or person; at another, with 
something or somebody else. When she 
told us about his birth and infancy, it 
was as if she were talking about some 
vague acquaintance, and soon her 
thoughts would wander off to another 
person or to herself. 
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New developments in +A 

.. 

the production, mar- . 

keting and uses of tin ' 

BUREAU 

A giant 55-gal. tin can is be­

ing successfully used to pack and ship 

fruit and vegetable concentrates. It 

might even replace the conventional 

No. 10 size tin can which has for so 

long supplied the food remanufactur­

ing market. Lining is of electrolytic tin 

plating. A special centrifugal spray 

process permits application of enamel 

over the tin-plate. 

Corrosive attack under severe 

atmospheric conditions is a serious 

problem now solved by two tin alloy 

coatings. A 75 tin-25 zinc coating has 

been used with considerable success 

on hydraulic brake parts and landing 

gear equipment. 25 tin-75 cadmium 

coated on reciprocating engine parts 

overcomes low corrosion resistance of 

normal steels. 

still under wireless control. At right he is able to picture the machine which controls him, 

and he has acquired hands with which he can manipulate his immediate environment. Organotin compounds, such 

as dibutyl tin dilaurate, are added as 

stabilizers to vinyl plastic sheet to 

When Joey was not yet four, his nurs­
ery school suggested that he enter a spe­
cial school for disturbed children. At the 
new school his autism was immediately 
recognized. During his three years there 
he experienced a slow improvement. Un­
fortunately a subsequent two years in a 
parochial school destroyed this progress. 
He began to develop compulsive de­
fenses, which he called his "preven­
tions." He could not drink, for example, 
except through elaborate piping systems 
built of straws. Liquids had to be 
"pumped" into him, in his fantasy, or he 
could not suck. Eventually his behavior 
became so upsetting that he could not be 
kept in the parochial school. At home 
things did not improve. Three months 
before entering the Orthogenic School 
he made a serious attempt at suicide. 

To us Joey's pathological behavior 
seemed the external expression of an 

overwhelming effort to remain almost 
nonexistent as a person. For weeks Joey's 
only reply when addressed was "Bam." 
Unless he thus neutralized whatever we 
said, there would be an explosion, for 
Joey plainly wished to close off every 
form of contact not mediated by ma­
chinery. Even when he was bathed he 
rocked back and forth with mute, en­
gine-like regularity, flooding the bath­
room. If he stopped rocking, he did this 
like a machine too; suddenly he went 
completely rigid. Only once, after 
months of being lifted from his bath and 
carried to bed, did a small expression of 
puzzled pleasure appear on his face as 
he said very softly: "They even carry 
you to your bed here." 

For a long time after he began to talk 
he would never refer to anyone by name, 
but only as "that person" or "the little 
person" or "the big persoll." He was UIl-

make it heat- and light-resistant when 

used as windows. 

A tin-plate printing machine 

handling 4-color work is reported by 

a British firm. It will inexpensively 

print full-color labels directly onto all 

sizes of cans up to one gallon in a 

single operation. The labels will with­

stand great extremes of temperature. 

Write today for more 

data on these items or 

for a free subscription to 

TIN NEWS-a monthly 

bulletin on tin supply. 

prices and new uses. 

The Malayan Tin Bureau 
Dept. 15C. 1028 Connecticut Ave .• Washington 6. D.C. 
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BOLEX 
REFLEX 

Perfect 16mm movie 
macro photography 
The Bolex H-16 Reflex is the ideal movie 
camera for macrophotography. Reflex sys­
tem enables you to view and focus through 
the shooting lens-eliminates parallax prob­
lems even in critical close-ups with exten­
sion tubes. Bolex extension tubes used in 
different combinations provide larger-than­
life photographs of very small objects. 
Other H-16 Reflex features include film 
rewind, built-in filter slot, settings for single 
frame use. Optional electric motor shown 
provides continuous 100 foot run at choice 
of five governed speeds. The Bolex H-16 
Reflex starts at $360.00. As shown, with 
Bolex Unimotor, Extension Tubes, Switar 
l" F:1.4 RX normal, Switar 16mm F:1.8 
RX wide angle, and Switar 50mm F: 1.4 RX 
telephoto lenses, $837.50. 

The Bolex 16mm professional 
titler serves as a precision optical bench 
for macrocinematography and other exact­

ing movie requirements. 
The camera cradle of the 
Bolex Titler permits rigid 
positioning of camera. 
Moveable lights allow ideal 

lighting control. Basic 
Bolex 16mm Titler, 
as shown, $169.50. 
(Camera illustrated 
optional at extra cost.) 

All prices include 
Federal Excise Tax 

applicable. 

E30L..E::>e 
PAILlARD Incorporated. 100 SIXTH AVENUE. NEW YORK 13, N. Y. 
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able to designate by its true name any­
thing to which he attached feelings. Nor 
could he name his anxieties except 
through neologisms or word contamina­
tions. For a long time he spoke about 
"master paintings" and "a master paint­
ing room" (i.e., masturbating and mas­
turbating room). One of his machines, 
the "criticizer," prevented him from 
"saying words which have unpleasant 
feelings." Yet he gave personal names to 
the tubes and motors in his collection of 
machinery. Moreover, these dead things 
had feelings; the tubes bled when hurt 
and sometimes got sick. He consistently 
maintained this reversal between ani­
mate and inanimate objects. 

In Joey's machine world everything, 
on pain of instant destruction, obeyed 
inhibitory laws much more stringent 
than those of physics. When we came to 
know him better, it was plain that in his 
moments of silent withdrawal, with his 
machine switched off, Joey was absorbed 
in pondering the compulsive laws of his 
private universe. His preoccupation with 
machinery made it difficult to establish 
even practical contacts with him. If he 
wanted to do something with a coun­
selor, such as play with a toy that had 
caught his vague attention, he could not 
do so: ''I'd like this very much, but first 
I have to turn off the machine." But by 
the time he had fulfilled all the require­
ments of his preventions, he had lost in­
terest. When a toy was offered to him, 

he could not touch it because his motors 
and his tubes did not leave him a hand 
free. Even certain colors were dangerous 
and had to be strictly avoided in toys 
and clothing, because "some colors turn 
off the current, and I can't touch them 
because I can't live without the cur­
rent." 

Joey was convinced that machines were 
better than people. Once when he 

bumped into one of the pipes on our 
jungle gym he kicked it so violently that 
his teacher had to restrain him to keep 
him from injuring himself. When she ex­
plained that the pipe was much harder 
than his foot, Joey replied: "That proves 
it. Machines are better than the body. 
They don't break; they're much harder 
and stronger." If he lost or forgot some­
thing, it merely proved that his brain 
ought to be thrown away and replaced 
by machinery. If he spilled something, 
his arm should be broken and twisted off 
because it did not work properly. When 
his head or arm failed to work as it 
should, he tried to punish it by hitting 
it. Even Joey's feelings were mechanical. 
Much later in his therapy, when he had 
formed a timid attachment to another 
child and had been rebuffed, Joey cried: 
"He broke my feelings." 

Gradually we began to understand 
what had seemed to be contradictory in 
Joey's behavior-why he held on to the 
motors and tubes, then suddenly de-

MACHINE·LIKE CONSTRUCTIONS controlled Joey's life. Shown here is the apparatus 

he built to "live him" as he slept. Other "machines" controlled his eating and elimination. 
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Corrosion frorit boiling mineral acids? 

TESTIIHAYNES"ALLOYS 

The low corrosion rates on the test specimen indicate 

the remarkable resistance of HAYNES alloys to mineral 

acids ... even at the boiling point. These alloys 

reduce corrosion damage and product contamination 

from mineral acids at all temperatures. You will 

find, too, that they have outstanding resistance to 

chlorides, halogens, mixed acids, and alkalies. 

The penetration rates shown on the disks were obtained 

as a result of laboratory tests. How closely will they 

match up with data obtained under actual operating 

conditions? You can find out for sure by testing them. 

We'll be glad to send you samples. But to narrow 

down the number, we suggest you send us a letter 

outlining your corrosion problem. For full information' 

on HAYNES corrosion-resistant alloys, their 

properties, forms, the corrosives they will resist, 

ask for a copy of our 104-page book. 

.A. ...... O'V"S 
HAYNES STELLITE COMPANY 

Division of 
Union Carbide Corporation 

Kokomo, Indiana 

The terms "Haynes" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 
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ELABORATE SEWAGE SYSTEM in Joey's drawing of a house 

reflects his long preoccupation with ext:retiol1. His obsession with 
sewage reflected intense anx,et,es produced by his early toilet­

training, which was not only rigid hut also COlnplete'.Y impersonal. 

strayed them in a fury, then set out im­
mediately and urgently to equip himself 
with new and larger tubes. Joey had 
created these machines to nm his body 
and mind because it was too painful to 
be human. But again and again he be­
came dissatisfied with their failure to 
meet his need and rebellious at the way 
they frustrated his will. In a recurrent 
frenzy he "exploded" his light bulbs and 
tubes, and for a moment became a hu­
man being-for one crowning instant he 
came alive. But as soon as he had as­
serted his dominance through the self­
created explosion, he felt his life ebbing 
away. To keep on existing he had im­
mediately to restore his machines and 
replenish the electricity that supplied his 
life energy. 

\V hat deep-seated fears and needs , underlay Joey's delusional system? 
We were long in finding out, for Joey's 
preventions effectivelv concealed the se-
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cret of his autistic behavior. In the mean­
time we dealt with his peripheral prob­
lems one by one. 

During his first year with us Joey's 
most trying problem was toilet behavior. 
This surprised us, for Joey's personality 
was not "anal" in the Freudian sense; 
his original personality damage had an­
tedated the period of his toilet-training. 
Rigid and early toilet-training, however, 
had certainly contributed to his anxie­
ties. It was our effort to help Joey with 
this problem that led to his first recog­
nition of us as human beings. 

Going to the toilet, like everything 
else in Joey's life, was surrounded by 
elaborate preventions. We had to ac­
company him; he had to take off all his 
clothes; he could only squat, not sit, on 
the toilet seat; he had to touch the wall 
with one hand, in which he also clutched 
frantically the vacuum tubes that pow­
ered his elimination. He was terrified 
lest his whole bod v be sucked down. 

To counteract this fear we gave him 
a metal wastebasket in lieu of a toilet. 
Eventually, when eliminating into the 
wastebasket, he no longer needed to 
take off all his clothes, nor to hold on to 
the wall. He still needed the tubes and 
motors which, he believed, moved his 
bowels for him. But here again the all­
important machinery was itself a source 
of new terrors. In Joey's world the gad­
gets had to move their bowels, too. He 
was terribly concerned that they should, 
but since thev were so much more pow­
erful than m�n, he was also terrified that 
if his tubes moved their bowels, their 
feces would fill all of space and leave 
him no room to live. He was thus always 
caught in some fearful contradiction. 

Our readiness to accept his toilet hab­
its, which obviously entailed some hard­
ship for his counselors, gave Joey the 
confidence to express his obsessions in 
drawings. Drawing these fantasies was 
a first step toward letting us in, however 
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water-lubricated GRAPHITARj{) 
(CARBON-GRAPHITE) 

bearings in "canned" motor pumps 

give exceptional performance in 

high-pressure, high temperature 

Special hermetically sealed motor-pumps, known 
also as "canned" motor pumps, were developed 
by Westinghouse Electric Corporation to handle 
radioactive water with zero leakage_ These same 
pumps have proven a convenient means of pump­
ing high temperature fluids for a number of 
nuclear reactors and other high pressure, high 
temperature fluid applications_ 

The thrust bearing utilized in the "canned" motor 
pump is a self-equalizing, water-lubricated, 
pivoted-pad bearing with inserted GRAPHITAR 
bearing surfaces_ The radial sleeve bearings are 
also made of GRAPHITAR and are designed to 
be lubricated by the pumped fluid only ___ in 
the case of pumps used in nuclear reactors, only 

fluid systems 

radioactive hot water is employed as lubrication_ 

GRAPHITAR is utilized extensively in tough 
applications because of its many unusual proper­
ties_ It is non-metallic, resists chemical attack, has 
self-lubricating properties, a low coefficient of fric­
tion, is mechanically strong, hard as steel and 
lighter than magnesium_ GRAPHIT AR will not 
warp and shows no expansion or contraction in 
extreme temperature changes_ 

This versatile engineering material, 
GRAPHITAR, may well solve one of your 
difficult design problems. For further in­
formation on GRAPHITAR and its many 
applications, send for our engineering 
manual No. 20. 

R-266-1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WI CKES COR POR ATION, SAGIN AW 6, MICHIGAN 

GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDERED METAL PARTS • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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GROWING AUTONOMY is shown in Joey's drawings of the imaginary "Carr" (car) 

family, Top drawing shows a machine which can move but is unoccupied. Machine in center 

is occupied, but by a passive figure. In bottom drawing figure has gained control of machine. 
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distantly, to what concerned him most 
deeply. It was the first step in a year­
long process of externalizing his anal 
preoccupations. As a result he began 
seeing feces everywhere; the whole 
world became to him a mire of excre­
ment. At the same time he began to 
eliminate freely wherever he happened 
to be. But with this release from his in­
fantile imprisonment in compulsive 
rules, the toilet and the whole process of 
elimination became less dangerous. Thus 
far it had been beyond Joey's compre­
hension that anybody could possibly 
move his bowels without mechanical aid. 
Now Joey took a further step forward; 
defecation became the first physiological 
process he could perform without the 
help of vacuum tubes. It must not be 
thought that he was proud of this ability, 
Taking pride in an achievement pre­
supposes that one accomplishes it of 
one's own free will. He still did not feel 
himself an autonomous person who 
could do things on his own. To Joey def­
ecation still seemed enslaved to some 
incomprehensible but utterly binding 
cosmic law, perhaps the law his parents 
had imposed on him when he was being 
toilet-trained. 

It was not simply that his parents had 
subjected him to rigid, early training. 
Many children are so trained. But in 
most cases the parents have a deep emo­
tional investment in the child's perform­
ance. The child's response in turn makes 
training an occasion for interaction 
between them and for the building of 
genuine relationships. Joey's parents had 
no emotional investment in him. His 
obedience gave them no satisfaction and 
won him no affection or approval. As a 
toilet-trained child he saved his mother 
labor, just as household machines saved 
her labor. As a machine he was not loved 
for his performance, nor could he love 
himself. 

S o it had been with all other aspects 
of Joey's existence with his parents. 

Their reactions to his eating or noneat­
ing, sleeping or wakening, urinating or 
defecating, being dressed or undressed, 
washed or bathed did not flow from 
any unitary interest in him, deeply 
embedded in their personalities. By 
treating him mechanically his parents 
made him a machine. The various func­
tions of life-even the parts of his body­
bore no integrating relationship to one 
another or to any sense of self that was 
acknowledged and confirmed by others, 
Though he had acquired mastery over 
some functions, such as toilet-training 
and speech, he had acquired them sepa-
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Q. Why are Grape Growers 

A. Exciting advances in both fields are directly 
related to chemical progress pioneered by Merck. Thanks 
to GIBREL®-Merck's new plant growth stimulant­
grape growers are able to increase berry size and crop 
yield by as much as 50%. Farmers everywhere are vitally 
interested in more efficient crop production with GIBREL. 
Its "vitamin-like" action triggers normal growth in 
many plants by supplementing the growth-promoting 
substances naturally found in plants. 

Another Merck chemical, MAGLITE® Y, meets the 
special processing requirements of the rubber industry's 

er Researchers? 

most important new synthetic-a heat-resistant elas­
tomer with promising applications in jet aircraft tires 
and other rubber products that must perform under 
extremely high temperatures. A reactive magnesium 
oxide, MAGLITE is also available in D, K and M grades 
that are particularly well suited for various product or 
processing needs of many different elastomers. 

MAG LITE and GIBREL are representative of Merck 
research and production that speed progress in nearly 
every field served by chemistry. For technical informa­
tion bulletins on either product write to Departmen t SA-1 

MERCK & CO., INC . •  Chemical Division. Rahway, New Jersey 

@Merck & Co., Inc. GIBREL® and MAGLITE® are registered trademarks of Merck & Co., Inc. 
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��""'��"""ftlC: 
� ELECTRONIC-OPTICAL RECORDER 

It Catalog of Ideas" 
This Catalog describes the new Datasync 

multi-channel magnetic tape Recorder 

which also takes a motion-picture on 

the same Photo-Tape! 

If you are engaged in Data Recording 

for Military or Civilian Applications, 

and want to know more about this new 

"breakthrough", we will send you 

without charge this 40 page color 

"Catalog of Ideas" _ Please request on 

your official or business letterhead_ 

This Catalog is available to others at 

our cost of Three Dollars each_ 

�"r'.A:t.S;;'V"IVC:: 
Electronic-Optical Recording Systems 

are priced at $12,000.00 and up. 

��""'��"""ftlC: 
� A DIVISION OF 

BERNDT-BACH, INC. 
6936 Romaine Street I HO-2 Jtt/fI 
Los Angeles 38, Calif. 0931 � 

ELECTRONIC-OPTICAL INSTRUMENTS SINCE 1931 
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GENTLE LANDSCAPE painted by Joey after his recovery symbolizes the human emotions 

he had regained. At 12, having learned to express his feelings, he was no longer a machine. 

rately and kept them isolated from each 
other. Toilet-training had thus not 
gained him a pleasant feeling of body 
mastery; speech had not led to com­
munication of thought or feeling. On the 
contrary, each achievement only steered 
him away from self-mastery and integra­
tion. Toilet-training had enslaved him. 
Speech left him talking in neologisms 
that obstructed his and our ability to re­
late to each other. In Joey's development 
the normal process of growth had been 
made to run backward. Whatever he 
had learned put him not at the end of 
his infantile development toward inte­
gration but, on the contrary, farther be­
hind than he was at its very beginning. 
Had we understood this sooner, his first 
years with us would have been less 
baffling. 

It is unlikely that Joey's calamity 
could befall a child in any time and 
culture but our own. He suffered no 
physical deprivation; he starved for hu­
man contact. Just to be taken care of is 
not enough for relating. It is a necessary 
but not a sufficient condition. At the ex­
treme where utter scarcity reigns, the 
forming of relationships is certainly 
hampered. But our society of mecha­
nized plenty often makes for equal diffi­
culties in a child's learning to relate. 
''''here parents can provide the simple 
creature-comforts for their children only 
at the cost of significant effort, it is like­
Iv that they will feel pleasure in being 
�ble to provide for them; it is this, the 
parents' pleasure, that gives children a 
sense of personal worth and sets the 

process of relating in motion. But if com­
fort is so readily available that the par­
ents feel no particular pleasure in win­
ning it for their children, then the chil­
dren cannot develop the feeling of being 
worthwhile around the satisfaction of 
their basic needs. Of course parents and 
children can and do develop relation­
ships around other situations. But mat­
ters are then no longer so simple and 
direct. The child must be on the receiv­
ing end of care and concern given with 
pleasure and without the exaction of re­
turn if he is to feel loved and worthy of 
respect and consideration. This feeling 
gives him the ability to trust; he can 
entrust his well-being to persons to 
whom he is so important. Out of such 
trust the child learns to form close and 
stable relationships. 

For Joey relationship with his parents 
was empty of pleasure in comfort-giv­
ing as in all other situations. His was 
an extreme instance of a plight that 
sends many schizophrenic children to 
our clinics and hospitals. Many months 
passed before he could relate to us; his 
despair that anybody could like him 
made contact impossible_ 

When Joey could finally trust us 
enough to let himself become more 

infantile, he began to play at being a 
papoose. There was a corresponding 
change in his fantasies. He drew end­
less pictures of himself as an electrical 
papoose. Totally enclosed, suspended in 
empty space, he is run by unknown, un­
seen powers through wireless electricity 
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New 
G-E silicone 
rubber 
cures at 
room 
temperature 

General Electric's new RTV (room 
temperature vulcanizing) rubber 
cures in any time you select up to 48 
hours. It resists heat up to 600'F 
and has excellent electrical proper· 
ties. Among its present uses are: 

Sealing and Caulking 

RTV compounds form excellent bonds 
to primed metal, plastics and glass. 
They are ideal for in· place sealing 
and caulking where resistance to tem· 
perature extremes, solvents or ozone 
is required. Silicone rubber parts can 
be bonded with RTV compounds for 
"on-the-spot" repairs. 

�--.;a 
Potting and Encapsulating 
Electronic Assemblies 

RTV compounds are 100% solids 
(solvent·free), cure with negligible 
shrinkage and no voids. They have 
the outstanding heat resistance and 
electrical characteristics of silicone 
rubber. With RTV, you can easily 
cushion delicate assemblies against 
shock and seal them from moist or 
corrosive atmospheres. 

MO"MOk;"�® 
The unusual dimensional accuracy of 
RTV compounds has led to their use 
in duplicating complicated parts for 
low cost tooling. RTV's flexibility 
makes it easy to remove parts from 
a mold. It will release epoxy and 
epon resins without a release agent. 

Can you put this s uperior RTV 
silicone rubber to work for you? For 
more information and a free sample, 
w rite General El ect ric Company, 
Silicone Products Dept., Section 
R5CC3, Waterford, N. Y. 

GENERAL . ELECTRIC 
Silicone Products Dept., Waterford, N. Y. 

[see illustration at left on pages 118 ' 
and 119]. 

As we eventually came to understand, 
the heart of Joey's delusional system was 
the artificial, mechanical womb he had 
created and into which he had locked 
himself. In his papoose fantasies lay the 
wish to be entirely reborn in a womb. 
His new experiences in the school sug­
gested that life, after all, might be 
worth living. Now he was searching for 
a way to be reborn in a better way. Since 
machines were better than men, what 
was more natural than to try rebirth 
through them? This was the deeper 
meaning of his electrical papoose. 

As Joey made progress, his pictures of 
himself became more dominant in his 
drawings. Though still machine-oper­
ated, he has grown in self-importance 
[see middle illustration on pages 118 
and 119]. Another great step forward 
is represented in the picture at right on 
the same two pages. Now he has ac­
quired hands that do something, and 
he has had the courage to make a pic­
ture of the machine that runs him. 
Later still the papoose became a per­
son, rather than a robot encased in glass. 

Eventually Joey began to create an 
imaginary family at the school: the 
"Carr" family. Why the Carr family? In 
the car he was enclosed as he had been 
in his papoose, but at least the car was 
not stationary; it could move. More im­
pOltant, in a car one was not only driven 
but also could drive. The Carr family 
was Joey's way of exploring the possi­
bility of leaVing the school, of living with 
a good family in a safe, protecting car 
[see illustrations on page 124]. 

Joey at last broke through his prison. 
In this brief account it has not been pos­
sible to trace the painfully slow process 
of his first true relations with other hu­
man beings. Suffice it to say that he 
ceased to be a mechanical boy and be­
came a human child. This newborn child 
was, however, nearly 12 years old. To 
recover the lost time is a tremendous 
task. That work has occupied Joey and 
us ever since. Sometimes he sets to it 
with a will; at other times the difficulty 
of real life makes him regret that he ever 
came out of his shell. But he has never 
wanted to return to his mechanical life. 

One last detail and this fragment of 
Joey's story has been told. When Joey 
was 12, he made a Boat for our Memorial 
Day parade. It carried the slogan: "Feel­
ings are more important than anything 
under the sun." Feelings, Joey had 
learned, are what make for humanity; 
their absence, for a mechanical exist­
ence. With this knowledge Joey entered 
the human condition. 
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ELECTRONICS / EXPANDING THE FRONTIERS 

Significant contributions to the advancement of the state 
of the art in electronics have been made by Lockheed 
engineers and scientists. As manager of important missile 
and weapon systems, the Division has solved a variety of 
problems in the electronics field. These include: com­
puter development; telemetry; radar and data link; trans­
ducers and instrumentation; microwave devices; antennas 
and electromagnetic propagation and radiation; ferrite 
and MASER research; solid state electronics, including 
devices, electro-chemistry, infrared and optics; and data 
reduction and analysis. 

Over one-fifth of the nation's missile-borne telemetering 
equipment was produced by Lockheed last year. Its PAM / 
FM miniaturized system provides increased efficiency at 
one-fourth the weight of FM/FM missile-borne systems. 

Advanced development work in high-energy batteries 
and fuel cells has resulted in a method for converting 
chemical energy directly into electrical power that prom­
ises a fuel utilization of almost 100% and an energy con­
version efficiency of 70% or better. 

Areas of special capability in computer development 
include the design of large scale data handling systems; 
development of special purpose digital computing and 

analog-digital conversion devices; development of high 
speed input-output equipment; and advanced research in 
computer technology, pattern recognition, self-organizing 
machines, and information retrieval. 

Other major developments are: a digital flight data 
recorder able to record each of 24 channels every few 
seconds; digital telemetry conversion equipment to reduce 
telemetered test data to plotted form rapidly and inexpen­
sively; advancements in the theory of sequential machines; 
and a high speed digital plotter that can handle some four 
thousand points per second with the finished plot pro­
grammed into the data tape as a continuous curve. 

Lockheed Missiles and Space Division is engaged in all 
fields of the art-from concept to operation. Its programs 
reach far into the future and deal with unknown environ­
ments. It is a rewarding future which scientists and engi­
neers of outstanding talent and inquiring mind are invited 
to share. Write: Research and Development Staff, Dept. 
C-36, 962 W. El Camino Real, Sunnyvale, California. 

"The organization that contributed most in the past year 
to the advancement of the art of missiles and astro­
nautics" -NATIONAL MISSILE INDUSTRY CONFERENCE AWARD. 
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OF SPACE TECHNOLOGY 

lllt:klllllld 
MISSILES AND SPACE 

DIVISION 

SUNNYVALE, PALO ALTO, VAN NUYS, 

SANTA CRUZ, SANTA MARIA, CALIFORNIA 

CAPE CANAVERAL, FLORIDA. ALAMOGORDO, NEW MEXICO 

(top left) 6" miniaturized TV camera, a Lockheed 
first in both the missile and lelevision fields. 

(top right) Automatic Checkout and Readiness 
Equipment ("ACRE") system developed 
by Lockheed combines outstanding 
performance at lowest cost in the 
industry. It includes internal, stored 
programs; magnetic drum memory and 
internal self-verification and has wide 
commercial application as well as for 
weapons systems. 

(below) The Division's $3,500,000 
advanced computer center is the most 
modern in the world. Equipment includes 
8 analog computers and 2 Univac 
11 03A digital computers with 
complete support equipment. 
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Frequency Time Standar d  
instrum ents, selected by 
Smithsonian Institute to 
c l o c k  s a t e l l i t e s, a r e  
e q u i p p e d  w i t h  N e w  
Departure ultro - precise 
b a l l  b e a rings.  

Photos: Courtesy Ernst Norman Laboratories 
and Bodine E lectric Co. 

Ultra Precise Bo// Bearings 
Help '�/ock// A Sate/lite .' 

CUSTOMER P R O BLEM: 
Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro­
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 

SOLUTION:  
N ID Sales Engineers studied special bearing 
requirements, and recommended New Depar­
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . .  thanks to New Depar­
ture's advanced equipment for research, de vel-

opment and production. N ID equipped micro­
clocks, selected by the Smithsonian Institute, 
are operating in a dozen locations around the 
world right now, keeping track of vital satellite 
movements . . . to accuracies of one milli­
second and better ! 

If you're manufacturing or designing electric 
motors for any high precision applications, 
including instruments, why not call on New 
Departure? N ID engineering and research 
facilities are turning out the latest in high 
pre c i s i o n  instrument b a l l  b e a r i n g s  a n d  
advanced ball bearing designs. For more 
information write Department B-3.  

N EVV E PA RTU R E  

o I V I S I O N 0 F G E N E  R A 
L L�'N� R:<� :: ... 'BA<� R 1 S T 0 L , C O N N . 
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LONG EARTHQUAKE WAVES 

Seismologists are tuning their instruments to record earth lTIotions 

,vith periods of one minute to an hour and amplitudes of less than 

.01 inch. These ,,�aves tell rnLLch about the earth's crust and Inantle 

11he hi-fi enthusiast who has strug­
gled to Improve the response of 
hiS eljUlpment 1I1 the bass range at 

around 20 cycles per second will have a 
fellow· feeling for the seismologist who 
IS -attempting to tune hiS instruments to 
the lon gest earthquake waves. But where 
hi-fi deals in cycles per second, seisrnolo-· 
gy measures its frequencIes 111 seconds 

by Jack Oliver 

per cycle. A relatIvely short earthquake 
wave has .1 duration of 10 seconds. At 
present the most informative long waves 
have periods of 15 to 75 seconds from 
crest to crest. With more advanced in­
strumen ts seismologists hope soon to 
study 450-second waves_ The longest so 
far detected had a penod of 3,400 sec­
onds--nearly an hour! Since these long 

earthquake waves travel at .9 to 2.8 
miles per second, they lange in length 
from 10 miles up to the 8 ,000-mile length 
of the earth's diameter. Thea- amplitude, 
however, is of an entIrely different order: 
one of these waves displaces a point on 
the surface of the em th at some distance 
from the shock by no more than a hun .. 
dredth of an inch, even when excited by 

SUBTERRANEAN TOPOGRAPHY of the North American con­
tinent is being plotted by study of surface earthquake waves, which 
reveal boundary between the crust and tbe mantle. The heavy black 
curve traces this boundary. Tbe dots on the Curve are the points 

at which the depth of the boundary was established. The surface of 
the earth is curved in the scale of the diagram. The vertical scale' 
of the topography and of the crust and mantle below, however, are 
exaggerated 20 times. The numbers at top are degrees of IOl1lJiitude. 
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earthquakes of the greatest magnitude. 
To measure such a small motion that 
takes such a long time presents one of the 
most challenging tasks of instrumenta­
tion to be encountered anywhere in mod­
ern science. 

The seismologist has important rea­
sons for going to all this trouble-in con­
trast, perhaps, to the true votary of hi-fi 
who regards frequencies as ends in 
themselves. From the shorter-period 
seismic waves that travel through the in­
terior of the earth we have developed a 

remarkably full picture of the structure 
of our planet. These "body waves" have 
distinguished the concentric spheres of 
the earth's crust, mantle and core, and 
have given us a measure of the densities 
and the states of matter that prevail un­
der the ascending pressures toward the 
earth's center. Now the long waves are 
adding a new dimension to our knowl­
edge. They are surface waves, analogous 
to the ripples on the surface of a pond, 
which radiate from the center of a dis­
turbance. Although only a few observa­
tories are equipped to record them well, 
the long waves have already helped to 
establish one of the most significant facts 
we know about our planet. Under the 
continents the earth's crust reaches dowll 
to depths of 25 miles; under the oceans 
the crust is but three or four miles thick. 
Thus the boundary between crust and 
mantle, the so-called Mohorovicic dis­
continuity, lies only 9 or 10 miles below 
the surface of the ocean, and the "inside" 
of the earth is closer to the surface than 
we had thought [see illustration on page 
137]. 

So far as we know all major earth­
quakes are associated with the rupturing 
or faulting of the rock in the crust or 
mantle. Except in the very strongest 
shocks the rupturing process takes but a 
few seconds and occurs along a fault line 
only 10 or 20 miles in length. The orig­
inal disturbance is limited in space and 
time, yet it excites vibrations in a wide 
spectrum of wavelengths throughout the 
entire earth. The body waves, which 
penetrate deep into the earth and return 
to the surface bearing information about 
the interior, are of two types. One is the 
compression (P) wave, in which the par­
ticle motion is in the direction of the 
wave; the other is the shear (S) wave, 
in which the motion is at right angles to 
the line of travel. The fact that the core 
does not transmit this second wave con­
stitutes the principal evidence for the 
idea that its structure is nonrigid or 
"liquid." 

The surface waves are also of two 
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SEISMIC SURFACE WAVES are of two kinds, the Rayleigh wave (above) and the Love 
wave (opposite page). The Rayleigh wave moves in the vertical plane like a ripple, as shown 

TO GALVANOMETRIC RECORDER 

N 

SEISMOMETERS are of two types, the inertial seismometer (above) and the strain·gauge 
seismonleler (opposite page). The inertia] instrument measures the motion of the earth with 
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by the gray line. The black dots on the ellipses show the retrograde 
motion of any given surface particle in the path of the wave. In the 

respect to a large mass (black rectangle) suspended from a weak 
spring. The strain seismometer measures the motion o,f one pier 

Love wave the motion of a particle is in the horizontal plane and 
at right angles to the direction in which the wave is propagated. 

TO GALVANOMETRIC RECORDER 

set in the earth with respect to the end of a rigid'bar attached to 
a second pier that is fixed in the earth some' distance from the first. 
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MASTERING THE MOLECULE • • •  WITH ELECTRON MICROSCOPY 

RCA Electron Microscope aids Parke-Davis 

to develop large-scale poliomyelitis vaccine 

In developing a large-scale method of poliomyelitis vaccine preparation, an 
RCA Electron Microscope enabled Parke-Davis virologists to positively 
identify isolated polio virus. From this achievement stemmed much useful 
information regarding the morphological and anatomical characteristics 
of the polio virus. 

Virus research is but one of the varied fields in which the RCA Electron 
Microscope is aiding man's quest for knowledge. The ability to produce 
direct electron image magnifications up to 200,000, a convenient grouping of 
controls, and the automating of many operations contribute to its high 
efficiency and assure adjustment ease and operating simplicity. These, plus 
unique high-speed vacuum system, amazing stability and radio-frequency 
power supply, are features that have made the RCA Electron Microscope 
the most widely accepted instrument of its kind. The usefulness of these 
microscopes has been further extended by a newly developed Electron 
Diffraction Chamber which permits both transmission and reflection electron 
diffraction studies on all EMU electron microscopes. 

Also of vital importance in the sphere of research and development are 
the world's most versatile x-ray diffraction and spectroscopy instruments 
now offered by RCA. 

Both installation supervision and contract service to keep your instrument 
operating at peak efficiency are available from the RCA Service Company. 

Photomicrograph of poliomyelitis virus 

(Mahoney strain) magnified 65,OOOX. 

Made by Dr. A. R. Taylor of Parke· Davis 

& Company, Detroit, Michigan. 

8.",. 
Full particulars on request. Write to RCA, Dept. R-ll1 , Building 15-1, 

Camden, N.J. In Canada: RCA VICTOR Company Limited, Montreal. 

RADIO CORPORATION 0' AMERICA 
CAMDEN, N. J. 
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kinds. During the pas�age of the Love 
wave (named for its 19th-century dis­
coverer A. E. H. Love) the ground vi­
brates horizontally at right angles to the 
direction of the wave. The Rayleigh 
wave (named for Lord Rayleigh, who 
described it in 1900) more closely re­
sembles a ripple in water; when it passes 
a point on the surface, the pOint moves 
around an ellipse in a direction parallel 
but opposite to the direction of the wave 
[see illustration at top of preceding two 

pages]. Though they move through the 
earth simultaneously, the two waves are 
not associated in any way. On the seis­
mograph they record complementary but 
different information. 

The surface waves that reach the seis­
mological observatory are characteristi­
cally long because the shorter-period 
components of the original disturbance 
tend to die out on the way. It is not 
known for sure whether body waves con­
tain components of longer period. In any 

case, it was around the body waves of 
shorter period that most of the instru­
mentation of seismology was designed. 

The basic instrument is a mass sus­
pended from a weak spring [see illustra­
tion at the bottom of page 132]. With 
different suspensions the mass may be 
used to measure either the vertical or 
the horizontal component of a seismic 
wave. Because of its inertia the mass 
tends to remain fixed in space; when a 
seismic waves passes, the loose coupling 

INNER 
CORE 

OUTER CORE MANTlE 

�---'""T"--- 4,000 MILES-;----------;'I 
IE--------;-3,100 MILES -----'-� 

INTERNAL STRUCTURE OF THE EARTH is revealed by earth­
quake waves. Body waves penetrating deep into the earth have 
resolved the discontinuities in elasticity which differentiate the 

inner core, the outer core, the mantle and the crust. Surface waves 
have now established that the boundary between the mantle and 
�l'Ust lies much deeper below the continents than below the sea. 
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"SOLAR" BLIND MULTIPLIER 

PHOTOSENSITIVE DEVICES 
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HIGH RESOLUTION CATHODE-RAY TUBES 

from 

CATHODE-RAY TUBE ENGINEERING DEPARTMENT 

A family of cathode-ray tubes, practical to operate, 

loW in price and consistentlY able to produce a spot 

size of less than .001" are noW available 

in 3-, 5- and 7-inch diameter tubes. 

RUGGEDIZED DIRECT VIEW STORAGE 

STORA 
t'rom TUBE 

A comp�� 
TUBE ENGINEERING D 
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ULTRA-FINE GRAIN SCREEN 

from 

PHOSPHOR RESEARCH AND DEVELOPMENT ENGINEERING 

An extremely,fine grain phosphor screen capable 

of resolving a .001" spot with minimum conical dispersion 

and electrically stable has been created to take 

advantage of new Du Mont electron gun design • 

• . •  These are just a few of many new Du Mont developments. 

Tell us your specific tube requirements • • •  
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of the spring permits the earth to move 
with respect to the mass and insulates the 
mass from the disturbance. Measurement 
of the movement of the earth relative to 
the mass reveals the motion of the earth 
at the station. 

Unfortunately the inertial seismome­
ter works well only for those waves that 
are shorter than its own natmal frequen-

cy, or free period of oscillation. It is diffi­
cult to construct an instrument with a 
free period greater than 15 seconds, espe­
cially for the measurement of the vertical 
component of ground motion. Recently 
ingenious new ways of suspending the 
inertial mass and damping its motion 
have doubled this figure, and a few test 
instruments have operated with a period 

----------------------

SEDIMENTS ' " : ,,:." . 
. " '" .": 

of oscillation as great as 100 seconds. 
The poor response of the seismometer 

at longer periods may be offset by using 
a device to detect the relative motion of 
the earth that favors those periods. The 
usual instrument is a galvanometer, 
which is coupled to the seismometer by 
a coil mounted on the mass and operat­
ing in the field of a magnet fixed to the 

THICKNESS OF THE CRUST has been shown by surface waves 
to vary sharply as between the oceans and the continents. The 
boundary between the mantle and the crust lies only seven miles 

below sea level; subtracting average depth of the ocean and sedi. 
ments the suboceanic crust is only 3.5 miles thick. Crust below con· 
tinents goes down some 25 miles, plunging deeper under mountains. 
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TRAIN OF SEISMIC WAVES, as recorded on seismometer, shows 

how variation in velocity disperses waves excited in same instant 

by earthquake. Longer waves (di,regard high.frequency "noise") 

register in first minutes (left) ; shorter waves come minutes later. 

earth [see illustmtion at bottom of page 
132]. In the galvanometer the current 
generated by the earth motion energizes 
an electromagnet which then rotates be­
cause it is suspended in the field of a 
permanent magnet. Here again large in­
ertias, weak coupling and damping can 
achieve a long-period response. At the 
Lamont Geological Observatory of Co­
lumbia University an instrument de­
signed by Maurice Ewing and Frank 
Press successfully combines a 15-second 
seismometer with a 75-second galvanom­
eter; it has recorded seismic waves of 
480 seconds' duration. The observatory 
now has 30-second and 100-second com-
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binations in routine operation, await­
ing signals from the next major earth­
quake. 

An entirely different type of instru­
ment is the strain seismometer, devel­
oped by Hugo Benioff of the California 
Institute of Technology. This instrument 
measures the change in distance (the 
earth "strain") between a pier set in the 
earth and the free end of a long rigid rod 
attached to another pier set in the earth 
at a distance of 50 to 100 feet. Inherently 
more responsive to long waves, its per­
formance may also be improved by a 
long-period galvanometer. T�1e strain 
seismometer has traced waves of 300 
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seconds on several occasions, and has 
evidenced its great potential in register­
ing the record 3,400-second wave. At 
present only a few stations have strain 
seismometers, and they are equipped to 
measure only the horizontal components 
of earth strain. A pair of strain seis­
mometers arrayed at right angles to each 
other will produce a fuJI record of a Love 
wave but will register only the hori­
zontal motion set up in the earth by a 
Rayleigh wave. 

Waves of different length become 
vehicles for information about the 

rock through which they pass because 

MANTLE I CORE 
I 
I 
I 
I 
I 

/1· 
MANTlE RAYlEIGH 
-- ./ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

200 300 400 500 1.000 

RA YLEIGH·W AVE VELOCITIES (vertical coordinate) show vari. 

ation in character of rock below the surface. Waves of greater length 

(horizontal coordinate) "feel" the rock at greater depth. The higher 

velocity of the shorter and shallower oceanic waves, of periods 

from 75 down to 15 seconds, shows that higher·density mantle rock 

comes closer to the surface. The lower velocity of continental sur· 

face waves starting at 75 seconds, and hence at great depth, reflects 

the lesser density of the thick layer of continental crustal rock. 
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PARAMOUNT BUILDING, TIME:S SOUARE:, NE:W YORK 36. N. y. BRYANT 9·8700 

Eighteen months ago Autometric announced that it 

holds "proprietary rights in and manufactures apparatus 

for pre-programmed control of actual universes, particularly 

where wayward or inimical autochthons cause capricious 

responses to control stimuli. " 

This statement was an appeal to those scientists who 
recognized its precise technical language to join us. Their 

response was gratifying. 

With their aid, Autometric's capabilities for getting 

answers simply and directly have been developed. These 

have been proven by numerous flights and by geophysical 

measurements which were then compared with the best 

previous work of many men with analogue and digital aids. 

As a result, we now hold large prime contracts for 

geophysical work in partnership with several of America's 

largest corporations. We are being requested to become 

active in other projects of unusual size and significance. 

We face difficult practical problems of expansion. 

In handling these masses of complex data, we have 

problems of rapid computation and of miniaturized storage 
and presentation of undigitalized information and abstractions 

therefrom. 

Basically however, we are working beyond such problems 

since the tough practical decisions demanded by the 

work-a-day world seem invariably to present themselves in 
terms of conflicting and incoherent data. A best decision under 

such conditions is our goal. 

We would like to hear from individuals and organizations 

whose capabilities and experience will be of help to us. Please 

write in confidence to Robert Dressler, Vice President. Your 

inquiry will receive personal attention. We are a family of 

people, not an institution. 
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FREE OSCILLATIONS of the earth in its natural frequencies of 

long period may set up standing waves of several forms. In the 

radial mode (left) the motion of particles is along the radii of the 

earth in a series of compression waves resembling sound waves. In 

the "football" mode (right) the earth alternately assumes the pro· 

late (long axis vertical) and oblate (long axis horizontal) form. 

they travel at different speeds and arrive 
at different times. An earthquake liber­
ates waves of a wide range of periods at 
about the same time. Though the Love 
and Rayleigh waves are confined to the 
surface, they probe-in a sense, "feel"-a 
depth that depends upon their length. 
Since the elastic properties of the earth 
generally increase with depth, the waves 
of greater length travel faster, often more 
than twice as fast, as the shorter, shal­
lower and slower waves. The seismo­
graph station some distance from the 
cluake thus records not a sudden im­
pulsive disturbance, but a long train of 
waves, sometimes lasting several min­
utes and sometimes several hours, de­
pending upon the paths the waves have 
severally traversed. The long-period 
waves, traveling quickest, arrive earliest. 
A seismogram recording a typical dis­
persed wave-train is reproduced at top 
of page i38. 

The record of the arrival times of 
waves of different length, plus knowl­
edge of the time and location of the 
earthquake, make it possible to compute 
the individual and average velocity of 
waves along the great-circle path be­
tween the quake and the station. The 
velocities provide a measure of the elas­
ticity and, for practical purposes, the 
density of the rock. Thus seismic-wave 
spectroscopy yields an analysis of the 
earth's interior structure. 

From observation of a number of 
earthquakes Ewing and his collaborators 
have charted the relation between wave-
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length, depth and velocity for Rayleigh 
waves of periods from 3 to 480 seconds 
[see illustmtion at bottom of page 138]. 
The chart shows a sharp divergence be­
tween the waves of 75 seconds or less 
duration that arrived at the Lamont Ob­
servatory, near New York City, via 
oceanic and continental pathways. From 
periods of 75 seconds down to 15 sec­
onds the velocity of the oceanic waves 
maintains a high level and then drops 
off to an extremely low value. This curve 
shows us that mantle rock of relatively 
high elasticity, through which waves 
travel at high velocity, lies at a very 
shallow depth: only 10 miles below the 
surface of the ocean. The abrupt fall in 
the curve at 15 seconds marks the transi­
tion to the less elastic rock of the crust 
and shows the crust to be only three or 
four miles thick. Then, because com­
pression waves in the ocean water and 
unconsolidated bottom sediments load 
the vertical component of the Rayleigh 
waves, the velocity decays to extremely 
low values. The slope of the curve in this 
region gives three miles as the combined 
depth of the water and the sediments. 
Subtracting the average depth of the 
ocean obtained from soundings, we find 
that the sediments range from a quarter 
to a half mile in thickness. 

The velocity-period curve for waves 
traveling across continents falls below 
the ocean curve at 75 seconds. This 
curve tells us that the lower-velocity 
crustal rock must go down to great 
depths beneath the surface of the conti-

nents. The falling off of the continental 
velocity curve at 75 seconds places the 
boundary between mantle and crust­
the Mohorovicic discontinuity-at a 

depth of 20 to 25 miles. This substantial 
contrast in the thickness of the crust as 
between the continents and the oceans 
had been indicated by explosion sound· 
ings at a few discrete points at sea and 
on land. Surface-wave records during 
the past few years have now established 
that the crust beneath the oceans is uni­
formly thin. 

Though surface-wave seismology rests 
upon techniques for measurement of 

long waves, it is apparent that the short­
er surface waves, which "feel" the rock 
at shallower depths, hold great interest 
for us. They can tell us much of what 
we want to know about the crust and 
upper mantle. Moreover, seismic waves, 
like waves of all other kinds, increase in 
resolving power with decrease in length; 
they can "see" structures of dimensions 
comparable to their own length. They 
should thus deliver quite fine-grained in­
formation, for example, on variations in 
the density of continental rock. Unfor­
tunately their very capacity to resolve 
structural detail causes them to be scat­
tered and absorbed when they encoun­
ter such details. The earth, in effect, 
filters out the short waves and transmits 
the long. However, just as an organ pipe 
or violin string may vibrate in harmonics 
as well as in a fundamental frequency, so 
may the surface waves. Such higher-
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" Man-Machine Relations�ips 
a Growing Field for OperatIons Research 

Mathematicians, Physicists and Engineers with experience or 

strong interest in Operations Research on large-scale automated 

systems will be interested in the major expansion program at 

System Development Corporation. 

SDC's projects are concerned primarily with man-machine rela­

tionships in automated systems in a number of fields, including 

air operations. The application of new and advanced digital 

computer techniques is particularly important in optimizing 

these man-machine relationships. SDC activities constitute one 

of the largest Operations Research efforts in the history of this 

growing field. 

Senior positions are among those open. Areas of activity in­

clude: Mathematics, Systems Analysis, Forecasts, Cost Analysis, 

Operational Gaming, Design Analysis, Performance Evaluation. 

Those who have professional questions or desire additional in­

formation are invited to write Dr. William Karush, Head of the 

SDC Operations Research Group. Address System Development 

Corporation, 2420 Colorado Avenue, Santa Monica, California. 

"Method for First-Stage Evaluation of Complex Man­
Machine Systems" A paper by Mr. I. M. Garfunkel and Dr. 

John E. Walsh of SDC's Operations Research Group is avail­

able upon request. Address inquiries to the authors. 

SYSTEM DEVELOPMENT CORPORATION 
11 ·S5 Santa Monica, California 
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New developments in science 
and industry have increased the 
demand for more versatile means 
of inspection and observation. 
Kollmorgen works in the fields' 
of design and manufacture of 
optical-mechanical-electronic in­
struments and systems for safe, 
detailed observation of hazard­
ous processes and objects. We 
design viewing devices which 
operate in the presence of radio­
activity, blast, explosion, caustic 
gases and corrosives. Less dra­
matic but frequently as impor­
tant are the Kollmorgen designed 
instruments which conquer vis­
ual inaccessibility due to dark­
ness or structural obstacles. 

Kollmorgen's efforts range 
widely through the areas of re­
mote viewing, inspection and 
measurement for a variety of 
industrial and defense applica­
tions. Hot cell remote viewing 
systems, borescopes, continuous 
strip fuel inspection cameras, in­
dustrial and submarine peris­
scopes are a few of our products. 

If you have a problem in these 
areas, we have a new brochure 
which may interest you. You 
may have a copy by writing to 
Department 193. 

KOI.T.JH:OBGEN 
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optical corporation 
NORTHAMPTON. MASSACHUSETTS 

mode, shorter-period harmonics accom­
pany the longer waves on continental 
pathways. Their resolving power makes 
surface waves a potent medium for de­
duction of earth structure. 

Love waves convey information in al­
most all respects parallel to that supplied 
by Rayleigh waves. Since their motion is 
restricted to the horizontal plane, how­
ever, they are not affected by the liquid 
layer of the ocean. In consequence they 
do not fall to the extremely low velocities 
attained by the suboceanic Rayleigh 
waves. 

Surface waves with periods of 75 sec­
onds or more are so long that they can­
not "see" or "feel" such minor variations 
in the crust as the difference between 
oceans and continents. They derive their 
velocities primarily from the earth's 
mantle and may even be affected by the 
core. When better instrumentation is 
available, the long Rayleigh waves in 
particular may give us new information 
on the deep interior not available from 
body waves. 

The long waves of both types have 
another useful quality in their resistance 
to attenuation and decay. Actually 
waves of all periods attenuate at the 
same rate, if attenuation is measured in 
loss per wavelength. Translated into dis­
stance this means that the very long 
waves can travel to much greater dis­
tances. Nearly 24 hours after the great 
Kamchatka earthquake of 1952 the 
Lamont Observatory was still able to 
record long waves that had traveled 
around the earth more than seven times 
-a total of 187,000 miles. 

Waves of such length and longevity 
begin to verge on the dimensions of 

another class of wave: the free oscilla­
tions of the earth itself. In contrast to 
earthquake waves, which are propa­
gated from centers of disturbance and 
travel to distant points, the earth's free 
oscillations are standing waves. By anal­
ogy, a long pipe between two floors in a 
building may be used as a speaking tube 
to carry traveling waves, provided all 
the waves are short with respect to the 
length of the tube. With wavelengths in­
creased to a length comparable to that 
of the tube-that is, "tuned" to the tube 
-the sound waves become standing 
waves, and the tube becomes a whistle 
or an organ pipe. This is the nature of 
the 3,400-second wave detected by the 
strain seismometer at Cal Tech. That 
wave was excited by a tremendous earth­
quake. For regular observation of the 
free oscillations of lower amplitude ex­
cited by more frequent smaller earth­
quakes it will be necessary to make cer-

KENNAMETAL'S 
94,000,000 YME 

puts the squeeze on 
"cylinder breathing" 

• prevents leakage around pistons 

• stands up under extreme abrasive and 
corrosive conditions 

• reduces compressor downtime needed 
for replacements or repairs 

In making polyethylene, gases are com­
pressed at pressures as high as 35,000 psi. 
Under such pressures, cylinder liners of 
conventional materials deform and per­
mit gas to leak around the pistons. This 
"cylinder breathing" must be held within 
defined limits. 

One compressor manufacturer solved 
this problem with cylinder liners of 
Kennametal. * This unique metal with 
YME of 94,000,000 psi, three times that 
of the hardest steel, and its exceptional 
compressive strength, not only confined 
gas leakage within tolerable limits but 
out-lasted any other metal due to its 
exceptional resistance to wear. 

The high YME of Kennametal is being 
applied in many ways to improve prod­
ucts, processes or productive capacities. 
In addition to pump and compressor 
liners, it is used in spindles for precision 
instruments; integrator discs; plungers; 
spray nozzles; metering orifices and 
similar applications. 

Other unique characteristics of Kenna­
metal compositions, including high re­
sistance to corrosion, heat, impact and 
cavitation are solving "metal problems" 
in the chemical industry in such parts as 
balls, seats, bushings, sleeves, valves, 
cones and similar components. Platinum 
bonded compositions are available for use 
where a combination of severe corrosion 
and abrasion is encountered. 

Why not investigate Kennametal? A 
Kennametal carbide engineer will gladly 
discuss your problem with you. Or write 
for booklet B-ll1A, "Characteristics of 
Kennametal." KENNAMETAL INC., Dept. 
SA, Latrobe, Pennsylvania. 
*Trademark 5786 
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tain improvements in our instruments. 
Though experimental data are scanty, 

the earth's free oscillations have in­
trigued mathematicians since the early 
19th century. As a result a considerable 
body of theory is ready for the test of 
observation when that becomes possible. 
Theoreticians have usually considered a 
simple homogeneous sphere undergoing 
free vibration due to elastic and gravita­
tional forces. They have shown that 
three major types of vibration are possi­
ble: a rotatory or torsional vibration in 
which motion of any point is always in 
the horizontal plane; a radial mode in 
which the sphere dilates and contracts 
uniformly; and a spheroidal mode in 
which the sphere oscillates from a pro­
late to an oblate spheroid, assuming the 
shape of a football during a part of the 
oscillation. For each type of oscillation 
there is an infinity of higher modes of 
increasing complexity. 

Recently electronic calculators were 
put to work on the computation of the 
length of the vibration periods for the 
three long-period modes, based upon 
simplified data for a real earth with 
varying composition and elasticity. The 
calculator yielded an estimate of 42 
minutes 30 seconds for the torsional 
mode, 20 minutes 44 seconds for the 
radial mode, and 56 minutes 44 seconds 
for the "football" mode. These figures 
are in close agreement with the consen­
sus of calculations for purely theoretical 
spheres. Love himself had calculated the 
football mode at almost exactly one hour 
for a sphere of the earth's dimensions 
and the rigidity of steel. 

Both calculations for the football 
mode come well within the limit of ob­
servational error for the longest-record­
ed, 3,400-second wave (56 minutes 40 
seconds) ! In this case, it happens, the 
close fit of theory and observation is a 
disappointment. The small difference 
means that the long waves lack the re­
solving power to enable us to learn 
much from them about the details of the 
earth's interior. We must content our­
selves with what they tell us about the 
average properties of the earth. The 
higher-mode harmonics of the free oscil­
lations, however, should possess the 
needed resolving power and promise to 
open a new field of investigation. 

The hi-fi seismologist has good rea­
son, therefore, for tuning in on the bass 
scale of the earth's oscillations. Lest 
anyone think that we are content with 
periods of one hour, let me say that 
space in the seismograph vault at La­
mont Observatory is available immedi­
ately for an instrument responsive to 
earth motion of even greater periods. 

IS the only limit to 
applications for 

Thermoelectric Devices 
RCA Thermoelectric Devices, now in their developmental stages, stim­
ulate creative thoughts of new products. The applications are many ... 
the only limit is your imagination. Soon RCA Thermoelectric Devices 
will create new consumer and industrial markets. 

RCA Thermoelectric Devices are capable of many functions. For 
example, "spot" cooling and "spot" heating can be obtained from the 
very same device. Yes, Thermoelectric Devices are energy conversion 
devices-by heating, electric current can be generated. 

Extraordinary? Certainly. And RCA is ready to demonstrate it. RCA 
Thermoelectric Devices are now available on a limited developmental 
sampling basis. 

Thermoelectric Devices Promise To Produce These Effects ... wi th cir­
cuit simplicity, unusual volumetric efficiency, complete silence of opera­
tion, resistance to vibration, and no moving parts to wear out! 

• Improve infrared sensing· Limited space heating. Limited space cool­
ing . Component heating. Component cooling. Dehydration. Convert 
electricity to heat· Convert electricity to cold· Constant temperature 
devices that can operate below ambient· New instruments for medical, 
laboratory research, control, and measuring devices. 

Write for technical data and information on developmental samples of 
these THERMOELECTRIC DEVICES to: 

,G RADIO CORPORATION OF AMERICA U ® 
Semiconductor and Materials Division 

Somerville, N. J. 
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NYLON,"DACRON"',"ORLON"',"TEFLON"* and "SUPER CORDURA"* 

How Du Pont Fibers 

Help Solve the Problems 

of Modern Industry 
• Fibers are no longer limited to the age-old vegetable, animal 
or mineral strands woven to bring out the best in a limited 

range of properties. In every use shown at right - and in dozens 
of others - Du Pont man-made fibers are doing jobs impossible 

for natural fibers. The reason: Du Pont's family of man-made 

fibers have been tailored to meet a wide range of performance 

requirements. For example, nylon provides great strength and 

toughness. "Dacron" polyester fiber combines acid resistance 

with high strength and low stretch. "OrIon" acrylic fiber offers 

excellent weather resistance. "Super Cordura" high tenacity 

rayon gives highest strength per dollar. "Teflon" TFE-fluorocar­
bon fiber has such a low coefficient of friction it's used as a bear­

ing material. 

The versatility of these fibers is almost endless. They can be 

knitted, woven, felted, braided, twisted, or made into paper. 

And they can be combined with other materials - such as 

elastomers and resins - to improve strength, flex life, abrasion 
or acid resistance. Du Pont has the experience to help you 

apply these fibers to new applications. Let us help you with 

your next materials problem. 

DU PONT FIBERS FOR INDUSTRY 

([{J POtID 
REG. U.S.PAT.OfF. 

E. 1. du Pont de Nemours & Co. (Inc.) 
Textile Fibers Department 

BETTER THINGS FOR BETTER LIVING 

... THROUGH CHEMISTRY 

*Registered Du Pont trademarks 

5518-A Nemours Building, Wilmington 98, Delaware 

Please send me more information on industrial applications of Du Pont 
fibers. I am interested in evaluating these materials for: _____ _ 

Name _______________________ _ 

Address ___________________ ___ _ 

City & State ____________________ _ 
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FUN FOR THE FAMILY and the elimination of a stor­
age problem are sure to make this inflatable runabout 
popular. The seven-tube construction of this unsinkable 
boat is made possible by neoprene-coated nylon fabric. 
This lightweight, strong material brings the boat's 
weight down to 40 pounds. Nylon fiber is not weakened 
by salt water, gasoline, lubricants. It is resilient ... can 
take shock. Portable boat has nylon lifeline and case. 
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SOLAR HOUSE uses the sun's energy to meet all heating require­
ments. Water circulating through copper tubes is heated by the sun. 
The tubes are installed within tilting louvers controlled by an astro­
nomical clock. Batts of "Dacron" polyester fiber prevent loss of heat 

PAPER TRAMPOLINE dramatizes great strength of the new synthetic­
fiber papers. Tear strength is about 10 times as great as for a good 
kraft paper and is actually of the same order of magnitude as woven 
fabrics. Fold endurance ranges as high as 75 times that of cellulosic 
papers. The new papers made of nylon, "Dacron" or "Orion" fibers 
resist heat, chemicals, weathering, moisture-are dimensionally stable. 
Potential uses for these new papers are so broad that they are being 
classed as entirely new engineering materials. We welcome your inquiry. 

from the tubes during cold weather, and in summer the batts protect 
the house against external heat. "Dacron" fiber has excellent resist­
ance to high temperatures and oxidation. This tough fiber is light in 
weight ... isn't weakened by rot or mildew under moist conditions. 

SUPER-STRENGTH CARGO NETS are made of flat nylon webbing. 
The nylon net occupies one-quarter of stowage space of manila nets 
of similar capacity. Unlike manila, these nets can be stowed safely 
while wet and can easily be handled by one man. Lightweight nylon 
fibers provide tensile strength comparable to that of steel and excel­
lent elastic recovery after shock loads. They resist abrasion, too. 

En;oy the "Du Pont Show af the Manth"-an CBS-TV 
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MATHEMATICAL GAMES 
Concerning the properties 
of various magic squares 

by Martin Gardner 

The traditional magic square is a 
set of integers in serial order, be­
ginning with one, arranged in 

square formation so that the total of 
each row, column and main diagonal is 
the same. Some notion of the fantastic 
lengths to which this largely frivolous 
topic has been analyzed may be gained 
from the fact that in 1838, when much 
less was understood about magic squares 
than is known today, a French work on 
the subject ran to three volumes. From 
ancient times until now the study of 
magic squares has flourished as a kind 
of cult, often with occult trappings, 
whose initiates range from such eminent 
mathematicians as Arthur Cayley and 
Oswald Veblen to laymen such as Ben­
jamin Franklin. 

The "order" of a magic square is the 
number of cells on one of its sides. There 
are no magic squares of order two, and 
only one (not counting its rotations and 
reflections) of order three. An easy way 
to remember this square is as follows: 
First write the digits in order as shown 
in the illustration at left below, then 
move each corner digit to the far side 
of the central digit as indicated by the 

2 3 

4 6 

7 8 9 

arrows. The result is the magic square 
shown in the illustration at right below, 
which has a constant of 15. (The con­
stant is always half the sum of n3 and n, 
where n is the order.) In China, where 
this square is called the la-shu, it has a 
long history as a charm, and today is still 
found on amulets worn in the Far East 
and India. 

Magic squares grow quickly in com­
plexity when we turn to order four. 
There are exactly 880 different types, 
again ignoring rotations and mirror 
images, many of which are much more 
magical than required by the definition 
of a magic square. One interesting spe­
cies, known as a symmetrical square, ap­
pears in Albrecht Durer's famous en­
graving Melencolia [see opposite pagel. 
Durer never explained the rich sym­
bolism of this masterpiece, but most au­
thorities agree that it depicts the sullen 
mood of the thinker unable to engage in 
action. In the Renaissance the melan­
choly temperament was thought charac­
teristic of creative genius; it was the 
affiiction of scholars "sicklied o'er with 
the pale cast of thought." In Durer's 
picture unused tools of science and car­
pentry lie in disorder about the dishev­
eled, brooding figure of Melancholy. 
There is nothing in the balance scales, 
no one mounts the ladder, the sleeping 
hound is half-starved, the winged cherub 

How the lo-shu can be formed 
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waits for dictation while time is running 
out in the hourglass above. The wooden 
sphere and curiously truncated stone 
tetrahedron suggest the mathematical 
base of the building arts. Apparently the 
scene is bathed in moonlight. The lunar 
rainbow arching over what appears to 
be a comet may signify the hope that 
the somber mood will pass. Giorgio de 
Santill:ma, in his book The Age of Ad­
venture, sees in this strange picture "the 
mysteriOUS wondering pause of the 
Renaissance mind at the threshold of the 
as-yet-only-dreamt-of powerhouse of 
Science." 

Fourth-order magic squares were 
linked to Jupiter by Renaissance astrolo­
gers, and were believed to combat mel­
ancholy (which was Saturnian in ori­
gin) . This may explain the square in the 
upper right-hand corner of the engrav­
ing. It is called symmetric because each 
number added to the number sym­
metrically opposite the square's center 
yields 17. Owing to this fact there are 
many four-cell groups (in addition to 
rows, columns and main diagonals) that 
total the fourth-order constant of 34; for 
example, the four corner cells, the four 
central cells, the two-by-two squares at 
each corner, and many others. A square 
of this type can be constructed by an 
absurdly simple method. Merely write in 
square array and in serial order the num­
bers 1 to 16, then invert the two main 
diagonals. The result is a symmetrical 
magic square. Durer interchanged the 
two middle columns of this square 
(which does not affect its properties) so 
that the two middle cells of the bottom 
row would indicate the year he made the 
engraving. 

The earliest recorded fourth-order 
square, found in an Ilth- or 12th-cen­
tury inscription at Khajuraho, India, is 
shown at the top of the illustration on 
page 148. It belongs to a species known 
as diabolic squares (also called "pan­
diagonal" and "Nasik") , which are even 
more astonishing than the symmetrical 
ones. In addition to the usual properties, 
diabolic squares are also magic along 
all "broken diagonals." For example, 
cells 2, 12, 15 and 5, and cells 2, 3, 15 
and 14, are broken diagonals that can 
be restored by putting two duplicate 
squares alongside each other. A diabolic 
square remains diabolic if a row is shift­
ed from top to bottom or bottom to top, 
and if a column is moved from one side 
to the other. If we form a mosaic by fit­
ting together a large number of dupli­
cate diabolic squares, we have a field on 
which any four-by-four group of cells 
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Albrecht Durer's Melencolia. At upper right is II magic square 
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the 
LIGHT 
AND 
ACCURATE 

ACCELEROMETER 
• . . only three ounces in weight. 

this rugged unit has 0.5% linearity 

to half range, 2% to full range. 

CONSTANT· 
DAMPED 

the 

. . . requiring NO HEATERS, 
with compensated damping 

0.5 ± 0.1 from 

-45°F to +230°F. 

AP·Sl SPRING· 
RESTRAINED 
PENDULOUS 

ACCELEROMETER 
... input ranges, full scale, 

±2.5 to 1000 G's. Full scale 

output 7v at 400 cps excitation. 

Resolution 0.01 % of full scale. 

ENVIRONMENTALLY 
QUALIFIED 

the 

SIZE 

500 G's shock 
30 G's to 2000 cps vibration 

lightness you need and the accuracy 

you've been seeking ... in the AP-S1 

ACCELEROMETER 
The constant-damped AP-S1 pendulous 

accelerometer is another advanced de­

sign in our inertial family. 

100 Morse Street, Norwood, Massachusetts 
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will be diabolic. Any four adjacent cells 
on the field, up and down, left and right 
or diagonally, will yield the constant. 

Perhaps the most dramatic way of ex­
hibiting the diabolic properties of such 
a square is described by mathematicians 
J. Barkley Rosser and Robert J. Walker, 
both of Cornell University, in a paper 
published in 1938. We simply bring to­
gether the top and bottom of the square 
to make a cylinder, then stretch and 
bend the cylinder into a torus [see illus­
tration below]. All rows, columns and 
diagonals now become closed loops. If 
we start at any cell and move two 
squares away in any direction along a 
diagonal, we always arrive at the same 
cell. This cell is called the "antipode" of 
the cell where we began. Every pair of 
antipodes on this diabolic doughnut will 
total 17. Every loop of four cells, diago­
nally or orthogonally, adds up to 34, as 
does any square group of four cells. 

A diabolic square remains diabolic 
under five different transformations: (1) 
a rotation, (2) a reflection, (3) a trans­
fer of a row from top to bottom or vice 
versa, (4) a transfer of a column from 
one side to the other, (5) a rearrange­
ment of cells according to the plan shown 
in the illustration at the top of page 152. 
By combining these five transformations 
one can obtain 48 basic types of diabolic 
squares (384 if rotations and reflections 
are included) . Rosser and Walker show 
that these five transformations constitute 
a "group" (an abstract structure with 
certain properties) that is identical with 
the group of transformations of the hy­
percube (four-dimensional cube) into 
itself. 

The relation of diabolic squares to the 
hypercube is easily seen by transferring 
the 16 cells of such a square to the 16 
corners of a hypercube. This can be 
shown on the familiar two-dimensional 
projection of a hypercube [see illustra­
tion on page 150]. The sum of the four 
corners of each of the 24 square faces of 
this hypercube will be 34. The anti­
podal pairs, which add up to 17, are the 
diagonally opposite corners of the hyper­
cube. By rotating and reflecting the hy­
percube, it can be placed in exactly 384 
different positions, each of which maps 
back to the plane as one of the 384 dia­
bolic squares. 

Claude Fayette Bragdon, a prominent 
U. S. architect and occultist who died in 
1946, was fascinated by his discovery 
that on most magic squares a line traced 
from cell to cell in serial order will pro­
duce an artistically pleasing pattern. 
Other patterns can be found by tracing 
only the odd or only the even cells. 
Bragdon used "magic lines" obtained in 

this manner as a basis for textile pat­
terns, book covers, architectural orna­
ments and the decorative chapter head­
ings of his autobiography More Lives 
Than One. His design for the ventilating 
grill in the ceiling of the Chamber of 
Commerce in Rochester, N. Y., where he 
lived, is derived from the magic line of 
the la-shu. A typical example of a magic 
line is shown in the illustration at the 
bottom of page 152, where it is drawn 
on the Durer square . 

One of the great unsolved problems 
of recreational mathematics is that of 
finding a method for calculating the 
number of different squares of a given 
order. At present not even the number 
of fifth-order squares is known, though 
it has been estimated at more than 13 
million. The number of fifth-order dia­
bolic squares, however, has been estab­
lished by Rosser and Walker as 28,800 
(this includes rotations and reflections) . 
Diabolic squares are possible in all or­
ders above four except those divisible by 
2 but not by 4. There is none, for ex-

7 12  1 14 

2 13 8 11 

16 3 10 5 

9 6 15 4 

The diabolic doughnut 
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Engineers - Scientists 

Required for many aspects 

of General Electric's 

Aircraft Nuclear Propulsion 

Program • • •  

APPLIED 

RESEARCH & 

DEVELOPMENT 

AT TH E lPOu@) 

LEVEL 

ON AN INTER-

DISCIPLINARY 

BASIS 

Opp o rtunities n ow exist fo r a 
number of scientists and engineers 
with imaginative minds and estab­
lished reputations to contribute to 
extremely sophisticated nuclear 
propulsion systems, where theoret­
ical advances must be wedded to 
new standards of reliability and 
performance. 

Qualified enginee1-s and scien­

tists are invited to inquire about 

these oPPo1-tunities to pursue orig­
inal work in a pioneering area with 

General Electric. 

Write in confidence, including 
salary requirements, to: 

Mr. G. W. Travers, Div. 59-Me 

� ..... I Metallurgy 

�I '

Ph�Si:S :r

' 

• • • 
Nuclear Engineering 

� 'Ce�a�ic� , � Physical Chemistry 
or Ceramic 
Engineering 

p • • • • • 
I Physics 

�. Mathematics, 
Electrical 
Engineering 

� �';h'�';;': 
� ....... . Physics 

or Nuclear 
Engineering 

Advise Materials Testing Laboratory on materials prob. 
lems and techniques. Direct experimental, physical. me· 
chanical and electrical tests. Analyze data. 

Carry out reactor analysis and nuclear design of power 
plants. including formulation of nuclear design specifica. 
tions and test requirements. 

Supervise applied ceramic research including fabrication 
processes, testing of ceramic bodies: development of novel 
ceramic materials. 

Conduct theoretical investigations of effect of neutrons and 
photons on matter. 

Engineering analysis of physical systems in electro-me­
chanical areas, deriving equations associated with systems 
study. Develop generalized digital program for parametric 
study of these systems. 

Apply advanced mathematical procedures and approaches 
in resolving complex problems in areas of reactor analysis. 

Advanced Reactor Analysis. Plan objectives of experimen­
tal reactor investigations, which adequately combine po­
tentialities of experimental techniques and improvement 
of theoretical methods_ 

Undertake responsibility for studies regarding various ma­
terials used in moderator materials development. 

Plan, design and analyze specific nuclear shield tests­
part of broad nuclear shield design program. 

Participate in shield physics experiments, to provide fun .. 
damental data for shield design. 

A number 0/ additional positions in areas descTibed above a1'e also available to candidates with a MasteT's DegTee. 
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"Every 
cubic inch 
of space 
is a miracle." 

Walt Whitman 

The miracle yau get out of a cubic 

inch depends a good deal on what 

you put inta it. 

For example, exploring outer 

space requires much more than con­

serving a missile's inner space. 

Failure of a single device, no matter 

how minuscule, can end a flight. 

The dependability of countless min­

iaturized devices is vital to progress 

- not only in space travel but 

thraughaut industry. 

MPB bearings are leading exam­

ples of modern miniaturization, nat 

only in airborne and other scientific 

equipment, but in an ever-increas­

ing number of industrial applica­

tions. MPB offers over 500 types 

and sizes of miniature bearings, 

with O.D.'s ranging from 'h to 

1/10" and with specials pravided 

on request. For a complete catalog, 

write ta Miniatum Precision 
Bearings, Inc., 1203 Precision 

Park, Keene, N. H. 

:rIIF'E helps you perform miracles 

in miniaturization 

MINIATURE PRECISION 

BEARINGS, INC. 

ample, of order six. Diabolic cubes and 
hypercubes also exist, but (as Rosser and 
Walker have shown in unpublished pa­
pers) there are no cubes of orders 3, 5, 
7, 8k plus 2, 8k plus 4 or 8k plus 6, 
where k is any integer. Diabolic cubes 
are possible in all other orders. 

The first logic problem left unan-
swered last month is best handled by 

three matrices: one for combinations of 
first and last names of wives, one for 
first and last names of husbands and 
one to show sibling relationships. Since 
Mrs. White's first name is Marguerite 
(premise 5) , we have only two alterna­
tives for the names of the other wives: 
( 1) Helen Black and Beatrice Brown or 
(2) Helen Brown and Beatrice Black. 

Let us assume the second alternative. 
White's sister must be either Helen or 
Beatrice. It cannot be Beatrice, because 
then Helen's brother would be Black; 
Black's two brothers-in-law would be 
White (his wife's brother) and Brown 
(his sister's husband) ; but Beatrice 
Black is not married to either of them, 
a fact inconsistent with premise 4. 
Therefore White's sister must be Helen. 
This in turn allows us to deduce that 
Brown's sister is Beatrice and Black's 
sister is Marguerite. 

Premise 6 leads to the conclusion that 
Mr. White's first name is Arthur (Arthur 
Brown is ruled out because that would 
make Beatrice prettier than herself, and 
Arthur Black is ruled out because we 

8 

15 

know from premise 5 that Black's first 
name is William) . Therefore Brown's 
first name must be John. Unfortunately 
premise 7 informs us that John was born 
in 1868 (50 years before the Armistice) , 
which is a leap year. This would make 
Helen older than her husband by one 
day more than the 26 weeks specified in 
premise 3. (Premise 4 tells us that her 
birthday is in January, and premise 3 
tells us her husband's birthday is in 
August. She can be exactly 26 weeks 
older than he only if her birthday is 
January 31, his on August 1, and there 
is no February 29 in between!) This 
eliminates the second of the two alterna­
tives with which we started, forcing us 
to conclude that the wives are Margue­
rite White, Helen Black and Beatrice 
Brown. There are no inconsistencies be­
cause we do not know the year of Black's 
birth. The premises permit us to deduce 
that Marguerite is Brown's sister, Bea-

1 8 13 12  

14 II 2 7 

4 5 16 9 

15 10 3 6 

13  

3 

6 

Projection of diabolic hypercltbe and diabolic sqltare to which it gives rise (top) 
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Report from IBM Yorktown Research Center, New York 

OPTIMUM COMPUTER DESIGN FROM SYMBOLIC LOGIC 

Symbolic logic sets up special languages in which problems 
of inference and deRnition are dealt with rigorously at the 
Poughkeepsie Laboratory of the IBM Yorktown Research 
Center. A group of research workers is making a general 
study of the application of symbolic logic to computer de­
sign. This work is yielding important results of both practi­
cal and theoretical interest. 

Let us assume that computers are made up of many input­
output devices hooked together in various sequences. Be­
cause these devices can be neatly correlated with a special 
class of logical functions, they may be thought of as logical 
boxes. Two chief problems have been posed by the IBM 
research group: (1) Which selections of logical boxes will 
best serve the needs of design, and (2) How are the boxes 
to be put together most effectively in given cases? An im-

pressive body of answers is being gathered to each question. 
These are often possible just because an engineering prob­
lem has been reduced to a logical one. This reduction pro­
vides new design techniques in which computers are used 
as more effective aids. For example, suppose we wish to 
know which Rve-input, one-output device is logically most 
efficient. There are billions of alternatives, but a directed 
computer search can be set up so that the answer is obtained 
in a short time merely by scanning a small part of these. 

The application of symbolic logic to machine design poses 
many challenging questions, some of great theoretical in­
terest, others more specific with impottant practical con­
sequences. Logic has alreadv had a marked effect upon the 
design of electronic computers but should play an even 
greater role in the future. 

IBM RESEARCH 
® 

Investigate the many career opportunities available in exciting new fields at IBM. 
International Business Machines Corporation, Dept. 659-C, 590 Madison Aventle, New York 22, New York 
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In your future ••• 

One of three Honeywell magnetic 
tape systems used to record satellite 
signals, for pinpoint Doppler analy­
ses of orbits. 

The dashes in the above tape sym­
bolize electrical pulses recorded 
on magnetic tape. Such pulses can 
precisely represent time, tempera­
ture, rate, vibration, pressure, 
direction, and a host of other 
variables, in either analog or 
digital form. 

Taped data can speed test analy­
ses, monitor operations, program 
equipment, and serve as acces­
sible, compact storage, all auto­
matically. The resultant savings 
in time and expense are yours. 

MINNEAPOLIS-HoNEYWELL, 
10721 Hanna St., Beltsville, Md. 
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One of five transformations whi.ch do not destroy the diaboli.<1Il of " diabolic -<quare 

trice is Black's sister, and Helen is 
White's sister, but leave undecided the 
first names of White and Brown. 

I n the problem of the stamps on the 
foreheads, B has three alternatives: 

his stamps are ( 1) red-red, (2) green­
green, or (3) red-green. Assume they 
are red-red. 

After all three men have answered 
once, A can reason as follows: "I cannot 
have red-red (because then C would see 
four red stamps and know immediately 
that he had green-green, and if Chad 
green-green, B would see four green 
stamps and know that he had red-red). 
Therefore I must have red-green." 

But when A was asked a second time, 
he did not know the color of his stamps. 
This enables B to rule out the possibility 

that his own stamps are red-red. Exactly 
the same argument enables B to elimi­
nate the possibility that his stamps are 
green-green. This leaves for him only 
the third alternative: red-green. 

The answer to Eddington's problem of 
the four men is 13/41 as the proba­

bility that D is telling the truth. All com­
binations of truth-telling and lying that 
have an odd number of lies (or truths) 
prove to be inconsistent with Edding­
ton's statement. This eliminates from the 
table of 81 possible combinations all but 
41, of which 13 end with a true state­
ment by D. Because each of the other 
three men is telling the truth in exactly 
the same number of valid combinations, 
the probability of having told the truth is 
the same for all four men. 

The "l1tagic line" of Diirer's square 
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Thermal Plant 

Simulator 

simplifies 

nuclear 

training 

You quickly get the feel of nuclear power plant 

response with the new Honeywell Thermal 

Plant Simulator. When used with the Reactor 

Simulator, it realistically simulates operation of 

a reactor with a non-boiling coolant and a 

thermal plant with heat exchanger and steam 

loop. 

The Thermal Plant Simulator provides valuable 

training in thermal loop dynamics ... simply, 

safely, economically. To set up a typical atomic 

power plant program, just plug in prewired 

connectors that mate appropriate computing 
networks and instruments. For non-standard 

programs, an integral general-purpose patch­
board permits complete flexibility. 

The Thermal Plant Simulator gets reactor flux 

information directly from the Reactor Simu­

lator, simulates operation of a thermal plant, 

and feeds back control data to the Reactor 
Simulator. Together, they permit complete and 
detailed studies of neutron and thermal dy­

namics. Thus they provide realistic training 

that can be duplicated only through operation 

of an actual nuclear power plant. 

Your nearby Honeywell field engineer can give 
you full details. Call him today .. . he's as near 

as your phone. 

MINNEAPOLIS-HoNEYWELL, Wayne and Win­

drim Avenues, Philadelphia 44, Pa. 
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THERMAL PLANT SIMULATOR has pllJg-in con­
nectors for typical power plant programs . . .  
patchboard panel for non-standard programs. 

NUCLEAR REACTOR SIMULATOR teams up 
with Thermal Plant SimlJlotor to provide realistic 
nuclear power plant training. 
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CLOSEOUT! MECHANICAL DRAWING SET 

Regular Price S18.00-0ur Price Only $6.00 Ppd. 
American mfr. couldn't com­
pete with foreign imports­
thus you get a terrific bar­
gain, e\'en far below import 
prices. 10 handsome pieces in 
velvet-lined case, Nickel 
plated brass-precision Am­
erican-made. ,Ve guarantee 

you'll be satisfied or rooney refunded. 

Stock No. 50.200-5 ........................ $6.00 Postpaid 
9uantity Price: 5 Sets for $5.50 each Postpaid 

10 Sets for $5.00 each Postpaid 

TIC E L E C TRICITY 
G E N E R A T OR 
Sturdy, Improved Model! 

See a thrilling spark display as you 
set off a miniature bolt of light­
ning. Absolutely safe and harmless. 
Sturdily made-it. stands 14" high. 
Turn the handle and two 9H plastic 
discs rotate in opposite directions. 
Metal collector brushes pick up the 
static electricity. store it in the 
Leyden jar type condenser until dis­
charged by the jumping spark. 
Countless tricks and experiments. 
24 Dage instruction booklet included. 

95 Postpaid 

Take Telephoto 

Shoh Thru 

7 X 50 
MONOCULAR 

This Is fine Quality. American made instrument-war 

surplus! Act.ually % of U.S. Govt. 7 x 50 Binocular. Used 

tor general observation both day and night and to take 

fascinating telephoto shots with your camera. Brand new. 

$95 value. Due to Japanese competition we close these out 

at a bargain price. Directions and mounting hints included, 

Stock No. 50.003-5 .......................... $15.00 Pstpd. 

INFRARED S NIPERSCOPE 

TELES COPE & PARTS 
See in the dark�without being ob­
served. War Surplus Snipersco})e 
M-2. contains the famous IP::!5A 
image tube. Gov't cost about $1200. 
Instrument complete, ready to use. 
Includes Power rack, infrared light 
source. "Till operate from 6 V auto 
battery. Battery or transformer avail­
able. 

Stock No. 85.053-S .. $150.00 fob. 
Save still more money! Build your 
own Sniperscope! We will furnish in­
structions-parts, including: Power 

Packs, IP25A image tubes, light units, filters, etc. For de­
tails-request FREE catalog "S". 

TWO·STAGE ROCKET TOY-

Simple, safe--demonstrates principles of 

jet rockets. Uses water and air as fuel. 

First stage soars up 200 to 300 ft.-then 

2nd stage is automatically released, going 

sUlI higher. A 2nd stage satellite Is also 

included and may be substituted. Made 

of Butyrate plastic. Set includes fuel sup­

ply tank and air injection pump. 

Stock No. 70.157-S ................ $2.98 pstpd. 

American Made­
Over 50% Saving 

STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. l'recision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3" work­
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. 2 
sets of objecli'i'es on rotating turret, 
23X and 40X. 
Stock No. 85.056-5 .......... $99.50 

f.o.b. Barrington, N.J. 
Low Power Supplementary Lens Attachment for above Stereo 
-provides 15X down to 6X with clear. extra large 1¥.:" 
Held at 6X. 
Stock No. 
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See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 10 160 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fnscinating planet Mars. 
hug(' craters on the lo.'loon, Star Clusters, Moons of Jupit('r in 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed f/IO mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 60 to 160 power, An Optical Finder 
Telescope, alwal-'S so essential, Is also Included. Sturdy. hard­
WOOd, portable tripod. 

Free with scope: Valuable STAR CHART 
and 272 page "Astronomy Book," 

Stock No. 85.050-S .................................... $29.95 Postpaid 

Bracket attaches per­
manently to reHecting 
or refracting tele­
scopes. Removable rod 
holds camera o,er eye­
piece to take pictures 
of �loon . . . or ter­

restrial telephoto shots of distant objects. 
White metal projection screen permits yoU 
to see the sun spots! Includes brackets, 
28%," rod, projection screen, screws, direc­
tions. 

"'ith this scope you can see everything as 
abo.e but with greater power plus will 
split finer stars. -"Iirror has twice the 
light gathering power. Mirror guaranteed 
to give theoretical limit of resolution. 
Hack and pinion focusing, hardwood tri­
pod. rca I equatorial mounting-only one 
adjustment follows stars! Aluminum 
tube. 6 power finder telescope. 2 stand­
arc1 size eyepieces and mounted Barlo,", 
lens gire you powers of 40X. DOX. 
120X. and 270X. Low-cost accessory 
eyepiece available for higher powers. Free 
handbook and Chart. Shipping weight 
25 lbs. 

Stock No. 70.162-5 ...... $9.95 Postpaid Stock No. 85.006-S .............................................. $74.50 f.o.b_ 

ERECT IMAGE LOW POWER MICROSCOPE 
5X. lOX. 20X 

WAR SURPLUS BARGAINI 
AERIAL CAMERA 

LENSES 
Government Cost $1218-
Now Low as $39.50 Used 

Made by B & L and E. K. 
24" F.L. fl6, In 23" long 
Lens Cone. Use as long range. 

Big Bertha Telephoto lens-for 
Richest field (wide field, low power) 

telescope, etc. Lenses are 4" dia.-precision 
4-element type. Aero Tessar and Aero Ektar. Eas· 
ily removed. Diaphragm (f/6 to f/22) is included. 
Open approx. I" to 3%". Lens and cone-wt. 
25 lbs. Sturdy carrying trunk-wt. 26 lbs. 
Stock No. 85,059-S 24" used Price $39.50 f.o.b. Utah 
Stock No. 85.060-S 24" new Price $59.50 f.o.b. Utah 

M AKE YOUR OW N POWERFUL 

ASTRONOMICAL TELESCOPE 
GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror bla.nk, tool, abrasives, diag­
onal mirror and eyepiece lenses, You build instru­
ments ranging in value from $15.00 to thousands 
of dollars. 
Stock No. 

70.003-5 
70,004-5 
70.005-5 
70.006-5 
70,007-5 

Dia. Mirror Thickness Price 
4'1.' '4" $ 7 .50 postpaid 
6" 1" 11.95 postpaid 
8" PI. 19.50 postpaid 

10" 1�" 30.75 postpaid 
12" 2'1." 54.75 postpaid 

50·150·300 POWER MICROSCOPE 
Amazing Value-Equal 01 a $75.00 In­
strument! 3 Achromatic Objective Lenses 
on Revolving Turretl Imported! The color­
corrected, cemented achromatic lenses in 
the objecti'res give you far superior results 
to the single lenses found in the micro­
scopcs selling in this range. Results are 
worth the differcnce! 1;'ine rack and 
pinion focusing, 

Stock No. 70.008-5 .... $14.95 Pstpd. 

MOUNTEO 500 POWER OBJECTIVE 
. . . Thr<!aded for easy attachment on 
above microscope. Achromatic lenses for 
fine viewing. 3 mm. focal length. 

8 POWER ELBOW TELESCOPE-WAR SURPLUS 
$200 Gov't. Cost-Only $13.50 

Big 2" objective, focusing eye­
piece 28mm focal length­
Amici erecting system-turret 
mounted filters, clear, red, 
amber and neutral-reticle il­
lumination. Sparkling, clear, 
bright image-6° field (325 ft. 
at 1,000 yds.). Focus adjusts ' 
15 ft. to infinity, 28mm F.L. eyepiece alone is 
worth more than $12.50. 
Stock No. 70.173-S .................... $13.50 Postpaid 

WAR SURPLUS AMERICAN-MADE 

7X50 Binoculars 
Big sa rings! Brand new 1 Crys­
tal clear viewing-1 power_ 
Every optical element is coated. 
An excellent night glass-the 
size recommended for sa tc11itc 
\'iewing. Individual eye foeus. 
Exit pupil 7mm. Approx. field 

at 1,000 yds. is 316 ft. Carrying case included. 
American 1 x 50's normally cost $195. Our war 
surplus price saves you real money. 

Stock No. 1533-S ...................... only $55.00 pstpd. 
(Tax included) 

RE PLICA GRATING-Low, Low Cost 
Take Unusu'al Color Photos at Night. 

It's here-after decades of effort. Replica 
Grating--on film-at very low price, 
Breaks up white light into full spectrulD 
colors. An exciting display. 13,400 lines 
per inch, Difi'raction Geating has been 
used to answer more Questions about the 
structure of the material world and the 
universe than any other single device. 

'['se it for making spectroscopes, for experiments, as a 
fascinating noreHy, First time a'"ailable such large size.-­
so cheaply-comes in clear plastic prolector. 
Stock No. 50 ,202 -S-inc1udes 2 pes. 8" x 5%"-1 
transmission type, 1 reflecting type. $2.00 pstpd. 

WRITE 
FOR FREE CATALOG·S 

96 pages! Over 1.000 items. Optics for the 

Space Era! Huge selection of lenses. 

war surplus optical instru­
ments, parts and accesso­
ries. Telescopes. Micro­
scopes, Satellite Scopes, 
Binoculars. Infrared Snip­

Request 
Stock #30.197-5 .......... $5.00 Pstpd. 

---
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

T he atmospheric processes which 
we observe as weather give rise 
to two major electrical effects. 

One is the 360,000-volt potential that 
is maintained between the surface of the 
earth and the ionosphere by the activity 
of thunderstorms. In consequence of this 
charge we walk around even on clear 
days with our heads in air that is some 
200 volts positive with respect to the 
ground under our feet. During thunder­
storms the field can locally build up to 
tens of thousands of volts. The second 
effect also has its origin in thunder­
storms. A portion of the energy liber­
ated by lightning takes the form of elec­
tromagnetic waves called sferics (from 
atmospherics). These account for the 
familiar "static" heard on radio receivers. 
Each lightning stroke radiates at least 
one sferic, and some 20 million strokes 
occur on earth every day. Part of the en­
ergy released by these strokes escapes 
into space, but most of it echoes between 

2:oDpm 1:DO pm 

How short-term weather forecasts were 
made on the basis of electrical effects 

the earth and the ionosphere until it is 
dissipated as heat. These effects have 
been studied intensively by Douglas A. 
Kohl, Principal Engineer of General 
Mills, Inc., in Minneapolis, Minn. 

Writes Kohl: "Most of the rainfall in 
the U. S. and many spectacular wind­
storms stem from thunderstorms or 
cumulo-nimbus cloud activity character­
ized by the separation of electric charge. 
When the stress of these charges exceeds 
the dielectric strength of the atmosphere, 
a discharge occurs that has far-reaching 
consequences. The uniform pattern of 
the electric field is disrupted, and if 
lightning accompanies the discharge, 
sferics are radiated. Both the field dis­
turbance and sferics can be detected 
and measured with relatively simple ap­
paratus, the former over an area of 50 
to 200 square miles and the latter for 
hundreds of miles. The resulting data 
provide meaningful clues to approach­
ing weather. My initial interest in the 
electrical aspects of weather has grown 
into a full-scale avocation which I can 
recommend to anyone with more than a 
passive interest in meteorology. 

"To the eye, lightning appears decep­
tively Simple: merely a big spark which, 
it is said, never strikes twice in the same 
place. This impression vanishes when a 

1Z:00 noon 11:00 am 

discharge is recorded with responsive 
instruments. Strokes from cloud to 
cloud, from cloud to ground or from 
the top of a cloud to the bottom are 
nearly aways preceded by complex 
minor discharges, or leaders, which pre­
cede the main arc. The leaders advance 
in stepwise fashion, following routes 
along the most highly stressed regions 
between centers of opposite charge. 
These junior discharges trigger the main 
arc by moving the centers of charge 
progressively closer. Fields of extreme 
intensity result, and the final transfer of 
charge follows the ionized pathways 
created by the leaders. 

"The leaders usually begin about a 
thousandth of a second before the main 
arc, and often advance in as many as 30 
steps. Each step produces an electro­
magnetic disturbance and an abrupt 
change in the electric field. Not all lead­
ers end in an arc, particularly when they 
are associated with rapidly growing 
cumulo-nimbus clouds. They can still 
be detected electrically. 

"Another characteristic of lightning 
is the multiple stroke of the main arc. 
Single strokes are uncommon. Multiple 
strokes are usually completed within a 
few millionths of a second; otherwise 
they extend over several thousandths of 

10:00 am 9:00 am &:00 

39.Z00 volts pe,. meter 

Records of "s/erics" (top) and of disturbances in the intensity of the earth's electric field (bottom) 
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Schematic diagram of lL circuit for lL sferics counter and field.intensity meter 

a second. Few strokes are of interme­
diate duration. 

"Although oscillograms show that no 
two sferics are alike, all cover a broad 
spectrum of frequencies. Most of the 
energy is concentrated in the region be­
low 20 kilocycles. The sferics are de­
tected by means of a rudimentary radio 
receiver; the number picked up during 
a given interval can be counted auto­
matically by equipping the receiver with 
a register. In monitoring sferics on three 
frequencies (430, 2,000 and 5,100 kilo­
cycles) I have observed that the count 
at each frequency is related both to the 
distance the sferic is propagated and to 
the type of discharge from which it is 
radiated. The .ratio of counts among the 
three frequencies changes characteris­
tically as the storm approaches or re­
cedes. During late-afternoon storms at a 
distance of 100 to 200 miles, for exam­
ple, every 100 counts at 430 kilocycles 
are accompanied, on the average, by 46 
counts at 2,000 kilocycles and 13 counts 
at 5,100 kilocycles. By the time the 
storm has moved into the local area, the 
ratio has changed from 100:46: 13 to 
100:96:50. 
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"Cold-front advances and storms char­
acterized by a high percentage of cloud­
to-ground discharges show conSiderably 
less change in ratio. A comparable ratio 
for long-distance frontal activity would 
be 100:74:40. Normally one is chiefly 
interested in the rate of counts at each 
frequency. It is possible, however, to 
set up a coincidence-counter to identify 
sferics that appear simultaneously on 
two or more frequencies. This counter 
shows that nearly 90 per cent of those 
sferics registered on the 5, lOO-kilocycle 
channel also appear on the 430-kilocycle 
channel, thus confirming their common 
origin. 

"Recordings made in the vicinity of 
Minneapolis are almost as dramatic as 
the lightning which produces them. The 
430-kilocycle channel has provided con­
sistent data up to a radius of 200 miles 
with counting rates frequently rising as 
high as 150,000 sferics per minute! The 
current flowing in a main arc, which may 
register as a single sferic, can exceed 
20,000 amperes. The duration of the arc 
is of course measured in millionths of 
a second. But at the rate of 150,000 
sferics per minute the average current 

flowing between the earth and the cloud 
is on the order of 500 amperes. Other 
investigators report a mean energy of 
some 200,000 joules per full-sized 
lightning discharge. The correspond­
ing energy liberated over the moni­
tored area could thus amount to 30 
billion joules per minute, or 500,000 
horsepower! 

"On clear days the distribution of the 
electric field between the ground and 
the ionosphere is relatively uniform. But 
violent changes are observed when a 
storm passes overhead, and the build-up 
in charge which results in a stroke of 
lightning is easily observed. Many such 
build-ups occur in less than 30 seconds. 
Interactions in the field are as fascinat­
ing as they are complex. A single dis­
charge can warp a relatively smooth 
field so that another stroke follows in a 
matter of seconds. One also observes 
many polarity reversals in which the 
normally negative earth swings positive. 
These changes, like the leaders which 
initiate lightning, follow a steplike pat­
tern. In most instances the highly 
stressed field relaxes slowly without evi­
dence of an arc. From this it would seem 
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A NEW DIMENSION IN COMPUTER TECHNOLOGY 

Never has so vast and complex a project been 
undertaken in data processing and data com­
munications. Billions of bits to be handled 
. . . information flowing in from hundreds of 
electronic sources, processed by digital tech­
niques, displayed, solutions and commands 
issued ... in precious seconds. 

A very short time ago we were a newly created 
subsidiary of International Telephone and Tele­
graph Corporation. Today we are a purposeful 
engineering management group actively forg­
ing ahead with the myriad problems of our 
challenging project. 

As systems manager we are charged with the 
development and production of a world-wide 
electronic control system which will transmit, 
process and display information required in 

military operations - global, in seconds. This 
project demands a wealth of engineering im­
agination. It will result in creation of a wholly 
new technology in digital computer science . 

If your interests as an engineer lie in elec­
tronic systems engineering, in data processing 
and communications, you will find in this pro­
ject unusual opportunity to express imagina­
tion and creative competence, in a degree 
surpassing anything previously undertaken in 
computer engineering. 

To obtain information on engineer 
openings write A. J. Crawford, Per­
sonnel Manager. A resume of your 
education and experience is essential. 
An interview will be arranged at your 
convenience. 

INTERNATIONAL ELECTRIC CORPORATION 
Route 17 & Garden State Parkway, Paramus, New Jersey 
A Subsidiary of International Telephone and Telegraph Corporation 

157 

© 1959 SCIENTIFIC AMERICAN, INC



• 

. . 
• 

IMAGINATION 

• 
• 

*. 
:� , ;t.-

· . • 

• 

• 

· 
•• 

• • .. 

UNLIMITED 
"c. • •  • 

T' • 

� 

• 

" The imagination to make our dreams 

come true ... the ability to hold down 
. .. •• important engineering and supervisory ... t . • 

positions. 

• '" We're looking for these qualities in high 

•• • caliber engineers and physicists. We want 

:;At these men for creative, responsible work. • 
. 

-, These are top jobs. If you qualify, 

we'll pay top salaries. * 

-.. 
Write William Spangler, Manager 

�; • · Professional Employment Dept. SA·3 
The Martin Company, Baltimore 3, Md. 
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"BIG" LENSES 
Our sekdion of diame-
ters and focal lengths is 
the ',,"cst in the United 

Stales available for immediate dell\"cry. rerfect magnesium 
fluoride coated and cemented a"hromatic telescope objectives. 
Aluminum tubing and cells amilablc for Jenses listed below. 
Send for complete list of other diameters and focal lengths. 

Oia. F.L. EACH Oia. F.L. EACH 

��:; ��:: :1�Jg �*:: �r�./' t�t�g 
21,4" 24%" $12.50 3%" 40" • $30.00 
2%" 40" $12.50 4=%;" 42.',t $67.50 
21{," 50" $12.50 5,,"" 24%" $85.00 
We can supply ALUMINUM TUBING for the above lenses. 

MOUNTED AIR SPACED OBJECTIVES 
The finest American Made, hand· corrected 

air-spaced astronomical objecti \"cs; 
mounted in black anodized aluminum cells. 

DIA. F.L. PRICE PRICE 

��:: ��: 8��t�� ���:gg ��t g��t�� ��3:gg 
6" DIA. AIR SPACED 

ASTRONOMICAL 
TELESCOPE OBJECTIVE 

Hard 
f/l0-60" 

f/15-90" 

coated on 4 surfaces 
focal length MOUNTED $175.00 

UNMOUNTED $150.00 
focal length MOUNTED $175.00 

UNMOUNTED $150.00 
The effective apel'ture of lhe above lenses is six inches. 
The black anodized aluminum mount fits into seven 
inch diu" aluminum tubing. 

8 POWER ELBOW TELESCOPE 8x50 
'rhis M-11 telescope has a brilliant image 48 
lIegree apparent field-3::!5 fccl at. 1.000 yards. 
The telescope can be adjusted for fOCUsing 15 
feet to infinit}'. It has a 2" objcct h"e, focus­
ing esepiecc 28mm focal length with 
Amici erecting systcm. Turret 
tiller:;, clear, red, amber and 
hOllsing to illuminatc reticle 
night-time use. 'l'ruly the biggest 
bargain you werc e\'cr offered. 
Original Go\"crnmcnt cost $200. 
BARGAIN PRICE ... $13.50 Ppd. 

ASTRONOMICAL TELESCOPE 
Precision polished to 1/4 i Dia. F.L. Postpaid 
wave and aluminized. Mil" 3fu" 4�" $ 9.75 
j'or mount, rack and pin' 414" P.YI'ex 45" $13.50 
iOIl, tubing available. 6" P:yrex 60" $25.00 

Free Catalogue" MIL L ION S" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 
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Optical Flats 
High p reCISIon optical 

flats of fused clear quartz 

in sizes up to 18" diame­

ter. We have made them 

for such agencies as the 

National Bureau of Stand­

ards and many others who 

desired better than 1/20 

the wave length accuracy. 

Price list on request. 
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Calibration curve for sferics counter 

that the potential electrical energy in a 
widespread storm may be much greater 
than is indicated by the record of sferics. 

"For purposes of weather forecasting, 
measurements of sferics and field inten­
sity need be combined only with read­
ings from a local barometer and wind­
direction indicator. After a reasonable 
amount of practice in interpreting this 
information, reliable eight-hour forecasts 
are easy to make. During the summer 
of 1947 our method gave only one in­
correct eight-hour forecast in 50 at­
tempts. The score of the local Weather 
Bureau for the same period was less 
than 50 per cent. The Bureau's fore­
casts were handicapped, however, by 
an unusual pattern of weather. 

"The effectiveness of sferics and field 
intensity in forecasting lies in the fact 
that cumulo-nimbus cloud activity pro­
vides a sensitive indication of potential­
ly turbulent air conditions during the 
summer months. An array of these clouds 
usually appears in late afternoon. They 
may either develop into thunderstorms 
or dissipate with the setting sun. On the 
basis of visual information alone it is im­
possible to predict which of these two 
courses they will follow. In contrast, 
variations in the strength of the electric 
field, coupled with a moderate sferics 
level, nearly always signal the advance 
of thunderstorm activity into the local 
scene, even though the visible clouds 
have not begun the familiar consolida­
tion that marks the first stage of a ma­
turing storm. 

"The sferics record at any location 
constitutes the summation of weather 
activity throughout the area covered by 
the recorder. The profile shows the con­
solidations, growth and maturity of vari­
ous thunderstorm cells. A typical record 
made in the late spring of 1956 is repro­
duced in the illustration on page 155. 
Weather conditions at that time were re­
ported as a stalled front to the north, 
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Frontiers are 
extended by 

the practical 
• • vIsIonary 

Appoint .. ents at AP[ o}fer 

rxctptional OpPortUliititS. 'Jor detailed information, 

address yOI�r inquiry to: 

Professional Staff ApPointments 

It is the practical visionary who has given us much of what 

we enjoy today. And it will be the visionary-the man with 

ability to seek concepts beyond the existing limitations of science 

-who will guide our developments of tomorrow. 

The Applied Physics Laboratory (APL) of The Johns Hopkins 

University seeks men who will be engaged in advanced research 

problems-who will find solutions to problems yet to be posed. 

Their findings will provide guidelines for the space and missile 

hardware research of the future. 

Your endeavors will be heightened by the professional atmos­

phere of APL. This atmosphere, created by men dedicated to 

the furtherance of science, has earned APL a reputation as a 

leader in programs vital to the national security. 

The Johns Hopkins University 
Applied PhysicsLaboratory 

8641 Georgia Avenue, Silver Spring, Maryland 
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Send brief resume to: 

R. E. EARY 

Techn ical Staffing Director 

The Magnavox Company 

2131 Bueter Road 

Fort Wayne, Indiana 

Government and industrial elec­

tronics is-and has been-a part 

of normal operations-not a side 

line at Magnavox_ 

Engineers and scientists with their 

eyes on the stars and their feet on 

the ground are cordially invited to 

investigate present opportunities 

existing in long range projects now 

underway at Magnavox_ 

lVIagnaV"o� 

with high humidity and temperature car­
ried into the region by several days of 
southerly winds. The heat of the sun 
caused thunderstorm activity to begin 
around noon; the thunderstorms were 
then dissipated as the atmosphere cooled 
off at night. Full scale on the graph is 
200,000 sferics per minute. The rate 
varied from 21 counts per minute (9: 30 
a.m. on May 27) to more than 200,000 
per minute (after 6 p.m. on May 28). 
This 10,000-fold increase was intimately 
related to the weather disturbance. 

"In this as well as in many other 
periods of activity one or two fairly in­
tense consolidations take place prior to 
the change of weather in the area. These 
are noted at about noon on both days. 
Apparently in the complex interactions 
within a region close to major weather 
landmarks-high-pressure ridges, low­
pressure cells, fronts and so on-the ad­
vent of one or two thunderstorms will 
either trigger general regional activity 
or else the cumulo-nimbus formations 
will quickly dissipate. The sustained ac­
tivity early in the evening of May 28, 
shown by the record, persisted as the 
cold front moved across the area. The 
southerly flow of air apparently blocked 
the movement of the front a second time; 
the temperature drop and northerly 
winds did not materialize until May 31, 
after local thunderstorms were observed 
during the night of May 29. Sferic ac­
tivity from the region west and north 
persisted during the entire period. 

"As for the forecast that was based 011 
this record, it should be noted that thun­
derstorms were not visible in the distance 
until about 5 p.m. on May 28. In spite 
of strong southerly winds on May 27 the 
decrease in sferic activity early in the 
evening led to the correct prediction 
that no change in weather would occur 
in the immediate vicinity during the 
night and following morning. A stronger 
southeast wind appearing at midafter­
noon the next day, coupled with the 
rapid increase in sferic activity, led to 
the forecast that turbulent weather 
would enter the vicinity within several 
hours. The nearest storm was seen and 
estimated to be 12 miles from the sferics 
station. A slow decrease in the sferic 
level, which occurred during the follow­
ing morning, added to occasional field 
disturbances beneath passing clouds and 
resulted in a further prediction that the 
weather had not cleared and other 
storms were imminent. These developed 
on schedule. 

"For rapidly moving storm systems 
the advance indication on the sferic re­
corder amounts to only a few hours, 
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� � � � � � � � � � 
� ADSID was formed by the United States Air Force to � � plan and integrate the elements of the air defense � � � � system and to provide management guidance to the � � � � ENG I NEE R S agencies responsible for the development, production, � 
� and operation of this system as it evolves during the � 
� � � years to come. In this planning MITRE must take into � � � 

� '7In n OU n ct'n a 
account the threat, defense technology, and the 

� � rt 
\J 

logistics of air defense in such a way as to achieve the 
� � best possible defense system, at minimum cost, for � 

I the formation ""i""im, ,,",' I � 

f 
All of the components of air defense-communications � 

� 0 systems, detection systems, data processing systems, � � and weapon systems - must be engineered and � � � � planned so that they are mutually compatible in both a � � 'MITRE" tedmi,,] ,,' , "h,doli', ",re. ! � As technical advisor to ADSID, MITRE will require � � � � engineers and scientists with high qualifications in � � A NON·PROFIT CORPORATION � �. the fields of ground·based and airborne radars; wire and � � ORGANIZED TO PROVIDE � 
� radio communications, including voice, teletype, � 

� SYSTEM ENGINEERING SUPPORT TO � 
jII! and data transmission facilities; data processing � � THE AIR DEFENSE SYSTEMS � � systems; computer facilities; manned interceptors; � � INTEGRATION DIVISION tADSIDI � 
� and defense missiles. � 
� OF THE UNITED STATES � � AIR FORCE MITRE will also require the services of operations � � � � and analysis engineers and logistics planners for � � � � production and system scheduling. � � � � � � � � � � � � � � Specialists are invited to make confidential � � � � inquiries by contacting the Personnel Director of· � 
� The MITRE Corporation, 244 Wood Street, � 
� Lexington 73, Massachusetts. � 
� � 
� � 
� � 
� � 
� � 
� � 
, -
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Select Openings at e/I:ii1Jtnurl4, 
NEW Engineering-Research Center 

at Dayton, Ohio 

Long-range non-military projects 

with exceptional stability 

COMPUTER ENGINEERS 

Senior Systems Analysts-Require Senior Systems Analysts 
with strong theoretical and design knowledge in the electronic 
engineering field including familiarity with electronic and 
electro-mechanical digital machines. Should possess minimum of 
3 years' experience with commercial application digital data 
processing equipment, however, would consider experience with 
scientific or defense application systems. Operational experience 
with a large data processing system is a distinct asset. 
Will be required to analyse and direct product improvement 
on large general purpose computer or small special purpose 
desk computer series. Advanced degree desired. 

Senior Circuit Designers-Experienced in the design, 
development and analysis of transistorized computer circuits. 
Familiar with the application of magnetic cores to computer high­
speed memory design. Growth opportunities involving 
decision making, concerning reliability, cost and component 
selection are offered. Advanced degree desired. 

Senior Circuit and Logical Designers-Similar 
experience and duties as noted for Senior Circuit Designer, 
plus evaluation and de-bugging arithmatic and control 
areas of computer systems. Advanced degree desired. 

DA TA PROCESSING ENGINEERS 
Senior Electronic Design Engineers-Experienced 
in development of logical design using standard computer 
elements, must also evaluate and design transistorized circuits 
including voltage regulated power supplies and circuitry 
related to decimal to binary coding. This data processing 
system is concerned with bank automation. 

SEND RESUME TO: 
Mr. K. C. Ross 
Professional Personnel Section D. 
The National Cash Register Co. 
Dayton 9, Ohio 

and reliable eight-hour forecasts are no� 
difficult. As the observer acquires the 
knack of interpreting the records, he 
can also make accurate forecasts under 
more passive conditions. Observations 
of the electric field then become partic­
ularly useful. Occasionally tremendously 
impressive cloud formations, including 
the formidable roll clouds associated 
with maturing thunderstorms, appear; 
by conventiomil standards these would 
signal foul weather. But when the re­
corder shows them to be charge-free the 
observer knows at once that they will be 
nonviolent. Locally severe storms, on 
the other hand, are accompanied by 
violent changes in electric field even 
though the general sferic level may be 
fairly low-a clue that the enveloping 
storm covers a small area. 

"With the exception of the electrical­
pen recorder, the equipment for measur­
ing field intensity and maki ng sferic 
counts is relatively inexpensive. The 
sferic detector is essentially a specia­
radio receiver equipped with a means for 
counting short pulses of current [see il­
lustration on page 156}. The antenna 
consists of a bare copper wire at least 20 
feet long suspended 10 feet or more 
above the ground between glass insula­
tors. It serves the dual purpose of picking 
up sferics and sensing field intensity. 

"A sferic signal excites the tuned 456-
kilocycle transformer, and the resulting 
oscillations are amplified. The train of 
amplified oscillations is then rectified 
and used to trigger a pulse-forming cir­
cuit. The output is averaged in a vac­
uum-tube voltmeter circuit. The antenna 
should be equipped with a lightning ar­
rester; as a further protection the re­
ceiver is equipped with a choke coil 
designed to block damaging bursts of 
energy at high frequencies. 

"The radio-frequency amplifier con­
sists of two standard 456-kilocycle in­
termediate-frequency transformers and 
a high-gain pentode tube. Incoming sig­
nals are rectified by a crystal diode that 
delivers negative pulses at the output. 
The negative pulses tend to drive the 
grid of the 6AU6 tube to cutoff, the 
point at which no current can flow be­
tween the cathode and plate. The output 
of this tube is fed to the 2D2 1 Thyratron 
by way of a resistance-capacitor network 
designed for a pulse duration of 50 mi­
croseconds. Most multiple-stroke light­
ning discharges are thereby registered 
as a single count. Corresponding pulses 
generated by the Thyratron tube per­
sist for 100 microseconds. The sensi­
tivity of the circuit to sferics is con­
trolled by adjusting the bias of the 
Thyratron. Normally this control is set 
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The most serious of facts 
• "Power when wielded by abnormal energy is the most 
serious of facts," wrote Henry Adams in The Dynamo and the 
Virgin. One serious fact is the birth of the handful of power 
above: the early form of a transistor regulated power supply, 
developed by tech/ops, now in production, in sophisticated 
forms by tech/ops' subsidiary, Power Sources, Incorporated. 

Best suited for arduous requirements in applications de­
manding reliability under extreme operating conditions which 
force rejection of conventional power supply circuitry (such 
as guided missiles and other military space needs), this hand­
ful of power is also presently being used in television stations, 
as in a host of other applications. 

And it is ano.ther typical example of tech/ops' product 
capability and broad scientific research and development for 
business, industry, and government. 

Technical Operations, Incorporated 
Central Research Laboratories / Burlington, Massachusetts 

• WASHINGTON, D.C . •  MONTEREY, CALIFORNIA . FORT MONROE, VIRGINIA 

personnel requirements 

at Fort Monroe. Virginia, or Burling· 

ton, Massachusetts: Operations Ana. 
Iysts experienced in industrial or military 

operations research, systems analysis, 

weapons systems evaluation, computer 
techniQues. or related fields; trainine 

should be in mathematics or physical 
sciences, preferably on graduate level. 
at Washington, O. C.: Programmers 
with substantial experience in the de­
velopment of large digital computer 

programs; background should include 

experience with design' and application 

of assembly programs, compilers, and 
advanced programming concepts. 

at Monterey. California: Communica­
tions engineer or physicist thoroughly 
familiar with the p'jnciples of radio 
transmission and communications net­
work analysis. 

address: Robert L. KoEer 
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D£NDROHEUCONOMETER 

It measures spacing of tree rings! We built 
the first of these exquisitely precise instru­
ments in 1938 for TV A. And this year we 
built " second, somewhat refined model. 

Since tree ring jobs don't come along too 
often, we round out the line with a notable 
!'rray of precision optical a?d measuring 
Instruments. The dendrohehconometer is 
just one of the more unusual custom optical 
instrumentation problems among those we 
routinely solve for applications ranging from 
pure research to industrial quality control. 

There's no bulletin on the tree ring device 
but we do invite your inquiry regarding 
problems of precise measurement and inspec­
tion, and we call your attention to two 
typical publications -

BU.lletin 203, ":r'he EI�ip�meter," for the study of 
�hm films usmg e)hphc.ally polarized light, of 
Interest to workers In sohd state physics. 

Bulletin 194, "The Coordinate Cathetometer " for 
!lleasur�ments in .8 vertical plane, such as precise 
Inspection of castings and printed circuits. 

Gaertner 1236 Wrizhlwood Ave. 
Chicago 14, Illinois . SCIENTIFIC CORPORATION 

900X "MICROBE HUNTER" 
• The only Microscope in its class featuring 

GRADE A optics! 
• Power Range 2SX. SOX. 7SX. IOOX, ISOX. 200X, 

300X. 400X. 600X. 900X 
• Full Range Fine Adjustment 
• Safety Stop on Coarse Adjustment 

'],his instrument-made to our rigid design specitications­
has wide usage in schools, laboratories and law enforcement 
agencies. All of the most needed features have been incor­
porated to meet the requirements for diversified micro­
studies. Highly recommended for serious hobbyist desiring 
exceptional Quality at modest cost. Power range from 25X 
to DOOX in 12 possible combinations. Geared rack and 
pinion coarse focusing. Micro-motion fine focusing of full 
range-12 complete revolutions. Safety stop prevents over 
rise. 36mm dual surface (I)lano!collca\'e) mirror. Fixed 
square stage, 70mm X 80mm. Rotating 5-hole. disc dia­
phragm. 'l'hrce Huygenian eyepieces of 5X, lOX and 15X. 
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to register not more than one pulse per 
hour during the winter or during fair 
summer weather. 

"The output of the Thyratron is cou­
pled to a capacitor-resistance 'averag­
ing' circuit. This smooths out random 
fluctuations in the sferics counting-rate, 
and thus gives meaning to recorded 
values of 50 counts per minute or less. 

"As mentioned earlier, the rate at 
which sferics are detected spans a broad 
range: from less than 20 sferics per 
minute to more than 200,000. Hence 
the scale of the recorder must be com­
pressed as the sferics rate increases to 
prevent the pen from being carried off 
the paper. This is accomplished by tak­
ing advantage of the grid-cutoff char­
acteristic of the 12AU7 voltmeter tube. 
As the counting rate increases, progres­
sively higher negative voltage is applied 
to the grid of the 12AU7, thus reducing 
the response of the meter. 

"The leakage current of the antenna, 
which varies with the intensity of the 
electric field, is measured by another 
averaging voltmeter circuit which uti­
lizes a second 12AU7 tube. One grid is 
connected to an averaging resistor­
capacitor circuit which is connected in 
turn to the antenna. Some capacity and 
resistance are inserted to counteract the 
effects of abrupt changes in the electric 
field which accompany local lightning 
discharges. The antenna is so effective 
that transient changes in the field can 
induce potential differences in the circuit 
as high as 10,000 volts! To protect the 
meter a 22-megohm resistance and a 
.1-microfarad capacitor are connected 
in series between the antenna and 
ground, and the grid of the voltmeter 
tube is tied to the junction between the 
two. The capacitor requires an appre­
ciable interval to reach full charge 

One tu,..n of -the 
hnob rctract5 the. 

through the resistor. This delay protects 
the meter against abrupt voltage surges. 
Sensitivity to local weather is lost by 
the circuit, however, if transients are 
suppressed completely. The resistor is 
therefore bridged by a small neon tube. 
When the input voltage exceeds the 
firing potential of the tube (70 to 100 
volts), the neon glow short-circuits the 
resistor and in effect transfers the anten­
na directly to the capacitor and the grid. 
The five-millihenry choke and .0002-
microfarad capacitor connected between 
the antenna and ground present a low 
resistance to slowly varying fields, such 
as those produced by nearby power 
lines, and thus prevent these sources 
of voltage from firing the neon tube." 

Amateurs are occasionally faced with 
the problem of equipping an instru­

ment with a very fine mechanical ad­
justment. In November, 1956, for exam­
ple, this department described an inter­
ferometer, the accuracy of which in the 
measurement of short distances depend­
ed on the delicacy with which the mov­
ing carriage of the apparatus could be 
positioned. The problem was solved by 
equipping the instrument with a ma­
chinist's micrometer which moved the 
carriage by depressing a lever. 

George O. Smith, an engineer of 
Highlands, N.J., suggests an alternative 
device: the differential screw. Two sets 
of threads, differing in pitch, are cut in 
separate segments of a rod. One set en­
gages a nut fastened to the bed of the 
instrument. The other engages a similar 
nut attached to the movable carriage. 
When a knob attached to the rod is 
turned, one set of threads tends to ad­
vance the carriage and the other to re­
turn it. The difference in pitch produces 
a net movement of the carriage, as shown 

ca .... iagc:: %,0 inch with 
respect to the sc"";� One turn of the 

knob l\dvancc$ t.he 
!;CYCW 'Y!; inch with 
respect to t.he bas-e. 

One turn of -the knob <ldVonCC5 t-llc c�Yriagc 7-40 inch. 

A differential screw used for a fine·adjustment device 
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Variation of the differential screw providing both fine and coarse ad,iustmell /s  

in the drawing on page 164. The threads 
can be made as coarse as desired and the 
net movement as fine as desired. As­
sume that the portion of the rod that 
engages the bed nut is threaded with 
10 turns per inch, and that the portion 
that engages the carriage nut is threaded 
with eight. Ten turns of the knob will 
advance the lead screw one inch. Simul­
taneously the carriage is returning eight 
tenths of an inch along its portion of the 
lead screw ; this results in a net move­
ment of only a quarter of an inch. One 
turn of the knob thus advances the car­
riage .02.5 inch. 

"The device is not without limitations. 
F.or one, it does not lend itself well to 
long throws of the carriage. The differ­
ential screw gains its mechanical advan­
tage at the cost of displacement, which 
means that quite a lot of lead screw is 
required to produce a given motion of 
the carriage. In the case of 10 threads 
per inch working against eight threads 
per inch, a carriage translation of one 
inch requires a total screw length of 
seven and two tenths inches. M atters 
worsen as the differential is made less. 
In the case of 10 threads per inch work­
ing against nine, one turn of the knob 
advances the carriage only a ninetieth 
of an inch, but requires a total screw 
length of 19 inches for a carriage trans­
lation of one inch! 

"All screw-driven devices are subject 
to errors built into the lead screw, among 
the worst of which is 'drunkenness,' or 
variation of pitch within a single turn 
or fraction of a turn. Drunkenness is 
present in some amount in the lead 
screw of the lathe on which the screw 

is cut, and the error is reproduced in the 
work. In the case of the differential 
screw, however, we stand a good chance 
of averaging out the error because the 
two portions work against each other ."  

Roger Hayward, who illustrates this 
department, has had considerable expe­
rience with differential screws. He 
writes : "Smith's statement that errors 
due to drunkenness in his screw are as 
likely to cancel out as to add to each 
other is in conflict with M urphy's law. 
(If something can go wrong, it wilL) 
But this is not the only bug in the device. 
A very real one will show itself in the fit 
between the screw and the nuts, and in 
the alignment of the screw with the ways 
on which the carriage rides. To minimize 
the effect of drunkenness the lead screw 
should be lapped against the nuts with 
which they mate, and the nuts should be 
supported in gimbals. 

"Incidentally, I used a variation of 
the differential screw in a Michelson in­
terferometer I once designed for the 
M ount Wilson Observatory. In this 
scheme the bed nut engaged a sleeve 
cut with eight threads per inch. The 
sleeve served as one bearing for the lead 
screw, in which 1 0  threads per inch 
were cut. Rotation of the threaded bear­
ing was limited by a stop to something 
less than one revolution [see illustration 
above J .  This variation enables one to 
position the carriage roughly at the rate 
of one inch per 10 turns of the knob. 
The differential principle is brought into 
play by permitting both screws to rotate 
(advancing the carriage at the rate of 
one inch per 40 turns of the knob) for 
the desired fine adjustment." 
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by Janles R Newman 

MIND AND MATTER, by Erwin Schrodin­
ger. Cambridge University Press 
($2.75). 

High up in the vault of the head, 
site of the roof brain, the world 
comes to light. Sensations, per­

ceptions, memories weave their images. 
In that tiny tenement all experience 
comes to focus. Is this moving picture a 
projection of a real world existing out­
side, or is the picture itself the whole 
stuff of the world? The question has for 
centuries engrossed philosophers, scien­
tists and plain men. Those who are called 
idealists have asserted that the picture is 
constructed by mind, and that mind is 
the reality and matter a mere fiction; 
those who are called materialists have 
maintained that matter alone exists and 
that mind is merely one of its properties. 
The meaning of the words "mind" and 
"matter" has itself of course been a sub­
ject of vast debate, but on one point at 
least there has usually been agreement: 
Between mind and matter lies an impas­
sable gulf. 

The debate continues, and here in 
Schrodinger's latest volume, the Tamer 
Lectures given at the University of Cam­
bridge in 1956, we have yet another 
analysis of various aspects of the classical 
problem. It is not a fresh venture for 
Schrodinger; he trod the same ground in 
the epilogue to What Is Life?, in Science 
and H llmanism, in N attire and the 
Greeks (which I reviewed at length in 
these columns more than four years 
ago). For this restless, exquisitely sensi­
tive thinker the mind-matter question 
has long had a powerful attraction. He 
has made his mark in physics but his eye 
scans a wider horizon. He is absorbed 
in matters which science in its strict defi­
nition cannot answer alone. In his search 
for meaning-of life and the world-he 
has not been bound by the traditional 

BOOKS 
Erwin Schrodinger discourses on 

the probleln of mind and lnatter 

methods of science. He has not re­
nounced them, but he has supplemented 
them. Bertrand Russell wrote in a fa­
mous essay that men who have sought 
to conceive the world as a whole by 
means of thought have felt the need of 
both science and of mysticism. Schro­
dinger has felt this need, and has tried 
to harmonize both impulses. His book 
is a gem with many facets; one loses 
oneself easily peering into its depths. 

He begins his lectures by considering 
the physical basis of consciousness. For 
this purpose it is convenient to adopt 
the "hypothesis of the real world." Some­
where behind the eyes resides a think­
ing, sensing, conscious self. This is "in­
side." We distinguish also an "outside": 
an external world which consists, as we 
imagine, of all that has been and is­
shapes, sounds, motion, light, matter. 
This world, we say, exists; yet existence 
is obviously not enough to make the 
world manifest. It must communicate it­
self to us, make itself known. We sup­
pose this is achieved by a complex of 
Signals which the self interprets. How 
this is done is essentially a mystery, but 
we conjecture that certain processes tak­
ing place in a certain highly specialized 
piece of matter known as the brain pro­
duce certain peculiar occurrences called 
consciousness. All this may be nonsense, 
but it is not barren nonsense. 

According to our model, consciousness 
is associated with material processes 
which take place in nerve cells and 
brains. It is well established that these 
biological features, which characterize 
many different kinds of organisms, serve 
a unique and valuable purpose. The in­
dividual possessing such a mechanism 
can adapt itself, can choose, can respond 
to changes in surroundings by changes 
in its behavior. There are, to be sure, 
organisms such as plants which can 
adapt themselves in an entirely different 
fashion, but a nervous system crowned 
with a brain is not only the most elabo­
rate and ingenious of all adaptive mech­
anisms, but confers upon its owner an 
enormous advantage. 

The brain, however, is an accident. It 
is a special tum of evolution which 
might never have occurred. Natural se­
lection, as Darwin said, does not neces­
sarily include progressive development, 
but takes advantage only of variations 
"beneficial to each creature under its 
complex relations of life." Are we to as­
sume then that in the absence of that 
special event consciousness itself would 
not have arisen, and that the outside 
world would have remained "a play be­
fore empty benches"? Schrodinger finds 
this a repugnant idea, leading to a 
"bankruptcy" of the world picture. But 
he is not disposed to embrace the views 
of Spinoza and others who held that all 
natural objects, animate or inanimate, 
possess a soul. The flashing-up of the 
world into the light of consciousness 
would thus not be a privilege reserved 
for the higher animals, for everything 
would, in a sense, be aware of itself as 
part of a universal mind. 

To extend the domain of conscious­
ness is to court fantasies, but one can 
follow another path to firmer ground. 
Not every nervous process, nor even 
every cerebral process, as Schrodinger 
pOints out, is accompanied by conscious­
ness. Descartes in a famous passage 
compared the body to a wound-up clock 
whose wheels and weights simply tell 
the hours by following the laws of na­
ture. And "so in like manner [he wrote] 
I regard the human body as a machine 
so built and put together of bone, nerve, 
muscle, vein, blood and skin, that still, 
although it had no mind, it would not 
fail to move in all the same ways as at 
present, since it does not move by the 
direction of its will, nor consequently 
by means of the mind, but only by the 
arrangement of its organs." His doctrine 
has been modified but not abandoned. 
Mindless motor acts, it is said, constitute 
a large part of the activities of men and 
animals. We do not think to breathe, to 
run, to hold a glass, to swallow. ThE; 
heart beats, fortunately, without its own­
er's attentions. Reflex actions are recog­
nized in the vertebrate ganglia, and in 
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that part of the nervous system under 
their control, which regulate and time 
reactions inside the system. Many re­
flexive processes pass through the brain 
that do not fall into consciousness or 
have very nearly ceased to do so. Schro­
dinger carries the point further. "Any 
succession of events," he maintains, in 
which we take part with sensations, per­
ceptions and possibly with actions 
"gradually drops out of the domain of 
consciousness when the same string of 
events repeats itself in the same way very 
often." The boy recites the poem he has 
carefully memorized, and for all he is 
aware of its content it could be T. S. 
Eliot or Ogden Nash. A well-rehearsed 
piano sonata can be played "in one's 
sleep." We drive to work along a fa­
miliar route unseeing and lost in 
thought. There is a story of a noted 
mathematician whose wife found him 
lying in bed, the lights off, shortly after 
evening guests had gathered in his 
home. What had happened? He had 
gone to his bedroom to put on a fresh 
collar. "But the mere action of taking 
off the old collar had released in the 
man, deeply entrenched in thought, the 
string of performances that habitually 
followed in its wake." 

Habit crowds out consciousness. But 
when something new confronts us, call­
ing for a new response-a detour, say, 
on the way to work; when we learn an 
untried action, listen, observ!3, explore, 
feel pain or joy, the signal which prods 
us intrudes into consciousness. Even 
breathing may become a subject for 
thought and deliberate action. Con­
sciousness thus appears in the role of a 
tutor. It "supervises our education," in­
troduces us to new facts and fresh meth­
ods, but leaves us to carry on our tried 
routines alone. The higher vertebrates, 
having the mechanism that produces 
consciousness, learn most easily. Their 
nervous system is the place, in Schro­
dinger'S words, "where our species is 
still engaged in phylogenetic transfor­
mation; metaphorically speaking it is 
the 'vegetation top' of our stem. Con­
sciousness is associated with the leaming 
of the living substance; its knowing how 
is unconscious." Perhaps, then, con­
sciousness is not an "exclusive property 
of nervous processes," but is associated 
"with all organic processes inasmuch as 
they are new." I am not sure I know 
what this means, but Spinoza might 
have welcomed it. 

Now comes a diversion typical of 
Schrodinger. Even without the last gen­
eralization, he sees in his theory of con­
sciousness a clue toward a scientific the­
orv of ethics. The background of every 

ethical code is self-denial'; an imperative 
"thou-shalt" opposes our primitive will. 
Commandments and principles of con­
duct involve a suppression of "primitive 
appetites," and our conscious life is ne­
cessarily a continued fight against our 
primitive ego. The organism is ever be­
coming. Every day of man's life is a 
small bit of the evolution of the species, 
as he adapts and transforms himself; and 
the whole of evolution is the epic of a 
myriad of tiny transformations-"minute 
chisel blows," as Schriidinger calls them. 
We ourselves are both chisel and statue, 
conquerors and conquered: "it is a true 
continued self-conquering." Are we 
asked to believe that this evolutionary 
process-so ponderous and slow, so im­
perceptible not only to the individual 
but to entire historical epochs, so much 
the creature of chance mutations tested 
by selection-actually penetrates into 
consciousness? Schriidinger's answer is 
an affirmation of faith. It is by learning, 
by adapting, by solving the problems 
created by change that we evolve, and 
in these activities consciousness plays a 
crucial role. Consciousness is a "phenom­
enon in the zone of evolution. This 
world lights up to itself only where or 
only inasmuch as it develops, procreates 
new forms." It follows that consciousness 
and self-discord are inseparably linked. 
Not the man at peace with himself, doz­
ing like a little rabbit in the sun, but 
the creature of self-strife, is the hope of 
society. The wisest and best men of all 
times confirm this paradox. They suf­
fered to achieve; for them the world was 
lit in a brilliant light of awareness, and 
only in this light were they able "to 
form and transform that work of art 
which we call humanity." 

Lest the reader accuse him of preach­
ing morals instead of expounding sci­
ence, Schrodinger proffers reassurance. 
"Do not take it," he says, "that I wish to 
propose the idea of our species develop­
ing towards a higher goal as an effective 
motive to propagate the moral code. 
This it cannot be, since it is an unselfish 
goal, a disinterested motive and thus, to 
be accepted, already presupposes virtu­
ousness." No, the "shall" of Kant's im­
perative remains unexplained, and the 
ethical law-"Be unselfish!"-is simply a 
fact, agreed upon even by those who do 
not very often keep it. Schriidinger re­
gards its puzzling existence as an indi­
cation "of our being in the beginning 
of a biological transformation from an 
egoistic to an altruistic general attitude, 
of man being about to become an animal 
social." Egoism is a virtue for the soli­
tary animal. It must be primarily self­
interested to survive; in evolutionary 
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terms, self-interest is favored by selec­
tion. But as communities arise, self-in­
terest must be curtailed; something must 
be yielded to the commonweal. In cer­
tain very ancient societies-of bees, ants, 
termites-egoism has been entirely re­
linquished; the state is all that counts, 
and a kind of ferocious national egoism 
possesses the citizen. ("A worker bee 
that goes to the wrong hive is murdered 
without hesitation.") In the history of 
man one can discern similar develop­
ments. Whether or not we began as 
Hobbesian brutes, we are still "pretty 
vigorous egoists"; at the same time many 
of us are intense national egOists. Yet it 
has become apparent to many thought­
ful persons that nationalism too is a vice. 
The individual's longing for peace com­
petes with his patriotism; and perhaps 
the more primitive (and more rational) 
form of self-interest will save man from 
destruction. Bluntly: "If we were bees, 
ants, or Lacedaemonian warriors, to 
whom personal fear does not exist and 
cowardice is the most shameful thing in 
the world, warring would go on forever. 
But luckily we are only men-and cow­
ards." Unfortunately things are not real­
ly that simple. 

It may occur to you that these views 
of Schrodinger involve at least a tacit 
acceptance of Lamarckism. For if be­
havior plays a continuing part in evolu­
tion, must there not be an inheritance 
of acquired characteristics? Schrodinger 
was long troubled, he tells us, by this 
question, but he is now satisfied that he 
has found a way out. It consists of the 
operation of a kind of "feigned Lamarck­
ism," a mechanism suggested by Julian 
Huxley's treatise on evolution. Lamarck's 
notion that the improvements or adapta­
tions that an organ acquires through use 
are transmitted to the offspring is wrong. 
Chance variations favored by selection 
are accumulated, or at least accentuated; 
and this process, easy to describe but of 
inordinate complexity in its microscopic 
workings, can be made to account for 
the gross transformations of species. Yet 
a striking simulation of Lamarckism oc­
curs, according to Huxley, "when the 
initial variations that inaugurate the 
process are not true mutations, not yet 
of the inheritable type." A specialized 
skill may lead an animal to change its 
environment, to migrate to surroundings 
where this skill is advantageous; there­
upon the environment will not only fa­
vor those individuals most proficient in 
the skill but also preferentially select 
those in whom chance mutations have 
accentuated the favorable character. 

Take this example. The ability to fly 
enables birds to build their nests high 

up in the trees or on inaccessible cliffs 
where the young espeCially are in less 
danger of being attacked by predators. 
Thus the ability to fly and the use made 
of it confer a selective advantage. But 
now the environment itself takes a hand 
in smiling upon the better fliers among 
the young. The behavior of the parents 
has therefore reinforced and speeded up 
the process of selective improvement, 
because when the "right" mutations 
show up the individuals possessing them 
are so situated as to make the best use 
of them. We must of course guard 
against an animistic interpretation of this 
process, for it is tempting to lapse into 
metaphor and say that the species "has 
found out in which direction its chance 
in life lies and pursues this path." The 
fact that certain behavior can be shown 
to enhance the selective value of certain 
mutations, to pave the way for the reali­
zation of their advantages in a given 
environment, must not be taken as evi­
dence that this behavior is deliberately 
adopted for this purpose. To avoid one's 
enemies if they are stronger, or to seek 
them out if they are weaker, is doing 
what comes naturally, without a grand 
design other than survival in view. But 
it may happen that just this behavior 
pattern,. which is transmitted to off­
spring by example, will contribute to the 
selective process described above. The 
causal mechanism proposed by Lamarck 
is enormously suggestive; while it is all 
wrong, it is merely upside down. Be­
havior does not change physical organs 
in an inheritable way; rather physical 
changes resulting from mutations change 
behavior. This change, transmitted by 
example or teaching, acts as a significant 
evolutionary factor "because it throws 
the door open to receive future inherit­
able mutations with a prepared readi­
ness to make the best use of them and 
thus to subject them to intense selec­
tion." 

On this hypothesis Schrodinger is able 
to relate the operations of mind and 
consciousness to biological develop­
ment. If behavior has biological conse­
quences among plants and lower ani­
mals where trial and error are apt to 
govern it, how much more important 
must it be in man, who can make choices 
-even sensible choices. Political and so­
cial events are not thrust upon us; en 
masse, at least, we cause and control 
them (though we may often act un­
wisely). Our biological destiny is no dif­
ferent. Nature has not decided it for us 
in advance. It is possible, to be sure, that 
man, like the crocodile or the insects, 
has reached the end of the evolutionary 
line. Moreover, there is reason to believe 

f 
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we have blocked the Darwinian mech­
anism in both good and bad directions. 
We protect the weak, cure the sick, feed 
the hungry and practice birth control; 
we also slaughter each other in ever in­
creasing numbers, and permit millions 
to die of starvation and disease. Hu­
manity and inhumanity alike interfere 
with natural selection. Nevertheless 
there remains to us a very broad oppor­
tunitv to improve our biological future 
by cultivating the evolution of the intel­
lect. We can hope thereby not only to 
enlarge our understanding of nature and 
our control over its forces, but to achieve 
mastery of ourselves and our destructive 
impulses. 

Schrbdinger warns of the serious dan­
ger of "a general degeneration of our 
organ of intelligence [because ofl the 
increasing mechanization and 'stupidi­
zation' of most manufacturing process­
es." There is a constant search for talent 
and a cry for genius, yet the conditions 
of industrial society promote the rise of 
the cheerful robot. Schrbdinger notes the 
controversy over the "welfare state," 
which is often accused of stifling incen­
tive by leveling chances and providing 
everyone with economic security. But 
care for our present welfare need not 
undermine our evolutionary future. Next 
to want, says Schrbdinger, boredom has 
become "the worst scourge" in our lives. 
Ingenious machines steadily encroach 
upon arts and skills; entertainment is 
canned and packaged; the popular im­
age of bliss is to rot in feckless leisure, 
i. e., to "retire," at the earliest possible 
age. The machine, says Schrbdinger, 
"must take over the toil for which man 
is too good, not man the work for which 
the machine is too expensive . . . . This 
will not tend to make production cheaper 
but those who are engaged in it happi­
er." We place high value upon compe­
tition, but the competition of commerce 
and manufacture is as uninteresting as 
it is biologically worthless. "Our aim 
should be to reinstate in its place the 
interesting and intelligent competition 
of single human beings." 

I shall discuss only one other of Schrb­
dinger's themes. Two general principles, 
he contends, form the basis of the scien­
tific method: The first is that nature is 
comprehensible; the second, that it is 
possible to "objectify" the world. We are 
concerned with the second, which the 
reader will recognize as the "hypothesis 
of the real world" mentioned earlier in 
this review. 

To make headway in understanding 
the infinitely intricate problem of natui'e 
we pretend to be able to step out of the 
world, to become observers. It is clear 
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that this is an artifice, that we are our­
selves part of what we are observing, but 
the device appears to be essential if we 
are to make sense, let alone science. Yet 
its illogicality returns to grin at us. With 
the sentient self removed, we make a 
tidy model of a system of matter and 
motion. But this model has a grave flaw: 
it is "colourless, cold, mute," in short, it 
is not a model of the world at all. It is 
like a diagram of a flower. Having 
eliminated ourselves in order to get 
closer to the world, we have managed 
to lose it. Hurriedly we step back into 
the picture. The result is chaos. Not only 
is it a picture of ourselves making a pic­
ture of ourselves making a picture, but 
it is full of figments and fictions that 
came out of our heads. It is a personal 
world, many features of which cannot 
be measured and are therefore of no in­
terest to science. My dislike of poached 
eggs is very real to me: Is it or is it not 
a proper part of the world picture, and 
if it is, of whose world picture? 

Another difficulty. In the hypothesis 
of the real world, how does mind act 
upon matter? To make the picture, the 
self has been removed. But the self is 
mind; then how can it work upon that 
from which it is removed? Is this a mere 
rluibble? Only if science and philosophy 
are themselves a quibble. "Physical sci­
ence," Sir Charles Sherrington wrote, 
"faces us with the impasse that mind 
peT se cannot play the piano-mind per 
se cannot move a finger of a hand." What 
then does what is done? Is the picture 
of the world of matter made by matter 
itself? Is there no direction, no design, 
no discrimination? It can certainly be 
argued that there is no such thing as 
mind, that it is a meaningless concept. 
This leads to one set of antinomies. But 
if we concede to the concept any mean­
ing whatever we are enmeshed in other 
antinomies. Mind sits alone in its high 
perch in a world of shadows. It is a 
stranger in its own world. In his great 
book Man on His Nature Sherrington 
epitomizes the dilemma: "Mind, for any­
thing perception can compass, goes 
therefore in our spatial world more 
ghostly than a ghost. Invisible, intangi­
ble, it is a thing not even of outline; it 
is not a 'thing: It remains without sen­
sual confirmation and remains without it 
forever." 

Modern science is in a trap; physics is 
hopelessly ensnared. Its bizarre model 
of the world is admittedly a model of 
nothing; its parts cannot be pictured; it 
is held together by contradictions. Time, 
space, matter, motion-even causality it­
self-have been thrown on the rubbish 
heap. Limits have been set upon know 1-
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edge; the physicists' Eden abounds in 
forbidden fruits. 

All this, in Schrodinger's view, is the 
result of excluding ourselves from the 
picture. Whatever science has gained in 
the past from this "exclusion principle," 
we are now obliged to assess its conse­
quences. It is too early to say whether 
science must be made anew, just as it is 
too early to swallow the fashionable dog­
ma that there are certain properties of 
an object that cannot be accurately 
known. ( If such boundaries to knowl­
edge exist, we have to abandon at least 
partially the cardinal principle of the 
understandability of nature; but we are 
not yet, Schrodinger feels, forced to this 
desperate step, because physics may 
find more plausible models.) It is not 
too early, however, to criticize the con­
tention, based on recent discoveries in 
physics, that refined methods of observa­
tion have carried us so close to the mys­
terious boundary between subject and 
object that the boundary has begun to 
vanish. Schrodinger's demurrer to this 
contention is characteristically subtle. 
Many thinkers have of course made the 
point that the observer colors the obser­
vation, that what we perceive is not the 
"thing in itself," to use Kant's term. But 
modern physics goes beyond this in as­
serting that it is not only our impressions 
of the outside world which depend on 
our "sensorium," but the outside world 
itself which depends upon it and is 
changed by it. Yet how, asks Schrodin­
ger, can this be? The clumsy finger may 
tilt the scale, the eyelash may blur the 
image under the microscope, but how 
can the subject's mind, the thing that 
merely senses and thinks, disrupt the 
physical world? The mind is not matter, 
nor does it belong to the world's energy. 
This is the core of the real-world hy­
pothesis, the root of objectivation. 

There is, however, another approach 
to the dilemma. We need not, after all, 
accept in the first instance the "time­
hallowed distinction" between subject 
and object. It has its practical uses, and 
in science it serves as an invaluable 
make-believe; but in philosophy, as 
Schrodinger believes, it should be aban­
doned. Scientists do not get into trou­
ble when they act upon the distinction 
in their own field, but rather when 
they decide to draw portentous epis­
temological consequences from their un­
solved problems. This does not mean 
that the scientist should stick to his last; 
Schriidinger is scarcely in a position to 
advocate such self-restraint. But it does 
mean the physicist must clear his 
thoughts, must recognize that pragmatic 
assumptions in one sphere do not neces-
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sarily yield valid conclusions in another. 
Let Schrodinger summarize: "It is the 
same elements that go to compose my 
mind and the world. This situation is the 
same for every mind and its world, in 
spite of the unfathomable abundance of 
'cross-references' between them. The 
world is given to me only once, not one 
existing and one perceived. Subject and 
object are only one. The barrier between 
them cannot be said to have broken 
down as a result of recent experience 
in the physical sciences, for this barrier 
does not exist." 

I do not think it can be said that 
Schrodinger has made a solid contribu­
tion to the science of mind; and it would 
be useless to pretend that a fine linguis­
tic scalpel, of the sort the analytic philos­
ophers have devised and are so merci­
lessly skillful in wielding, is needed to 
slice many of his arguments into bits. He 
is old-fashioned in some of his views; his 
concepts are apt to leak and flow into 
one another; he is sometimes, I regret to 
say, fervid when it would be better to 
be clear. And yet he has given us some­
thing that stands nobly by itself, that can 
survive the onslaughts of both scientists 
and philosophers. What he has written 
is imbued with values that are as com­
pellingly real as they are hard to define. 
There is not a trace of superficial clever­
ness about him. To a fine intelligence he 
joins a passionate heart. He is not 
ashamed to be human, though he is 
never sentimental. That the dilemma of 
objectivation is his primary concern is a 
reflection of his whole style and outlook: 
He puts himself into his ideas, he shares 
his doubts with us, he pierces us with 
his reflections. For Schrodinger the im­
portance of the questions of science lies 
in the fact that they are questions about 
the nature and meaning of life. Because 
these questions cannot be answered by 
science alone he has turned elsewhere 
for light. The Book of Job tells us that 
the ways of God are inscrutable; that 
there are questions we must not ask, 
things too impious to search out, "too 
wonderful" for man to know. For Schro­
dinger, if the question can be put, the 
answer must be sought. One can read 
his little essay in a few hours; one will 
not forget it in a lifetime. 

Short Reviews 

M OMENTS OF DISCOVERY, edited by 
1 George Schwartz and Philip W. 
Bishop. Basic Books, Inc. ($15). A curi­
ous hit-and-miss collection of writings 
on astronomy, physics, chemistry, biology 
and medicine. The editors have assem­
bled excerpts from the works of about 
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80 men of science, from Hippocrates to 
J. R. Oppenheimer, in the fervent hope 
that these scraps would somehow coagu­
late into "the story of the scientists' ap­
proach to the universe." It is a vain hope, 
for the book is stillborn and can tell no 
story. Many of the excerpts are too short 
to be either interesting or meaningful ; 
not a few are too difficult to understand 
without an extensive editorial back­
ground and commentary. The editors' 
introductions do not meet this need; 
moreover, they contain some astonishing 
conjectures. For example, it is said that 
Hipparchus, who lived in the second 
century B .C. ,  "may still have been living 
while Ptolemy [who lived in the second 
century A.D.]  was a child." What has 
been left out of this anthology is more 
remarkable than what has been includ­
ed. Mathematics evidently played no 
part in the moments of discovery, and 
is therefore not represented. ( We are 
told, however, that Pascal developed the 
theory of probability, "a type of applied 
mathematics that was to prove of great 
importance in such fields as biological 
statistics." ) Physics has a hard time, with 
Maxwell, Helmholtz, Clausius, Boltz­
mann, Gibbs, Kelvin, Gauss and Am­
pere among the absentees-to mention 
only the leaders of a single century. 
Geology is not on the compilers' list, nor 
are modern astronomy and cosmology. 
The theory of relativity peeps through a 
single paragraph of a pleasant but in­
substantial essay by James Jeans, which, 
from the vantage point of 1934, also dis­
poses of atomic physics, the quantum 
theory and other items. That philosophy 
may have contributed to the growth of 
science is not a point that this book takes 
too seriously : Locke and Hume, for ex­
ample, cannot even find their way into 
the index. The editors say that their work 
is the "culmination of twenty years of 
study of the creative process in science." 
The reader will not be grateful. 

FOSSIL MEN, by Marcellin Boule and 
Henri V. Vallois. The Dryden Press, 

Inc. ( $9 .50 ) .  In his introduction Ken­
neth P. Oakley describes this book, first 
published in France in 1921 ,  as "the most 
comprehensive and authoritative gen­
eral work on human palaeontology." 
M arcellin Boule, who wrote the original 
version, was the foremost figure in his 
field. Later editions were revised by 
Henri Vallois, best known as the director 
of the Musee de I'Homme, considered 
the greatest museum devoted to anthro­
pology in the world. An able English 
translation by Michael Bullock is pre­
sented in this fully illustrated, attractive­
ly made volume. Though it is in some 
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respects out of date, Fossil Men can still 
be recommended to any reader interest­
ed in the engrossing and constantly 
growing study of the ancestry of man. 

P ERSIA, by L.  Lockhart, with photo-
graphs by A. Costa. Frederick A. 

Praeger, Inc. ( $ 1 0 ) . A book of remark­
ably fine photographs of Persia. The 
pictures show different aspects of the 
landscape, scenes from the towns and 
cities, famous mosques, gardens and pal­
aces, the grand ruins of Persepolis, the 
reputed tomb of the prophet Daniel at 
Susa, the crafts and occupations of the 
people. Laurence Lockhart, noted ori­
entalist of the University of Cambridge, 
provides a model introduction dealing 
with Persian history, literature, art, cli­
mate and topography, and a series of ad­
mirable notes for Costa's photographs. 
A delectable volume. 

I SAAC NEWTON'S PAPERS & LETTERS ON 

NATURAL PHILOSOPHY AND RELATED 

DOCUMENTS, edited by I .  Bernard 
Cohen. Harvard University Press 
( $ 12.50 ) . A collection of various Newton 
papers and letters dealing with physical 
science, and of a few odds and ends of 
Newtoniana such as Fontenelle's eloge 
and Edmund Halley's review of the 
Principia. The Newton writings are on 
light and color, on chemistry, atomism, 
the ether and heat. Also presented are 
Newton's four letters to that prodigiously 
erudite donkey Richard Bentley, who 
sought to demonstrate in his Boyle Lec­
tures ( two of which are included ) that 
the Principia made out an irrefutable 
case for religion. Newton corrected some 
of Bentley's scientific misconceptions, 
but he managed not to commit himself 
on the theological issues .  Several spe­
cialists contribute prefaces to the sepa­
rate papers ; the editor offers a general 
introduction that does not help to pull 
the book together. Facsimiles are used, 
which is not a happy idea because sev­
eral are so bad that they cannot be 
read without considerable strain .  The 
collection will be useful to scholars de­
spite its defects . 

THE VOYAGES OF JOSHUA SLOCUM, ed-
ited and with commentaries by WaI­

ter M agnes Teller. Rutgers University 
Press ( $6 ) .  Slocum's reputation keeps 
growing, and for good reason . Sailing 
Alone around the World is a superb ad­
venture story and a masterpiece of prose. 
His other writings are little-known but 
deserve attention. Teller has had the 
happy thought of bringing together in 
one volume all of Slocum's works : his 
first book, Voyage of the Liberdade; his 
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second, Voyage of the Destroyer from 
New York to Brazil; his Rescue of Some 
Gilbert Islanders; his correspondence 
with the Department of State and with 
President Cleaveland ( sic ) on the ship­
wreck of his little clipper bark Aquid­
neck on the coast of Brazil in 1887; and, 
of course, the classic account of his lone 
circumnavigation of the globe on the 
37-foot sloop Spray. An excellent bio­
graphical essay and prefaces to each 
selection add to one's enjoyment of this 
delightful volume. 

Notes 

CASTILLA'S SPANISH AND ENGLISH 

TECHKICAL DICTIONARY. Philosophical 
Library ( $45 ) .  This large work of some 
2,700 pages, compiled by a panel of 
engineers, lexicographers, lawyers and 
other specialists, deals only with the 
field of engineering technology, and is 
intended to provide a compendium of 
terms in everyday use in industry and 
technology. 

M INERALOGY AND GEOLOGY OF RADIO­

ACTIVE RAW M ATERIALS, by E. William 
Heinrich. McGraw-Hill Book Company, 
Inc. ( $ 14.50 ) .  A summary of the scien­
tific and technical results of the feverish 
search for uranium which in the last 10  
years has resulted in  an  increase o f  an­
nual ore production in the U. S. from 
about 70,000 to 3.5 million tons . 

SEMANTICS AND NECESSARY TRUTH, 

by Arthur Pap. Yale University Press 
( $6.75 ) .  The purpose of this book is to 
clarify the distinction between a priori 
knowledge and empirical knowledge, a 
central epistemological problem that in 
one form or another has long engaged 
the attention of philosophers-Leibniz, 
for example, was preoccupied with the 
distinction between "truths of reason" 
and "truths of fact"-and to which the 
members of the modern school of ana­
lytic philosophy have indefatigably and 
even fruitfully applied themselves, with­
out, however, having finally laid the 
issues to rest. 

SPACE RESEARCH AND EXPLORATION, 
edited by D. R. Bates . William Sloane 
Associates ( $4 ) .  A group of writers pro­
vides information for the general reader 
on the main aspects of the exploration 
of space. Mathematical material, where 
necessary, has been relegated to appen­
dices. Among the topics discussed are 
rockets, cosmic radiation, the earth satel­
lite program, manned satellite stations, 
interplanetary orbits, medical and bio­
logical problems. A sound survey. 
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OWN 

Your standard of excellence since 1912 

Hand·tailored and hand·draped; 

individually cut to your measure· 

ments; made strictly according 

to the Intercollegiate Code. 

(If you hold a degree from Yole 
or Harvard, the Code now au� 
thorizes special gowns in color.) 

Write today lor Catalog 5·5 

BENTlEY & SIMON, Inc. 
ACADEMIC, CHURCH AND JUDICIAL 

ROBES OF DISTINCTION 

Lists over 8,000 Precision Instru· 
ments, Parts and Components. 

From stock! Complete with Draw· 
ings, Full Specifications and Prices. 

.. ': .. ' . ,� 
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"DESIGN·AID" TEMPLATE KIT 
14 actual size templates, created to 
assist you in the design and develop. 
ment of specific mechanical systems. 

Send lor FREE Catalog 
and "Design Aid" Today. 

rPll© DESIGN CORP. 
BENI 

477 Atlantic Avenue 
East Rockaway, L. L, N. Y. 
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ENGINEERS AND SCIENTISTS 

FOR COMPLETE 

SPACE AND WEAPONS SYSTEMS 

Rarely does a corporation of United Aircraft's stature 

make available such key positions. Ordinarily these 

openings would be filled from within, but as the other 

divisions (Pratt & Whitney, Sikorsky, Hamilton 
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MISSILE AND SPACE PRO"ECTS 
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Please reply to Mr. John North, Engineering Dept. 

MISSILES & SPACE SYSTEMS 

A Division of 
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tl new perspective ... 

Convair's Engineering Organization 
To develop the best and most creative abilities from the individual, 

and to coordinate thinking and activity in a manner that is efficient and 

rewarding - a new perspective in engineering organization at Convair-

Fort Worth. The effectiveness of the plan is being demonstrated daily, and 

is best exemplified by the all-new B-58, America's first and fastest supersonic 

bomber ... brought from concept to reality in record time. 

Men of training and experience, seeking a more stimulating call on their 

creative ability, are invited to investigate Convair-Fort Worth. A card or 

letter will bring greater detail, or send a complete resume of your back-

ground for evaluation by other engineers in the areas best suited to 

your qualifications. 

ALL INQUIRIES 
STRICTL Y CONFIDENTIAL Please address P. O. Box 7485 

CONVAIR FORT WORTH 
FORT WORTH, TEXAS 

CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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NOTABLE ACHIEVEMENTS AT JPL • . •  

PIONEERING IN SPACE RESEARCH 

Another important advance in man's 

knowledge of outer space was provided 

by Pioneer III. This, like many others of a 

continuing series of space probes, was 

designed and launched by Jet Propulsion 

Laboratory for the National Aeronautics 

and Space Administration. JPL is admin· 

istered by the California Institute of 

Technology for NASA. 

During its flight of 38 hours, Pioneer III 

was tracked by JPL tracking stations 

for 25 hours, the maximum time it was 

above the horizon for these stations. 

The primary scientific experiment was 

the measurement of the radiation en· 

vironment at distances far from the Earth 

and telemetering data of fundamental 

scientific value was recorded for22 hours. 

Analysis of this data revealed, at 10,000 
miles from the Earth, the existence of a 

• 

belt of high radiation intensity greater 

than that observed by t h e  Explorer 

satellites. 

This discovery is of vital importance as 

it poses new problems affecting the dis· 

patch of future vehicles into space. The 

study and solution of such problems 

compose a large part of the research and 

development programs now in extensive 

operation at the Laboratory . 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

OPPORTUNITIES NOW OPEN 

IN THESE CLASSIFICATIONS 
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JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Itt.. APPLIED MATHEMATICIANS . ENGINEERING PHYSICISTS . COMPUTER ANALYSTS . IBM·704 PROGR AMMERS 

, AERONAUTICAL ENGINEERS . RESEARCH ANALYSTS . DESIGN ENGINEERS • STRUCTURES AND DEVELOPMENT ENGINEERS 
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PRECISION ENGINEERED 
• . .  Meets or exceeds 
most exacting specifications 

SHOCK AND ABUSE TOLERANT . . . 

Laminated Fiberglas and aluminum eggcrate 

construction of front panel very rugged. 

LASTING LEGIBILITY ... Vivid colors 

actually photoprinted. Legend and diagrams 

will not chip or scratch off • • .  meets all re­

quirements of MIL-P-77SS. 

EASY TO AL TER ... Legend and diagram­

ming can be changed to visualize any new 

findings. 

QUICK LAMP REPLACEMENT . .. Panel 

hinged for access to subpanel components 

permitting to-sec. lamp change. 

CONCENTRATED GROUPING OF CON­

TROLS .. . Multiplefunction of TRILITE con­

trols saves two to four times space required 

by ordinary panel. 

VERSATILITY OF DESIGN ... The mod­

ule concept of construction makes the Astro­

malic panel technique extremely versatile. 

WHATEVER ACTION YOU DESIRE TO 

VISUALIZE, ASTROMATIC CAN SUBMIT 

A PANEL DESIGN TO SURPASS YOUR 

EXPECTATIONS. 

ENGINEERED for highest efficiency 

with extreme accuracy 

100% FLUSH PANEL ... Eliminates pro­

truding hardware . . •  unless specified by hu­

man engineering requirements. Switching 

functions may be recessed, flush, or over­

flush. 

TRI-COLOR LIGHTS .. .  Each light module 

contains separate bulbs and circuits to permit 

three distinct color indications. 

VERSATILE SWITCHING ... Momen­

tary, positive feel and alternate action switch­

ing is available. 

LIMITLESS COLOR COMBINATIONS 

... Versatile TRILITES plus multi-color photo 

printing of panel allows unlimited color guid­

ance. 

SCHEMATIC DIAGRAMMING . . .  Elimi­

nates the written word. Increases speed and 

effiCiency of operators and recognition of 

indications. 
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Problems oj Space: Will intelligent life forms be encountered; will they be hostile, friendly, or indifferent; how will communication be possible; will friendly environments be found for human coiunization? 
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