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LARGE ••• SMALL 
From the very large to the very small, Raytheon spans 
the electronic spectrum ... 

This huge radar sentry can detect speeding aircraft or 

missiles hundreds of miles away. Developed by Raytheon 
for the U. S. Air Force, its complex electronic system 
gives early warning of attack, affords precious time to 

take effective countermeasures. 
Vital to the operation of an amazing new electronic 

wrist timepiece by Bulova is a Raytheon transistor 

smaller than a grain of rice. Year after year it precisely 
regulates the pulse that keeps this unique timepiece 
humming with unbelievable accuracy. 

The giant radar system and the tiny transistor are 
only two of a broad range of Raytheon products. You 
find Raytheon electronics at work almost everywhere 
-strengthening our defenses, making industry more 
efficient, increasing our comforts, and extending the 
scope of our knowledge. 

RAYTHEON COMPANY ------------------a[RAYTHEON]---
LEXINGTON, MASSACHUSETTS - -

EXCELLENCE IN ELECTRONICS 
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MINUTEMAN 
Reliable power for peace at 

reasonable price, U.S. Air Force 

Minuteman which will  b e  

America's first ICBM with solid 

rocket motors successfully met 

its objectives in its initial full 

scale flight down the Atlantic 

Missile Range.First stage motor 

of the three stage Minuteman 

is designed and produced by 

Thiokol Chemical Corpora

tion. During early test phases, 

Thiokol motors performed so 

superbly the original schedule 

of preliminary firings was cut 

to less than half, greatly accel� 

erating the entire Minute

man development program. 

Through Thiokol engineered 

reliability, the nation's power 
to deter war is moving up while 

anticipated costs come down. 

L 
��oe® CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 

Rocket Operations Center: Ogden, Utah • Minuteman Engines developed and supplied by Utah Division, 
will be produced by Wasatch Division. 

Active Contributors to the success of this USAF development program conducted by AF Air Research & Development 
Command: Space Technology Laboratories, AF Ballistic Missile Division (ARDC), Thiokol Chemical Corp .. Aerojet
General Corp., Hercules Powder Co., North American Aviation (Autonetics Division), AVCO, Boeing Airplane Co. 

ENGINEERS, SCIENTISTS: Creativity is always welcome. If you qualify, there may be a place for you on the Thiokol team. 
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Another measure of the 

competence of Liquidometer 

In advanced instrumentation 

FLUID, FOAM, OR FLOATING GLOBULES . . •  

whatever a liquid's state or attitude, whether still or 

in agitation, the volume indication is the same with 

the Liquidometer Matrix Liquid Quantity Gauge. A 

capacitor type measuring probe - intercellular in 

construction - is the heart of the system. In addition 

to actuating an indicator, output can be telemetered, 

used for control purposes, or fed into computers. 

Potential applications: measuring liquid oxygen for 

astronauts; gauging liquids in advanced rocket pro

pulsion systems; all-attitude gauging of aircraft fuels. 

Technical details in Booklet 694. 

In the design and production of advanced instrumentation-electronic and electromechanical-Liquidometer offers many 

widely demonstrated capabilities, plus the talent and the willingness to pioneer. We welcome the opportunity to apply 

these qualifications, and our 40 years of experience, to your instrumentation requirements. Write for our capabilities brochure. 

TH� LIQUIDOME:TE:R CORP. 
DEPT. W3, LONG ISLAND CITY I, NEW YORK 
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LET'S 
TA.LK 

A.BOUT 
PEDESTA.LS 

The Greeks had a ward far it, which 

escapes us at the mament. (Actually we 

prabably never knew it.) 

In this day and age, a pedestal is nat 

merely a device af classic design an which 

ane displays that which is beautiful. 

It has became in the electronics industry 

for one, a unique and complex portion 

of on antenna system. 

Canoga Electronics develops and manu

factures rugged, reliable, light weight 

and low cost pedestals for almost any radar, 

telemetry, optical and/or infra-red use. 

Canoga pedestals ore slim, minimizing 

wind laading, counterbalancing and inertia. 
Up ta 8100 af azimuth travel is possible 

without slip rings (slip rings are available) 

and an elevatian travel af 2000 
permits "plunging." 

Pedestals by Canoga use campact, double 

planetary drive madules with eccentric 

backlash adjustment, madu/ar, easily 

interchangeable data packages 

and balanced elevation yoke to eliminate 

eccentric loading of the azimuth bearing. 

Contral circuits are of faa/praaf design 

with handwheel follow-up, safety interlocks 

and ample circuit pratective devices. 

Full weather pratection af all gearing 

and circuitry is provided. 

Put your antenna on our pedestal or, 

better yet, put our antenna on our pedestal, 

c:anOCSi9 
CANOGA ELECTRONICS CORPORATION, 

VAN NUYS. CALIFORNIA. FORT WAlTON BEACH, flORIDA 

THE COVER 

The photograph on the cover shows the impression of a Pre-Cambrian ani

mal, Tribraehiclillm hera/diellm, in a sandstone of South Australia (see 
page 72), The impression is enlarged some four diameters and is lighted so 
that it appears to be a cast Tribraehidillm resembles no other known animal. 
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Announcing 

STL PRODUCTS 
a division of Space Technology Laboratories, Inc. 

Space Technology Laboratories, Inc. has supported its 

ballistic missile and space programs with a vigorous 

basic research effort which has led in many 

instances to new scientific concepts. 

STL now applies these new concepts to create devices 

which have broad application in accelerating technological 

progress in the scientific and industrial community. 

These products of Space Technology Leadership are 

commercially available now. 

" STL PRODUCrrS 
A DIVISION OF SPACE TECHNOLOGY LABORATORIES. INC. 

P.O. B OX 95008, LOS ANGELES 45. CALIFO RNIA 

You are cordially invited to visit STL PRODUCTS at 

Booth 1435 at the IRE Show in New Yo1'k, MaTch 20-23. See Following Pages . 
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.Ro ... 'aCimekeeper �rescr\1ed in trJorking order 

at the <l3recntrJich <9bser\1ator!! 

1961 

THE STl 

RUBIDIUM FREQUENCY STANDARD 

• STL PRODUCTS 
A DIVISIO N  OF SPACE TECHNOLOGY LABORATORIES. )'j'·.j-c. 

6 

J
OHN HARRISON, an English watchmaker, developed a suc·· 

cessful chronometer that was unaffected by vibration and 

temperature changes and could be used on board ship. Navi· 

gation was so important to the Crown that the British gov· 

ernment had, in 1713, offered "publick rewards"of £10,000, 

£ 15,000 and £20,000 to any person constructing chronom

eters that would determine a ship's longitude within 20, 13, 

and 10 leagues respectively. In 1762, Harrison's son William 

returned to Portsmouth after a test voyage to Jamaica, and 

the No.4 Timekeeper was found to have lost only 1 minute 

54)!! seconds. This surprising stability had enabled the ship's 

master to determine his longitude to within six leagues. 

Harrison claimed the reward, and in 1773, after court action, 

was granted the £20,000 prize. Harrison, while developing 

the instrument which won him recognition, had discovered 

the concept of temperature compensation by differential 

expansion and was thus able to give the world its first port

able time standard, free from environmental restrictions. 

ST L Products announces the development of the STL 

Rubidium Frequency Standard. This device 

embodies a new operational concept-the optically pumped 

rubidium maser-as new today as the basic concept of the 

Number 4 Timekeeper was 200 years ago. This advanced 

principle of operation stimulated the development of an 

atomic frequency standard weighing just twenty pounds and 

free of environmental restrictions in its use. The rubidium 

cell provides a stability of two parts in ten billion and an 

accuracy of one part in one billion. This performance estab

lishes a time base for the development of universal naviga

tional concepts and provides science and industry with an 

independent means of hequency calibration. 

Advanced engineering is incorporated throughout the STL 

Rubidium Frequency Standard. Solid state components are 

used in all circuits to provide reliability and low power con

sumption. Five tunnel diodes in the frequency synthesizer 

circuits furnish output frequencies of 5 MC, 1 MC and 100 

KC. Automatic lock-in circuits signal when the stable fre

quency has been reached-no operator adjustment or align

ment is required. 

This product of Space Technology Leadership is available 

now at a price of $22,500, or £8,000. Inquiries are invited . 

P.O. B OX 95008. LOS AN GELES 45. CALIF O R N I A  
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The successful development of STL Products' Image 

Converter Camera answers the growing demand of 

scientific laboratories for millimicrosecond photographic 

instrumentation. The image converter tube, in conjunction 

with STL's new techniques for generating fast· rising pre

cise voltage pulses, provides almost unlimited speed and 

flexibility in the analysis of transient luminous events. 

Electronic shuttering, focusing, and amplification of lumi

nous data now permits high speed framing and streak 

photography in regions hitherto inaccessible for scientific 

investigation. 

O£'FL£'CTION PL.ATE5 PHOTOANOD£ 

light is focused on the photocathode which transforms the optical 
image into an electron image - shuttering and amplification can 
now be accomplished electronically - the electron image is focused 
to cross over between deflection plates for distortion-free image 
displacement - the electron image is then focused on the photo
anode, where it is reconverted to a higher intensity optical image. 

ELI:crROsrArIC 
OEFLE"CTION FIE/...O 

\_ I SHVTT£R pULSE 

\ .. 
-;;taL �ti:mL �  fumu 

!)o --fo 4.(.,C4-. Z; 10",", � • 

time resolved streak data is obtained by applying a linearly falling 
pulse to sweep the image across the photoanode - writing rate is 
determined by the slope of the ramp pulse while total writing time 
is controlled by the width of the rectangular shuttering pUlse. 

IMAGE' DeFLECTED liP 

ELECT�OSTATIC 
OEFLECTION 

FIELD 
DIiiFLIiiCTED DOWN 

three frames are taken by applying voltage pulses to the deflector 
plates properly timed with the rectangular shuttering pulses - the 
combination of a constant voltage deflection pulse and the accu
rately timed shuttering pulse provide a stationary image on the 
photoanode. 

STL IMAGE CONVERTER CAMERA 

The STL Image Converter Camera is the only complete 
diagnostic tool for instrumentation of high speed luminous 
transient events encountered in plasma physics, chemical 
kinetics and hypervelocity experiments. Exposures have 
been made in less than 3 one billionths of a second-twice 
as fast as any previous picture obtained with any technique. 
This high speed, combined with a 50X light gain and time 
resolution capabilities enable the scientist to gain data not 
previously available. 

Four interchangeable plug-in units make possible low in
ductance connections and simplified switching over all 
ranges of operation. Three frames are provided with inde
pendently adjustable intervals from 0. 05 to 2 microseconds. 
Exposure times are adjustable from 3 to 200 millimicro
seconds. The streak units provide writing times from 
50 millimicroseconds to 10 microseconds. Advanced engi
neering of the pulse forming circuits has allowed the con
struction of a light weight instrument easily portable 
throughout the laboratory. All voltages are preset-no ad
justment by laboratory personnel is required. 

The STL Image Converter Camera is equipped with four 
plug-in units, readily interchangeable polaroid and cut film 
backs and regulated power supply. This product of Space 
Technology Leadership is available now at a price of 
$20,000. Inquiries are invited. 

• STL PRODUCTS 
A D I VISION OF' SPACE TECHNOLOGY LABORATORIES. INC. 

P.O. BOX 95008, LOS ANGELES 45, C ALI FO RN I A 
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orth American 
III 

I ti n' 

Missile Division 

is now the 

Space & 

Information Systems 

THIS 
IS THE 

Division 
This is the Division that developcd and is pro
ducing America's first successful air-launched 
strategic guided missile-SACs GAM-77 Hound 
Dog-and brought i t  from drawing board to 
powered Aight in just 21 months. 

This is the Division that laid the foundation for 
a large part of America's current missile/space 
technology. Many of today's breakthroughs in 
aerodynamics, high speed Aight, inertial guidance, 
large rocket boosters, materials, and manufactur
ing methods and equipment stem from original 
development work done by the Division. 

This is the Division where the scientists of the 
Aero-Space Laboratories are seeking the keys to 
satellite rendezvous, refined trajectory analyses, 
space environment knowledge, lunar morphology, 
and materials to withstand space conditions. 

This is the Division where intensive studies are 
underway on manned and unmanned space ex
ploration vehicles, anti-ICBM projects, and infor
mation processing systems. 

This Division is contributing vitally to America's 
rapidly developing space programs. 

SPACE & INFORMATION SYSTEMS DIVISION 

NORTH AMERICAN AVIATION, INC. 
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Anaconda takes to the road with ideas for 
greater values and higher productivity 

We're in the market with ideas. Ideas 
for doing new jobs-like making tran
sistor bases and fluid-cooled conductors. 
Ideas for doing present jobs better
helping you match the metal to the job 
more precisely so that you can offer equal 
or greater value and reduce total costs. 

These ideas are embodied in Ana
conda's line of copper, brass, and 
bronze mill products, the broadest in 
the industry- and in the vast pool of 
experience and technical knowledge of 
Anaconda men. 

To put these ideas to work we've 
taken to the road with a traveling 
value-analysis clinic, stopping in indus
trial centers all over the country. We've 
a truckload of displays representing our 
principal products to serve as starting 
points for discussions of the ideas. 
We're detaching specialists, technical 
men, mill men, executives to discuss 
and explain the ideas with all manu
facturers who can attend the clinics. 

We're also busy generating new ideas 
in an aggressive research and develop-

ment program. And we plan to make 
available soon small, balanced value
analysis teams to go out in the field and 
work with individual company organ
izations-make specific suggestions and 
recommendations regarding materials, 
fabricating methods, design, etc. 

Anaconda is on the move. If you 
have problems in which you think a 
new approach might help-call your 
Anaconda American Brass representa
tive. Or write: Anaconda American 
Brass Company, Waterbury 20, Conn. 

60105 

ANACONOA® 
COPPER - BRASS - BRONZE 

NICKEL SILVER MILL PRODUCTS 

Anaconda American Brass Company 
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S HAKING 
AMOLECULE 
TOSHOWITS 

STRUCTURE 

A molecule acts very much like a collection of weights held 
together by springs. Each part vibrates at frequencies peculiar 
to it alone. When excited by infrared at one of these natural 
frequencies, the molecule absorbs energy and oscillates more 
strongly. As the molecule undergoes stretching, bending and 
deforming vibrations, individual atoms, groups and bond 
structures are revealed. The pattern of vibration recorded by 
an infrared spectrophotometer is as distinctive as a fingerprint. 

Infrared is a Perkin-Elmer specialty. The highly integrated 
electronic-optical systems used in poE spectrophotometers pro
duce a record of the amount and position of absorbed energy 
along the infrared waveband. This record is a rapid, certain 
means of identifying and measuring chemical compounds. 

In the spectrum of the acetaldehyde molecule shown above, 
the structure of the chemical is clearly displayed. For example, 
the deepest dip in the curve unmistakably identifies the double 
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bond of the carbonyl group. The record was made with a 

Perkin-Elmer Infrared Spectrophotometer. This instrument 
has become an indispensible quantitative and qualitative tool 
of chemists, scientists and engineers. It is used to analyze 
molecular structures, check quality, identify substances in a 
wide range of industries including chemical, petrochemical, 
plastics, food, pharmaceutical, cosmetics. 

This is another example of Perkin-Elmer instruments for 
scientific measurement. P-E's experience with precise meas
urement techniques is applied in building other complex 
electronic-optical systems. These do vital jobs such as tracking 
missiles, controlling process streams, mapping the ground 
from high altitudes. Qualified scientists and engineers inter
ested in careers with Perkin-Elmer are invited to write to the 
Director of Industrial Relations. Perkin-Elmer Corporation, 
800 Main Avenue, Norwalk, Connecticut. 

Perkin-Ellner 
On/ � 
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NO. 33 IN A SERIES 

OUT OF THE LABORATORY 

Bringing space doW'n to earth ... this laboratory space 

capsule is designed to measure man's physiological and psychological limits and test life support 

systems under simulated space flight conditions. For the first time, scientists will be able to 

study, simultaneously, the space flight stresses of high altitude, acceleration, heat and isolation. 

Developed and being built by Garrett's AiResearch divisions for the U.s. Air Force's 

Wright Air Development Division, this ground test space capsule is another example of Garrett's 

research and development leadership In the life sciences and advanced flight systems. 

THE 

• Outstanding opportunities for qualified engineers 

CORPORATION 

?liResearch Manufacturing Divisions 
LOS ANGELES 45. CALIFORNIA. PHOENIX, ARIZONA 

OTHER DIVISIONS AND SUBSIDIARIES: A/RSUPPLY·AERO ENGINEERING . A/RESEARCH AVIATION SERVICE . GARRETT SUPPLY . AIR CRUISERS 

A/RESEARCH INDUSTRIAL.. GARRETT MAN,UFACTURING LIMITED. MAR WEDEL. GARRETT INTERNATIONAL S.A . •  GARRETT (JAPAN) LIMI T ED 
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NEW FROM DU PONT. • • 

a thermoplastic 
"Teflon" film that's 
easy to fabricate 

TEF 
® 

FEP I 

New "TEFLON"* FEP-fluorocarbon film has nearly all the 

unique advantages of "TEFLON" TFE with one big plus. It's a 

true thermoplastic that can be easily formed and sealed. One 

type of this new film can be applied with adhesives, another 

can be laminated and heat-bonded without them. 

Here are just some of the advantages of "TEFLON" you get 

in this new film • Unique antistick and low-friction properties 

• Chemically inert to practically all known chemicals • Elec

tricals are high (up to 4,000 volts/mil dielectric strength) and 

stay high. Performance stays virtually constant from -250°C. 

to over 200°C. 

"TEFLON" FEP film opens the door to whole new areas of 

design and product improvement. Mail coupon and start in

vestigating "TEFLON" FEP film for yourself. (Briefly describe 

the end use you have in mind.) *Du Pont trademark 

<@PORP 
.'ti,U.s,',U.Orr. 

BETTER THINGS FOR BETTER LIVING 
. .. THROUGH CHEMISTRY 

E. 1. du Pont de Nemours & Co. (Inc.) 
Film Department 9531-N (T) 
Wilmington 98, Delaware 

Name __ ________________________ _ 

Company Name ____ ______________ _ 

Addr�s ____ ____________________ __ 

Job Function'-- __________________ _ 

Proposed End Use' ____ ______________ _ 

�--------------------� 
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From under the 7 Hats of Borg-Warner . • •  

News of suree safer braking 

THE 7 HATS OF BORG·WARNER . .. (top) national 
defense; oil, steel and chemicals; (middle 
row) agriculture; industrial machinery; aviation; 
(bottom) aulomotive industry; home equipment. 

of heavy vehicles! News of power 

for on-the-spot electricity ! 

NEW WORD IN TRUCKING SAFETY: Brake·Mate('D, the hydraulic retarder that holds vehicle at safe 
speeds on superhighway or mountain road ... slows it down smoothly with less engine wear and without brake 
abuse. This device with simple, direct control allows higher average speeds, hauling of bigger loads. Benefits 
are obvious (viz. less trip time, maximum income yield). Brakes stay cool, ready for the unexpected; 
drivers likewise. Adaptable to all trucks, all busses. A development of B·W's Long Manufacturing Division. 

NEW WORD IN PACKAGED POWER: Zeus®, an aptly·named line of portable electric power plants from 
B·W's Pesco Products Division! Here's power whenever and wherever you need it ... for lights and tools at 
construction sites (such as new skyscraper above), for appliances in remote locations, for emergencies. Power 
is generated by missile· proven Permanent Magnet Alternator connected directly to engine (no power·wast· 
ing belts). Run it continuously, run it long - you never have to fear voltage loss or overheating from Zeus. 

BORG-WARNER® 
Borg.Warner Corporation ' 200 South Michigan Avenue • Chicago.( 

... better prod ucts 

through creative research 
and engineering 

<>1961. B·W 
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BULLETIN: 

Shell Chemical announces the 
most remarkable rubber achievement since 

the development of synthetics 

The first commercial synthetic rubber to duplicate the molecu

lar structure of natural rubber is now in full scale production. 

It is called Shell Isoprene Rubber. 

Read about this new man-made product. Why it bounces like 

tree-grown rubber. And why this bounce is so important. 

SHELL Isoprene Rubber is Shell's 
name for polyisoprene. It is the first 

commercially made synthetic to have 
the same basic cis-polyisoprene molec
ular structure as nature's product. 

Shell Chemical can produce over 
40,000,000 pounds of polyisoprene this 
year. That's enough rubber to make 
one million heavy-duty truck tires. 

This achievement ends the rubber 
industry's search for an economical 
way to make large quantities of poly
isoprene. Here is the story in brief. 

Rubber made from oil 

During the Korean conHict, our nation 
faced its most acute shortage of natural 
rubber since the Second World \iVar. 

To help meet ou�' rubber demands, 
Shell Chemical and other companies 
increased the production of synthetics 
n1:1de from petroleum hydrocarbons. 

Why bounce is so important 

These synthetics proved adequate sub
stitutes for natural rubber in hundreds 
of products. And they still do. But they 
all lack one vital property inherent in 
natural rubber-high resiliency. 

This excludes them from use in 
heavy-duty truck, bus and airplane 
tires which consume two-thirds of the 
natural rubber we import each year. 
Without the high resiliency or 
"bounce" of tree-grown rubber, these 

tires could not withstand the extreme 
temperatures or heat build-up caused 
by repeated Hexing at high speeds. 
They would wear out at an uneco
nomic and hazardous rate. 

Now, new Shell Isoprene Rubber 
can supply this "bounce" in tires, 
motor mounts, basketballs-anything 
that needs it. 

Reduces rejects 

Shell Isoprene Rubber will not be con
fined to a few specialized uses. On the 
contrary. 

Its white color, uniformity and ease 
of processing mean brighter, more eco
nomical products. Its ability to How 
freely allows for finer detailing of 
molded goods-it actually increases 
manufacturers' production by reduc
ing costly rejects. And because this 
rubber is made by a chemically con
trolled process, it is a logical choice for 
surgical and pharmaceutical ,products 
that demand exceptional purity. 

Report from Washington 

Shell's success with polyisoprene 
means more than a plentiful supply of 
natural rubber for American industry. 

Recently, a U. S. Cabinet member 
stated: "Commercial development of 
polyisoprene is an important aid to na
tional defense. Its availability in suffi
cient quantities will free the United 

A bounce test proves that the poly iso
prene ball, left, duplicates the resiliency 
of the natural rubber ball, right. Note 
they rebound to the same height. 

States completely from dependence on 
foreign sources of rubber in time of 
emergency." 

How to learn more 

To learn more about new Shell Iso
prene Rubber or any of the other in
dustrial and agricultural products that 
Shell Chemical makes, just write us at 
50 West 50 Street, New York, N. Y. 

They were all developed to make your 
life a little bit better. 

A Bulletin from 

Shell 
Chemical 
Company 

15 
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That's the question we try to 
answer once every quarter in a 
comprehensive survey we call 
"Guide for Investors," in which 
we review general investment pros
pects, the business outlook, and 
the probable market performance 
of leading stocks in two dozen 
major industries. 

Beyond that you'll find fifty or 
sixty "bellwether" stocks carefully 
selected to meet various invest
ment objectives-plus the latest 
figures available on their earnings 
and dividends, prices and yields. 

For a clear-cut picture of just 
where American business stands 
today-and where it seems to be 
going ... 

For a seasoned appraisal of what 
might lie ahead for stocks ... 

Don'tmiss" Guide for Investors." 

We'll be happy to mail a copy, 
without charge or obligation. 

Simply call, come in, or write 
to-

Department SS-32 

Merrill Lynch, 
Pierce, Fenner & Smith 

IN C ORP OR A TE D 

Members New York Stock Exchange 
and all other Principal Exchanges 

70 PINE STREET, NEW YORK 5, N. Y. 
138 offices ill U. S., COllado alld abroad 
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LETTERS 
Sirs: 

In your department "The Amateur 
Scientist" for November, C. L. Stong ob
serves that the history of science is a 
"treasure house for the amateur experi
menter" and that "many devices invented 
by early workers in electricity and mag
netism attract little attention today be
cause they have no practical applica
tion." An interesting example of the 
truth of this remark-which is by no 
means to be confined to amateurs-is 
Herbert A. Pohl's account of dielectro
phoresis in the December issue. 

No less a forerunner of Dr. Pohl's than 
Michael Faraday noted in 1838: "When 
the phenomena of currents are observed . 
in dense insulating dielectrics, they pre
sent us with an extraordinary degree of 
mechanical force. Thus, if a pint of well
rectified and filtered oil of turpentine be 
put in a glass vessel, and two wires be 
dropped into it in different places, one 
leading to the electrical machine and the 
other to the discharging train [i.e., 
ground], on working the machine the 
fluid will be thrown into violent motion 
throughout its whole mass, whilst at the 
same time it will rise two, three or four 
inches up the machine wire and dart off 
in jets from it into the air." [Philosophi
cal Transactions of the Royal Society of 
London, Vol. 128, 1838.] 

Even Faraday may have been discuss
ing a result that was already known in 

Scientific American, March, 1961; Volume 204, 
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his day, for more than 60 years earlier 
the Anglo-Italian natural philosopher Ti
berius Cavallo had experimented with a 
kind of electrostatic water pump. Caval
lo had written: "Let a small bucket of 
metal, full of water, be suspended from 
the prime Conductor [high-voltage out
put of an induction generator] and put in 
it a glass siphon of so narrow extremity 
[a capillary of such narrow bore] as the 
water will just drop from it. If in this 
disposition of the apparatus the winch 
of the induction machine be turned, the 
water, which, when not electrified, only 
dropt from the extremity of the siphon, 
will now run in a full stream, which will 
even be subdivided into other smaller 
streams; and if the experiment be made 
in the dark, it will appear beautifully 
illuminated." [A Complete Treatise on 
ElectriCity, 1777]. 

Dr. Pohl speaks of the electric wind. 
This too is a very old effect and seems to 
have been discovered in 1709 by Francis 
Hauksbee, curator of instruments for the 
Royal Society. [Physico-Mechanical Ex
periments on Various Subiects, 1709.] 
An electrostatic motor, called an "elec
tric fly" and employing the electric wind 
as its driving mechanism, was a favorite 
experimental device of the older electri
cal investigators. The fly, in one common 
form, comprises a wire swastika, its end 
sharpened to points, mounted horizon
tally at its hub on a vertical metal shaft 
and free to rotate. Upon electrification, 
a corona discharge at the points ionizes 
the adjacent air. Since the air and points 
are similarly charged, they repel one an
other and the swastika rotates, the points 
moving backward. 

In 1864 Charles Tomlinson, lecturer 
on physical science at King's College in 
London, reported submerging the elec
tric fly in liquid dielectrics with the fol
lowing surprising outcome: "On pouring 
in enough turpentine to cover the fly 
completely, and holding an un insulated 
point over the vessel [containing the fly 
and turpentine, the pOint and fly being 
oppositely electrified], the liquid was 
thrown into great commotion, welling up 
the sides of the vessel and spitting out 
numerous globules. But the most remark
able effect was on the fly: it rotated 
rapidly and uneasily, frequently rising 
and falling on its support; but its motion 
was not, as in air, with the points back
ward; the points were now moving for
ward." [The Philosophical Magazine, 
Vol. 27, 1864.] . . . 

Research-Cottrell, Inc. 
Bound Brook, N.J. 

MYRON ROBI, SON 
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I' 
for a total capability in military electronics 

This new major division of the worldwide ITT System has been created 

by combining ITT Laboratories and ITT Federal Division to form a 

single operating unit. The consolidation unites one of the nation's 
foremost research-and-development organizations with one of its out
standing electronic manufacturing companies and provides the new ITT 
Federal Laboratories with an unprecedented capacity to serve the military, 
as well as industry. 

ITT Federal Laboratories represents the most up-to-dar'e embodiment of 
the unified research-engineering-production approach in electronics. Its 
talents and facilities embrace the fields of communications, missile and 
space systems, electronic defense, avionics and the physical sciences. Backed 
by ITT's matchless resources throughout the free world, this new ITT 
division has a total capability to research, develop, produce and manage 
major systems in these areas and offers its customers a standard of service 
that sets a new high for the industry. 

Federal LABORATORIES 
500 WASHINGTON AVENUE, NUTLEY, NEW JERSEY 

CLIFTON, NEW JERSEY • FORT WAYNE, INDIANA • SAN FERNANDO AND PALO ALTO, CALIFORNIA 

.'\ DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

© 1961 SCIENTIFIC AMERICAN, INC



Monsanto 

. ' 

.' 

.... : . °0• - • •• •  

.. : . : .... :": . �... . 

Space-Age Project "HIGH-TEMP-LUBE" 

. 
. 

. . 

. . .. 

. ' 
.' 

.' 

•• 
• * 

.... .
... 

. 

. 
. 

. 
. 

. ' 

.' 

. .
.

. 

. 
.

. 

.
... 

. 

. 
• 

. 

. .. . .. 
. ... .. . . . .. . . . 

© 1961 SCIENTIFIC AMERICAN, INC



· . . . . .  seeking high-temperature lubricants 
for advanced jets and missiles ... discovering 

new fluids that operate up to 900°F. 
Monsanto has established a base of "know-how" in 
a new area of synthetic fluids: the polyphenyl ethers, 
fluids that exceed the high-temperature performance 
of all other known lubricants and hydraulic fluids. 
These newly synthesized liquids resist radiation dam
age, oxidation and chemical decomposition: as liquids 
they cover a temperature range of 200 F. to 9000 F. 
Polyphenyl ethers are the result of creative chemistry 
applied to the problem of high-temperature lubricants; 
they were developed under contract and in cooperation 
with Wright Air Development Division, U. S. Air Force. 

The heat stability of Monsanto's polyphenyl 
ethers is the result of enlisting chemical know
how on a problem of mechanical engineering. 
By design, lubricants for jet engines (and liq
uid fuel missiles) must lubricate and cool the 
bearings and accessory drive gears. Existing 
lubricants could not meet the requirements 

of advanced engine design. 

TEMPERATURE RANGE OF 
MONSANTO FLUIDS 

So the logical step was a 
Monsanto expedition into 
little-known fields of chem
istry. A team of Monsanto 
scientists found and devel
oped the polyphenyl ethers: 
to date, nineteen new com
positions of matter. SILICATE ESTERS 

I I In comparison with other 

CHLORINATED HYDROCARBONS 
synthetics, these lubricants 
are as thermally stable at 
8400 F., as are silicones and 
petroleum hydrocarbons at 
7400 F., and present com
mercial diesters at 5400 F. 
Their useful temperature 
range exceeds all other 
fluids by 1000 to 4000 F. 

I I 
PHOSPHATE 

ESTERS 

Their chemical 8tability, physical properties, 
and lubricity recommend them for a host of 
other fluid applications: "hot" hydraulic sys
tems; base stocks for high-temperature and/ or 
radiation-resistant greases; and heat-trans
fer fluids. 

Until development of the polyphenyl ethers, 
the calculated* useful life of the best synthetic 
lubricant was a scant 18 minutes at 9000 F. 
Presently used synthetic lubricants would be 
effective for only 6 seconds to 3 minutes at 
this temperature. Polyphenyl ethers, how
ever, would have useful lives of 20-80 hours 
at 9000 F. 
*Based on the activation energy derived from isoteni
scope data. 

THERMAL STABILITY OF POLYPHENYL ETHERS VERSUS 
OTHER SYNTHETIC LUBRICANTS 

Decomposition 
Compound Point, OF. 

Bis (p-phenoxyphenyl) ether 824 
m-Bis (m-phenoxyphenoxy) benzene 862 
Bis-p (m-phenoxyphenoxy) phenyl ether 832 
Quaterphenyl 826 
Silicone 740 
n-Octacosane 662 
Tetra (2-ethylhexyl) silicate 638 
Pentaerythritol tetrahexanoate 585 
Bis (2-ethylhexyl) sebacate 525 

*Time to decompose 10% 
Heat stability is one important facet of these 
new molecules. The polyphenyl ethers also 
match the lubricity and viscosity indexes of 
other good lubricants and possess better 
hydrolytic stability. They are two to five 
times more stable than most other synthetic 
fluids under nuclear radiation. 

THE PROPERTIES OF THE MOLECULES 
The unsubstituted polyphenyl ethers have 
the general molecular structure: 

0-000)..0 
The "n" values range from 1 to 8, each 
with linkages in various combinations of the 
ortho, meta and para positions. The various 
isomeric polyphenyl ethers are all good lubri
cants: they show heat stability within a 
narrow range (the 7-ring ether decomposes 
only 200 F. higher than the 4-ring ether; a 
5-ring appears to have the optimum thermal 
stability). 

Varying the chain length does not materially 
affect lubricity or heat stability-as chain 
length increases so does pourpoint, and, con
versely, volatility decreases. A 7-ring meta 
ether boils at 11500 F., has a pourpoint of 
700 F. Chemically "tailoring" and blending 
can provide optimum lubricant properties. 

While the properties of these fluids may solve 
many needs, the chemical expedition which 
found them set out to answer the specific 
problem of advanced turbojet engine and ac
cessory lubrication. Turbine bearings, sur
rounded by hot gases, must be kept clean, 
cool and smooth-spinning. (Please turn page.) 

Useful life 
at 9000 F.* 

25 hours 
80 hours 
20 hours 
30 hours 
18 minutes 
3 minutes 

14.4 seconds 
7.2 seconds 
7.2 seconds 
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Photo Courtesy Pratt & Whitney Aircraft 

Test rig parts for evaluating thermal and oxidative stability 
and lubrication properties of jet engine lubricants show how 
a polyphenyl ether (left) leaves the rig parts clean, free of 
deposits, and with no evidence of wear. Photo at right shows 
deposits and general condition of parts using one of the 
best synthetic lubricants prior to development of polyphenyl 
ethers. Both tests were run at a bearing temperature of 500· 
F. for 100 hours at a speed of 10,000 RPM. 

Between Mach 3 and Mach 4, the skin temperature of craft 
in sustained flight at 40,000 feet can rise to 9000 F., the 
temperature where steel glows red. In the lubricant reservoir, 
the polyphenyl ethers withstand this stress. Consequently, 
for speed brakes, hydraulic controls, fuel pumps and other 
internal moving parts, polyphenyl ethers can cope with the 
"heat barrier" to provide reliable performance. 

Monsanto's polyphenyl ethers are a new link in the design 
chain leading to advanced engines and weapons systems 
with a minimum of "compromise" for lubricant and hy
draulic fluid limitations. In present systems just "getting 
by" with marginal performance of earlier lubricants, the 
polyphenyl ethers can provide greater reliability. 

SYNTHETIC FLUIDS FOR 

SPACE-AGE ENGINEERING 

Monsanto has had 15 years' experience in 
the development of synthetic fluids and 
lubricants; currently markets over 20 fluids 
with applications that range from electronic 
coolant-dielectrics to fire-resistant hydraulic 
fluids for jets and radiation-resistant fluids 
for nuclear power plants. 

If you require a fluid or lubricantfor special 
use in an application of high stress, contact 
Monsanto. The material you need may be 
readily available or within "easy chemical 
reach." Write or call: MONSANTO CHEMICAL 
COMPANY, Department SA-I, C Building, 
St. Louis 66, Missouri. 

Monsanto Space-Age 
Projects for Government 
and Industry 

* High-Temperature Hydraulic Fluids 

* Coolant-Dielectrics for Electronic Equipment 

* High-Temperature Plastics 

* Improved Nitrogen Oxidizers for Solid 
Propellants 

* Fire-Resistant Structural Plastics 

* Hydrocarbon Fuels for Jets and Missiles 

* Fire-Resistant Hydraulic Fluids for Ground-
Support and Missile-Launching Equipment 

* Radiation-Resistant Heat-Transfer Fluids 

* High-Temperature Lubricants and Additives 

* Radiation-Resistant Reactor Coolant-
Moderators 

* Intermetallic Semiconductor Materials 

* Pure Silicon for Transistors, Rectifiers, Diodes 

* Ultra-Fine Metal Oxides 

* Materials for Vibration Damping 

* Heat-Resistant Resins for Laminating 
and Bonding 

* Inorganic Polymers 

* High-Energy Solid Propellants 

Monsanto 

You are invited to work with Monsanto on 

your materials needs in the above fields. 

® 
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MINIATURE 5 times actual size to better show 

B U I LD I N G 
the 28 standard-sized components 

Delco Radio's high density packaging of reliable standard components utilizes the unique 

three-dimensional welded wiring technique. These miniature modules are available off the shelf in 
16 basic types. Or with them, Delco Radio can quickly build for you a compact, reliable digital BLOCK 

MODULES 
computer for airborne guidance and control or any other military application. Vacuum encapsu-

lated with epoxy resin, the modules perform all the standard logic functions. They meet 

or exceed all MIL-E-5272D (ASG) environmental requirements, and operate over a 

temperature range of -55°C to +71°C. Too, these same reliable digital circuits are 

available packaged on plug-in circuit cards. And we can also supply circuits to meet your specific needs. For complete details, 

just write our Sales Department. Physicists and electronics engineers: Join Delco Radio's search for new and better products through 

Solid State Physics. 

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS 

Division of Genera/ Motors. Kokomo, Indiana 
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ON TARGET WITH TORRINGTON! 

Torrington's ability to handle the unusual in anti-friction 

components is typified by this two-row tapered roller 

bearing specially engineered for the Kollmorgen Cor

poration, Northampton, Mass. 

The bearing plays a critical role in the hoisting yoke of 

the type 6C submarine attack periscope. It has been de

signed with an extended cone to accommodate gear teeth, 

and other unusual features include fluted cone bore, key-

ways and drilled and tapped holes. As an integral com

ponent in the submarine's fire control system, the bearing 

must operate with the utmost precision, efficiency and 

reliability. 

Whatever your bearing needs-standard or non-stand

ard-Torrington's uncompromising workmanship is your 

continuing assurance of the best in every aspect of design, 

material and performance. 

THE TORRINGTON COMPANY 
Torrington, Conn . •  South Bend 21, Ind. 

RESEARCH FOR PROGRESS IN BEARING OESIGN ANO PERFORMANCE 
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THE NEW 701*AS TROJET
*
JET AGE: STAGE II 

Now offered in regular transcontinental passenger service, 
American Airlines' new 707 Astrojet brings you a new 
standard of jet performance by the airline that's first 
choice of experienced travelers. 

Powered by revolutionary new Jet-Fan engines, the 707 
Astrojet greatly outperforms all other airliners. It takes 
off more quickly, uses far less runway than the best of 
standard jets. Aboard it, you experience a wonderful 
feeling of confidence as the Astrojet climbs swiftly to 
·Service mark of American Airlines, Inc. 

cruise easily, smoothly, within the transonic range, at 
speeds unsurpassed by any other jetliner in the world. 

In keeping with its 25-year tradition of leadership, 
American is proud to be first in bringing you this new 
dimension in jets-this historic new era in air travel. 

AMERICAN AIRLINES 
Americas Leading Airline 
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The achievement: reproducible 60 megacycle high-resolution 

proton spectra that anyone can run. And this is from an instru

ment smaller, more stable and much lower in cost than any 

NMR Spectrometer that has existed before. Reproducibility of 

spectra enables instrument calibration. This means that inter

pretation, cataloguing, discussion and exchange of NMR infor

mation will be greatly facilitated. The spectrometer's new 

speed and freedom from complexity mean that NMR - a 

unique physical property and key to abundant molecular infor

mation - becomes available to organic chemists everywhere. 

FEATURES 
• Precisely reproducible NMR spectra on precalibrated charts 
• I-part-in-lO' resolution at 60 megacycles • Fewer, simpler 
and more direct controls, enabl ing operation by nonprofessional 

personnel. Positive reference to a drift-free standard; controls 
for sweep ranges, RF amplitude and zero offset all in calibrated 
steps . Proton spectra only - to provide great reductions in 
size, complexity and price while giving the NMR capability 
most universally needed in organic chemistry. Integrator as a 
built-in standard part of the instrument to provide a quantita
tive capability. Non-critical environmental requirements and 
small floorspace needs. 

Price of complete system $23,750 
For complete information, write the Instrument Division ••• VARIAN associates 

• PALO ALTO 7, CALIFORNIA 
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Needle's eye reveals relative size of the thermistor, 

a tiny bead of Nickel oxide and other materials, used 

to measure temperatures in and beyond the earth's 

thin envelope of atmosphere. Made by Gulton In

d llstries, Inc., the thermistor now serves in more 

than a dozen different missiles and satellites. 

"Space thermometer" goes thru needle's eye 
Meet the bead thermistor, member of 

a family of electronic devices now going 

into everything from midget radios to 

giant computers and missiles. 

This particular thermistor measures 

temperatures in space - temperatures 

ranging from 572°F all the way down 

to 76° below zero Fahrenheit. 

You can hardly see the bead with 

your naked eye. Although it's only a 
hundredth of an inch in diameter, and 

the lead wires are a mere thousandth of 

an inch thick, the thermistor is an ex

tremely stable and rugged device, ac

curate to within a fraction of a degree 

Fahrenheit. 

Made of Nickel oxide and other ma

terials, the thermistor is a space-traveler 

in many of today's missiles and sate 1-

lites. It reliably reports on gradients of 

temperature within the earth's thin 

atmospheric shield and in outer space. 

At the same time, it helps record the 

temperature changes in the missile's 

skin and its interior. 

What is a thermistor? Its name, which 

comes from THERMal resISTOR, be

gins to explain .. Temperature changes 

as small as 1I50th of a degree produce 

a measurable change in the electrical 

resistance of the pellet. The resulting 

increase or decrease in circuit current 

can then be used directly, as a signal, 

or can be recorded in the form of tem

perature readings. 

Originally developed by Bell Tele

phone Laboratories for communications 

equipment, thermistors are now widely 

used where a tiny, precise, and dependa

ble thermometer is needed: in medical 

research, in over-load switches to pro

tect electric motors, and in shipment of 

perishable foodstuffs, for example. 

The role of Nickel in the thermistor is 

only one example of the remarkable 

versatility of this element. 

Be sure to investigate Nickel and 

Nickel compounds whenever you are 

faced with a problem calling for unusual 

electrical or electronic properties ... in 

fact, for any unusual metal problem. 

And don't hesitate to call on us for 

technical data to help you solve your 

material-selection problems. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street A NewYorkS,N.Y. 

INCO NICKEL 
NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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A DAY. .. or more words than 

are teletyped every day by every wire service in the U. S. 
This gives you some idea of the capacity of the new 

500-pound Courier teletype satellite now orbiting the earth 

14 times a day, 600 miles up. 

Heart of the U. S. Army Courier system is a cluster of 
five five· pound magnetic tape recorder/reproducers made 

by Consolidated Electrodynamics. Four of them store and 
transmit teletyped messages. The other carries analog or 

voice messages. 

Each CEC unit is programmed separately and has the 

capacity to record 55,000 data-bits per second, for five 

minutes on one channel, at a tape speed of 30 inches per 
second. After recording, the tape drive is reversed by com
mand from the ground to reproduce the signal backwards. 

The Courier satellite project is obviously 

important to our current defense effort. 
Less obvious, yet more important to us 

and our children, is its far-reaching 

implication of worl d-wide ground
space-ground communications. When 

a phone call to Antarctica will be as simple as one to your 
next door neighbor. 

Why did the Department of Defense choose CEC for 
this delicate and far-reaching assignment? Experience. 

mostly. And imagination. They didn't ask "Can it be 

done?" They said, "Do it. " 
And the company that (1) records 90% of all Atlantic

range missile-test flights, (2) went down with the Nautilus 

using mass spectrometers to test air contaminants, (3) went 

up with the B-58 to flight test the world's fastest bomber. 
(4) went higher with a satellite-carrying spectrometer 
to measure radiation, (5) 
designed "Micro-plant"

first unattended petroleum 

pilot plant, and (6) moni

tors, measures, analyses, 

controls and records almost 

anything for industry and 
defense did it. 

CEC 
CONSOLIDATED ELECTRODYNAMICS / pasadena, california 
DATA RECORDERS DIVISION . DATALAB DIVISION · TRANSDUCER DIVISION 

ANALYTICAL & CONTROL DIVISION • CONSOLIDATED SYSTEMS CORPORATION 

CONSOLIDATED VACUUM CORPORATION 

A SUBSIDIARY OF Bell & HO\Nell . FINER PRODUCTS THROUGH IMA-GINA nON 

© 1961 SCIENTIFIC AMERICAN, INC



50 AND 100 
YEARS AGO 

[8l£IENTIFI£iIIMERI£AN I 
MARCH, 1911: "Of the hundreds of 

animals killed by Roosevelt and sent to 
this country, comparatively few will be 
mounted by the Smithsonian Institution 
-in fact, only 50. The Colonel was not 
in the best of moods when he learned 
that of the 3,000 skins of animals but 
a few will be generally useful. The 
Smithsonian Institution states that not 
more than 50 different kinds of animals 
could be detected among the many 
killed by an untrained observer, and 
that the general public would only be 
fatigued and confused by an inspec
tion of the entire series. Besides, there 
does not seem to be enough money to 
handle all the collection adequately." 

"The eminent Dutch physicist, Profes
sor Johannes van der Waals of Leyden, 
who has just received one of the Nobel 
prizes, is justly celebrated throughout 
Europe for his contributions to the 
advancement of science. His name, 
however, is as yet little known in this 
country, and this is the more strange 
because his fame largely rests upon his 
development and application of a sci
entific theory first promulgated by an 
American physicist, W. Gibbs. Born at 
Leyden in 1�37, van der Waals became 
celebrated upon his discovery of an 
equation that permits the expression 
of the characteristic relation of fluids, 
i.e., the relation between specific vol
ume, pressure and temperature." 

"Commenting upon the advantages of 
the Diesel motor in one of our recent 
issues, we pointed to the apparent neg
lect that this engine has suffered in our 
States. We have since received several 
communications in which it is urged 
that the Diesel system has not been 
wanting in appreciation, and that the 
motors have been regularly manufac
tured and put upon the market under a 
series of patents controlled by a leading 
St. Louis capitalist, with such effect that 
the aggregate horsepower in use at the 
present day has reached quite a consid
erable figure. Nevertheless, it does not 
appear that the spread of the Diesel has 
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been at all proportionate to its virtues. 
The immediate gain derived from the 
substitution of the Diesel in place of 
steam power depends, of course, in con
siderable measure on the relative costs 
of coal and oil. It is largely for this rea
son that its adoption in Europe, in lo
calities where the price of coal is com
paratively high, has progressed with 
more rapid sh'ides than here." 

"Of all the arguments for fortifying 
the Panama Canal, the most potent is 
that recently presented by President 
Taft, when he drew attention to the fact 
that a very considerable proportion of 
the nations of the world have not yet 
progressed to the point where they have 
at all times stable, reliable and responsi
ble governments. Incidentally, we might 
mention that the two most powerful 
dreadnoughts in the world were for a 
time in the hands of mutineers in the 
navy of a South American republic. One 
of these ships, regardless of interna
tional agreements as to neutralization, 
could easily have desh'oyed the finished 
canal." 

"Secretary of War Dickinson is to be 
congratulated on the position that he has 
taken on the subject of lengthening the 
piers of New York City to accommodate 
large ocean steamships. In permitting a 
temporary increase of length, he meets 
the pressing necessities of the White Star 
Company, whose 882)�-foot OlympiC 
will reach this port during the coming 
summer. At the same time, by granting 
the extension for a limited period only, 
he sustains the Army engineers in their 
jealous guardianship of public rights in 
our national waterways." 

"There is now under construction at 
Barrow, England, for the Japanese gov
ernment a large armored cruiser of the 
dreadnought type, which, it is reported, 
will be the largest and most powerful 
vessel of her Hnd. Her reported displace
ment is 28,000 tons. The whole of the 
work on this vessel, including armor and 
armament, will be done by the contract
ing firm." 

"An investigation has recently been 
made of locomotive smoke in Chicago 
in order to determine what share of the 
smoke in the city comes from this source, 
and to show that by eliminating steam 
locomotives there will be a decided 
abatement of the smoke nuisance. Mr. 
Paul P. Bird, the city smoke inspector, 
estimates that 14 carloads of cinders 
pour out of the locomotive smokestacks 
at Chicago every day, that 10 per cent 

of all the coal shoveled into the firebox 
of a locomotive issues from the stack in 
smoke and cinders, that railroads con
tribute 43 per cent of the total smoke in 
the city, power plants 30 per cent and 
special plants 12)� per cent, while the 
smoke from business buildings and 
dwellings, and from boats, amounts to 
but 14* per cent." 

"The NOlwegian navy has recently 
been strengthened by the acquisition of 
a new submersible, the Kobben. This 
vessel is of the Germania type, evolved 
and developed by Fried. Krupp A. G., 
the eminent German armament manu
facturer and naval builder, which has 
now become the standard class of sub
marine in the Imperial German navy. In 
fact, the Kobben may be considered the 
latest development of the Krupp sub
mersible, and is not only powerful but 
possesses many interesting features. The 
recent trials of the craft have aroused 
keen interest among European naval cir
cles, owing to her striking seagoing 
qualities and general technical perfec
tion. The Krupp firm have always con
sidered the 'diving' boat to be the most 
efficient form of submarine. It may be 
mentioned that their contentions as to 
its all-round superiority are upheld by 
the German government's naval authori
ties, for there were 12 submersibles fitted 
for service on the the high seas in the 
Imperial navy at the end of 1910, which 
on account of their speed and endurance 
are suited to all the conditions of modern 
war." 

MARCH, 1861: "On the subject of 
the mechanical employment of women, 
the London Mechanics' Magazine con
tains the following sensible remarks: 
'At the moment 650,000 females are em
ployed in the United Kingdom as millin
ers, dressmakers, seamstresses and shirt
makers; and their labor being manual, 
they are, on the average, the most en
slaved, most dependent and most un
happy of the industrial classes. Half a 
million of sewing machines is much 
needed amongst them, which would 
double their wages and enable them to 
obtain three times the quantity of cloth
ing they can purchase out of their pres
ent earnings. Nor is there any danger 
that this market for female labor will be 
overcrowded, at least for several genera
tions. Men must eventually resign the 
monotonous drudgery of hand-sewing to 
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'!IMA'GINATION IS 

, MORE IMPORTANT 
THAN KNOWLEDGE" 

Albert Einstein 
There are some who might argue this point 
with Einstein. But this much is certain: 

Wherever new knowledge is sought, imagi
nation lights the way. And surely, only imag
ination of rare quality could have led Einstein 
to formulate his principle of relativity. 

Einstein applied the insight of imagination 
o basic science. But imagination can be just 

werful in' the creation and application 
And nowhere, perhaps, is 
enged over so wide � range 
and teclmology,as , in the 

electrical communications: 
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"Compare 
great things 
with 
small" 

Virgil: Eclogues 

That can be done. Not altogether, 

of course, for the massive entirety 

of the universe is as completely un· 

known as the smallest particle of 

matter. 

But between these two ultimates 

many sizes, great and small, are 

familiar and warth comparing. 

Take the mast modern computing 

machine. Descendant of the ancient 

abacus and the office adding mo· 

chine, it looks big enough to live in. 

In fact, countless components, rang· 

ing in size to the very tiniest, do. 

Each functions as part of a great 

mechanical brain. 

With assemblies getting larger 

and components getting smaller, 

twa equally important factors are 

amplification and miniaturization. 

In the miniaturization of bearings, 

MPB has an established leadership. 

MPB bearings are available in over 

500 different types and sizes. O. D.'s 

range from 3/8" to 1/10", with 

specials provided an request. 

For a complete catalog, write to 

Miniature Precision Sear

in 9 s, t n c., 53 Precision Park, 

Keene, N.H. 

lvF'E3 helps you perform miracles 
in instrumentation 

M 'I-.c � 
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MINIATURE PRECISION 

BEARINGS. INC. 

machines wrought or attended to by 
women. The stitching of men's clothing 
is a field for labor that women are only 
beginning to occupy, that is practically 
unlimited in its extent and that will give 
them constant, suitable and remunera
tive employment. And improvements in 
the machinery for spinning, weaving 
and sewing must be ranked among the 
most important agencies that are at work 
for the elevation of women and the civ
ilization of our race.' " 

"The President-elect has recently 
passed through New York City on his 
way to Washington to assume the duties 
of Chief Magistrate; but, while he has 
been warmly welcomed everywhere by 
thousands of people, if we take the con
current testimony of the daily press, a 
crowd of hungry office seekers has fol
lowed the Presidential train, the number 
increasing at every point of arrival and 
departure, doubtless much to the annoy
ance of the 'coming man.' All the way 
down to the Federal Capital the expec
tants pushed on and are now waiting 
under the eaves of the Presidential man
sion, in breathless suspense, for the 
working of the political machine." 

"In a letter to the Times of London, 
referring to the absence of all provisions 
for the construction of iron-coated ships 
in the new year's program for the Ameri
can navy, Mr. J. Scott RU'ssell writes as 
follows: 'The entire mercantile steam 
navy of Great Britain, with the exception 
only of some old vessels, is of iron. The 
entire mercantile steam navy of Amer
ica, without any exception known to me, 
is of wood. The reason is obvious. Tim
ber is one of the staples of America, and 
we are obliged to import large quantities 
of it from America into England. Iron is 
the staple of England, and America is 
obliged to import large quantities of it 
from us. Hence, America builds timber 
vessels far more cheaply than we can. 
We build iron vessels more cheaply than 
America can.' " 

"An act of great importance to the 
inventive interests of the country passed 
the Senate on the 11th ult. It will be re
membered that, through the instrumen
tality of Han. Jefferson Davis, an amend
ment to the Appropriation Bill was 
agreed on at the last session of Congress, 
prohibiting any department from pur
chasing patented articles for various bu
reaus, either naval or war. This cut off 
a large number of manufacturers and 
crippled some branches of Government 
materially. The last reports of the secre
taries of "Var and Navy recommended 

the repeal of this law, which the Senate 
has effected, but with the proviso that no 
more patented fireanns are to be pur
chased. The latter important interest is 
stricken down, not withstanditlg the 
general protest from an immense num
ber of inventors." 

"For many years New Bedford, Mass., 
has been known not only as the greatest 
whaling port in the United States but 
the whole world; it is now, however, fall
ing fast from its fanner oily greatness. In 
1857 there were 329 vessels of 111,364 
tuns belonging to New Bedford; but at 
the present time there are only 291 ves
sels of 98,760 tuns. The price of whale 
oil has been greatly affected by substi
tutes, especially coal oil, and the more 
general adoption of gas in cities and 
large villages. In 1860 the price of whale 
oil was only 50 cents per gallon, while 
in 1857 it was 73 cents. The amount in· 
vested in the whaling trade in New Bed
ford is $10,000,000. Many of the mer
chants in that place are now looking 
around to see if they cannot enter upon a 
more profitable business. The total whal
ing fleet of the United States now com
prises 514 vessels of 158,746 tuns. There 
has been a total decrease of 141 ships in 
four years. In 1858, 200 ships went to 
the North Pacific for whale oil; it is ex
pected that only 100 will go this year." 

"A mail train recently ran between 
London and Rugby, a distance of 83 
miles, without stopping. The London 
Engineer states that this is believed to 
be the longest continuous journey ever 
made upon any railway." 

"The Great Eastern is now getting 
ready to make a second voyage to New 
York, as a regular trader. It is expected 
that she will start at the beginning of 
next month. This second voyage, if she 
has anything like a tolerable cargo, will 
afford a better criterion of her speed and 
capacity than her former trips across 
the Atlantic." 

"The formula of water, according to 
recent discoveries, must soon be changed 
from HO to H20." 

"The price of cotton at the present 
moment averages half a cent per pound 
more than it did at the same period last 
year. About 12,000 bales arrived in New 
York last week, of which only 5,000 were 
sold. By the latest news from Europe we 
learn that there has been a decline of 
about half a cent per pound on cotton, 
and the Manchester manufactories were 
very dull." 
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THE NEW AGE OF COMMUNICATION 

COMMUNICATIONS 
UNLIMITED 

SATELLITES WI LL MEAN 
FEWER BUSY SIGNALS 

The decade of the Sixties will see both a crisis 

in communications and its solution. Experts say 

that by 1962 present transoceanic cables will 

be saturated by growing message volume. Ra

dio links, too, are reaching the limits of their 

capacity, with little room in the frequency spec

trum for expansion. 

The answer? Microwave communication by 

satellite. Microwaves can't be exploited for 

distant communication in earthbound systems 

because they travel in a straight line. But every 

spot on earth will be in point-blank range of 

satellite relay stations, and thousands of new 

telephone, teletype and TV channels will be 

opened to serve man's burgeoning communi

cation needs. 

RADIATION Incorporated is at work today 

on Tiros I & II and Courier, forerunners of the 

New Age of Communication. The company is 

recognized by government and the missile in-

RADIATION dustry as an important contributor to the pres

INC 0 R PO RAT ED ent state of the art in telemetry, electronic data 

processing and antenna systems. If advanced 

electronics figures in your business, write for 

our "Capabilities Report." Address Radiation 

Incorporated, Dept. SA-2, Melbourne, Florida. 

MAIN OFFICES AND PLANTS ARE LOCATED AT MELBOURNE AND ORLANDO, FLORIDA; AND PALO ALTO, CALIFORNIA. 
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How to read an enemy mind 
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Today, Navy battle commanders can predict where an enemy 
will be next. 

Deep in the control room of a giant carrier, they see the enemy 

deploy. They watch the entire tactical situation - every move
ment of every ship, aircraft and submarine in the battle area. 

Their "eyes" are new Hughes Display Consoles. These TV-like 
consoles present the over-all situation in quick pictorial form. 

The consoles are part of a complete system which also analyzes 

the enemy's movements and gives split-second recommendations 
for countermoves. 

With this information commanders can coordinate defensive 

task force movements and assign weapons with unprecedented 

speed and precision. 

Soon to be installed on carriers and guided missile ships, the 

complete Naval Tactical Display System includes the Hughes 

console, a high-speed computer and radio and data transmission 

equipment. 

Other projects at the Hughes Fullerton facility include develop

ment of new types of computer and circuitry and memory cores. 
Still other projects are expanding on the Hughes 3-D (electronic 

scanning) radar principle-one of the major breakthroughs in 

the electronic arts. 

Electronics is our business. Over 5,000 Hughes engineers and 

scientists constantly search for the best ways to do jobs never 

done before-for new ways to do old jobs better. Your problem 

may be an opportunity for both of us. 

High over the deck of the missile cruiser 

USS Galveston, this new Hughes 3·D radar 

antenna simultaneously detects the range, 

bearing and altitude of a great number of 

targets. The sailor shows comparative size. 

Creating a new world with electronics 
,---------------------------1 
I I 
I I 

i HUGHES ! 
I I I I 
L ___________________________ � 

HUGHES AIRCRAFT COMPANY 
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A clear, solventless liquid, General Electric 
clear LTV-602* cures at 75-80·C to fonn 
a resilient compound with excellent elec
trical properties_ Even thick sections are 
perfectly transparent. Useful from -65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards_ 

General Electric �Q@(!][? �LrW 0�Q�(]®Ull@ (]®[j)[P®I!lUll� 
for polting and elllbedding 

Transparent, resilient! self-supporting and easy to repair 

LTV-602 is easily applied, Rows freely in-and
around complicated parts_ Having a low vis
cosity in the uncured state, 800-1500 centi
poise, LTV is ideal for potting and embedding 
of electronic assemblies_ Unlike "gel-like" 
potting materials, LTV-602 cures to a Rex
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C. 

LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 

Resiliency offers excellent shock resistance. 
LTV-602 easily meets thennal shock tests de· 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
-65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confinn LTV's 
resistance to moisture and water immersion. 

LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section U340, Waterford, New York. 

GENERALe ELECTRIC 
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"SATELLITE SPEAKING" loud and clear to the four corners 

Bendix active satellite radio relay systems, under development 

Defense, will provide direct and positive global communications. 

developing advanced A-J techniques to relieve aerospace 

the problems of interference and jamming. Career opportunities 

technical management await your direct communication. 

BENDIX SYSTEMS DIVISION 
ANN ARBOR. MICHIGAN' 

" 

of the earth. This is how 

for the Department of 

In addition, Bendix is 

communications from 

and 
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It's the point where men will first meet in 

space. It could be any point. The big prob

lem is getting two men there at the same 

moment. How do you do it when they're 

orbiting at 18,000 miles an hour and mov

ing through three dimensions? In the im-

mensity of space, there are no landmarks, 

and a miss may be your last chance. 

Northrop scientists and engineers are 

already attacking some of the complexities 

of this problem such as rendezvous trajec

tories, spacecraft maneuverability, naviga-
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tion and propulsion; in-space rescue, 

repair and refueling; space medicine and 

human engineering for crew survival; and 

re-entry and recovery systems to bring 

astronauts safely back to earth. 
When men move out into space, Nor-

throp equipment and techniques will make 

the task simpler and safer. 

NORTHROP 
Northrop Corporation, Beverly Hills, California 
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One of a series of advertisements showing the breadth of Douglas experience being devoted to commercial, military and space·exploration projects. 

Five big steps to a smaller world 
How narrow the oceans have become! How small the world! And how 
quickly the shrinking has occurred! 

Within a generation, man has stopped wondering if he would ever 
fly, and now asks how soon he will land on the moon. 

Douglas, builder of the 5 great "DC" airliners that did so much to 
shrink the world you live in, is now at work on the great rockets and 
rocket ships which will shrink the solar system. 

DOUGLAS 
MISSILE AND SPACE SYSTEMS · MILITARY AIRCRAFT . DC·8 JETLINERS . 

TRANSPORT AIRCRAFT ' ANTI·SUBMARINE SYSTEMS· AIRCOMB® • 

GROUND SUPPORT EQUIPMENT 
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the Eyes of Science are on GEORGIA's 

RESOURCES RESEARCH 
. 

In 

Georgia is opening the eyes of the world to 

new wonders in Science. As a result of 

Georgia's record appropriations for education, 

young eyes will look deeper into the world 

MATHEMATICS I GEOGRAPHY 

LIVESTOCK I POULTRY 

FOOD I BIOLOGICAL SCIENCES 

GEOLOGY I PHYSICS 

CHEMISTRY I TECHNOLOGY 

of the future ... and skilled scientists 

will discover broad, new horizons for the 

betterment of man and industry. 

For 150 years, the University of 
Georgia has followed a tradition of 
scientific achievement. Today, with 
its $12,500,000.00 Science Center, 
a new era of education and re
search opens vast opportunities for 
better living in an ever-changing 
world. 

The University of Georgia's 
Science Center is dedicated to the 
proposition that scientific achieve
ment is 'without real meaning un
less it is supported by the arts, the 
humanities and the professions. 

The Science Center is just one phase of Georgia's 
forward-planning to provid e  scientifically 
equipped manpower for industrial research and 
product development. 

S. ERNEST VANDIVER, Governor 

Jack Minter, Director 
Georgia Dept. of Co mmerce 
State Capitol 
Atlanta, Georgia Dept SA3 
Please send full detaiLs un 
"RESEARCH AND BUSINESS OPPORTUNITIES IN GEORGIA" 
Name _ ___ � ______ __ ___ ___ 

I 
I 
I 
I 
J 
I 
J 
I I Address, _ _________ � ____ _ _ 

I City State _ __ _ 

• 3 §(.] t 13 , .,.] §j #I' , i; i �� I 3: , I.] ij;t.] \;� I \;� I §j it 3 _ 
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U. S. AIR FORCE PHOTOS 

LEFT: USAF technicians of 6555th Test Wing under technical supervision of 
Aeronutronic engineers erect Blue Scout on simplified launch pad prior to suc
cessful flight. The development of Blue Scout effectively bridges gap between 
larger. more expensive ICBM's and smaller sounding rockets in our advanced 
space research and test programs. The Blue Scout is the largest solid fuel missile 
ever fired at Cape Canaveral. 

OPPOSITE: U. S. Air Force Blue Scout Jr.. lifts off launch pad as spin rockets 
ignite. This unguided 4-stage missile was successfully launched on the first attempt. 

The United States Air Force Blue Scout Program provides the 

Nation with a new and versatile low-cost family of test vehicles 

to support our military weapons and space systems development 

programs. It can be used in a variety of deep space probes, orbit 

missions, boost glide trajectories, and as a rocket and satellite 

command and control communications system. Blue Scout has 

already fired a 32-pound scientific payload 16,000 miles into space 

... and a 392-pound payload in a controlled trajectory 1400 miles 

down the Atlantic Missile Range. Aeronutronic is systems engineer, 

payload and test contractor on this important Air Force program. 

AERONUTRONIC DIVISION [jf;;V1htorY!? � DEFENSE PRODUCTS GROUP 

FORD ROAD. NEWPORT BEACH. CALIFORNIA 

Write for information about 
Aeronutronic's capabilities and 
the career opportunities open 
for engineers and scientists. 

The Blue Scout program. based on modi{!cations of the NASA Scout. is under the executive direction of the U.S. Air 
Force Ballistic Missile Division. Air Research and Development Command. Above LEFT: Blue Scout is raised to a 
firing position on Simplified launch pad. Because missile requires minimum ground support equipment. it is operable 
in a number of various field environments at minimum cost. RIGHT: Instrument package of Blue Scout is checked by 
Aeronutronic personnel and Air Force technicians. Accurate gUidance system. data recovery system and final stage 
attitude control make Blue Scout adaptable to a wide variety of applications. 

41 
© 1961 SCIENTIFIC AMERICAN, INC



"' 
C< ::> 

2000 
USEFUL RANGES OF HANDY & HARMAN 

HIGH·TEMPERATURE BRAZING AllOYS 

1500 !------

� 1000!---.....,.. ...... -
� 
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w 
.... 

500 

o 
LITHO· HI·TEMP PREMA· PREMA· PREMA. 
BRAZE 30 BRAZE Br h �E BRAZE 

925 1�8 130 101 

HOW TO LICK 
JOINING PROBLEMS 
when the heat's on 
Now, engineers can achieve strong, ductile brazed 
joints in equipment for high·temperature use with· 
out sacrifice of other properties. Handy & Harman 
high·temperature brazing alloys are being uti· 
lized to make joints that can absorb vibration 
and stress while providing high resistance to oxi· 
dation. Since they involve minimum solution and 
penetration of the base metals, these alloys are 
particularly advantageous in joining thin sections. 
They effectively join stainless steels, low·alloy 
steels, nickel·base alloys, cobalt·base alloys and 
other elevated·temperature metals. 

With this group of brazing alloys, manufacturers 
are producing such equipment as jet engines, 
rocket motors, honeycomb structures, heat ex· 
changers and similar equipment with new freedom. 

Some Typical High·Temperature Brazing Alloys are: 

LlTHOBRAZE 925 (92.5 Ag, 7.3 Cu, 0.2 Lil-For 
short time operation to 900° F. Very ductile, vir· 
tually no solution of base metal. Melting Point 
1435°F; Flow Point 1635°F. 

HI·TEMP 30 (70 Mn, 30 Nil-For continuous service 
900°·1000°F. Fairly ductile, moderate general so· 
lution of base metal. MP. 1885°F; FP. 1920°F. 

PREMABRAZE 128 (72 Au, 22 Ni, 6 Crl-Continuous 
service up to 1500°F. Ductile, moderate solution 
of base metal. Tensile strength at 1600°F in 304 
stainless steel is 20,000 psi (short time test). 
Used in brazing Rene' 41. MP.1785°F; FP.1900°F. 

PREMABRAZE 130 (82 Au, 18 Nil-Same properties 
as PREMABRAZE 128, but freer flowing and lower 
brazing temperature. MP. and FP. 1740°F. 

PREMABRAZE 101 (54 Pd, 36 Ni, 10 Crl-Contin· 
uous operation in 1800°·2000° F range (based on 
limited oxidation testsl. Ductile, moderate solu· 
tion and penetration of the base metal. MP. 
2250°F; FP. 2300° F. 

Write for data sheets on any of the above alloys. 

Your No. I Sourc. of Supply 
and Authority on Brazing Alloys 

HAN DY & HAR MAN 
General Offices: 82 Fultan Street, New York 38, N. Y. 
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THE AUTHORS 
GABRIEL GIANNINI ("Electrical 

Propulsion in Space") was born in 1905 
in Rome. He studied with Enrico Fermi 
at the Institute of Physics of the Univer
sity of Rome, where his father and 
grandfather had been respectively pro
fessors of admiralty law and Italian lit
erature. He came to the U. S. in 1930. 
After working for 10 years on the en
gineering of loudspeaker systems, he be
came interested in aviation and devel
oped the aircraft instruments that are 
now manufactured by the Giannini Con
trols Corporation. Later he established 
Giannini Scientific Corporation, a hold
ing company for technological indus
tries. He personally directs the corporate 
research laboratory in California. 

ANTHONY H. ROSE ("New Penicil
lins") lectures in microbiology at Heriot
Watt College in Edinburgh, where he is 
also doing research on the metabolic 
function of the vitamin biotin in yeasts 
and on the biochemistry of psychrophilic 
microorganisms. He received a degree 
in industrial fermentation from the Uni
versity of Birmingham in 1950 and a 
Ph.D. in applied biochemistry there in 
1954. Rose has done research at the In
stitute of Microbiology at Rutgers Uni
versity under a King George VI Fellow
ship of the English-speaking Union and 
with the fermentation group of the Na
tional Research Council of Canada. He 
is currently editing a text on the bio
chemistry of microorganisms in collab
oration with Cyril Rainbow; his first 
book, on industrial microbiology, will be 
published later this year. 

MARTIN F. GLAESSNER ("Pre
Cambrian Animals") is a member of the 
department of geology at the University 
of Adelaide in South Australia. After ac
quiring a degree in paleontology at the 
University of Vienna, Glaessner did re
search in the Natural History Depart
ment of the British Museum. From 1932 
to 1937 he was associated with the 
U.S.S.R. Academy of Sciences as a For
eign Specialist and participated in sev
eral expeditions to the Caucasus for the 
purpose of studying paleontological 
problems related to the search for oil. 
His work for the Anglo-Iranian Oil 
Company, which he joined in 1938, took 
him to New Guinea, where he estab
lished and directed a laboratory for re
search in micropaleontology. When the 
laboratory was transferred to Melbourne 

in 1942, Glaessner did graduate work at 
the University of Melbourne, receiving 
a D.Sc. degree in 1946. He took his pres
ent position in 1950. A research asso· 
ciate of the American Museum of Natu
ral History since 1953 and a Fellow of 
the Australian Academy of Science since 
1956, Glaessner is at present engaged in 
paleontological studies of fossil protozoa 
and Australian mammals, as well as in 
research on the historical geology and 
stratigraphy of Australia and the Indo
Pacific region. 

GEORGE GAMOW ("Gravity") is 
professor of physics at the University of 
Colorado. After receiving his doctoral 
degree in nuclear physics from the Len
ingrad State University in 1928, Gamow 
continued his studies under Niels Bohr 
at the University of Copenhagen and 
later under Ernest Rutherford at the 
University of Cambridge. He came to 
the U. S. in 1934 and taught physics at 
George Washington University until 
1956, when he went to the University of 
Colorado. A prolific popularizer of sci
ence, Gamow was awarded the Kalinga 
Pr·ize in 1956 for his interpretation of sci
ence for the layman. He has published a 
dozen books in 23 languages, with three 
more going to press. "Gravity" is his 
lIth article for SCIENTIFIC AMERICAN. 

MICHAEL H. JAMESON ("How 
Themistocles Planned the Battle of 
Salamis") is associate professor of classi
cal studies at the University of Pennsyl
vania and a research associate at that in
stitution's University Museum. Born of 
American parents. in London in 1924, 
Jameson spent much of his childhood in 
Peking, where his father was a college 
teacher. He traces his interest in archeol
ogy and antiquity to this time. "I was 
particularly impressed," he writes, "by 
the work and personality of Pere Teil
hard de Chardin, the Jesuit paleontol
ogist. At that time he was working on 
Peking man, and I still have some bone 
and ash from that cave which Pere Teil
hard gave me." Jameson acquired a B.A. 
in Greek at the University of Chicago, 
served three years in the Navy during 
World War II, studying and tt'<mslating 
Japanese, and then returned to Chicago, 
where he took his Ph.D. in Greek in 
1949. After a year at the American 
School of Classical Studies in Athens, 
he went to the University of Missouri 
to teach Latin and Greek. He joined the 
faculty at Pennsylvania in 1954. 

R. S. SCORER ("Lee Waves in the 
Atmosphere") is Reader in Applied 
Mathematics at the Imperial College of 
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SILICON NEWS trom Dow Corning 

The Untouchables 
Now ... Single Crystal Silicon 
Doped to Your Specification 

Write for "Hyper-Pure Silicon 
for Semiconductor Devices." 

Single crystal silicon • • •  doped to your specific 
-needs • • .  is now available from Dow Corning. 

Rigid quality control of Dow Corning Silicon 
means greater device yield for you! And you 
achieve uniformity in device characteristics -
the result of greater uniformity in characteristics 
from rod to rod, greater lateral and radial uni
formity within each rod. 

This high quality is the result of a completely 
integrated production process - a process that 
starts with the manufacture of trichlorosilanes 
and other chemicals basic to silicon production. 
And at every step of the way, rigid quality con
trol assures the ultimate in quality-purity. 

Doped to specification single crystal Dow 
Corning Silicon contains in the order of 0.1 
atoms of minority impurity per billion atoms of 
P·type material ... about 0.15 atoms of minority 
impurity per billion atoms of N-type material. 

Low oxygen content of Dow Corning Silicon 
reduces the undesirable effects on lifetime asso
ciated with the diffusion process. Result - few 
rejects . . .  increased device yield! In the pic
ture at left, infrared transmittance at 9 microns 
is measured to determine oxygen content. Many 
materials register at pencil point-much higher 
than Dow Corning Silicon. 

Crystal orientation is normally Ill, but can be 
to your specification. 

Specify Dow Corning single crystal silicon 
doped to your requirements. Specific resistivities 
within narrow tolerances from one to 1000-ohms 
centimeter P-type . .. one to 400-ohms centi
meter N-type. Rod diameters from 3 to 25 mm 
(l/8" to 1") lengths to 250 mm (about HY'). 

Whatever your need - polycrystalline rod or 
chunk; high resistivity P-type single crystal rod; 
single crystal rod doped to your specifications -
Dow Corning should lead your list of sources. 

HYPER-PURE SILICON DIVISION 
Address: HEMLOCK, MICHIGAN 

Address Dept. 8115. 
Do� Corning CORPORATION 
MIDLAND. MICHIGAN 
ATL.ANTA BOSTON CHICAGO CL.EVELAND DALLAS LOS ANGELES NEW YO"K WASHINGTON, D. C. 

43 
© 1961 SCIENTIFIC AMERICAN, INC



Friendly, Progressive, Beautiful 
TENNESSEE 

Its many advantages have resulted in 718 New Plants 
and Expansions during the past two years 

Tennessee's long record of steady industrial development reached a 

new peak in 1959 and 1960, with a total of 308 new industries, 410 
plant expansions, and a combined investment of $354,721,000.00. 
Many factors are responsible, such as central location, low construc
tion costs, ample power and labor. But other important consider
ations are a genuine welcome and wholesome living conditions. 

IF YOUR FIRM is considering branch plants or warehouses in the South, 
write in confidence for a copy of Basic Data - Industrial Tennessee, 
and see what we have to offer. Address: Commerce Division, State 

of Tennessee, C-165 Cordell Hull Building, Nashville, Tennessee. 
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Advanced Coatings 
for 

Advanced Projects 
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• 
TYPIT® 

For special-character typing 
Fits any typewriter 

Simplest, fastest, best 

WRITE FOR CATALOG 
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ZINC SHIELD 
Ferrous surfaces too large or critical 
for ordinary galvanizing techniques 
can be zinc-clad with this metallic 
zinc-copolymer coating for cathodic 
protection aga i nst fi I iform corrosion 
... a recent application being 
AN/FPS-35 Search Radar Antenna. 

A unique coating with ... 

Serviceable Temperature Range - up 
to 400°F (somewhat higher for 
intermittent periods) 

Zinc Deposit-1f4 oz. zinc metal/sq./
ft./coat (at 1200 sq. ft. gal. appli
cation rate) 

Universal Application - applied with 
equal facility at any stage of 
component fabrication or assem
bly. 

Write for Bulletin P-16A with full specifica
tions. 

• THE WILBUR " WILLIAMS CO., INC. 
, 152 Pleasant St., NOrwll', MISS. 

CREATORS OF ADVANCED COATINGS FOR INDUSTRY 

Science and Technology in London. He 
studied mathematics at the University 
of Cambridge before joining the British 
Meteorological Office in 1941. Until the 
end of 1945 he was engaged in weather 
forecasting for the Royal Air Force. 
During this period, which included two 
years in Gibraltar, he became interested 
in the effect of mountains on winds and 
air flow and the causes of different types 
of cloud formations. He returned to 
Cambridge to complete his undergrad
uate work in mathematics in 1946. From 
1947 to 1949 he did research under the 
direction of Sir Geoffrey Taylor on the 
flow of air over mountain ridges and on 
the waves in the atmosphere produced 
by large explosions. Until 1957 Scorer 
was Lecturer in Meteorology at Imperial 
College; he assumed his present post 
later the same year. 

E C KHARD H. HESS ("Shadows and 
Depth Perception") is professor of psy
chology at the University of Chicago. 
He was born in Germany in 1916 and 
came to the U. S. to study at Blue Ridge 
College, where he acquired a B.A. in 
1941. Hess did graduate work at Johns 

Hopkins University, receiving his Ph.D. 
in physiological psychology there in 
1948. He went to Chicago later that 
year. His main research interest is the 
experience of infant animals and the ef
fects of that experience on behavior. 

HERMAN E. RIES, JR. ("Mono
molecular Films") , is a senior research 
associate at the Whiting Research Lab
oratories of the American Oil Company, 
formerly Standard Oil Company (In
diana). Born in Scranton, Pa., in 1911, 
Ries acquired a B.S. degree at the 
University of Chicago in 1933. As a 
graduate student at Chicago he did re
search on monomolecular RIms under the 
direction of William D. Harkins and re
ceived a Ph.D. in physical chemistry in 
1936. From 1936 to 1951, when he took 
his present position, Ries headed the 
physical chemistry division at the re
search laboratories of the Sinclair Refin
ing Company, concentrating on low-tem
perature gas adsorption, the pore struc
ture of solids and the structure and sin
tering of catalysts. Since then most of 
his research has centered on monomolec
ular films and radioactive-tracer studies 
of adsorption. He wishes to acknowledge 
the contribution of three of his associates 
to the work reported in his article. They 
are Wayne A. Kimball and Norman 
Isaacs, who performed the electron mi
croscopy, and Joseph Gabor, who assist
ed Ries throughout the film-balance 
studies. 
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Instrumental in your future . . .  Beckman medical and clinical instruments-moving the science 

of medicine steps ahead eln research, Beckman centrifugal instruments, first to isolate the polio virus, 

are vital to the continuing quest for cures. Beckman electrophoresis instruments explore the nature of 

proteins, amino acids, nucleic acids-and their relationships to disease, nutrition and the life process 

itself. In the hospital, Beckman gas analyzers monitor a patient's breathing during major surgery and 

guard the oxygen supply in an infant's incubator. The Beckman ultramicro analytical system-a whole 

new concept in clinical chemistry-performs routine blood analyses using samples smaller than a single 

drop e Like all Beckman components, instruments and systems, each reflects Beckman's total experi

ence in the critical areas of electronic instrumentation. Whether the application be medicine, manufac

turing or military, the Beckman standard of unquestioned accuracy and reliability remains the same. 

c,'\I'IlMc�;-
� '1 , (' 

· Beckman 
® 

BECKMAN INSTRUMENTS, INC. FULLERTON,CAL. I ELECTRONIC COM PONENTS,I NSTRUMENTS,SYSTEMS .. FOR ANALYSIS,M EASUREM ENT,COU NTI NG 

AND CONTROL I DIVISIONS: BERKELEY· HEll POT· SCI ENTIFIC & P ROCESS I NSTRU M ENTS • SPECIAL PROJECTS· SPI NCO· SYSTEMS I BECKMAN 

IN STRU M E NTS I NTERNATIONAL, SA, SWITZERLAN D • B ECKMAN IN STRU M ENTS, G.m.b.H., GERMANY· BECKMAN I NSTRU M ENTS, LTD., SCOTLAND 

© 1960 8.1.1. BC61009 
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l �qt l DIGITAL SYSTEMS EXPERIENCE . . .  AT PACKARD BELL COMPUTER, 

INCLUDES DE VELOPMENT AND MANUFACTURE OF THE FIRST DIGITAL SYSTEM FOR SEISMIC DATA REDUC-

TION . . .  A MISSILE IMPACT PREDICTION SYSTEM . . .  SYSTEMS FOR REDUCTION OF ACOUSTIC D ATA FOR 

ASW STUDIES ... FOR REDUCTION OF MISSILE TEST FIRING DATA ... SYSTEMS FOR INDUSTRIAL CONTROL 0 

ON OR OFF L1NE ... ANALOG OR DIGITAL INPUT AND OUTPUT ... ALL ACCOMPLISHED WITH STANDARDIZED 

EQUIPMENT DESIGNED AND BUILT AT PACKARD BELL COMPUTER 0 FOR SYSTEMS DEVELOPMENT 

BY A POWERFUL TE AM ... COMPOSED OF ENGINEERS RESPONSIBLE FOR DESIGN OF COMPONENT HARD-

WARE AS WELL AS THE COMPLETE SYSTEM ... LOOK TO r:p:bJ Packard Bell Co mputer 
A Subsidiary of Packard Bell Electronics 

1905 ARMACOST AVE., LOS ANGELES 25, CAL· WRITE FOR SPECIFICATIONS O rj COMPUTER LINKAGE SYSTEMS 
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He's got Minutemen 
"working on 
the railroad" 

Hard basing is one way to protect 
A m e r i c a's f o r c e  of retalia t o ry 
ICBM's. The problem was to find an 
alternate means of accomplishing 
the same mission. The Air Force 
solution was a new ICBM mobility 
concept-railroad car-mounted Min
utemen, utilizing the nation's vast 
track mileage for numerical and 
geographical dispersion, creating :; 
difficult target for enemy attack. 

To put the Minuteman, its support 
systems and associated equipment 
on rails was a completely new prob
lem in missile handling. The first 
requirement assigned by Boeing to 
American Machine & Foundry Com
pany and ACF Industries, Inc., was 
a feasibility study of the existing 
limitations of roadbeds, rails, rail
road operations and right-of-way. 
Unique tactical cars are being de
signed within these limitations to 
carry the Minuteman-cars that can 
handle the missile and its operating 
equipment, safely isolated from 
roadbed shock and ready for immedi
ate retaliatory launching. 

Single Command Concept 
Whether for conceptual problems 

such as this one, or for challenges in 
design or manufacturing, AMF has 
ingenuity you can use. AMF people 
are organized in a single operational 
unit offering a wide range of engi
neering and production capability. 
Its purpose-to accept assignments 
at any stage from concept through 
development, to production, and 
service training . .. and to complete 
them faster in 

• Ground Support Equipment 

• Weapon Systems 
• Undersea Warfare 
• Radar 

• Automatic Handling & Processing 
• Range Instrumentation 
• Space Environment Equipment 
• Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 

can use... AMERICAN MACHINE & FOUNDRY COMPANY 
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Ideas in Electronics 

from Norton 

The electronics industry became a 

giant before it became a baby. 

This outstanding growth has been 

largely due to the development of new 

materials - refractory materials with a 

great range of electrical properties. The 

prime source of these idea refractories is 

Norton Company. 

For example, refractory fused alumina 

has high constant resistivity, to assure 

minimum leakage between elements in 

TV, radio and radar tubes. The same 

material is a recent innovation for tran

sistor potting. Norton silicon carbide is an 

essential component in lightning arrestors 
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and other non-linear resistors because of 

its variable voltage-current relationship. 

Silicon carbide is also finding new uses in 

microwave absorption, and as single 

crystals in high temperature rectifiers 

and transistors. 

Fused magnesium oxide, used in most 

heating elements for electric ranges, has 

gained acceptance in such areas as ad

vanced thermocouple design and infra

red transmission. 

Norton offers a wide choice of super

refined refractories, including oxides, 

borides, nitrides and carbides, and is 

ready to work with you in engineering 

materials to meet your needs. But above 

all, Norton offers ideas in every field in 

which refractory materials play a part. 

Write NORTON COMPANY, Refractories 

Division, 542 New Bond Street, Wor

cester, Massachusetts. 

(NORTON) 
REFRACTORIES 

Crystallizing ideas 
into products 
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THE INSIDE STORY: this ribbon gets in nobody's hair 

This multi-conductor ribbon cable gives trouble
free service during flexing at 100% RH conditions. 
Insulation of a Du Pont TEFLON fluorocarbon resin 
gives the cable pictured above the necessary 
toughness, abrasion resistance, zero moisture 
absorption and low capacitance required in signal 
circuits to provide outstanding reliability in this 
classified military application. 

In any application, insulation of TEFLON offers 
virtually complete chemical inertness and high 
insulating properties that don't change over a wide 
temperature range. The new melt-processible 
TEFLON FEP resins now make possible the easy 

BETTER THINGS FOR BETTER lIVING . . . THROUGH CHEMISTRY 

mass production of complex shapes and long 
lengths of extruded wire insulation. 

W h e n  c o n d i t i o n s  are tough,  a n d  when 
minimum maintenance is called for, insulation of 
TEFLON is your most logical and economical 
choice. To find out more about the many oppor
tunities for improved design, both electrical and 
mechanical, offered by the family of TEFLON 
resins, write to: E. 1. du Pont de Nemours & Co. 
(Inc.), Dept. 5-3, Room 2526T, Nemours Bldg., 
Wilmington 98, Delaware. 
In Canada: Du Pont of Canada Limited, P.O. Box 
660, Montreal, Quebec. 

TEFLON is Du POllt's registered trademark for its family of 
jluorocarbon resins, illcluding TFE (tetrajluoroefhylelle) 
resins alld FEP (jluorinated ethylelle propylene) resins. 
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Zoom up; Zoom down, at the twist of' a dial 
See the advantage of optimum magnification. 
The revolutionary new B&L MicroZoom* 
optical system makes "step magnification" 
obsolete. Now you can study and photograph 
specimens at optimum magnification for all 
detail of every specimen from 17.5 X to 1940 x! 
And you'll see better than ever . . . new high 
resolution 1.30 N. A. objective . . . new 1.30 
N. A. condensers . . .  new high intensity illu
minator (10 to 20 times brighter than any 
other) . 
You'll enjoy more convenience, greater com

fort . . . concentric coarse and fine focusing 
controls, concentric stage controls, 'all in low, 
hands-at-rest position. 
And how's this for combining flexibility wlth 

economy? Choose any of 6 microscope bodies 
. .. they all fit interchangeably in the basic 
stand, and are all rotatable through 360'0. 
Same price range as before . . .  but more 
important, you' can have complete reliance 
in its 100% American manufacture to the 
world's highest standard-plus the whole
hearted support of America's most depend
able scientific instrument dealers. 

Find out more; just mail the coupon. Then 
order fast to avoid delay: 
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* Trademarks, Bausch & Lomb 

r---------- ---------------
I 
I BAUSCH & LOMB !NCORPORATED 

* I 69415 Bausch St., Rochester 2, N. Y. 
o I'd like a demonstration. 
o Please send Catalog D·185. 

Name ...................................... Title ..................... . 

Professional 
Address ................................................................. . 

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

-VV-ha t's you.r cu.p of tea? 
No matter how you use Formaldehyde 

there's a Celanese type to meet your needs 

From stabilized formalin, with low temperature tolerance fully 20 degrees below 

ordinary standards, to water-free trioxane, Celanese can meet your formaldehyde 

specifications right on the button! Our formaldehyde production capacity 

is one of the world's largest- Our formaldehyde research and experience are among the best. 

Celanese Chemical Company, 180 Madison Avenue, New York 16_ Celancse® Fonnccl® 

Celanese Chemical Company is a Division of Celanese Corporation of America. 
Canadian A/liliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver. 

Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc" 180 Madison Avenue, New York 16. 
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Nortronics-Norwood has a class of rate gyros capable of solving missile guidance problems. 

Our gyros come out ofthe box into the bird, ready from - 65° F to +200° F. Small size (I" x 2"), 

low weight (4 oz.) requiring NO external heaters, these gyros are ideally suited for packaging 

specifications. Able to withstand shock to 500 g's with an activation time of 20 seconds. Proven 

in Terrier, Tartar, Bomarc, Nike-Zeus and Polaris, our gyros are setting state-of-the-art 

A ND��'!f!,!ICS 
� NORTHROP CORPORATION 

standards in the industry. 

PRECISION PRODUCTS DEPARTMENT, NORWOOD, MASSACHUSETTS . Field Of{7ces: Highway #46, Teterboro, New Jersey, Telephone: 
ATlas 8-1750, TWX-Hasbrouck Heights 871-U • 2486 Huntington Drive, San Marino, California, Telephone: A Tiantic 7-0461, TWX-Alhambra 9619-U 

* 

SETTING GYRO STANDARDS 

IN � OUT OF � 
NEW MISSILE PROGRAMS 

* 
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BIG NEWS in high-temperature 
precision-molded insulation 

SUPRAMICN. 
620"88" cerarnoplastic 

See this newest advance in the 
Science of High-Temperature Insulation 

Visit BOOTH 2517-2519 at the 
NEW YORK IRE SHOW 

General Offices and Plant: 134 Clifton Boulevard, Clifton, N. J. 

Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 
World's lareest manufacturer of ceramoplastlcs, elass·bonded mica and synthetic mica products 
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Need a precision-molded insulation material with 
total dimensional stability under the most adverse 
thermal cycling, operating to J 200°F . . . . or a 
material with previously unattainable combina
tion of properties? Check these facts about 
new SUPRAMICA 620 "BB" 
ceramoplastic: 

Maximum temperature endurance of 
material 1200°F. (unstressed). Heat distor
tion temperature of material 1100°F. 
(ASTM D648-264 PSI) 

• SUPRAMICA 620 "BB" ceramoplastic can 
be precision molded to most intricate ge
ometries with gauge-like tolerances. 

• SUPRAMICA 620 "BB" ceramoplastic will 
not carbonize. 

• Absolute hermetic seals achieved directly 
during the molding cycle. Components 
meet a helium leakage rate of less than 
2 x 10-10 cc/sec., after the following en
vironmental tests: 
1. Samples heat shocked a tolal of 20 cycles from boiline 

water for 30 minutes directly to ice water for 10 minutes. 
2. Samples heat shocked a total of 5 cycles, from 350oe. for 1 

hour directly to room temperature for 10 minutes, toC70oe. 
for 1 hour, to room temperature for 10 minutes. 

3. Samples heated to 500oe. for 4 hours and directly to room 
temperature. 

• Thermal expansion factor matches many 
metals and alloys. 

• New SUPRAMICA 620 "BB" ceramoplastic 
features a dielectric strength of 270 
volts/mil, %" thickness per ASTM D-149. 

MVCALEX 
CORPORATION OF AMERICA 
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Sir Arthur Eddington ... on atoms, men, and stars 
"A drop of water contains several thousand million mil

lion million atoms. Each atom is about one hundred
millionth of an inch in diameter. Here we marvel at the 
minute delicacy of the workmanship, But this is not the 
limit. Within the atom are the much smaller electrons 
pursuing orbits, like planets around the sun, in a space 
which relatively to their size is no less roomy than the 
solar system, 
"Nearly midway in scale between the atom and the 
star there is another structure no less marvelous _ the 

human body. Man is slightly nearer to the atom than 

to the star. About 1027 atoms build his body; about 1028 
human bodies constitute enough material to build a star. 

"From his central position man can survey the grandest 

works of Nature with the astronomer. or tht minutest 

works with the physicist. .. , I ask you to look both ways. 

For the road to a knowledge of the stars leads through 

the atom; and important knowledge of the atom has 

been reached through the stars ," - Stars and Atoms. 1927 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
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A nonprofit organization conducting multidisciplinary research in the physical and social sciences. and engineering. on problems related 

to national security and the public interest. RAND physicists are currently studying nuclear weapons phenomenology, techniques of test 

detection for effective arms control. and the implications of thermonuclear war. 
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Electrical Propulsion in Space 

Econorny- of propellant is the chief advantage of electrical rocket 

engznes now being developed. Their low thrust will limit their 

use to vehicles previously- boosted into an 

This is an article about propulsion 
engines-primarily electrical ones 
-for spaceships. Before starting to 

talk about engines, however, it will be 
well to decide just what a spaceship is. 
Op;nions may differ on exactly where 
"space" begins, but most of us would 
agree that "ship" means something that 
floats. This means that the engine of the 
ship does not have to support the ship's 
weight. 

A lighter-than-air ship such as a blimp 
is held up by the displacement of air; 
the force of gravity is opposed by a force 
of buoyancy. A spaceship outside the 
earth's atmosphere is held up by reason 
of its motion. As everyone knows, a cer
tain minimum velocity is required for 
the attainment of "weightlessness." 
Therefore spaceships will always have to 
be launched from a planet by means of 
booster engines capable of exerting ex
tremely large forces; however, the enor
mous, roaring booster rockets that put 
artificial satellites into orbit will not be 
discussed here; the launching problem is 
solved in principle and to a large extent 
in practice. Chemical rockets do the job 
and will probably remain best suited to 
the purpose for a long time to come. 
While there is undoubtedly a practical 
limit to the thrust obtainable from a sin
gle assembly of rockets, and thus to the 
mass that can be launched into space at 
one time, this need not limit the size of 
space vehicles. It will surely be possible 
to launch them piecemeal and assemble 
them in orbit, much as ordinary ships are 
assembled in their elevated cradles. 

by Gabriel Giannini 

Thus the chief function of a spaceship 
engine is to act against inertia rather 
than to support the vehicle. The func
tion of the engine is somewhat compara
ble to that of a blimp engine except that 
the latter must overcome the large fric
tional force of the air as well as inertia. 

We are concerned, then, with propul
sion in space-an essentially frictionless 
medium. It is at once apparent that two 
important considerations must apply. 
First, just as there is no surrounding mass 
to offer frictional resistance, so there is 
none for the engine to push against. A 
blimp moves forward by thrusting back
ward a mass of air. A space vehicle has 
no outside mass to thrust, and so it car
ries some mass with it for the purpose. It 
cannot accelerate-that is, alter its mo
tion-unless it ejects a portion of its own 
substance. 

Whether mass is carried internally or 
is provided by a surrounding fluid, the 
propulsion system obeys the law of re
action: the forward momentum of the 
vehicle-that is, its mass times its veloc
ity-equals the momentum of the mass 
thrown backward by the engine. In oth
er terms, the propulsive force is pro
portional to the rate of mass flow (the 
number of pounds thrown backward per 
second) and to the velocity with which 
the mass is thrown. 

The second general consideration in
volved in space propulsion is that, with 
no friction to overcome, the thrust can 
in theory be as small as one pleases. Any 
force at all will produce some accelera
tion and, if applied for a long enough 

orbit by- other lneans 

time, could propel a vehicle between any 
two points in space. 

At present only one type of engine is 
in use in space: the chemical rocket. The 
mass it ejects is the combustion products 
of its fuel, which is burned to furnish 
thermal energy for the ejection. Here 
mass and energy are stored in the same 
material. There is, however, no theoreti
cal necessity for the arrangement, and 
others are now under active investiga
tion at a number of centers. If the pro
pellant gas is to be accelerated not by its 
own burning but by heating from an out
side source, the thermal energy can be 
obtained from a nuclear reactor [see 
"Nuclear Rockets," by John J. Newgard 
and Myron Levay; SCIENTIFIC AMERI
CAN, May, 1959] or from an electric arc. 
The propellant can also be accelerated 
by non thermal means, such as electro
magnetic or electrostatic fields. 

Three electrical engines-the electric-
thermal, the electromagnetic and the 

electrostatic-are the chief concern of 
this article. They make up a class quite 
different from the chemical and nuclear 
types. 

To put the different kinds of propul
sion devices into proper perspective, let 
us briefly consider some of the standards 
by which they must be evaluated. As in 
any other type of locomotion, there is no 
engine universally best for space travel. 
A good engine is one that is well matched 
to the mission of the vehicle: the dis
tance it must travel, the time available 
for the journey, the size and the nature 
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of the payload (e.g., instruments, or peo
ple and the necessities that people must 
carry with them to stay alive) and so on. 
There are several criteria for evaluating 
engine performance, and their relative 
importance will vary from one mission 
to another. 

A primary criterion is propellant econ
omv. Chemical-rocket engineers meas
ure it in terms of "specific impulse," 
defined as the ratio of thrust produced 
to the rate of mass (fuel) consumed. 
Since thrust is measured in pounds and 
mass Bow in pounds per second, this 
ratio turns out to be expressed in sec
onds. It can be thought of as represent
ing the length of time a pound of propel
lant would last if expended at a rate that 
would continuously provide a pound of 
thrust. For a given thrust the specific 
impulse is maximized by making the 
mass Bow as small as possible. Because 
thrust increases with both mass Bow and 
velocity of ejection, the velocity of ejec
tion must be as large as possible. 

When mass and energy are supplied 

by separate sources, the weight of the 
energy source and the efficiency with 
which the energy is utilized must be con
sidered individually; in the case of the 
chemical rocket both factors are included 
in specific impulse. One more factor may 
be mentioned: the minimum practical 
weight of the power source. Chemical 
rockets can be made smaller than your 
finger; the smallest conceivable nuclear 
rocket would be very much bigger. 

In classical rocketry the emphasis has 
always been on maximizing specific im
pulse or, what amounts to the same 
thing, exhaust velocity. To this end the 
fuel is burned in the combustion cham
ber at the highest possible temperature 
to extract the most heat from the chemi
cal energy available. Then the heat is 
converted into mechanical energy at 
maximum efficiency by proper design of 
the nozzle through which the hot, high
pressure combustion products leave the 
engine. The best chemical propellants 
burn at a temperature of about 7,000 de
grees Fahrenheit. They produce an ex-

SOLID PROPELLANT 

LIQUID MONOPROPELLANT 

J 

LIQUID PROPELLANT LIQUID OXIDIZER 

LIQUID PROPELLANT 

COMBUSTION 

CHAMBER 

COMBUSTION 

CHAMBER 

FISSION 

REACTOR 

THERMAL ROCKETS drawing energy from combustion of chemical fuel (top three draw· 

ings) or from nuclear reactor (bottom) operate at a temperature of about 7,000 degrees 

Fahrenheit. This places a low limit on economy with w:lich they expend their propellant. 

58 

haust velocity of some 10,000 feet per 
second, or a specific impulse of about 
300 seconds. To accommodate the high 
gas-temperature, the chamber and noz
zle must be cooled by circulating fuel 
through their walls. 

At 7,000 degrees F. almost all the 
chemical bonds in any compound are 
broken open. Hence this temperature is 
very nearly the highest that can be at
tained through combustion or any other 
chemical reaction. It would seem that 
the chemical rocket has almost reached 
the limit of its capability. 

Nuclear-thermal rockets, when they 
are built, will have approximately the 
same range of performance as chemical 
rockets. Their chief advantage will result 
from the separation of the heat source
the nuclear reactor-and the propellant 
that it heats, thus permitting the use of 
hydrogen as propellant. Because of hy
drogen's high specific heat, or ability to 
store thermal energy, its expansion and 
acceleration are higher than they are in 
the combustion gases of chemical fuels. 
This more than compensates for its 
greater bulk. 

Both chemical and nuclear-thermal 
engines are of the "impulse" type. They 
produce a large thrust, up to several 
pounds per pound of weight, for a brief 
time. And their maximum attainable ex
haust velocities yield specific impulses 
of a few hundred seconds. 

In search of higher specific impulse, 
designers are turning to electrical pro

pulsion. If their efforts are successful, 
the result will be engines with much 
greater propellant economy than that of 
impulse rockets, but also with radically 
different operating characteristics. Their 
thrust will be thousands of times lower, 
and they will therefore operate over 
much longer periods. Moreover, their 
specific impulse can be too high as well 
as too low. The aim of the designer will 
be to optimize specific impulse for given 
missions rather than to make it as large 
as possible. As we shall see, engines that 
develop very high exhaust velocities are 
worth while only if the trip is long 
enough. 

The developers of electrical propul
sion systems face two main problems. 
One is to develop sources of electrical 
energy that are sufficiently light; the 
other is to feed the energy into the pro
pellant in such a way as to provide higher 
exhaust velocities than are now attain
able. Let us look at the second problem 
first. It is the easier of the two and is 
nearer to solution. 

It has long been known that electric 
arcs produce temperatures well in excess 
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ELECTRIC·THERMAL ENGINE, operating in a laboratory vacuum 

tank, develops a few tenths of a pound of thrust. Heating is pro· 

L ARGER PLASMA·JET PROPULSOR delivers about a pound 

of thrust. Temperature of emerging jets in these engines is higher 

vided by an arc. This prototype was developed by the Plasmadyne 

Corporation for the NationalAeronautics and Space Administration. 

than 20,000 degrees F., near the practical limit for thermal rockets. 

This model was developed by Plasmadyne for the Air Force. 
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DIRECTION OF MOONl1 
WHEN VEHICLE 
IS LAUNCHED 
FROM EARTH / 

\lI:HICLI: COASTS ALONG ELLIPTICAL ORBIT 
(5 DAYS DURATION) 

FIRST THRUST IMPULSE 
APPLIED HERE 

HIGH-THRUST TRAJECTORY for a trip between an orbit around 

the earth and one around the moon (green circles) is shown in red_ 

FINAL THRUST IMPULSE / 
APPLIED HERE / 

Chemical rocket engine, which would power such a trip, would 

operate only about a minute and ship would coast about five days_ 

IICAl ORBIT DURING COASTING p 
\OlU? (6.65 DAYS DURATION) 

ERIOD 

THRUST 
TERMINATED 

HERE 

/" 
/ 

POWERED SPIRAL ORBIT TO LEAVE EARTH 
(50 REVOlUTIONS, 10.3 DAYS DURATION) 

i �RECTION OF MOON 1/ ���M EARTH WHEN 
VEHICLE IS LAUNCHED 

LOW-THRUST TRAJECTORY, for trip made with electric-thermal 

engine, spirals around earth for about 10 days of powered flight. 

POSITION OF MOON AT BEGINNING 
OF POWERED INWARD SPIRAL 

POSITION OF MOON AT COMPLETION 
OF POWERED INWARD SPIRAL 

\ 
\ 
'\ 
\ 

I 

Innermost spirals are indicated by orange tone_ These approximate 

orbits are referred to a co-ordinate system through center of earth. 
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of those from any chemical reaction. 
Their heating intensity can be en
hanced through techniques such as con
stricting the arc and increasing the cur
rent density in certain regions of it [see 
"The Plasma Jet," by Gabriel Giannini; 
SCIENTIFIC AMERICAN, August, 1957]. 
Neglecting for a moment the weight of 
the electric-power source, plasma-jet 
heating makes possible thermal rockets 
with specific impulses ranging up to 
2,000 seconds. The arc requires some 50 
kilowatts of electric power per pound of 
thrust. In the plasma jet the propellant 
gas (e.g., hydrogen) is heated to be
tween 20,000 and 30,000 degrees F. 
Now the walls of the chamber must not 
only be cooled; they must also be insulat
ed by a cushion of cooler gases. 

Such temperatures represent the limit 
for thermal rockets. If the gas gets any 
hotter, it loses an excessive amount of 
energy to processes that do not contrib
ute to propulsion. Furthermore, the elec
trodes and walls can no longer be ade
l[uately cooled. To reach higher values of 
specific impulse it is necessary to turn 
away from the rand0ffi parti2:e-veloci
ties produced by he'ltng and look for 
means of acceleratins t11;; propellant in a 
directed stream. 

O ne method takes advantage of the 
electrical conductivity of the gas 

stream produced by an nrc. At a tem
perature of 20,000 degrees or so a gas is 
partially ionized: electrons separate 
from some of the atoms and the material 
becomes a mixture of neutral particles, 
positively charged atoms and free elec
trons. This plasma, as it is called, is 
usually electrically neutral over-all. But 
because of its high concentration of 
charged particles it is an excellent con
ductor of electricity. 

As every high school student of phy
sics knows, a conductor carrying an elec
tric current is accelerated by a magnetic 
field. That is how an electric motor 
works. Those who remember the "left
hand motor rule" are aware that the di
rection of motion is at right angles both 
to the magnetic field and the flow of cur
rent through the conductor. 

Imagine a stream of plasma emerging 
horizontally from an arc chamber, say 
from left to right [see middle illustration 
on page 63]. If electrodes are placed on 
opposite sides of the conducting stream, 
a current will flow across it. A magnetic 
field perpendicular to both the stream 
and the current direction will produce 
a horizontal acceleration of the stream. 
This is just one example of the many 
different arrangements for speeding up a 

plasma stream with a magnetic field. 
Calculations show that such a "magneto
hydrodynamic" propulsor can step up 
the specific impulses to values of from 
2,000 to 4,000. The power requirements 
are more than 50 kilowatts per pound of 
thrust, and the devices currently avail
able are heavy. 

Another way to accelerate the parti
cles of a gas in a directed stream is 
through the effect of static electric fields 
on charged particles. For this purpose 
a mixture of positive, negative and neu
tral particles will not do. Only charged 
particles can take energy from the field, 
and they must all be of the same sign 
in order to move in the same direction. 
Electrons are easily produced and accel
erated to high speeds, as they are in 
television picture tubes, X-ray tubes and 
similar devices. So far as propulsive 
force is concerned, however, their ex
tremely small mass more than offsets 
their large velocity. Accordingly electro
static engines utilize positive ions. 
Cesium is employed because it is easily 
ionized by moderate heating, and an 
atom of cesium is some 240,000 times 
heavier than an electron. After the ions 

have been speeded up by a high-voltage 
field, they must be restored to electrical 
neutrality by the addition of their lost 
electrons. Otherwise the electrons will 
collect on the vehicle, building up a 
negative charge that will slow down the 
positively charged exhaust stream. Neu
tralization may be accomplished with a 
hot filament located at the rear of the 
engine [see bottom illustration on page 
63]. Ion propulsion systems can develop 
specific impulses in the range of 5,000 to 
100,000. They require 50 kilowatts per 
pound of thrust. 

Prototypes of all these propulsion 
units have been built. So far only rather 
crude experimental versions of the elec
tromagnetic engine have been built, 
but small models of the other two types 
are nearly ready to fly [see illustrations 
on page 59 and on this page]. 

Like all energy converters, electrical 
propulsors are subject to inefficiencies at 
every point in their operation. For the 
arc-jet engine, heat loss through direct 
radiation and through heating of gas 
chamber walls, electrodes and ejection 
nozzles constitutes the chief energy thief. 
The drain is especially large for the small 

CESIUM·ION BEAM emerges from prototype ion·engine in a vacuum tank. The thrust pro

duced by this model is in the range of several ten·thousandths of a pound. This device was 

developed for the Air Force by the firm of Electro·Optical Systems, Inc., of Pasadena, Calif. 
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models. The larger the unit-that is, the 
higher the ratio of volume to surface
the more efficient is the insulating gas 
layer. In the ion engine incomplete neu
tralization of the exit beam cuts the 
available thrust. 

W e can expect that these difficulties 
will be steadily reduced through 

improvements in technique. On the other 
hand, the thrust obtainable from electric 
propulsors is inherently small. As ex
haust velocities increase, so do the de
mands on the energy source, which 
grows much heavier in relation to the 
mass flow of propellant through the en
gine. Thus we find the thrust measured 
in thousandths of a pound per pound of 
engine weight. Larger engines than 
those listed in the table on pages 64 and 
65 would produce somewhat higher 
values of thrust per pound of weight, but 
at most the thrust of plasma-jet and elec
tromagnetic engines might be a few 
hundred pounds, and of ion engines a 
few tens of pounds. 

Extensive experimental work remains 
to be done before all the relative ad
vantages of electric-thermal, electro
magnetic and electrostatic propulsors are 
firmly established. At the moment it ap
pears that electric-thermal methods will 
be superior at specific impulses up to 
2,000 seconds, and that electrostatic 
methods will be superior above 5,000 
seconds, with electromagnetic methods 
filling the gap. 

As to power sources, the picture is 
much less clear. Chemical batteries 
would appear to be out of the question 
as a prime source. The process of con
velting chemical energy into electrical 
energy and then into energy of motion 
is hardly likely to be competitive with 
the single conversion carried out by 
chemical rockets. 

Inevitably, then, the energy will have 
to come from nuclear reactions. Here 
there are only a few possibilitie9. One 
is a more or less conventional nuclear 
power plant: a fission reactor driving a 
turbo generator. It is a characteristic of 
these systems that their power output 
increases faster than their total weight. 
In order to achieve a sufficiently high 
power-to-weight ratio they will have to 
be quite large. Therefore they are suit
able only for big vehicles, and vehicles 
that will remain in space long enough 
for the fuel economy to compensate for 
the original investment in the weight of 
the power plant. This in tum requires 
that powerful reactor-generator systems 
be designed to operate unattended for 
years on end, in a vacuum, bombarded 
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FISSION REACTOR 

111111111 11111111 I 111111111 111111111 

RADIATOR TURBOELECTRIC GENERATOR 

NUCLEAR REACTOR driving a turbogenerator is a possible means of providing power I"or 

electrical rocket engines. Inherently heavy, it also presents many prohlems of design. 

> 

SUN·S RAYS 

REFLECTOR 

AND BOILER RADIATOR TURBOELECTRIC GENERATOR 

SOLAR FURNACE might also provide heat to run a turbo generator. Radiator is necessary 

to dispose of heat not used in turbine before the working fluid is recycled through the boiler. 

SUN·S RAYS j SOLAR BATTERIES OR CELLS OUTPUT 

SOLAR BATTERIES convert light directly into electricity. They can be used to charge 

storage batteries, which in turn could energize small "vernier" electrical rockets. 
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with ionized atoms shown in color; small dots represent electrons. 
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ELECTROMAGNETIC ENGINE speeds up plasma jet. Electrodes 

(black.grayareas) surrounding plasma beam produce current in it. 
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ELECTROSTATIC ENGINE accelerates a beam of positive ions 

by means of an electrostatic field. The decelerating electrode acts 
to focus the beam. The hot filament (right) releases electrons 

to ions, preventing the huild·up of negative charge on the vehicle. 
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by meteorites and exposed to extremes 
of temperature. This is going to take 
some doing. 

If fusion reactors become practical, 
they may well prove the ideal source of 
electrical energy for space vehicles. 
Meanwhile there is a natural thermo
nuclear reactor whose energy can be 
tapped: the sun. Outside the atmos
phere it delivers a steady stream of more 
than one kilowatt per square meter. 

CHEMICAL-THERMAL 

NUCLEAR-THERMAL 

ELECTRIC-THERMAL 

This energv can be concentrated at 
high temperature by mirrors and used 
to drive a turbogenerator. One can con
ceive of such a system weighing about 
10 pounds per kilowatt of electricity de
livered, if it is made large enough. Alter
natively, the light energy in the sun's 
radiation can be converted directly to 
electrical energy by semiconductor de
vices. These solar batteries are already 
in extensive use in satellites. Their effi-

ciency and power, however, are inher
ently low. 

Although it is outside the scope of 
the present article, one other means of 
converting solar energy to propulsive 
force should be mentioned brieRy. Light 
radiation exerts a small but measurable 
pressure on any surface it strikes. In the 
frictionless "sea" of space the pressure 
would be sufficient to power a type of 
sailing vessel. Calculations show that the 

GROSS PROPELLANT PROPULSOR I SPECIFIC 

II ! 

I 

WEIGHT 
(POUNDS) 

. -�---.�- �. 

9,000 

8,000 

7,600 

WEIGHT 
(POUNDS) 

�_�·�_··_.·��m'_ 

5,700 

2,600 

3,000 

WEIGHT 
(POUNDS) 

---... �-

500 

2,600 

1,800 

PAYLOAD IMPULSE 
(PO�NDS) fEe"NDS) 

I 
2,000 325 

2,000 800 

2,000 1,200 

ELECTROMAGNETIC 

ELECTROSTATIC 

TRIP TO THE M OON varies in its characteristics (colored columns 

in table), depending on engine type. Areas of schematic drawings 

m·e roughly proportional 10 weight of vehicles. The payload is 
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5,000 1,300 900 2,000 2,000 

3,500 400 300 2,000 5,000 

shown in light gray; propellant and tank in dark gray; propulsion 

unit in medium gray. Width of jets (colored areas) is indicative of 

amount of thrust; length of jet, of duration. Some of the numerical 
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solar sail would be a practical device for 
long missions. Indeed, solar radiation has 
already demonstrated its propulsive 
power for space vessels by pushing the 
light Echo satellite off course. 

Until the problem of the power source 
is solved, electrical engines cannot 

take over the main job of propulsion in 
space vehicles. Before that time electri
cal engines may find use in low-thrust 

JjiHRUST THRUST TRIP 
(POUNDS) DURATION (DAYS) 

-�; --r--'-' -
-

32,000 ONE 5 MINUTE 

4,300 SEVERAL 5 MINUTES 

-r 
I 
I 

� 
I I 

I 
I 

-

1 2 3.4 DAYS 19 

1 28 35 DAYS 

) 

.15 150 150 DAYS 

values in the table have been taken from 

experimental results; other values repre

sent calculations thal are still theoretical. 

"vernier" applications for adjusting the 
attitude or the orbital path of satellites. 
In the reasonably near future satellites 
will undoubtedly be in use as relay sta
tions for communication purposes, as 
weather observatories and so on. These 
objects will have to stay on a prescribed 
orbit for several years (and perhaps 
change orbit from time to time). They 
may also need to carry out certain 
maneuvers in attitude, for example turn
ing around their own axes once in each 
revolution in order to keep an antenna 
or a camera pointing at the earth. 

One way to offset the effects of drift 
and to change the motion as necessary is 
to equip the satellites with small thrust 
units. Some would be mounted so as to 
produce rotation around various axes, 
and others to produce thrust through 
the center of gravity of the vehicle. 
In those satellites which carry elec
trical power sources for their main 
equipment the vernier engines might 
well be electrical units to which power 
can be diverted for short intervals as 
needed. Small chemical rockets could 
also do the job, but they would be much 
less convenient. Electrical units are 
easier to turn on and off, their power out
put can be readily varied and they are 
very economical of propellant. 

Finally, let us look further ahead, to 
electrical engines as main propulsion 
units. As has been pointed out, such en
gines can deliver a wide range of specific 
impulses, but the higher the figure, the 
heavier the engine. When the engine 
weight begins to bulk larger than that 
of the total propellant to be carried, 
economy of propellant ceases to be a 
controlling consideration. One would 
not put a diesel engine in a power boat 
with a 10-gallon fuel tank. To make a 
heavy engine worth while, a ship must 
have the capacity for a heavy load of 
propellant. This means that it is adapted 
to long journeys. Analysis of the problem 
indicates that the total weight of pro
pellant and power source is least when 
the weight of each is approximately the 
same. 

For missions to and from the moon, or 
between satellites around the earth, the 
moon and Mars, specific impulses in the 
range of 2,000 to 5,000 will give maxi
mum economy of energy. In general, as 
we have seen, the higher the specific im
pulse, the lower the total thrust and 
therefore the longer the time required 
for the journey. If time rather than 
energy is the primary consideration, low
er specific impulses become desirable. 

To understand how the various factors 
interact, consider a trip to the moon 

[see illustrations on page 60]. We are 
concerned with a true space mission and 
so we do not start from the surface of 
the earth but from a close-in orbit, say 
400 miles above the earth's surface. 
Similarly, our terminus at the other end 
is an orbit 100 miles from the lunar sur
face. A typical chemical rocket with a 
speCific impulse of 300 could make the 
trip in about five days, but its payload 
would be only a fifth of the original 
weight of the vehicle at the starting or
bit. Comparative analysis of typical elec
trical systems [see illustration on these 
two pages] shows that an engine with a 
specific impulse of 1,200 can drive a ship 
to the moon in about 19 days with a pay
load of a fourth of its starting weight. 
By raiSing the specific impulse to 5,000 
the payload can be increased to 60 per 
cent of the initial weight, but only with 
a consequent lengthening of the trip to 
five months. Beyond a value of 5,000 the 
performance actually gets worse, be
cause the weight of the reCJuired power 
source increases to the point where pay
load must be sacrificed to carry it. Only 
for a much longer journey, where the 
ratio of propellant to total weight is 
substantially greater, does the economy 
afforded by higher specific impulse be
gin to pay off. Even for round trips to 
Mars, requiring a couple of years or 
more, there is no point in increasing spe
cific impulse much above 5,000. 

What is the best engine for a lunar 
trip? This is like asking what is the 

best engine for a trip to Chicago. It de
pends on when you want to arrive, on 
how much baggage you have or on 
whether you don't want to go yourself 
but just want to ship some freight. A 
party of scientists wishing to minimize 
their exposure to radiation in space, and 
being busy men, would probably choose 
a chemical rocket. Important equipment 
that cannot be accommodated in the 
small payload might be transported by 
plasma jet, arriving two weeks later. 
Heavy supplies could be sent ahead by 
"slow freight," in an unmanned vehicle 
powered by an ion engine, carrying 10 
times the payload of the passenger ship 
but requiring five months for the trip. 

Is this a fairy tale? Until adequate 
energy sources have been developed 
such an operation must remain highly 
speculative. But although the problems 
are difficult, there are no impassable bar
riers to their solution that we can see. 
And so far as propulsion units are con
cerned, we can already build them to 
perform beyond the requirements of any 
mission presently envisioned. 
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NEW PENICILLINS 

By altering the groups of atoms that are attached to the "core" 

of the penicillin molecule, chemists havp. produced penicillins 

that are effective against resistant strains ofmicroorgan]sD1s 

W
ith the triumph of the germ 
theory of disease in the 19th 
century, physicians, microbiol

ogists and chemists began to seek sub
stances that would destroy infectious 
organisms within the afRicted human 
body. Chemists in particular were ex
cited by the idea of specific drugs, 
each tailor-made to combat a specific 
disease agent. Paul Ehrlich called such 
drugs "charmed bullets," and he suc
ceeded early in the 20th century in de
signing just such a drug-salvarsan-for 
syphilis. 

The vision of the pioneers in chemo
therapy was surpassed in the fulfillment 
that came during the 1930's. First the 
sulfonamide drugs and then penicillin 
proved to be effective against not one 
but several disease organisms. The goal 
of research now became the develop
ment of compounds with even broader 
effects: a few drugs, or even a single 
drug, that would control virtually every 
disease organism. With such a "shot
gun" to do the work of many different 
specific drugs, accurate diagnosis would 
no longer be essentiaL 

By 1950 about a dozen antibiotics had 
come into use along with penicillin. To
gether they appeared to constitute a for
midable arsenal against the microbes re
sponsible for diseases in man and ani
mals. Penicillin was the drug of choice 
against staphylococcal and streptococcal 
infections and venereal diseases; strepto
mycin, against tuberculosis and tulare
mia; chloromycetin, against typhoid and 
dysentery; the tetracycline family of an
tibiotics, against a variety of lung infec
tions and diseases of the digestive and 
urinary tracts. 

Almost as soon as the antibiotics came 
into wide use, however, clinicians dis
covered that certain pathogenic mi
crobes are capable of developing a re-
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sistance to their action. Among the most 
troublesome are the penicillin-resistant 
strains of staphylococcus. One of the 
earliest reports, by Mary Barber and her 
colleagues at the St. Thomas Hospital 
Medical School in London in 1949, de
scribed an epidemic among newborn 
infants in a hospital nursery. It was 
alarming to read that no fewer than 60 
per cent of the nursing staff were har
boring the resistant bacteria. In the 
years that followed, similar outbreaks 
were reported in hospitals throughout 
the world; they have involved not only 
the newborn but also nursing mothers, 
surgical patients and aged or debilitated 
individuals [see "The Staphylococcus 
Problem," by Stuart Mudd; SCIENTIFIC 
AMElUCAN, January, 1959]. Apparently 
by coincidence, the penicillin-resistant 
staphylococci are among the most viru
lent strains of their species. They cause 
a variety of diseases, ranging from 
rashes and abscesses to fatal pneumonias 
and blood poisoning. Though penicillin 
remains one of the safest and most useful 
clinical antibiotics-retaining its effec
tiveness against such organisms as the 
spirochete of syphilis-it has been en
tirely withdrawn from use for periods of 
time in many hospitals. The experience 
with staphylococcal resistance to peni
cillin has made many physicians fear 
that the widespread use of antibiotics 
may engender the development of re
sistant strains of other pathogenic bac
teria, thus negating the entire scheme of 
chemotherapy. It is now clear, however, 
that the problem of resistance to anti
biotics becomes a serious one only in cer
tain clinical situations. 

The situation is undoubtedly most 
serious with respect to infections caused 
by staphylOCOCCi. Today the resistant 
strains of this organism are endemic 
in many hospitals, constantly threat-

ening to break out into epidemics. More
over, they are widely disseminated in 
the general population, because nor
mal and otherwise healthy people can 
become carriers. Some of the newer anti
biotics are effective against resistant 
staphylococci. But unfortunately several 
of these drugs have serious disadvan
tages and must be prescribed with the 
utmost care. Some are made useless by 
"cross resistance"; that is, the penicillin
resistant staphylococci quickly become 
resistant to the new drugs as welL A few 
produce undesirable side effects in some 
patients, causing rashes and other al
lergic reactions, kidney damage, blood 
changes and, in the case of one drug, in
jury to the auditory nerve. Some success 
has been reported in the use of two or 
more antibiotics together in mutual re
inforcement against resistant staphy
lococci. But the urgency of the need for 
a more positively effective chemothera
peutic agent is indicated by mortality 
rates as high as 20 per cent among hospi
tal patients stricken by the resistant 
staphylococci. It became apparent some 
time ago that a really dependable drug 
must be found or created-a drug made 
specifically to control these bacteria. 

\Vithin the past year such a drug has 
come from the laboratory. Strangely 

enough, it is not a new antibiotic. It is 
old, established penicillin, modified 
chemically to neutralize the defenses of 
the resist�nt staphylOCOCCi. This special
ly designed penicillin meets all of 
Ehrlich's requirements for a charmed 
bullet. 

The recent work on penicillin grew 
out of the effort by microbiologists and 
biochemists at the U. S. Department of 
Agriculture laboratory in Peoria, Ill., to 
achieve large-scale production of penicil
lin during World War II. Early in the 
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jnvestigation the group found that the 
name penicillin, given to the antibiotic 
by Alexander Fleming in 1928, was actu
ally a generic name covering a whole 
family of related penicillins, all of them 
the products of the metabolism of Peni
,cillium molds. The various penicillins 
have the same molecular "core," consist
jng of a fused beta-Iactam-thiazolidine 
Ting. They each have a different "tail," 
or side chain, and it is the chemical 
structure of this appendage that distin
guishes one kind of penicillin molecule 
from another [see illustration on next 
page]. Grown in a simple laboratory 
broth, the mold Penicillium chl'Yso
genum produces mostly the substances 
penicillin F, penicillin dihydro F and 
penicillin K. The side chain of the peni
cillin F molecule is a 2-pentenyl res i

,due, and the side chain of the penicil
lin K molecule is an n-heptyl residue. 
Biochemists and bacteriologists have es
-tablished that both the core and the side 
chain must be present if the penicillin is 

'to be an effective antibiotic, but they do 
:not know why. 

'The Peoria workers were looking for 
nutrient substances that would stimu
late the mold to make larger quantities 

-of the antibiotic. They found one of the 
'most effective nutrients is corn-steep 
liquor-the residue left after starch is 
-extracted from corn. Corn-steep liquor 
Jlot only increased the yield; it also 

caused the mold to form benzyl penicil
lin, or penicillin G, a new substance that 
turned out to be far more effective than 
any penicillin previously isolated. Peni
cillin G is still the type in general use. 
The Peoria workers then tracked down 
the substance in the corn-steep liquor 
that induced the mold to make penicillin 
G. It proved to be beta-phenylethyl
amine, a preformed building block for 
the side chain that distinguishes peni
cillin G from other penicillins. Nowadays 
the manufacturer does not rely solely on 
this precursor as found in corn-steep 
liquor; he adds pure phenylacetic acid, 
an even more readily convertible pre
cursor for the side chain, to the mold 
culture. 

i(ter penicillin G had appeared so un-
expectedly, investigators began to 

feed the mold a variety of potential side
chain precursors in the hope of produc
ing other "semisynthetic" penicillins, 
The mold responded by making many 
new penicillins. Only one of these of
fered any advantages over penicillin G. 
This was penicillin V (phenoxymethyl
penicillin), first produced in 1948 when 
Otto K. Behrens and his colleagues at 
the Eli Lilly & Company Research Labo
ratories added phenoxyacetic acid to the 
mold culture. It is a good antibiotic for 
administration through the mouth be
cause it is stable in acid solutions and so, 

unlike penicillin G, resists destruction by 
the digestive juices. (Accompanied by 
suitable buffers, penicillin G can also be 
administered orally, but some of it is de
stroyed in the stomach.) 

With resistant staphylococci becom
ing a major problem, some microbiolo
gists and biochemists turned in 1949 
from the study of penicillin itself to 
investigation of the interaction between 
the antibiotic and the bacterium. They 
soon learned that resistance to penicillin 
is a case of genetic adaptation, or "sur
vival of the fittest." In any culture of 
staphylococci sensitive to penicillin, 
about one bacterium in 100 million is 
a mutant that is resistant to the drug. 
Under normal circumstances the muta
tion apparently offers no survival ad
vantages; it may even be accompanied 
by a slower reproduction rate or some 
other disadvantage. But in an environ
ment containing penicillin such mutants 
are the only members of the colony that 
can reproduce. Hence they establish 
a population of resistant staphylococci. 

Biochemical studies of the l'esistant 
bacteria revealed that they can thrive 
in the presence of penicillin because 
they produced the enzyme penicillinase, 
which breaks down the penicillin mole
cule by opening its beta-lac tam ring 
[see top illustration on page 70].The re
action yields penicilloic acid, a com
pound devoid of antibiotic activity. In-

TWO PENICILLINS ARE TESTED against a light cnlture (left) 
and a heavy culture (right) of penicillin-resistant staphylococci. 

These microorganisms produce penicillinase, an enzyme that 

inactivates most penicillins. In each culture dish the upper 

disk contains dimethoxyphenyl penicillin sodium (marketed un-

del' the trade name Staphcillin}, a slight modification of the new 

penicillin BRL 1241, which was designed to combat resistant staphy

lococci. The lower disk contains the standard penicillin G. The width 

of the clear areas around the disks shows that the new penicillin acts 

against resistant strains, and that penicillin G has little or no effect. 

67 

© 1961 SCIENTIFIC AMERICAN, INC



PENICILLIN G 

PENICILLIN F 

PENICILLIN K 

BRL 1241 

MOLECULES OF FOUR PENICILLINS all have same core: a fused beta-Iactam-thiazolidine 

ring. They are differentiated by their side chains, which appear to left of broken line. 

vestigators were at first baffled by the 
discovery that resistant staphylococci 
produce hardly any penicillinase when 
they are isolated and cultivated in a 
laboratory vessel free of penicillin. But it 
soon became clear why the bacteria are 
so strongly resistant: the production of 
penicillinase increases several hundred 
times when penicillin is added to the 
bacterial culture. Thus penicillin itself 
stimulates the staphylococci to produce 
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greater quantities of the enzyme. Bio
chemists know this phenomenon as 
"enzyme induction." Microorganisms are 
induced to step up their production of 
many enzymes by the presence of the 
particular substance upon which the 
enzyme acts, or by some closely related 
substance. 

Further study of penicillinase re
vealed a most significant fact about its 
action: the enzyme breaks down dif-

• CARBON 

HYDROGEN 

0 OXYGEN 

® NITROGEN 

(0 SULFUR 

ferent penicillins at different rates of 
speed. It destroys penicillin G and peni
cillin X (pam-hydroxybenzylpenicillin) 
far more quickly than it does penicillin 
F and penicillin K. Biochemists in par
ticular were prepared to appreciate the 
implications of this finding. Enzymes 
are often narrowly specific in their 
activity, mediating only one particu
lar chemical reaction and only in in
teraction with a specific compound or 
group of compounds. By slight modifica
tion of the chemical structure of a com
pound it is often possible to insulate it 
completely from the action of the en
zvme. Here was the key to the develop
ment of a penicillinase-resistant penicil
lin. Moreover, since it is the side chain 
that distinguishes one penicillin from 
another, it was plainly the differences 
in their side chains that explained why 
one penicillin breaks down more slowly 
than another under the action of peni
cillinase. The biochemists accordingly 
set out to make new penicillins with 
high antibiotic activity and with side 
chains that would protect them from en
zymatic breakdown. 

O ne major route to this objective 
promised to open up with the im

pending resolution of the chemical struc
ture of the penicillin molecule. Although 
penicillin is not a large molecule in com
parison with many other organic mole
cules, it has proved to be remarkably 
complex. Attempts to synthesize it began 
during World 'A'ar II, but success was 
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achieved only during the past few years 
by John C. Sheehan and his associates at 
the Massachusetts Institute of Technol
og,v. Unfortunately the process is too 
costly for large-scale production. Shee
han and his group nonetheless made sev
eral important discoveries. Above all, 
they worked out the structure of the 
core of the penicillin molecule and 
showed it to be a substance called 
6-amino penicillanic acid, or 6-AP A. 
This structure, it turns out, is extreme
ly difficult to synthesize, even when 
one is able to start with penicilloic 
acid, the breakdown product of degra
dation by penicillinase. With the struc
ture of 6-APA established, however, it 

became possible to visualize the svn the
sis of entirely new penicillins by at
taching suitable side chains to it. 

Fortunately investigators engaged in 
the effort to develop new penicillins 
were able to enlist the chemical vir
tuosity of the Penicillium mold. The 
group led by F. R. Batchelor at the 
Beecham Research Laboratories in Sur
rey, England, found that Penicillium it
self could be made to produce 6-AP A 
as an end product. They made this dis
covery by growing the mold in a broth 
that contained no side-chain precursors. 
The product of their experimental cul
tures seemed to be penicillin when as
sayed chemically. But it had practically 

no antibiotic activity. The observation 
led them to the work done in 1953 by 
K. Kato in Japan. He had reported that 
the mold grown in a precursor-free broth 
produces a compound that induces pro
duction of penicillinase by a bacterium 
and is broken down to penicilloic acid 
by penicillinase. Kato also found that this 
compound had no antibiotic activity. 
Upon analysis, the workers at the Beech
am laboratory found that the compound 
was 6-AP A. Isolation of the core mole
cule from the culture broth provided 
strong evidence in favor of the idea 
that the final step in the biosynthesis of 
a penicillin by the mold is the addition 
of a side chain to the core. But the 

ACTION OF PENICILLINASE in catalyzing breakdown of a pen· 

icillin may be visualized as resulting from the "fit" of penicillin 

molecule into a notch in the surface of enzyme molecule (color). 
Penicillin G (above) fits well; conlnct with active site of penicilli. 

nase (hatched area) opens beta·lactam ring, producing inactive 

penicilloic acid. The new penicillin BRL 1241 (below) has a 

different side chain that will not fit into notch. This is a hypo· 

thetical explanation; the mechanism is not yet well understood. 
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PENICILLIN 

PENICILLIN 

< 
PENICILLIN 

AMIDASE 

> 

6-AMINO PENICILLANIC ACID 

PENICILLOIC ACID 

ENZYME ACTIVITY can destroy, �truct and inactivate peni

cillins_ Amidase (above) can build up or break down the molecule 

by adding or removing the side chain. Penicillinase (below) causes 

a water molecule to join penicillin, thereby breaking a bond be

tween a nitrogen atom and a carbon atom and opening the beta-lac· 

tam ring. This yields penicilloic acid, which is not an antibiotic. 

discovery had the further practical im
portance of showing that 6-AP A can be 
manufactured cheaply by a microbiolog
ical process. 

Meanwhile the Beecham group had 
been approaching the production of 
6-AP A by an entirelv different route: 
the microbiological breakdown of a 
whole penicillin molecule to 6-AP A. In 
this effort they were collaborating with 
workers at the Bristol Laboratories in 
Syracuse, N.Y., and another group at 
the International Research Center for 
Chemical Microbiology in Rome under 
the leadership of Ernst Boris Chain. With 
Howard Florey, Chain had developed 
Fleming's curious discovery into a drug 
suitable for clinical use during World 
War II. The three groups of investiga
tors were attracted by the possibility of 

PARA·NITROBENZYL 

CHLOROFORMATE > 

breaking down penicillin G with ami
dase enzymes. Many types of microor
ganisms, including various fungi and 
bacteria, produce these enzymes. Com
parative studies isolated the bacterial 
species and strains that produce the 
amidase with the highest affinity for 
penicillin G. For production-control pur
poses the bacteria are prevented from 
multiplying while they are fed penicillin. 
Such cultures will produce Rve or six 
batches of 6-APA without appreciable 
decline in amidase activity. 

With 6-APA obtained in abundance 
from interrupted biosynthesis by 

the mold or from the breakdown of 
penicillin G by amidase enzymes, the 
Beecham and Bristol workers turned to 
the task of attaching new side chains to 

the core molecule. The amidase enzymes 
will function during the addition as well 
as the subtraction of a side chain from 
6-AP A, and this is the method that has 
proved commercially efficient [see illus
tration above J. Several of the new 
penicillins resist acids. One of them, 

PENICILLIN G 

SYNTHESIS OF A PENICILLIN, in technique devised by John C. 

Sheehan and his associates at the Massachusetts Institute of Tech· 

nology, begins with penicillin G. Triethylamine methanolic hydro· 

chloride removes the side chain and also opens the heta-Iactam ring. 
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6- (alpha-phenoxypropionamido) -peni
cillanic acid, is an excellent oral anti
biotic. It gives levels of penicillin in the 
blood two or three times higher than 
those obtained with oral penicillin V and 
equal to the level reached with an injec
tion of penicillin G. The new oral com
pound will be welcomed by anyone who 
has had to endme a series of injections 
of penicillin G. 

Finally, in 1960, F. P. Doyle at the 
Beecham Laboratories succeeded in syn
thesizing a penicillin that combines high 
antibiotic activity with immunity to pen-

icillinase. The side chain is 2,6-dimeth
oxybenzoic acid, a rather simple struc
ture, and the penicillin itself is called 
(2,6-dimethoxybenzamido) -penicillanic 
acid. It was given the code name of 
BRL 1241 at the Beecham Laboratories 
and X 1497 at the Bristol Laboratories. 
Like other penicillins, it induces staphy
lococci to produce penicillinase. But the 
structure of its side chain apparently 
prevents it from making close enough 
contact with penicillinase to be de
stroyed [see illustration on page 69]. 

The new penicillin does not exhibit 
exactly the same range of antibacterial 
activity as penicillin G and so cannot 
be used in all cases where penicillin G 
would be effective. Furthermore, it is 
not so potent as penicillin G and must 
be administered more frequently in larg
er doses. It is effective, however, against 
the penicillin-resistant staphylococci 
that have caused so much trouble around 
the world. At Guy's Hospital Medical 
School in London, Robert Knox has found 
that this penicillin causes one resistant 
strain of staphylococcus to lose its abil
ity to produce penicillinase and makes 
it revert to the penicillin-sensitive state. 
It is too early to say whether this holds 
true for other resistant strains. 

Clinical trials of the new antibiotic 
have produced spectacular results. Re
cently the British Medical Journal car
ried seven papers on tests carried out 
in a London hospital. These and trials 

TRIETHYLAMINE 

METHANOLIC HCI 

THIONYL 

CHLORIDE > 
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eisewhere in England and in the U. S. 
indicate that 90 per cent of patients suf
fering from resistant staphylococcal in
fections are either cured or greatly 
helped. Furthermore, aside from the 
occasional allergies caused by all peni
cillins, the new antibiotic has had no un
toward side effects. 

Prospects for the further development 
of new penicillins from 6-AP A are ex
cellent and promise significant improve
ments in chemotherapy. Even the best 
penicillins have their drawbacks. Peni
cillin tends to be excreted rather rapidly 
in the urine, and some patients develop 
serious and even dangerous allergies to 
it. New penicillins that can overcome 
these problems and still retain activity 
against penicillinase-producing bacteria 
may very well be developed. In addition, 
synthetic penicillins could be designed 
to combat pathogenic bacteria not now 
sensitive to any antibiotic. 

I t seems that the old goal of a tailor-
made drug for every type of disease is 

still a worthy one. Success is still some 
way off, however, and before it comes a 

great deal more will have to be learned 
about the mechanism by which anti
biotics exert their effects on microbes. 
Meanwhile the control already achieved 
over the staphylococcal infections has 
shown how the penicillins and perhaps 
other antibiotics can be fashioned into 
truly charmed bullets. 

> 

PARA-NITROBENZYLPENICILLIN 

Para.nitrobenzyl chloroformate then provides a new side chain. 

Finally, thionyl chloride removes a water molecule, which permits 

the beta·lactam ring to close once more. The final product is a new 

penicillin which has chemical label para·nitrobenzylpenicillin. 
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Pre-Canlbrian AniIllals 

Until recently the fossils of organlsms that lil'ed earlier than 

the Cambrian period of 500 to 600 million years ago were rare. 

LVOW a wealth of such fossils has. been found in South Australia 

T
he successive strata of sedimentary 
rock laid down on the earth's crust 
in the course of geologic time pre

serve a rich record of the succession of 
living organisms. Fossils embedded in 
these rocks set apart the last 60 million 
years as the Cenozoic era-the age of 
mammals. The next lower strata contain 
the l50-million-year history of the Meso
zoic-the age of reptiles. Before that 
comes the still longer record of the Pale
ozoic, which leads backward through the 
age of amphibians and the age of fishes 
to the age of the invertebrates. Then, 
suddenly and inexplicably, in the lowest 
la yers of the Paleozoic the record of 
life is very nearly blotted out. The strata 
laid down 500 to 600 million years ago 
in the Cambrian period of the Paleozoic 
era show a diversity of primitive marine 
life: snails, worms, sponges and the 
first animals with segmented legs, the 
trilobites and their relatives. But the 
record fades at the bottom of the Cam
brian. The greater part of the journey 
to the beginning of sedimentation, at 
least another 2,000 million years, still lies 
ahead. Yet apart from algae and a few 
faint traces of other forms, the Pre-Cam
brian strata have yielded almost no fos
sils and have offered no clues to the ori
gin of the Cambrian invertebrates. 

The geological record necessarily be
comes more obscure the further back it 
goes. The older rocks have been more 
deeply buried and more strongly de
formed than the younger rocks. They 
have undergone longer exposure to the 
heat and pressure and the mineralizing 
solutions by which fossils are commonly 
destroyed. One can find fossils, however, 
in greatly deformed younger sediments, 
including metamorphic rocks, which 
have been even more thoroughly re
worked by geologic processes than some 
older rocks. \\That is more, no rock-de-
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forming process affects the entire surface 
of the globe. Some Pre-Cambrian forma
tions have escaped extreme alteration, 
just as the lower Cambrian rocks are al
tered in some places and not in others. 

The abrupt termination of the fossil 
record at the boundary between the 
Cambrian and the Pre-Cambrian has ap
peared to many observers as a fact or 
paradox of decisive importance. They 
have advanced many different explana
tions for the mystery, from cosmic catas
trophes to the postulate of an interval 
of time without sedimentation; from the 
assumption of a lifeless ocean to the 
thought that all Pre-Cambrian organ-

isms may have lived at the surface of the 
sea and none on its bottom, or all in the 
deep sea and none on its shores. 

The need for such speculation has at 
last been obviated by the discovery in 
the Ediacara Hills in South Australia 
of a rich deposit of Pre-Cambrian fos
sils. The first finds at this site were 
made in 1947 by the Australian geologist 
R. C. Sprigg. In sandstones that were 
thought to belong to the lowest strata 
of the Cambrian he came upon varieties 
of fossil jellyfish. Sprigg's find was 
followed up by other geologists and by 
students under the leadership of Sir 
Douglas Mawson, who found some 
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PRE·CAMBRIAN SEASHORE AREA, reconstructed from fossils found in South Australia, 

supported several types of animal. Some are shown stranded in dried·up nllldhoies (A) 
and on sand of beach, where they were fossilized. Others appear (lower left) in sand and 
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plantlike impressions that appeared to 
be algae. Some time later two private 
collectors, Ben Flounders and Hans 
Mincham, brought to light not only 
large numbers of presumed fossil jelly
fish but also segmented worms, worm 
tracks and the impressions of two dif
ferent animals that bear no resemblance 
to any known organism, living or fossil. 
These discoveries prompted the South 
Australian Museum and the University 
of Adelaide to undertake a joint investi
gation of the region. Re-examination of 
the geology now showed that the fossil
bearing rocks lie well below the oldest 
Cambrian strata. This finding, taken to
gether with the nature of the fauna rep
resented in the fossils and their evident 
relationship to certain fossils discovered 
in South Africa before World War I and 
more recently in England, established 
that all these fossils date from the Pre
Cambrian era. 

To date some 600 specimens have 
been collected in the Ediacara Hills. 

The fauna include not only jellyfish rep
resenting at least six and probably more 
extinct genera but also soft corals related 
to the living sea pens; segmented worms 
with strong head shields; odd bilaterally 
symmetrical animals resembling certain 
other types of living worm; and the 
two animals that look like no other 
living thing. 

All the Ediacara animals were soft
bodied; none had hard shells, and their 
soft tissues were strengthened by noth
ing more than spicules: needles of cal
cium carbonate that served as a primi
tive support. All, of course, lived in the 
sea, some fixed to the bottom, some 
crawling and others free-floating or 
swimming. Their preservation is due to 
rather unusual, though not unique, con
ditions. The animals lived or were 
stranded in mud flats in shallow waters. 
Their impreSSions or their bodies were 
molded in the shifting sands that washed 
over the flats and were preserved as 
molds or casts in sandstone, mostly on 
the lower surfaces of sandstone beds. 
The resulting rich and varied assemblage 
of fossil animals gives the first glimpse 
of the marine life of the Pre-Cambrian 
era. It is a glimpse not merely of several 
types of animal but also of an association 
of creatures living together in the sea. 

The soft-bodied nature of these fossils 
justifies the characterization of the Pre
Cambrian as the "age of the jellyfish." 
The term jellyfish, however, applies to 
a number of highly diverse and only 
remotely related forms, of which the 
most common belong to the coelenterate 
phylum. These are animals that alter
nately take the free-swimming medusoid, 
or jellyfish, form and the sedentary polyp 
form. Sprigg concentrated on the medu
soid jellyfish among his finds. He ar-

ranged some of them in two classes and 
four orders that have living repre
sentatives and placed the more common
ly occurring specimens, which he called 
Dickinsonia, in a more problematic posi
tion with respect to living forms. But 
further study has indicated that none 
of the Pre-Cambrian medusae can be 
tied with any confidence to living orders, 
suborders or families. 

Greater interest perhaps attaches to 
the leaf- or frondlike stalked fossils that 
Sprigg apparently took to be algae. The 
stalk is some 12 inches long and three
quarters of an inch wide. The body 
measures up to nine inches long and four 
and a half inches wide; it is character
ized by transverse ridges branching off 
from either a tapering median field or a 
median zigzag groove and divided in 
turn by longitudinal grooves [see bottom 
illusirations on page 75]. No living algae 
display such structures. The true na
ture of these fossils appears in specimens 
that show the impressions of spicules in 
the stalk and along the lower edges of the 
side branches. These suggest the spicules 
of otherwise soft alcyonarian corals liv
ing today and identify the fossil fronds 
as animals of the coelenterate phylum 
rather than as plants. 

One group of modern corals-the sea 
pens (Pennatulacea) -has a similar ar
rangement of spicules, along with the 
stalk and side branches. Thus the fossils 

water as though seen in an aquarium. They are jellyfish.like crea· 

tures (1); the wormlike Dickinsonia (2); the segmented worm 

Spriggina floundersi (3) and worm trails (4); Parvancorina (5), 

which resembles no other known animal; Tribrachidium (6), an· 

other unknown type; the sea pens Rangea and Charnia (7) ; hypo. 

thetical algae and sponges (8), and a worm in a sand burrow (9). 
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appear to be sea pens, which are normal
ly rare in the geological record. The dif
ferences between the Pre-Cambrian sea 
pens and the modern animals are re
markably small, considering the 600 
million years of evolution that separate 
them. In the living sea pens the frond is 
either deeply dissected into movable 
side branches or it forms an entire plate
like body. In the fossil the lateral ridges 
are separated by furrows and not by 
open slits. Coral polyps that occupy the 
surfaces of the fronds and stalks in mod
ern sea pens are so small that they would 
not be apparent in the rather coarse 
sandstone casts of the fossils. 

The Australian frond fossils are similar 
to those discovered before World 

War I by German geologists in South
west Africa. Those fossils were named 
Rangea and Ptel'idinium. The Pre-Cam-

brian fossil discovered recently in Eng
land and named Chamia masoni also re
sembles certain of the fossil Australian 
sea pens. The English fossil seems to 
possess a circular disk with concentric 
ribs at the end of the stalk opposite the 
frond. Although the connection between 
these two structures is uncertain, it may 
be that this fossil represents the two 
alternating coelenterate forms, that is, 
the free-swimming medusa and the 
branching colony of small polyps that 
remains fixed to the ocean bottom. In 
this case one might speculate that the 
Pre-Cambrian sea pens grew from free
swimming, solitary medusae. But this is 
as yet pure guesswork about the repro
ductive processes of long-dead organ
isms. Further discoveries may prove or 
disprove the connection between fronds, 
stalks and disks. 

The most spectacular finds in the Pre-

Cambrian strata of South Australia were 
small annelid worms named Spriggina 
floundersi after their discoverers, Sprigg 
and Flounders. They had a narrow, per
fectly Bexible body up to one and three
quarter inches long, a stout horseshoe
shaped head shield and as many as 40 
pairs of lateral projections (parapodia) 
ending in needle-like spines. A pair of 
fine threads projected backward along 
the sides of the body from the lateral 
horns of the head shield, and another 
thread probably grew from the segment 
behind it [see illustration at top right 
below]. Although such worms no longer 
exist, they resemble the living marine 
Tomopteridae, which have similar but 
wider heads, transparent narrow bodies 
and pm'apodia ending in Bat paddles 
[see illustration on page 76]. These mod
ern worms, because of their special pad
dle adaptation to the free-swimming life, 

PRE·CAMBRIAN FOSSILS preserved in sandstone are seen in these 

eight photographs. This is Dickinsonia coslala, shown actual size. 

SEGMENTED WORM Spriggina flollndersi, shown about twice 

actual sizt:, resembles certain segmented worms living today. 

JELL YFISH Spriggia annulala is one of the many types of this organ· 

ism that have been found. The fossil is very slightly enlarged here. 

74 

ANOTHER JELLYFISH, Medusina mawsoni, is shown nearly 

three times actual size. Jellyfish were the first fossils found. 
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had not been considered primitive or of 
ancient origin. It now appears, however, 
that they are directly descended from 
extremely ancient forms. The shape of 
the head of the Pre-Cambrian worms 
suggests the possibility of a relationship 
between them and the arthropods, such 
as the now extinct trilobites, which first 
appear in large numbers in the Cam
brian. All of these later animals represent 
a considerable advance over the primi
tive anatomical organization of the co
elenterates. 

The most common fossil at the Edia
cara site, the Dickinsonia, represented 
by more than 100 specimens, may also 
be related to living worms. The fossilized 
bodies are quite remarkable. They are 
more or less elliptical in outline, bilater
ally symmetrical and are covered with 
transverse ridges and grooves in a dis
tinctive pattern. The size of the bodies 

and the number of ridges vary so much 
that Sprigg attempted to distinguish 
species by counting the ridges. One re
cently discovered specimen has some 20 
ridges; a larger one may have had as 
many as 550. The animals range in 
length from a quarter of an inch up to 
two feet. The numerous impressions of 
wrinkled and folded-over specimens in
dicate that all were soft-bodied, for 
there are none of the fractures that 
would be apparent if the creatures had 
possessed shells. These animals vaguely 
resemble certain flatworms living today. 
There is also one genus of annelid worm 
with a strikingly similar pattern of ridges 
formed by extensions of its parapodia. 
This similarity proves little or nothing, 
especially since no traces of eyes, legs 
or intestines are preserved in the fossils, 
but it provides some hope of finding out 
what these strange creatures were. 

There is possibly less hope of placing 
in the family tree of the animal king
dom the two completely novel forms dis
covered in the Ediacara Hills. One had a 
shield- or kite-shaped body with a ridge 
that looked like an anchor. It was named 
Parvancorina minchami [see illustration 
at top right below]. The first specimen 
was tiny, but others found later measure 
up to one inch in length. Some show 
faint oblique markings within the shield 
on both sides of the mid-ridge, as if the 
animal had had legs or gills underneath. 
Here again folded and distorted speci
mens occur, proving that their bodies 
were soft. 

The other entirely new creature is 
even stranger. Named Tribmchidium, it 
has three equal, radiating, hooked and 
tentacle-fringed arms [see illustmtion 
on the cover of. this issue]. Nothing like 
it has ever been seen among the known 

WORM TRAILS, approximately actual size, provide proof that 

fossilized worms lived in the area where they were preserved. 

UNKNOWN TYPE OF ANIMAL, Parvancorina minchami, here en

larged nearly three diameters, resembles no other known organism. 

SEA PEN Rangea arborea left this imprint, shown here twice 

actual size. The fossil resembles some of the living sea pens. 

ANOTHER SEA PEN, Charnia, is shown actual size. Viewing pho
tographs upside down may give fuller idea of animals' appearance_ 

, 
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FOUR LIVING ANIMALS that resemble some of the Pre-Cam

brian fossils from South Australia are a segmented worm, Tomop

teris longisetis (a), seen in dorsal and ventral views; sea pens 

76 

d 

Pennatula rubra (b), shown front and back, and Pennatula aClt

leota (c); and the worm Spinther citrinlts (d), which looks like 

the many specimens of Dickinsonia in the Pre-Cambrian rocks_ 
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millions of species of animals. It recalls 
nothing but the three bent legs forming 
the coat of arms of the Isle of Man. 

Considered together, the South Aus
tralian fossils suggest . a rough and in
complete picture of conditions in the 
late Pre-Cambrian. Of course, such a 
group of fossils constitutes no more than 
a small, biased sample of the life of the 
time. Animals buried together in slabs of 
sandstone did not necessarily live to
gether. Some, if they really are medusae, 
were Boating in the sea. Others, like 
the annelid worm Spriggina, with its 
numerous legs and sinuously curving 
body, were free-swimming. Dickinsonia 
was probably also a free-swimming 
form, apparently along with Parvan
corina. Scattered miniature treelike 
stands of sea pens, waving their flexible 
fronds, must have covered parts of the 
shallow sea Boor. Elsewhere earthworm
like annelids, which have left only their 
tracks, crawled over and tkough the 
sediment, feeding on the decaying or
ganic matter in it. Other worms inhabit
ed the V-shaped burrows that have been 
found, consuming tiny creatures in the 
sediment and possibly also marine plank
ton, which left no traces in the rock. The 
fixed, three-rayed spread of tentacles of 
the strange Tdbmchidium may be simi
lar to the plankton-fishing structures 
around the mouth of the living brachio
pods (lamp shells) , bryozoa (lace cor
als) and some worms. If that is correct, 
Tribmchidium may have been a bottom 
dweller, possibly occupying low, conical, 
ridged cups, of which a few impressions 
have been found. 

Bundles of impressions of needle
shaped spicules also occur in the Edia
cara strata. Since spicules are character
istic of sponges, these sessile, bottom
dwelling animals may have been pres
ent. Snails and small crustaceans, as well 
as various protozoa (radiolarians and 
foraminifera) , may also have existed at 
that time, but they would have been too 
small or too fragile to be preserved. 
Plant life likewise left no traces here. 

The worm tracks are the only fossils 
indicating without doubt that the ani
mals lived where their remains are 
found. Thus the Spriggina worms, the 
Dickinsonia and Parval1coTina may have 
lived near or on the sedimentary beds. 
They are represented by individuals 
varying in size and growth stage, which 
indicates accidental death rather than 
transport from afar and later burial. On 
the other hand, the jellyfishes were prob
ably stranded and the soft corals torn 
from their anchorage before they came 
to rest on the bottom. 

The sandstone in which the fossils are 
found shows ripple marks and other evi
dences of currents, which would have 
had to be rather strong to transport the 
coarse grains of sand. Thus it is difficult 
at first to see how imprints of delicate, 
soft-bodied creatures could have been 
preserved. Careful study of the fossils 
has yielded an explanation. Only a very 
few of the animals came to rest on the 
shifting sand. Most of them came down 
on mud Bats or on patches of fine clay 
that settled out of the water during calm
er periods. Some of the mud patches 
dried out, possibly between tides, and 
developed deep cracks. The next high 
tide or shifting current covered them 
with a layer of sand. The lower surfaces 
of such sandy layers preserved the clay 
surfaces in the form of perfect casts, 
showing the wrinkles in the clay and the 
cracks formed by drying as well as the 
shapes of the animals stuck in the clay. 
The sand grains were cemented by silica 
solutions and turned to quartzite in the 
transfOlmation from soft sediment to 
hard rock. The clay changed to thin 
slatelike streaks of the mineral sericite 
and was compacted almost beyond 
recognition. Since the sericite inclusions 
are small and irregular, the rock does 

not split along their surfaces as slate 
would. Only the slow, natural weather
ing in the arid climate of South Australia 
can open up the rock along the vital 
sericitic partings where the fossils occur. 
Slabs of quartzite of all sizes remain in 
place, projecting from the hillsides until 
they break off. They often turn over 
when moving downhill and their lower 
surfaces become exposed to the infre
quent rain. Then the weathering causes 
them to reveal their wonderful riches of 
Pre-Cambrian animals. But if the rocks 
are not collected, the fossils are ultimate
ly worn away by the weather and by the 
sand drifting in on the wind from the 
adjoining desert plains. 

rrhe age of the fossil-containing rocks 
cannot be determined directly in years 

because it does not contain radioactive 
minerals suitable for dating. Fortunately 
in the Ediacara Hills one can follow the 
stratification in unbroken sequence up
ward until the first undoubtedly Cam
brian fossils are reached in dolomitic 
limestone 500 feet above the Pre-Cam
brian level. These fossils in the limestone 
are typical of the lowest Cambrian strata 
elsewhere and are quite unlike the 
strange fossil organisms in the quartzite 
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LOCATION OF PRE·CAMBRIAN FOSSIL BED is in the Ediacara Hills (cross), some 300 
miles north of Adelaide. The geologist R. C. Sprigg made the first discoveries there in 1947. 
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below. The quartzites higher up in the 
Cambrian strata do not contain any fos
sils of the type now known from the 
Pre-Cambrian, and the dolomites and 
limestones lower down contain no Cam
brian fossils. From this distribution of 
fossils in the rocks it can be judged that 
the lack of shells and hard skeletons 
(other than the spicules) in the Pre-

F 

� CAMBRIAN ROCKS 

� PRE·CAMBRIAN ROCKS 

_ OUTCROP OF FOSSIL BEDS 

<: > 
2,000 FEET 

Cambrian animals was not due to any 
factors in the physical environment. The 
development of shells in the Cambrian 
was not a result of a sudden change in 
the habits or habitats of the animals. 
Rather, shells appeared as a step for
ward in biochemical evolution. Calcium 
metabolism underwent a change that 
produced hard shells and other skeletal 

PRE·CAMBRIAN FOSSILS 

;:::- 600 w � 400 
200 ����m�m�� 

SEA LEVEL A�"",,,",,,",==="-J 

material, providing the protection and 
mechanical support so important to the 
more advanced animals. 

This is as far as the paleontologist and 
geologist can take the story today. The 
biochemist and physiologist may see in 
it a lead to experimentation that could 
well open a new chapter in the story of 
fundamental research in evolution. 

PRE·CAMBRIAN FOSSILS 

MAP AND CROSS SECTIONS OF SITE where fossils are found 

show relative positions of Cambrian and Pre·Cambrian rocks. Lines 

A and B indicate locations of cross sections A and B (below map). 

Broken line F is a fault that has cansed part of Pre·Cambrian fossil 

bed to move, creating two outcrops (left). Pre·Cambrian bed is 

under Cambrian rocks, except where its edges come to surface at 

periphery of Cambrian area. Dotted lines indicate contonrs. Part 

of the region shown here has been included in a fossil reserve. 
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__ Kodak reports on: 
fish, raisins, chicken, bananas, and distilled acetylated monoglycerides . . . a mask for 
glass, switched by light ... a book for those who plan to change worlds 

New and edible 
The general public doesn't realize that we produce edible 
products with calories in them that a person can grow on 
and do pushups with. The newest of them, bearing the color
less designation "distilled acetylated monoglycerides," will 
win few gold medals for flavor because they are not sup
posed to have any flavor but what they do have are: I) a 
most unfoodlike resistance to oxidative deterioration, and 
2) very interesting physical properties. 

We shall probably never advertise the product on tele
vision. We do stick in front of the ungainly generic name the 
trademark "Myvacet," which is easier to remember and 
shows we mean business. So far the business is confined to 
operating a small pilot plant and sending out technical sales
men to get food laboratories to accept samples with which 
to play and plan. 

First the salesmen establish the distinction from unacety
lated monoglycerides, another and equally real food which 
we have been producing by the ton for years as a texture
improver for fat-based foods and more recently for starch
based ones. 

Then the salesmen undertake their mission of inspiration. 
They show this picture to fix in milld that "Myvacet" makes 

a most effective barrier to water vapor. It also bars oxygen 
but not carbon dioxide. The solid "Myvacet, Type 5-00"* is 
far more flexible when cold than paraffin wax, which it re
sembles in feel and appearance but not in chemical nature. 

The liquid "Myvacet, Type 9-40"** is a better gear and 
bearing lubricant, even under high pressures, than many 
petroleum-based products, yet, like the solid, it is unques

tionably and officially *** edible and at the same time out
lasts previously known edible oils against the forces of 
rancidity. As an intentional ingredient of shortening and 
table spreads, it makes their consistency almost independent 
of temperature. (As man inhabits more and more of the 
globe, he will need quite a few such ideas to keep himself 
in a good frame of mind.) 

To send for our salesman and his samples, write Distillalion 
Products Industries, Rochester 3, N. Y. (Division of Eastman 
Kodak Company.) Let him hint at new frontiers in fish-dipping, 
raisin-spraying, chicken-plucking, meat-freezing, and sealing the 
cut end of a hand of bananas so that the stalk can be left back at 
the plantation. 

An invitation to engrave 
To etch glass, you can draw up the pattern nice and big and 
black, reduce it photographically onto a Kodalith material 
and use the resulting photograph as a mask which determines 
where the resist comes off and exposes the naked glass to HF. 

Think a moment what you are asking of any photosensi
tive resist. It must be capable of being switched by a reason
able amount of light from one to the other of two conditions: 

• A distilled monoglyceride of fully hydrogenated lard or cottonseed oil, with 
about half the glyceryi hydroxyls replaced by acetyl groups . 

•• A distilled monoglyceride of partially hydrogenated lard or cottonseed oil, 
with nearly all the glyceryl hydroxyls replaced by acetyl groups. 

···United States Food and Drug Regulations, Sec. 121.1018. 

a) tenacious adherence to the particular material you wish 
to etch and impenetrability to agents which rapidly attack 
that material; b) abject submission to attack by agents which 
do not affect the substrate, or alternatively, full permeability 
to appropriate etchants for the substrate. 

Obviously, we have given this matter much more than a 

moment's thought. Our researches have now brought forth 
a photosensitive resist for glass and silicate ceramics to join 
our previously announced Kodak Photo Resist ("KPR," for 
copper, clear anodized aluminum, and high-copper alloys) 
and Kodak Metal-Etch Resist ("KMER," for other metals). 
We would be justified in trying to recover all that thinking 
expense by selecting a similar proprietary name to imply the 
discovery of a new chemical compound. But no. We shall 
merely tell you how to convert KMER to a glass-etch resist 
by the use of those two arcane compounds, technical-grade 
aluminum stearate and sulfur-free xyiene. 

For details, write Eastman Kodak Company, Graphic Reproduc
tion Division, ROChester 4, N. Y. If you don't want to bother statillg 
your proo/em, Just say "pn% sensitil'e resists," 

The student who took advice 
So much buy, buy, buy on all sides! Many a scientific man 
says the clamor is too overwhelming. Perhaps it is unwise to 
irk him further by suggesting that his own kind bears no 
small part of the credit for having caused the din to be set up. 

In the early 1900s Sir William Ramsay, the physical 
chemist who discovered the noble gases, strongly advised a 
student of his named Mees to get a job in industry instead 
of following the traditional scientist's livelihood of teaching. 
The young fellow therefore went to work for Wratten & 
Wainwright, a small firm that made photographic plates. 
Actually, until not so long before, Mrs. Wratten, the senior 
partner's wife, had been making them in her kitchen, quite 
successfully flowing the emulsion from a teakettle onto glass. 

But young Mees brought science into the operation. The 
union of science and industry was blessed with new products 
for Wratten & Wainwright. They attracted the attention of 
Mr. Eastman, of Kodak, Who decided it would be good for 
his business, too, to apply some science to it. Instead of emu
lating Wratten & Wainwright, he bought their business and 
brought Mees to Rochester, N. Y., U.S.A., as Kodak's re
search director. This happened in 1912. 

After 43 years in the job, Mees retired and wrote a book 
about his experiences in nurturing the chemistry and physics 
of one industry to churn out the stuff that has to be bought, 
bought, bought. His long, happy, and fruitful life ended last 
year. This month the book will be coming out under the title 
"From Dry Plates to Ektachrome Film" (Ziff-Davis Publish
ing Co., New York, $5.95 at many camera shops). It is 
recommended to those who want a very grown-up viewpoint 
on photography and its technology. It may also prove in
structive to scientists in general who have made or are con
templating a switch from the world of scholarship to the 
world of commerce. 

Like the other great founding fathers of industrial scien
tific research, Mees never needed advance warning to de
liver an hour's lecture on almost any subject, accurately and 

wittily. Readers with fairly broad scientific educations will 
get the most out of his book. By going into considerable 
technical detail about the origins of products 
of ours, the book may even find new custom
ers for them. Of necessity, the details are old 
enough to be told. 

Price quoted is subject to change without notice. 

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

HELPS 
IMPROVE 

300 PRODUCTS 
IN 3 YEARS 

A new class of thermoplastic polymers 
- the LEXAN® polycarbonat.e resins
has been used over the past three 
years to make: business machine card 
guides with dimensions that stay with
in ±0.005 inches under service condi
tions; pump impellers that defy 
impact damage; block insulators in 
magnetic counters which provide good 
electrical insulation and dimensional 
precision; light housings on jet air
craft wings that resist wind erosion 
and maintain high strength at high 
temperatures. 

Outstanding Properties 
These are only 4 of over 300 instances 
in which polycarbonate resins have 
given better performance than other 
engineering materials in one or a com
bination of critical areas: impact re
sistance; dimensional stability; elec
trical performance; heat resistance. 

The polycarbonates are particularly 
valuable where high impact is encoun
tered-withstanding I2-I6foot-pounds 
per inch of notch in Izod tests on 
'h-inch bar. No other polymer can 
take such a beating. Before the devel
opment of polycarbonates, only metals 
could be used in this kind of service. 

G.E. Pioneered 
General Electric introduced the poly
carbonates 3 years ago as pilot plant 
materials. Today, a commercial plant 
for G.E.'s polycarbonate - LEXAN - is 
on-stream, and the company is offer
ing a complete program of technical 
aid and literature. 

For a better picture of where poly
carbonate resin fits in your industry, 
send for "LEX AN Polycarbonate Resin" 
brochure No. A-I, charting properties 
in detail and illustrating many exist
ing ·applications. 

LEXAN® 
Polycarbonate Resin 

GENERAL . ELECTRIC 
Chemical Materials Dept., Sect. SA·2, PittSfield, Mass. 

80 

The New Administration 

I
n naming nuclear chemist Glenn T. 
Seaborg to be chairman of the 
Atomic Energy Commission, Presi

dent Kennedy has placed the first scien
tist in that position. Now 48, Seaborg 
has been chancellor of the University of 
California at Berkeley since 1958. In 
1951 he shared the Nobel prize in chem
istry with Edwin M. McMillan for dis
covering the fissionable isotopes uranium 
233 and plutonium 239. Seaborg is co
discoverer of the synthetic elements 94 
through 102. 

Jerome B. Wiesner, 45, professor of 
electrical engineering at the Massachu
setts Institute of Technology, has been 
appointed special assistant to the Presi
dent for science and technology. Report
edly Kennedy's closest science adviser 
for several years, he has also been a 
member of President Eisenhower's Sci
ence Advisory Committee since 1957. In 
his new post he will serve as ex officio 
chairman of that committee as well as 
of the Federal Council on Science and 
Technology. Wiesner has long been in
terested in problems connected with dis
armament. 

Massy Electron 

kong the 30 so-called elementary par-
ticles known to physicists the most 

baffiing of all is the mu meson, or muon. 
A delicate experiment conducted at 
CERN (European Organization for Nu
clear Research) in Geneva and reported 
in Physical Review Letters makes the 
muon more mystifying than ever. Not 
only does it seem to lack a useful role in 

SCIENCE AND 
subnuclear affairs (other particles share 
this lack) but also, as the CERN experi
ment confirms with new preCision, it 
seems "nothing but" a heavy electron. 

The muon weighs about 207 electron 
masses and has only a fleeting existence; 
its half-life is two-millionths of a second, 
and it decays into an electron and a pair 
of neutrinos. Like the electron, the muon 
exists in just two forms: as a negative 
particle and as a positive antiparticle. 
Thus electron and positron (or antielec
tron) are matched by negative muon 
and positive muon. In all experiments so 
far devised, whatever the electron will 
do the muon will do also, the only dif
ference in behavior being attributable 
to the muon's greater mass. 

The CERN experiment, performed by 
an international team made up of G. 
Charpak and T. Muller (France) , A. 
Zichichi (haly) , J. C. Sens (Nether
lands) , F. J. M. Farley (United King
dom) , and R. L. Garwin and V. L. 
Telegdi (U. S.) , involved an extremely 
precise determination of the behavior of 
the muon in a magnetic field. 

Every charged particle will describe 
an orbit in a magnetic field. A muon, 
like an electron, makes a magnetic pre
cession (a rotation of its own magnetic 
axis) of almost precisely one revolution 
in the time it is describing one revolution 
in orbit. The predicted (and previously 
verified) departure from unity for the 
electron is .001160; the predicted de
parture for the muon, assuming it differs 
from the electron only in its mass, is 
.001165. This is called the anomalous 
magnetic moment. If the deviation were 
zero, the axis of the muon would revolve 
exactly once in the time needed for one 
orbital revolution, just as the moon re
volves once in circling the earth once. 
If a low-energy muon is forced to make 
880 orbits, it will make 881 revolutions 
of magnetic rotation (880 X 1.001165) .  
In the experiment a beam of muons was 
directed through a magnetic field in 
which the particle made about 1,000 
revolutions. When they emerged, their 
magnetic axes no longer coincided with 
their axis of momentum (direction of 
flight) . The disparity was a measure of 
the anomalous magnetic moment. 

At decay the muon reveals the direc
tion of its magnetic axis by sending an 
electron off in the same direction (but 
preferentially backward) . The CERN 
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THE CITIZEN 
experimenters determined the direction 
of electron flight by particle counters. 
After making 60 hours of observations, 
the CERN group obtained an experi
mental value for the muon's anomalous 
magnetic moment of .001145 ± .000022. 
Thus theory and experiment agree in the 
fifth decimal place, within the limits of 
accuracy of the experiment. 

Several important deductions follow 
from this remarkable agreement: (1) 
the laws of quantum electrodynamics 
are valid for distances as small as .7 
fermi (.7 X 10-13 centimeter) , confirm
ing the previous verification with the 
electron; (2) the muon incorporates its 
great mass in a pointlike source no 
bigger than .3 fermi, or about the same 
maximum size placed on the electron, 
and about half that for the proton; (3) 
there is no evidence yet of a fundamental 
or "shortest" unit of length at which the 
known laws of physics might begin to 
fail-any such unit would have to be less 
than .2 fermi; (4) there is no evidence 
for particles, still unknown, with which 
the muon might interact. 

The experiment leaves the mass of the 
muon totally unaccounted for. Said one 
physicist: "It's as if an equation of nature 
permits two solutions, one with the mass 
of an electron, the other with the mass 
of a muon." 

The Return of lack Frost 

The frigid winter now ending may be, 
unhappily, no fluke. The warming 

trend that has dominated world climate 
through most of the years since 1880 
seems to have come to an end. At a 
symposium sponsored by the American 
Meteorological Society and the New 
York Academy of Sciences, J. Murray 
Mitchell, Jr., of the U. S. Weather 
Bureau reported that mean annual tem
peratures have dropped in both Northern 
and Southern hemispheres by .2 degree 
Fahrenheit and mean winter tempera
tures by .4 degree since the early 1940's. 
Even greater declines have occurred in 
high northern latitudes. In many areas 
climatic conditions have already re
turned to those prevailing in the 1920's. 

The downturn has allayed fears about 
the "greenhouse effect," in which a ris
ing concentration of carbon dioxide in 
the atmosphere, due to increased use of 
fossil fuels, was supposed to be trapping 

new component test facility 
lets yOU ... 

SPACE-TEST 
YOUR COMPONENTS 
Now you can do your own space-testing of components ... 
develop your own reliability data ... with the new Stokes 
completely packaged Component Test Facility. 

Designed to exceed the exacting test requirements of current 
government specifications, this high vacuum system lets you 
test components under combined environments of altitude and 
temperature. In many cases, this combined temperature/ 
pressure testing permits complete space environmental checks 
to be made without removing components from the test cham
ber. The completely packaged facility is designed and fabri
cated to operate at pressures of 10-8 Torr. Many units are 
currently being used by major contractors to the nation's 
space program. 

Stokes 40 years' experience in the design and production of 
vacuum equipment covers both components and complete 
systems, and ranges from simple valves and vacuum measuring 
devices ... to the world's largest environmental chambers and 
ultra-high vacuum systems. 

Why not put Stokes' unique experience to work in solving your 
vacuum problems? 

F. J. STOKES CORPORATION 
Vacuum Equipment Division 

5500 Tabor Road. Philadelphia 20, Pa. 
STOKES 
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tow·cost 
Diazo Copying 
at its Best! 

Look! 
no 

hands! 

Now, no other small-size copying machine 
makes copying so fast, easy, and econom
ical! With Bruning's great new Model 120, 
you make copies in a single pass through 
the machine_ No manual separation of 
original and copy after exposure_ No 
reinsertion of copy for development_ The 
Model 120 automatically separates copies 
and originals and stacks them_ And you 
get the copies in seconds for only l¢ 
each for materials for letter size_ See for 
yourself how this one-and-only multi
purpose copying machine can slash clerical 
time and work, save you in countless ways 
for general office copying_ Use the coupon 
below for fast action_ 

Charles Bruning Co., Inc. Dept. 3-AA 
1800 Central Road, Mt. Prospect, Ill. 
Offices in Principal U. S. Cities 
In Canada: 103 Church St., Toronto I, Ontario 

o Please send me information on your new Model 120 
o Please arrange for a Bruning Man to contact me 

about a demonstration. 

Name __________ Title' ____ _ 

Company ______________ _ 

Address _______________ _ 

City _______ County ___ State--_ 

more and more solar energy, formerly 
reradiated by the earth. But the reasons 
for the cooling are unknown. Possible 
explanations advanced during the sym
posium-attendance at which was re
duced by heavy snowfalls-included 
variations in solar activity and output, 
an increase in the volume of volcanic 
ash in the atmosphere, a decrease in 
ozone concentration and changes in at
mospheric circulation. Whatever the an
swer, it was agreed that the current 
cooling trend might last half a century 
or more, as have similar cycles in the 
past. And Rhodes W. Fairbridge of Co
lumbia University predicted that the 
cycle would soon halt the melting of the 
Arctic Ocean's cover of ice and the 1.2-
millimeter-a-year rise in sea level that 
has been occurring since 1900 as a result 
of the melting of mountain glaciers. 

Atomic Power: The Long View 

(� of today, nuclear energy for large 
power stations is uneconomical. 

Hence it makes little difference whether 
it is very uneconomical. The large-scale 
use of money and of scientific manpower 
for the development of nuclear energy 
cannot be justified on the basis that it 
leads only to a small economic disadvan
tage. It can be justified only if it is di
rected toward the use of nuclear energy 
when it will be needed, and if the use of 
nuclear energy will indeed satisfy the 
need which will arise." So concluded 
Alvin M. Weinberg, director of the Oak 
Ridge National Laboratory, and Eugene 
P. Wigner, professor of physics at Prince
ton University, in an article in Bulletin 
of the Atomic Scientists. 

When fossil fuels run out, say the 
authors, the only way to meet the need 
will be through breeder reactors (re
actors that create more fissionable mate
rial than they consume in their chain 
reaction) . If breeder reactors are not 
developed, even a steep rise in uranium 
prices will not produce enough fission
able material to meet U. S. energy needs 
for much more than a generation. By 
making it possible to utilize the entire 
energy content of uranium and thorium, 
on the other hand, breeding will provide 
a supply of energy "ample for many hun
dreds of years." 

More work on breeders is needed 
now, Weinberg and vVigner point out, 
because "it is quite uncertain whether 
the problems of the breeder will be solved 
by a frontal assault, or by successive im
provements on burner [reactors]." More
over, "several generations of breeders 
fueled by materials produced by earlier 
breeders will be necessary to produce 
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This 
Card ... 

This magnetic card is the heart of the National 315 
Card Random Access Memory (CRAM) ... an un

equalled advance in economical magnetic file processing. 

In effect, a reel of magnetic tape-3% inches 

wide-has been cut into 256 strips forming ad

dressable magnetic cards. A single card is capable 

of storing 21,700 alpha-numeric characters. Each 
card contains seven recording tracks that can be 

addressed electronically by the central processor. 

The 256 cards (5,555,200 alpha-numeric charac

ters) are housed in a removable cartridge that 

can be changed in less time than it takes to change 

a new concept in Computers 

can revolutionize your data 

processing procedures. 

a reel of magnetic tape. Up to 16 CRAM files can be 

operated on-line with the National 315 ... providing 

88,883,200 alpha-numeric characters . . .  an unprece

dented range of random accessible memory. 

This unique system combines all the advantages 

of random and sequential processing ... elimi

nates rewind time ... requires fewer files ... 

speeds sorting, up-dating, and reporting routines. 

INVESTIGATE THE NATIONAL 315 for eco

nomical price performance • For unusual expansi

bility • For high-speed, balanced processing· For 

economy of programming • For ease of operation. 

Learn why the National 315 is the most advanced electronic data 
processing system available today. Call your nearby National office, 
or write to Data Processing Systems and Sales, Dayton 9, Ohio. �"AAOE MARK aEO, U, S, PAT. OF'P. 

THE NATIONAL CASH REGISTER COMPANY. Dayton 9, Ohio 
1039 OFFICES IN 121 COUNTRIES . . .  77 YEARS OF HELPING BUSINESS SAVE MONEY 

lUCTlON/( I>ATA PROCESSING 
ADDING MACH/NU. CASH REG/STUS 
ACCOUNTlIlt) MACHINU.NCR PAPER 
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ment Department checks operation 
0/ PI recorder in locomotive cab. 

PI Tape Recorder rides the rails
writes 14-track travel report 
Even in the pitching, rolling cab of an laOO-horsepower diesel-electric loco
motive, it's an easy task for a PI instrumentation magnetic tape recorder to 

gather data with laboratory accuracy. In special tests recently run by General 

Electric's locomotive and Car Equipment Department, their PI l4-track tape 

recorder was used to measure such parameters as shaft torque, motor-mount 

movement, strain information, vibration, speed and motor current data. 

Magnetic tape was chosen for the job because it permits automatic fre

quency analysis and analog computer processing of quasi-random data. 

Precision II Recorder 
shown in standard 

shock mounting 

Such data, when recorded by conventional oscillo-· 

graphic methods, may be extremely difficult and 

time consuming, if not impossible, to analyze. 

For this and other mobile or airborne applications, 

PI all-solid-state tape recorders offer many un

usual advantages which we'd like to tell you 

about. Drop us a note today, or phone your local 

Precision representative. 

PRECISION INSTRUMENT COMPANY 
1011 Commercial Street 
Phone: LYte11 1-4441 

San Carlos, California 
TWX: SCAR BEL 30 

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 

the inventories [of fuel] for the critical 
period." In addition, many difficulties 
will arise in the storage and disposal of 
the vast amounts of radioactive material 
generated by large-scale use of nuclear 
energy; adequate handling of the diffi
culties "will have to be based on pro
tracted practical experience." For the 
solution of these and numerous other 
problems there may well be less than the 
100 years indicated by the apparent size 
of present fossil fuel reserves. Some fossil 
fuels will have to be reserved for non
fuel purposes, and severe local fuel 
shortages can be expected to develop in 
many areas in much less than 100 years. 

Celestial Supermagnet 

An otherwise undistinguished star in 
ft the northern constellation Lacerta 
has been found to have a magnetic field 
that sometimes exceeds 34,000 gausses
by far the strongest magnetic field yet 
discovered in nature. Since July, 1959, 
when the magnetism was first discov
ered, the irregularly fluctuating field has 
never been observed to drop below 
4,000 gausses, according to a recent re
port in The Astrophysical Journal. Most 
magnetic stars have fields of 1,000 to 
2,000 gausses. In its quiet areas the sun's 
field is one or two gausses; the average 
magnetic field at the sutface of the earth 
is .6 gauss. 

Known only by its catalogue number, 
HD 215441, the star attracted the atten
tion of Horace W. Babcock of the Mount 
Wilson and Palomar Observatories be
cause its surface temperature and certain 
lines in its spectrum were typical of mag
netic stars. A spectrogram made with 
the 200-inch telescope showed a degree 
of "Zeeman splitting" and polarization 
in the spectral lines that indicated a very 
strong magnetic field. On further obser
vation the star proved to be an unusual
ly lucky find in another respect. Almost 
every strongly magnetic star, including 
this one, is in rapid rotation. Usually the 
motion produces Doppler effects that 
smear out the spectral lines and mask 
the Zeeman splitting. HD 2 15441, how
ever, happens to face the earth pole on, 
so there is no motion along the line of 
sight and no Doppler shift. 

Old and Isolated 

Do aged recluses really fill their rooms 
with rubbish and their mattresses 

with money? According to a recent psy
chosociological study-apparently the 
first one ever made-many of them do. 

As the authors of the study, New York 
physician Frederic D. Zeman and Co-
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CREATIVE MAGNETICS 
FOR A DATA-MATED WORLD 

Rectangular hysteresis loop ferrite cores pioneered by 
our General Ceramics Division have opened a new era 
of accuracy and practicality in data processing. 

Indiana General's ferrite cores are the brain cells in 
the memory units of today's highly complex computer 
machines. These tiny, magnetically bi-stable coreS, 
which reverse their polarity in one microsecond or less 
by minute electrical impulses, have proved to be the 
ultimate in reliability. 

Research by our General Ceramics Division has 
produced a number of important advances. One is the 
company's newest packaging concept for memory 
planes, the miniaturized MICROSTACK which is 90% 
smaller than conventional arrays. Another is the special 
temperature-controlled unit that operates efficiently 
between -550 C. and 1250 C. This new type of memory 
matrix is compact, durable, and much more reliable 

than older frame-type memory arrays because of a 
drastic reduction in soldered connections. 

Indiana General also furnishes customized buffer or 
random access memories using standardized plug-in 
modules mounted in standard 19-inch relay racks. These 
are not only up to 80% smaller than competitive units, 
but offer increased reliability and simplified main
tenance. Standard, in-stock memories are available 
with word capacities of 32 to 32,000 (any bit length), 
with sequential cycle times down to 3.3 microseconds, 
random access cycle times down to 6 microseconds, 
and data access times down to 2 microseconds. 

Let us prove our leadership in the memory field -
write today outlining your requirements to General 
Ceramics Division, Applied Logics De- E partment, Keasbey, New Jersey. Ask � for Bulletins 25 and 26. ... 

INDIANA GENERAL CORPORATION VALPARAISO,INDIANA 
Permanent Magnets • Ferrites • Technical Ceramics • Memory Products • Magnetic Separation and Handling Equipment 
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write to: 
AMPHENOL-BORG ELECTRONICS CORPORATION 
PACKAGED ELECTRONICS DIVISION 
2863 South 25th Avenue, Broadview, Illinois 
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lumbia University sociologist Ruth 
Granick, point out, many aged recluses 
constitute a danger to their communities. 
Their homes are Rre hazards; the numer
ous dogs and cats they often keep are 
foci of vermin; their proverbial hidden 
wealth is an invitation to violence. 
Moreover, these aberrant individuals are 
worthy of attention in their own right 
and as extreme examples of social isola
tion in the aged. 

Yet tbey do not seem to have received 
attention, except from newspapers. 
Zeman and Granick checked the index 
of Psychological Abstmcts back to 1927 
without Rnding a single entry under 
"recluse," "hermit" or similar names. 
Their own survey is based on clippings 
from newspapers over a period of 17 
years. 

The portrait of the aged recluse to 
emerge from the data is sketched in the 
Journal of Chronic Diseases. He or she 
(women are as likely as men to become 
recluses) is generally in his 70's or 80's 
and usually lives in a house or apartment 
that is ill-kept and Riled with an impene
trable clutter of junk. While a majority 
live alone, a surprising proportion
more than a third-live with a relative 
or friend. These "joint recluses," as the 
authors call them, are likely to be even 
more isolated from outside contact than 
those who live alone. Most recluses have 
substantial funds. Of the 105 individuals 
studied, nearly half had hoards of cash 
hidden at home. Sixty-Rve per cent of 
them died possessed of fortunes ranging 
from $30,000 to $5,000,000. Murder, ac
cidents and starvation were prominent as 
causes of death. Many exhibited signs of 
withdrawal-such as failure to marry
early in life. Zeman and Granick feel that 
some recluses may be latent schizophren
ics whose disease becomes overt only 
with the onset of senility. 

Zeman and Granick hope their report 
will stimulate more careful studies. As 
sources of data on old people who live 
and die alone but do not get into the 
newspapers, they suggest welfare agen
cies, medical examiners' offices, police 
departments and city morgues. 

The Color of Radio Stars 

Radio astronomers are beginning to 
apply one of the most powerful tools 

of visual astronomy-the diagram that 
plots absolute magnitude against color. 
An analysis of the radio emissions from 
a number of visible galaxies shows that 
they fall into two groups. One, compar-
able to the "main sequence" of stars, 
consists of sources of fairly uniform in
tensity ("magnitude") but with a wide 
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A WORD OF WARNING ABOUT THE NEW 

ALLUREMENTS OF RECOMP II [and a modest word about pricel 

Could you be enticed by a computer? 
Surprisingly; there are businessmen 

and scientists who have allowed their 
emotions to get quite out of control re
garding Recomp II. 

And now there is more reason than 
ever for becoming enamored with this 
amazing computer. Three reasons, to be 
exact, and all of them new. Hence, our 
warning to you. 

The first reason is, in itself, enough to 
steal your heart away: it is Recomp II's 
new reduced lease price. Always the dar
ling of the medium-scale computer user, 
Recomp II has been so well accepted that" 
it can now be offered at significantly lower 
terms. And it still provides the identical 
quality, solid-state performance, and fea
tures that can't be found on computers 
costing three times what Recomp II used 
to cost, 

This is heady stuff-but even more 
enticements lie in wait. You can now add 
an optional modification to your Recomp 
II to enlarge its capacity by using mag
netic tape. Here you see the new Recomp 
Magnetic Tape Transport unit. 

Naturally it's superbly designed, solid· 
state throughout. But don't let its quietly 
well-bred air fool you; it has a memory 
that would stagger an elephant-over 
600,000 words. And up to eight of the 
Transport units can be connected to 
Recomp II, giving you a computer with a 
total memory capacity of over 5,000,000 
words. Steady there, Mr. Simpson I 

The speed of this new magnetic tape 
control is something to applaud, too: read 
and write speed is 1850 characters a sec
ond; bidirectional search speed is 55 
inches per second. Do you begin to see 

why we warned you about these new 
allurements of Recomp? 

Below you see another new optional 
feature for your Recomp II: the Facitape 
tape punch and reader console. It punches 
150 characters a second, reads 600 char
acters a second, and stops on a character. 
It adjusts to read and punch from 5 

through 8 channels. It is versatile, accu
rate, fast, simple-to-operate, economical, 
reliable. And it has perfect manners: 
the mechanical components are com. 
pletely enclosed in a soundproof housing. 

But lest we harp tOO much on the new 
features of Recomp II, perhaps we had 
better remind you of some of the extraor
dinary features that Recomp II already 
had. Features that have always made it the 
finest computer in the low-priced field. 

I} Recomp II is the only compact 
computer with built-in floating 
point arithmetic. It defies being 
hemmed in on a problem. With 
its large capacity it obviates com
puter-claustrophobia. 

2J Recomp II was the first solid-state 
computer on the market. As you 
can see by the new features above, 
Recom p II's sciu pulous engineers 
have seen to it that it remains the 
finest solid-state computer on the 
market. 

3J Recomp II seems to have more 
built-in features than a dream 
home kitchen. It has built-in 
square root command. Built-in 
automatic conversion from deci
mal to binary. 

Here you see Recomp Irs distinctive 
keyboard. It looks easy enough to operate 
- and it is! And because Recomp II 

requires no specialized talents, anyone 
with computer problems can be taught 
to use it. 

One look at Recomp II leaves little 
wonder that even practical people have 
allowed their hearts to influence them in 
choosing Recomp II. Without being 
showy, it  is an object of  beauty that 
reflects its supreme precision of perform
ance. Its distinguished exterior bespeaks 
the ultimate of excellence; c'est sam pareil;· 

But if you want to avoid being capti
vated by a computer you should know 
how �trong your emotions will run. May 
we suggest a test? Expose yourself to 
Recomp II. See it in action. Touch it. Feed 
problems into it. This is the only way·to 
know how you will react to this extraor
dinary computer. Make a date to see 
Recomp II right away; 

mJ� 
� Ii 

k!;I!=====;;o!> 

Write AUTONETICS INDUSTRIAL 
PRODUCTS, Dept. 031, ,3400 

~ E. 70th St., Long Beach, Calif. 
The Autonetics Division of 
North American Aviation, Inc. 
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Sigma brings 

big gun to bear on 

commercial relay field 

There's a new Sigma relay just coming into 
the picture that's so disarmingly simple 
in design, construction and operation that 
Believers in Complexity will probably get 
mad when they see it. (After all, if you 
give someone a simple answer to anything 
nowadays they think that you couldn't 
possibly have understood the problem.) 
But the reaction around here is that the 
designer's really got something, and there 
was even talk about erecting a small 
monument to him in the parking lot.* 

We were going to can this new general 
purpose AC-DC relay the "Series 90" until 
there was some rumbling in the number 
department, so now it has the much more 
economical, sensibly conservative number 
of 46. It's an honest - to - goodness good 
heavy duty commercial relay, that will 
switch up to to amp, 120 - volt resistive 
loads on as little as 200 mw. DC 
or 0.5 v-a AC What the big sim
plicity pitch Means To You is that 
there are so few parts it's almost 
impossible for anything to get out 
of whack; the few parts it does 

·lVr dtcidtd not to operdo if alld gl1lJt him II 
Rolh.Royer insltad. 

have aren't hard to make or assemble 
(translated, $ 3 or $4 per relay i n  
quantity ); a big motor and fat DPDT 
contacts efficiently use every bit of the 
volume and give a long mechanical life 
- from 500,000 operations on 10 amp 

loads to 10 million operations at no 
load. Since we hope the "46" will find 
its way 'into such things as machine tool 
controls, timers and laundry equipment 
(ana even smarter Electronic Devices as 
well), the octal plug - in base has the 
same pin connections as the relays al
ready sitting in this type of equipment. 
If you want to call this a retrofit, go right 
ahead. That's it there in the picture, 
in a revealing 1 '){ij" x 1 '){6" x 2 Vt6" plastic 
enclosure. 

The first few thousand are now begin
ning to roll, and while we're not quite 

ready to talk delivery by the car
load, anyone interested in trying 
out 46's in sample quantities will 
get to sit in the sales manager's 
padded office for 8Yz glorious 
minutes_ 

Strirs 46 Rrlays and otbtr stltcttd Sigma products alia 
ptrsollPul on djsplay at bootbs 2628·26]0, :New York. 
Colistum, 7Itarcb 20 to 23. Comt tntrgize limn. 

SIGMA 
SIGMA INSTRUMENTS, INC 

40 Pearl Street, So. Braintree 85, Mass_ 
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variety in the relative proportion of  
wavelengths ("color") . The second is 
like the visible "red giant" stars in hav
ing more or less the same color but vary
ing in intensity. Some giant radio galax
ies are a million or more times brighter 
than those in the "main" radio-galaxy 
sequence_ 

The existence of the two classes was 
discovered by David S_ Heeschen of the 
National Radio Astronomy Observatory, 
who described his findings in Publica
tions of the Astl'Ol1omical Society of the 
Pacific. As an index of absolute radio 
magnitude, Heeschen uses the observed 
intensity of emission at a wavelength of 
68.2 centimeters, and corrects it for the 
distance of the galaxy. For the "color" 
scale, he compares the emissions at 21.4 
and 68.2 centimeters. On this scale a 
source emitting radio waves of equal 
intensity at 21.4 and 68.2 centimeters 
would have a color index of zero. A 
"redder" radio source (one with more 
of the long radiation) would have a col
or index greater than zero; the redder 
the source, the higher the index number. 
A "blue" radio galaxy, with greater emis
sion at 21.4 than at 68.2 (if such exists 
-none has actually been found) , would 
have a negative color index. 

When the absolute magnitude and 
color values for 18 radio galaxies were 
plotted on the chart, the galaxies were 
found to fall into the two distinct groups, 
with none in an intermediate position. 
The groupings were associated, more
over, with differences in the visual ap
pearance and viSible-light spectra of the 
galaxies. Those belonging to the "main" 
type of sequence are optically normal 
galaxies. Those in the giant class, on the 
other hand, exhibit visual and spectral 
peculiarities. What the radio sequences 
signify, however, and whether they ex
tend to other types of radio source such 
as luminous gas clouds and exploding 
supernovae, remains to be seen. 

Leukemia and Chromosomes 

I nvestigators in Great Britain have dis
- covered an abnormal chromosome in 

the white blood cells of patients suffer
ing from a form of leukemia. The 
chromosome is either No. 21 or No. 22 
in the standard classification, both of 
which are normally small, three-lobed 
bodies. The abnormal form is even 
smaller, apparently having lost one of 
its lobes. 

The anomaly was discovered with the 
aid of a procedure, originated in Britain 
more than a year ago, for culturing white 
cells collected from circulating blood. 
Seen first in two men with chronic 
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instant intelligence for task force tactics 

New Data Interchange System Tightens Naval Fleet Coordination The new Naval Tactical Data System will 

permit a task force, dispersed over a 300 mile area, to be operated by its commander with the same flexibility and 

tactical control he exercises over his flagship. Information from radar, sonar and other sensing sources gathered 

by all surface and airborne elements of the task force will be continuously displayed, providing intelligence for 

directing missile-launching functions, reconnaissance operations and tactical maneuvers. 

Alpha is providing system engineering and management for the channeling of the intelligence data from each 

unit's computer and the transmitting by single sideband radio to like computers in each other unit of the force. 

This computer-to-computer instant sharing of intelligence is the heart of NTDS. 

SYSTEMS DESIGNERS, ENGINEERS, CONSTRUCTORS, WORLD -WIDE • RICHARDSON, TEXAS • TELEPHONE DALLAS ADams 5-2331 
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America's new Saturn space vehicle will take off hundreds of times inside IBM computers before reaching the 

launching pad. It took more than a thousand test firings to develop the V-2 rocket. Yet only 10 research 

firings are scheduled for Saturn-a rocket-powered vehicle vastly more intricate . • The difference will be made up 

in simulated flights on two IBM 7090 computers recently delivered to the George C. Marshall Space Flight Center 

of the National Aeronautics and Space Administration at Huntsville, Alabama . • Saturn is designed to send payloads 

of tons into orbits around the earth, to the moon and back, and deep into outer space. These trips can be simulated on 

IBM computers in a matter of hours, using mathematical equations to calculate results of the "flight." Huntsville scien

tists say the simulated flights will save years of time and many millions of dollars . • In business as well as science, 

problems made up of many complex parts can frequently be solved with IBM computers and data processing systems. 
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how to circle the moon without leaving the earth 
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myeloid leukemia, the chromosome was 
thought to be an unusually small "Y" sex 
chromosome, which is found in the cells 
of males but not females. Soon after
ward, however, A. G. Baikie and his col
leagues at the Western General Hospital 
in Edinburgh found it in cells from wom
en patients as well. 

In recent years chromosome aberra
tions have also turned up in mongoloid 
children and in people suffering from a 
variety of disorders of sexual develop
ment. Curiously, the same chromosome 
may be involved in mongolism and 
chronic myeloid leukemia. In a report to 
Natu1'e the Baikie group points out that 
mongoloids not only have an extra 
chromosome No. 21 (giving them a total 
of 47 chromosomes instead of the stand
ard human complement of 46) but also 
are often found to have white-cell ab
normalities. The chronic myeloid leu
kemia and mongolism chromosome aber
rations differ, however, in two striking 
respects. In mongolism the extra chro
mosome is found in all tissues and is pres
ent from birth. In chronic myeloid leu
kemia, the preliminary studies suggest, 
the defective chromosome is present in 
leukemic white cells onlv and it may ap
pear only at or shortly before the devel
opment of the disease. 

T alking Maser 

A maser producing a continuous and 
coherent beam of light that can 

carry a large number of messages has 
been developed by Bell Telephone 
Laboratories. The first masers amplified 
microwaves, hence the acronym mean
ing "microwave amplification by stimu
lated emission of radiation." Recently 
the device has been adapted to suit visi
ble light, but only in short bursts. To be 
useful for carrying signals (and not just 
amplifying them) a light maser must 
produce a continuous beam that can be 
modulated as a radio beam is modulated. 
Moreover, the beam must be coherent, 
meaning that all the waves must be in 
phase and not jumbled. 

The new maser, invented by Ali Javan, 
meets all these requirements. It achieves 
amplification by the interaction of he
lium and neon and uses only about 25 
watts of power. Previous optical masers, 
employing ruby crystals, required thou
sands of watts of power to produce their 
short bursts. Javan's maser produces a 
steady beam of infrared light slightly 
under half an inch wide that spreads no 
more than a foot over a distance of a 
mile. With a telescope as a transmitting 
antenna the beam could be sent 100 
miles with the same one-foot dispersion. 

Performance at temperature ranges of from -650 to 
+5200 F., at pressures exceeding 4000 psi, is typical 
of requirements for projected manned aircraft and 
missile hydraulic fluids. These fluids must control 
operation of guidance and weapon systems during 
extreme conditions of hypersonic flight.· 

Oronite developed High Temperature Hydraulic 
Fluids for the U.S. Air Force and aircraft industry. 
Today these Oronite fluids are specified, or are 
being evaluated, for the nation's most advanced 
manned aircraft and missile programs. 

Oronite scientists continue to explore even higher 
temperature ranges for High Temperature Hydrau
lic Fluids, fully aware of the ever-increasing re
quirements of space age products. Substantial re
search and cooperative technical service programs 
are necessary to carry out such a vital project and 
Oronite's capacity and willingness to participate 
helps to assure America of being "first with the 
future." 

CALIFORNIA CHEMICAL COMPANY 
ORONITE DIVISION 

EXECUTIVE OFFICES. 200 Bush Street, San Francisco 20, California 

SALES OFFICES. New York, Boston, Wilmington, Chicago, Cincinnati, Cleveland, Houston, Tulsa, 

Los Angeles, San Francisco, Seattle 

FOREIGN AffiLIATE. California Chemical International, Inc" San franCisco, Geneva, Panama, Sao Paulo 
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GRAVITY 

Albert Einstein sho,ved that gravitation can be interpreted 

as a geometrical property of space-time. His further hope, 

of relating gravity and electromagnetism, is still unfulfilled 

I
n the days when civilized men be

lieved that the world was flat they 
had no ,�'ea�?n tOYlink a

,
?out gravi�y. 

There was up and down. All materIal 
things tended naturally t6 move down
ward, or to fall, and no one thought to 
ask why. The notion of absolute up and 
down directions persisted into the Mid
dle Ages, when it was still invoked to 
prove that the earth could not be round. 

The first ray of light to pierce the 
mist of scholastic ideas about falling 
bodies issued from the work of Galileo 
Galilei. Since free fall was too fast to 
measure directly, Galileo decided to 
dilute the motion by studying bodies 
placed on an inclined plane. He argued 
-and at the time it was a novel argu
ment-that since a ball resting on a hori
zontal surface does not move at all, and 
since a ball falling parallel to a vertical 
surface moves as fast as it would if the 
surface were not there, a ball on an in
clined surface should roll with an inter
mediate speed depending on the angle 
of inclination. Letting balls roll down 
planes tilted at various angles, he ob
served their rates of travel and the dis
tances covered in different time inter
vals, which he measured with a water 
clock. The experiments showed that at 
any angle the speed increases in direct 
proportion to time (counted from the 
moment of release) and that the distance 
covered increases in proportion to the 
square of the time. Galileo also observed 
that a massive iron ball and a much 
lighter wooden ball roll down side by 
side if released simultaneously from the 
same height on the same inclined plane. 

As another way to dilute free fall he 
employed simple pendulums-weights 
suspended by thin strings. Here the 
steepness of the arc along which the 
weight travels is adjusted by changing 
the length of the string. Pendulums of 
the same length proved to have the same 
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by George Gamow 

period of oscillation even when the 
weight was varied, a result in agreement 
with the outcome of the inclined-plane 
experiments. From all these observations 
Galileo was I ed to infer that in free fall 
all material bodies, light or heavy, also 
move in exactly the same way. This idea 
directly contradicted the opinion of the 
then prevailing Aristotelian school of 
philosophy, which held that heavier 
bodies fall faster than light ones. Ac
cording to the celebrated legend, which 
may or may not be true, Galileo climbed 
the leaning tower of Pisa and dropped 
a light and a heavy ball, which hit tile 
ground Simultaneously, to the consterna
tion of contemporary philosophers. 

Newton's Law of Gravity 

These studies laid the foundation for 
the science of mechanics. The main 
structure was erected by Isaac Newton, 
who was born the year Galileo died. 
With his laws of motion Newton intro
duced the notions of force and of inertial 
mass. When a force is applied to material 
bodies, it changes their speed or direc
tion of motion or both. Their inertial 
mass opposes these changes. Newton 
stated that the rate of change of velocity 
(acceleration) of an object is directly 
proportional to the force acting on it and 
inversely proportional to its mass. Dou
bling the force doubles the acceleration; 
doubling the mass cuts the acceleration 
in half; if both force and mass are dou
bled, the acceleration is unchanged. 

In the light of this law Galileo's con
clusion about free-falling bodies implies 
a fact that is usually taken for granted, 
but which is actually very curious; 
namely, the weight of a body (that is, 
the gravitational pull of the earth upon 
it) is strictly proportional to its inertial 
mass. Otherwise an iron and a wooden 
ball of the same size would not fall at 

the same rate. If the two objects have 
the same acceleration when they are 
dropped, the inertial mass opposing a 
change of motion in the iron ball must 
be greater than that in the wooden ball 
in exactly the same proportion that the 
downward force on the iron ball is great
er. This proportionality is far from 
trivial; in fact, it holds true only for 
gravity and not for other familiar forces 
such as those of electricity and mag
netism. Thus while an electron and a 

proton would fall with equal accelera
tion in a gravitational field, when these 
particles are placed in an electric field 
the electron is accelerated 1,836 times' 
faster. 

From his analysiS of balls (or apples) 
that fall toward the earth Newton went 
on to consider gravitation in wider 
terms. His line of thought is demon
strated by a very interesting discussion 
in his Principia. Suppose, he said, we 
shoot a bullet horizontally from the top 
of a mountain so high that it rises above 
the atmosphere [see illustration on page 
96]. The bullet will follow a curved tra
jectory and hit the surface of the earth 
some distance away from the base of the 
mountain. The greater the muzzle veloc
ity, the farther away from the mountain 
the bullet will land. At a sufficiently high 
initial velocity the bullet will come to 
earth at a point directly opposite the 
mountain; at still higher velocity it will 
never hit the ground but will continue to 
revolve around the earth like a little 
moon. If, Newton argued, it is possible 
in this way to make an artificial satellite, 
why not assume that the motion of the 
natural moon is also a free fall? And if 
the moon revolves around the earth be
cause of the earth's gravitational attrac
tion, is it not logical to assume that the 
earth itself is held in orbit around the 
sun by the force of the sun's gravity? 
Then is this not also true for all the other 
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planets and their satellites? So originated 
the profoundly important idea of uni
versal gravitation, which states that all 
material bodies in the universe attract 
one another with forces determined by 
their masses and mutual distances. 

To establish the exact relation of 
force to mass and distance, Newton be
gan by assuming that, since the force 
between the earth and each body near its 
surface is proportional to the inertial 
mass of the body, the force should also 
be proportional to the inertial mass of the 
earth. This immediately explained why 
the gravitational attraction between 
bodies of small mass, such as two apples, 
had never been noticed. It was too weak. 
Not until half a century after Newton's 
death was the existence of such a force 
demonstrated experimentally by another 
British genius, Henry Cavendish. 

Having postulated that the gravita
tional attraction between two bodies is 
proportional to the product of their 
masses, Newton then investigated the 

dependence on distance. He compared 
the force necessary to hold the moon in 
its orbit at the distance of 60 earth radii 
with the force on an apple at the distance 
of only one radius from the center of the 
earth. It is important to realize here that 
the great difference in mass between the 
two bodies does not affect the validity 
of the comparison. As a matter of fact, 
an apple placed at the moon's distance 
and given its orbital velocity will move 
around the earth exactly as the moon 
does; by the same token, if one could 
suspend the moon from a branch, it 
would fall to the ground exactly as fast 
as apples do. Newton's mathematical 
analysis showed that the force of gravi
ty decreases as the square of the dis
tances between the attracting bodies. 

He could now write the formula for 
gravitatioNal force: F = G (Ml M2) jd2• 
G is the constant of proportionality, or 

the gravitational constant. It is a very 
small number; if the masses are meas
ured in grams and the distance in centi
meters, G is approximately .000000066. 
This means that a pair of one-gram 
weights separated by one centimeter at
tract each other with a force a little 

! 
III 

I ; 
I 

PRINCIPLE OF EQUIVALENCE enunciated by Einstein states 
that accelerated motion produces effects indistinguishable from 
those of a gravitational field. If an observer in a uniformly acceler
ating spaceship simultaneously releases two balls of different 

weight, he will see them fall toward the floor at the same rate. An 
outside observer would say that the balls continue to move upward 
(broken line) with the speed of the ship at the moment of release, 
while the floor, moving up at an accelerating rate, overtakes them_ 
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more than six hundred-millionths of a 
dyne, or about six hundred-billionths of 
the weight of a gram. 

Combining the law of gravitation with 
his laws of motion, Newton was able to 
derive mathematically the rules govern
ing planetary motion that had been dis
covered by Johannes Kepler. In the 
memorable era that followed, Newton 
and his successors explained the motions 
of celestial bodies down to the most 
minute details. But the nature of gravita
tional interaction, and in particular the 
reason for the mysterious proportionality 
between gravitational mass and inertial 
mass, remained completely hidden for 
more than 200 years. 

Einstein's Law of Gravity 

Then, in 1914, Albert Einstein lifted 
the veil. The ideas he put forward grew 
out of his formulation of the special 
theory of relativity a decade earlier. That 
theory is based on the postulate that no 
observations made inside an enclosed 
chamber can answer the question of 
whether the chamber is at rest or moving 
along a straight line at constant speed. 
Thus a person in the situation of the 
author as he writes these lines-in an 
inside cabin of the S.S. Queen Elizabeth 
sailing on a smooth sea-can perform no 
experiment, mechanical, optical or any 
other kind, that will tell him whether 
the ship is really moving or still in port. 
But let a storm come up and the situation 
changes painfully; the deviation from 
uniform motion is all too apparent. 

In order to deal with the problem of 
nonuniform motion Einstein imagined a 

laboratory in a spaceship located far 
from any large gravitating masses. If the 
vehicle is at rest, or in uniform motion 
with respect to distant stars, the observ
ers inside, and all their instruments that 
are not secured to the walls, will float 
freely. There will be no up and no down. 
As soon as the rocket motors are started 
and the ship accelerates, however, in
struments and people will be pressed to 
the wall opposite the direction of motion. 
This wall will become the floor, the op
posite wall will become the ceiling and 
the people will be able to stand up and 
move about much as they do on the 
ground. In fact, if the acceleration is 
equal to the acceleration of gravity on 
the surface of the earth, the passengers 
may well believe that their ship is still 
standing on its launching pad. 

Suppose one of the passengers simul
taneously releases two spheres, one of 
iron and one of wood, which he has been 
holding next to each other in his hands. 
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What "actually" happens can be de
scribed as follows: While the spheres 
were held they were undergoing acceler
ated motion, along with the observer and 
the whole ship. 'vVhen they are released, 
they are no longer driven by the rocket 
engines. Now they will move side by 
side, each with a velocity equal to that of 
the spaceship at the moment of release. 
The ship itself, however, will continu
ously gain speed and the "floor" of the 
ship will quickly overtake the two 
spheres and hit them simultaneously. 

To the observer inside the ship the 
experiment will look different. He will 
see the balls drop and hit the "floor" at 
the same time. Recalling Calileo's dem
onstration from the leaning tower of 
Pisa, he will be persuaded that an or
dinary gravitational field exists in his 
space laboratory. 

Both descriptions of the observed 
event are correct; the equivalence of the 
two points of view is the foundation of 
Einstein's relativistic theory of gravity. 
This so-called principle of equivalence 

between observations carried out in an 

accelerated chamber and in a "real" 
gravitational field would be trivial, how
ever, if it applied only to mechanical 
phenomena. Einstein's deep insight was 
that the principle is quite general and 
holds also for optical and other electro
magnetic phenomena. 

Imagine a beam of light propagating 
across the space laboratory in a "hori
zontal" direction. Its path can be traced 
by means of a series of vertical fluores
cent glass plates spaced at equal dis
tances [see illustration on page 98]. 
Again what actually happens is that the 
beam travels in a straight line at constant 
speed, while the glass plates move across 
its path at an ever increasing speed. The 
beam takes the same time to travel from 
each plate to the next, but the plates 
move farther during each successive in
terval. Hence the pattern of fluorescent 
spots shows the floor approaching the 
light beam at an increasing rate. If the 
observer inside the chamber draws a line 
through the spots, it will look to him like 
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ARTIFICIAL SATELLITE was envisaged as a thought experiment by Isaac Newton in his 
Principia, from which this diagram is reproduced. Bullet fired horizontally from a moun
taintop falls farther from base as its muzzle velocity is increased. At sufficiently bigh speed 
it circles the earth, suggesting that the moon is also falling in the earth's gravitational field. 
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a parabola bending toward the floor. 
Since he considers acceleration phenom
ena as being caused by gravity, he will 
say that a light ray is bent when propa
gating through a gravitational field. 

Thus, concluded Einstein, if the prin
ciple of equivalence holds in all of 
physics, light rays from distant stars that 
pass close to the sun on their way to 
the earth should bend toward the sun. 
This prediction was brilliantly confirmed 
in 1919 by a party of British astrono
mers observing a total solar eclipse in 
Africa. With the obscuring sunlight 
extinguished by the moon, stars near 
the edge of the solar disk were seen to 
be displaced about 1.75 seconds of arc 
away from the sun. 

Relativistic Merry-Co-Round 

Let us next consider another type of 
accelerated motion-uniform rotation. 
(A body moving at constant speed on a 
circular path is accelerated because of 
its continuous change of direction.) Im-

agine a merry-go-round with a curtain 
around it so that people inside cannot 
tell by looking at the surroundings that 
it is rotating. If the merry-go-round is 
turning, the observers will be aware of 
centrifugal force, which pushes them out 
toward the rim. A ball placed on the 
platform will roll away from the center. 
The centrifugal force acting on any ob
ject on the platform will be proportional 
to the inertial mass of the object, so that 
here again the effect of accelerated mo
tion can be considered as equivalent to 
that of a gravitational field. It is a pecu
liar field, to be sure; it is quite different 
from the field on the surface of the earth 
or of any other spherical body. The 
force is directed away from the center 
of the system, not toward it; and instead 
of decreasing as the square of the dis
tance from the center, it increases pro
portionately to that distance. Moreover, 
the field has cylindrical symmetry 
around a central axis rather than spher
ical symmetry around a central point. 
Nevertheless, the equivalence principle 

holds, and the field can be interpreted as 
being caused by gravitating mass dis
tributed at large distances all around the 
symmetry axis. 

How will light propagate through this 
field? Suppose a light source that sends 
out rays in all directions is located at a 
point, A, on the periphery of the rotating 
disk, and is observed at a second point, 
B, also on the periphery. According to 
the basic law of optics, light always 
propagates along the shortest path. But 
what is the shortest path between A and 
B? To measure the length of various 
lines connecting the points A and B the 
observer uses the old-fashioned but al
ways safe method of counting the mllll
ber of yardsticks that can be placed end 
to end along the line [see illustration on 
page 99]. 

As we watch the experiment from out
side, we recall the special theory of rela
tivity, which tells us that moving yard
sticks shrink in the direction of their 
motion. Therefore we see that if the ob
server measures along the "true" straight 

TORSION BALANCE was used by the British physicist Henry 
Cavendish to measure gravitational attraction between small 
masses. In this diagram, reproduced from his paper in the Philo
sophical Transactions of the Royal Society, two-inch lead spheres 

(x) are attached to beam suspended by torsion wire (lg). Twelve· 
inch spheres (W) are placed so as to twist the beam first in one di· 
rection and then in the other. Turning is observed through system 
of lenses at each side. Total rotation is measure of attractive force. 

97 

© 1961 SCIENTIFIC AMERICAN, INC



line from A to B, his sticks will contract 
and he will need more of them to meas
ure that line than if the platform were 
not moving. Now an interesting point 
arises. The closer a yardstick is to the 
center of the merry-go-round, the less its 
linear velocity and therefore the smaller 

its contraction. By bending the line of 
yardsticks toward the center the observ
er decreases the number he needs to go 
from A to B. Although the "actual" dis
tance is somewhat longer, the increase is 
more than compensated for by the 
smaller shrinkage of each yardstick. A 

CURV ATURE OF LIGHT is detected by observer in accelerating rocket. To an observer 
outside, the light beam travels along a straight, horizontal path and crosses each successive 
plate of glass at a point nearer the Aoor because of the upward acceleration of the plates. 
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light ray following this shortest path, 

heading inward at the start of its journey 
and then bending outward, can be con
sidered to be deflected by the apparent 
gravitational field, which is directed 
radially outward. 

Before leaving the merry-go-round let 
us consider one more experiment. A pair 
of identical clocks are placed on the 
platform, one near the center and the 
other at the edge. As in the case of the 
yardsticks, the outer clock is moving 
faster than the inner one, and again spe
cial relativity predicts a difference in 
their behavior. In addition to causing 
yardsticks to contract, motion makes 
clocks run slow. Therefore the outer 
clock will lose time with respect to the 
inner one. Now the observer who inter
prets the acceleration effects in terms of 
a gravitational field will say that the 
clock placed in the higher gravitational 
potential (that is, in the direction in 
which gravitational force acts) runs 
slower. 

Although we cannot go into details 
here, Einstein's argument shows that the 
same effect is expected in a normal gravi
tational field such as that on the earth. 
Here the field is directed downward, so 
that a clock at sea level runs slower than 
one on top of a mountain. The slowing 
down applies equally to all other physi
cal, chemical and biological phenomena, 
and a typist working on the first floor of 
the Empire State Building will age 
slower than her twili sister working on 
the top floor. Stronger fields produce 
greater retardation. A clock on the sur
face of the sun would run .0001 per cent 
slower than a terrestrial clock. 

Obviously we cannot put a clock on 
the sun, but we can watch the rate of 
atomic vibrations that produce the vari
ous lines in the solar spectrum. If these 
natural clocks are slowed down, the 
light they emit should be shifted to
ward the low-frequency, or red, end of 
the spectrum. This "gravitational red 
shift" was predicted by Einstein. Such 
a shift is indeed found in the lines of 
the solar spectrum, but it is so small as 
to be almost at the limit of observational 
precision. Spectra of the much denser 
white-dwarf stars, where the red shift i�' 
expected to be 40 times larger than on 
the sun, agree quite well with the theory. 

Astronomical evidence is not so satis
fying as experiments that can be per
formed in a terrestrial laboratory. Until 
a couple of years ago, however, there 
seemed to be no hope of measuring the 
minute difference predicted between 
clocks at different heights in the earth's 
gravitational field. Then R. L. Moss
bauer, working at the University of 
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CENTRIFUGAL FIELD OF FORCE, such as the one on a roo 
tating merry.go.round, can also be interpreted in terms of gravitat· 
ing mass. As explained in the text, an observer on the platform 

would find that a curved line is the shortest distance between 
points on the periphery. Since light rays travel along the shortest 
path, or geodesic, they are expected to curve in this type of field. 

Munich, found a way to pl'Oduce nuclear 
gamma rays of very pure frequency and 
to measure extremely small changes in 
their frequency [see "The Mossbauer 
Effect," by Sergio De Benedetti; SCIEN
TlFIC AMERICAN, April, 1960]. Seizing 
on the new opportunity, several workers 
pl'Oceeded to show that two nuclear 
"clocks" separated by only a few tens of 
feet in the earth's field run at measurably 
different rates, and the difference is ex-

actly that predicted by Einstein, within 
the limits of experimental error. Still an
other verification, if any more are need
ed, will almost certainly be obtained 
when an atomic clock in an artificial 
satellite is compared with one on the 
ground. 

So we see that in a gravitational field 
clocks run slow, light rays bend in the 
direction of the field and a straight line 
is not the shortest distance between two 

points. Yet how can one define "straight 
line" other than as the path of light in 
a vacuum, or the shortest distance be
tween two points? Einstein's idea was to 
retain this definition. Instead of saying 
that light rays and shortest distances are 
curved, he suggested that space itself 
(more accurately space-time) is curved. 
It is difficult to conceive of a curved 
three-dimensional space, let alone a 

curved four-dimensional space-time, but 
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some idea of what it means can be 
gained from an analogy with two-dimen
sional surfaces. The Euclidean geometry 
we all learned at school pertains to fig
ures that can be drawn on a plane. If 
geometrical figures are drawn on curved 
surfaces, for example a sphere or a sur
face shaped like a saddle [see illustration 
on this page], many of the Euclidean 
theorems do not hold. 

In particular, the sum of the angles 
of a plane triangle is equal to 180 de
grees. In a spherical triangle the sum of 
the angles is greater than 180 degrees, 
and in a triangle drawn on a saddle sur
face it is less. True, the lines forming 
triangles on spherical and saddle sur
faces are not straight from the three
dimensional point of view, but they are 
the "straightest" (i.e., shortest) lines 
between the points if one is confined to 
the surface in question. Mathematicians 
call such lines geodesic lines, or simply 
geodesics. 

In three-dimensional space a geodesic 
I ine is by definition the path along which 
a light ray would propagate. Consider a 

triangle formed by three such geodesics. 
If the sum of the angles is equal to 180 
degrees, the space is said to be flat. If 
the sum is more than 180 degrees, we 
say that the space is spherelike, or posi
tively curved; if it is less than 180 de
grees, we say that it is saddle-like, or neg
atively curved. Because of the bending of 
light toward the sun, astronomers locat
ed on earth, Mars and Venus would 

measure more than 180 degrees in the 
angles of the triangle formed by light 
rays traveling between the planets [see 
illustration on page 102]. Hence we can 
say that the space around the sun is 
positively curved. On the other hand, 
in the merry-go-round type of gravita
tional field, the sum of angles of a tri
angle is less than 180 degrees, and this 
space is curved in the negative sense. 

The foregoing arguments represent 
the foundation of Einstein's theory of 
gravity. In the Newtonian view the sun 
produces in the space around it a field of 
force that makes the planets move along 
curved trajectories instead of straight 
lines. In Einstein's picture space itself 
becomes curved and the planets move 
along the straightest (geodesic) lines in 
that curved space. Here we are speaking 
of geodesics in the four-dimensional 
space-time continuum [see illustration 
on page 104]. It would, of course, be 
wrong to say that the orbits themselves 
are geodesic lines in three-dimensional 
space. 

Einstein's interpretation of gravity as 
the curvature of space-time does not 
lead to exactly the same results as those 
of the classical Newtonian theory. We 
have already mentioned the bending of 
light. The relativistic theory also gives 
slightly different answers for the motions 
of material bodies. For example, it ex
plained the difference between the cal
culated and observed rates of preces
sion of the major axis of Mercury's orbit, 

SPACE CURVATURE is illustrated in two dimensions. In flat space (top) the angles of 
a triangle total 180 degrees; in spherelike or positively curved space (middle), more than 
180 degrees; in saddle-like or negatively curved space (bottom), less than 180 degrees. 
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which represented a long-standing mys
tery of classical celestial mechanics. 

Gravity Waves 

Newton's law of gravitational inter
action between masses is quite similar 
to the law of electrostatic interaction 
between charges, and Einstein's theory 
of the gravitational field has many com
mon elements with James Clerk Max
well's theory of the electromagnetic field. 
So it is natural to expect that an oscillat
ing mass should give rise to gravitational 
waves just as an oscillating electric 
charge produces electromagnetic waves. 
In a famous article published in 1918 
Einstein indeed obtained solutions of his 
basic equation of general relativity that 
represent such gravitational disturb
ances propagating through space with 
the velocity of light. If they exist, gravi
tational waves must carry energy; but 
their intensity, or the amount of energy 
they transport, is extremely small. For 
example, the earth, in its orbital mo
tion around the sun, should emit about 
.001 watt, which would result in its 
falling a millionth of a centimeter to
ward the sun in a billion years! 

No one has yet thought of a way to 
detect waves so weak. In fact, some 
theorists, among them Sir Arthur Ed
dington, have suggested that gravitation
al waves do not represent any physical 
reality at all but are simply a mathe
matical fiction that can be eliminated 
from the equation by a suitable choice 
of space-time co-ordinates. More thor
ough analysis indicates, however, that 
this is not the case and that gravitational 
waves, weak though they may be, are 
real. 

Are gravitational waves divided into 
discrete energy packets, or quanta, as 
electromagnetic waves are? This ques
tion, which is as old as the quantum 
theory, was finally answered two years 
ago by the British physicist P. A. M. 
Dirac. He succeeded in quantizing thc 
gravitational-field equation and showed 
that the energy of gravity quanta, or 
"gravitons," is equal to Planck's con
stant, h, times their frequency-the same 
expression that gives the energy of light 
quanta or photons. The spin of the gravi
ton, however, is twice the spin of the 
photon. 

Because of their weakness gravitation
al waves are of no importance in celestial 
mechanics. But might not gravitons play 
some role in the physics of elementary 
particles? These ultimate bits of matter 
interact in a variety of ways, by means 
of the emission or absorption of appro
priate "field quanta." Thus electromag-
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NO PLACE FOR AN ACROPHOBE 
When first we read of the seven who are 
eager to blaze a route to the stars, we pon
dered what we thought of as man's inborn 
fear of great heights. 

Now we learn that the first of the astro
nauts will have a window in his capsule, 
that he will peer down at the spinning earth 
and out at the wheeling stars. 

We are producing these unique, space
going viewports for Mc Donnell Aircraft 
Corporation, prime contractor for the Na
tional Aeronautics and Space .Administra
tion's Project Mercury capsule. 

The window is an excellent piece of en
gineering. Not just because we made it, but 
because it has to be. 

lt will take the slams and whams, the 
blistering heat, and the embrittling cold of 
blast-off, orbitation, re-entry, and a soak 
in the briny. All during this it must remain 
transparent, intact, and sealed tight. 

There are four panes to the wmdow. The 
outer two are VYCOR@ 96% silica glass. 
The inner two are aluminosilicate glass 
specially tempered to phenome�al strength. 

Each pane is ground and polished to the 
precision finish of a telescope mIrror. The 
outermost panel curves to the contour of the 
capsule so it trapezoids from' an 11" base to 
a 7Y2" �op along a 21" height. 

The glasses present a delicate balance of 
optical qualities, thermal shock resIstance, 
and low weight. The last is vital when you 
consider that it takes about 100 gm of fuel 
to orbit 1 gm of payload. 

So, remember, when you see the first 
astronaut smiling quietly, confidently from 
his capsule, you are looking at him through 
Corning glass. 

HOW ABOUT A DEGREE 
IN MEDICAL ENGINEERING? 
The mechanics of modern medicine are 
fast maturing to the point where some engi
neers are specializing in the building of ma
chines like this Infant Servo-Controller for 
the Isolette, manufactured by Air-Shields, 
Inc., Hatboro, Pennsylvania. . 

This particular machine is used wIth pre
maturely born infants who must keep theIr 
body temperature at a constant level, but 
lack a well-developed thermal regulatory 
device. 

You attach a thermistor to the babe's 
abdomen and let him work as his own 
thermostat. He automatically requests heat 
from infrared lamps whenever his skin 
temperature drops below 97°F. When 
things are just right again, he switches off 
the lamps and takes a rest, with the odds for 
survival more in his favor. 

If you've ever tried to unbulb an infrared 
lamp, you know that it gives off d,rect heat 
as well as IR energy. 

That's why there are two PYREX No. 
77 40 glass plates sitting on top of the plastIC 
chamber in the picture. You can see them, If 
you look closely. The PYR�X. plates are 
heat resistant and will also d,ss,pate the d,
rect thermal output of the lamps. So, the 
plastic forgets the lamps are there. 

As far as the IR energy is concerned, the 
PYREX plates don't exist either, so prac
tically all the IR gets through to the baby. 

The over-all relationship between IR and 
glass is an odd one. We can give you glass 
which transmits as much as 92 % of the IR 
or a glass which transmits as little as 8% of 
the IR. 

Happily for our product specialists, there 
is demand for both situations. We've pre
pared some bulletins on many of these IR 
characteristics, a copy of which you may 
have by sending the coupon. 

SOMETIMES GLASS IS 
SO OBVIOUS 
Leafing our way through the 4th Annual 
Shirt Issue of "Cleaning Laundry World" 
(April 1960), we took note of an .advertise
ment which concerned a machme WhICh 
displayed a feature which we consider the 
soul of genius. 

The machine is a dry cleaner manufac
tured by Detrex Chemical Industries, I?c. 
The feature is a glass-enclosed filter whIch 
keeps the dry-cleaning solvent cycling un
polluted. The soul of genius, to our minds, 
consists of intelligent manipulation of the 
obvious ... in this case, an application of 
the first known and longest respected of the 
myriad properties of glass . . .  to wit, its 
transparency. 

When you locate such a place, it doesn't 
necessarily take a lot of redesigning o� cus
tom fabrication to put glass to work, eIther. 
We checked and found that Detrex, for ex
ample, simply orders standard 6" O.D. 
PYREX brand Heavy Duty Tube for ItS 
filter wall. 

The result is that the operator of the De
trex Cleaner can watch the filter at work. 
He can spot trouble while it's still potential, 
determine its cause exactly should it occur 
... all without any dismantling or shutdown. 

Is there anything you're working on that 
you wish you could watch working? If 
there is, and you want to put glass to work, 
you can start by sending the cou pon for a 
copy of Bulletin IZ-l, "Designing with 
Glass for Industrial, Commercial, and Con
sumer Applications." 

I 
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Equally weighted, a Kennametal rod and 
a steel rod of equal size demonstrate 
the greater rigidity of Kennametal. The 
Kennametal rod registers only If.! as 
much deflection as the steel rod. 

USE KENNAMETAr 1 
1111 

As a design material, Kennametal 
has many searched-f o r  physical 
properties. Rigidity is one of them. 

Three times as rigid as steel . . • 

Kennametal has a YME up to 94.3 
million psi as compared to 30 mil
lion for steel. This property has 
already solved many problems of 
deformation, deflection, bending, 
vibration, and chatter. There are 
two ways it might solve a problem 
for you. First, by permitting in
creased loading, as Kennametal de
flects only % as much as steel under 
the same load. Or, if deflection and 
loading are acceptable, a part made 
of Kennametal will require less 
mass than other materials. Thus, 
machine elements may be miniatur
ized where compactness is essential. 

Rigidity is but one of the many 
exceptional properties of Kenna
metal. When you need great resist
ance to heat, corrosion, abrasion, 
e r o s i o n, a n d  c o m p r es sion . • •  

chances are Kennametal may be 
the answer. 

To help solve an immediate prob
lem, or a future need ... we'd like 
t o  s e n d  you B o o k l e t  B-111B, 
"Properties of Kennametal," and 
our new Booklet B-666, "Proven 
Uses of Kennametal and Kenta
nium."* Write Dept. SA, KENNA
METAL INC., Latrobe, Pennsylvania. 

*Kennametal is the registered trademark of a series 
of hard carbide alloys of tungsten, tungsten
titanium, and tantalum. Kentanium is the regis
tered trademark for one of the series that has 
special advantages for applications requiring a 
lighter weight material, or maximum resistance 
to temperature extremes. 
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netic interactions (for example the at
traction of oppositely charged bodies) 
involve the emission or absorption of 
photons; presumably gravitational inter
actions are similarly related to gravitons. 
In the past few years it has become clear 
that the interactions of matter fall into 
distinct classes: (1) strong interactions, 
which include electromagnetic forces; 
(2) weak interactions such as the "beta 
decay" of a radioactive nucleus, in 
which an electron and a neutrino are 
emitted; (3) gravitational interactions, 
which are vastly weaker than the ones 
called "weak." 

The strength of an interaction is re
lated to the rate, or probability, of the 
emission or absorption of its quantum. 
For example, a nucleus takes about 10.12 
second (a millionth of a billionth of a 
second) to emit a photon. In compari
son the beta decay of a neutron takes 12 
minutes-about 1014 times longer. It can 
be calculated that the time necessary 
for the emission of a graviton by a nu
cleus is 1060 seconds, or 1053 years! This 
is slower than the weak interaction 
by a factor of 1058• 

Now, neutrinos are themselves par
ticles with an extremely low probability 
of absorption, that is, interaction, with 
other types of matter [see "The Neu
trino," by Philip Morrison; SCIENTIFIC 
AMERICAN, January, 1956]. They have 
no charge and no mass. As long ago as 
1933 Niels Bohr inquired: "What is the 
difference between [neutrinos] and the 
quanta of gravitational waves?" In the 
so-called weak interactions neutrinos are 
emitted together with other particles. 
What about processes involving only 
neutrinos-say, the emission of a neu
trino-antineutrino pair by an excited nu
cleus? No one has detected such events, 
but they may occur, perhaps on the same 
time scale as the gravitational interac
tion. A pair of neutrinos would furnish a 

spin of two, the value calculated for the 
graviton by Dirac. All this is, of course, 
the sheerest speculation, but a connec
tion between neutrinos and gravity is an 
exciting theoretical possibility. 

Gravity and Electromagnetism 

In the laboratory diary of Michael 
Faraday appears the following entry in 
1849: "Gravity. Surely this force must 
be capable of an experimental relation 
to electricity, magnetism and other 
forces, so as to build it up with them in 
reciprocal action and equivalent effect. 
Consider for a moment how to set about 
touching this matter by facts and trial." 
The numerous experiments he under
took to discover such a relation were 
fruitless, and he concludes that part of 
his diary with the words: "Here end my 
trials for the present. The results are 
negative. They do not shake my strong 
feeling of the existence of a relation be
tween gravity and electricity, though 
they give no proof that such a relation 
exists." Subsequent experimental efforts 
have not been any more successful. 

A theoretical attack aimed at bring
ing the electromagnetic field into line 
with the gravitational field was under
taken by Einstein. Having reduced grav
ity to the geometrical properties of a 

space-time continuum, he became con
vinced that the electromagnetic field 
must also have some purely geometrical 
interpretation. However, the "unified 
field" theory, which grew out of this COI1-

viction, had hard going, and Einstein 
died without producing anything so sim
ple, elegant and convincing as his earlier 
work. Today fewer and fewer physicists 
are working at unified-field theory; most 
are persuaded that the effort to geome
trize the electromagnetic field is futile. 
It seems, at least to the author, that the 
true relation between gravitational and 

SIGN OF SPACE CURVATURE depends on type of gravitational field. Observers on three 
planets (left) would detect positive curvature because of deflection of light rays by the sun. 
Observers on periphery of merry-go·round (right) would detect negative curvature. 
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electromagnetic forces is to be found 
only through an understanding of the 
nature of elementary particles-an un
derstanding of why there exist particles 
with just certain inertial masses and not 
others-and of the relation between the 
masses and the electric and magnetic 
properties of the particles. 

As a sample of one of the basic ques
tions in this field, consider again the 
relative sh'ength of gravitational and 
electromagnetic interactions. Instead of 
comparing the times required for emis
sion of quanta, let us compare the actual 
strength of the electrostatic and gravi
tational forces between a pair of mid
dleweight particles, say pi mesons. Com
putation shows that the ratio of elec
trostatic to gravitational force equals the 
square of the charge on an electron di
vided by the square of the mass of the 
particles times the gravitational con
stant : e2 / M2 C. For two pi mesons the 
value is 1040 •  Any theory that claims to 
describe the relation between electro
magnetism and gravity must explain this 
ratio. It should be pointed out that the 
ratio is a pure number, one that remains 
unchanged no matter what system of 
units is used for measuring the various 
physical quantities. Such dimensionless 
constants, which can be derived in a 
purely mathematical way, often turn up 
in theoretical formulas, but they are usu
ally small numbers such as 27T, 5/3 and 
the like. 

How can one derive mathematically a 
constant as large as 1040? Some 20 years 
ago Dirac made an interesting proposal. 
He suggested that the figure 1040 is in 
fact not a constant, but a variable that 
changes with time and is connected with 
the age of the universe. According to the 
evolutionary cosmology, which holds 
that the universe originated with a "big 
bang," the universe is now about 5 X 100 
years, or 1017 seconds, old. Of course, a 
year or a second is an arbitrary unit, 
and we would prefer an elementary 
time intelval that can be derived from 
the basic properties of matter and light. 
A reasonable one is the length of time 
required by light to travel a distance 
equal to the radius of an elementary 
particle. Since all the particles have radii 
of about 3 X 10-13 centimeter, and since 
the velocity of light is 3 X 1010 centi
meters per second, this elementary time 
unit is 3 X 10-13 divided by 3 X 1010, or 
10-23 second. To express the age of the 
universe in this elementary time unit 
we divide its age in seconds, lOti ,  by 
10-23 and obtain the number 104o !  Thus, 
said Dirac, the large ratio of electric to 
gravitational forces is characteristic of 
the present age of the universe. vVhen 

* 
terial wil l  soon. reveal the almost total absence of 
co loration introduced by the AR�3 ,  The sounds 
produced by this speaker a re probably Ulore t rue 

t.o the original program than those of any other 
commercial ly rnanufac tured speaker sys tem we 

have heard .  On the ot her hand , the absence of 

':' From the Hirsch-Houck Laboratories' report 
on the AR-3 loud speaker in the October, 1960 
High Fidelity. A reprint of the complete report 
will be sent on request. 

AR-3's (and other models of AR speakers) are on demonstration 
at AR Music Rooms, at Grand Central Terminal in New York City, 
and at 52 Brattle Street in Cambridge, Massachusetts. 
Prices are from $ 89 to $225 . 

A C O U S T I C R E S E A R C H ,  I N C . ,  ;;!4 T h o rn d i k e  S t . ,  C a m b r i d g e  41 , M a s s. 

NSEC IS GROWING 

and w e  need a n  outstanding scientist 
and manager to assume full responsi
bility for the direction and coordina, 
tion of all our technical activities. The 
man we seek is mature, between 35 
and 45, has a Ph.D. in chemistry or 
physics and some knowledge of biol
ogy, has substantial nuclear or tracer 
experience and management ability 
as demonstrated by successful indus
trial positions. The position title will 
be  Technical Director or Technical 
Vice President. Compensation, which 
is open, will include a substantial 
stock option. 

A ddress inquiries to : 

Mr. R. A. Brlghtsen, Pres ident 

Nuclear SCience and Engineering Corporat ion 

P .O.  Box t 0901 
Pittsburgh 36, Pennsylvan ia  

FAS T E R  A S S E M B LY 
wi t h  T l f')I Y S C R EWS 

P I C KS U P  / T I G H T E N S  / R ElEASES 
automatica l l y  

O n e  hand operation 
N O N - M A G N E T I C  

F its every screw s lot . 010" through .038" 
This high speed production tool out
strips all other methods of picking up, 
inserting, and tightening tiny screws. 
Two concealed clutches hold and re
lease the screws automatically . . .  and 
go through over I Y2 m i l l i o n  cycles 
without sign of wear. For faster assem
bly, write for Hodat literature, price list. 

HODATT.M . 
A U T O M AT I C  S C R E W - H O L D I N G  D R I V E R  
HODAT, 3017  Summit  St. ,  Oakland 9 ,  Cal if. 
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the universe was half as old as it is 
now, this ratio was also half of its present 
value. Since there are good reasons to 
assume that the elementary electric 
charge does not change with time, 
Dirac concluded that the gravitational 
constant must be decreasing, and that 
this decrease may be associated with the 
expansion of the universe and the steady 
rarefaction of the material that fills it. 

If the gravitational constant really has 

been decreasing, or in other words if the 
force of gravity has been growing weak
er, then our solar system must have been 
expanding along with the universe. In 
earlier times the earth would have been 
nearer the sun and therefore hotter than 
it is now. When Dirac put forward the 
idea, the solar system was thought to be 
about three billion years old. Edward 
Teller, now at the University of Cali
fornia, pointed out that on such a time 

, 

FOUR·DIMENSIONAL PATH (spiral) of a planet in space·time is a geodesic. It is reno 
dered schematically by showing space in two dimensions and measuring time vertically. 
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scale the earth would have been 50 de
grees hotter than the boiling point of 
water during the Cambrian era, when 
well-developed marine life existed. Now 
it seems that the solar system may be 
five billion or more years old, in which 
case the Cambrian oceans, though hot, 
would not have been vaporized. So the 
objection loses its force, provided that 
Cambrian plants and animals could live 
in very hot water. 

Antigravity 

In one of his stories H. G. Wells de
scribes a British ' inventor, Mr. Cavor, 
who found a material, called cavorite, 
that was impenetrable to the force of 
gravity. Just as sheet copper can shield 
an object against electric forces and 
sheet iron can shield against magnetism, 
a sheet of cavorite placed under a ma
terial body would shield it from the 
gravitational pull of the earth. Mr. 
Cavor built a large gondola surrounded 
by cavorite shutters. One night when 
the moon was high, he got into the ship, 
closed the shutters facing the ground 
and opened those facing the moon. Cut 
off from terrestrial gravity and subject
ed only to the attraction of the moon, 
the gondola soared into space and even
tually deposited Mr. Cavor on the sur
face of our satellite. 

Why is such an invention impossible? 
Or is it? There is a profound similarity 
between Newton's law of universal grav
ity and the laws that govern the interac
tions of electric charges and magnetic 
poles. If one can shield electric and 
magnetic forces, why not gravity? To 
answer this question we must consider 
the mechanism of electric and magnetic 
shielding. Each atom or molecule in 
any piece of matter is a system of posi
tive and negative electric charges; in 
conducting metals there are numbers of 
negative electrons that are free to move 
through the crystal lattice of positively 
charged ions. \"'hen a metal is placed in 
an electric field, the free electrons move 
to one side of the material, giving it a 
negative charge and leaving the opposite 
side positive. This polarization pro
duces a new electric field, which is di
rected opposite to the original field. 
Thus the two can cancel each other. 
Similarly, magnetic shielding depends 
on the fact that the atoms of magnetic 
materials are tiny magnets, with nort:1 
and south poles that line up so as to 
produce a field that opposes an external 
magnetic field. Here also the shielding 
effect arises from polarization of atomic 
particles. 

Gravitational polarization, which 
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F a s t e r t h a n  a n y  o t h e r  
D a t a  P r o c e s s i n g  S y s t e m  

n o w i n s t a l l e d 
. . .  even  fo u r  t i m e s  faster  than  prev ious  

P h i l co  2 000 Syste m s  

P H I L C O  C O M P U T E R  C E N T E R  . . .  devoted exc lus ive ly  t o  the 
deve lopment, engineer ing,  product ion and marketing of P h i l co Com puters 

Philco 2000 Data Processing Systems have always been among 
the fastest and most reliable. Now, the new Model 2 1 2  Central 
Processor brings an entirely new concept in data processing speed , 
efficiency and flexibility to business, industry and science. 

Advanced four-way processing, which permits simultaneous 
processing of four instructions ; faster circuits, with diode-transistor 
logic ; improved internal organizatio n ;  all contribute to the tremen
dous speed of the 2 1 2  . . .  four times faster than any previous model .  
For example, it can perform 639 ,000 additions in one second . 

Faster running time, more effective use of memory and reduced 
programming time, result in the greatest possible economy in 
data processing. 

The 2 1 2  Central Processor is fully compatible with all Philco 
2000 systems. You can install a Philco 2000 system now, utilizing 
either the Model 2 1 0  or 2 1 1  central processor, and as your work 
load increases, replace the central processor with the Model 2 1 2, 
without reprogramming ! Write today [or complete information.  

P H I L C O  C O R P O R AT I O N  • G O V E R N M E N T  & I N D U S T R I A L  G R O U P  

C O M P U T E R  D I V I S I O N ,  3 9 0 0  W E L S H  R O A D ,  W I L L O W  G R O V E ,  PA.  
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NEW G·E nWEDGE BASE" LAMP 
SAVES SPACE ,  SAVES MON EY, 
SAVES TIM E, SAVES MANPOWER 

N EW WEDGE BASE 
in socket 

1 

The new "Wedge Base" ,  all-glass ,  incandescent indicator lam p is an 
exclusive G-E development designed to replace the old #5 7  and other 
similar bayonet-based lamps .  I t ' s  available in 6.3 and 12 volts . See below. 

The Wedge Base saves space because, with its holder, it is  considerably 
smaller than the old #5 7 .  It  saves money because the holder and total in
stallation COStS are less .  It  saves time because the holder i s  easier to install 
and the lamp can be seated with j ust a push . And it saves manpower because 
installation can be automated and holders can be molded into plastic circuits.  
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 

A major automobile 
manufacturer is  already 
using G - E  Wedge Base 
lamps ; they're available 
in mass quantities . For 
more information write : 
G e n eral  E l ec t r i c  Co . ,  
Miniature Lamp Depart 
ment M - 1 2 ,  Nela Park, 
Cleveland 12 ,  Ohio. 

The Wedge Base is  avai lab le in  two ratings 
G . E .  La m p  No.  1 5 8  159 
C i r c u i t  V o l t s  • • •  12 • • •  6 . 3  
A m p e r e s . • • • • 0 . 2 4  • • •  0 . 1 5  
D e s i g n  V o l t s  • •  1 4  • • •  6 . 3  
R a t e d  A v .  L i f e  
a t  d e s i g n  v o l t s  • •  500 H r s .  
F i l a m e n t  • • • • •  C·2V . • C - 2 R  
l . C . l .  . . . . . .  '12" • • •  '12" 
B u l b  . . • • • • •  T - 3 1j., • T - 3 1j., 
B a s e  Ty p e  • • • .  Wedge . W e d g e  
Ca n d l e power . • •  2 • • • . 35 
' I n  excess o f  5000 hrs.  a t  6 . 6  volts  

ltogress Is Ollr Mosf Imp or/emf Prot/lief 

G E N E R A L O E L E C T R I C  

1 06 

could make possible shielding against 
the force of gravity, requires that matter 
be constituted of two kinds of particles : 
some with positive gravitational mass, 
which are attracted by the earth, and 
some with negative gravitational mass, 
which are repelled. Positive and nega
tive electric charges and north and south 
magnetic poles are equally abundant in 
nature, but particles with negative grav
itational mass are as yet unknown, at 
least within the structure of ordinary 
atoms and molecules. Therefore ordi
nary matter cannot be gravitationally 
polarized and cannot act as a gravity 
shield. 

There is, however, another kind of 
matter-antimatter-that in many ways 
is the reverse of ordinary matter, includ
ing its electric and magnetic properties. 
Perhaps antiparticles also have negative 
mass. At first sight this might seem an 
easy point to decide. One has only to 
watch a horizontal beam of antineutrons, 
say, emerging from an accelerator and 
see whether the beam bends down or up 
in the gravitational field of the earth. In 
practice the experiment cannot be done. 
The particles produced by accelerators 
move almost at the speed of light; in a 

kilometer of horizontal travel gravity 
would bend them, whether up or down, 
only about 10-12 centimeter, the diameter 
of an atomic nucleus. Nor can they be 
slowed down by letting them collide 
with the nuclei of a "moderator" ma
terial, as neutrons are slowed in atomic 
piles. If antiparticles collide with their 
ordinary counterparts, both disappear 
in material annihilation. Thus from the 
experimental point of view the ques
tion as to the sign of the gravitational 
mass of antiparticles remains painfully 
open. 

From the theoretical pOint of view it 
is open too, since we do not have a 
theory that relates gravitational and 
electromagnetic interactions. If a future 
experiment should demonstrate that 
antiparticles do have a negative gravita
tional mass, it will deliver a mortal blow 
to the entire relativistic theory of gravity 
by disproving the principle of equiva
lence. An antiapple might fall up in a 
true gravitational field, but it could 
hardly do so in Einstein's accelerated 
spaceship. If it did, an outside observer 
would see it moving at twice the acceler
ation of the ship, with no force at all 
acting on it. The discovery of antigravity 
would therefore force upon us a choice 
between Newton's law of inertia and 
Einstein's equivalence principle. The au
thor earnestly hopes that this will not 
come to pass. 
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Supplies cost 

about 1 ,  per copy 

with a XeroX® 914 Office Copi er 
No wet chemicals, nor  expe nsiv.e, 
coated p apers are requi r e d, arid 
there are  no exposure adjust· 
ments. With this copier  you make 
copies  directly onto ord inary pa· 
per (p la in  or colored) or se lected 
offset masters. 

Copies are as 
good as origi nals 

Here  i s  a qua l ity of reproduction 
never before achieved in an  off ice 
copy ing machine.  The XeroX 914 
Cop ie r  reproduces from any or ig· 
i na l  . . .  cop ies  a l l  colors, i n c l ud· 
ing reds and b lues, with sharp 
b lack·on·white f ide l ity. Cop i e s  of· 
ten look better than the or igi na l .  

Versati le  

and fast 

Cop ies  i n  seconds anyth ing  writ· 
ten ,  typed ,  p r i nted ,  stamped,  or  
drawn.  Bus iness ,  i ndustry, and  
government use i t  to copy  letters, 
documents, drawings, f inanc ia l  
statements ,  reports, freight b i l l s , 
charts, arti c les ,  advert isements,  
even pages i n  bound bo'oks. 

What users l ike 

a bout the 914 . . .  
"Automatic, cop ies  everythi ng," 
"Superb qua l i ty of copy." If  you 
are spending $50 or more per 
month for copying  suppl i es,  a 
XeroX 914 can be of real  benefit 
to you. Write to HALOI D  XEROX 
I N C. , 9X.366 H A LO I D  S T R E ET, 
ROCHESTER 3, NEW YORK. 
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Why a re colors ? 
Why is red red ?  Why is b l u e  b l u e ?  O r  
any c o l o r  a n y  c o l o r ?  

Why i s  a th ree l ette r word that s pe l l s  
c h i l d .  Why m ay b e  t h e  most i m p o rtant 
wo rd i n  the c o l o rf u l  world of a c h i l d .  

I t  wo u l d  be wo n d e rf u l  i f  a l l  c h i l d re n ,  
a l l  o v e r  t h e  wo r l d ,  g rew u p  a n d  n e v e r  
sto p p e d  as k i n g  why ; f a r  too often w e  
f i n d  c u r i o s i ty i s  d i s c a rd e d  with  c h i l d -

h o o d  a l o n g  with  l ast y e a r ' s  s n owsu it .  
T h e  c u r i os i ty of c h i l d re n  i s  an asset 

to be treas u re d .  We b e l i eve t h at it  m u st 
b e  fed as carefu l l y as the body.  F o r  we 
at S h e l l  h ave s e e n  w h at h a p p e n s  in l ater  
l i fe w h e n  t h i s  c u r i os i ty i s  n o u r i s h e d .  

That i s  why S h e l l ' s  e d u cati o n al p ro
g ram i n c l u d e s  s c h o l ars h i ps and fe l l ow
s h i ps to stu d e nts as we l l  as the u n i q u e  
S h e l l  M e ri t  F e l l owsh i ps f o r  tra i n i n g  s c i -

e n c e  t e a c h e rs i n  b e tt e r  t e c h n i q u e s .  
F ro m  these s o u rces h ave c o m e  m e n  and 
women to research . . .  some of t h e m  to 
S h e l l .  

T h e y  h ave a d e e p  f u n d  o f  ad u l t  knowl
e d g e  but  they h av e  b e e n  t r a i n e d  to 
k e e p  as k i n g  why.  

Why can't  t h e re b e  better g aso l i n e s ?  
W h y  c a n ' t  m a n  m ak e  e v e n  better fab
rics than n atu re ? Why c a n ' t  we give t h e  
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rm e r  even better weapo n s  to f i g h t  
� s t s  t h at  k i l l  h i s  c r o p s ?  W h y  c a n ' t  
e rybody - everywh e re i n  t h e  wor l d 
, better fed ? 
T h e y  h av e  a l r e a d y  c o m e  u p  w i t h  
'l.ny answers t h at y o u  k n ow - bette r 
e l s ,  b ette r fab r ics ,  better  c rops .  But  
ey st i l l  k e e p  as k i n g  why about atoms 
Id  p e a c e ,  a b o u t  i n n e r  u n g e r  a n d  
I ter  space .  Why? 

Why i s  a c h i l d .  Why i s  $ h e l l  Research .  
We h o p e  that the s ign  of t h e  S h e l l  

re m i n d s  y o u  o f  those p e o p l e  w h o  n ev e r  
s t o p  as k i n g  why,  who n e v e r  sto p t h e  
q u est for  n e w  i d eas,  new p r o d u cts, and 
n e w  ways to se rve you .  
T H E  S H E L L  C O M P A N I ES : S H ELL O I L  C O M PA N Y; 

S H E L L  C H E M I C AL C O M P A N Y :  S H E L L  P I P E L I N E  

C O R P O R AT I O N ;  S H E L L  DEVELO P M E N T  C O M PANY; 

S H E L L  O I L  C O M P A N Y  OF C A N A D A ,  L T D .  S I G N  O F  A B ETTE R  FUTU R E  FOR YO U 
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Bell-powered A gena satellites in orbit - symbolized. 

THE E NGI N E  W ITH THE FUTURE 
Reliability • • •  Efficiency • • •  Flexibility. 
In space, these words have a mill ion-dollar meaning. 

Vast sums of money and vital scientific data ride on 
these built-in attributes of Bell Aerosystem's rocket 
engine for Lockheed's Agena satellite, second stage of 
the Air Force Discoverer series. 

The Agena engine, designed with space in mind long 
before space became a household word, has fulfilled 
its every mission and has placed more tons of useful 
payload into orbit than any other power plant. Its 
operational reliability is backed by six years of develop
ment and 5 ,000 test firings. 

This Bell engine now has re-start capability - the first 
in the nation. This means that its satellite can change 
orbit in space without the penalty of extra engines.  
Presently in production, this engine also is adaptable 
to new fuels and new assignments and, consequently, is 
programmed for important military and peaceful space 
ventures of the future. 

Agena's engine is typical of the exciting projects in Bell's 
rocket propulsion center. It is part of the dynamic new 
approach of a company that's forging ahead in rocketry, 
avionics and space techniques. These skills serve all 
government agencies . Engineers and scientists anxious 
for a new kind of personal challenge can find it at Bell. 

B E LL AEROSY STEMS COMPANY 
B U FFALO 5 ,  N. Y. 

D I V I S I O N  OF BELL AEROS PACE C O R P O RATI O N  
A TEXTRON COMPANY 

© 1961 SCIENTIFIC AMERICAN, INC



How TheIllistocles Planned 

the Battle of SalaIllis 

A newly discovered tablet is the great genera l 's decree on the epe 

of the battle. It reveals that he called for an orderly evacu ation 

of Athens and deliberately chose to meet the Persians in a strait 

E
arly on a September morning in 

the year 480 B.C. Xerxes, king of 
the Medes and Persians, ruler of 

an empire that stretched from India to 
the Aegean Sea, sent his fleet of 1,000 
ships into the narrow strait between the 
island of Salamis and the coast of At
tica. The great king himself sat watching 

by Michael I-I. Jameson 

from an eminence on the mainland near 
the city of Athens, which had been cap
tured and sacked by his enormous army. 
There. in the strait he could see 300 
Greek ships waiting for the onslaught of 
his fleet. Ship after ship of the Persians 
rowed in, only to be rammed and board
ed by the outnumbered Greeks. In the 

mile-wide waters of the strait only a 
few ships of the vast Persian fleet could 
engage the enemy at one time; as those 
in the van attempted to backwater un
der the Greek counterattack they became 
entangled with their own ships pressing 
in from the rear. The Greek victory at 
sea was decisive. Xerxes left for home 

STRAIT OF SALAMIS is viewed from the island of Salamis. 

Across the strait is the Attic mainland. The Persian fleet of 1,000 
ships entered the strait from the right and was met by 300 Greek 

ships. In the narrow waters of the strait the Persians were routed. 

III 
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DECREE OF THEMISTOCLES is this scarred slab found in 1959 
in Troizen, a village in the Peloponnesus across the Saronic 

112 

Gulf from Athens. The slab is about two feet high, 15 inches wide 

and three inches thick. It is now in the National Museum in Athens. 

-- ---- --------------------------------------------
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almost at once, taking a large part of his 
army with him. The rest wintered in 
Greece, but the next year the Greeks had 
the confidence and strength to rout them 
on land as well. The Persian invasion of 
Greece was over. 

The battle of Salamis is one of the 
turning points of history. It enabled 
the Greeks in the following century and 
a half of their independence to make 
their finest and most lasting contribu
tions to Western culture-and most of 
these were made by the Athenians who 
had manned the majority of the Greek 
ships and fought in sight of their own 
ravaged homes and fields. The Athenian 
poet Aeschylus, who was himself at 
Salamis, has given us their rallying cry: 
"0 sons of the Greeks, come, free your 
fatherland, free your children and your 
wives, the seats of your ancestral gods, 
the graves of your forefathers. Now the 
fight is for everything." 

How did the Greeks manage to win? 
The events leading up to the Persian 
invasion and the facts of the victory are 
well known to history. But until 1960 
the record provided no clear picture of 
how the Greeks prepared to face the 
Persian threat. It was known that Sala
mis was fought after the Greek land 
forces had failed to stop the enemy. The 
Athenians, it was thought, had evacu
ated their women and children at the 
last moment, abandoning their country 
to "the Barbarian," and had taken to 
their ships in the forlorn hope that they 
might stand off the Persians at sea. Ex
cept for memorial poems a few lines 
long and Aeschylus' patriotic drama The 
Persians there had been no historical 
sources for the war dating from less than 
50 years after the events themselves. 

About 30 years ago, however, a farm
er of Troizen, a village in the Pelopon
nesus across the Saronic Gulf from 
Athens, unearthed a small marble slab 
[see illustration on opposite page J. One 
side was covered with small engraved 
letters, but they meant nothing to the 
farmer. For some years he used the stone 
as a doorstep. In the spring of 1959 an 
enterprising schoolteacher from the near
by town of Poros learned of the stone and 
persuaded the farmer to contribute it to 
a collection of inscriptions, coins and 
pottery from the ancient city of Troizen 
that he had on exhibition in a local cof
feehouse. There it rested when, in the 
summer of that year, my wife and I 
visited the village in search of inscrip
tions and other evidence bearing on the 
history of the area. 

The inscription was badly damaged 
on one side, but close examination es-

tablished that the letters had been in
scribed not earlier than the latter part 
of the fourth century B.C., or about 150 
years after the Persian Wars. As usual, 
there were no spaces and no dividers 
between words, and no punctuation, ex
cept for an empty space, equivalent in 
length to two letters, occurring at the 
end of two sentences. But like many in
scriptions of that period, this one was 
engraved on an exact grid that allowed 
the same amount of space for each letter. 
This fact had important consequences in 
the eventual reading of the text, because 
it meant that even where the stone was 
badly damaged the precise number of 
missing letters could be determined. 

Something of the nature of the docu
ment was also apparent. It must have 
been a decree, a resolution passed by 
a public body. "The Council and the Peo
ple" was quite clear at the end of a line 
near the beginning of the inscription, in 
a form that suggested the common for
mula: Resolved by the Council and the 
People. . . .  A decree of even an in
significant independent state such as 
Troizen had been would still be valu
able, and here were more than 40 lines 
of text. 

But further examination showed it 
was not a decree of Troizen. After the 
reference to the council and the people 
came another formula: So-and-so, son 

BUST OF THEMISTOCLES was found at Ostia, near Rome. This bust was copied from an 

original that was made about 470 B.C., only 10 years after the Greeks defeated the Persians. 
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of so-and-so, Phl'eaTrios, made the mo
tion. Phl'earrios identified the originator 

. of the decree as coming from a par
ticular township of Athens, so the text 
was a decree of Athens and not of 
Troizen. This was confirmed by the 
spelling of such words as I could make 
out; it was perfectly normal fourth
century Athenian. What, I wondered, 
was the inscription doing here? 

I could see references to "Salamis" 
and "the Barbarian," and I remembered 
that when the Athenians had evacuated 
their women and children in 480 B.C. 
they had sent them to Troizen and safe
ty behind the narrow, defensible Isth
mus of Corinth, which protected the 
Peloponnesian peninsula against inva
sion from the mainland. Perhaps, then, 
this was a fourth-century Athenian de-

cree recalling the past kindness of the 
people of Troizen and set up in Troizen 
for that reason. In the latter part of the 
fourth century, when Greek independ
ence was again under threat-this time 
from Philip and Alexander of Macedon 
-Troizen and Athens had renewed their 
ties. Even the name of the mover of the 
decree, when I made it out, seemed to be 
a link with the great days of the past. 
It proved to be Themistocles, the name 
not only of the Athenian general of the 
Persian Wars but also of one of his de
scendants in fourth-century Athens. 

Not until I was back at the University 
of Pennsylvania did I have a chance 

to study the text with due care. It then 
became clear that although the inscrip
tion could not have been cut in the stone 

, 
, 

before the fourth century, the text itself 
belonged to the time of the Persian 
Wars. 

I had a photograph, made just before 
sunset with the light at an oblique angle 
to the inscribed face and so putting 
most of the incisions in shadow; I had a 
"squeeze," an impression made by 
pounding wet filter paper onto the stone 
and removing it when dry; and I had a 
transcription of all the legible letters plus 
notes on more doubtful traces, the re
sult of repeatedly working a wash of 
rubbed charcoal and water over the 
damaged surface. (The grains of char
coal would wash into the otherwise in
visible grooves for a fraction of a second 
and permit a reading.) The readings 
from these combined sources were 
plotted on graph paper with spaces left 
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ROUTE OF THE PERSIAN ARMY (solid colored line) and 

that of the Persian navy (broken line) are traced in the map 

at left. The map at right shows the routes in the VICInity of 

Athens. Sardis was the capital of Xerxes, king of the Persians. 
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for the missing letters. To fill in these 
gaps was a matter of catching the sense 
of the legible portions and completing 
the sentences in correct Greek of exactly 
the right number of letters. Thus, al
though a third of more than 1,900 letters 
in the surviving portion of the text have 
had to be restored, the reading is really 
doubtful only for a gap of 21 letters. 

As I began this task I decided to test 
a suspicion that had been forming in my 
mind� Plutarch's biography of Themisto
cles, written in the second century A.D., 
tells how in 480 B.C. Themistocles moved 
the decree for the evacuation of the 
women and children of Athens to Troi
zen. In fact, Plutarch even seems to 
quote from such a decree. I plotted his 
words on the graph paper at the begin
ning of the text of the supposed fourth-

century decree. The first 10 words 
agreed exactly: "To entrust the city to 
Athena the Mistress of Athens." As the 
restoration proceeded it became clear 
that this was the very decree moved 
by the general Themistocles, which the 
Athenians had voted as Xerxes advanced 
upon them in 480 B.C. Here, in fact, was 
the first contemporary document of the 
Persian Wars-a large page from the war 
plan for one of the most critical battles 
in Western history. It proved to be full 
of surprises. 

In a few weeks of intensive work, in 
co-operation with Benjamin D. Meritt 
and other specialists in Greek inscrip
tions at the Institute for Advanced 
Study in Princeton, N.J. , the text was re
stored. The decree probably began with 
an invocation to the gods, though the let-

G U L F 

POROS 

ters are no longer legible. Except for the 
gap of 21 letters occurring later in the 
text, the reconstruction is otherwise com
plete. A translation (with some explana
tions in brackets) follows: 

"Resolved by the Council [of 500 
members representing all the townships 
of Attica and selected by lot for one 
year] and by the People [all free men 
meeting in assembly]' on the motion of 
Themistocles, son of Neocles, of the 
township Phrearri: to entrust the City 
to Athena the Mistress of Athens and 
to all the other gods to guard and 
defend from the Barbarian [the term 
meant only non-Greek, in this case the 
Persians, and was not necessarily de
rogatory] for the sake of the land. The 
Athenians themselves and the foreigners 
who live in Athens are to remove the 

The Persians first met resistance from the Spartans at Thermopy. 

lae, and from the Greek navy near Artemision. The Persians then 

took Athem, which had been evacuated. The women and children 
of Athens were sent to Troizen, where the tablet was found. 
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ROMAN LETTERS SIXTH FIFTH I FOURTH SECOND I DECREE 
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TABLET IS DATED to the fourth century B.C. by the character 
of the letters on it. This table shows how six letters of the Greek 

alphabet used at Troizen changed from sixth century B.C. to the 
second. Column at right shows letters that appear in decree. 

women and children to Troizen [gap of 
21 letters] the founding hero of the land. 
The older men [over 50] and the mov
able possessions are to be removed to 
Salamis [the island off the coast of At
tica] . The treasurers [of the gods' pos
sessions] and the priestesses are to re
main on the Acropolis [the ancient 
citadel and holy place of Athens] and 
protect the possessions of the gods. 

"All the other Athenians and for
eigners of military age are to embark 
[as oarsmen and marines] on the 200 
ships that lie ready [the rest of the 300 
ships were manned by non-Athenian 
Greeks] and defend against the Bm·bar
ian for the sake of their own freedom 
and that of the rest of the Greeks, along 
with the Spartans, the Corinthians, the 
Aeginetans [the Athenians' bitterest 
enemy] and all others who wish to share 
the danger. 

"T he generals [10 in number, elected 
from each of the 10 tribes] are to 

appoint, starting tomorrow, 200 ship 
commanders, one to a ship, from among 
those who have land in Athens and 
legitimate children and who are not 
older than 50; to these men the ships 
are to be assigned by lot [to avoid any 
charges of favoritism by the generals] . 
The generals are also to enlist marines, 
20 to a ship, from men between the ages 
of 20 and 30, and four archers to a ship. 
They are also to assign the petty officers 
[the skilled seamen] to the ships at the 
same time that they allot the ship com
manders. The generals are also to write 
up the names of the crews of the ships on 
white boards, taking the names of the 
Athenians from the registers kept in each 
township [for electoral purposes] and 
the foreigners from those registered with 

1 16 

the war officer. They are to write up 
the names, assigning the whole number 
to 200 equal divisions, and to write 
above each division the name of the ship 
and the commander and the names of 
the petty officers so that each division 
may know on which ship it is to embark. 
When all the divisions have been com
posed and allotted to the ships, the 
Council and the generals are to complete 
the manning and outfitting of the 200 
ships, after sacrificing a placatory offer
ing to Zeus the Almighty [the chief god 
of the Greeks]' Athena, the goddess 
Victory and Poseidon the Securer [god 
of the sea] . 

"When the manning of the ships has 
been completed, with 100 of them they 
are to meet the enemy at Artemision in 
Euboea [the sanctuary of the goddess 
Artemis at the northern tip of the island 
of Euboea] , and with the other 100 of 
them they are to lie off Salamis and the 
rest of Attica and guard the land. 

"In order that all Athenians may be 
united in their defense against the Bar
barian, those who have been sent into 
exile for 10 years are to go to Salamis 
and to stay there until the People come 
to some further decision about them, 
while those who have been deprived of 
citizen rights are to have them restored 
[with the probable exception of those 
who were religiously tainted]." 

To entrust their city to the goddess 
Athena was in fact to abandon all hope 
for a human defense against the vastly 
superior Persian land force (half a mil
lion men by the lowest of the ancient 
sets of figures) . Athens at this time prob
ably had not many more than 30,000 
male citizens between the ages of 18 
and 50. But the Athenians were not pre
pared to surrender. All men under 50 

were to row the war galleys, and even 
the men over 50 were to serve as a home 
guard on the island of Salamis. They 
would sacrifice their city and their land 
for a chance to defend their freedom 
at sea. 

Only one provision seems inconsistent 
with this plan: the requirement that the 
treasurers and priestesses stay on the 
Acropolis. Later historians tell us that 
the leaders of Athens had quarreled over 
defense policy and had consulted the 
oracle of Apollo at Delphi. In replies that 
were generally defeatist, the oracle had 
recommended that the Athenians rely 
on "wooden walls." Themistocles in
sisted that this referred to the 200 ships 
he had got the Athenians to build with 
surplus revenue from the state's silver 
mines. But more conservative voices 
claimed that the god was recommend
ing a wooden stockade on the old citadel. 
Here we seem to have a concession to 
this faction. Perhaps it was hoped that 
the barbarian would respect the sacred 
officials and the sacred places. As things 
turned out the Persians sacked and 
burned the Acropolis and killed every
one they found upon it. 

The decree bears no explicit date, as 
appears to have been the rule in early 

Athenian public documents. But the de
cision that half the fleet was "to meet the 
enemy at Artemision in Euboea" estab
lishes the significant fact that the decree 
was adopted before the great naval bat
tle off that point. To develop the full im
pact of this vital piece of information, 
the progress of Xerxes' huge army and 
navy must be traced. 

The Athenians had first come to the 
notice of the Persians some 20 years be
fore, when they had sent token support 
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across the Aegean Sea to Greek cities on 
the west coast of Asia Minor that were 
rebelling against the Persians. Athens' 
part in the revolt gave Darius, Xerxes' 
father, the excuse to plan a conquest of 
the Greek islands and mainland. In 
490 B.C. he sent an exploratory force by 
sea to Marathon, on the east coast of 
Attica. There Athenian infantry caught 
the Persians half in and half out of their 
ships and won a famous victory. 

Xerxes inherited from his father not 
only the Persian empire but the deter
mination to punish the Athenians and to 
conquer Greece. He realized he must 
send a larger force than could be trans
ported by ship across the Aegean. His 
preparations, delayed by a revolt in 
Egypt, took several years. They included 
two bridges of boats across the Helles
pont, the swift-running channel dividing 
Europe from Asia; a ship canal cut 
through the base of the mountainous 
peninsula of MountAthos in northeastern 
Greece, off which an earlier Persian ex
pedition had lost its fleet in a storm; and 
numerous depots of stores along the 
route. Xerxes himself accompanied his 
army from Sardis in Asia Minor in April 
of 480 B.C. It took a whole month (May) 
to cross the Hellespont. By late July he 
was at Therma in Macedonia and there 
received tokens of submission from a 
number of Greek states. 

Meanwhile the Athenians had joined 
with other Greeks under the leadership 
of Sparta. They first met the invader in 
force at Thermopylae, a narrow passage 
between the mountains and the sea that 
was the chief entrance into central 
Greece. Xerxes' fleet, gathered nearby at 
the entrance to the channel between the 
long island of Euboea and the mainland, 
also found itself opposed by Greek ships 
based on the island, at Artemision. 

At . Thermopylae the Spartan king 
Leonidas and a handful of men fought to 
the death when they were overwhelmed 
by vast numbers before them and out
flanked by picked Persian troops led 
down a mountain path to their rear. The 
epitaph of the Spartans has been pre
served: "Stranger, tell them in Sparta 
that we lie here, obedient to their word." 
Nearby the Greek fleet, despite heavy 
losses, held the Persians off until the 
news came from Thermopylae, where
upon the Greeks withdrew to Salamis, 
near Athens. 

Both ancient and modern historians 
have always said or implied that it was 
only then that the Athenians decided to 
abandon their city and take to their 
ships. With the Persians streaming 
through central Greece toward Athens, 
and with no sign of a Spartan-led army 

ANCIENT TROIZEN lay beyond the tower at right, the base of which was built in the third 
century B.C. In the distance is the harbor where the Greek fleet assembled before Salamis. 

BAITLE OF MARATHON was fought on this site. Here the Greeks defeated the Persians 

during the reign of Darius, father of Xerxes. The battle was fought 10 years before Salamis. 
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Tin-lined copper tube re
cently developed combines tin's 
corrosion resistance and malle
ability with the strength and duc
tility of copper. Pure molten tin 
is gas-propelled through the tub
ing to form a continuous, fusion
bonded tin lining that will not 
chip, crack or peel, and can be 
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bent, flared, flattened or soldered. 
Tin provides immunity to cor
rosive sulfur conditions found in 
some natural gas and petroleum 
products; affords excellent resist
ance to flaking action that can 
plug lines and orifices and create 
hazards with gas appliances. The 
tin lining also prevents contami
nation of fluids in process lines 
of food, beverages, pharmaceu
tical and water distilling equip
ment and for sampling lines to 
laboratory or control instruments, 
according to its producers, Phelps 
Dodge Copper Products Corp. 

Acid pickling of steel be
fore hot tinning produces maxi
mum bond strength of bearing 
metal to steel. Shot blasting prep
aration lowers bond strength, 
possibly because of distortion, 
folding and flowing during pre
cleaning. 

FREE Brochure 
16 interest ing 
pages of  informa
tion about the 
latest uses of tin 
in U.S. industry. 
Write today for 
your copy. 

The Malayan Tin Bureau 
Dept. S-lSC, 2000 K St., N.W., Washington 6, D.C. 
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on the mainland side of the Isthmus of 
Corinth, the decision was supposedly 
taken in desperation and haste. It is now 
clear from the inscription found at 
Troizen that this was not the case. 

The decree was passed before Artemi-
sion and so also before Thermopylae. 

It was not the result of last-minute panic 
but a magnificently cool and courageous 
decision made before Xerxes had even 
entered Greece. The fact that the Atheni
ans decided to send only half of their 
200 ships to Artemision shows they did 
not intend that action to be an all-out 
effort any more than the Spartans in
tended to risk everything on the defense 
of Thermopylae. Both were meant to be 

delaying actions: one to hold off the 
Persian army while the Peloponnesian 
cities strengthened their fortifications on 
the Isthmus of Corinth; the other to stall 
the Persian navy until reinforcements 
came up to Salamis from the west. 
Salamis was the key to Themistocles' 
plan of defense from the very beginning. 
It was no accident that in its waters the 
Persians met their defeat. 

Themistocles had not been blinded by 
the remarkable victory at Marathon 10 
years earlier, won by the heavy infantry. 
He saw that when the Persians came 
again, as they certainly would, Athens 
could not hope to face the full force of 
the Persian army. On her ships, however, 
she could use all her citizens-even those 

WALL OF THE ACROPOLIS of Athens is set with sections of columns from a temple 

that was a predecessor of the Parthenon. This temple was destroyed by the Persians, and the 

columns may have been built into the wall by the Athenians to commemorate Persian defeat. 
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who could not afford a suit of armor. In 
the narrow waters between Salamis and 
the coast of Attica the greater numbers 
and speed of the Persian fleet would be 
neutralized. Furthermore, the Persian 
fleet was not Persian at all but was 
manned by Phoenicians, Egyptians and 
-most important-reluctant Greeks of 
Cyprus and Asia Minor pressed into 
Persian service. When the moment came, 
the Athenians-with their fathers on the 
shores of the island and their homes be
fore their eyes-could be counted on for 
a supreme effort. 

In the end, according to the ancient 
writers, Themistocles had to threaten 
wholesale emigration of the Athenians 
to Italy in order to keep his allies at 
Salamis; it is even said that he lured 
Xerxes into attack with a secret· message 
saying that the Greeks were about to flee. 
Whether these embellishments of the 
story are true or not, the plan worked. 
Athens not only won Salamis but 
emerged at the end of the war as the 
strongest naval power in Greece. Her 
navy was in turn the foundation of her 
democracy, since the navy was manned 
by the people. 

It may seem strange that this heroic 
version of the evacuation of Athens and 
the victory at Salamis has not survived 
in the historical sources. This is partly 
because the chief ancient source-Herod
otus-gathered much of his material in 
Athens at a time when the people were 
bitterly hostile to the Spartans and pre
ferred to think of themselves as having 
been forced to leave their country be
cause the Spartans had withdrawn their 
land forces. Later, when the decree of 
Themistocles was circulated more wide
ly, to judge by references and quotations, 
it was only the first patriotic paragraphs 
that were cited and not the details of 
mobilization, nor the revealing mention 
of Artemision. 

This raises a final puzzle. How is it 
that the only text comes from a fourth
century inscription at Troizen? Some 
scholars have suggested that our text 
is not a true copy of the original of 
480 B.C. but a patriotic reconstruction 
or, to put it bluntly, a forgery of the 
fourth century. This view fails to ex
plain the marked differences between 
the decree and the accepted tradition. 
A reconstruction or forgery can be ex
pected to follow tradition as much as 
possible. The problem really is: How 
did the text survive, despite the Persian 
destruction of Athens and an undevel
oped system of state archives in the 
fifth century? 

The explanation is probably to be 
found in the later career of that brilliant 

but difficult leader Themistocles and in 
the history of his descendants. He him
self, as chairman of the board of gen
erals who supervised the mobilization, 
is sure to have had a copy of the decree, 
and later he was not likely to let the 
Athenians forget that he had been the 
author of their salvation. For nearly a 
decade after the victory over Persia he 
dominated the political scene at Athens, 
fighting to strengthen her against her 
former ally, Sparta. But then he was 
exiled by the Athenians, accused of col
lusion with the Persians and hunted out 
of Greece. Not surprisingly, he took re
fuge with the Persian court, learned the 
language and won great favor. He was 
made governor of three Greek cities in 
Asia Minor and there he died. 

I-Jis sons were eventually restored to 
Athens and kept his memory alive 

with various public dedications. The 
family continued to flourish in fourth
century Athens (and, as a matter of fact, 
on into at least the first century A.D.). 
In this period, as the kingdom of Mace
don in the north grew in power and 
threatened to dominate Greece, there 
was a revival of patriotic sentiment in 
Athens and a renewed interest in the 
stirring texts of its glorious past. No 
doubt with the encouragement of the 
descendants of Themistocles, his decree 
took on the function of a Declaration of 
Independence or a Gettysburg Address. 
Even after the conquest of Greece by 
Macedon and then by Rome the decree 
continued to be read and declaimed. 

Troizen had close ties with Athens at 
the time of the Macedonian threat. After 
the Greek defeat at Chaeronea in 338 
B.C. the pro-Athenians in Troizen were 
exiled. They were given citizenship at 
Athens precisely because their city had 
sheltered the Athenian refugees in 
480 B.C. \Vhen they were able to return 
home, they doubtless saw to it that their 
City was friendly to Athens. They would 
have made the most of their city's com
mon cause with Athens 150 years earlier. 
What better testimonial of this than 
Themistocles' decree? It may even be 
surmised that the stone inscribed with 
the decree was displayed in a portico of 

. the market place, where the Athenians 
had dedicated statues of the women and 
children who had taken refuge atTroizen. 
Most probably the stone was no longer in 
its original location when found. Only 
thorough excavation of the area will tell. 
One cannot help wondering what other 
documents lie hidden in the ruins of the 
lesser cities of ancient Greece, which 
have been neglected so far in favor of 
more famous sites. 
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Diamonds polish dies for plastic dinnerware 

Diamonds machine ce1'amic parts 

EACH OF THESE JOBS IS NOW DONE BETTER AND 

CHEAPER WITH DIAMONDS 

Other abrasives and cutting tools were once used to perform every job shown here. But 

it was found, in every case, that diamonds do the work better, last longer, are more 

economical than the old way. 

These pictures prove the versatility of diamonds, too. Look at the different kinds 

Diamonds remove bumps from concrete runways and highways 
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Diamonds edge automotive safety glass 

of jobs they can do-everything from polishing the sensitively controlled dies that shape 
plastic dinnerware to shaving the bumps from a concrete jet runway. 

If you cut, sharpen or smooth in your business, you can probably use diamonds 

to advantage. Next time you buy wheels or tools, ask for diamonds. Test them against 

the method you're now using. You'll find out how economical a diamond can be. 
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Diamonds flrind chip-control splits in crankshaft drill 

INDUSTRIAL DIAMONDS 

CUT PRACTICALLY EVERYTHING . . .  

ESPECIALLY YOUR PRODUCTION COSTS 
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LEE WAVES IN THE ATMOSPHERE 

Formed down\vind fronl hills and mountains, the waves create 111any 
strange and beautiful cloud types. Meteorologists neglected lee \vaves 

until sailplane pilots began exploiting them to reach great altitudes 

W
hen the wind blows over hills 
or mountains, it often sets up 
large but invisible waves in the 

atmosphere. Because these waves extend 
downwind from the high ground they 
are called lee waves. Aircraft flying into 
them may be carried swiftly upward or 
downward with disastrous consequences. 
Fortunately this hazard has largely been 
removed in the last decade as meteorolo
gists and others have learned how to 
recognize the presence of lee waves and 
can warn pilots when to watch for them. 
Today pilots of light aircraft often save 
fuel by riding the waves in the right way. 
Many have learned this technique as 
sailplane pilots; in fact, sailplane pilots 
were the first to investigate lee waves. 

The waves frequently reveal their 
presence in characteristic cloud forms. 
Some of the most spectacular lee-wave 
clouds can be seen along the eastern 
slopes of the Sierra Nevada, the moun
tain range that parallels the Pacific Coast 
in California. But almost any ridge of 
hills will produce striking lee-wave 
clouds from time to time. 

It is curious that meteorologists were 
so slow to appreciate and to study lee 
waves, because waves of some sort are 
produced in almost all matter-solid, liq
uid or gas-when it is subject to a dis
turbing force. We are familiar in every
day life with sound waves in air, waves 
on the surface of water and tides in the 
ocean. Such waves are called gravity 
waves when gravity provides the force 
that returns the medium to its original 
position after it has been disturbed. 
[They are not to be confused, however, 
with the hypothetical gravitational 
waves that travel through space with the 
speed of light. These are discussed in the 
article "Gravity," by George Gamow, be
ginning on page 94.} 

The lee waves that concern us here 
are gravity waves of a speCial type. Thev 
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by H. S. Scorer 

are analogous to the standing waves cre
ated when a stream of water passes over 
an obstacle. The water does not hump 
upward, as one might naively think, but 
actually starts to dip downward slightly 
ahead of the obstacle and reaches a low 
point just beyond it [see top illustmtiol1 
all page 126}. The key to this seeming 
paradox is that the obstacle has the effect 
of reducing the size of the channel; if the 
same amount of water is to pass the 
obstacle as Hows down the unobstruct
ed channel, it must momentarily speed 
up. To be speeded up the water must 
on the whole flow downhill in order to 
gain the additional energy of motion re
quired. One's first thought, that the wa
ter humps upward over the obstacle in 
order to get by, is ruled out because 
there is no source for the additional en
ergy required to lift the water. This is in 
accordance with the famous Bernoulli 
principle, which states that if a liquid is 
speeded up it must at the same time 
How toward a region of low pressure in 
order to acquire the additional energy. 
When the surface dips down, the pres
sure due to the weight of water above is 
of course reduced. 

Air Howing over a hill or mountain 
obeys the same rules, except that now 
we are concerned with the flow patterns 
inside the stream rather than with the 
How at the surface. The atmosphere has 
no definite upper surface, and there is 
an added complication: the air decreases 
in density with increasing altitude. 
Moreover, the decrease seldom proceeds 
at a constant rate. The rate may vary 
with altitude and it may vary from one 
hour to the next. The closest analogy to 
the atmosphere is a Huid consisting of a 
series of layers of different density, some
times merging together imperceptibly, at 
other times remaining quite distinct. 
Such a Huid is said to be stratified. The 
stratification is stable because gravity 

tends to return the layers to their orig
inal horizontal position. We are now 
ready to consider the problem of analyz
ing the How of air, stratified in complex 
fashion, over an obstacle of complex 
shape. 

.N the stratified air Hows over a hill or 
mountain it first dips downward and 

then enters into the series of equallv 
spaced undulations called lee waves [see 
bottom illustration all page 128}. The 
time required to execute one complete 
wave oscillation is determined by the 
degree of stratification of the air. In strat
ified air of considerable stability, the 
density of which drops rapidly with alti
tude, the time for one oscillation may be 
only about 20 seconds. When the stratifi
cation is less intense, the time may run 
as high as five minutes. 

In other words, a steep density gra
dient produces a strong restoring force; 
a smaller density gradient, a weaker 
force. The distance travelled by the air 
in the time required for one oscillation 
depends on the wind speed, so that the 
wavelength is determined by two fac
tors: the stability and the wind speed 
of the airstream. Typical wavelengths 
are between one and 10 miles. The long
est wavelengths are produced by strong 
winds and low degrees of stability. 

Unlike the gravity waves that would 
be produced in the atmosphere by a 
large explosion, lee waves are standing 
waves. So long as atmospheric condi
tions remain constant, their crests and 
troughs remain fixed in one place. Yet 
lee waves are actually traveling. They 
are traveling through the air against the 
wind with a speed exactly equal and 
opposite to that of the airstream. There 
is a simple explanation for their unique 
wavelength. Waves of different length 
travel at different speeds; the shorter the 
wave, the slower its speed. Thus short 

© 1961 SCIENTIFIC AMERICAN, INC



LEE WA YES CREA TED BY MOUNT COOK in New Zealand car

ried Philip Wills to a British soaring record of 30,400 feet in 

December, 1954. He made this photograph at 20,000 feet as his sail

plane seemed to be hanging almost motionless in the strong wind 

(blowing from the right), but was actually being lofted at 20 feet 

a second by a mountainous lee wave. When the plastic cockpit cover 

of his sailplane began to splinter in the sub-zero air, Wills, dressed 

only in light summer clothes, was forced to turn back. Mount 

Cook lies shrouded under the cap cloud to the right. The line of 

smaller clouds to the left marks a cresting of the first lee wave_ 
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LEE WAVES IN WATER ripple downstream from a submerged obstacle, as shown in the 

photograph at top. The diagram illustrates the origin of the waves; the water must speed 

up to pass the obstacle obstructing the channel, and to do so it must briefly flow downhill. 
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LEE WAVES IN AIR have the same origin as those in water (top 0/ page). The obstacle 

obstructs the passageway; the air must speed up to maintain a constant flow rate; the same 

net downhill flow occurs. The flow pattern illustrated is only one of many that are possible. 
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waves will be carried away downwind, 
while longer ones will race away up
stream, leaving behind, motionless in 
space, the waves whose speed exactly 
matches that of the airstream. The 
length of lee waves, therefore, is mainly 
a property of the airstream. 

It is another matter when we come to 
amplitude: the height of the waves from 
trough to crest. Here the shape of the 
obstacle plays a major role. This does 
not mean that a high ridge or a moun
tain necessarily produces high waves, 
and a small hill low waves. The relation
ship is more subtle and requires compli
cated mathematics for its explanation. 

One result of the computations is to 
confirm what one would expect intuitive
ly. If the obstacles are regularly shaped
or, better yet, wave-shaped-the highest 
amplitudes will be produced by those 
that have a width of about one wave
length [see illustration at top left on 
page 130]. A symmetrical ridge about 
three miles wide will produce high 
waves when the airstream executes 
waves three miles long, and relatively 
shallow waves when the natural wave
length is shorter or longer than three 
miles. Moreover, as one might suspect, 
wavelengths that are simple multiples of 
the width of the obstacle (six and nine 
miles for the example just cited) will 
have greater amplitudes than waves that 
are not simple multiples. 

Most natural obstacles are not regu
larly shaped, however, and it turns out 
that the precise shape of the hill has 
a great bearing on amplitude. To use 
the kind of argument that delights math
ematicians, we can imagine two ridges so 
shaped that they produce two sets of lee 
waves of the same amplitude. If we now 
construct a range of hills from these 
ridges, placing them half a wavelength 
apart, their two wave trains will exactly 
cancel each other, because the crests of 
one will coincide with the troughs of the 
other [see middle illustration at top of 
pages 130 and 131]. If the ridges are 
placed a full wavelength apart, the lee 
waves will coincide and reinforce each 
other, producing waves of increased 
amplitude. 

This argument has further ramifica
tions. If an obstacle, such as the range of 
hills just constructed, produces no lee 
waves, we can assume that it could be 
chopped in two (at random) and that 
each piece standing alone would neces
sarily produce waves of the same ampli
tude as the other but exactly out of 
phase. But if we now cut the air speed 
in half we get waves of reinforced ampli
tude where previously the waves had 
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SIERRA WAVE CLOUDS form on the lee (eastern) slope of the 

Sierra Nevada in California. The clouds mark the presence of lee 

waves formed in the atmosphere when the wind blows over obstacles. 

IRIDESCENT CLOUD is a fairly common type of wave cloud 

in which water droplets, smoothly graded in size across the cloud, 

diffract light of different wavelengths through different angles. 

LA YERS OF WAVE CLOUDS stack up three deep in the lee 

wave of the Sierra Nevada. The low, puffy clouds are extremely 

turbulent, but the ail' above is smooth. The view is to the south. 

CLOUDS IN HILL COUNTRY can blanket the sky for miles, 

as do these clouds in North Wales. They can be identified as wave 

clouds because they appeal' to stand more or less motionless. 

ICE TRAILS form in long streamers downwind from wave clouds 

when water droplets freeze inside a cloud and fail to evaporate 

on being carried out of it. This scene is neal' Loch Ness in Scotland. 

UNE PILE D'ASSIETTES is the name the French have given to 

wave clouds so neatly stacked they resemble a pile of plates. These 

plates appeared neal' the Maritime Alps northeast of Marseilles. 
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WAVE CLOUDS OVER THE ALPS dramatically outline the undu· 

lations of lee waves formed in the stable air currents flowing from 

ANAL YSIS OF LEE WAVES shows successive positions of a 

vertical column of air as it is carried downstream by the wind. 

A t position 1 the air at various levels has started to dip down· 

ward, causing the column of air to tip forward. At 2 the air at 

the lowest level is moving faster than the air above it, causing 

right to left (roughly, west to east) over the 13,600·foot Jungfrau 

in Switzerland. J n the foreground is part of the great Aletsch Gla,·ier. 

the air column to rotate counterclockwise and tip backward at 3. 
After the column of air reaches 4 the whole cycle repeats. The 

air speed at the base of the columns is proportional to the length 
of the horizontal arrows. If a weather balloon were released into 
the lee waves, it would describe the sinuous path indicated. 
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canceled out. This is so because halving 
the air speed would halve the lengths of 
the lee waves contributed by the ob
stacle's two components, which we have 
imagined to constitute the mountain. 
The shorter waves now fall in phase and 
reinforce each other. 

To sum up, the amplitude of lee waves 
depends on two factors: the shape and 
size of the obstacle, and the natural 
wavelength of the airstream. The latter, 
in turn, is determined mainly by the air
stream profile-a composite graph show
ing how the density and speed of the air
stream vary from the ground upward. 
Mathematical examination of the two 
variables shows that a weakening of the 
wind has the same effect as intensifying 
the stability. Thus many different air
streams may be equivalent. 

One might expect that if the airstream 
profile were very complicated, the wave
length could not be the same at all alti
tudes, but this is not the case. By having 
various amplitudes at various levels the 
layers interact with one another and end 
up with the same. wavelength. The 
waves of greatest practical and meteor
ological interest are those having a large 
amplitude at an altitude somewhere be
tween 1,000 and 20,000 feet, where 
there are clouds and where most aircraft 
fly. Waves of this kind occur, for ex
ample, when there is a large degree of 
stability with moderate winds below 
10,000 feet, and lesser stability and 
stronger winds higher up-between 
15,000 and 40,000 feet. Such conditions 
are fairly common, and weather forecast
ers can predict them with reasonable 
accuracy. Of course, the amplitude of 
the waves still depends very much on 
the shape of the mountain. 

When the winds at 25,000 feet are 
blowing at 50 to 120 miles per hour, the 
inclination of the flow in the wave can 
be as steep as 10 to 15 degrees to the 
horizontal. The upward or downward 
component of the air's motion may be as 
much as 20 m.p.h., or nearly 2,000 feet 
per minute. Vertical speeds of 1,000 feet 
per minute are very common, and speeds 
five times as great must occasionally be 
reckoned with. 

In the 1930's, when flying at night or 
in clouds became commonplace, these 
fast-moving currents caused many acci
dents. The pilots evidently did not per
ceive that they were being swept down
ward because the drop began insidiously 
and without any warning bumpiness. 

Most of the earliest knowledge of lee 
waves was contributed by sailplane 

pilots, who discovered to their surprise 

that the air currents on the lee side of 
hills and mountains were often more 
favorable for soaring than those to wind
ward. In the early days of sailplane fly
ing it was customary to soar where the 
wind blew up the face of a hill. This 
was called hill soaring, or soaring in hill 
lift. But as we have seen, a height is soon 
reached where the airflow is inclined 
downward instead of upward above the 
face of a hill. Th us hill soaring seldom 
carried a sailplane more than a few hun
dred feet above the hilltop. 

By soaring in wave lift, or wave soar
ing, sailplane pilots can often exceed the 
height of the hill many times over. The 
reason is simply that the upslope flow 
in lee waves usually extends higher and 
is more inclined than the flow up the 
face of the hill. At Dunstable, in south
ern England, the members of the London 
Gliding Club soared for years in the lift 
from a modest 230-foot hill, seldom 
being carried above 800 feet. But by ex
ploiting the lee wave one sailplane pilot 

. has now soared to nearly 3,000 feet 
above the foot of the hill, an ascent of 13 
times the height of the hill producing 
the wave. 

Historically the exploration and ex-
ploitation of lee waves began in Ger

many. Here as in some other places wave 
clouds formed by lee waves have long 
been known by folk names. The Moaza
gotl, for example, was named after 
Gottlieb Motz, a farmer who watched 
this stationary cloud over the Reisen 
Gebirge and was fascinated because the 
strong wind did not bring it down from 
the mountain toward his field. It was 
near the Moazagotl that Wolf Hirth 
made the first recorded wave flight in 
1933, and by 1939 flights up to 28,200 
feet had been achieved there. In 1940 E. 
Klockner was towed to 20,000 feet and 
then soared to 37,400 feet in the lee 
waves formed by the Grossglockner in 
the Austrian Alps. 

This and many other flights were made 
by members of the D.F.S. (Deutsche 
Forschungsinstitut fur Segelflug-the 
German Research Institute for Soar
ing), who were the first to use wave 
clouds to detect the location of lee 
waves. D.F.S. flights also led to the first 
serious analysis of lee waves by com
petent mathematicians. The work of 
Gerhard Lyra in 1943 was the first to 
pOint to a proper theory. 

It was a number of years before sail
plane pilots outside Germany developed 
a good understanding of lee waves, espe
cially where the ground contours were 
complex. For example, at Camphill in 

central England, where the 1954 World 
Gliding Championships were held, the 
ridge where hill soaring is done stands 
to the east of another parallel ridge. 
When the wind blows from the west, the 
hill lift normally used may coincide with 
the upslope of the lee wave formed by 
the hill to the west; when the wave and 
the hill lift thus reinforce each other, 
they produce fine soaring conditions. At 
other times the two waves may fall out 
of phase, canceling each other and spoil
ing the fun [see illustrations on page 
132J. These queer goings on were .not 
properly understood until 1953, some 20 
years after they were first observed. The 
explanation was finally provided by 
Derek Roper, who had often soared at 
Camphill. 

Since then many complicated lee
wave patterns have been explored and 
exploited in hundreds of sailplane flights 
in many parts of the world. For example, 
during the 1954 World Gliding Cham
pionships, Philip Wills (then the world 
champion) made a remarkable ascent 
through a cloud layer whose upper struc
ture, shaped into great ridges and val
leys stretching as far as the eye could 
see, showed him the exact position of 
the waves. He was thereby enabled to 
travel many miles by soaring in a swift 
hop from the upslope side of one wave 
to the next, where he gained enough 
height for the next hop across the down 
current. 

Wills made a still more remarkable 
flight in the Mackenzie Basin of New 
Zealand in December, 1954. After being 
launched by a winch he flew to the lift 
of a little hill, then circled upward in a 
thermal current the sun had generated 
over the hot ground. This gave him suffi
cient altitude to find the lee waves pro
duced by the flow of air over the main 
range of the Southern Alps in the vicinity 
of Mount Cook [see top illush·ation on 
page 134]. Wills's unplanned flight, 
made in shirt sleeves in a third-hand 
prewar German sailplane, carried him to 
30,400 feet. Since he was equipped with 
oxygen and was kept reasonably com
fortable by the intense sunshine, he 
could have soared even higher, but the 
cold outside air cracked his cockpit cov
er, obliging him to descend. 

The world's altitude record for sail
planes is 44,255 feet. The record was 
made in March, 1952, by Larry Edgar 
and Harold E. Klieforth, who utilized 
the lift provided by the lee wave of the 
Sierra Nevada, probably the most pow
erful lee wave in the world. The Sierra 
Wave owes its gigantic proportions 
partly to the altitude of the Sierra, which 
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AMPLITUDE OF LEE WAVES depends on the shape of the obstacle. Under a given set of 

atmospheric conditions (which establish the natnral wavelength) the amplitude will be great· 

est when the wavelength most nearly matches the shape of the obstacle (bottom illustration). 

rises almost 9,000 feet above the floor of 
the Owens Valley, and partly to the ex
tremely clean shape of the Sierra's lee 
slope. Although the Sierra Wave can 
certainly carry a sailplane higher than 
44,255 feet, it will have to be a sail
plane with a pressurized cabin, and none 
has yet been built. 

At times the Sierra Wave produces 
spectacular stationary clouds. Now that 
we understand lee waves, wave clouds are 
easily explained. If taken to a sufficient 

height in the atmosphere, every small 
volume, or parcel, of air will condense 
out some of its water vapor in the form 
of a cloud. The height at which a given 
parcel of air first begins to form water 
droplets is called the condensation level. 
Wave clouds form when the undulating 
currents of a lee wave carry air parcels 
above this critical level for a short dis
tance. If the air is too dry, of course, no 
clouds will form. If only a thin layer of 
air contains enough water vapor to con-

�-_/-

LEE·WAVE CANCELLATION occurs 

if two ridges that produce lee·wave 

trains of the same wavelength (top and 

dense, only thin, arched clouds will be 
formed. At other times holes will appear 
in a wave-cloud layer where the air is 
swept below its condensation level. 

If, as commonly happens, the bottom 
layers of air up to about 3,000 feet are 
well mixed and more humid than the air 
above, a lens-shaped cloud will appear 
in each wave. The top of each cloud will 
have roughly the shape of the crest of a 
wave, the bottom will be quite horizon
tal, cOinciding with the condensation 

SIMULATED SIERRA WAVE is created in a laboratory channel 

using a salt solution that decreases in density from bottom to top. 

Aluminum powder suspended in the solution reveals how the lee 

waves change in length and amplitude as the flow rate is varied. 

The flow is from left to right over a model of the Sierra Nevada, 

down the lee slope (left of center) and into the Owens Valley. 
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middle) are assembled half a wave

length apart to form single ridge (bot
tom) . The two wave trains now cancel. 

level for the moist air lying below. Wave 
clouds move only in response to changes 
in humidity or to changes in the wave 
pattern. They can be identified by the 
appearance and growth of cloud ele
ments on the windward side and by the 
disappearance of cloud elements on the 
lee side. This is in contrast to cumulus, 
cirrus and most other clouds, which 
move along bodily with the air in which 
they are embedded. 

Wave clouds are usually free from 

LEE-W AVE REINFORCEMENT occurs if the speed of the wind blowing over the same 

composite ridge (bottom) is cut in half. With lessened air speed, the lee waves created 

by the two ridge components (top and middle) would be halved and thus fall in phase. 

turbulence. As a result, in shallow 
arched or thin lenticular wave clouds the 
size of water droplets will vary from the 
windward edge, where they have just 
been formed and are very small, to the 
center, where they have grown larger 
and fairly uniform in size in just a min
ute or two. In most other kinds of cloud, 
turbulence or other mixing processes 
jumble together cloud particles of all 
sizes. But wave clouds, in which the 
small size range is preserved, may dis-

play a spectrum of delicate iridescent 
colors, especially within an angle of 
about 20 degrees from the sun. If the 
cloud is small the colors may fill the 
whole cloud [see illustration at middle 
left on page 127). In large clouds cover
ing the sun the colors may lie more near
ly in concentric rings around the sun. 
Although iridescent clouds are common, 
their colors can usually be seen only if 
dark glasses are worn to reduce the sun's 
brightness. 

In the experiment at left two waves with a scale wavelength of 10 

miles appear over the valley. In the experiment at right the flow 

rate has been increased about 50 per cent, resulting in a single 

large wave about 15 scale miles from trough to trough and with a 

scale amplitude of about 6,000 feet. These wave experiments were 

perfol'med by Robert R. Long of the Johns Hopkins University. 
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Much less common are the ice clouds, 
which may stream for many miles from 
the downwind edge of a wave cloud. 
Usually the water particles that con
dense out in a wave cloud remain un
frozen even though the cloud tempera
ture is manv degrees below freezing. 
"Vhen the supercooled droplets are car
ried out of the cloud, they evaporate. If, 
however, the cloud is at or below 40 de
grees below zero centigrade, the water 
droplets will freeze spontaneously [see 
"The Growth of Snow Crystals," by B. J. 
Mason; SCIENTIFIC AMERICAN, Janu
ary]. Since ice crystals evaporate less 
readily than water droplets they may 
form long ice trails when they are swept 
out of the cloud. 

Perhaps the most beautiful of all wave 

trM! 

cloud formations are those sometimes 
seen in the ?vlaritime Alps, and occa
sionally elsewhere. The French call these 
formations tine pile d'assiettes-a pile of 
plates. They consist of a group of thin, 
arched clouds stacked neatly one above 
the other [see illllstmtion at bottom Tight 
on page 127]. Evidently they are formed 
when the air is arranged in thin alternat
ing layers of high and low humidity; the 
layers of high humidity cause the plates 
to appear in the wave crests. The reason 
for the layering is something of a mys
tery. A plausible explanation is on� that 
invokes the action of a swift-moving, 
high-altitude current of air called the 
jet stream. The air in the jet stream is 
usually moist. If the jet should encounter 
a large mass of slower-moving, drier air, 

LEE W AVES AT CAMPHILL, a British soaring center, had sailplane pilots mystified 

for years. Camphill, the usual launching point, is the ridge at the right. At times (top) 

when it is calm on the hill face (area under dotted line), the lee wave from the ridge 

to the left will create fine soaring conditions aloft. At other times (bottom) there will be 

plenty of wind on the hill face for launching, but there will be no good waves for soaring. 
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some layers of the jet would probably 
penetrate the mass farther than others, 
creating tongues of moist air interleaved 
with drier air. 

Once in a great while the gently un
dulating lee wave will set in motion 

a remarkable-and sometimes fearsome
air current called a rotor. This is a hori
zontal rotating cylinder of air that forms 
directly under the crest of a lee wave. 
Although certain curious cloud forma
tions had suggested the existence of 
rotors, they seemed so improbable that 
many meteorologists, including the au
thor, were skeptical. The skeptics were 
silenced by some observations of dust 
that revealed the air motion. A striking 
photograph made in the lee of the Sierra 
Nevada shows a massive wall of dust 
rising almost vertically from the Hoor of 
the Owens Valley to a height of 16,000 
feet [see illustration on opposite page]. 
The wall of dust could have been raised 
only by a huge rotor. 

Meteorologists thereupon cracked 
their heads trying to explain the rotor's 
origin. Finally, in 1953, Robert R. Long 
of the Johns Hopkins University solved 
the problem. He calculated that when 
the amplitude of the waves was suffi
ciently large, the air under the crests 
(and sometimes above the troughs) 
could be set into rotary motion, while the 
main airstream passed around outside. 

Sailplane pilots, accustomed to smooth 
sailing in lee waves, were totally unpre
pared for the rotor's violent turbulence. 
One sailplane was torn apart when it en
countered a fragment of cloud in a rotor 
in the Sierra Wave. The pilot, Larry 
Edgar, was ejected with great force, and 
as he parachuted down half-conscious 
he was carried first to the east and then 
back westward again in the lower half of 
the rotor, finally coming to earth not far 
from the wreckage of his sailplane. 

A still more insidious type of turbu
lence sometimes arises in lee waves. 
Since it is unaccompanied by clouds of 
any kind it is called clear-air turbulence. 
It appears in the transition region be
tween a layer of strong winds and an 
overlying layer of lighter wind. Clear
air turbulence has been blamed for a 
number of otherwise inexplicable air 
crashes. 

The standard instrument for charting 
winds aloft is the radiosonde balloon, 
which sends back temperature, pressure 
and humidity readings. When a radio
sonde balloon is seen to follow a sinuous 
path, it is often because it is passing 
through lee waves [see bottom illustra
tion on page 128]. 

A much better way to study lee waves 
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"ROTOR" IN THE SIERRA WAVE is vividly depicted in this 

rare photograph looking south along the lee slope of the Sierra 

Nevada. The westerly air currents are being warped into huge 

lee waves, giving rise to a line of wave clouds with almost perfectly 

flat lower surfaces. Beneath the clouds is the rotor, a swirling mass 

of air that is whipping dust from the floor of the Owens Valley and 

carrying it more than 16,000 feet straight up. The diagram shows 

how a rotor can develop under a lee wave of great amplitude. 
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is with the so-called constant-level bal
loon. This is a balloon encased in a tight 
silk or nylon envelope, which limits the 
balloon's expansion and thus fixes its 
density. Such a balloon will level off 
where the surrounding air density 
matches its own, and it will therefore 
follow the undulating path of lee waves. 
Meteorologists under Norbert Gerbier 
have used radio and radar to track many 
constant-level balloons released into the 
lee waves of the Maritime Alps. One 

40,000 -+---------

spectacular flight revealed lee waves ex
tending far over the Mediterranean [see 
bottom illustration on this page]. These 
waves-sometimes as many as 100 in 
succession-have also been detected by 
airline pilots. A pilot can count the 
waves by noting how many times he has 
to adjust the trim of his plane to main
tain level flight. 

The history of our understanding of 
lee waves has been spasmodic. First 
noticed by cloud observers, the waves 

were almost forgotten for a generation 
until sailplane pilots recognized their 
possibilities. During the 1930's and 
1940's, as air travel increased rapidly, 
the still mysterious lee waves caused 
many air disasters. Now, after a decade 
of close study, we believe we under
stand the waves quite well. Sailplane 
pilots the world over have learned to 
exploit them, airline pilots befriend 
them, and we have new insight into the 
geometry and color of cloudscapes. 
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MEMORABLE LEE·W A VE FLIGHT carried Philip Wills and 

his sailplane to 30,400 feet over Mount Cook. After being launched 

by a winch in the Mackenzie Basin, Wills circled upward in 

thermal currents until he felt the lift of the lee waves. He then 

soared toward Mount Cook in a series of hops from one wave 

20,000 

........... . . 
16,000 

;::: 12,000 w 
w 

!:':: 
w 
0 8,000 :::J 
'= I-
� 4,000 

SEA LEVEL 

0 10 

' . 

to the next. When he reached the foremost and strongest wave 

he kept his sailplane headed into the wind and ascended almost 

vertically. Recalling the flight later, Wills described himself as 

"a very dusty middle·aged gentleman, in light summer clothes, 

nursing an uncomfortably bloated and borborygmal stomach . . . .  " 

40 
I 
60 

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

MEDITERRANEAN SEA 
I 

70 80 
DISTANCE (MILESi 

LEE WAVES CREATED BY THE MARITIME ALPS have been 

tracked, with the aid of balloons, well out over the Mediterranean. 

In this flight the balloon was lost from radar view but was still 
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undulating strongly when picked up again some 15 miles at sea. 

The special balloons used for these studies are designed to stay 

embedded in the air mass as it travels through a train of lee waves. 
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Which Teletype printer is best for you? 
Which of these Teletype Model 28 page printers is best 

for your message and data communications needs? Each 
will perform the basic function of all Teletype equipment
to flash information over long or short distances. But in 
addition, each has varying capabilities to meet the require
ments of the individual user: 

Send-receive page printer in console-probably 
Teletype's most familiar product; for sending as well as 
receiving page copy. 

Receive-only page printer in console-the same 
machine, but without a keyboard. For use where informa
tion need only be received, not sent. No operator is required. 

Table model-with or without keyboard ... similar 
model available for rack mounting. 

Combination set-a complete message center in one 

IE 

compact cabinet. In addition to page printer and keyboard, 
it contains facilities for preparing punched tape and for 
transmitting and receiving via tape. 

All of these Teletype Model 28 page printers feature 
the Stunt Box, a built-in "programming" mechanism that 
will inexpensively handle a wide variety of remote control 
and switching tasks such as automatic station selection. All 
models can be supplied with sprocket-feed and tabulating 
mechanisms for use with multi-copy business forms. All are 
available, too, in a choice of colors to match office decor. 

Teletype Corporation manufactures this equipment 
for the Bell System and others who require the utmost 
reliability from their data communications. Teletype equip
ment can be used with Data-Phone and other communica
tions services. 

Free Model 28 Line folder. Write Dept. IS·C, 
5555 Touhy Avenue, Skokie, Illinois 

CORPORATION • SUBSIDIARY OF Western Electric Company INC. 

Tape Reader and 
Typing Tape Punch 

Send·Receive 
Page Printer 

Automatic Send
Receive Set 
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Opportunity report from General Mills Industrial Group 

Stylized drawing 01 (1) large volume filter sampler, (2) lour-barrel cascade particle sampler, (3) gas adsorption sampler. 

What is present in the Upper Atmosphere? 
General Mills Research goes aloft for answers 
Life as we know it exists in a delicately balanced 
environment surrounded and protected by the 
ocean of air which is the Earth's atmosphere. 
This "ocean" is the laboratory for scientists 
who believe that small, almost imperceptible 
changes in its composition may have a marked 
effect upon the various life forms currently 
occupying this planet. 

At General Mills, basic and applied research 
studies in the fields of fine particle filtration and 
gas adsorption have led to the development of 
sophisticated high altitude probes. These sample 
large volumes of stratospheric air for trace gases 
and sUb-micron particulate matter. One phase 

of this work dealing with man-made radioactive 
debris from nuclear tests has yielded a better 
understanding of the global fallout problem and 
atmospheric circulation patterns. Another aspect 
of interest involves the study of constituents 
that are of natural origin: meteor dust (elements 
and compounds produced by the action of sun
light and cosmic rays) and biological life in the 
form of micro-organisms. 

ATMOSPHERIC AND 
AEROSOL PHVSICS 
RESEARCH 
Mechanical Division 

Minneapolis 13, Minnesota 
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Interior coatings fight wear of 
"Fast Freight" ... boost flow 4 to 6% 
Pipeline operators are in a constant battle against the 
ravages of corrosive gases and fluids and abrasive action 
of the "freight" pumped through their systems. The 
inevitable wear and deterioration of pipelines is always 
expensive to repair .. . particularly when the section 
is buried! Versamid®-epoxy coatings for pipeline in
teriors have minimized these problems. These coatings 
form a firm bond with the metal surface and provide 
outstanding resistance to moisture, corrosion and abra
sion. And Versamid-based coatings give a healthy bonus 
with their mirror-smooth surface by reducing friction 
. .. often increasing the flow rate of a pipe from 4% 
to 6% . For more facts, write: 

GENERAL MILLS POLYAMIDE RESINS 
CHEMICAL DIVISION KANKAKEE, ILLINOIS 

Electronic "Eye and Ear Specialist" 
checks aircraft radar systexns 

95% faster 

Today, an aircraft's radar system can be completely 
and comprehensively checked by two men in less than 
15 minutes ... a 95% saving in time! It's made possible 
with the portable Radar System Tester AN/GPM-25, 
designed and produced by General Mills. Remote 
checkout requires no physical connection with the plane 
itself. This precise, yet easily operated electronic unit 
also simulates bombing and navigational problems ... 
for fast, thorough means of checking these systems, 
too. This is another example of General Mills electronic 
development capability. 

GENERAL MILLS ELECTRONICS 
MECHANICAL DIVISION MINNEAPOLIS 13, MINN. 

Helping Flexographic Inks 
gain New Grip on Foils and Plastics 

Flexographic inks based on General Mills Versamid® 
polyamide resins have outstanding adhesion on a wide 
variety of surfaces, combined with flexibility to prevent 
cracking or peeling. These inks have superior water, 
grease and oil and abrasion resistance and are alcohol 
soluble, which permit them to be used with the rubber 
rolls and plates used in flexography. Versamid resins 
are easy to handle ... non-toxic and are compatible 
with many modifiers, plasticizers, pigments and waxes; 
enabling easy formulation. For more facts, write: 

GENERAL MILLS POLYAMIDE RESINS 
CHEMICAL DIVISION KANKAKEE, ILLINOIS 

INDUSTRIAL GROUP 
W MECHANICAL DIVISION � CHEMICAL DIVISION 

§ SPECIAL COMMODITIES DIVISION CI) OILSEEDS DIVISION 
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LUNAR CRATERS in the region around Copernicus (large crater 

in center) provide example of apparent reversal of depth that at· 

AERIAL VIEW of part of Los Angeles shows city sprawling at 
foot of hills, roads running through ravines. When photograph is 
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tends reversal of light.and·shadow relatiouships. When they are 
viewed upside down, the craters appear to be flat.topped mounds. 

inverted, the roads seem to wind along crests of the ridges, part 
of city (top center when inverted) seems to border on a chasm. 
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Shadows and Depth Perception 

The ability to see that a SLllface cur()es toward or awa,Y fr0111 us 

depends upon how light and shadow are distributed. In()estigators 

ha()e undertaken to determine �f the ability is innate or learned 

The pictures on the opposite page 
present a familiar optical illusion. 
Viewed right side up, the craters 

of the moon are clearly craters, and the 
city sprawling at the foot of the hills in 
the bottom picture is clearly at the foot 
of the hills. But when the pictures are 
viewed upside down, the craters of the 
moon become curious flat-topped moun
tains, and part of the city seems to border 
on a chasm. [The cover of this issue of 
SCIEi'iTIFIC AMERICAN presents the same 
illusion: viewed right side up, the Pre
Cambrian fossil impression appears in 
relief; upside down, the fossil sinks into 
intaglio.] 

From common experience one knows 
that a bulge in a surface usually casts a 
shadow below it, whereas a depression 
in a surface usually has a shadow inside 
its upper edge. When these relationships 
are reversed, depressions appear as 
raised surfaces and raised surfaces ap
pear as depressions. The illusion demon
strates our dependence upon the cues 
provided by light and shadow in seeing 
whether a surface curves toward us or 
away from us. 

Probably the earliest report of this 
kind of optical illusion was made in 
1613 by Frant;:ois d' Aguillon, a Flem
i�h philosopher and mathematician. 
D' Aguillon observed that when buildings 
are viewed from a distance on overcast 
days, their sunken surfaces seem to pro
trude. Others reported similar instances 
of the illusion: objects viewed through 
optical instruments such as the micro
scope sometimes undergo apparent re
versals of depth-what appears now in 
relief may appear again in intaglio. 
David Rittenhouse, an American mathe
matician and astronomer, suggested in 
1786 that the reversal occurs because 
the observer is aware of the direction 
of the actual light source and takes this 
knowledge into account in his interpre-

by Eckhard H. Hess 

tation of the shaded and lighted areas in 
the inverted image presented by the 
microscope. Rittenhouse's explanation 
received support from Moritz Wilhelm 
Drobisch, a German scholar, who in 
1842 postulated that experience engen
ders a "preference for relief," which 
makes it difficult to see in intaglio objects 
that are normally seen in relief. 

In their explanations of the phenome
non both Rittenhouse and Drobisch as
sumed that learning and experience play 
the dominant role in determining the 
response to the cues of light and shadow. 
Modern psychologists tend to take this 
viewpoint but in general have failed to 
show how such learning takes place. Re
cent investigations of visual space per
ception have been developing evidence 
that some aspects of the faculty depend 
u.pon innate mechanisms. This finding is 
perhaps not so surprising in the case of 
cues furnished by the physiology of vi
sion. Such cues include lens accommo
dation, in which the curvature of the 
lens of the eye adjusts to bring an object 
into focus; and the convergence (or the 
divergence) of the eyes, which fuses 
their separate images of a near (or dis
tant) object. But the experimental evi
dence has also been pointing to the same 
conclusion in the case of psychological 
cues of depth, of which the light-and
shadow cue is one. Among the other psy
chological cues are interposition (the 
overlapping of a distant object by a near
er one), linear perspective (the converg
i ng of parallel lines), aerial perspective 
(the haziness of distant objects) and 
motion parallax (which. causes near ob
jects to appear to move faster than dis
tant ones). 

A group of investigators at Cornell 
University has shown, for example, that 
space perception by the use of motion 
parallax is clearly innate in rats, cats, 
sheep and human infants. They placed 

their subjects 011 a "visual cliff," a pane 
of clear glass bridging a sunken surface, 
and found that the young animals avoid
ed the glass-covered pit as soon as they 
were able to see and move about on their 
own [see "The 'Visual Cliff,' '' by 
Eleanor J. Gibson and Richard D. Walk; 
SCIENTIFIC AMERICAN, April, 1960]. 

In our work at the University of Chi
cago we have shown that in the chick at 
least one physiological cue of space per
ception is innate. We placed prisms 
over the eyes of newly hatched chicks 
before they had had any significant 
visual experience. The prisms displaced 
the visual field of the chicks to the right 
or left. We then observed their success 
in pecking at kernels of wheat and other 
objects. Had they adjusted to the skew
ing of their spatial perception and be
come able to strike what they pecked at, 
this would have been clear evidence of 
learning. As it was, they invariably 
missed their targets and did not learn to 
allow for the displacement of their visual 
field. 

There was not sufficient experimental 
evidence, however, to determine that the 
response to the light-and-shadow cue is 
innate. As recently as 1936 Wolfgang 
Metzger, a psychologist at the Univer
sity of Mi.inster in Germany, suggested 
that the reversal of depth attending the 
reversal of light and shadow arises from 
the habit of reading with light over the 
left shoulder. The habit, he argued, 
causes one to "assume" a light source at 
the upper left when the source of the 
light is in fact not apparent. On the other 
hand, Kai von Fieandt, a Finnish child 
psychologist, had observed in 1938 that 
su�h illusory reversals of depth are no 
less frequent among preschool children, 
in spite of the fact that they have had 
little reading experience. Von Fieandt 
postulated instead that an innate mech
anism makes ambiguous images appear 
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APPARATUS TO TEST DEPTH PERCEPTION cued by light and 
shadow consists of picture of flagstones (top center) mounted on 
shaft in viewing box. Subject (top left) could not see edges of pic
ture or light source. Movement of lever (top right) rotates picture, 
presents subject with views shown in small pictures (middle and 

bottom) . First numhers above small pictures correspond to settings 
on lever dial; bracketed numbc,·, give subje'"ts' responses, which 
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are also plotted on graphs. All subjects saw upright picture (RL1) 
in relief. As picture occupied positions up to 90 degrees away from 
RL1, progressively fewer saw 'it in relief. At R5 or L5 (halfway to 
inversion) approximately half saw picture in relief and half saw it 
in intaglio. As picture approached inversion, intaglio responses in
creased. All subjects saw inverted picture (RL9) in intaglio_ Graph 
on page 142 gives subjects' impressions of direction of light. 
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as though they are illuminated from 
above. Neither Metzger nor Von Fieandt, 
however, systematically investigated the 
problem, so the question of innateness or 
learning was not settled. 

Our first experiment inquired into 
Metzger's contention that the observer 
assumes a light source at the upper left. 
Our testing apparatus was built around 
a picture of flagstones set in a bed of 
mortar. As the reader can see for him
self, the stones seem to protrude from the 
mortar when the picture is presented in 
one orientation and seem to recede into 
the mortar when the picture is invert
ed [see illustmtion on opposite page J. 
The picture was mounted on a rod so 
that we could rotate it through any 
angle, and the assembly was placed at 
the rear of a viewing box. The subject 
peered into the box through a small hole 
surrounded by a balIfe, which restricted 
his field of view so that he could not see 
ci ther the edges of the picture or the 
light bulb, which threw a flat illumina
tion on the picture from the bottom of 
the box. Each of 20 subjects looked 
through the peephole and reported 
whether he saw the stones in relief or in 
intaglio and from which direction he 
thought the light was coming for each 
uf 16 around-the-clock positions of the 
picture. 

�l the subjects were able to decide 
quickly whether they saw the stones 

sunk in the mortar or protruding from 
it, and all had clear impressions about 
what they saw each time they looked at 
the picture. But they had some difficulty 
in deciding where the light was coming 
from. When the picture was presented 
right side up all the subjects agreed that 
the stunes appeared in relief. If the pic
turc was presented to the viewer in any 
of sevcral positions up to 90 degrees to 
the right or left of upright, the illusion 
of rclief again occurred. In most cases 
thc light source was reported to coincide 
with the angle at which the picture was 
tilted. If the picture was presented in 
positions that were beyond 90 degrees 
to the left or right of upright, most sub
jects saw it in intaglio. The reported di
rection of the ligh t source no longer co
incided with the angle at which the pic
ture was tilted but appeared to be 180 
degrees away. Apparently the subjects 
assumed most often that the source of 
the light was above the horizon, and the 
reversal of the picture into intaglio re
sulted from their continued assumption 
of the same location for .the light. 

There were a few who reported the 
light as coming from below the horizon; 
no one, however, reported it as coming 

first order 

research 

Optically and mechanically, the M-5 offers unequalled precision, con

venience and versatility for the most diverse research applications. 

Uniform, maximum sharpness throughout the field, with no change in 

accommodation, is one of the many exclusive features of the instrument. 

With a constant working distance of 96 mm., standard magnifications 

are 6x,l2x, 25x, and 50x, conveniently selected on the rotatable horizon

tal drum. Using 8x, lOx, l5x, and 20x eyepieces and attachment objec

tives, a total power range of from 5x to 200x is obtainable. Accessories 

not illustrated include other wide field eyepieces, various light sources, 

stages and polarizing, photographic and measuring attachments. 

Your own evaluation of this superb stereomicroscope will prove most 

rewarding. Write for Booklet M-5. 

"the FIRST name in a complete line of Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 
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Modernize your 
laboratory with 
Genco quality 

EQU ENT 

HOT PLATE MAGNETIC STIRRER 
Combines an electric hot plate and magnetic 

stirrer which can operate independently or simul

taneously. Variable speed stirring is powerful 

enough to stir 250 ml beaker of pure glycerin. 

Heat controlled thermostatically. Top plate is 

7';.." of cast aluminum. No. 16632 ........ $64.50 

CYLINDRICAL OVEN 
An all-purpose, economical, three-shelved oven 

for incubation, drying, sterilization or baking. 

Precise control of temperatures from 3JO to 

200°C, with variations as slight as 0.25° sensed 

by built-in thermoregulator. Chamber dimen

sions are 14V.o' diameter, llY," depth, Specify 

either 115�or 230 volts. No. 95051 .. . . . . . .  $201.75 

his precise, utility 

support quickly ad

justs through an ele

vation range of seven 

inches and will sup-

port 100 pounds. 

A removable auxil

iary platform, eight 

inches square, in

creases work area. 

Comes with 17*" 

support rod. 

No. 19039 ...... $38.75 
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CENTRAL SCIENTIFIC 
A Division of Ceneo Instruments Corporation 

1718-AA Irving Park Road. Chicago 13, Illinois 

Mountainside, N. _ .  Montreal Sonto Clora 
Somerville, Moss. Toronto Los Angeles 
Birmingham, Ala. Ollowa Vancovver Hovston 
Cenco S.A., Breda, The Netherlands Tv/so 
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from directly below the picture. The col
ored curve in the illustration at the bot
tom of this page shows the percentage of 
"intaglio" responses made to each posi
tion of the picture. The gray curve shows 
the percentage of intaglio responses that 
would be expected on the basis of Metz
ger's hypothesis that the light is assumed 
to come from the upper left. Obviously 
our results do not support his hypothesis; 
rather, the light is assumed to come from 
above. 

The location of the bulb that illumi
nated the interior of the box seemed of 
no consequence; although it rested at 
the bottom of the box, no one thought 
the light in the picture came from there. 
Nor did moving the bulb to other parts 
of the box affect the results. The sub
jects' perception of depth was obviously 
not the result of their deliberately an
alyzing how light and shadow were 
distributed in the picture but was a 
spontaneous impression, corresponding 
in almost every case to the angle at 
which the picture was tilted. (If the 
reader tries to reconstruct the direction 
of the light in the photographs on page 
138 when they are inverted, he will find 
that his effort has little effect upon what 
he sees.) 

The results of this experiment could 
be interpreted in one of two ways. Since 
the light in normal visual experience 
must often come from above-sunlight,_ 

for example, is always above and never 
below the horizon-one may learn to tell 
depth by means of experience with 
light-and-shadow patterns. On the other 
hand, it could still be argued from our 
experiment that people have an innate 
perceptual mechanism that makes them 
see the light as coming from partiClI
lar directions when its source is un
certain. In either case the tendency is 
so ingrained that most people see a 
"strange" quality in human faces and 
other objects when they are lighted from 
below, 

Our problem now was to determine 
whether learning or some innate faculty 
is involved in the interpretation of the 
light-and-shadow cue. We again used 
chicks because we could easily control 
their visual environment from the mo
ment of hatching. Our idea was to raise 
chicks in cages in which all the light 
came from below and then see how their 
depth perception functioned as a conse
quence of this experience. 

We submitted several chicks to pre
liminary tests in order to ascertain their 
normal preferences. A naturally colored 
photograph of wheat kernels illuminated 
from above was placed side by side with 
an identical but inverted photograph 
[see top illustration on page 144]. Only 
the shadows on the photographs gave 
any clue of depth; all other depth cues 
were absent. The chicks pecked far more 
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ANGLE OF TILT OF PICTURE 
PERCEPTION OF INTAGLIO in experiment illustrated on page 140 is plotted (colored 

curve). Horizontal scale is angle to which picture is tilted; vertical scale, percentage of in· 
taglio responses at each angle. In positions L4 through R4 (within 90 degrees of upright) 
picture was seen in relief; light source was generally assumed to coincide with angle to 
which picture was tilted. From R5 through L5 (beyond 90 degrees) picture was increasing. 
ly seen in intaglio; light source was assumed to be 180 degrees away. Black curve plots re
sponses that would have occurred had subjects assumed light source at upper left. Wolfgang 
Metzger, an early investigator, suggested depth perception depended on this assumption. 
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INEORMATION 

Today's governmental leaders and military commanders must cope with vast amounts of information in controlling 

continental and world-wide forces. To master the maze of facts involved in their decisions and control, command groups 

make use of systems which provide automated information-processing assistance. Developing these systems is our work at 

System Development Corporation. oWe have two new, extremely large systems in their first stages of development. In addi

tion, we are a major contributor to the SAC Control and SAGE Systems. Our chief concern is with the analysis and 

synthesis of such systems, training men for their use, instructing great computers on which these systems are based - and 

research into future generations of these systems. 0 We have created a close interdisciplinary science in system development 

consisting of Operations Research, Engineering, Human Factors, and Computer R ogramming. Scientists and engineers 

of these persuasions are invited to write concerning new positions in our expanding programs at Santa Monica, � 
Calif., Washington, D.C., Paramus, N. J. Address Mr. R. L. Obrey, 2430 Colorado Avenue, Santa Monica, Calif. rsD� 

DRVELOPMENT: • • • • • • • 

SY STEMS THAT HELP MEN MAKE DECISIONS AND EXERT CONTROl. 

© 1961 SCIENTIFIC AMERICAN, INC



CHICKS' CHOICE of photograph of grain lighted from ahove (left) or from below (right) 

was affected by their early experience. Pictures were used in experiment illustrated below. 

frequently at the picture of the toplight
ed grain. We then proceeded with the 
experiment. 

One group of 42 chicks lived from the 
time of hatching in cages lighted from 
below and draped at the top to eliminate 
stray light; they ate from glass or wire 
containers so that their grain was lighted 

a 

, 

a 

o 
: : : , , ' 
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t t t 

from below. A control group of 41 chicks 
was raised, also for seven weeks from 
the time of hatching, in identical cages 
lighted from above and opaque at the 
bottom. 

When the chicks were seven weeks 
old we began our tests. We deprived 
them of food for six hours in order to 
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motivate them to peck, and placed them 
two at a time in an enclosure where the 
right-side-up and inverted pictures of 
grain were evenly illuminated by bulbs 
at the left and right. 

Out of the 25 control chicks that re
sponded at all, 24 pecked first at the 
photograph of grain illuminated from 
above; out of the 22 chicks from the bot
tom-lighted cage that responded, 22 
made their first peck at the photograph 
of grain apparently lighted from below. 
The chicks' over-all performance was 
equally decisive: in terms of total pecks 
at the two pictures, half of the control 
chicks delivered 80 per cent or more 
(median percentage) of all their pecks 
to the right-side-up photograph, whereas 
half of the experimental chicks delivered 
all of their pecks to the inverted photo
graph. This was persuasive evidence that 
the response to the cue of light and 
shadow is the product of learning and 
experience. 

In order to eliminate any question 
that the general illumination of the test 
cage affected the results, we repeated 
the test a week later. This time we ex
posed both groups of chicks to reversal 
of their early visual experience. For the 
control group the test cage containing 

-------.-e> 

EFFECT OF EARLY EXPERIENCE on perception of depth by 
means of light·and-shadow cues was investigated by raising chicks 
in cages in which all light came from below (a'). In chicks' seventh 
week they were exposed to flatly illuminated photograph shown in 
illustration at top of this page. Chicks delivered most pecks to 

photograph of grain lighted from below (b'). Control group raised 
in identical but toplighted cages (a) delivered most pecks to 
photograph of grain lighted from above (b). In second part of test 
photographs were illuminated by sourc'ls opposite to those under 
which chicks grew up. Chicks from toplighted cages, now eight 
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the photographs was illuminated from 

cage was lighted from above. This � _ 7fL ..........tIt. L . -A � _/ -h. 
below; for the experimental chicks the 

�� / change did not affect the chicks' prefer- �� � � ca �  , 
ences any more than shifting the illu-
mination in the experiment with humans 
had affected theirs. Of 30 control chicks 
that responded, 28 first pecked at the 
toplighted photograph; of 33 experimen
tal chicks that responded, only two made 
that choice. Half of the control chicks 
delivered 80 per cent or more of their 
total pecks to the toplighted photograph, 
while half of the experimental chicks de
livered 86 per cent or more (median 
percentage) of their pecks to the bottom
lighted photograph. Reversal of the 
test illumination had little or no effect 
on the chicks' perception of depth by 
means of light-and-shadow cues. Early 
conditioning to these cues would there
fore seem to be so strong that it overrides 
the effect of the actual light source in 
any given instance. 

The demonstration that the response 
is learned raised the question of how 
and when this learning occurs. We test
ed 13 chicks as soon as possible after 
hatching, before they had had any visual 
experience. They showed no preference 
for either photograph, thus confirming 

Product information to help you solve your 
aircraft, missile and spacecraft problems! 

Now available to aero-space 
engineers, this valuable 1 2-page 
Kidde Capabilities Book outlines 
the many and varied aircraft and 
missile products offered by Kidde 
Aero-Space Division. 

In this brochure, you'll find 
information on pressure vessels, air 
compressors, valves and other pneu
matic components, inflation devices, 
ballscrew assemblies, actuators, fire 

detection and extinguishing sys
tems, and also many other compo
nents available on an off-the-shelf 
basis or designed and manufactured 
to your s.pecifications. 

Solving problems in the ever
growing field of aircraft, missiles 
and spacecraft is a Kidde specialty. 
Send for the free Kidde Brochure 
A-21, and find out how Kidde can 
solve problems for you! 

� 
week; old, still chose photograph of grain Kidde Aero�Space Division lighted from above (e) ; chicks from bottom· 
lighted cages still chose photograph of grain Walter Kidde & Company, Inc., 393 Main St., Belleville 9, New Jersey 
lighted from below (c'). Detailed results of Sales Engineering Offices: Boston, Dallas. Dayton, Huntington (N. Y.). St. Louis, San Diego. Seattle. Van Nuys (Cal.), Washington (D. C.) 

experiment appear in graphs on page 146. Walter Kidde-Pacific, Van Nuys. California Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
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how to 
brighten 
the 
batch 

For now we see through a glass, 
darkly • • •  Whether your liquid 
contaminants are dissolved or col· 
loidal they darken the sales appeal 
of your product. Granular or pow· 
dered activated carbon decoloriz· 
ing will brighten the batch when 
nothing else will. You'll face clear 
profits through the glass. 

how to 
blow 
a buck 

Dry cleaners blow dollars back 
into their pockets with activated 
carbon solvent recovery systems. 
Perchlorethylene vapors are lost 
to the air from the cleaning mao 
chine and tumbler. The perc is 
recovered at 2c to 6c a gallon 
when this air is blown through ac· 
tivated carbon. Why not clean up 
on your operation. 

how to �/./ 
speed a �. 
reaction· �\". 

Whether your working from CO 
and C12 to COC12, or N02 and 0 
(air and water) to HN03 you can 
get it PDQ with an activated car· 
bon catalyst. It's not sensitive or 
temperamental either. Give us a 
call and see how fast we react. 

-activated 
charcoal 

Activated charcoal acts as a mo· 
lecular sponge, purifies air, gases, 
liquids - recovers solvents - reo 
moves odors and impurities. Write 
for Bulletin E·196. Barnebey· 
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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that the response is not innate. "Ve then 
submitted separate groups of about 10 
newly hatched chicks-for periods of one, 
two, three, four, five and six weeks-to 
the routines of our first experiment, after 
which they were tested in the same man
ner. The control chicks in each age 
group usually delivered their first pecks 
to the toplighted photograph, and those 
from the bottom-lighted cages usually 
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AGE 

pecked first at the bottom-lighted pho
tograph. But although the trend of their 
preferences was apparent from the age 
of three weeks on, statistically significant 
preferences did not emerge until the 
fifth week for the normal chicks and 
the seventh week for both groups [see il
lustrations 011 this page J. 

The reasons for the sharp divergence 
in preference between the control and 

4 5 6 7 

(WEEKS) 

FIRST PECKS of chicks of various ages at photograph of toplighted graiu reproduced on 
page 144 show effect of early visual experience. No prefer6llce was shown by newly hatched 
chicks, but effect of environment began to emerge in thl'ee·week·old chicks. Those from top· 
lighted cages (gray curve) increasingly chose photograph of grain lighted from above; those 
from bottom.lighted cages (colored curve) increasingly avoided toplighted photograph, 
chose bottom.lighted one instead. Difference was decisive among seven·week·old chicks. 
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TOTAL PECKS delivered by chicks bear out results expressed by first pecks plotted in top 
graph. Gray curve sbows that half the chicks from toplighted environment deliver most of 
their pecks to photograph of grain lighted from above. Colored curve shows that half of 
chicks from the bottom.lighted environment avoided the photograph of grain lighted from 
above and delivered most of their pecks to the photograph of grain lighted from below. 

© 1961 SCIENTIFIC AMERICAN, INC



NO STARS? No matter-the advanced RYAN 

ANI APN -130 Doppler Navigation set for heli

copters provides accurate data at altitudes up to 

10,000 feet, even under zero visibility conditions. 

By automatically and continuously detecting 

and displaying drift, vertical and heading speeds, 

the APN -130 permits precise hovering, accurate 

navigation and automatic flight control over land 

or seas (even smoother than Beaufort 1). 

Now in full production, the APN-130 is in use 

with the Navy's most modern helicopters-the 

Sikorsky HSS-2 and Kaman HU2K-1. Applications 

for the APN -130 include anti-submarine warfare, 

rescue, navigation, blind landings, automatic 

hovering, aerial service, drone helicopter control, 

reconnaissance and traffic control. 

World leader in CoW Doppler navigation, Ryan 

Electronics is also helping to achieve vital break

throughs in many fields of Space Age technology. 

RYAN 
--_. 

ELECTRONICS 

DIVISION OF RYAN AERONAUTICAL COMPANY. SAN DIEGO, CALIFORNIA 
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TOGETHERNESS: 

This little piece could have been titled "Look again, 

Lancelot" or "Jousting Cheek to Cheek," Then we'd 

whip up an amusing little allegory and lead into a 

clever punch line", but there isn't room, so we'll come 

right to the point. Elgin Micronics is specially organized 

and qualified to work with your staff on any project 

involving sub-miniature precision component assem

blies-mechanical, electro-mechanical or electronic

at any stage from concept and basic research through 

quantity prod uction, Let's put ou r heads together, 
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RECORDING POWER TRANSMISSION PROGRAMMING TIMING 

E l G I N�M I C RON I C S 
DIVISION OF ELGIN NATIONAL WATCH COMPANY 366 Blull City Blvd., Elgin, Illinois 

Plants in Elgin and Rolling Meadows, Illinois and Chatsworth, California 
Represented nationally by Airsupply·Aero Engineering Company. a division of The Garrett Corporation 

experimental chicks during the seventh 
week are not clear. It may be attribut
able entirely to unavoidable differences 
in the conditions of the two experi
ments-the seven-week-old chicks in the 
first experiment were not so tame as 
those in the second experiment. The lat
ter had experienced the weekly removal 
of small numbers of chicks. The sudden 
emergence of preference in the chicks in 
their seventh week suggests, however, 
that their neurosensory organization may 
be going through a critical period of 
maturation at that time. That the control 
chicks responded to the light-and
shadow cues somewhat sooner than the 
experimental chicks leavcs some ground 
for arguing in favor of the presence of 
an innate preference for toplighted ob
jects-a possibility that might be tested 
by rearing chicks in a shadow less en
vironment or an environment in which 
the light source is placed alternately at 
the top and bottom. Such experiments 
might also test the possibility of revers
ing what the chicks had previously 
learned. 

I t is evident that experience alone can 
be decisive in influencing responses 

to the distribution of light and shadow 
in objects. In the case of chicks the re
sponse apparently reaches an adequate 
stage of development as early as five 
weeks. Taking this information together 
with what is known about human be
havior in this respect, it appears that 
experience plays the determining role 
in the development of this mode of per
ception in humans as welL 

The finding that depth perception 
from light-and-shadow cues is not innate 
seems eminently reasonable. Nature is, 
by and large, lighted from above and 
rarely presents these cues in ambiguous 
arrangements. Moreover, in the life his
tory of most animals there is little need 
to make this kind of discrimination im
mediately after birth. On the other hand, 
some types of visual depth perception 
seem to require innate mechanisms. The 
response to motion parallax (as in the 
visual cliff, for example) must be in 
functioning order as soon as a young 
animal can walk, if it is to avoid falling 
from an actual cliff. In addition, the abil
ity to locate food objects in space is 
needed by the chick as early as three 
days after hatching. In any case the per
ception of depth by means of Iight-and
shadow cues comes along ljuickly 
enough with experience. During tbe first 
few weeks of life, preferencc in the in
terpretation of the cues begins to go in 
the direction that is demanded by the 
environment. 
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(C A R B O N - G R A P H ITE) 

THAT 

MATERIAL ENGINEERING 

MANY UNIQUE 

THE VERSATILE 

POSSESSES AND PRACTICAL 

OF APPLICATIONS ADVANTAGES FOR A VARIETY 

MINIMUM LUBRICATION REQUIRED-Because of 
the controlled porosity and non-melting nature of 
GRAPHITAR, the only lubricant GRAPHITAR 
bearings need is water or other low-viscosity fluid. 
Any such fluid with non-gumming characteristics 
will provide an extremely low coefficient of friction 
and assure long life of the GRAPHIT AR parts. 

RESISTANCE TO CHEMICAL ATTACK-GRAPH· 

ITAR has the ability to withstand the action of 
almost any chemical, with the exception of the 
most highly oxidizing re-agents in hot and con
centrated form. GRAPHITAR parts, for example, 
operate efficiently in steam, chemical and gas 
valves to provide a corrosion resistant material 
operating under the most adverse conditions. 

MECHANICALLY STRONG - GRAPHIT AR will 
not warp or distort even in high pressure applica
tions. Compressive strength up to 45,000 psi and 
transverse breaking strength from 3000 to 16,000 
psi, depending on the grade. 

HEAT RESISTANT-GRAPHITAR is not affected 
by heat under neutral or reducing conditions. Tem
peratures of oxidation for most grades is approxi
mately 700 degrees F. In addition, GRAPHITAR 
engineers have developed a special oxidation 
resistant grade of GRAPHIT AR that has been 

exposed in an oxidizing atmosphere (air) of 1200 
degrees F. and after 200 hours, it showed a weight 
loss of less than six per cent. 

MOLDABLE-GRAPHITAR has excellent molda
bility properties that make possible and practical 
unusual shaped parts. Design requirements such 
as ears, face slots, and outside diameter notches 
can easily be incorporated into GRAPHITAR 
parts without secondary machining and finish· 
ing operations. 

MACHINING -The United States Graphite Com· 
pany operates an excellent finishing department 
to do all finishing operations to the most exacting 
specifications. GRAPHITAR may be ground to 
size or shaped with a tungsten carbide or diamond 
tipped tool to tolerances as close as .0005". When 
surfaces require a high degree of precision in flat· 
ness, lapping and polishing equipment are em· 
ployed and accuracies within three light bands 
can be produced. 

LIGHT WEIGHT - GRAPHITAR is lighter than 
magnesium and is being employed increasingly in 
the aircraft and missile fields. The weight per unit 
volume of various GRAPH IT AR grades is as fol
lows: 102.8 to 116.03 pounds per cubic foot, 
.0595 to .0672 pounds per cubic inch, .952 to 
1.074 ounces per cubic inch. 

Write today for Engineering Bulletin No. 20 

R·284·1 

THE UNITED STATES GRAPHITE COMPANY o 0 I V I S ION 0 F THE W I eKE S COR P 0 R AT ION I SAG 1 N A W 6 I M.I CHI G A N 
GRAPHITAR® CARBON-GRAPHITE • GRAM IX ® POWOER METALLURGY • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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FROM TALENTS TO HARDWARE 

CENTAUR 

BOMARC·B 

B·70 ATLAS POLARIS 

LOOK TO GENERAL PRECISION 
FOR DEVELOPMENT, PRODUCTION 
AND SYSTEMS MANAGEMENT 
The talents and capabilities of the four divisions of 

General Precision, Inc., are heavily represented in the latest 

space systems, as well as in space-age hardware and weapons 

of all categories. The divisions are responsible for some system, 

subsystem or component on virtually every space vehicle, satellite, 

missile, rocket and aircraft now in operation or development. 

To make these broad capabilities available to the fullest of their 

combined potential, General Precision, Inc., has consolidated its 

four divisions for the systems management of major 

new space and weapons projects. 

A major space program can now draw upon more than 

21/z million square feet of combined General Precision 

floor space and over 16,000 General Precision employees, 

including 4,500 scientists, engineers and technicians. 

This combination of talents and facilities, backed by the 

corporate financial resources of General Precision, Inc., 

makes it possible to develop, produce and manage a space system 

as an integrated package. 

GENERAL PRECISION'S DEMONSTRATED CAPABILITIES: 

NAVIGATION, COMPUTER 
GUIDANCE TECHNOLOGY 
AND CONTROL 

CENTAUR 
SAMOS POLARIS 
MIDAS ASROC 
ATLAS SUBROC 
PERSHING NAVY AIRBORNE 
POLARIS BOMB·NAV 
SUBROC FAA 
BOMARC·B AIR TRAFFIC 

SKYBOLT CONTROL 

B·70 

B·52 

TODAY'S 
DEMONSTRATED 
ACHIEVEMENTS 
SHAPE 
TOMORROW 

DETECTION, SIMULATION 
TRACKING, AN.D LOGISTIC 
ACQUISITION SUPPORT 
AND 

CENTAUR 
FIRE CONTROL 

BOMARC·B 
VENUS STUDY 

ASROC 
TALOS 

SUBROC 
NAVY ASW 

B·58 
FIRE CONTROL 

POLARIS 
F·I06A 
A3J·l 

F8U·l & 2 
FllF·l 
DC·8 
707 

880 

KEARFOTT 

GENE RAL PRECISION� INC. LlBRASCOPE 

PRINCIPAL OPERATING SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

50 Prospect Avenue, Tarrytown, N. Y. LINK 
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MONOMOLECULAR FILMS 

Many physical, chemical and biological processes involve thin 

films of material at surfaces. In these processes the most 

Important role IS played by a film just one molecule thick 

In nature and in the laboratory many 
of the most interesting events take 
place at the surfaces of substances. 

Surfaces are invariably interfaces; that 
is, at every surface two material systems 
are always in contact and interacting. 
Matter in its three states forms.five inter
faces: solid-solid, solid-liquid, solid-gas, 
liquid-liquid and liquid-gas. At almost 
all interfaces the interaction between the 
systems is mediated by thin films. 

Thin films fully warrant the careful 
attention that has made investigation of 
them an important discipline of physics 
and chemistry. At the solid-liquid inter
face of a bearing and its lubricant a thin 
film reduces friction and wear. Thin films 
at the solid-gas interface between the 
catalyst particles and the reactant stream 
in a chemical reactor are the site at 
which the chemical reactions take place. 
A thin film of a long-chain alcohol spread 
on the surface of a reservoir reduces 
evaporation at the liquid-gas interface 
of water and air and serves as a highly 
effective means of water conservation. 
Living systems abound in interfaces; at 
many of these interfaces thin films con
taining proteins, cholesterol and related 
substances make up the biological mem
branes that organize and control the 
complex chemistry of living matter. 

In every case the ultimate film-the 
one actually in contact with the surface 
-is one molecule thick. This monomolec
ular film, or monolayer, is bound more 
strongly to the surface than any succeed
ing layer above it. In almost every physi
cal, chemical and biological process that 
involves thin films, the monolayer plays 
the most important role. 

Present knowledge 0f monolayers 
comes mostly from the study of the oily 
or soapy films that are formed on the 
surface of water by relatively large in
soluble molecules. Such films were the 
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by Herman E. Ries, Jr. 

subject of early investigations in this 
field by Irving Langmuir and William D. 
Harkins in the U. S. and by N. K. Adam 
and Eric K. Rideal in England. Over the 
past 40 years the work has shown the 
way to the design of useful films and the 
control of surface phenomena. It has also 
contributed to a clearer visualization of 
the individual molecules of film-forming 
substances, of their size and shape and 
the location of their "charged" active 
groups. 

The so-called film balance, devised by 
Langmuir in 1917, remains the principal 
instrument for the study of monomolec
ular films. Its range has recently been 
extended by the electron microscope and 
the use of radioactive isotopes. But the 
basic work is done with the film balance. 
This is one of those very few classically 
simple devices-comparable to the cen
trifuge, the viscometer, the osmotic col
umn and the light-scattering tank [see 
"How Giant Molecules Are Measured," 
by Peter J. W. Debye; SCIENTIFIC 
AMERICAN, September, 1957]-by which 
one can make primary measurements of 
the properties of individual molecules. 

Essentially the film balance consists of 
a small, shallow trough filled with 

water, on which the monolayer is spread. 
A bar or barrier laid across the trough 
behind the monolayer is driven by a 
high-precision screw and made to push 
the leading edge of the film against a 
delicately suspended floating barrier 
(the "float") , which measures the pres
sure exerted by the film as it is com
pressed [see illustration on page 156]. 

Because temperature affects the be
havior of the film the entire apparatus is 
housed in a thermostatted cabinet. Great 
care is taken to avoid contamination; a 
single dust particle in the monolayer 
could cause major errors in the film-

balance measurements. Before each 
experiment the entire apparatus is 
thoroughly cleaned. Small brass bars are 
used to sweep the water surface clear of 
contaminating material before the mono
layer is spread on the surface. Vibration 
is minimized by mounting the entire ap
paratus on a heavy concrete base. In or
der to obtain a water surface higher than 
the edges of the trough, the trough itself 
and all the working parts are coated with 
a paraffin wax, or with Teflon, a fluoro
carbon. The water does not wet such a 

coating; where the water meets the coat
ing, therefore, its surface has a positive 
meniscus (that is, it curves downward) 
and can be raised high enough to inter
pose the monolayer between the barrier 
and the float. 

The film is spread on the water surface 
as follows. A few drops of a dilute solu
tion, containing about .01 milligram of 
the film-forming compound in a volatile 
solvent such as benzene or hexane, are 
deposited. The amount of compound to 
be deposited is precisely measured (in a 

special weighing pipette) so that the 
number of molecules present can be com
puted from the known molecular weight 
of the material. Upon evaporation of the 
solvent the compound forms a film just 
one molecule thick on the area between 
the barrier and the float. This area is 
large enough (usually more than 500 
square centimeters) to allow the mole
cules in the "two-dimensional fluid" of 
the film ample room to move freely on 
the surface. 

The compound traditionally used to 
form monolayers is stearic acid, a fatty 
acid. Consisting of a long, straight hy
drocarbon chain with a charged, or polar, 
group at one end, the stearic acid mole
cule is among the simplest film-forming 
molecules. As in the case of some oil 
molecules, the polar group is strongly 
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"ISLANDS," or aggregates of molecules, in monomolecular film of 
stearic acid are circular at surface pressure of 10 dynes per centi

meter _ Film (enlarged 19,000 diameters in this electron micro-

graph) rests on collodion support_ Wayne A_ Kimball and 

Norman Isaacs of the Whiting Research Laboratories of the Ameri

can Oil Company made this micrograph and those on page 164_ 
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THERMOSTATTED CABINET houses film halance, maintaining 

constant temperature during experiments. Surface·pressure data on 

FILM BALANCE is basically a water·filled trough, with a com· 
pression barrier (bar at lower left) and a mica float (thin strip 
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the indicator dial (small disk at lower right) is read through the 

magnifying glass. The cahinet rests on a heavy concrete base. 

across other end of trough). Samples of the film are removed on 

small screens attached to vertical glass plate in front of float. 
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attracted to the polar water molecules, 
whereas the nonpolar chain is only weak
ly attracted. As a result many of the 
molecules tend to stand straight up on 
the water surface. At the beginning of 
the experiment, however, with ample 
space between the barrier and float, some 
tend to lie down. As the barrier moves 
toward the float, reducing the surface 
area in small decrements, all the mole
cules begin to be oriented vertically un
der the increased compression. The ran
dom horizontal motion and the electrical 
repulsion of the molecules in the film 
resist this compression and thus generate 
a surface pressure. 

Area and pressure readings are taken 
simultaneously throughout the experi
ment. A linear scale at the side of the 
trough provides the area data. The pres
sure of the film against the Boat is bal
anced by twisting the torsion wire to 
which the Boat is attached. The degree 
of twisting that is required to keep the 
Boat stationary is a measure of the sur
face pressure, which is expressed in 
dynes per centimeter. Compression is 
increased until the pressure remains con
stant or falls, that is, until the film 
"collapses. " 

The single simple plot of pressure 
against area yields a surprising amount 
of significant information. Among other 
things, one may derive the cross section 
and length of the molecule, the approxi
mate location and strength of its polar 
groups and the approximate strength of 
the cohesive forces between the mole
cules. 

The slope of the curve shows the de
crease in area with increase in surface 
pressure and so measures the compressi
bility of the monolayer. The curve for 
stearic acid, for example, has a steep 
slope, which indicates that increase in 
pressure brings only a small decrease in 
area. Low compressibility is a sign that 
the molecules pack rather tightly even at 
low pressure, and that the cohesive 
forces between the stearic acid mole
cules are considerable. 

Because the number of molecules pres-
ent in the monolayer is known, the 

average area in which each molecule is 
free to move at different successive 
points on the pressure-area curve is eas
ily calculated. Extension of a line from 
the steepest part of the curve to zero 
pressure gives the cross-sectional dimen
sion of the molecule, or strictly speaking 
the area the molecule would occupy if it 
were under no compression at all [see 
top illustration 011 page 161]. For stearic 
acid the area is 20 square angstrom units 

PLATE METHOD of removing film samples at different stages of compression involves 
raising a glass plate vertically through the film. Film adheres to small screens attached to 

plate. Positive meniscus of film at side of trough causes a highly distorted reflection. 

CUP METHOD of removing film samples requires a bar in which one or more shallow 

cups can be inserted. Bar (shown here with six cups) is slowly raised througb the film by 

an extension arm (not shown). Each cup contains a coated screen to support the sample. 
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FILM BALANCE is depicted schematically in view from above 

(top) and from side (bottom). Float is attached to sides of film 

balance by flexible platinum foils; yoke is fixed to torsion wire, 

which can be twisted by turning rod at right of indicator dial. 

During experiment variable·speed drive·screw moves compression 
barrier toward float, compressing monomolecular film (heavy col· 

ored area and line) on surface of water (light colored areas). 

Degree to which torsion wire must be twisted to keep float station
ary is a measure of the pressure of film against float. Simultaneous 

readings of film area and pressure are taken from linear centimeter 

scale and from indicator dial respectively. Sweeping barriers clear 

the water surface of contaminating material before experiment. 

(an angstrom unit is a hundred-millionth 
of a centimeter) . 

The length of the molecule in a mono
layer of vertically oriented molecules is 
given by the thickness of the RIm. To es
tablish the thickness one Rrst computes 
the volume of the Rim by dividing its 
weight by the known density of the ma
terial. (The density of the RIm at, or 
near, the collapse pressure is very close 
to the density of the bulk material.) The 
volume thus computed can be divided 
by the surface area of the compressed 
RIm to yield the thickness. For stearic 
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acid monolayers the thickness is close to 
25 angstrom units, in good agreement 
with the length of the molecule as deter
mined by other means. 

The collapse pressure reflects both the 
strength with which the film adheres to 
the surface of the water (i.e., the strength 
of the polar group) and the strength of 
the cohesive forces. The stronger the 
polar group, the more tightly it adheres 
to the surface of the water; the greater 
the cohesive forces, the stronger the RIm. 
Stearic acid molecules, with their strong 
polar groups and high cohesive forces, 

adhere to the surface up to a surface 
pressure of 42 dynes per centimeter. 

Comparison of the pressure-area 
curves of three polar compounds-iso
stearic acid, tri-para-cresyl phosphate 
and n-hexatriacontanoic acid-with the 
pressure-area curve of stearic acid will 
illustrate the insights developed by the 
RIm balance. Isostearic acid is an isomer 
of stearic acid, containing the same num
ber and kind of atoms. Its slightly dif
ferent structure, however, gives an 
isostearic acid molecule a 50 per cent 
larger cross-sectional area: 32 square 
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More people are living it up since petrochemicals entered their lives! 

If the products you make fit into 
the leisure life, chances are petro
chemicals play a vital part in each 
sale. Petrochemicals knock down 
the cost of buying the boat-and 
the cost and care of keeping it up. 
They're behind the styrene that 
lightens the weight and hushes the 
sound of your outboard motor. 
They're the secret in hulls that 
don't warp or rust, need no scrap-

ing, painting, caulking. The soles 
on sports shoes, the tents overhead, 
the very clothes vacationers wear 
give greater comfort longer ... 
because of petrochemicals. 
Every day, more and more care
free products made from petro
chemicals are opening up new op
portunities for sales and profits in 
the expanding leisure market. If 
your product plans call for the use 

of basic petrochemicals, find out 
what Gulf can contribute to your 
success. Write or call our Sales 
Office, 360 Lexington Avenue, 
New York 17, N. Y. 
Quality 
petrochemicals 
to begin with 
Benzene . Cyclohe�'ane 
Propylene· Oxo Alcohols 
Ethylene· Toluene· Sulfur 
Propylene Trime,. and Tetra",er 

PETROCHEMICALS DEPARTMENT, GULF OIL CORPORATION, PITTSBURGH, PENNSYLVANIA 

© 1961 SCIENTIFIC AMERICAN, INC



Today, there's a new kind of citywide signal and voice commu

nications system that automatically ties all emergency services 
into one swift public reporting network. It's another first from 

Automatic Electric, designed for better community protection. 

Telephone call boxes throughout the community connect directly 
to fire headquarters and the police department through a central 

switchboard. Lift the handset in any box and it instantly and auto
matically puts in visual and audible alarms-even reports its loca
tion to an automatic typewriter! While you're reporting the nature 

of the emergency to the operator, the conversation is recorded, and 
the right kind of help is on its way almost before you hang up! 

This emergency reporting system-soon to be available in several 

municipalities-is typical of how AE applies the specialized art of 
automatic control to business, industry and national defense. 

AE can just as readily make automatic control work for you. If 
there's a problem you'd like us to tackle, we're ready to help-with 

engineering aid, basic components or complete control "packages" 
and systems. Write the Director, Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. 

TELEPHONE 

FIRE 

MAKING 

IDEAS 

WORK 

AUTOMATICALLY 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE &ELECTRONICS 
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angstrom units as compared with 20 for 
stearic acid. The collapse pressure of an 
isostearic acid film is 14 dynes per centi
meter-only one-third that of stearic 
acid. The film balance thus develops 
striking differences between two mole
cules that are difficult to distinguish by 
chemical methods. 

The discriminatory power of the film 
balance is even more strikingly illustrat
ed in the case of tri-para-cresyl phos
phate. This molecule has a bulky three
ring hydrocarbon portion attached to a 
strongly polar phosphate group. The 
pressure-area curve reflects its markedly 
different molecular structure. Measure
ment of the molecule's cross-sectional 
area shows it to be 95 square angstroms, 
in keeping with the bulky configuration 
of its three-ring structure. In contrast 
with monolayers of stearic and isostearic 
acid, which behave like rigid sheets, 
tri-para-cresyl phosphate behaves like 
a liquid, collapsing only gradually. The 
gradual slope of the curve, indicating 
high compressibility, shows that the 
molecules are not tightly packed. Final
ly, the low collapse pressure of nine 
dynes per centimeter indicates the weak
ness of such a film. Bulky hydrocarbon 
structures are of little use as protective 
films. 

Another straight-chain fatty acid sim
ilar to stearic acid, but containing 36 
carbon atoms instead of 18, is n-hexa
triacontanoic acid. It has the same cross
sectional area (20 square angstroms) as 
stearic acid. This measurement clearly 
indicates that the molecules are oriented 
vertically. The compound should there
fore form a monolayer twice the thick
ness of a stearic acid monolayer, and 
it does. The high collapse pressure of 
58 dynes per centimeter, 16 dynes 
greater than that of stearic acid, reflects 
the increased cohesion, and hence great
er film strength, that comes with in
creased length. 

Once the over-all geometry of the 
molecule is established, one can figure 
out the location of the polar group or 
groups. For instance, it is clear that a 
vertically orienting molecule-one with a 
small cross-sectional area and a relative
ly great length-has its polar groups lo
cated at one end. A large area and a 
short length, on the other hand, would 
indicate that the polar groups are dis
tributed along the molecule or are lo
cated at both ends of the molecule. 

For many years investigators assumed 
the monolayers to be homogeneous at all 
stages of compression, that is, uniform
ly distributed over the available surface. 

MONOMOLECULAR FILM AT INTERFACE between water (broken lines) and air is 

shown schematically at two stages of compression. At low compression (top) molecules are 

oriented at different angles or form tightly packed aggregates. At high compression (bot

tom) molecules are tightly packed and approach vertical orientation. Circles represent polar 

(water-altracting) groups of the molecules; straight lines, nonpolar hydrocarbon chains_ 

Ransburg's No. 2 Process moving bells
latest innovation in electrostatic painting
automatically paint mixed sizes of refrigerator 
cabinets and doors on Kelvinator's new fin
ishing line. 

On this job-first of its kind-limit switches 
re-position the reciprocating bells to accom
modate various model sizes mixed on the 
same line. And, electric eyes selectively trigger 
the paint on and off between parts. 

RESULTS? Automatic electrostatic spray 
painting-which replaced a battery of recip
rocating automatic air guns-is providing 
Kelvinator with a beautiful, higher quality, 
and more uniform finish. Rejects, formerly a 
troublesome problem, have been practically 
eliminated. And, along with appreciable labor 
savings in this highly automated set-up, paint 
mileage is substantially improved ... even 
bettering the savings indicated in pre-instal
lation lab tests at Ransburg. 

Like Kelvinator, other manufacturers of 
quality products will find Ransburg's moving 
bells the automation answer for production 
lines where batching of similar parts is im
practical. 

NO R EASON WHY YOU CAN'T 00 IT, TOO! 
Want to know how Ransburg No.2 Process can 

improve the quality of YOUR painted products

and at the same time-cut YOUR paint and labor 

costs? Write for our No.2 Process brochure. Or, 

if your production doesn't justify automatic paint

ing, let us tell you about the No.2 Process Electro

static Hand Gun which can be used in either con-

veyorized, or non-con� 

veyorized painting. [}p===rtr----.� 
RANSBURG 

Electro-Coating Corp. 
Box 23122, Indianapolis 23, Indiana 
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About 1930 Hans Zocher and Fritz 
Stiebel, using the dark-field ultramicro
scope, obtained results suggesting that 
mono layers might not be homogeneous 
at low pressure or even in the region of 
collapse, but rather that they might form 
aggregates, or "islands." The method 
used was capable of detecting only gross 
impressions of the size and shape of 
these aggregates. Measurements of sur
face potential, which varies with the 
concentration or packing of molecules in 
a film, were made by a number of work
ers and definitely established that the 
films are not homogeneous. The elec
trodes employed in these measurements 
were comparatively large (about a centi
meter in diameter) and so could not re
solve the sh'ucture of the film in really 
fine detail. 

In 1954 our group at the Whiting Re-

• 

20 SQUARE ANGSTROMS 20 SQUARE ANGSTROMS 32 SQUARE ANGSTROMS 

c c c 

search Laboratories of the Standard Oil 
Company of Indiana (now the vVhiting 
Research Laboratories of the American 
Oil Company) began making electron 
micrographs of monolayer samples. Be
cause thin films of organic material are 
transparent to the electron beam of the 
microscope, they are first made visible 
by "shadow-casting," a technique that 
involves coating them with a metal 
opaque to the electron beam. The tech
nique also makes it possible to deter
mine the thickness of the monolayer 
[see bottom illustmtion on opposite 
page J. Because the minute samples ob
served in the electron microscope are not 
always representative of the entire film, 
every effort must be made to select rep
resentative samples. Moreover, strains 
occurring in transfer may disturb the 
film. In spite of these difficulties we have 

• CARBON 

• HYDROGEN 

0 OXYGEN 

0 PHOSPHORU-S 

95 SQUARE ANGSTROMS 

MOLECULES OF FILM·FORMING SUBSTANCES at a water·air 

interface are oriented with their polar groups in the water (broken 

lines) and their nonpolar hydl"Ocarbon portions in the air. Four 

molecules discussed in the text are (from left to right) n·hexatria· 

contanoic acid, stearic acid, isostearic acid and tri-para·cresyl 

phosphate. Cross·sectional areas of molecules appear at bottom. 
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obtained sequences of pictures that un
doubtedly reflect the sequence of 
changes as measured on the film balance. 

Our electron micrographs of a mono
layer formed by n-hexatriacontanoic acid 
molecules provide visual proof that mon
olayers are indeed inhomogeneous at low 
pressures. Islands of irregular size and 
shape appear at a surface pressure of 15 
dynes per centimeter. Most of the is
lands are considerably less than one 
micron (or one ten-thousandth of a cen
timeter) in their largest dimension. Simi
lar is1ands also appear at lower pressures. 
The shadow widths correspond to a RIm 
thickness of close to 50 angstroms, the 
length expected for a vertically oriented 
molecule of n-hexatriacontanoic acid. 
The micrographs thus provide direct evi
dence that thc film is one molecule thick. 

With further compression the charac-
ter of the monolayer changes. At 20 

dynes the monolayer enters the con
tinuous phase, and the bare portions be
come holes in the film. At 25 dynes the 
continuous monolayer occupies a larger 
proportion of the available surface, and 
at 40 dynes large homogeneous areas of 
continuous monolayer appear. Uncov
ered areas at this pressure must result 
from strains or disturbances that crack 
the film; the matching contours of the 
film edges strongly suggest mechanical 
separation or cracking [see illustration 
at middle right on page 164]. 

Electron micrographs of a collapsed 
film suggest a mechanism for the col
lapse process. Collapse probably takes 
place in four main stages. In the weak
ening stage the surface pressure forces 
some of the vertically oriented molecules 
up from the water surface. The cohesion 
between the long hydrocarbon chains 
and the mutual attraction of the polar 
groups are great enough to cause the 
molecules to rise, one after the other, in 
closely packed folds or ridges two mole
cules thick. In the third stage this dou
ble-layered ridge rises and apparently 
breaks. In the final stage the collapsed 
fragment, two molecules thick, falls over 
upon the monolayer [see bottom illus
tration on next page]. 

Additional evidence in support of this 
hypothesis is furnished by the electron 
micrographs. Long, narrow ridges cor
responding to the second and third 
stages have been observed. Presumably 
they are the precursors of the long, flat, 
collapsed structures. Moreover, numer
ous small blisters, or bumps, found in 
monolayer samples at high compression 
may correspond to the initial stage of 
weakening. The linear alignment of 
these blisters raises the possibility that 
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AREA (SQUARE ANGSTROMS PER MOLECULE) 

-0-0-N.HEXATRIACONTANOIC ACID PRESSURE-AREA CURVES of four films show 

-0-0-STEARIC ACID 

.......... ISOSTEARIC ACID 

......... TRI- PARA -CRESYL PHOSPHATE 

collapse pressures (small arrows) and cross sec

tion of molecules (lowest point on broken lines) . 

Film compressibility is related to slope of curves. 

Tri-para-cresyl phosphate film collapses slowly_ 

SHADOW-CASTING makes film visible in electron microscope and provides a method for 

measuring the film thickness. A beam of metal atoms (arrows) , directed at a known angle 

(double arrow), coats exposed portions of the support (colored area) and the film. Thick

ness (vertical height) equals "shadow" width (unexposed portion) times tangent of angle. 
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RING METHOD of film transfer is shown. 

Wire ring is raised (top) through film 

(colored area) , then lowered (bottom) over 

electron microscope screen (hatched area). 

they coalesce into the ridges that appear 
at the second stage of collapse. 

The successful study of n-hexatriacon
tanoic acid led us to attempt the more 
difficult task of investigating the thinner 
stearic acid monolayer. At low pressures, 
in the neighborhood of five dynes per 
centimeter, islands 25 angstroms thick 
and similar in contour to those of the 
thicker monolayer appeared. This was 
not unexpected. But at 10 dynes many of 
the islands assumed a circular shape, re
sembling flattened liquid drops, with 
diameters ranging from 3,000 to 50,000 
angstroms. These islands would seem to 

- - - - - - -t- - - ---

=---- - -=--- -=--= � --=--=- � = = -
--- �� - -- - --- �---�---� -- - -- -

- - -- - --- - --- /-- - --

i 

CUP METHOD of film transfer is com· 

pleted in one step. A shallow, sharp.edged 

cup with collodion·coated screen (hatched 

area) is raised through film (colored area). 

be the two-dimensional analogue of the 
spherical drop in the three-dimensional 
world of bulk systems. Sphere and circle 
are configurations of minimum energy 
into which one would expect the mole
cules to arrange themselves. 

The combined film-balance and elec
tron-microscope technique is now being 
extended to the study of mixed films, 
or monolayers with two or more compo
nents. Perhaps of principal interest is 
the mixture of polyvinyl acetate and 
stearic acid (or n-hexatriacontanoic 
acid) , which like other mixed films of 
long polymers and fatty acids exhibits 

t 

- _1 __ . 
� .. ::::::j - --�--.- -------- -

PLATE METHOD of film transfer, like the 

cup method, requires only one step. Film 

(colored area) adheres to screen attached 

to vertical glass plate when plate is raised. 

properties quite different from those of 
films formed by its components separate
ly. The collapse pressure of the mixed 
film, for example, is markedly higher 
than that of the film formed by either 
component. More important, the film is 
analogous to biological films, which con
sist of proteins and fatty acids. By using 
such films and film-balance techniques, 
it may eventually be possible to approxi
mate the structure of an idealizcd cell 
membrane. It is currently believed that 
the representative membrane consists of 
two protein monolayers with two mono
layers of organic compounds, such as 

FILM COLLAPSE probably takes place in four stages. After maxi. 

mum surface pressure is reached, additional compression forces 

some molecules out of the film (left). As compression increases, 

a tightly packed layer, two molecules thick, rises from the 

sudace (second from left). Layer bends (third from left) and 

breaks, leaving collapsed fragment resting on film (right). 
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The Air Force's eight-jet Boeing B-52G Stratofortress has a non-refueling range of 
over 9,000 statute miles, enabling it to span oceans and still return to U.S. bases. 

BENDIX TOOL CONTROL SAVES 4 WEEKS 
IN PRODUCING 8·52 PARTS 

Numerical machine tool controls 
developed by Bendix literally make 
it possible to turn blueprints into 
finished parts. Result: there has been 
a c h a i n  r e a c t i o n  in p r o d u c t i o n  
methods that's paying big dividends 
in time and money to manufacturers. 

Taxpayers benefit, too. For example, 
take the global B-52 produced at 
Boeing Airplane Company's Wichita 
Division. With Bendix numerical con
trol, the extraordinary Keller milling 
machine shown in the picture at the 
right is turning out complex finished 
parts, three at a time, for advanced 
B-52 models. Not only are these parts 
milled to fine tolerances, but they 
are completed in four weeks' less flow 
time. Estimated savings run 10 man 

hours per part-with important dollar 
savings to taxpayers. 

How do Bendix numerical control 
systems make such savings possible? 
First, because they by-pass completely 
the conventional, time-consuming 
steps of fashioning templates and 
patterns. Second, because they provide 
fast, automatic machine tool control 
-accurate to within .001"-with 
punched tapes that feed all dimen
sional information and milling 
instructions to the machines. Third, 
because they help eliminate human 
errors and rejects that normally occur 

T�ncfY 
CORPORATION 
FISher Bldg., Delroll 2, Mien 

Three-spindle Keller mill simultaneously ma
chines three 8-52 wing structural members 
under direction of Bendix numerical con
trol system. Saving in flow time: 4 weeks. 

in manual machining operations_ 

Teamed with machine tools made 
by Kearney & Trecker, Ex-Cell-O, 
Pratt & Whitney, Heald, Sunstrand, 
Van Norman, and others, Bendix 
numerical controls are shrinking time 
and money expense for manufac
turers in a wide variety of industries. 

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS: 
automotive • electronics • missiles & space • aviation • nucleonics • computer • machine tools • sonar • marine 
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lecithin and cholesterol, sandwiched be
tween them. 

In addition, radioactive-tracer tech
niques are beginning to shed light on 

the formation as well as the structure of 
monolayers and mixed RIms adsorbed 

from solution onto a solid surface. At 
our own laboratory novel techniques 
have been developed for measuring di
rectly the rate of adsorption (which in 
some cases determines the over-all rate 
of reaction in a catalytic process) of 
radioactively labeled compounds onto 

the metal-coated window of a Geiger 
counter. Indeed, with the application of 
new techniques, the field of monolayer 
research may become as important to an 
understanding of the physical and bio
logical worlds as thin films are to proc
esses in these worlds. 

MONOMOLECULAR FILM of n·hexatriacontanoic acid at differ· 

ent stages of compression appears in five of six electron micro· 

graphs shown here. "Blank" (top left) shows collodion support 

without film. Irregular islands (raised areas) appear at surface 

pressure of IS dynes per centimeter (middle left), becoming con· 

tinuous at 20 dynes (bottom left). At 25 dynes (top right) film 

occupies more of available area. Large, homogeneous areas appear 

at 40 dynes (middle right). Narrow, flat structures appear in the 

collapsed film (bottom right), which is magnified 8,000 diameters. 

The magnification of the other micrographs is 40,000 diameters. 
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�--.-.ntl SC 
ntiske Traktast Organisation: j den 

LV t"q.1 ax 1 Kl1 
Organization: in the service of a free 

Bienste einer frell 
CO NORTE:EM SERVICO DE UM MUNDO LIVRJ 

, 
SU PlOD} 

HOW THE WORD GETS AROUND . . .  Problem: Build a 
4,000-mile military communications network for 15 NATO countries. Bounce microwave messages off the 
troposphere, hurdle mountain ranges, reach over the curvature of the earth to span a continent from the 
Arctic Circle to Turkey. Tall order! But NATO is doing it, with Project Ace High: an international forward
scatter communications system. 

The first link in Ace High, a four-station sys
tem called Hot Line, was installed in Norway 
in 195B. Varian's VA-BOOC amplifier klystrons are 
the heart of the system. Tube life to date is 
averaging over 5,000 hours. What's more, the 
average improves every day; two-thirds of the 
tubes are still operational. In fact, two tubes 
are over 13,000 hours. 

Do you require such exemplary tube perform
ance? Technical data? Just write Tube Division. 

VA·800C· 2.16 10 2.40 kMe' 10 kW CW 

VARIAN associates 

PALO ALTO 7, CALIFORNIA 

BOMAC LABORATORIES, INC. 

VARIAN ASSOCIATES OF CANADA, LTD. 

S-F-D LABORATORIES, INC. 

SEMICON ASSOCIATES, INC. 

SEMICON OF CALIFORNIA, INC. 

VARIAN A.G. (SWITZERLAND) 
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AMATEUR 

TELESCOPE 

MAKING 

Edited by Albert G. Ingalls 

This set of books is the authorita

tive reference library of the en

thralling hobby of amateur tele

scope making. Through these 

books thousands have discovered 

a fascinating mechanical art com

bined with a great science. 

Book One 
It begins at the beginning, teaches 

the basics of glass grinding and 

how to complete the first tele

scope. (497 pages, 300 illustra

tions.) Postpaid: $5.00 domes
tic, $5.35 foreign. 

Book Two 
This book leads on into advanced 

methods of amateur optical work 

and describes new projects for the 

telescope maker. (650 pages, 361 
illustrations.) Postpaid: $6.00 
domestic, $6.35 foreign. 

Book Three 
Book Three opens up further .fields 

of enterprise; e. g., binoculars, 

camera lenses, s p e c t r o g r a p h s ,  

Schmidt optics, eyepiece design, 

ray tracing (made easy). (644 
pages, 320 illustrations.) Post
paid: $7.00 domestic, $7.35 
foreign. 

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

415 Madison Avenue, New York 17, N. Y. 

(Residents of Netc }'ork City l)iease add 3 % sales taol) 
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MATHEMATICAL GAMES 
How to pla'y dominoes In 

two and three dimensions 

by Martin Gardner 

I
n the U. S. a standard set of domi

noes consists of 28 oblong black tiles, 
each divided into two squares that 

are either blank or marked with white 
spots. No two tiles are alike, and togeth
er they represent the 28 possible ways 
in which numbers from 0 through 6 can 
be combined two at a time. The tiles 
can be regarded as line segments that 
are placed end to end to form linear 
chains; in this sense all domino games 
are strictly one-dimensional. When the 
domino concept is extended to two- and 
three-dimensional pieces, all sorts of 
colorful and little-known recreations 
arise. Percy Alexander MacMahon, a 
British authority on combinatorial anal
ysis, devoted considerable thought to 
these superdominoes, and it is from 
his book New Mathematical Pastimes, 
published in 1921, that much of the 
following material is taken. 

For a two-dimensional domino the 
equilateral triangle, square and hexagon 
are the most convenient shapes because 
in each case identical regular polygons 
can be fitted together to cover a plane 
completely. If squares are used and 
their edges are labeled in all possible 
ways with n different symbols, a set of 
J4n (n + 1) (n2 -n + 2) squares can 
be formed. The illustration on page 168 
shows the full set of 24 square domi
noes that results when n = 3. If the 
reader constructs such a set from card
board he will have the equipment for 
a first-rate puzzle. Colors are easier to 
work with than symbols, so it is sug
gested that colors be substituted for 
the numerals. The problem is to fit 
together all 24 squares into a four-by
six rectangle, with two provisos: (l) 
each pair of touching edges must be 
the same color; (2) the border of the 
rectangle, all the way around, must be 
the same color. It is a singular fact 
that there is only one solution pattern. 
Any color may be picked for the border, 

but in each case the pattern is the same. 
In three dimensions, cubes are the 

only regular solids that will press to
gether to fill a three-dimensional space 
completely; for this reason they are the 
most satisfactory shapes for 3-D domi
noes. If two colors are used for the 
faces, no more than 10 different cubes 
can be painted-a number too small to 
be of interest. On the other hand, too 
many cubes (56) result if three colors 
are used. With six colors the number 
jumps to 2,226, but from this set we 
can pick a subset of 30 that is ideal 
for our purposes. It consists of cubes 
that bear all six colors on their six faces. 

It is easy to see that 30 is the maxi
mum number. There must be, say, a red 
face on each cube. Opposite this face 
can be any one of five different colors. 
The remaining four colors can be ar
ranged in six different ways, so the 
total number of different cubes must be 
5 X 6 = 30. (Two cubes are considered 
different if it is impossible to place them 
side by side in such a way that all 
corresponding faces match.) The illus
tration on page 170 shows the 30 cubes 
in "unfolded" form. 

The 30 cubes, apparently discovered 
by MacMahon, have become a classic of 
recreational geometry. It is a chore to 
make a set, but the effort brings rich 
rewards. A set of neatly painted cubes 
is an endlessly fascinating family toy; 
it requires no batteries and is unlikely 
to wear out for decades. Wooden or 
plastic blocks, preferably with smooth 
sides, can be bought at most toy coun
ters or obtained from a friend with ac
cess to a buzz saw. An alternative to 
painting is to paste squares of colored 
paper on the cubes. 

For an introductory exercise, pick 
any one of the 30 cubes. Now find a 

second cube that can be placed face to 
face with the first one so that the 
touching faces match, the end faces are 
a second color and the other four colors 
are on the four sides, each side a solid 
color. It is always possible to do this. 
Since the two cubes are mirror images 
of each other, this means that every 
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DEFENSE FROM THE DEEP 

The awesome retaliatory potential of the 

nuclear submarine-based Polaris missile 

describes more vividly than words the 

vital importance of this weapon in Amer

ica's protective arsenal. 

Manufacturers of electronic elements 

of the Polaris' firing and guidance sys

tems use transistors made by Tung-Sol. 

Here, as in so many other areas of the 

nation's defense and civilian electronics 

industries, Tung-Sol is a major source of 

supply for companies that require tubes, 

transistors and silicon rectifiers of the 

utmost reliability and in volume. Tung-Sol 

Electric Inc., Newark 4, New Jersey. 

Navy Bureau of Naval Weapons 

type R212 germanium transistor 

made by Tung-Sol for Polaris 

®TUNG-SOr 

MIL-SPEC ELECTRON TUBES AND SEMICONDUCTORS -INDUSTRIAL AND AUTOMOTIVE LAMPS 
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Give this ingenious machine tool 
E just 16 inches ) 
AND YOU'VE GOT IT MADE! 

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 .0005·of·an·inch! Manufaeturers developing new 
products find UNIMAT indispensable in the mock·up 
shop. A complete machine shop In miniature, UNIMAT 
converts from lathe to drill press, tool and surface 
grinding machine, vertical milling machine, o r  
polisher/grinder-in seconds! Hundreds of efficiency· 
minded companies, hospitals and government agencies 
are now putting their UNIMAT5 through a·thousand· 
and·one paces. 50 can you! 

Write for illustrated literature and price list 

AMERICAN EDELSTAAL INC. 
Dept. DC,350 Broadway, New York 13, N. Y. 

for fast, thorough p'roduction 
, )F ' 

1 cleaning of small parts 
sub· assemblies -for' 

the NEW SOLID-STATE 
ULTRASONIC CLEANER 

SONOGEN® LG· 75 
Compact, efficient, fully transistorized. 75 Watt 
generator drives a two·gallon cleaning tank. 
For extremly difficult jobs, the one·gallon 
high·intensity tank is recommended. Equipment 
is backed by a nationwide factory-trained ser· 
vice organization. Bulletin 5·628. Two-gallon 
system, $395, FOB Stamford. 

rnIT®llii�@rn 
ULTRASONIC 
nlVISION OF BRANSON INSTRUMENTS, INC. 
77 BROWN HOUSE RD. .• STAMFORD, CONN. 
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A set 0/ square dominoes using three colors 

cube, like every fundamental particle 
of matter, has its anticube. 

(In searching for a certain type of 
cube, much time can be saved by lining 
them up in rows and turning an entire 
row at once by applying pressure at the 
ends. For example, suppose you are 
looking for cubes with red and blue on 
opposite sides. Arrange a group of cubes 
in a row with red on top, give the row 
two quarter-turns and take out all cubes 
that now show blue on top. Or suppose 
you wish to work with cubes on which 
blue, yellow and green touch at the same 
corner. Arrange a row with all'blue on 
top, invert it and discard the greens and 
yellows. Turn the remaining cubes to 

show green on top, invert them and dis
card the blues and yellows. The cubes 
left will be of the desired type.) 

It is not possible to form a straight 
chain of more than two cubes and have 
each of the four sides a solid color, but 
a row of six is easily made that has all 
six colors on each side. A pretty prob
lem is to do this with all touching 
faces matching and the two end faces 
also matching. 

Now for a more difficult puzzle. 
Choose any cube and place it to one side. 
From the remaining 29 select eight that 
can be formed into a two-by-two-by-two 
cube that is an exact model of the 
chosen one except twice as high. In ad-
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Engineering ��Card Trick": 
Cut Random-Access Time in Computer Memories 
from 3 Minutes to 1j5 Second! 
Pick a card from this magnetic deck, 
and you have NCR's ingenious answer 
to the need for a fast. moderately 
priced exterior random-access mem
ory. Because each of the cards above 
stores as much information as seven 
feet of magnetic tape, you can record 
the equivalent of 1800 feet of tape
stored information on the 256 cards 
that comprise the full memory. 

No two cards in the memory are alike. 
The top of each one is die-cut accord
ing to a binary identification code. All 
256 cards hang from eight trunions. 
each of which rotates to the right or 
left depending upon the si�naJ. Onh 

the card whose die-cut top corresponds 
to the alignment of all eight trunions 
is then free to faIL A pneumatic sys
tem pulls the card past the readout 
head and shoots it back to the maga
zine. Maximum access-time -as com
pared with about three minutes for the 
1800-foot tape reel-less than 1/5 
second! 

Perhaps YOU would enjoy seeing some 
of your own bright ideas become a 

reality. If so. NCR may be the place 
for you. At the Electronics Division. 
original thought earns mam' unusual 
rewards. both professional and per
"ona!. for its creators. 

DIGITAL COMPUTER ENGINEERS
EXPANSION AT 

NCR CREATES OPENINGS 
IN LOS ANGELES FOR: 

SENIOH SOLID STATE IlE\'lCE 

E\fGIl\EEH 

-\11 important po�itinn f'ntailing inn:.:.;tig:atioll 
of !-'emi('onductor tlt'\ i(T� ror pllrpo�(' of ("�tah· 
li:::hing mathem atical Ill ode l:.; and desigTl pa
ramelrr!" ll�rd in ('irf'llit dp�ig.n. Rf"quirr..; 
minimum of thr('{' y('ar",' t'xpcriell(,(' and �onl( ' 
backgroun ci in ('OIllPlltf'1" circuitry, tran�i�tor�, 
diodf':-;, re�i:-;tor�. and tran�il'nt phf'IlOIllf'na. 
Should hf' f cun i iiar \\ ith ('haraclt'ri�tic�. analy· 
�i�. and matiwmati('al modt�l� of \"ariou� �t·m

-
i. 

('onduC'lor�, !:'-I)('h a� alloy tran:-o jqor:-;. diffll�t·d· 
ha�e tran�i�tor:-o. mt'�:l t;:'\Il..,i:-ol()r� . and diodt· ... . 

SEl\IOH pHOnUeT IlES1 C� E\fCI\fEEI{ 

Expandi ll� ('ommercial Jlro�ralll ofT(·r�(·\'t't·lknl 
opportunity to apply ad'an('('d t('('hlliqll(,� ill 
miniaturization . '\ pplicanl "hould han- '�I E 

dq.!J'(·(' and �\lh�tantial (·\.ll('ri(,IH'l' in piwk:.q.!;· 
inl! te('hnique� for ('on·�typc llH'morif'� and 
( 'ompll' x di�ltal systen". Sho"ld al" , I,,· ('apa· 
ble of produ(,t df'sign anal)'si ... and tf'ciJnif'al 
liaison to d('\"('lop a producih!t- prod"ct. 

(mII'UTEH. El\CI\fEERS 

Sl'nior� & T Jlt(�rm('dial(·s 
E·qwrien('(.'u graduate E.E:� "'jtb .') to 5 y t ·ar ... 
in logi(' de�if!;n and tran�i"toriz('d ('ir('uit dt'
... ign of digital (·quiplll('nt. \""ignm('nt� '\' ill 
f'ntail logic an d cir(,uit d('"igll of hufT('r "toragl' 
IIni1:-; and digital peripheral ('quipllll'ot. 

THAl\SlSTOH UH.CUlT E\,CIl\EEHS 

Sf'nior:-; & Intt'rtlH,dialt':-o 
l Ii/.dlly ('reati,e positioll� arc a\�lilahl(' in eir· 
('uit analy si� and df·�i{.!ll. DUlie ... include: 
ad"an('cd matiwmati('ai �t\ldi('s. in transistor 
t'iITlIitrv, f'\aluation of tran :-; istor ('in'uitry, 
c ' oml){Hl�nt stlldi('� anci'k"f'ping- ahr('a�t of ('O�l . 
plItf'r cin'uit ad\an('c�. (:in'nit analy�j� ahilit) 
and .... olid understanding of transi�tor !twory 
t·�:-;(,Illial. E.E. drg.n:·c rrquin 'd. 

TR \:,\SISTOH Po\VEH 

S( PI'I,,\ E'\fCll'\F.EH 

For a:-;"i�nlll('nt in �IW"ifying pow{'r "'lIppli('� 
for imth laq.!t� and ... llIall digital systf'm:.;, super
\i.,·;jng tht' d{�"ig.Il of slippli('s i ntt'rnally or by 
\(,IHlo!' ..... and t�' ai llating supplies to determine 
('onfonnanc-c to �lwcifi('ations. Hequirf's know}· 
"dgf' and (if'..,ign {yxlwriclln' in sol id state rom
putfT po,u'r �urrli('�, thf'ir spec.ifiration, and 
a:.;�o('iatf'd transi ... tor ('ir( ,llitry . Requires ex per· 
it' ll('cd t!;raciuatr E.E. or man with formal train
ing ant i appreciahl(' practical transistor power 
<.;upply (' 'Xperienf'f' . 

S, STE\IS ENGINEER 

E\)lerif'IH'e rrquin' d ill formulating fun(,tional 
df'<.;il!l1 <.;pt'eitication� for digital computer sy:-:.· 
tt'I11" (huffer �toragr, punch carci. paper tape, 
mal!!lcti(' tape. random a('('e�� de\"i('f"�. �y�tem 
I)rgani7.ation�, ('ommand �tructllre�) . Training 
in logical de�i gn, data-handling methods and 
pro gl'amming techniqu('s dr�ira hJt:' , A ��ign . 
ments entail formulating functional �rceifi('a. 
tions for busine�� ('omput{'r� . 

(;onfidt'lltial interviews ('an In' arranKed at your 
('onl'eniener. Telephone or .'wornit rc.'wmc to 
.\'. r,·. Powell. Perso"",", Mana!:cr. 

�* 
Th .. National Ca,h Hei!ister Company 

ELECTHO="ICS DI\ ISION 

1+01 E. EI Se�llndo Bhd. 
lla\\thornf' (Lo� Angele� ) , California 

pLI·IB11 
..... AI ·'.'A'IK EG. U .. PAT. OFF. 
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dition, each pair of touching faces must 
match. 

Only one set of eight cubes will do 
the trick, and they are not easy to find 
without a systematic procedure. The 
following is perhaps the best. Note the 
three pairs of opposite faces on the 
prototype, then eliminate from the 29 
cubes all those that have a pair of op
posite faces corresponding to any of the 
three pairs on the prototype. Sixteen 
cubes will remain. Turn the prototype so 
that one of its top corners points toward 
you and only the three faces meeting 
at that corner are visible. Among the 
16 cubes you will find two that can 
be placed so that the same three faces 
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are' in the same position as the three 
on the prototype. Put these two aside. 
Turn the cube so that another top corner 
points toward you and find the two cubes 
that match this corner. The eight cubes 
selected in this way-two for each top 
corner of the prototype-are the cubes 
required. It is now a simple task to 
build the model. 

Actually there are two essentially 
different ways to build the model with 
these eight cubes. L. Vosburgh Lyons, 
a Manhattan neuropsychiatrist, devised 
the ingenious procedure, depicted in 
the illustration on page 173, by which 
any model can be changed to its second 
form. The two models are related in 

• 

II 

[ 

The 30 color cubes unfolded 

remarkable ways. The 24 outside faces 
of each model are the 24 inner faces 
of the other, and when the two models 
are similarly oriented, each cube in 
one is diagonally opposite its location 
in the other. 

Lyons has discovered that after a 

model has been built it is always pos
sible to select a new prototype from 
the remaining 21 cubes, then build a 
two-by-two-by-two model of the new 
prototype with eight of the remaining 
20. Few succeed in doing this unless 
they are tipped off to the fact that the 
new prototype must be a mirror image 
of the first one. The eight cubes needed 
for the model are the eight rejected 

r 
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II 
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The more advanced our scientific ventures into space become, and 
the more sophisticated the weapons in our defense arsenal grow, the 
greater need there is for special purpose computers engineered to fit 
system requirements exactly. Serving as the nerve and intelligence 
center, the computer is playing an increasingly important role in 
system performance and reliability. 

A prime Sperry capability is computer technology-both digital 
and analog. In the analog field, the B-58 bombing-navigation com
puter is outstanding. Airborne digital applications include a counter
measures computer which sorts out the enemy's "confusion" data, 
decides logically the best means of counteracting it. Another is a 
subminiaturized, radiation resistant, ultra-reliable computer for 
missile guidance. In component technology, Sperry memory drums, 
most advanced in the field, include an air-bearing floated-head type 
with extremely long life and high storage capacity. Other advanced 

se;A 

1110110 

equals 

techniques are incorporated in studies and designs for the future . . •  

for computers applicable to space vehicles. 
On the surface, a small digital computer for ground support equip

ment checks out a complete airborne reconnaissance system. This 
"building block" computer is unique in its universal adaptability for 
reprogramming. 

On the Polaris submarines, a digital "brain" collates, analyzes, 
decodes and distributes the widest variety of navigational data ever 
centered in a single operation. In an anti-submarine warfare pro
gram, a high speed digital computer accepts, operates on, stores and 
displays instantaneous data relating to the target under consideration. 

In its computer work Sperry is often joined by Remington Rand 
Univac and Ford Instrument Company plus component divisions 
specializing in semiconductor and solid state devices. General Offices: 
Great Neck, N. Y. 

SURFAce; AIR SPAce; 
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A cross-section of disciplines directed toward Space Technology Leadership 

The technical staff at Space Technology Laboratories is the free world's most experienced group devoted exclusively to advances in 

the civilian and military applications of space technology . •  Among STL's strengths is a versatile capability created by a cross

section of the scientific and engineering disciplines. This enables the technical staff to anticipate and solve new problems in every 

area of space technology from fundamental research to complex hardware design and fabrication . •  Today, STL's growth and 

diversification are opening up exceptional opportunities for outstanding scientists and engineers. Their talents and training will 

bring strength to, and gain strength from, an organization devoted to a single purpose: constant advancement of the state·of·the·art 

in the exploration and understanding of space . •  STL invites the outstanding scientist and engineer to investigate the dynamics of 

a career in this atmosphere of Space Technology Leadership. Resumes and inquiries will receive meticulous attention. 

SPACE TECHNOLOGY LABORATORIES, INC. po BOX 95005V. LOS ANGELES 45. CALIFORNIA 

a subsidiary of Thompson Ramo Wooldridge Inc. I!A Los Angeles · Santa Maria · Edwards Rocket Base · Canoga Park V, Cape Canaveral • Manchester. England • Singapore • Hawai' 

Those attending the International Convention of the IRE are invited to visit STL at Booth Number 1435. 
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from the 16 in the last step of the pro
cedure by which the cubes were chosen 
for the first prototype. 

Games of the domino type can be 
played with any species of two- or three
dimensional domino; in fact, Parker 
Brothers still sells a pleasant game called 
Contack (first brought out by them in 
1939) , which is played with equilateral
triangle tiles. Of several games that 
have been proposed for the color cubes, 
a game called color tower seems the best. 

Two players sit opposite each other. 
Each has in front of him a screen that 
is easily made by taking a long strip 
of cardboard about 10 inches wide and 
folding the ends to make it stand up
right. The cubes are put into a con
tainer in which they cannot be seen but 
from which they can be taken one at a 
time. A paper bag will do, or a card
boaI'd box with a hole in the top. 

Each player draws seven cubes from 
the container and places them behind his 
screen, where they are hidden from his 
opponent. The first player opens the 
game by placing a cube in the middle 
of the table. (The privilege of open
ing can be decided by rolling a cube 
after a player has named three colors. 
If one of the three comes up, he plays 
first.) The second player then places 
a cube against the side of the first 
one, touching faces matching. Players 
alternate turns, each adding one cube 
to the structure, and in this way build 
a tower that rests on a square base of 
four cubes. A player's object is to get 
rid of all his cubes. 

The rules are as follows: 
1. Each tier of four cubes must be 

completed before starting the next tier. 
2. A cube may be placed in any open 

spot on a tier, provided that it meets 
two conditions: all touching faces. must 
match, and it must not make impossible 
any remaining play on the tier. In the 
illustration on the next page, for example, 
cube A would be illegally played if any 
of its faces met at right angles with 
an exposed face of the same color. 
3. If a player cannot play any of his 

cubes, he must draw one from the con
tainer. If the drawn cube is playable, he 
may play it if he wishes. If he cannot 
or does not wish to play it, he awaits 
his next turn. 
4. If for strategic reasons a player 

wishes to pass up his turn he may do so 
at any time, but he must draw a cube 
from the container. 

5. The game ends when one player is 
rid of all his cubes. He scores 10 points 
for winning, plus the number of cubes 
that remain in his opponent's hand. 

6. If all cubes are drawn from the 

,. MODEL SHOWN HERE HAS RED ON TOP, BLACK ON BOTTOM. TURN SO INTERIOR RED 
AND BLACK FACES ARE IN POSITION SHOWN. MOVE TOP HALF OF MODEL TO RIGHT. 

2. GIVE EACH COlUMN A QUARTER·TURN IN DIRECTION SHOWN BY ARROW TO FORM RED 
FACE ON BOTTOM OF LEFT SQUARE, BLACK FACE ON TOP OF RIGHT SQUARE. 

A A A A 

3. UNFOLD EACH SQUARE, BRINGING ENDS "A" TOGETHER TO FORM TWO ROWS. 

4. MOVE A CUBE FROM LEFT TO RIGHT END OF EACH ROW. 

5. FOlD EACH ROW IN HALF, BRINGING BLACK FACES TOGETHER 
ON LEFT, RED FACES TOGETHER ON RIGHT. 

6. PUT RIGHT SQUARE ON TOP OF LEFT. SECOND FORM OF MODEL IS NOW COMPLETE. 

The Lyons method 0/ transforming a model to its second form 
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•. . IT'S HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer ... but we first had to 
build an aspirin-sized motor to 
drive it. This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro
miniature elapsed time indi
cators  a n d  c o m p a n i o n  
events counters. _ This digi
tal elapsed time indicator has 
many outstanding features: 
size is only W' square x 1K6" 

long . • .  weight .75 ounce ... 

PLEASE 
DON'T 

SWALLOW 
OUR 

MOTOR 
actual 

size 

meets.ill.! mil specs . • .  temp. 
range -54 to +125°C ... vi
bration to 2000 cps at 20 Goo. 
choice of two ranges (hours 
to 9999, tenths to 999.9) ... 

power input .5 watt, max. In 
fact, the complete data out
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 HI right now. 
- Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver  Ci t y. F o r  e l e c t r o
mechanical devices call 
on our wizards in Waterbury. 

AUlHAYDON 
An. COMPANY 
243 NORTH ElM STREET. WATERBURY 20, CONNECTICUT 
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The gal1l e of color tower 

container, turns alternate until one play
er is unable or unwilling to play. The 
other player then plays until his op
ponent is able or willing to continue. 
If both are unable or unwilling to play, 
the game ends and the person with the 
smallest hand is the winner. He scores 
the difference between hands. 
7. The goal of a set of games can be 

any agreed-upon number of points. If 
played as a gambling game, the winner 
collects after each game an amount equal 
to his score. 

Various strategies occur to anyone 
who plays color tower for a while. Sup
pose your opponent has just started a 
new tier. You have two cubes left. It 
would be unwise to play diagonally op
posite his cube in such a way as to 
make your last cube unplayable in 
either of the remaining three-face plays. 
It may be necessary to play alongside 
his cube to keep open the possibility 
of going out on your next move. The 
discovery of such strategies makes the 
learning of color tower a stimulating 
experience and leads to a skill in 
play that greatly increases one's prob
ability of winning. 

If any reader has suggestions for im
proving color tower I would enjoy hear
ing about them, as well as about any 
other games or unusual new puzzles 
with the cubes. The 30 color cubes 
have been around for 40 years, but they 
probably contain many more surprises. 

The answers to the two problems in 
last month's department are: 

1. No regular polygon with more sides 
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A--:ICO¥9N BOARD: 
SIX MONTHS FROM CONTRACT TO COUNTDOWN 
Just six months following contract award, Northrop began deliv

eries of Datico automatic checkout equipment for use in the 

Navy's Polaris Fleet Ballistic Missile program. Datico is used in 

factory, depot, tender, and submarine operations. 

Datico is a digital automatic tape checkout system with a wide 

variety of applications. Its successful integration by Northrop 

into the Polaris and other major weapons systems demonstrates 

that the same basic Datico equipment can be used at all levels 

of maintenance and operation, utilizing the same test standards 

and methods and operated by personnel with the same basic 

training. 

Northrop is at work on more advanced versions of Datico to 

extend its capability 

t o  a n  e v e n  w i d e r  

range o f  military and 

industrial systems. 

NORTRONICS 
NORySiikOp 
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To preserve your copies of SCIENTIFIC 
AMERICAN 

-J A choice of handsome and durable library files-or binders-for your copies of 

SCIENTIFIC AMERICAN. 

-J Both styles bound in dark green library fabric stamped in gold leaf. 

�I Files-and binders-prepacked for sale in pairs only. 

Index for entire year in December issue.':' 

FILES 
Hold 6 issues in each. 
Single copies easily accessible. 
Price: $3.00 for each pair (U.S.A. only). 
Address your order, enclosing check or 
money order, to: Department 6F 

Hold 6 issues in each. 
Copies open flat. 
Price: $4.00 for each pair (U.S.A. only). 
Address your order, enclosing check or 
money order, to: Department 68 

New York City residents please add 3% Sales Tax 

':'Supply of back copies of SCIENTIFIC AMERICAN is limited. To replace missing 
copies, mail request with your order for files or binders. 

SCIENTIFIC AMERICAN, 415 Madison Ave., New York 17, N.Y. 

, CRYOGENICS 
li �--------------"�A 

I nterchangeable Bayonet 
Couplers for (/)H2 Lines 

Our new couplings take this simple approach: 
the cold nose A of the male coupling is designed 
with a conic beryllium-copper washer (or a 
special Teflon ring) to form a liquid seal against 
the cold end of the female section B. Pressure 
is contained by a gas tight, warm O-ring seal C. 
This gives a very efficient seal-with the clear
ance between the male 0.0. and female 1.0. 
ranging between Ijl6' and I/S', depending on 
the size of the coupling. The result is a thin
walled, stainless steel, vacuum jacketed, bayonet 
type coupler-completely interchangeable
with very low heat leak (10 BTU/hr. heat 
transfer ambient to 200 K per end on 11,4'). 
Gives fast, positive hookups on operational 
sites and developmental or experimental equip
ment. Eliminates freeze-up and cumbersome 
lapped, mated pairs. Proved and used by or
ganizations such as NBS, Martin, Borg
Warner. CR YENCO can manufacture varia
tions to meet your special conditions in sizes 
from \4' to 6'-Connectors, Valves, Rigid 
Lines, Flex Lines-for portable, standard, vac
uum jacketed liquid hydrogen transfer hnes. 
Write for spec sheets. 

I 
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CIj1"Y�NCO 
Cryogenl"c" Engineering Company 
202 W. 48th Ave�lie, Denver 16, Colo. 

Low Temperature, High Vacuum 
Equipment and Engineering 

getting you down? 
let us help you ... V lind hidden Clacks 
V 

with magnetic particle or dye 

penetrant inspection equipment 

lind deep-lying defects 
with x·ray or gamma 

radiography equipment 

see "innards" directly V ... / with bright-image fluoroscopes 

T worlc out the method 
at our Industrial Applications Lab 

call any local Picker office 
where a technical expert is always near 

(see 'phone book) or write 

25 So. Broadway, White Plains. N.Y. 

than a square can be inscribed in an 
ellipse for this reason: the corners of all 
regular polygons lie on a circle. A circle 
cannot intersect an ellipse at more than 
four points. Therefore no regular poly
gon with more than four corners can be 
placed with all its corners on an ellipse. 
This problem was contributed by M. S. 
Klamkin to Mathematics Magazine for 
September-October, 1960. 
2. The proof that the paper-folding 

method of constructing an ellipse actual
ly does produce an ellipse is as follows. 
Let point A in the illustration below 
be any point on a paper circle that is 
not the circle's center (0). The paper 
is folded so that any point (B) on the 
circumference falls on A. This creases 
the paper along XY. Because XY is the 
perpendicular bisector of AB, BC must 
equal AC. Clearly OC + AC = OC + 
CB. OC + CB is the circle's radius, 
which cannot vary, therefore OC + AC 
must also be constant. Since OC + AC 
is the sum of the distances of point C 
from two Rxed pOints A <lnd 0, the locus 
of C (as point B moves around the cir
cumference) must be an ellipse with A 
and 0 as the two foci. 

The crease XY is tangent to the ellipse 
at point C because it makes equal angles 
with the lines joining C to the foci. This 
is easily established by noting that angle 
XCA equals angle XCB, which in turn 
equals angle YCO. Since the creases are 
always tangent to the ellipse, the ellipse 
becomes the envelope of the inRnite set 
of creases that can be produced by re
peated folding of the paper. This proof 
is taken from Donovan A. Johnson's 
booklet Paper Folding for the Mathe
matics Class, published in 1957 by the 
National Council of Teachers of Mathe
matics. 

x 

y 

Answer to the paper·folding problem 
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SCIENTISTS INTERESTED IN CAREERS IN 
PHYSICAL RESEARCH CONTACT PRO
FESSIONAL EMPLOYMENT SECTION 569 

SANDIA CORPORATION 
ALBUQUERQUE, NEW MEXICO LIVERMORE, CALIFORNIA 
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Perovsklte 

Three layers 

Five layers 
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A number of new oxide compounds with the perovskite 
structure have been developed by one of our research 
groups. Investigations of related three-layered and five
layered structures are also in progress. To discover the 
relationships between crystal structure and physi
cal properties, intensive studies are being carried on to 
determine ferroelectric, ferromagnetic and dielectric 
characteristics. From this basic research may come ad
vanced materials superior to any currently available. 
• Our corporate-sponsored research programs into the 
fundamental nature of matter offer unusual opportunity 
to any scientist interested in doing original work. In
quiries are invited particularly from those with experi
ence in-Solid State Physics. Plasma Physics. Particle 
Physics. Nuclear Engineering. Gaseous Electronics. 
Direct Conversion. Surface Chemistry. 

Please write to MR. W. H. WALSH, Personnel Department: 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford S, Conn. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

N
T early everyone has heard about 

Venus's-flytrap, sundew, mimosa 
and similar plants that are cap

able of animal-like movements . But few 
residents of northern latitudes are fa
miliar with any of the several hundred 
so-called "sensitive" plants because most 
are tropical, or at least semitropical. We 
now learn, however, that one grows in 
Brooklyn. The movements of the Brook
lyn plant are not so swift or eye-catching 
as those of Venus's-flytrap, but they are 
quite as fascinating to Jack Rudloe, the 
high school boy who studies them. Rud
loe, who now lives in Tallahassee, Fla ., 
explains how he found the plant, how 
he has experimented with it and what he 
has learned about it. 

"While taking a short cut across a 
vacant lot in Brooklyn four summers 
ago," he writes, "I happened to brush 
against a small green shrub with fern
like leaves. The plant had reddish-brown 
stems and an abundance of small yellow 
flowers so attractive that I stopped for a 
closer look. One feature was particularly 
interesting : the stem of each leaf bore a 
small, glandlike structure about the size 
of a pinhead, which on the younger 
leaves was brilliant red and strikingly 
beautiful when viewed through a magni
fying glass. I had scarcely begun to ex
amine the gland on one leaf when I be
came conscious of a change in the plant. 
It was moving. The leaves were folding 
up, slowly but nonetheless obviously 
[see illustration on next page]. What 
made it move? 

"I spent the rest of the summer try
ing to find out and became a regular 
visitor to the lot. At night the leaves 
closed tightly and the leaf stems would 
droop at a sharp angle. Hot days or in
tense sunlight produced much the same 
effect. I could make a leaf close and 
droop merely by striking it several 

A young amateur experilnents with a plant 

that collapses its leaves when it is touched 

times with my finger. It was obvious 
that the movements were not caused by 
differences in growth rate. The respons
es were much too quick. The leaves 
would start to fold within seconds 
after being stimulated. Unless the 
plant was damaged in the process, it 
would recover from even the most vio
lent disturbance within an hour. 

"After a few weeks I decided to 
transplant a few specimens to our apart
ment for more convenient study. All at
tempts failed. I discovered that even 
the slightest damage to the root system 
killed the plant. Toward the end of 
August the field specimens came to seed. 
Each plant bore an abundance of long 
green pods. The pods dried by October, 
and I collected enough seeds to fill a 
one-ounce bottle-a lifetime supply. 
I put a capsule of calcium carbonate 
into the bottle to absorb moisture. 
Then, before frost set in, I took a few 
specimens to the Brooklyn Botanic 
Garden, where they were identified as 
Cassia nictitans, the wild sensitive pea. 

"The movements of Cassia nictitalls 
are far more sluggish than those of 
the VenUS's-flytrap or even of Mimosa 
pudica, the sensitive house plant that 
is so popular with gardeners in the 
southern U. S. When disturbed, the leaf
lets of mimosa snap shut within two sec
onds. Those of Cassia require from three 
to four minutes and will not close fully 
unless they are mechanically stimulated 
at least three tinfes. 

"During the following winter I at
tempted to grow some Cassia but with
out exception the results were disap
pointing. The seeds germinated well 
and came up promptly. Unfortunately 
the plants developed just as promptly. 
Having attained runt size in three or 
four weeks, they flowered, went to seed 
and died. I tried adjusting the soil, the 
room temperature and every other vari
able I could think of without success. 

. Finally I simply gave up and put the 
seeds away. 

"Subsequently we moved to Florida. 
One day in 1959, while unpacking a box 
of hobby materials, I came across the 
forgotten seeds. We live close to the 

campus of Florida State UniverSity, and 
during a visit to the campus shortly 
after finding the bottle I arranged to 
plant a crop in the university green
house, where the environment can be 
controlled. Once again the seeds germi
nated well, but the crop failed as usual. 
All of the young plants flowered within 
a month of planting. This seemed strange 
because I had made a careful record of 
summer temperature at the lot in Brook
lyn and had duplicated it in the green
house. Finally I took the problem to 
George W. Keitt, Jr ., a plant physiologist 
at the university. He suggested that the 
long November nights might be respon
sible for triggering the premature flow
ering [see "Light and Plant Develop
ment," by W. L. Butler and Robert J .  
Downs; SCIENTIFIC AMERICAN, Decem
ber, 1960]. So I installed a bank of 
electric lights above the plants and con
nected it to an automatic timer set to 
turn on at 4 p.m. and off at 2 a.m. This 
solved the problem. Within two months 
I had a flourishing crop of normal, 
healthy plants. Many more have since 
been grown. 

"While in Brooklyn I had gone 
through the literature in an attempt to 
learn about sensitive plants. Hundreds 
of different kinds have been described. 
All plants are capable of some move
ment, of course, particularly that re
sulting from unequal growth or the 
absorption or loss of water. Sensitive 
plants, on the other hand, have evolved 
a special motor organ, the pulvinus, that 
is responsible for an altogether different 
kind of movement. The pulvinus is an 
enlargement at the base of the leaflet 
and at the base of the leaf stem, or 
petiole. The center of the pulvinus 
contains a strand of vascular tissue 
surrounded by a cylinder of thin-walled 
cells that are separated by relatively 
large intercellular spaces. Some mech
anism in the plant, not fully understood, 
controls the permeability of the cell 
walls. In certain states the cells be
come gorged with a fluid that stiffens 
the whole structure. In other states 
the fluid is secreted in the intercel
lular spaces and the pulvinus loses 
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its stiffness. Such changes in penne
ability can occur, moreover, within 
selected groups of cells, such as those 
on one side of the pulvinus, with the 
consequence that one group of cells be- • 
comes flaccid while the opposing group 
remains turgid and the organ bends. A 
substantial amount of energy is thus 
made available for mechanical work and 
accounts for the movement of sensitive 
plants. Although the mechanism of 
energy conversion may differ funda
mentally from that of animal muscle, 
the resulting action is comparable. The 
pulvinus can readily elevate a leaf 
against the force of gravity, for example. 

"Unfortunately the literature makes 
few references to Cassia nictitans and 
barely mentions the petiolar gland. The 
specimens that I have observed normal
ly grow to a height of between six and 
eight inches as a single stalk with leaves 
attached to primary pulvini on alternate 
sides about every half inch from the mid
dle to the top of the stalk. Each leaf con
sists of a midrib that supports about a 
score of leaflets spaced uniformly in op
posing pairs along its length. Each leaflet 
is coupled to the midrib through a sec
ondary pulvinus, as illustrated in the 
accompanying drawing [top of page 
184]. The petiolar gland is situated on 
the dorsal side of the petiole about mid
way between the last set of leaflets and 
the primary pulvinus [see bottom illus
tration on page 184]. 

"The gland had first caught my inter
est when flies buzzing around the plants 
in Brooklyn were attracted to it; it is 
a mushroom-shaped structure with a 
slightly depressed, elliptical top about a 
millimeter wide and less than a milli
meter in height. During certain phases 
of the plant's life the gland secretes a 
sticky, transparent sap that collects as 
a drop in the depression at the top of 
the gland. It was this sap that attracted 
the flies. They fed on it. If permitted to 
collect undisturbed, the sap dries into 
a hard ball that eventually drops off. 
The gland then begins to secrete addi
tional sap and the cycle repeats. When 
a hot dissection needle is applied to the 
secretion in either the liquid or solid 
state, the resulting smoke has the odor 
of burnt sugar and a black residue forms 
that appears to be carbon. The one 
chemical test that I have made so far, 
however, failed to indicate the presence 
of sugar. 

"What is the function of this gland? 
In what way, if any, does it influence 
the movements of the plant? Because the 
reference books gave no information on 
this point, I decided to remove the 
glands from some plants to see what 
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midrib 

petiole. 
The leaf of Cassia nictitans 

would happen. This would not neces
sarily show how the gland functions, but 
it might indicate whether there is any 
relationship between the gland and the 
action of the pulvini. 

"First, I made a goniometer for meas
uring the angular closure of the leaflets. 
This was simply a sheet of glass about 
four inches wide and five inches long 
on which I painted a pattern of 17 radial 
lines, a fourfold bisection of a lSD-de
gree angle. Each of the 16 sectors is an 

petiolar gland 

angle of 1 1.25 degrees. The sectors were 
numbered serially in the clockwi�e di
rection from the reference line as shown 
by the accompanying illustration [page 
187]. You merely hold the goniometer 
between the eye and leaf, center the 
apex of the radial pattern on the axis of 
the midrib and turn the glass so the ref
erence line is aligned with the leaflets on 
one side of the leaf. The opposing leaflets 
are then observed through one of the re
maining spaces, unless the leaf is fully 

---------� -----� -----.,. 
Jongitud 'md' 

3cction 

Petiolar gland of Cassia nictitans 
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closed. To calculate the amount of 
closure per leaflet I multiply the number 
of sectors that the leaflets span by 1 1.25 
and divide by two. To determine the 
rate of closure or opening I make a series 
of timed measurements and plot the re
sulting data on rectangular co-ordinate 
graph paper. 

"In preparation for the first experi
ment I selected three groups of uniform, 
mature plants. The glands were removed 
from one group by placing the pointed 
end of a dissecting needle against the 
stalk of the gland and pressing the tip 
toward the apex of the leaf. The glands 
came off easily, taking along a small 
amount of vascular tissue from the stalk 
at its point of attachment to the petiole. 
Later I learned from experience that the 
risk of leaving tissue from the stalk em
bedded in the petiole increases with the 
age of the leaf. It is best to work with 
relatively young leaves. The removal of 
a gland causes only a small wound that 
heals in about a week. 

"Would the mere wounding of the 
petioles, apart from the removal of the 
glands, influence the sensitivity of the 
plants? In anticipation of this question 
the petioles of the second group were 
nicked in a few places between the gland 
and the stem. The wounds were just as 
severe as though the glands had been 
removed. But the glands were left intact. 
This test was discontinued after the first 
few experiments because the behavior 
of the nicked plants was identical with 
that of the control group. The control 
group was not modified. The three 
groups were then permitted to recover 
for one week. 

"What effect, if any, would the pres
ence or absence of the petiolar gland 
have on the response of the plant to a 

0 � 
</') ... 
� ... ... 4- 4- + + .... ... 

� til + .. 
" ",e(:hdt1ic4:l1 

+I e + .. I: � 
:: 

If> + + � 
.. 
<'J� E 

.. 

e ·c '" + 

0 
�N .. 

1 .2 
l.ime 

+ 

+ 

-I-

.I-

light blow, as when struck by the finger? 
To investigate the question I improvised 
a simple apparatus for dropping a series 
of weights on a selected part of the plant 
so that the intensity of successive im
pacts could be reproduced. A lO-inch 
length of quarter-inch aluminum tubing 
was supported vertically in a clamp on 
a ring stand, with the bottom of the tube 
about a foot above the bench. A slot 
wide enough to admit a piece of card
board was sawed halfway through the 
tube near the top. When placed in the 
slot, the cardboard served as a support 
for a pellet. When the cardboard was 
withdrawn, the pellet would drop 
through the tube and strike the plant 
beneath. Pellets of three weights were 
used. One of papier-mache weighed .32 
gram; one of wax, .49 gram; one con
sisting of a pellet of 00 buckshot, 3.2 1 
grams. The tube was aimed by trial and 
error (at first mostly error) so that the 
pellets struck the midrib of a selected 
leaf. 

"No significant differences were ob
served between the behavior of glanded 
and glandless leaves. But the experi
ments did disclose several interesting re
sponses. The leaflets would not close 
fully, for example, when stimulated by 
a single blow, however intense. Each 
initial stimulus was followed by a latent 
period of five to eight seconds. Move
ment then began and continued for 90 
seconds. If not restimulated, the leaflets 
would then come to rest for 30 seconds 
and begin to reopen. Restimulation at 
the end of the initial 90 seconds of 
movement was followed by a brief 
latent period. A second and third stimu
lation would in each case be followed 
by 60 seconds of movement. Three 
stimuli produced full closure of all 
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Goniometer for measuring leaf 111 ovemenls 

leaBets and made the entire leaf droop. 
Ylaximum movement was induced by 
the initial impact with progressively less 
movement following the second and 
third blows. The initial rate of closure 
following each blow appeared to vary 
directly with the intensity of the impact, 
but not significantly [see illustration on 
opposite page J. 

"Would the application of heat trig
ger the pulvini? As the initial test I ap
plied the tip of a hot dissecting needle 
to the top of the gland of the control 
plants and to the scar tissue of the gland
ed plants. No movement was apparent 
for eight seconds. Then the leaBets of all 
plants began to close, continued for six 
minutes, stopped for a minute and then 
began to open. The glandless leaves 
closed about five degrees per minute 
faster than the control plants, as illus
trated by the accompanying graph [top 
illustration on next page J. The difference 
is not great and may not be significant. 
It would appear to indicate, however, 
that the gland is an irritable center. The 
stimulated gland resulted in movement 
at least comparable with that of the 
stimulated petiole. During a subsequent 
run of this same experiment I accidental
ly touched the hot needle to the petiole 
of a control plant in the area between 
the gland and the first pair of leaBets. I 
was about to discard the plant when I 
noticed that the leaBets were closing at 

los( 
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articles on astronomy, observing, telescopes and acces

sories. It is of interest to both beginners and odvonced 
amateurs. 

Content. inc/uae-
• Observin, the sun. 

moon, planels and 
wonders of Ihe sky 

• Conslellalion map 

• Hints for observers 

• Glossary of leleseope lerms 

• How 10 ehoo .. a leleseop. 

• Amaleur clubs and research 
pro,rams 

UNIT!?ON 
INSTRUMENT COMPANY· TELESCOPE SALES OIV. 
66 NEEDHAM ST. NEWTON HIGHLANDS 61. MASS 

Please rush 10 me, free of charge, UNITRON'S new Observer's 

Guide and Telescope Calalo, 6·M. 

Name_��� ����� __ ���_ 

Slreel _������������_ 

City _��--;����_Slale����� 

�-------------------------� 
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Response of plant to heat applied 10 gland (top) and 10 petiole (bottom) 

an abnormally high rate. This suggested 
another experiment. 

"Two groups of unaltered plants were 
selected. The heated tip of the needle 
was touched to the petioles of one group 
at a point about two millimeters above 
the gland (between the gland and the 
leaflets) . The petioles of the second 
group were similarly stimulated between 
the gland and the stalk of the plant. The 
comparative reaction of the two groups 
was astonishing . The leaflets of the 
group that was stimulated between the 
gland and the leaflets moved through 
twice the angle of the second group in 
the same period of time [bottom illus
tration on this page]. In addition to the 
difference in rate of movement the 
plants reacted in another interesting 
way . The midrib darkened and the sec
ondary pulvini, which form the junctions 
between the midrib and the leaflets, 
changed color from pale white to dark 

green. The heat doubtless influences the 
chemistry of the midrib, but the altered 
appearance of the pulvini may be due to 
differences of light refraction caused by 
the redistribution of the fluid in the 
permeable dells. 

"The leaves of Cassia nictitans close 
tightly at night, with a sharp forward 
and upward movement. Is the gland in
volved? Two groups of plants were re
moved from the artificial light and 
placed near a large window with a 
northwest exposure. To simplify meas
urement all but the four most vigorous 
leaves were removed from each plant. 
The glands were also removed from one 
group. The plants were then permitted 
to recover. (Recovery was judged to be 
complete when the plant reacted nor
mally to physical stimuli.) Closure of 
the two groups required abouthvo hours; 
the rates of closure were almost identi
cal, although the glandless group re-
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PROGRAM MANAGEMENT I STARTS I 
WITH THE DESIGN ENGINEER-AT LIGHT MILITARY* 

ENGINEERING PLANNING, time estimates and evaluations were once 
conducted almost exclusively at the management level, and deadline 
assignments passed down to design engineers. The result: bottleneck 
delays and unrealistic completion dates. 

By applying PERT (Program Evaluation & Review Technique), 
however, General Electric's Light Military Electronics Department is 

solving the problem in a systematic fashion - one that works to the 
strong advantage of the individual engineer as well as program manage
ment. As one of its essential features, PERT recognizes that the creative 
engineer himself is in the best position to evaluate the requirements of 
his own work. 

A DIAGNOSTIC AND PROGNOSTIC TECHNIQUE 
Based on initial time estimates and subsequent progress reports - both 
submitted by engineers doing the actual work at each stage - PER T 
formalizes all related steps toward a program's completion into an 
analytical network. Computer analysis then provides both a diagnostic 
and prognostic means for combining time, talent and resources to assure 

a high probability of success in meeting overall deadlines. 

The use of the PERT technique is just one aspect of LMED's 
forward looking endeavors to utilize the judgment and enhance the 

creativity of the"individual engineer. At Light Military, the engineer 
finds himself in direct contact with the problems and decisions that 

influence his professional activities. He finds that management is not 

imposed on him - it depends on him. 

....... -

Immediate 
Professional Openings 

If you are an engineer who wants to 
participate more directly in the con
duct and evaluation of your work, 
why not look into the excellent posi
tions that are open at Light Military. 
Opportunities are available at most 
levels of education and experience 
in the following areas: 

Space Communications 

& Telemetry 

Missile & Satellite Computers 

Space Vehicle Guidance 

Undersea Warfare Systems 

Thermoplastic Data Storage 

Space Detection 

& Surveillance 

Command Guidance 

& Instrumentation 

Infrared Missile Applications 

Technical Writing 

Forward a brief outline of your 
education and experience in confi
dence to Mr. R. Bach, Dept.59·l\1C. 

*UGHT MILITARY ELECTRONICS DEPARTMENT 

G E N F�E�l\1D.T�A�N�W �oI RIC 
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MEN T O  CONCEIVE 
A N D  LEAD NEW 

ENERGY CONVERSI O N  
CO NCEPTS 

PHYSICIST O R  PHYSICAL 
C H E M I S T  

T h e o r e t i c a l  w o r k  i n  t h e 
e n e r g y  c o n v e r s i o n  f i e l d .  
S o l i d  s t a t e  p h y s i c s ,  r e a c ·  
t i o n  k i net ics , a n d  re lat iv is ·  
t i c  q u a n t u m  t h eory .  Fa m i ·  
l i a r w i t h  n u c l e o n i c s .  R e· 
q u i re s  P h . D .  or eq u i va l ent.  

N U CLEAR E N G I N EE R  
D e s i g n  a n d  d e v e l o p m ent 
w o r k  i n  e n e r g y  c o n v e r· 
s i o n  f i e l d .  R e a ct o r  a n a l y· 
s i s ,  a d v a nced n u c l e a r  p ro· 
p u l s i o n ,  c o m p a ct  p o w e r  
re a c t o r s .  F a  m i l i a r  w i t h  

ex o t i c  m a t e r i a l s ,  t h e r· 
m i o n i c s .  R e q u i res  M . S . 
o r  e q u i v a l e n t  e x p e r i e n ce .  

Send resume' to: 
R. W. Stoner 

Chief of A dvanced Concepts 
Vought Aeronautics 

P. O. 5907, Dallas 22, Texas 

C H A N C E  
VO U G H T  
AERONAUT ICS  

sponded at a higher initial rate. No 
change of color was observed in either 
the midribs or the pulvini. 

"Subsequently I ran
' 
another series of 

tests with a different set of plants to 
check the rate of re-expansion in the 
morning. The plants were similarly pre
pared but were shifted to a window with 
a southeast exposure. The experiments 
were made in May, 1960, beginning in 
total darkness at about 4 a.m. The plants 
without glands were observed to open 
at a substantially lower rate than the 
controls, less than half as fast during the 
initial phase, and required 30 minutes 
longer than the controls to open fully 
[see top illustration on this page]. The 
most interesting response, however, was 
observed on May 7. In contrast with the 
previous sunny mornings, there was in
tense rain and the sky was heavily over
cast. The plants with glands opened at 
a much higher rate than those without 
glands and were fully open an hour 
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earlier. I can think of no reason for this 
reversal in behavior, and so far I have 
not managed to get any counsel concern
ing an explanation. The data plotted in 
the next illustration [bottom of page J 
represent the average of observations 
made over a period of three days in the 
case of the glandless plants but of only 
one day in the case of the controls. 

"The crop was at its best during May 
and June. An abundance of large leaves 
provided an excellent opportunity to test 
the effects of an acid, an alkali and alco
hol as stimulants. Sulfuric acid was pre
pared in three concentrations for the 
experiment by adding 12 grams, 1 44 
grams and 588 grams of acid respective
ly to three vessels, each containing one 
liter of water. Comparable dilutions of 
ammonium hydroxide were prepared 
for the alkali solution. A single dilution 
of 85 per cent ethyl alcohol (by volume ) 
was used. The stimulants were applied 
to the glands and petioles with a swab 
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Response of plant to sunrise on a clear day ( top)  and a cloudy one ( bottom ) 
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A Statell1ent of Conviction 
about Overpopulation 

A summary of the statement signed by distinguished citizens 

of 17 countries , including 34  Nobel Laureates , 

on what must be done to curb the population explosion 

- and why: 

BECAUSE two-thirds of the world's people are now underfed; 

BECAUSE each day nearly 1 40,000 more people are added to the 
world's population , and each year 50,000,000 more people ; 

BECAUSE unless a favorable balan.ce of population and resources is 
achieved with a minimum of delay, there is in prospect a Dark Age of 
human misery, famine and unrest; 

WE BELIEVE that widespread, effective and voluntary use of med
ically sound and individually acceptable birth control is an essential 
factor in any humane design to raise world living standards and achieve 
international peace. 

THEREFORE WE SUPPORT with conviction the efforts, with
in individual nations, to control the birthrate. 

AND WE URGE that the United Nations take the lead in establish
ing and implementing a policy designed to limit population growth the 
world over - in order that human beings everywhere may develop their 
highest capacities , enjoy individual freedom, health, privacy, security, and 
the beauty and wonder of the world. 

Nobel Prize Winners* :  LORD ADRIAN England ' SIR NORMAN ANGELL 
England · JOHN BARDEEN • FELIX BLOCH ' MAX BORN Germany · ARTHUR H. 
COMPTON ' HENRIK DAM Denmark ' JOSEPH ERLANGER ' HERBERT GASSER 
OTTO HAHN Germany · ARTHUR HENDERSON England ' H. HESSE Switzerland 
PAUL KARRER Switzerland ' EDWARD C. KENDALL ' ARTHUR KORNBERG ' PAR 
LAGERKVIST Sweden • HALLDOR LAXNESS Iceland • JOSHUA LEDERBERG 
A. J. P. MARTIN England · HERMANN J. MULLER ' WILLIAM P. MURPHY 
JOHN H. NORTHROP ' LORD BOYD ORR Scotland ' DICKINSON W. RICHARDS 
SIR ROB ERT ROBINSON England ' BERTRAND RUSSELL Wales ' FREDERICK 
SANGER England • EMILIO · SEGRE • WILLIAM SHOCKLEY • HUGO THEORELL 
Sweden ' SIR G. P.  THOMSON England · SIR ALEXANDER TODD England 
HAROLD C. UREY • THOMAS H. WELLER. 
* Signers are from the United States unless otherwise designated. 

The full statement has been presented to the United Nations. For a copy of 
the complete text and further information about it - including suggestions 
on what you call do to support the viewpoint it expresses - write or call: 

PLANNED PARENTHOOD FEDERATION OF AMERICA, INC. 
501  Madison Avenue, New York 22 - PLaza 5-8600 

DEAN ACHESON 
H. AUTRUM G ermany 
P .  A VON France 
A .  J .  AYER England 
JEAN L. BAER Switzerland 
JACQUES BARZUN 
G .  H. BEALE Scotland 
HENRY B. B IGELOW 

PETTER J .  B J ERVE Norway 
EUGENE R. BLACK 
JUDITH BLAKE 
SIR RUSSELL BRAIN England 
ERNEST R. BREECH 
HARRISON S.  BROWN 
DOROTHY H. BRUSH 
JOHN E. BURCHARD 
CASS CANFIELD 
SIR A. M. CARRSAUNDERS Ellglalld 
LORD CASEY England 
BROCK CHISHOLM Canada 
GEORGE CORNER 
JOHN COWLES 
F. FRASER DARLING 
SIR CHARLES G. DARWIN Englalld 
KINGSLEY DAVIS 
WILLIAM H .  DRAPER, JR. 
CYRUS AND MARGARET EATON 
KARL EVANG Norway 
JOSEPH FLETCHER 
HARRY EMERSON FOSDICK 
K.  v. FRISCH G ermany 
MORRIS E. GARNSEY 
SIR JAMES GRAY England 
LEARNED HAND 
SEYMOUR E. HARRIS 
ROGER HElM France 
SIR WILLIAM HOLFORD Ellgland 
SIDNEY HOOK 
SVEN HORSTADIUS Sweden 
M. A. DEWOLFE HOWE 
ALDOUS HUXLEY 
SIR JULIAN HUXLEY England 
DAVID R. INGLIS 
MOHAMMED AYUB KHAN Pakistan 
GRAYSON L. KIRK 
WILLIAM S. KISKADDEN 
ALFRED L. KROEBER 
JOSEPH WOOD KRUTCH 
NILS P.  LARSEN 
MARY WOODARD LASKER 
WILLIAM L .  LAURENCE 
DAVID E. LILIENTHAL 
C.  S. LOGANATHAN Illdia 
KONRAD LORENZ G ermany 
ANDRE LWOFF France 
ARCHIBALD MACLElSH 
HEDLEY R. MARSTON Australia 
\V. R. MATTHEWS Ellgland 
R. MATTHEY S witzer/and 
W. SOMERSET MAUGHAM Ellglalld 
ANDRE MAUROIS France 
OTTO L. MOHR Norway 
HENRY MOORE England 
WALTER G. MUELDER 
MALCOLM MUIR 
LEWIS MUMFORD 
ALLAN NEVINS 
REINHOLD NIEBUHR 
PAUL H. NITZE 
ANTHONY N UTTING Ellgland 
SIR MARK OLIPHANT A ustralia 
FAIRFIELD OSBORN 
B .  PATNAIK India 
WILDER PENFIELD Canada 
NULO PESONEN Finland 
CLARENCE E. PICKETT 
JAMES A. PIKE 
P. PLUM Denmark 
LUCIAN W. PYE 
LADY DHANVANTHI RAMA RAU India 
BERNHARD RENSCH G ermany 
OSCAR RIDDLE 
ELEANOR ROOSEVELT 
JOHN RUNN STROM Sweden 
SIR EDWARD SALISBURY England 
ARTHUR M .  SCHLESINGER, SR. 
PAUL B. SEARS 
HARLOW SHAPLEY 
IGNAZIO SILONE Italy 
GEORGE GAYLORD SIMPSON 
STEPHEN SPENDER England 
ERNEST L. STEBBINS 
J .  R. D. TATA India 
ARNOLD J .  TOYNBEE Ellgland 
LIONEL TRILLING 
HANS JACOB USTVEDT Norway 
LAURENS VAN DER POST England 
MARK V AN DOREN 
C. H. WADDINGTON Scotland 
ELLEN J .  WATUMULL 
WARREN WEAVER 
RUPERT CRAWSHAY WILLIAMS Wales 
MORTIMER WINTER England 

(List incomplete) 
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In case you are not familiar with the diffraction images of perfect telescopes 
( which prove their perfection ) ,  you might enjoy reading a discussion of them 
in the Questar booklet. May we send it to you? If you wish, we will also include 
a short description of how the barrels, pictured above, are made from forged 
aluminum shells on the engine lathe. If, as they say, trifles make perfection, 

then trifles are indeed our business, for each Questar must perform perfectly. Thereafter 
no sum of money or number of man hours can appreciably improve its power of resolu· 
tion. And because of its versatility we are coming to 
speak of it as a little work horse. A Questar costs only 
$995, and we usually have star·tested instruments 
available for immediate delivery. Terms are available. 
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made b y  wrapping a few strands o f  cot
ton on the roughened tip of a dissecting 
needle. 

"The plants, grouped and prepared as 
in the earlier experiments, displayed a 
barely detectable reaction to the weak
est dilutions of acid and alkali. The in
termediate concentration triggered a 
more obvious response : movement start
ed in the leaflets closest to the stem of 
the plant and gradually progressed up 
the midrib to the terminal pairs. The 
rate of movement was perceptibly high
er in the leaves with glands but in all 
other respects the reactions of both 
groups were identical. 

"The highest concentration of alkali 
and the alcohol triggered more interest
ing responses. When a drop of strong 
ammonium hydroxide solution was ap
plied to the glands, all leaBets closed 
quickly in unison, with the stimulus be
ing transmitted first to the first pair of 
terminal leaflets-the pair at the apex 
and farthest removed from the gland. 
When applied to a glandless petiole, 
however, the alkali induced movement 
first in the pair of leaflets closest to the 
petiole and the effect progressed up the 
midrib to the terminal pair. When alco
hol was applied to the gland, the leaflets 
at the apex responded first and the 
movement traveled progressively down 
the midrib to the petiole. When alcohol 
was applied to a glandless petiole, leaf
lets closest to the stem responded first 
and the reaction progressed quickly 
toward the apex. Immediately after the 
application of strong acid to the gland, 
the color of the gland changed from the 
normal brown (on mature 'eaves) to a 
brilliant red. The midrib simultaneously 
darkened and the pulvini changed color 
as the stimulus traveled down the midrib 
at the rate of one millimeter per second. 

"The results of these experiments 
(which I am continuing) have not dis

closed the purpose of the gland. They 
do suggest that the gland is both an 
irritable center and a transmission 
organ. Under certain conditions it can 
influence the movements of the plant. 
The reaction of the plant when alcohol is 
applied to the gland even suggests that 
the gland may be connected to the apex 
of the leaf by some sort of pipeline. It 
would be interesting to check this by one 
of the radioactive-isotope techniques. 
The experiments have also shown that 
the plant responds to four stimuli : im
pact, heat, light and certain chemicals. 
Finally, they have provided me with a 
hobby as fascinating as any I can imag
ine. I urge amateur botanists who are on 
the prowl for novel specimens to include 
Cassia nictitans in their collections." 
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" To preserve our free institutions, it is 

a b s o l u t e ly esse n t i a l  t h a t  t h e U n i t e d  

Stales fi n d  t h e  most effective meal1.\· of 

advancing the science and tech nology 

of space and also of applying them to 

m ilitary space systems. This is the mis

sion of A erospace Corporation: '  

IVAN A .  G ETTING 
PRESIDENT 
AEROSPACE CORPORATION 

In accomp l i sh i n g  i ts  m is s i o n ,  this non
profit p u b l i c  serv ice organ izat ion per
forms the u n i q u e  role of space system s  
arch itect .  Aerospace Corporat ion pro
vides  sc ient ific and tec h n ical  leadershi p  
t o  t h e  sc ience/ i n d ustry team respo ns i
b le  for  devel o p i n g  com plete space a n d  
b a l l i s t i c  m i s s i l e  syste m s  on b e h a l f  o f  
the U n ited States A i r  Force. 

ER OSPACE 
CORPORA TION 
present genuine challenge to scientists 
and engineers of demonstrated cOlnpetence 

S p e c i fi c  respo n s i b i l i t i e s  of  t h e  n e w  
corporat ion i nc lude advanced system s  
a n alys i s ,  research a n d  experi mentat ion,  
i n i t i a l  syste m s  e n g i n e e r i n g ,  and g e n 
e r a l  t e c h n i c a l  s u p e r v i s i o n  o f  n e w  
syste m s  t h r o u g h  t he i r  c r i t i c a l  p h a s e s .  

T h e  b r o a d  c h a r t e r  o f  A e r o s p a c e  
Corpora t i o n  offers i t s  s c i e n t i sts  a n d  
e n g i n e e rs m ore t h a n  t h e  u s u a l  s c o p e  
f o r  creat ive express i o n  a n d  s i g n i fi c a n t  
a c h i e v e m e n t ,  w i t h i n  a s t i m u l a t i n g  
atmosphere o f  dedicat ion to the p u b l i c  
i nterest. 

A e r o s p a c e  C o r p o r a t i o n  s c i e n t i s t s  
a n d  e n g i n eers are a lready e ngaged i n  a 
w i d e  variety of specific system s  proj 
e c t s  a n d  forw ard research progr a m s ,  
u n d e r  t h e  l e a d e r s h i p  o f  s c i e n t i s t /  
a d m i n i s trators i n c l u d i n g  corpora t i o n  
pres ident  Dr. I v a n  A . G e tt i n g ,  se n i o r  
v i ce p res ident  A l l e n  F. Donov a n ,  a n d  
v i c e p r e s i d e n t s  E d w a r d  J .  B a r l o w ,  
W i l l i a m  W Drake, J r . ,  l ack H. I rv i ng,  
a n d  C h a l m ers W Sherw i n .  

I m m e d iate opport u n it ies  ex ist  for M S  
a n d  P h D  c a n d i d ates complet i n g  requ ire
ments in  engineering, physics,  chemistry 
and m athematics, and i n terested i n :  

• Theoret ical  phys ics  

• Exper i m e n tal  physics  

• I nert i a l  g u i d ance 

• Propu l s i o n  system s  

• Computer a n alysis  

• Applied aerody n a m ics 

• Space com m u n icat ions  

• I n frared e n g i neeri n g  

• A p p l i e d  m athem atics 

• H igh tem perat ure che m i stry 

• M icrowaves 

T h o s e  q u a l i f i e d  a n d  e x p e r i e n ce d  i n  
t h e s e  a n d  re l ated fi e l d s  are u r g e d  t o  
d i rect the ir  resumes to : 

M r. J a m e s  M .  B e n n i n g ,  R o o m  1 20 
P. O. Box 9508 1 ,  Los A n geles 45,  Cal if .  

A E R O S P A C E  C O R P O R A T I O N  
engaged in accelerating the advancement of space science and technology 
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· . .. is setting the pace in space for years ahead 
Lockheed Missiles and Space Division's progress transcends even that of 
an era marked by phenomenal scientific growth. To an important degree, the 
Division's research and development activities are considered to be �he 
basis of its success. 
As systems manager for the Navy POL!>RIS Missile anCl the Air Force 
AGENA Satellite in the DISCOVERER and MIDAS programs, the 
Division is engaged in extensive research in many diverse engineering and 
scientific fields. Some higblights of current research and development activities 
include: Operations research and preliminary design ; nuclear and space 
physics; physical electronics; chemistry; materials ; mathematics; engineering 
mechanics; electronic communications and instrumentation; and 
computer research and development. 

Research is a concept which holds many different meanings to those concerned 
with science and technology. At Lockheed; a distinction is made between 
the nalllre of the work and its ohectives. Consequently, such terms as basic 
research, applied research, systems' or operations analysis, engineeririg 
and development are used. A given indivi�ua1 might �nd that his personal' 
inclination often leads him quite naturaHy from one type of research to 
another. Recognition of this desire is reflected in the scope of tVork conductep 
in the Research Branch at Lockheed M issiJes an d Space Division. Principal 
research activities are: Pure and applied research; advan�ed design ; engineering 
analysis; electronic prototype developmeqt; an d machine computation.  

Organization is determined by the technical field,rather than by the type of 
research. 'For example, a structural dynamicist, as a member of the 
Structures Department, may, on one occasion, work on future spac.e vehicle 
configurations, at another time be associated with current projects such as 

the POLARIS or Satellite programs, or he may be en gaged in basic research 
at the research laboratory. In each case, the individual has the opportunity 
to maintain as much or as little contact as he wishes with others in 
his field of interest. 
Important staff positions at Lockheed's Research and Development Brancb 
in Palo Alto are available. Those scientists and engineers with experience related 
to the above areas are invited to write to: Research and Development Staff, 
Dept. M-25C, 962 West El Camino Real, Sunnyvale, California. U.S. citizenship 
or existing Department of Defense industrial security clearance is required. 

I.IIDkhssd / MISSIJ-ES AND SPACE DIVISION 
SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA 
CAPE CANAVERAL. FLORIDA . HAW"II 
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Dedicated to the serious, the important, and the enduring in scientific 
literature, The Library of Science counts as members more than 50,000 
scientists, educators, and related professionals. Now, to mark the fifth 
anniversary of its founding, The Library of Science is pleased to invite 
your membership under an exceptionally advantageous offer. Take any 
one of the four works depicted here as your free Membership Gift, 
choose with it your first Selection at the reduced Member's Price, and, 
in addition, select one of the four volumes listed below as your 

HISTORY OF TECHNOLOGY, by Charles Singer & others. The development of the scientific skills by which 
man has mastered his environment. Volumes 3 and 4-
the Renaissance and the Industrial Revolution. 

PUBLISHER'S PRICE $53.80 
SOURCE BOOK IN ASTRONOMY, edited by Harlow 
Shapley, and THEORIES OF THE UNIVERSE, edited 
by Milton K. Munitz. Astronomy, from its origins in 
Babylonian myth to its present-day development. 

PUBLISHER'S PRICE $16.50 
SC IENTIFIC ENCYCLOPEDIA. 1 8 3 9  pages, 1 456 illustra
tions, more than 1 400 articles, over 100,000 definitions. 
The third revised edition of the modern classic of 
scientific reference. PUBLISHER'S PRICE $29.75 EXTRA - FREE FIFTH ANNIVERSARY GIFT BOOK 

FRONTI ERS I N  S C I E N C E, by Beadle, PauBng, 28 others. PUBLISHER'S PRICE $6.00 
BRAIN IAC K-30 "PORTABLE LABORATORY," designed 
by Edmund C. Berkeley. Ideal for the young people in 
your family-as well as adults. A practical demonstra
tion of the basic principles of computer circuitry, with 
64-page theoretical and instruction booklet. 

MOD E R N  ASPECT OF MATH EMATICS, by Lucienne FeHx. PUBLISHER'S PRICE $5 .00 
FUTURE OF MAN, by Nobel Prizewinner Peter B. l\fedawar. PUBLISHER'S PRICE $3 .00 
LOGIC MAC HINES & D IAGRAMS, by M artin G ardner. PUBLISHER'S PRICE $5 .00 

Which valuable works may we send you FREE? 
LIST PII.ICE $ 18.95 

1he Library of Science £-82 Start membership with o n e  o f  these s i x  outstanding books 

1 96 

59 Fourth Avenue, New York 3, N. Y. 
Enroll me as a member a n d  s e n d  my choice of Gift Set, 

additional free fifth Anniversary book,  and first Selection 
-as indicated below. Bill me for my Selection only at the 
reduced Member's Price, plus postage. I need take as few 
as five more Selections during the next 24 months from the 75 or more available to me, and I receive a free Bonus Book 
of my choice after every fourth Selection. 

Membership Gift Set _____________ _ 

Free A n n iversary Book ____________ _ 

F i rst Selection ________________ _ 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

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

NATU RE OF T H E  C H EMICAL 
BOND, by Linus J. Pauling. 
The Nobel Prizewinner's bell
Hant presentation of modern 
structural chemistry - newly 
revised, enlarged Third Edi
tion. Publisher's Price $8.85 

MBMBER'S PRICE $6.50 
MAT H E M AT I C S  AND T H E  
P HYSICAL WORLD, by II10r. 
ris Kline. From primitive 
numerology to non-Euclidean 
geometry, here are the meth
ods, logic, and application of 
mathematical science. 

Publisher's Price $6.00 
MEMBER'S PRICE $4.95 

SPACE B I OLOGY, by Hanra
han & Bushnell. Weightless
ness, cosmic radiations, en
forced solitude - an up to 
date report on what science 
i s  doing to prepare man for 
the bizarre conditions he will 
meet in outer space. 

Publisher's Price $6.00 
MEMBER'S PRICE $4.95 

PROBABILITY TH EORY AND 
I T S  A P P L I C AT I O N S , b y  
William Feller. The most 
comprehensive introduction 
to the field currently avail
able. Publisher's Price $10.75 

MEMBER'S PRICE $6.95 

THE LAWS OF NATURE, by 
R. E. Pcierls. The logic and 
unity of physics - quantum 
theory, relativity, wave me
chanics, exclusion principle. 
mesons, and other particles. 

Publisher's Price $4.50 
MEMBER'S PRICE $3 .95 

TACTICS OF SCIENTIFIC RE
SEARCH, by Murray Sidman_ 
How the behavior of the sci
entist affects the course and 
results of his investigation 
an intriguing study of the 
evaluation of experimental 
data. Publisher's Price $7.50 

MEMBER'S PRICE $5.95 

'Jhe Library of Science, 59 FOURTH AVENUE NEW YORK 3 . N Y 

© 1961 SCIENTIFIC AMERICAN, INC



by James·R. Newman 

ON THERMONUCLEAR WAR, by Herman 
Kahn. Princeton University Press 
( $10). 

ARMS CONTROL. Fall issue of Dredalus, 
Journal of the American Academy of 
Arts and Sciences ( $2). 

I
s there really a Herman Kahn? It is 

hard to believe. Doubts cross one's 
mind almost from the Rrst page of 

this deplorable book: no one could write 
like this; no one could think like this. 
Perhaps the whole thing is a staff hoax 
in bad taste. 

The evidence as to Kahn's existence 
is meager. The biographical note states 
that he was born in Bayonne, N.J., in 
1922, that he studied at the University 
of California at Los Angeles. and the 
California Institute of Technology, that 
he has worked for 12 years for the Rand 
Corporation as a "military planner." An 
autobiographical footnote states that he 
was trained as a physicist and a mathe
matician. This explains, he says, why he 
finds it "both satisfying and illuminat
ing to distinguish the three kinds of 
[military] deterrence by I, II, and III, 
[despite the fact that] many people have 
been distressed with the non suggestive 
nature of the ordinal numbers." I Rnd 
this passionate attachment to the ordi
nal numbers implausible. One more per
sonal note. In his preface Kahn says 
he carried the manuscript around for 
a year "on airplanes and railroads." 
This has the ring of truth. Every now 
and then the reader gains the impres
sion that he is getting a collection 
of airport and station jottings; at times 
it almost seems as though the author 
is suffering from motion sickness. 

Kahn may be the Rand COlporation's 
General Bourbaki, the imaginary indi
vidual used by a school of French mathe
maticians to test outrageous ideas. The 
style of the book certainly suggests 
teamwork. It is by turns waggish, pomp-

BOOKS 
Two discussions of 
thermonuclear war 

ous, chummy, coy, brutal, arch, rude, 
man-to-man, Air Force crisp, energetic, 
tongue-tied, pretentious, ingenuous, 
spastic, ironical, savage, malapropos, 
square-bashing and moralistic. Sole
cisms, pleonasms and jargon abound; the 
cliches and fused participles are spec
tacular; there are many sad examples 
of what Fowler calls cannibalism-words 
devouring their own kind. How could a 
single person produce such a caricature? 

No less remarkable is the substance 
of the book. An ecstatic foreword by 
Klaus Knorr of Princeton University'S 
Center of International Studies states 
that this is "not a book about the moral 
aspects of military problems." The dis
claimer is much to the point; it is 
exactly wrong. This is a moral tract 
on mass murder: how to plan it, how to 
commit it, how to get away with it, how 
to justify it. 

The argument of "On Thermonuclear 
War," so far as it attains coherence, runs 
like this. Kahn says he is concerned with 
"alternative national postures" to deter 
war and to survive it if it comes. It is 
quite possible, he believes, that we shall 
have another world war; in fact, several. 
But one war at a time. What should 
be done to reduce the threat? World 
government? Disarmament? These, he 
says, are utopian. Can we rely on the 
uncertain balance of terror to postpone 
the date of mankind's Rnal war? In 
Kahn's view it is dangerous to hold 
that an all-out war is "rationally in
feasible." The "survival-conscious per
son" has to think more boldly. We must 
be ready to Rght as well as deter. And 
if we do Rght "we have to 'prevail' in 
some meaningful sense if we cannot 
win." 

We must therefore be equipped to 
erase cities, especially control cen
ters ("Finite Deterrence"); we must 
have "Counterforce as Insurance," 
"Preattack Mobilization Base," "Lim
ited War Capability" and "Long War 
(2-30 Days) Capability." Kahn de
Rnes the last concept elegantly: "Al
most no matter how well one does on 
the Rrst day of the war, if he has no 

capability on the second day-and the 
enemy does nave some capability on 
that day-he is going to lose the war." 

Do we need civil defense? The im
portant thing is to Rt civil defense into 
the large strategic program: "Counter
force" and "Credible First Strike Cap
ability," to make sure we gain the most 
effective "posture" for "Preattack and 
Postattack Coercion." Three types of 
deterrence ( i .e . ,  I, II and I II); all kinds 
of weapons; readiness for all kinds of 
wars; a habituation to "tense situa
tions"; "keeping our conceptual doc
trinal and linguistic framework up to 
the moment"-these are some of the 
elements in the Kahn program of prep
aration for Del' Tag. 

Kahn summarizes his general notion 
of the most desirable "posture." We 
should have, he says, "at least, enough 
capability to launch a Rrst strike in the 
kind of tense situation that would re
sult from an outrageous Soviet provo
cation, so as to induce uncertainty in 
the enemy as to whether it would not 
be safer to attack us directly rather 
than provoke us. The posture should 
have enough of a retaliatory capacity 
to make this direct attack unattractive." 
The Higher Incoherence, otherwise 
known as the game-theory approach to 
nuclear-age strategy (which is much ad
mired and fostered by the Rand COl'por
ation) characterizes the argument. There 
is a Jewish anecdote which runs: 

"Where are you going?" 
"To Minsk." 
"Shame on you! You say this to make 

me think you are going to Pinsk. But I 
happen to know you are going to Minsk." 

What Bertrand Russell's paradox of 
the class of all classes is to the foun
dations of mathematics, this anecdote 
is to the game of international out
think. Kahn is a Minsk-to-Pinsk out
thinker. 

When the war is ended (2-30 days), 
what then? (Do we all join up again?) 
Some persons have said that after a 

,thermonuclear war the world will be 
a graveyard and the rats will inherit 
the earth. Nonsense, says Kahn. This is 
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the "layman's view," although there are 
many military planners, scientists, "in
tellectuals" and even generals who hold 
it. This shows they have not thought 
hard enough about the question. The 
52 Nobel prize winners who in 1955 
issued the Mainau Declaration ( "  'All 
nations must come to the decision to 
renounce force as a final resort of policy. 
If they are not prepared to do this they 
will cease to exist''') are well-meaning 
chaps but they are guilty of "rhetoric." 
The facts, adduced by "homework" and 
"sober study," are otherwise. Kahn has 
"researched" the matter and is in a posi
tion to assure us that, while a thermonu
clear war "is quite likely to be an 'Unprec
edented catastrophe for the defender" 
[his italics], this is "a far cry from an 'un
limited' one ." The limits on the mag
nitude of the catastrophe "seem to be 
closely dependent on what kinds of 
preparations have been made, and on 
how the war is started and fought." 

In Kahn's view we must distinguish 
between 100 million dead and 50 million 
dead. We must face the task in assess
ing "postwar states . . .  of distinguishing 
among the possible degrees of awful
ness." After all, it would be better 
to have "a country which survives a 
war with, say, 150 million people and 
a gross national product ( GNP ) of 
$300 billion a year, [ than) a nation 
which emerges with only 50 million 
people and a GNP of $10 billion .  The 
former would [still) be the richest 
and the fourth largest nation in the 

world [while) the latter would be a 
pitiful remnant. . . .  " 

To clear the mind "for deliberations 
in this field" Kahn gives us the table 
reproduced below. ( The cryptic caption 
is from the book.) "Here," says Kahn, 
"I have tried to make the point that if 
we have a posture which might result 
in 40 million dead in a general war, and 
as a result of poor planning, apathy, or 
other causes, our posture deteriorates 
and a war occurs with 80 million dead, 
we have suffered an additional disaster, 
an 'Unnecessary additional disaster that 
is almost as bad as the original disas
ter." Eliminating the 'Unnecessary dead 
is, of course, "something vastly worth 
doing." And yet, Kahn complains, "it is 
very difficult to get this point across to 
laymen or experts with enough intensity 
to move them to action. The average 
citizen has a dour attitude toward plan
ners who say that if we do thus and so 
it will not be 40 million dead-it will 
be 20 million dead." I suggest the "dour 
attitude" may be due to the fact that, 
unlike Kahn, we have not been mathe
matically trained, and big numbers are 
apt to be confusing. 

Taking 40 million or 80 million dead 
as a round figure, we might ask whether 
the postwar "environment" would be so 
"hostile" that "we or our descendants 
would prefer being dead than [sic) 
alive?" Not at all, says Kahn. "Objective 
studies [made by Kahn and his col
leagues) indicate that even though the 
amount of human tragedy would be 

TABLE 3 

TRAGIC BUT DISTINGUISHABLE POSTWAR STATES 

DEAD ECONOMIC RECUPERATION 

2,000,000 1 YEAR 

5,000,000 2 YEARS 

10,000,000 5 YEARS 

20,000,000 10 YEARS 

40,000,000 20 YEARS 

80,000,000 50 YEARS 

160,000,000 100 YEARS 

WILL THE SURVIVORS ENVY THE DEAD? 

19 8 

greatly increased in the postwar world, 
the increase would not preclude normal 
and happy lives for the majority of sur
vivors and their descendants." "Would 
the survivors live as Americans are ac
customed to living-with automobiles, 
television, ranch houses, freezers and so 
on?" Kahn is optimistic. "No one can say, 
but I believe there is every likelihood 
that even if we make almost no prep
arations for recuperation except to buy 
radiation meters, write and distribute 
manuals, train some cadres for decon
tamination and the like, and make some 
other minimal plans, the country would 
recover rather rapidly . . .  from the small 
attack." 

Kahn admits it may take a little time 
to get back to normalcy. A number of 
cities may have disappeared, and the 
economic engine would require retun
ing. The economy is sometimes com
pared to a living organism, which may 
die even if 99 per cent of its cells are 
undamaged, but the analogy "seems to 
be completely wrong as far as long
term recuperation is concerned." The 
economy is "even more flexible than a 
salamander ( which can grow new parts 
when old ones are destroyed )  in that 
large sections of it can operate inde
pendently ( with some degradation, of 
course ) .  In addition, no matter how 
much destruction is done, if there are 
survivors, they will put something to
gether. The creating ( or recreating ) of 
a society is an art rather than a science; 
even though empirical and analytic 
'laws' have been worked out, we do not 
really know how it is done, but almost 
everybody ( Ph .D.  or savage ) can do it ."  

Parts of the land may become unin
habitable due to fallout. But in general, 
according to Kahn, the fallout and con
tamination danger has been exaggerat
ed. Still, if the Strategic Air Command 
should follow the suggestion "that some 
people have made" and move "into the 
Rocky Mountains or the Great American 
Desert-then some wars might easily re
sult in the creation of large areas that one 
would not wish to live in, even by indus
trial standards. I t  is very unlikely that 
areas such as the Rocky Mountains 
would ever be decontaminated. Some 
people might be willing to visit and per
haps hunt or fish for a few weeks ( the 
game would be edible ) but, unless they 
had a very good reason to stay, it would 
be unwise to live there and even more 
unwise to raise a family there." 

Kahn favors us with a lengthy anal
ysis of genetic damage. It is not so easily 
repaired as a ranch house; on the other 
hand, the damage is likely to be "spread 
out," and on the installment plan we 
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could afford it. We might have to pay 
[or a war through "20 or 30 or 40 gen
erations. But even this is a long way 
from annihilation. It might well turn 
out, for example, that U. S. decision 
makers would be willing, among other 
things, to accept the high risk of an 
additional 1 per cent of our children 
being born deformed if that meant not 
giving up Europe to Soviet Russia." 
Kahn is of the opinion that if genetic 
damage is "borne by our descendants 
and not by our own generation," we 
must not take it too much to heart. 
( "While I believe that this statement is 
a defendable one, it is not one I would 
care to defend in the give and take of a 
public debate " )  Embryonic deaths are 
"of limited significance . . . . These are 
conceptions which would have been 
successful if it had not been for radiation 
that damaged the germ cell and thus 
made the potential conception result in a 
failure. There will probably be five mil
lion of these in the first generation, and 
one hundred million in future genera
tions .  I do not think of this last number 
as too important, except for the small 
fraction that involves detectable mis
carriages or stillbirths .  On the whole, the 
human race is so fecund that a small re
duction in fecundity should not be a seri
ous matter even to individuals ." 

Leaving aside the question of genetic 
deaths, which lie within a price range 
Kahn feels we should be prepared to pay, 
how many of the living-to wit, us
should we be prepared to throw into the 
pot? Kahn says that 180 million "is too 
high a price to pay for punishing the 
Soviets for their aggression." But there 
remains the "hard and unpleasant ques
tion ": If not 1 80 million, then how 
many? Maybe even 100 million is too 
high. "Almost nobody," Kahn observes, 
"wants to go down in history as the first 
man to kill 100,000,000 people ." "I have 
discussed this question," he says, "with 
many Americans, and after about fifteen 
minutes of discuss:on their estimates of 
an acceptable price generally fall be
tween 10  and 60 million, clustering to
ward the upper number. . . . The way 
one seems to arrive at the upper limit of 
60 million is rather interesting. He takes 
one-third of a country's population, in 
other words somewhat less than half " It 
is gratifying to learn that "no American 
that I have spoken to who was at all seri
ous about the matter believed that any 
U S. action, limi.ted or unlimited, would 
be justified . . .  if more than half of our 
population would be killed in retalia
tion." 

One small brush stroke may be per
mitted to fill out this portrait of the mind 
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of Herman Kahn. We are asked to 
imagine ourselves in the "postwar situa
tion . " We will have been exposed to 
"extremes of anxiety, unfamiliar environ
ment, strange foods, minimum toilet 
facilities, inadequate shelters, and the 
like. Under these conditions some high 
percentage of the population is going to 
become nauseated, and nausea is very 
catching. If one man vomits, everybody 
vomits .  It would not be surprising if al
most everybody vomits . Almost everyone 
is likely to think he has received too 
much radiation . Morale may be so af
fected that many survivors may refuse 
to participate in constructive activities, 
but would content themselves with sit
ting down and waiting to die-some may 
even become violent and destructive . 
However, the situation would be quite 
different if radiation meters were dis
tributed. Assume now that a man gets 
sick from a cause other than radiation. 
Not believing this , his morale begins to 
drop . You look at his meter and say, 
'You have received only ten roentgens ,  
why are you vomiting? Pull yourself to
gether and get to work.' " 

Herman Kahn, we are told, is "one of 
the very few who have managed to 
avoid the 'mental block' so characteris
tic of writers on nuclear warfare ." The 
mental block consists, if I am not mis
taken, of a scruple for life. This evil and 
tenebrous book, with its loose-lipped pi
eties and its hayfoot-strawfoot logic, is 
permeated with a bloodthirsty irrational
ity such as I have not seen in my years 
of reading. We are now in a position 
to comprehend the noble Houyhnhnm's 
horror at Gulliver's account of the con
dition of man : 

"He said, whoever understood the 
Nature of Yahoos might easily believe it 
possible for so vile an Animal, to be ca
pable of every action I had named, if 
their Strength and Cunning equalled 
their Malice . . . .  That, although he hated 
the Yahoos of this Country, yet he no 
more blamed them for their odious Qual
ities, than he did a Gnnayh ( A  Bird of 
Prey ) for its Cruelty, or a sharp Stone for 
cutting his Hoof. But, when a Creature 
pretending to Reason, could be capable 
of such Enormities, he dreaded lest the 
Corruption of that Faculty might be 
worse th an B ru tali ty itself ." 

A fter the unsavory experience of the 
ft Kahn book I had looked forward to 
the arms-control issue of Dcedalus. This 
is a quarterly journal published by the 
American Academy of Arts and Sci
ences. The Academy is an organization 
of 1 ,800 members, one of whose major 
activities is to elect new members an-

nually. Its net being widely flung, I had 
assumed I would encounter the opinions 
of educators, scientists and other serious
minded men who had thought fruitfully 
about some of the steps which have to 
be taken if human life is to continue on 
this planet .  I am bound to say that I was 
deeply disappointed.  In addition to giv
ing the floor to Herman Kahn-a 37-page 
dose on "Doomsday Machines," "Dooms
day-in-a-Hurry Machine" and other ob
scene lunacies-the issue contains a med
ley of pieces scored more or less in the 
Kahn key, and an assortment of legal, 
political and economic oddments which 
offer neither light nor warmth nor shelter 
to the anxious reader. A few bright inter
ludes are to be found in this dismal reper
tory ( Erich Fromm and Kenneth E. 
Boulding are among those who have 
some penetrating things to say ) ,  but if 
this issue of Dcedalus is a fair sample of 
the high thoughts of American academi
cians on the "potentially feasible routes 
as well as the obstacles to arms control," 
then American arts and sciences are in a 
bad way, and unless a new crop of sensi
ble politicians comes to the rescue we 
can kiss ourselves and posterity good-by. 
It  is not only the fact that Dcedalus gave 
Kahn houseroom that shocked me but 
also that so many of the contributors ac
cept his inhumanity as the basis for their 
own speculation s .  

The contents of the issue are divided 
into six main groups : "Background," 
"J"!ajor Issues and Problems," "The Im
plementation of Arms Control," "The 
Formation of United States Arms Con
trol Policy," "Related Techniques and 
Issues," "Beyond the Cold War." I shall 
sample, which is quite enough . 

Donald G. Brennan, a mathematician 
and "communication theorist," discus
sing the "setting and goals of arms con
trol," tells us that "there is an increasing 
recognition of the fact that the simple 
form of the 'balance of terror' theory to 
implement Type A deterrence is inade
quate, and that the balance, as was aptly 
noted by Wohlstetter, is 'delicate' " ;  that 
there are "pro" and "con" hazards to 
arms control : "it may improve some 
component of our security, either in the 
short or the long term, and it may de
grade some other-again, either in the 
short or the long term"; that "smaller" 
nuclear weapons having a yield as low as 
that of 55 tons of TNT can be developed 
and "probably would be advantageous 
for the United States, pruvided that they 
did not lead to the use of much larger 
weapons" 

( a  point which may have es
caped you ) ;  that it is important for us 
"to educate the Soviets in mutually de
sirable strategies [a M arquis of Queens-
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BUT, OUR PENDULUMS AREN'T SIMPLE, SIGNOR GALILEO! 
Since your time, Schuler has shown that a simple pendulum can be used for navigation here 
on Earth if it has a period of 84.4 minutes. By your formula, Signor, the pendulum would be 
3,959 miles long! We couldn't keep it simple; we had to mechanize an artificial pendulum 
with Schuler's long period to inertially guide the Mace missile. If you, as an engineer, � 
would like to join us in compounding such new approaches from traditional science, and if 
you have a BS, MS or PhD in Physics, ME, EE, or Math, please contact Mr. E. E. Allen, 
Director of Scientific and Professional Employment, 7929 S. Howell, Milwaukee 1, Wisconsin. 

AC SPARK PLUG � THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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berry touch] and armament policies .  For 
this purpose we would first have to 
educate ourselves in some detail as to 
what these were-which hardly prevails 
at the present time." "We have men to
day, " says Brennan, "as capable as those 
who drafted our own Constitution; i t  is 
not necessary to wait for the once-in-a
century appearance of an Abraham Lin
coln . '· I must assume from all this that 
Brennan is better in the theory than in 
the practice of communication. 

Edward Teller coaxes us to accept 
the concept of limited war. "Limited 
warfare can very well stay limited."  
( After all, half a loaf is better than 
none . ) "All-out war will never be in our 
interest, and we should never start it." If 
the Russians should start, "they will 
probably pick a time when our guard is 
down. While a limited nuclear war is in 
progress, we shall be much better pre
pared than in times of peace . The time 
of a limited nuclear conflict, therefore, 
would be the worst time for the Russians 
to launch an all-out attack." If I under
stand this sequence, it implies that the 
U. S. would be well advised to get into 
a limited war as quickly as possible and 
keep it going indefinitely . 

From Henry A. Kissinger comes a "re
appraisal" of limited war. With that 
waffling judiciousness so characteristic 
of his writings, he weighs the question 
of whether the limited war we must be 
ready to fight should be "conventional 
or nuclear " ( taking it for granted, of 
course, that we are also prepared to 
wage a "general nuclear war ") .  His an
swer is yes and no and both and neither. 
A substantial build-up of conventional 
forces and a greater reliance on a con
ventional strategy are "essential," he says ; 
on the other hand, "it is equally vital not 
to press the conclusions too far . . . .  Con
ventional forces should not be consid
ered a substitute for a capability of wag
ing a limited nuclear war, but a comple
ment to it. It would be suicidal to rely 
entirely on conventional arms against an 
opponent equipped with nuclear weap
ons . . . .  A conventional war can be kept 
within limits only if nuclear war seems 
more unattractive . . . . The aggressor 
must understand that we are in a posi
tion to match any increment of force, 
nuclear or conventional, that he may 
add"-an interesting form of potlatch . 

In a thoughtful essay on the domestic 
implications of arms control, Kenneth 
Boulding disposes effectively of the myth 
that U. S. prosperity depends on arms 
expenditures. If we had money to spend 
sensibly, we might in time become sensi
ble enough to know how to spend it. The 
economic problem is really trivial : re-

duce armaments and family life will go 
on, as will business, industry, schools, 
milk deliveries .  The nation would thrive 
even if the Pentagon were turned into a 
garage . The Pentagonians, to be sure, 
might not thrive until they learned an
other trade. A specter, says Boulding, is 
haunting the chancelleries and the gen
eral staffs, "more frightening perhaps 
than that which Karl Marx invoked in 
1 848 ; it is the specter of Peace-that 
drab .girl with the olive-branch corsage 
whom no red-blooded American ( or 
Russian ) could conceivably warm up to. 
She haunts us because we cannot go back 
to Napoleon, or to Lee, or even to Mac
Arthur : the military are caught in 'an 
implacable dynamiC of technical change 
which makes them increasillgly less ca
pable of defending the countries which 
support them, except at an jncreasingly 
intolerable cost. The grotesque irony of 
national defense in the nuclear age is 
that, after having had the inestimable 
privilege of losing half ( or is it three
quarters , or all? ) our population, we are 
supposed to set up again the whole sys
tem which gave rise to this holocaust . " 

Jerome B .  Wiesner, in his analysis of 
arms-limitation systems, makes some ob
vious but very useful points . In this tor
tuous business it is the obvjous which i, 
usually scanted. He points out that until 
recently neither the U. S. nor Russia was 
sincerely attempting to reach an agree
ment on arms limitation; moreover, that 
the U. S. delegations to the disarma
ment discussions, the nuclear-test-ban 
conferences and the surprise-attack con
ferences "had very inadequate technical 
preparation ." Defy the foul fiend, yes, 
but how? The objective should be to find 
security systems which are less danger
ous than the arms bolero rather than to 
achieve a system capable of providing 
absolute security, "an obviously unattain
able goal. " Wiesner makes it clear that 
an unconscionable amount of time has 
been spent on the essentially trivial iSjue 
of detecting underground tests . "Ironi
cally," he says, "an inspection system 
for monitoring a truly comprehensive 
disarmament agreement would probably 
have no need at all for a system to de
tect underground nuclear tests . " The 
pother about nuclear-stockpile control 
does not impress him . Admittedly it is 
impossible to determine exactly the size 
of the stockpiles .  But the range of un
certainty is not so great as we have been 
led to believe, and it is likely that "an 

intensive study of the physical means of 

estimating past nuclear production could 

greatly reduce this uncertainty ." Wies

ner makes an excellent point about estab

lishing a stable deterrence system using 
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only a relatively small number of ballis
tic missiles_ Assume the deterrent force 
consists of a number of Minuteman mis
siles installed in underground concrete 
emplacements . Such emplacements can 
be made pretty secure against very heavy 
shock waves, so that if guided missiles 
are used to deliver nuclear weapons in 
attacking hardened targets, the accuracy 
of the missiles would be very important. 
"If a nuclear weapon had to make im
pact within one-half mile of a target to 
destroy it, a missile having a median ac
curacy of half a mile would have a 0 .5  
probability of doing so ,  two missiles 
would have a 0.75 probability of doing 
so, three missiles a 0 .875 probability and 
four missiles would have approximately a 
0.94 probability of destroying the target . 
vVhen the number of targets to be at
tacked is  large and the number of sur
vivors that can be tolerated is  small, the 
certainty with which each individual 
target must be destroyed becomes ex
treme, and the number of attacking mis
siles required can become quite large . 
. . .  To demonstrate how difficult it is to 
destroy a hardened missile force, an ex
ample will be given . If it i s  agreed that 
each side is to have 200 missiles in  its 
deterrent force and if the missiles were 
protected for 300 pound/sq. inch over
pressure, 1 ,000 missiles having a median 
accuracy of one mile would be required 
to have a 0.9 probability of reducing the 
attacked force to 10 missiles. It obviouslv 
would not require a very intensive in
spection effort to detect an attempted 
build-up of this magnitude." 

Two more pieces are worth mention
ing. Saville R .  Davis, managing editor of 
The ChTistian Science Monitor, has a 
tidily lethal piece called "Recent Policy 
Making in the United States Govern
ment." It will not be celebrated by ad
mirers of John Foster Dulles, Admiral 
Arthur Radford, Lewis Strauss and Ed
ward Teller. Radford's and Strauss's 
torpedoing of Harold Stassen's efforts to 
negotiate a disarmament agreement 
makes a distressing tableau ; so does the 
pressure that Strauss, with the help of 
Teller and the late Ernest O .  Lawrence, 
brought to bear on the President on be
half of continued nuclear testing in order 
to perfect "clean" weapons .  "Evidence 
is available to the writer [ says Davis ] 
which clearly indicates that the Presi
dent and Mr. Dulles were unwitting 
prisoners, in their lonely isolation at the 
top of the government pyramid, of the 
special selection of knowledge and atti
tudes which came to them through offi
cial channels and especially through Mr.  
Strauss. They had no alternative against 
which to measure the partisan quality of 
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P h ys i cs • M at h e m a t i c a l  P hysics  • Quantum 
M ec h a n i c s . E l ectr i c i ty . R e l a t i v i ty . P L U S  
n e w  deve l o p m ents  i n  t h e r m o n u c lear research a n d  

m a g netohydrodyn a m i cs . . s p a c e  p h ys i c s  . . .  

astro phys i c s ;  I R E  defi n i t i on s  i n  c o m p uters, n e t 
works ; n e w  survey of p h ys i cs from N ewton t o  
n o n · conse rvat i o n  of par i ty a n d  stra n g e  part i c l es .  

Information in Seconds 
No more book-to-book hunting ; no guess

work or  wasted t i m e .  A r t i c l e s  are crossreferenced ; you locate facts i m m e d i a t e l y .  
B o ld-face " w o r d  s i gn a l s "  refer you to related 
a r t i c l e s .  N E W L Y  A D D E D  Russian,  German,  
French.  S p a n i s h  index l ists  foreign terms with 
English e q u i va l e n t s .  
" Unique,  Useftt l " -Scicl Ilific A mc1'ican 
" R est Book "-Tclc·Tcch 

" lVIost Cseful "-NlI clcollics 

Special Money-Saving Offer 
After May 3D,  new 2nd E d i t i o n  will be 

$ 2 7 . 8 5 . Till then, s p e c i a l  
t i m e  o ffer p r i c e  i s  o n l y  
$24 . 7 5-a s a v i n g  o f  
$3. 1 0 .  ( T A X  D E D U C 
T I B L E  i f  used i n  your 
work . )  Send no money 
now, only certificate 
below.  B o o k  sent 10 
days F R E E. U s e  to 
recheck work, c l a r i f y  
d a t a ,  keep c u r r e n t  i n  
y o u r  s p e c i a l t y .  B o o k  
m u s t  p r o v e  valuab l e  or  
return it ,  pay nothing.  
Mail  no-risk certificate 
now to : D .  Van Nos
trand Company , Inc . ,  
Dept. 2 8 .  1 20 Alexan
der St. , Princeton, N . J .  

I O- D A Y  (Established 1848). 
EXA M I N A TION 

" ,I SEND NOW-SAVE OVER $3 \- · 
D. Van Nostrand Company , Inc . ,  Dept. 28 
1 20 Alexander Street, Princeton. N.  J .  

P l e a s e  send m e  the branel-ncw 2 n d  E d i t ion of 
Tlte I n f e nwti01wl Diet'ionary 0/ Pllys ics (111(1 Elee· 
Iron i es . I f  not d e l i g h t e d .  1 " 1 1  return i t  within 1 0  
days and owe nothing.  O t herw i s e .  I ' l l  r e m i t  $ 9 . 7 5  
I)ius small  s h i p p i n g  cost then and $ 5  a month for 
3 months.  

N a m e  '(pi���e'p'�'f�t')' . . . . . . . . . . . . . . . . . . . . . . . . . . 

Address . . . . . . . . . . . . . . . . . . . . . 

City . . . . . . . . . . . . . Zone . . . . . .  State 
o Check Here and SAV E !  E n c l o s e  f u l l  payment 
( $ 2 4 . 7 5 )  with t h i s  certificate and  a l l  s h i p p i n g  

costs w i l l  be prepa i d .  )l oncy·back g u a r a n t e e .  I n  
Canada : 2 5  Hollillf}er Rd. , Tor o n t o  1 6. ( Price 
sU{Jhtly h i{Jh er. ) Forei{Jn a n d  A . P . O .-please en 
close $ 2 4 . 7 5  w i t h  certifi cate. 

- - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _  1 
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Career 
opportunities 
for 
physicists 

(Ph.D. or Sc.D. Also 
M . S .  d e g r e e  w i t h  
research experience 
acceptable) 
Can you qualify for 
t h e  o p p o r t u n i t i e s  
t h a t  I N C O ' s  R e 
s e a r c h  L a b o r a t o ry 
offers  to physicists  
who are able  to plan 
and conduct this type 
of research ? 

Studies of solid state 
micro structure s and 
i n t e r p r e t a t i o n  o f  
r e s u l t s  f r o m  X · r a y  
diffraction, fluores·  
c e n c e ,  e l e c t r o n  mi·  
croscope and electron 
probe microanalyzer. 

Investigations of the 
role of lattice defects 
upon physical prop· 
erties. 

More information is 
given in the current 
report of  INCO ac· 
tivities, "Metals Plus 
Research." Would 
you like to reo 
view a copy ? 

Director of Research 
The International Nickel Company, Inc. 

67 Wall Street, New York 5, N. Y. 

2 04 

this advice or its scientific inadequa
cies." 

Suppose every person had the means 
of killing himself and his family, know
ing that this would result in the death 
of two Russian families.  This is the ex
emplar of contemporary lunacy, and in 
discussing it psychiatrists should have a 
principal role . The profession is ably rep
resented in this symposium by Erich 
Fromm. He puts the case for unilateral 
disarmament. Among the concrete steps 
which could be taken unilaterally so as 
to induce the other side to reciprocate 
are the sharing of scientific information, 
the stopping of atomic tests, troop re
ductions, evacuation of certain military 
bases, the discontinuation of German re
armament. Risks are involved in these 
steps, to be sure, but they are not 
crippling risks, they do not invite a major 
" ssault and they are risks any sane man 
would prefer to the risks of the arms 
race. 

Fromm emphasizes the need for 
breaking through the "thought barrier," 
the "frozen stereotypes" which prevent 
us from seeking peace by any means oth
er than threat and counterthreat. We do 
nothing more than circle the forest. It is 
absurd to imagine that a policy based on 
deterrence can indefinitely keep the 
peace, but even if it did, what kind of 
peace would it be? Under the constant 
threat of destruction, most human beings 
begin to come apart. They grow callous, 
hostile, increasingly indifferent to the 
values we cherish. Freedom is lost, the 
individual becomes nothing. "Things are 
in the saddle, and ride mankind," Emer
son said a century ago . In the computer 
and missile age they ride us harder . 

Fromm examines some of the popu
lar psychological arguments advanced 
against disarmament, for example "The 
Russians cannot be trusted." If  this is 
meant in the moral sense, it is true : poli
tical leaders of any nationality are rarely 
trustworthy. They may be good to their 
mothers, kind to their children and hon
orable in dealing with the grocer, but 
public and private faces are not the 
same. The state, which is an idol, can and 
does commit immoral acts, which the 
community applauds-acts which the 
community would deprecate or punish 
if committed by individuals . 

Yet the phrase "Trust the Russians" 
has a meaning that is relevant to politics . 
We must have faith in their being sane 
men whose conduct is therefore to some 
extent predictable. We must not assume 
that they will destroy themselves for the 
pleasure of destroying us. A rational pol
icy of disarmament must have its ulti
mate roots in two simple convictions : 

that we want to live, that the Russians 
want to live. This conviction is no less 
applicable to those who make the deci
sions than to those who are compelled 
to obey them. This issue of sanity, as 
Fromm points out, leads to another con
sideration which affects us as much as it 
does the Russians . "In the current discus
sion on armament control, many argu
ments are based on the question of what 
is possible, rather than what is probable. 
The difference between these two modes 
of thinking is precisely the difference be
tween pamnoid and sane thinking." It is 
possible my wife and children are plan
ning to poison me; it is possible a meteor
ite will hit me on the head when I leave 
the house this afternoon ; it is possible 
the manuscript of this review will dis
integrate by molecular action before my 
secretary types it ;  but I do not l ive by 
these possibilities. One lives by what i s  
likely or one is mad.  A certain faith in 
life, in oneself and in others is necessary 
in order to operate . In the twilight of our 
probationership here on earth-to use 
Locke's phrase-we learn to depend on 
probabilities . Arms control is hopeless if 
we insist on covering every possibility. 

"At midwinter in the year 1085 Wil
liam the Conqueror wore his crown at 
Gloucester and there he had deep speech 
with his wise men." Thence, as Fred
eric Maitland tells us, missions went 
throughout England bringing back a 
descriptio of the new realm . These are 
preserved in the famous Domesday Book . 
We have need of a descriptio of man's 
realm ; of what he has made of the 
world and of himself in 20,000 years ; of 
the treasures he has stored, of the ideas he 
has borne and nurtured. We have need, 
appropriately, of a new Domesday Book 
to enable us to reckon whether we wish 
to preserve what we have and what we 
are or whether we are preparing to risk 
all in the war of every man against every 
man. For this we need deep speech with 
our wise men, a few of whom, but too 
few, have thus far been called into coun
cil. That there is some wisdom in the 
pages of this issue of Deedalus, some 
sane counsel, is good; that they can 
scarcely be heard over the strident 
clamor is tragiC. 

Short Reviews 

THE SCIENCES WERE NEVER AT WAH, 
by Sir Gavin de Beer. Thomas Nel

son and Sons Ltd. ( 30 shillings ) .  The 
line which comprises the title of this book 
comes from a letter Edward Jenner 
wrote to the National Institutes of 
France about 1803, when he asked its 
help in securing the release of certain 
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NEW 

ADAPTIVE CONTROL 
PROCESSES 
A Guided Tour 

b y  Ric ha"d B e llman. A pano ramic view 
of w h a t  an i n g e n i o u s  m a t h e m a t i c i a n  
does when faced with the myriad prob
lems of automatic control.  The author 
has m i nimized detailed rigor i n  the in
terest of making clear the basic ideas i n  
a b r o a d  spectrum of applicati o n s .  !-I e  
shows h o w  t o  get solutio n s  t o  engineer
i n g  p roblems which cannot be solved by 
c o n v e n t i o n a l  m e t h o d s  a n d  p r o v i d e s  
ways t o  reformulate p roblems s o  they 
are amen able to machine computati o n .  
A R A N D  COTpora tion Resea" c h  S tudy. 

$6 .50  

DYNAMIC PROGRAMMING 
b y  Richa.·d B e l lman. 1957 .  $6 .75  

S TABILITY IN 
NONLINEAR 

CONTROL SYSTEMS 
b y  A .  M. L e t o v .  Tran slated by J .  George 
A d a s h k o .  "A p l a i n ,  u n s o p h i s t i c a t e d , 
pain stakingly thorough treatise on ap
plication of Lyapunov's di rect method . "  

-DR. J .  P .  LA SALLE, 
Mathematical Reviews 

The author, a Nobel prizewi n n e r ,  is  held 
in highest esteem b y  U . S .  c o n tr o l  ex
p e r t s .  He h a s  a d d e d  t o  the A m e r i c a n  
translation sev eral additional chapt .,·s 
not included in the o,·iginal. $8 .50  

RADIATION 
DAMAGE IN SOLIDS 

b y  Douglas S .  Billing ton and James H. 
Crawford. This up-to-date investigation 
i s  especially geared to the needs of the 
experimen tal solid-state scientist.  Both 
a stimulating i ntroduction and a valu
able reference, it includes evaluations 
of various experimental techniques and 
radiation sources currently employed. 
Il l vestig a t iol ls  ill Physics, i.  $ 1 2 .50  

HYDRODYNAMICS 
A Study in LogiC, Fact, and Similitude 
b y  Garre t t  Birkhoff. SECOND EDITION, RE
V I SE D  A N D  E N L A R G E D .  W. M. E l s a s s e r  
c a ll e d  t h e  f i r s t  e d i ti o n ,  p u b l i s h e d  1 0  
years ago, "indispensable t o  all those 
e n gaged in h y d r o d y n a m i c a l  r e s e a r c h  
w h o  a r e  concerned w i t h  t h e  t y p e  of gen
eralization that so often in the past has 
let to fundamental progress." $6 .50 

British captives in France . Jenner's name 
was a talisman by itself; on another oc
casion a similar request of his was pre
sented to Napoleon, who was about to 
brush it aside when the Empress Jose
phine drew his attention to the signature 
it  bore. Napoleon is said to have ex
claimed : "Ah, Jenner . On ne peut rien 
refuser it cet homme."  But one did not 
have to be a Jenner to gain a hearing 
from emperors and prime ministers, let 
alone one's fellow scientists, in COUll
tries with which one's own country was 
at war. Lesser scientists could, a cen
tury ago, ask for favors pertaining to 
the delivery or safeguarding of botani
cal specimens, to travel through hos
tile territory, to the exchange of books 
and periodicals, to the transmission 
of scientific information. Benjamin 
Franklin, our envoy in Paris during the 
Revolution, granted an exceptional pass
port to Captain James Cook, guarantee
ing his ships against molestation by 
American men-of-war; Humphry Dav�' 
was welcome in France while it was at 
war with England; Sir Joseph Banks 
could, in the midst of a war, carry on 
extensive correspondence with French
men about all kinds of scientific matters 
and successfully intercede on behalf of 
friends and colleagues in his own coun
try as well as the enemy's . Times have 
changed . De Beer has collected in this 
volume letters written in a happier 
period : the wartime correspondence of 
Sir Hans Sloane, Rene de Reaumur and 
Franklin in the 1 8th century ; the ex
changes of scientific information during 
the French Revolution ; the letters be
tween scientists of countries at war dur
ing Napoleon's period . The letters are 
well annotated, but there is not enough 
over-all commentary by De Beer him
self, who is as engaging as he is learned. 

CIUTlCAL PROBLEMS IN THE HISTOHY 

OF SCIENCE, edited by Marshall 
Clagett. The University of Wisconsin 
Press ( $5 ) . Proceedings of the Institute 
for the History of Science at the Univer
sity of Wisconsin in September, 1 957 .  
Leading specialists took part  in this 
gathering, among them A .  R. Hall, Rob
ert Merton, Ernest Nagel, 1. E. Drabkin, 
Dorothy Stimson, E. J. Dijksterhuis, 
Giorgio de Santillana, Cyril Smith and 
Thomas S. Kuhn . A few of the papers 
make interesting additions to knowledge 
of the history of scientific ideas .  

AHCHITECTURAL FOLLIES IN AMEHICA, 

by Clay Lancaster. Charles E. Tut
tle Company ( $ 10 ) . Pictures and text 
describing some of the zanier products 
of hammer, nail and saw, mostly in the 

S E N I O R  
TEC H N I C A L  

S PE C I A L ISTS 
N A A's S p a c e  a n d  I n f o r m a t i o n  
S y ste ms D i v i s i o n  i s  r a p i d l y  ex
t e n d i n g  i t s  c a p a b i l i t i es i n to a l l  
ph ases of research i n  the n at ion 's  
developing space  a n d  communica 
t i o n s  p r o g r a m s .  To p level  p o s i 
t i ons  a r e  avai lable f o r  spec ia l ists 
in Data Transmissi o n .  M i n i m um 
req u i remen ts are advanced degree 
in electronics  with experi ence in 
rad i o  propagat i o n  systems from 
low freq uency to m i c ro wave sys
tems _  Should h ave experience or  
k n o wledge of scatter propagation 
a n d  other long range c o m m u n ica
t i o n  tec h n i q ues.  These spec i al ists 
w i l l  d e t e r m i n e  r e q u i r e m e n t s,  
evaluate sy stems and tec h n i q ues, 
d e v e l o p  t h e s e  t e c h n i q u e s ,  a n d  
deter m i n e  future trends for data 
t r a n s m i s s i o n  s y s t e m s  p r i m a r i ly 
r e l a t e d  to i n fo r m a t i o n  systems,  
and wi ll d i rect the d evelopment of 
th ese programs.  I f  v o u  h ave the 
e x p e r i e n c e  a n d  q u a l i fi c a t i o n s, 
a n d  h ave an i n tense i nterest i n  i n 
formation systems a n d  d ata trans
m i ss i o n ,  add ress a letter o r  re.sume 
to us for  more informat i o n .  

S .  A .  C unn i ngham,  M a n ager 
Employment Services 
1 2 2 1 4  Lakew o o d  Blvd. 
Downey, Cal i fo rn i a  

SPAC E AND I N F ORMAT ION  
SYSTEMS D IV IS ION  A 
North Amer ican Aviat ion k{'A 
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Physiologists 
Neurologists 
Biologists 
B iophysicists 
B iochemists • • • 

General 
Electric 
to support 
investigations 
In new 

field of 

ITlOOJmOLB0 
The new concept of utiliz

ing biological techniques to 
advance electronic design will 
be the subject of concentrated 
s t u d y  at G . E . ' s A d v a n c ed 
Electronics Center at Cornell 
U n i v e r sity. A new g r o u p  i s  
n o w  forming to conduct r e 
search on animal systems (to 
determine their capabilities 
and limitations and devise a 
new methodology leading to 
the development of superior 
electronic equipment and sys
tems in such areas as sensing 
communication, information 
storage, retrieval and others) . 

S e v e r a l  o p e n i n g s  a r e  
available for men with PhD 
degrees or equivalent in one of 
the life sciences, and a back
g r o u n d  of m a t h e m a t i c s .  A 
strong interest in the "how" of 

organic systems is essential. 

Qualified applicants are 
invited to write in strict confi
dence to Mr. George Travers, 
Dept. 59-MO 

Advanced Electronics Center 
at Cornell University 

Light M i l ita ry Electron ics Dept. 
A Depa rtment of the 

Defense Electron ics Divis ion 

G E N E R A L  _ E L E C T R I C  
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Ithaca, New York 

Additional open ings are avai lable  for 
engineers and scientists in  forward areas 
of RADAR, INFRARED, DATA PROCESS ING 

& COMMUN ICAT I ONS, HUMAN FACTORS 

E N G I N EER I N G ,  ELECTRON I C  COUNTER

M EASUR ES,  M I CROM I N I ATUR I ZAT I O N ,  

SATELLITE & M I SS I LE ELECTRONICS. 

1 8th and 19th centuries . Among tlH� 
prizes are Browne's Folly, a Charles 
Addams house built in Essex County, 
Mass . ,  in the 1730's, the adventures of 
which included removal to a new site 
and being cut into three sections to be
come three separate buildings ; Robert 
Morris' pale blue marble palace in Phila
delphia ;  the Wedding-Cake House in 
Kennebunk, M aine ; Mrs .  Trollope's ill
fated Moorish-style bazaar in Cincin
nati ; Phineas Barnum's villa Iranistan, 
with its polychromed bulbous domes, 
minarets, spires and tracery verandas 
built within eyeshot of the New York 
and New Haven railroad at Bridgeport, 
Conn. ( on an adjacent six-acre lot he 
maintained an elephant with a harness 
and provided its Ceylonese trainer with 
a timetable so that the elephant would 
be plowing whenever the trains came 
along ) ;  houses built in "steamboat 
Gothic" style ; completely circular and 
cylindrical barrel houses; polygonal 
houses ( octagonal, such as Thomas 
Jefferson's retreat near Lynchburg, Va. ,  
and Fowler's Folly near Fishkill, N .Y . ;  
and duodecagonal, such as David G .  
Galbraith's remarkable 1897 creation 
near Fort Worth, Texas ) ;  Palmer 
Castle in Chicago, with its woodwork 
of ebony and gold ; the Winchester Mys
tery House of San Jose, Calif. ( Winches
ter Arms fortune ) ,  which kept a crew of 
16 carpenters constantly employed, had 
160 rooms, a couple of thousand doors, 
gold and silver chandeliers, 13 bath
rooms, 40 staircases, trap doors, secret 
passageways ( it flourished as late as 
1922, when Mrs .  Winchester died ) ; the 
great Corn Palaces of Mitchell, S .D . ;  the 
superb Elephant Hotel of Coney Island, 
built in the shape of a pachyderm, with 
steps going up the legs, guest rooms 
scattered throughout its anatomy and 
a huge banquet hall situated in the 
creature's behind ; the leaning tower 
of Niles, I ll . ,  a half-size replica of 
the leaning tower of Pisa; and sundry 
bottle houses, streetcar houses, airplane 
bungalows and what not. M any illustra
tions, some in color. 

NMY EXPLORATION IN THE AMERICAN 

WEST : 1 803-1863, by William H .  
Goetzman. Yale University Press 
( $6 .50 ) .  A detailed, scholarly account 
of the U. S. Army Corps of Topo
graphical Engineers during the opening 
of the American West. The book makes 
it clear that, while many of these en
gineers remain comparatively unknown, 
their skill, energy and achievement ex
ceeded that of some of the most glam
orized figures of the early West. Illus
trations, bibliography and a first-class 

I M P O R T A N T  
N EW BO O KS 

from VAN N OSTRAN D 

1 
9 
6 
1 

RAD I O I SOTO P E  A P P L I CAT I O N  

E N G I N E E R I N G  
b y  jerome Kohl, Rene D. Zentner and 
H. R. Lukens 
Presents extensive material ranging from 
basic principles, health and safety precau
tions, AEC licensing procedures to a cov· 
erage of applications : measuring flow, fric· 
tion and wear tneasurements, radiation proc· 
essing, etc. Prob. $12 .50  

A P R I M E R  O F  S PACE M ED I C I N E  
b y  M .  P .  Lansberg 
An insight into the biological problems 
which must be considered in the design and 
operation of space vehicles. Cites specific 
cases and examples. Helpfully illustrated. 
(an Elsevier book) $3 .00  

POLYN U CLEOT I D ES 
by Robert F. Steiner and Roland F. Beers 
A systematic account of the properties of 
natural and synthetic polynucleotides in
cluding most aspects of their structure, 
synthesis, physical properties, and biologi
cal functions. (an Elsevier book) $17 .00  

HAN D BOOK O F  O RGANOM E

TALL I C  COM P O U N D S  
b y  Herbert C .  Kaufman 
Covers approximately 1 2 ,000 compounds 
conveniently arranged under each element 
within a periodic group with an extensive 
bibliography on information other than 
physical constants following each element. 

Prob. $25 .00  

THE TOX I COLOGY AN D BIO

C H E M I ST RY O F  THE ARO M AT

I C  HYD ROCAR B O N S  
b y  Horace W. Gerarde 
Covers the prevention, detection and treat· 
ment of exposure to the aromatic hydro. 
carbons of industrial importance. (an 
Elsevier book) $6 .00 

AN I M A L  PARAS ITES I N  MAN 
by Nicholas H. Swellengrebel and 
Max M .  Sterman 
A full account of the life cycles and mor
phology of protozoan, helminth ian, insect 
and other anthropod parasites that a/!lict 
mankind. Profusely illusrrated. $12 . 00  

Recently published: 

ROCKET PROPU LS I ON 
by Marcel Barrere, A ndre jaumotte, Bau
douin Fraeijs de Veubeke, and jean Van
denkerkhove 
Reviews and discusses all available unclassi
fied material giving a clear, accurate, and 
detailed insight into up·to-date techniques 
and problems of solid and liquid propellant 
rocket motors. (an Elsevier book) $27.00 

M O D E R N  O U TL I N ES IN P ROC

ESS CHARACT E R IZAT I O N  
b y  H. I. Waterman 
Presents a process characterization of com· ; 
plicated processes in modern technology and 
includes examples and illustrations. (an 
Elsevier book) $7.5 0  

D. VAN NOSTRAND COMPANY, Inc. 
P ri n ceto n ,  New J e rsey 
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collection of War Department maps 
( folded into a pocket at the end of the 
volume ) .  

,TISTAS IN ASTRONOMY, VOL . III ,  edited 
by Arthur Beer. Pergamon Press, Inc. 

( $ 1 8 ) . This volume continues a superb 
international survey of astronomy, the 
first two volumes of which were re
viewed in these pages two years ago. 
Among the topics considered are the 
dynamics of stars in the neighborhood 
of the sun ( R . V.  D. R. Woolley ) ,  the 
rediscovery of Neptune ( R . A. Lyttle
ton ) ,  the clock paradox ( W .  Cochran 
and V.  Fock ) ,  the design of large tele
scopes ( G . M. Sisson ) ,  the electronic 
computer as an astronomical instrument 
( Marshal A.  Wrubel ) ,  the visual M ilky 
Way ( Sergei Gaposchkin ) ,  evolution of 
the stars ( Olin J. Eggen ) ,  the galactic 
magnetic field ( L . Mestel ) ,  color pho
tometry ( Gerald E .  Kron and A .  N. 
Argue ) .  Illustrations .  

GHOST SHIP OF THE POLE , by Wilbur 
Cross. William Sloane Associates, 

Inc. ( $5 ) . The story of the dirigible 
Italia, of its ill-conceived and ill-fated 
voyage of arctic exploration in 1 928, of 
Umberto Nobile ( who built the ship and 
led the expedition ) ,  of the tragicomic in
ternational search to find the survivors 
when the rickety craft broke in two ( a  
search in which Roald Amundsen lost his 
l ife ) and of all the misfortunes that befell 
Nobile after the event. Cross comes now 
as a paladin to rescue Nobile's reputa
tion, to free his name of the clouds that 
have shadowed it for 30 years .  The story 
itself is a good one, and Cross tells i t  well, 
but the elaborate effort to rehabilitate 
Nobile is unimpressive and out of pro
portion either to his virtues or his suffer
ings. He was a somewhat pathetic Italian 
general who designed and built not-too
dependable dirigibles, had grandiose 
ambitions, was unfitted by talent or tem
perament to lead an expedition and 
should have stayed at home . His troubles 
came more from his bungling attempts 
to defend himself against charges of 
cowardice than from anything he can 
properly be charged with. 

DEVELOPMENT OF RELIGION AND 

THOUGHT IN ANCIENT EGYPT, by 
J ames Henry Breasted. Harper & Broth
ers ( $ 1 .95 ) .  The argument of Breasted's 
classic volume, comprising the Morse 
Lectures delivered at Union Theological 
Seminary in New York 47 years ago, 
has in the intervening time been much 
modified by the discovery of many new 
texts, by advances in the interpretation 
of old texts , by substantial increases of 

Major Expansion in the program of the 

Lab oratory require s participation of 

s enior members of the scientific com

munity in our programs: 

RAD I O  P H Y S I CS and ASTRO N O M Y  

SYST E M S :  

Space S u r v e i l lance 

Strate g i c  C o m m u n i cati o n s  

I nteg rated Data N etworks 

NEW RADAR T EC H N I Q U E S  

SYST E M  A N A LYS I S  

C O M M U N I CATI O N S :  

Tec h n i q u e s  

Psych o l o g y  

T h e o r y  

I N FO R M A T I O N  PROCESS I N G  

S O L I D  STATE P h ysics. C h e m i stry, and M etal l u rgy 

• A more complete description of the Laboratory's 
work w i l l  be sent to you u pon request. 

Research and Development 

L I N C O L N  L A B O R A T O R Y  
M a s s a c h u s e tt s  I n s t i t u t e  o f  T e c h n o l o g y  
B O X  1 8  
L E X I N G T O N  7 3 ,  M A S S A C H U S E T T S  
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Can you red u ce ce l est ia l  no ise i n  a s pace com m u n i cat i o n s  

syste m ?  Can y o u  uti l i ze i t?  Can y o u  advance the  state o f  t h e  

art i n  p i cto r ia l  d ata t ra n s m i ss i o n  a n d  storag e ,  patte rn recog n i 

t i o n ,  syn c h ro n i zati on  tec h n i q u e s ,  d ata co m p ress i o n ,  or  cod i n g 

t h eory? If you fee l  you can make ori g i na l  contri but ions i n  a n y  

o f  t h ese areas, contact M r .  Harry Lau r a t  o u r  Advanced Deve l o p 

ment Laboratory, 221  Crescent Street, Walt h a m ,  Massac h u setts . 

rn LITTO N SYST E M S ,  I N C .  
Bever ly H i l l s ,  Ca l i f orn i a  

New Electronic Audio Device 
Trains Your Memory For 

Immediate Recall 
N E W  Y O R K ,  N. Y. - If y o u  have ever had 
trouble remembering names, dates, facts, lan
guages, o r  formulae, here's wonderful news 
for you : There's n o  need to suffer with a 
poor memory any longer . . .  for now you can 
memorize detailed data, master another lan
guage, recall speech material, statistics, math· 
ematical tables, learn bridge rules, music, 
poetry, o r  p rose. Yes, you can actually train 
your memory to recall anything you learn
automatically ! 

Here's how : The pat· 
ented Memory Train
er, using a dramati· 
cally new recording 
p ri n c i p l e ,  electro n i ·  
cally increases memo 
ory retention as it ac
celerates the learning 
process. This amazing 

new kind of teaching tool is  used by educa· 
tors, psychologists, people of all ages and 
p rofessions. Yet it's so simple, even a child 
can work its clock·controlled electronic tape 
system. 

While a poor memory may handicap even the 
most brilliant i ndividual, a good memory 
opens the door to greater success, added 
confidence and enjoyment. And now-thanks 
to the Memory Trainer-you can learn not to 
forget anything you want to remember. 

Start right now : Don't forget to send for 
complete evidence of the Memory T rainer's 
effective n e s s .  Call o r  write T O D AY for 
F R E E  demonstration. There's no obligation .  
Modernophone, I n c .  220-031 Radio City, New 
York 20. N.Y. 
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How To Get Things Done 
Better And Faster 

BOARD MASTER VISUAL CONTROL 
* Gives  G ra ph ic Pictu re-Sa ves T ime ,  Saves 

Money ,  Prevents Errors 
* Simple  to operate-Ty pe or  Write on 

Cards, S n a p  i n  Grooves 
* I d e a l  for Production ,  Traffic ,  I n ventory 

Sched u l i n g ,  Sa les,  Etc. 
* M a d e  of M eta l .  Com pact and Attra ctive. 

Over 500,000 in  U se 

Fu l l  price $4950 with cards 

I FREE I 24· PAGE BOOKLET NO. C-400 
Without Obligation 

Write f o r  Y o u r  Copy Today 

GRAPHIC SYSTEMS 
YANCEYV I L L E ,  NORTH CARO L I N A  

knowledge in archeology and allied sub· 
jects. Nevertheless, the book is still a 
monument ( as John A. Wilson says in his 
introduction to this paperback reissue ) ,  
still worth reading, for "in its cadences 
and in its stresses, it is our story." 

INDIAN M INIATURES, text by W.  G. 
Archer, color plates in collaboration 

with Madanjeet Singh. New York 
Graphic Society ( $25 ) . The 100 Indian 
miniatures ( 50 in color ) reproduced in 
this volume, with a supporting text, 
ranging in date from the 1 1th to the 19th 
century, are not only charming, delicate 
and good to look at but in their variety 
provide "an essential clue to the Indian 
mind," a remarkable mirror for certain of 
the ways of life, the style, the manners 
and the imagination of a segment of hu· 
man society. 

E UROPE FHOM THE Am, edited by Emil 
Egli and Hans Richard Muller. Wil· 

fred Funk, Inc. ( $ 1 5 ) . This volume con· 
sists of nearly 200 aerial photographs of 
European scenery : mountains and cities, 
rivers and forests, cathedrals, industrial 
areas, roads, railways, docks, airports, 
and the landscapes of the Continent and 
Britain . Many of the pictures are excep· 
tionally fine, and the collection as a 
whole contributes, as the text points out, 
to one's understanding of the relation 
between physical environment and cuI· 
tural development. 

A'iIMAL GROWTH AND DEVELOPMENT, 

by Maurice Sussman ; THE CELL,  

by Carl P. Swanson. Prentice· Hall ,  Inc.  
( $2 .95 each ) .  The first two volumes of 
a new series on the foundations of biolo· 
gy. The rationale of the program, which 
is to include 11 volumes, is that no single 
textbook of biology can provide either 
the coverage or the flexibility of a series 
such as this, consisting of short, up·to
date monographs prepared by research 
specialists and designed to meet the 
needs of both students and teachers. 
The books are pitched at the college 
level, run to about 100 pages each and 
are illustrated. 

M OON M APS, by H. P. Wilkins .  The 
Macmillan Co. ( $6 ) . A set of moon 

maps, with an accompanying gazetteer, 
designed for use at the telescope. The 
maps are on a scale of 55.4 miles to the 
inch, thus being, according to the author, 
the largest and most detailed yet pro· 
duced, and are bound together with thc 
text on separate rings so that any map 
and page of text can be placed flat next 
to each other and read at the same time. 
The book also includes a chart of the 
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There is a continuing need to know more about the nature of space 
and its complex environment. Only through fundamental research 
and scientific inquiry can this need be met. 
At Convair/Astronautics' Physics Research Laboratories,  our 
task is to meet this need; to explore the space sciences ;  to advance 
the state of the space technology arts. Here, company-funded 
research in space physics and space electronics is in progress, 
motivated by the need to develop instruments and electronic tech
niques vital to the progress of space flight and exploration. 
The men selected to staff these laboratories must be of high aca
demic caliber. They must possess the sort of professional back
ground which demonstrates interest and achievement in solving 
the broad spectrum of problems associated with space technology. 
Senior and staff positions are available now for physicists and 
physical chemists with advanced degrees.  Current emphasis con
cerns research in solid state and physical electronics and space 
instrumentation. We invite your inquiry which will be promptly 
acknowledged by a member of the Physics Research Laboratories 
staff. 

CONVA I R  I ASTRONAUTICS 

Please write to Mr. R. B. Merwin, 
Industrial Relations A dministrator-Engineering, 
Mail Zone 1 30-90, Convair A stronautics, 

5654 Kearny Villa Road, San Diego 12,  
California. (Men in the New York area are 
invited to contact Mr. 1. 1. Tannone, Jr., 
manager of our New York placement 
office, CIrcle 5-5034.) 

DIVfs���AJ� GEN ERAL DYNAM ICS 
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other side of the moon based upon the 
photographs made by Lunik III. 

THE WAR : A CONCISE HISTORY, 

1939-1945, by Louis L.  Snyder. 
Julian Messner, Inc. ( $7 .95 ) . A fast
reading, exciting, well-documented his
tory of the last big war from the rape of 
Poland to the Nuremberg Trials .  Snyder 
combines the competence of the trained 
and disciplined historian with the verve, 
and capacity for re-creating immediacy, 
of a first-class war correspondent. His 
ability to select and condense, his feeling 
for the whole scene, his insight into mo
tives and aims, his balanced judgment 
about events that too often contempo
rary opinion has conveniently warped 
and distorted to suit contemporary 
prejudkes-all together make this an 
admirable book. 

Notes 

CONTEMPORARY THEORIES AND SyS

TEMS IN PSYCHOLOGY, by Benjamin B .  
Wolman. Harper & Brothers ( $7 .50 ) . 
A comprehensive, clearly written survey 
of general psychological theory today. 
The author treats various psychological 
theories that started with orientation 
toward natural sciences : psychoanalysis 
and related systems, Gestalt and field 
psychologies, psychology and its rela
tion to scientific method. 

PIEHHE TEILHAHD DE CHAR DIN : HIS 

LIFE AND SPIRIT, by Nicolas Corte . The 
Macmillan Company ( $3 .25 ) . A brief 
biography of the well-known Jesuit 
paleontologist. 

THEORY OF DETONATIOK, by Ia. B. 
Zeldovich and A.  B. Kompaneets . Aca
demic Press, Inc. ( $ 1 0 ) . A systematic 
presentation of detonation theory, one 
of the important areas of application of 
gas dynamics, based on researches at the 
Chemical Physics Institute of the Acad
emy of Sciences of the U .S . S .R .  

ENCYCLOPAEDIA O F  OCCULTISM, by 
Lewis Spence . University Books, Inc. 
( $ 15 ) .  From Ab ( Semitic magical 
month ) to Zulu Witch Finders, an un
altered reprint of a reference work on 
supernatural hocus-pocus, first published 
in London in 1920 . 

FLUID MECHANICS, by L. D. Landau 
and E. M. Lifshitz. Addison-Wesley 
Publishing Company, Inc. ( $ 14 .50 ) .  A 
translation of Vol. VI of two Soviet phys
icists' Course of Theoretical PhYSiCS, 
dealing with the theory of motion of 
liquids and gases . 
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rAn anth,opo'og;st's majO� 
expedition to a 

controversial "lost paradise" 

in Polynesia ... 

R���� ���""';') 
By Donald Marshall. For years 
scientists have debated the theory 
that the island of Ra'ivavae. 400 
miles from Tahiti, was once domi
nated by a pagan sex cult. Now 
Harvard anthropologist D o nald 
Marshall reports on his expedition 
to Ra'ivavae, which has established 
beyond dOllbt the existence of an 
ancient, once-great society in which 
war and sex went hand in hand; 
in which orgiastic ceremonies and 
public demonstrations of virility 
were part of religious ritual. Abun
dantly illustrated with pictures, 
photographs, maps. $4.95 

Extraordinary personal 

observations of the wild

life on Darwin's "Iivi ng 

laboratory of evolution" 

GA�.�!,���s 
of the Pacific 

212 

By Irenaus Eibl-Eibesfeldt, In two 

recent expeditions, a young skin
diving scientist has visited the re
mote islands off South America 
which Charles Darwin described in 
his V o.,'uge of the Beagle. Here is 
his first-hand account of the age-old 
species still to be found there (giant 
tortoises. iguanas, etc.) and their 
natural habits such as the wedding 
dance of the albatross, the "hitch
hiking" of fish who ride under the 
feathers of ducKs, and the symbolic 
feeding of animal courtship which 
may be the primitive origin of the 
human kiss. Illustrated with superb 
photographs. $3.95 

At all booksellers, or f�.om 
DOUULEDA Y & COMI'ANY, Inc. 

Garden City, N. Y. 
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MEANIi\'G OF RELATt\'ITY. Albert Ein
stein. Princeton University Press, 
1956. 

HOW THEMISTOCLES PLANNED 

THE BATTLE OF SALAMIS 

A DEC nEE OF THEi\IlSTOKLES FHO},! 

TnOIzEN. ,\1. H. Jameson in Hesperia, 
Vol. XXIX, pages 198-223; 1960. 

THE HISTOHIES. Herodotus. The Penguin 
Classics, Penguin Books, 1959. 

THE PEHSIAN EMPIHE AND THE \VEST. 

J. A. R. Munro. The '\1acmillan Com
pany, 1926. 

THEMISTOCLES. Plutarch in Lives of the 
Noble Grecians and Romans, pages 
133-155. Modern Library, 1932. 

LEE ''''AVES IN THE A TM OSPHERE 

SOi\IE ASPECTS OF THE FLOW OF STHATI

FlED FLUIDS. 1: A THEOHETICAL Ii\'
VESTIGATION. Robert R. Long in Tel
Ius, Vol. 5, No. 1, pages 42-57; Feb
ruary, 1953. 

THEOHY OF MOUNTAIN VVA\'ES OF LAIIGE 

AMPLITUDE. R. S. Scorer and H. Klie

forth in Q1Iarterly JOllrnal of the Royal 
Meteorological Society, Vol. 85, No. 
364, pages 131-143; April, 1959. 

THEOnYOF\VA\,ES IX THE LEE OF Moui\'

TAINS. H. S. Scorer in Quarterly Jour-
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Why Bill Simecka 

is studying mech

anical engineering 

at the University 

of California at 

Navy Expense 

Bill Simecka graduated from Kansas 
State University nine years ago with honors 
in mechanical engineering, but he's back in 
school again. This time he's studying advance 
control system techniques and applications 
for the Navy ... and at Navy expense. Why 
at Navy Expense? Because the Navy activity 
where Bill works expects that new progress 
in the simplification of missile control sys
tems will demand more and better technical 
experts to plan, administer and coordinate 
with industry in the development of suitable 
components and subassemblies. Bill was se
lected by the Navy to attend a twenty-one 
month doctoral study program at the Univer
sity of California, Berkeley . . . and he will 
apply these newly acquired knowledges to 
weapon systems analysis at the Naval activity. 

Bill Simecka is just one of the men of 
promise from every conceivable field of sci
ence, engineering and management in the 
Department of the Navy who acquired grad
uate experience during 1960 • • •  at Navy ex
pense. 

SEA, AIR AND SPACE . . . SEAPOWER 
TODAY IS A COMPREHENSIVE SCIENCE. 
THROUGH SPONSORED HIGHER EDUCATION 
THE NAVY DEVELOPS MEN OF PROMISE. 

For further information on career civilian employment opportunities with the Navy write to: 

Thomas McKenna, Code 200, Room 1000, Main Navy Building, Navy Department, Washington 25, D.C. 

THE U. S. DEPARTMENT OF THE NAVY 
ONE OF THE FOREMOST RESEARCH SPONSORS IN THE WORLD 
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WEAPON: 1975: This is an obsolescent weapon, now giving way to a 

new successor. A simple grease pencil, it has been used in war gaming by fechjops' 
Combat Operations Research Group, working with field-experienced officers of the 

United States Continental Army Command at Fort Monroe, Virginia. - Now a 

new complex of presentation methods for map battles has been developed by 

CORG: a display that eliminates overlays, projects actual maps on glass screens, 

allows photography to preserve details of battles-a record never before possible. 

_ Typical of fechjops' pioneering in gaming, this step forward is also representa

tive of CORG's work in analyzing, supervising, problem-solving for USCONARC, 

projecting the tactics, organization, and weapons systems of the future. - And 

typical of fechjops' forward-moving competence in research and development for 

business, industry, and government-in operations research, computer applica

tions, chemistry, physics, nucleonics, electronics. 

4¢h. Technical Operations, Incorporated 

Central Research Laboratories: Burlington, Massachusetts 

WASHINGTON, D .  C .  j FORT MONROE , VIRGINIA 
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Confidential treatment of resumes to ROBERT L. KOLLER, Burlington 

Ask for your free copy of Trends in Military Operations Research 

nal of the Royal Meteorological So
ciety, Vol. 75, No. 323, pages 41-56; 
January, 1949. 

SHADOWS AND DEPTH 
PERCEPTION 

EXPERIMENTAL PSYCHOLOGY. Robert 
Sessions Woodworth and Harold 
Schlosberg. Chapter 16. Henry Holt 
and Co., 1954. 

LIGHT AND SHADE AND THEIR ApPLICA

TIONS. Matthew Luckiesh. D. Van 
Nostrand Co., 1916. 

MONOMOLECULAR FILMS 

ELECTHON MICHOGRAPHS OF MONOLAY

ERS OF STEARIC ACID. Herman E. Ries, 
Jr., and Wayne A. Kimball in Nature, 
Vol. 181, page 901; March 29, 1958. 

MOKOLAYEH STHUCTUHE AS REVEALED 

BY ELECTHON MICHOSCOPY. Herman 
E. Ries, Jr., and Wayne A. Kimball in 
Journal of Physical Chemistry, Vol. 
59, No.1, pages 94-95; January, 1955. 

MONOMOLECULAH FILMS OF MIXTURES. 

Herman E. Ries, Jr., and Hurley D. 

Cook in Journal of Colloid Science, 
Vol. 9, No. 6, pages 535-546; De
cember, 1954. 

THE PHYSICAL CHEMISTHY OF SUHFACE 

FILMS. William D. Harkins. Reinhold 
Publishing Corporation, 1952. 

THE PHYSICS AND CHEMISTHY OF SUH

FACES. Neil Kensington Adam. Ox
ford University Press, 1942. 

STRUCTUHE OF FATTy-ACID MOKOLAY

ERS AND A MECHANISM FOH COLLAPSE. 

Herman E. Ries, Jr., and Wayne A. 

Kimbali in Proceedings of the Second 
International Congress of SU1jace Ac

tivity. Butterworths Scientific Publica
tions, 1957. 

MATHEMATICAL GAMES 

COLORED POLYHEDHA: A PEHMUTATION 

PHOBLEM. Clarence R. Perisho in 
Mathematics Teacher, Vol. 53, No.4, 
pages 253-255; April, 1960. 

NEW MATHEMATICAL PASTIMES. Percy 
Alexander MacMahon. Cambridge 
University Press, 1921. 

THE AMATEUR SCIENTIST 

HELIOTHOPISM OF CASSIA NICTITANS. 

George F. Atkinson in Bulletin of Tor
rey Botanical Club, Vol. 21, page 81; 
February 20, 1894. 

NATIVE FLORA AND FERNS OF THE UNIT

ED STATES IN THEIR BOTANICAL, HOH

TICULTURAL AND POPULAR ASPECTS. 

Thomas Meehan. U. S. Series II, 1880. 
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Consider Air Weapons Control System 412L-an extension into 
air defense of an ancient systems concept originated by one of 
Nature's most successful forms of life, Spider Araneus. 

Basic to both systems is the detection and classification of 
approaching entities (hostile or friendly), so that appropriate action 
may be taken by the decision-maker. 

HMED engineers freely admit the superiority of Araneus' tech
nology with regard to its dinner-securing capacities. But, in the 
matter of size, scope, flexibility and capacity for change and improve
ment*, human technologists have much in their favor. 

A WCS 412L is designed for use throughout the Free World. It 

wide defense. HMED engineers are also structuring the system so 
that newer equipment may be integrated within it, in the future. A 
combat-capability is thus provided for years to come. 

There are many new positions available for engineers and sci
entists with high qualifications-some calling for advanced degrees
on 412L and other programs in Underwater Communications; 
Search Sonar; Missile Guidance & Control; Air Traffic Control; 
Data Processing & Display; Ground Radars (Fixed & Mobile-
13,000 ton to jeep size); Marine Radars. 

For more information on current opportunities please write in 
full confidence to: Mr. G. Callender, Div. 59-MO 

provides the tools for effective airspace management for a single "Content with his inherited web pattern, Spider Araneus has not advanced
' 

his 
location, or -by linking control sites electronically -for continent- technology in the past geological epoch. 

JlEAVY MILITARY ELECTRONICS DEPT. G ENE R A L • E LEe T RIC COURT STREET, SYRACUSE, NEW YORK 
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News from Allied Chemical: 

Low-cost, selecti()e oxidizer for industry . . .  �04 

As an oxidizer, nitrogen tetroxide is 
coming into its own. Industry is at last 
giving this versatile, low-cost, easy
to-handle chemical the recognition it 
deserves. 

Applications_ N 204 is a low-cost, 
selective oxidizer-with some of the 
capabilities of selenium dioxide at a 
hundredth the cost. It gives interme
diate oxidation products in high yields 
-aldehydes from alcohols, for exam
ple - or hydroxy acids from polyols. 

Nitrogen tetroxide's usefulness in 
initiating vapor phase reactions is 
based on its being in equilibrium with 
paramagnetic nitrogen dioxide. The 
latter, in minute quantities, initiates 
reaction chains that proceed by a free 
radical mechanism. Larger amounts of 
nitrogen dioxide effectively stop reac
tions of this type. 

In some cases, too, nitrogen tetroxide 
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promises to be the best of all nitrating 
agents. 

No handling problems_ Nitrogen 
tetroxide is easy to handle and store. 
Unless water is added in appreciable 
amounts, it requires only mild steel 
equipment. Since N20. boils at 70°F., 
its vapor pressure under typical han
dling and reaction conditions is con
veniently low. 

A word about costs. Oddly enough, 
many people think nitrogen tetroxide 
is expensive. Nothing could be further 
from the truth. In tank car quantities, 
it actually costs less per pound than 
such commonly used materials as ace
tone or carbon tetrachloride. As we 
pointed out before, it is only 1/100 
the cost of selenium dioxide. To in
ject a commercial note, our Nitrogen 
Division, producer of an exceptionally 

pure grade of nitrogen tetroxide, is 
willing and able to sell you any quan
tity-from cylinders to tank car lots. 

Where can YOU use it? The spec
trum of possible applications for nitro
gen tetroxide is so broad as to be prac
tically limitless. To assist you in its 
evaluation, we have prepared a bro
chure describing uses and properties 
in detail. Your name and title on com
pany letterhead will bring you a copy 
promptly. Address: Allied Chemical 
Corp., Dept. 31-S, 61 Broadway, New 
York 6, N. Y., or phone HA 2-7300_ 

�ied 
. Gemical 

Basic to America's Progress 
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An Independent Research Project by The Marquardt Corporation 
Advanced control systems, capable of operating in hostile 
environments with precision and reliability, are the subject of 
research programs being conducted by ASTRO, Marquardt's 
division for research into the space age. 

One portion of this program is concerned with investigating 
the application of pneumatic concepts to digital computation 
for the numerical control of space vehicles and advanced pro
pulsion systems. Based upon simple diode logic, the pneumatic 
computer combines digital accuracy with the ability to operate 
under nuclear radiation, vibration and temperature extremes 
which are destructive to electronic and hydraulic devices. 

ASTRO's research investigations involve miniature diode 
valves which operate without moving parts. When assembled 
in computer configurations they can carry out all the numer
ical computations currently performed by their electronic 
counterparts. The pneumatic digital computer shows promise 
of providing small volume, light weight, and low cost systems 

capable of precision control of sophisticated space vehicles 
and advanced propulsion systems. 

ASTRO's research programs into the control problems of 
space flight are indicative of the knowledge and creative effort 
being devoted to yet another aspect of the Marquardt Mission. 

Creative engineers and scientists are needed. 

CORPORATE OFFICES, VAN NUYS, CALIFORNIA 

• ASTRO • OGDEN DIVISION • POMONA DIVISION . POWER SYSTEMS GROUP . 
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The Convair 880 is the world's newest and fastest commercial jetliner. Years ahead in concept and design, 
the 880 sets new standards for speed and comfort. Now in service with Delta, Northeast, and TWA airlines. 

F " 

GENERAL. DVNAMIC:S 
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